PART IV.—MINES, MINING AND UTILIZATION OF
COAL.

XL. COAL MINING METHODS—PROSPECTING AND
OPENING MINE.

Section 1. Prospecting.

2130. The location, position, extent and thickness of a bed of
coal dre determined either by a study of the outerops of the coal or
by drilling. In the great majority of cases, the mining of any region
originates through the observation of outcrops of the coal bed worked,
while later developments often are the results of explorations with
the drill.

2131. Coar Ourcrops.—To a large extent in Indiana the develop-
ment of mining through observations of the natural outerop have been
accidental. In many cases the coal outerops in a bluff, so that it
could hardly escape the notice of the least observing. The frontis-
~ piece is an illustration of this. It is only rarely that such a thickness
of coal is as well exposed as in this case, though a few other exposures
equally good or even better were observed. In such cases the loca-
tion and position of the coal are determined without special effort on
the part of the prospector. In another class of outcrops the exposure
is due to the cutting of a stream in its bed. In this case the coal is
usually first observed as “float” or coal fragments in the stream
channel. If these be carefully followed up they will usually lead one
to the point where the bed of coal and the bed of the stream cross each
other. Sometimes these outcrops are only exposed at times, as after
a freshet, and at other times will be covered by the dirt and gravel
being carried down by the stream.

?132. Outcrops of the two classes mentioned will hardly average
more than one or two to the township, though the drift covered part
of the coal field. Outcrops are rare in any case in that part of the
field, but the majority will be found to be of a third clags. In this
no good exposure of coal exists. The outcrop consists of a line of

(1429)
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black dirt or smut a few inches thick on the average, usually underlain
by the white or gray under clay. Singularly enough, even though a
bed of coal be four or five feet thick, it will commonly pinch down to
a mere smut mark, while the under clay usually shows more or less -
nearly its whole thickness in outcrop. It thus is quite generally as
much or more observable than the overlying coal, and in many cases,
where the coal is not even represented by a smut mark, it forms the
sole criterion of the presence of coal. In Plate LXXX is shown at
the left, from a photograph taken at a cut at right angles to the face
of the hill, the pinching down of a 5-ft. bed so that where it reached
the undisturbed surface just to the left of the plate, it is hardly dis-
cernible above the thick outcrop of fire-clay. At most points along
the bluff, no trace of an outcrop was observable.

2133. In general, such outcrops should be looked for at points
where the land shows the most marked declivity, or where due to any
cause fresh exposures occur on a hillside. Gentle slopes seldom yield
outerops. Where streams undercut their banks, and in the roadside
gutters, where roads descend hills, are the most favorable places to
find outerops.

2134. In some cases where, over a given tract of land, no coal out-
crop can be found, other factors must be brought to bear. Thus,
turning to the report and maps on the township in which one is pros-
pecting, it will be noticed that, according to the map, the outcropping
rocks at the point in question belong to a certain division of the coal
measures. Turning to the columnar sections for that township and
the discussion which follows it will be noted that in that division per-
haps there is a limestone, or a massive sandstone or some other rec-
ognizable layer which can be found outcropping in the tract being
examined. Having found the outcrop of such a layer it gives the clue
to the position of the nearest coal.

2135. Having found the coal bed, the next thing is to ascertzun
its extent, thickness and quality.

Where the outerop is a clear-cut exposure, the thickness and-quality
are readily obtained. Its quality should be tested by actual trials for
steam, housebold and blacksmith purposes, and, where possible, for
its gas-making properties. - In exposures of the second class, usually
an hour or two’s digging will suffice to expose the full thickness of
the coal, when it can be examined as above. In exposures of the third
class, it is usually easier to go to a point up the hill and back of the

* outcrop and drill down through the coal. If it shows a satlsfactory
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Prate LXXX. Exx;osure of Coal IV at Crawford No.1 mine, Parke County.

The part of the plate at the right shows the face of the coal, 5 ft. thick, parallel to its line of outcrop, but at the back of an open cut 20 to 30 ft. deep. The part of
‘the plate at the left is taken at right angles to the preceding, and shows one side of the open cut. Notice in this the pinching down of the coal toward the left

(or place of outcropping.)
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thickness, an open cut may be made on the outcrop, or, where neces-
sary, a test tunnel driven into the solid coal to ascertain with more
exactness its thickness and quality.

2136, It is next important to find out if the coal bed extends un-
der the whole area and how it dips. These may sometimes be deter-
mined from the study of the outcrops, but more often the drill is
brought into play. Where outcrops are abundant, an instrumental
survey is made along the line of outecrop. In this way the lowest ex-
posed point of the coal bed is determined; and if the thickness and
quality of the coal be tested at each outcrop, a very good idea may be
obtained as to its extent and workability in general.

2137. THE DRirL— The drills used in prospecting are of two
kinds: the common, jumper or churn drill, as it is variously called,
and the diamond or core drill. In the first drill a hole is simply

“ground down through the rock by the pounding of the solid bit. In

some cases the bit is made of a piece of gas piping, in which case
something of a core is obtained. :

The driller can, as a rule, recognize when he passes from one kind
of rock to another by the action of the drill, and the sand pump soon
brings up the ground-up sediment, from which the character of the
rock may be determined. As a matter of fact, the experienced driller
can generally tell by the action of his drill in what kind of rock he
is drilling.

2138. Sources or ErrRor WITH CHURN DrirL.—The principal
source of error in the use of this drill is the inability of most drillers
to recognize with accuracy the character of the rock brought up by
the sand pump. Very few of the drillers have had any more than a
picked-up knowledge of rocks, and when, as is very common with coal
measure rocks, the rock of whatever kind contains an admixture of
other materials, only a few of our drillers can correctly determine and
report upon the character of such a rock from a hand specimen, and
how much less when ground up te a fine powder. The way different
rocks drill to a certain extent offsets this lack of information. Thus,
the powder from a gray shale and a limestone may appear identical
to the naked eye, but the drill enters one perhaps a score of times
faster than the other, and thus enables the driller to distinguish
between them.

2139. In the case of many of the deeper drillings, where steam is
used, and where it is the custom usually to stop drilling and clean out
the bore hole every five feet, records are usually unreliable.
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.2140. INTERPRETATION OF CHURN DRILL Rucorps.—It is often
possible to obtain valuable information from a very poor drilling rec-
ord, where one is familiar with typical sections of the particular hori-
zon being drilled. Thus, the driller can usually distinguish coal from
sandstone or light-colored shale, but often fails to distinguish between
good coal and bone coal or bituminous shale. Thus, he may report
“very hard rock” or “hard sandstone” overlying five feet of coal.
Suppose that we know from a study of exposures or mine sections that
at about that horizon occurs a coal bed 2 to 3 ft. thick, overlain by
about an equal amount of black bituminous shale, and that in turn
by limestone, the drill record, though very imperfect, and by itself
misleading, allows us to recognize what coal bed was passed through
and its depth; only, we write limestone for “hard rock,” and instead
of 5 ft. of coal write 5 ft. of coal and black shale, in about the propor-
tion of 1 to 1, the shale overlying. Churn drill records are usually
of value in proportion as other data exist for their interpretation.
So that the record of an isolated drilling should usually be taken with
great allowance.

2141. Notwithstanding what has been said, the records of drillings
by some drillers who use a churn drill are thoroughly reliable, in some
cases more 8o than records of core drillings by inexperienced persons.
Of this character are most of the churn drill records obtained from the
larger operators.

2142. TuEe DiamonDp or.Core DRILL consists essentially of a drill
which, instead of being a solid rod, is a hollow tube, whose lower edge
is set with bort or black diamonds, and instead of pounding up and
down is made to revolve, cutting a cylindrical hole and leaving a solid
core of the rocks passed through, which can be raised and examined
with as great minuteness as is desired. Here, again, the lack of an
accurate acquaintance with rocks leads to some surprisingly crroneous
records. These drills are made to revolve by hand, horse power, steam
or electric power. Where properly interpreted the core drill will yield
almost as accurate a record as a test shaft.

2143. USE ofF THE DrILL.—In practice some operators use the
diamond drill exclusively, others the churn drill exclusively, and still
others use the core drill in prospecting and the churn drill in develop-
ing. This is perhaps the most economical method. In some cases the
churn drill is used in preliminary prospecting until what appears to
be a workable field is found, when it is tested with the core drill.
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2144. In developing it is customary with the shallow beds com-
mon in Indiana to go over the whole territory to be worked, the close-
ness of the drilling depending on the local conditions. In some cases
every ten acres is drilled upon before any steps are taken for opening
the mine.. The object is not alone to determine the extent and thick-
ness of the coal, but as much, or often more, to obtain the topography,
or hills and hollows of the coal. This requires that the position and
level of each drill hole be obtained, measured from some point as base.
An excellent plan then sometimes followed is to make a topographic
map of the coal. This is done by plotting the drill holes on a map
on whatever scale be desired, and drawing contour lines through
points of equal elevation. Such a map proves of the greatest help later
in locating the mine entrance and in planning for entries and for
drainage. -

Section 2. Opening the Mine.

%145, MANNER oF ENTRANOE.—Methods of making an entrance
to the coal divide themselves into three classes, according as the en-
trance is horizonfal, vertical or inclined, and the entrance is known
respectively as a drift, or adit, or water level, a shaft, or a slope. The
purposes of these openings are, first, to give entrance to men, mules,
timber, etc., to the mine; second, to give outlet for the product and
waste of the mine; third, as openings of ingress and egress for the air
needed for the ventilation of the mine; fourth, as openings for the
removal of the’ water that finds its way into the mine; fifth, as an
escapement for the miners in case of accident. In small mines one
opening often serves for all purposes, but as soon as a mine begins to
operate extensively it becomes necessary to have more than one open-
ing, and often a number of openings are made into a mine for the
different purposes enumerated above. Often by the use of partitions
in some of the openings the expense of a number of openings is saved.
In general, the main opening is the one which serves as an exit for
the product and waste of the mine.

2146. To discuss the method of entrance intelligently, it should
be kept in mind that the preparation of the coal for market and its

“delivery to the transporting vehicle is usually done as soon as it comes

from the mine, and to do this without rehandling requires that the
coal, when brought from the mine, have an elevation of from 15 to
20 ft. above the top of the transporting vehicle when loaded. "In case
the coal is shipped by coal cars, as is usual in Indiapna, it should be
brought to from 20 to 30 ft. above the rails of the loading switch.
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2147. SerLEcriNG CHARACTER AND POINT OF MAIN ENTRANCE.—
In the close competition in the coal trade to-day, the correct or in-
correct opening and laying out of the mine may determine whether it
can be worked at a profit or a loss. We can only point out here the
main factors which must be.taken into consideration, as in any par-
ticular case so many details are concerned that only a competent min-
ing engineer on the ground can plan the work. As the opening,
though made primarily to allow entrance to the coal, is mainly used
for the withdrawal of the coal, it is so placed as to allow the removal
of the coal with the least effort and with the greatest rapidity. Other
things being equal, the opening is made at the lowest point of the coal

* bed, as shown by the drillings or study of the outcrop. This allows

down-grade haulage from all parts of the mine, and as the haulage
ways are usually utilized for the drainage of the mine, allows of a
simple system of drainage. If the coal outcrops, the entrance will be
by drifting, and is driven at the lowest point of the outcrop. If this
outerop is very near drainage level, however, the coal would have to
be elevated to be screened and loaded, and then a slope may be driven,
or the fact of its outcropping entirely neglected and a shaft driven at
some distant point, usually the point at which the coal is at the lowest
level. Again, the best or only method of approach to the'm_ine for
a shipping switch may not be in the valley, but up on the high-land,
in which case a shaft may prove most economical, even though the
coal outerops well above the adjacent valley. In some cases two or
three beds are to be worked, and often the lowest point of one is some
distance from the lowest point of the other beds. In such cases it
may be found best to run inclined tunnels from the lower beds to
the upper, and take all the coal out of the mine by way of the upper
bed, or it may be found best to use drop shafts from the upper to the
lower beds, and hoist all the coal from the level of the lower bed. In
some cases the possible positions of a switch are all at some distance
from the lowest point of the coal, in which case the coal may be raised
by shaft at its lowest point and then hauled to the railroad, or the
haulage ways of the mine may be made to center at the lowest point,
from which the coal is then drawn by rope hauling to a shaft, slope
or drift situated beside the switch. It will thus be seen that many
factors are often concerned which may make the problem a compli-
cated one, and its solution difficult.

2148. SHAFTs.—The shafts are rectangular openings sunk perpen-
dicularly from the surface through the intervening strata to the coal.
Among the small mines these are of all sizes and shapes. One round
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shaft was found in Xnox county.” Generally in these small mines the
shaft is sometimes square, from 4 to 6 ft. in diameter, sometimes a
little longer in one direction and one end partitioned off for ventila-
tion, sometimes long enough in one direction to allow its being divided
into a compartment for hoisting coal, one for hoisting water, and
sometimes a third for ventilation; or the two main compartments may

TFig. 954. Cut showing top of shaft after being equipped.

Note gates to shaft; posts and caps for timbering rooms; screens seen from below, etc.
(Brazil Block Coal Co.’s Shaft No. 5.) ’

be separated by a tight partition, and one side used for the upcast air
shaft. With the larger mines the shaft has two compartments, and
often three. In size they will vary between 6 by 10 ft. to 8 by 1R ft.
or more. Usually the shaft contains the two hoistways only, but often
a third compartment is made for a pumpway, airway or manway.
The shaft is usually sunk by hand in this State, but it is only a ques-
tion of time when mining or quarrymg machinery, as rock drills, ete,,
will be used.

2149. In sinking, a large iron hoisting bucket is used, usually
swung on pivots to facilitate emptying. In some cases the permanent
engines are set up and used for hoisting, while often this office is per-
formed by horse power or by any old engine at hand or obtainable.
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atE LXXXI. Typical top works of coal mine in Indiana. Brazil Block (oal Co’s Shaft No. 1. (Photo by Mr.J. F. Newsom.)
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In some cases the shaft is heavily timbered to the bottom, or it may
only be timbered through the surface and other soft strata. Where
quicksands are encountered, it is usual to use one or another of the
methods of freezing such beds by the use of freezing mixtures circu-
lated in pipes driven down. The shaft can then be sunk through the
frozen sand as though it were a solid bed and heavily timbered. The
equipment of the shaft will be mentioned further on. Plate LXXXT
shows typically the external appearance of a shaft mine.

2150. SrorEs.—A slope is an incline plane driven down to the
coal, either following the dip of the coal or being driven through the
rocks overlying the coal, as shown typically in Plate LXXXII.

2151. In shape and general character it is usually similar {o the

~ main traveling ways of the mine, of which it is in reality only a con-

tinuation, except in its always being equipped with a rope of some
kind and hoisting machinery for drawing the mine cars up its incline.
1t is thus an inclined opening of approximately the same height as
the main traveling way or entry leading to it, and of the same er
double width, according as it is to contain one or two tracks. For a
large output, two tracks are always necessary. It may thus be driven
from 4 ft. 6 in. to 7 ft. high, and from 6 ft. to 15 ft. broad. In sink-
ing, it is usual to make an open cut for a short distance where the slope
starts in soft material. The following figures (Plate LXXXII) will
give an idea of the form of slopes common in Indiana.

2152. Tur Sump or SuMpr.—At the bottom of a shaft or slope
it is usual to dig an opening or cistern to serve as a reservoir for the
drainage of water of the mine, and from which it is pumped. If the
shaft or slope is not sunk to the lowest point of the coal, the sump
is placed at that lowest point when it is reached.

' 2153. Tue Drirr or ENTRY.—As a drift is simply an entry which
reaches daylight without a change of grade, one description will serve
for both. The entries or traveling ways are paésages or tunnels lead-
ing from the main opening of the mine to the various parts of the
mine, and serve as haulage ways for the coal, as a passage for the air
ventilating the mine, for the drainage and as a passage for the power
used, as well as for a traveling way for the men and animals. There
are usually one or more main entries from which at definite intervals
cross or side entries are driven, as will be explained later. For the
purposes of ventilation, it is usual to drive two parallel entries, or
sometimes three, one of these serving simply as an “air course,” by
which name it is known,
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Slope at Big Vein mine, Boonville, Warrick County.

Slore at Caledonia mine, Boonville, Warrick County.

Prare LXXXII, Types of slopes jn Indiana.
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2154. Fig. 955 shows a typical cross-section of an entry as com-
monly found in Indiana. The height will vary with the thickness of
the coal, unless the coal is thin, when it is usual to make the entries

; Fig. 965, Cﬂt, showing typieal|eross section of entry.
15 or 20 ft. in height. In the latter cpse it is usual to cover the entry
with rough slabs or “lagging” to prevent accidents from roof falls.
In width, the entries vary greatly, commonly being at least 6 At
wide and often much more. At the “pit” bottom, or foot of the shaft,
and at other places in the main entries, the entry is widened to allow
the Jaying of two tracks to allow the mine cars o pass. Such places
are commonly known as “double partings.” Where coal is worked on
both sides of a shaft, the law requires that a passage be cut around
the foot of the shaft, so that persons may pass from one side to the
other without passing under the cages, thus avoiding risk of accidents
from falling coal. In many cases, also, rooms are dug out near the
foot of the shaft, in which are placed the pumps, hauling machinery,
ete. In the case of pumps, these rooms or alcoves are often placed
a little above the coal, so as to keep tthe pump above water in case
of the mine being.flooded. In case the coal bed does not run level
or with a uniform grade, it is often necessary to take down the roof
or raise the floor sufficiently to keep the entry level or on a uniform
grade, or at least to keep the grade as low as possible. In some cases
this has required the raising of the floor to a depth of over 20 ft.,
as in the case shown in Fig. 3 in [Part I. Entry driving is usu-
ally a slow and expensive process, as it is necessary not only to pay
the miner for the coal obtained at the usual rate, but a certain amount
per linear yard in addition. Plate LXXXIIT chows the mouths of

typical ‘drift mines as found in Indiang.




Robling mine, near Winslow, Pike County.

Prare LXXXIII, Types of drifts in I na, large and small.
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- XLI. METHODS OF WORKING COAL.

2155. In a general way, the method of pillar and room, which is
everywhere followed in Indiana at present, consists first of driving
entries or haulage ways in the coal in various directions, usually at
right angles, and at convenient distances apart. Then, on either side
of certain of these entries, rectangular spaces of coal are worked out.
These spaces are known as the rooms, and the coal left between the
rooms to support the roof is called the pillar. Afterward it is usual
to “draw the pillar,” or remove the coal it contains. This is made
clearer by an examination of Plate LXXXIV, which represents typ-
ically a common method of laying out such a mine in this State. The
shaft 18 shown in the lower left-hand corner, from which there ex-
tends the “main entry.” For the purposes of ventilation it is custom-
ary to drive at least two entries. From these, at distances apart of
from 800 to 600 ft., side or “cross entries” are driven, and from these
cross entries the rooms are turned off, as shown. It will be noticed
that the pillar between the main entries is left quite thick or “heavy;”
between the eross entries thinner than between the main entries, yet
heavier than between the rooms. The rooms are usually started in
quite narrow, from 6 to 12 ft., then, after going in from 9 to 15 ft,,
they are widened out their full width. In Plate LXXXV are shown
types of rooms taken from different mines in Indiana. “B” is proba-
bly the most common form of room. Tn this case the room will range
from 15 to 30 ft. in width, average about 24 ft., with a pillar whose
thickness is about half the width of the room. The “neck” of the
room is about 6 or 8 ft. wide and 10 to 12 ft. long; then the room is
‘opened out at an angle of 45°, and all on one side of the neck, so
that the track will run down the room close to the pillar or rib, a
great convenience when the pillar is drawn. Often the room is opened
out each way from the neck, 4s in the two rooms “C.” The length
of the room varies greatly, about 150 ft. beéing a common length.

In the practice in this State, in mines where the coal is dug with
the pick, it is usual to assign one man to each room. In some cases
the pillar is left thin, as in “A,” and is not removed. In other cases
" the pillar is not so thin near the emtry, but the rooms are driven
wider and wider until when completed there is practically no pillar
left at the end of the room. (a very dangerous practice), and in this
case, also, the pillar is not removed. In either of the last two cases
the coal of the pillar is lost—a practice which can never be considered
as good. Every 45 ft. an opening or “breakthrough” is cut through
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the pillar for the purpose of ventilation. Where machines are used
the rooms are often driven double, as in Fig. “D,” the room being 40
to 60 ft. wide. : : )

When the under-clay is very soft, the weight of the roof forces the
pillars down into it, causing it to squeeze out or “creep,” filling up
and closing the entries, and making the pillars a total loss, if not in-
deed shutting off large districts of half-worked coal. (See Fig. 956.)

Fig. 956. Sketch showing “creeping’’ of fire-elay in éntry. (Broadhurst mine, Vigo county.)

Various methods of laying out the rooms and pillars are adopted to
overcome the difficuity. In too many cases the evil is assumed to be
unavoidable, and no effort is' made to surmount it except to work the
coal out as rapidly as possible, with the idea of getting as much of
the coal as can be gotten before the creeping prevents further work,
and leave the rest. Such a method, or lack of method, is wasteful in
the extreme, and can not be too much condemned.

2156. Probably the best method is to drive the entries through

" the solid coal to the limits of the area to be worked, leaving very

heavy pillars between the two entries of a pair. - Then rooms are
started at the ends of the entries and the work is carried back toward
the shaft, the pillars being drawn as fast as the rooms are com-
pleted. In this way the entries can be kept open to where the coal
is being mined until all the coal has been won. The difficulty of this
method is the large expenditure required before any returns are re-
ceived from the mine.

2157. In Plate LXXXYV, at “E” and “F,” are shown two of the
methods used in this State under the above conditions. “E” is the
method used at the Grant mine, Vigo county. In this case a 30 ft.-
pillar is left next fo the main entry; then every third pillar is left
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15 ft. thick, the other room pillars being made only 9 ft. thick, and
then drawn. When the two thin pillars are drawn, it makes a room
90 #t. wide, and the roof being allowed to settle in the broad rooms to
a certain extent relieves the pressure in that particular region., The
15 ft. pillar is lost, and for that reason, if for no other, the method
can not be commended.

Tig. 957. Figure ‘showing disgramatically some of the methods used in “long wall ad-
wancing.”” In the upper left-hand corner is a method used where the roof is strong,
while the other quarters show methods used where the roof is weaker in different de-
grees. (Gob is omitted from the other three quarters for the sake of clearness.)

2158. At “F” is shown the method used at Cox No. 3 mine, and
being adopted elsewhere, and which is considered the best advancing
method practiced in the State to overcome creep. In this case the
main entry pillars are left very heavy, being 100 ft. thick. The cross-
entry pillar is lef 33 ft. thick, the room pillar 18 ft. thick. The
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rooms are turned off 54 ft. apart, heing driven in 15 ft. before being
widened out; they are then opened out at an angle of 45° and carried
through to the next room. By this method there is little danger of
the entries becoming closed, and all the pillars are drawn unless there
is a-loss of some of the entry pillars.

Fig.958. Cross scetion of entry with gob walls when first made.

, | o

2159, Lone Wartn MmNiNg—In long wall advancing the coal
is all removed as the work advances, and the mining is done along
a more or less evenly advancing face or “l ng wall,” the roadways
being maintained by side walls built of “gol” or the refuse rock ob-
tained in mining, or, if that be unsuitable| or insufficient, by rock

i .
Fig.959. Same, after gob has settled under weight of roof, and sufficient of the roof hus
been taken down to give the necessary height in the entry for hauling.

. taken from the roof, or if necessary, by timber or other material car-

ried into the mine. The rest of the gob is thrown into the spaces
between the good walls, and then the roof s¢ttles and fills the space
left by mining. In Tig. 957 is shown diagramatically the principles
of long wall advancing. It is usual to leave a very heavy pillar about
the shaft, though sometimes even that coal is removed, the roof
allowed to settle, and then the entries dug out of the settled material.
In some cases heavy entry pillars are left along the main entries, but
as these pillars are generally lost, the more usual practice is to use
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gob-packed entries entirely. Such an entry, when first built, will look
as in Fig. 958. After the roof has settled and sufficient height has
been obtained by taking down roof, the entry may look as in Fig.
959. When the roof is very solid, the gob roads, turned off from the
entries at 45°, may be some distance apart, and a track laid along the
working face of the coal, so that the mine cars are loaded at points
along the face and hauled to the nearest roadway, and so out to the
shaft. Where the roof is very weak the roadways must be placed
quite close together and the cars only go to the end of the roadway.
In this case the coal has to be hauled to them. The lower left-hand
corner of Fig. 957 shows the method with very weak roof.

Fig.960. Type of long wall retreating, in which parallel entries are driven to land lines of
{he area to be worked, and then the coal between the entries is mined out, working back
or “retreating’’ toward the shaft.

R q

9160. As the work advances from the shaft, most of the old road-
ways are gobbed up and abandoned. Where the seam is uniform the
work may be carried forward in a circle, as in Fig. 957, until the ex-
tent of the face may make it better to work the coal in districts. In
a coal possessing marked slips or joints it may be found best to work
the coal in districts. In such a case parallel entries are usually driven
a convenient distance apart,-and then, leaving heavy entry pillars
or not, the coal between the entries is worked out as in long wall.
This system is apt to be wasteful of coal along the main entries, dif-
ficult to ventilate, ete., but may be necessary where the output of a

mine is irregular or the roof or coal not uniform through-a mine.
" P i 1‘,‘:3

2161. Long wall is carried on either “advancing” or “retreating.”
TIn the latter case pairs of entries are driven to the limits of the ter-
ritory to be worked, then all'connected by a heading, and the coal is
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then worked out towards the shaft. By this method practically all the
coal can be obtained. The disadvantage is principally the one of large
initial expense, while the advantages are many, as the mine is more
easily ventilated, the haulage roads are more easily maintained, the
miner being able to devote his whole time to mining and other work
at the face rather than in spending it in building walls, and for many
other reasons which need not be dwelt upon here. (See Fig. 960.)

Fig.961. Type of combination of long wall with pillar and room method.

In Fig. 961 is shown one of the numerous modifications of working
by long wall and pillar and room combined. In carrying the work for-
ward the method is to drive double rooms, with the pillar between
perhaps twice the width of the rooms; then the pillars are all drawn
together in districts, much as in long wall retreating. So many of the
modifications of the methods given are due to local conditions or local
customs that no attempt will be made to show them.

2162. As with any other engineering problem, no method, how-
ever excellent in itself, is the best system for every place. In prac-

. tice, long wall mining is constantly growing in faver, and there can

be little doubt that, in modified forms to meet local conditions, long
wall mining is bound some day to largely supplant room and pillar
mining. The attempt to support the weight of 100 to 200 or more
feet of strata by a small fraction of one of the most fragile beds while
we remove the rest of that bed can not be characterized as an excellent
way of providing security to life and property.
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R163. Some of the advantages of long wall over pillar and room
mining are: Removal of a much larger percentage of the coal; the
amount of narrow driven work in long wall advancing has been esti-
mated to be only about one-twenty-fifth of the same work in pillar
and roem; less tracking is required; hardly any separate air courses
are required; practically no bratticing is required; comparatively few
* doors and stoppings; the cubic capacity of open mine in long wall is
only a small fraction of what it is in pillar and room, and hence a
much smaller quantity of air will suffice for ventilation; the settling
of the roof tends to assist in breaking down the coal after it has been
undermined. Some of the disadvantages of long wall mining are:
The settling of the roof where the seam is shallow is apt to allow sur-
face water to reach the mine and flood it; or, if carried on under valuna-
ble buildings or other property, the settling is apt to be uneven, result-
ing in more or less deterioration, if not destruction, of such property;
where, as is common in Indiana, the demand, and consequently the
output, is very fluctuating, it is often difficult or impossible to keep
the working face open. ' ‘ '

2164. It is probably the shallowness of most of the mines of In-
diana, combined with the fluctuations in output, that has prevented
the adoption of long wall methods. As time goes on, however, it will
be necessary to follow the coals down their dip to the westward, and
this will mean deeper and deeper mines, so that that objection is apt
to be a constantly decreasing one. The difficulty of a fluctuating de-
mand and output will have to be met by the introduction of panels
or districts into the system.

XLII. VENTILATIQN.

2165. OBJEcT OF VENTILATION.—The object of ventilation is two-
fold: First, the furnishing of the miners with pure air to replace that
vitiated by their breathing, by the gases given off by the coal and by
the operations of mining; and, second, to dilute the explosive gases
given off from the coal or shale till they are nonexplosive.

2166. NATURAL VENTILATION.—Most of the small mines of the
State make no provision whatever for ventilation.. Fortunately, due
to the difference in temperature common between the air inside and
that outside of the mine, there is usnally a slight tendency for a mine
to ventilate itself. Thus, even where the workings consist of only
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an entry driven in, there will tend to be a certain amount of ventila-
tion, as illustrated in Fig. 962. Thus in summer, as illustrated in the
figure, the warm air from outside will pass into the drift at the top,
and, becoming cool as it goes back, settles to the bottom, and finally
returns close to the floor and leaves the drift as a current of cold
air that can sometimes be felt very preceptibly for several yards from
the mouth of the drift.
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Fig. 962. Diagram showirg natural ventilation of an entry driven into the side of a hill.

A more efficient method, and one usually adopted in the small
neighborhood mines if they plan to work the coal at all extensively,
is that of having an air shaft, as shown in Fig. 963. Thus, if AB be-
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air shaft, (Summer time.)

‘ .Fig.963. Vertical cross section of small mine to show circulation of air by means of
Fig.964. Plan of same mine, showing circulation of air through mine.

the entry, an air shaft, CB, is sunk to meet the entry or some chosen
part of the workings. In the summer time the air will generally be
| warmer outside than in, and, consequently, a column of air in CB
| is heavier than a column of the warmer air outside of equal length,
| AD. As a result, the pressure at B is greater than at A, and the air

~
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will move from C to A.  BC then becomes the intake or downcast.
Fig. 694 shows the way the air is made to circulate through the mine.
In the case shown the air is entering at the air shaft or at C, and a
door across the entry throws the air into the rooms either side; from
these, openings to the adjacent rooms, called “breakthroughs,” allow
it to pass through one after another of the rooms until it finally
escapes at the mouth of the entry. If, as is the case in winter, the
air outside be colder than the air inside, the current will be reversed
and the air will enter at A and pass out at C. BC then becomes
the upcast. In this case the door near the mouth of the drift would be
closed, throwing the air into the first pair of rooms. It is, of course,
necessary to open the door each time a car passes. As the roomsg
progress, new breakthroughs are made and the old one stopped up, in
that way the air being carried as near the working face as possible.
The same principle holds good for a slope or shaft, providing that
the air shaft extends to above or below the mouth of the slope or
shaft. Of course, the longer the air shaft, the greater the difference
in the pressure at A and B for a given difference of temperature in-
gide and outside the mine. In many cases the attempt is ypade to in-
crease the height of the column of air, BC, by building a chimney
above C of boards, barrels or in other ways. Where the height or char-
acter of the hill prevents this method, the plan is sometimes followed
of driving double entries and building a chimney from the mouth of
one of them. The first difficulty with any natural method of ventilation
is that as soon as the temperature outside and in becomes equal, the
air ceases to circulate, and in any case the current becomes less and
less as the temperature inside and out approximate each other. In
the second place, as the workings increase in extent, the distance the
air has to go increases the friction or drag, so that an air shaft which
would provide fairly good ventilation in a mine just starting will soon
prove inadequate. Then it becomes necessary to take another step
in the method of ventilation; that is, the introduction of a furnace.

2167. THE FurNAcE.~—This method consists in building a fire at
the bottom of the air shaft. Thus, by heating the air in the air shaft,
1t becomes light and the pressure at B is reduced in consequence, so .
that the air will enter at A and pass out at C, and BC becomes per-
manently an upcast. This fire may be a few coals in a wire basket
hung at the bottom of the shaft, or an elaborate brick furnace burn-
ing many tons of coal a day. Even as late as 1880 the furnace was the
means used to ventilate some of the largest mines in Indiana. To-day
all the larger and many of the smaller mines are ventilated by fans,
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and a great saving made. As the ventilation of a small mine by a
furnace involves practically the same principles and is accomplished
in the.same way as by an air shaft depending on natural ventilation,
and as the ventilating of a large mine by a furnace requires the same
method of laying out mines and directing currents as when an ex-
haust fan is used, furnace ventilation need not be discussed further
here.

i
-
¥,
o

Fig.965. Type of fan common in Indiana. Kindnessof Crawford & McCrimmon, Brazil,Ind.

2168. * VENTILATION BY Fans.—As stated above, the efficiency of
revolving fans over other methods of ventilation is so great that they
have practically superseded all other methods for the large mines.
These fans are usually large paddle-wheel-like arrangements, with
curved blades working in an inclosed space. They range from 4 ft.
up to 20 ft. or more in diameter, 10 or 12 ft. being a common size in
Indiana, and are run by a small independent steam engine, which is
usually attached directly to a crank on the axis of the fan. They
either blow or exhaust. Exhaust fans are seldom used with shafts,
for the reason that when so used the main shaft usually becomes the
downcast, and in very cold weather the cold air being drawn down the
shaft tends to freeze the water which will almost always be found drip-
ping there, rendering it necessary oftentimes to chop out a great
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deal of ice before the cages can be moved. Again, in case of the tip-
| ple catching fire, the smoke and fumes are drawn down the shaft and
all through the mine, with often most serious results to those in the
mine. As yet, the fans in this State are all of the type indicated.
As the demand for greater efficiency in all parts of mine machinery in-

Fig. Fﬁfi. Outside appearance of ventilating fan house, Peerless mine, Coal Bluff, Ind. (Photo by

Mr.J.F. Newsom.)

reases, no doubt they will give way to more efficient forms of fan.
They bear about the same relation to a fah of proper design that an
1d-fashioned water-wheel does to a modern turbine.

2169. StTEAM JET VENTILATION.—One other method of producing

4 current is in use to a small extent; that is, ventilation by a steam
| jet. In this a pipe is carried from the engine or boiler part or all the
way down the air shaft and turned so that the open end is upward.
Steam being allowed to escape from the pipe with some force produces
an upward current in the air shaft and secures some resemblance to
ventilation. ' For a very small mine the ventilation thus produced may
be ample; but in any case the efficiency of such a method is so small
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as compared with the efficiency of a fan driven by the same amount of
steam that it might almost be compared to trying to run a train by
the pressure of steam escaping in the rear.

2170. VENTILATION BY DouBLE ENTRY—With the introduction
of better methods of producing a current came better methods of utili-
zation of those currents. This led to the abandonment of the single

Fig. 967. Type of cut-off door commonly used in directing air currents in mines in In-
diana. Brazil Block Coal Co’s No.1 mine. From flashlight photo by Mr. J. F. Newsom.

entry system, as figured in Fig. 964 (though the most of the neigh-
borhood mines still stick to that plan), and the adoption of the double
entry plan. This is the method in common use in all the large mines
of the State. The method is exhibited in Plate LXXXIV. Essen-
tially it consists in driving parallel entries which, being connected at
the advancing end, serve as a circuit for the circulation of the air. In
practice these entries are from- 8 to 50 ft. apart, and connecting
breakthroughs are driven every 45 ft., as required by law.. As each
new breakthrough is made, the one last used is stopped up or “brat-
ticed” air-tight. As with the rooms, the ventilation is only partial
while working ahead of each breakthrough, and is often very bad, par-

“ticularly in driving a new breakthrough in a heavy pillar, where the

ventilation is almost nothing.




1456 REPORT OF STATE GEOLOGIST.

?171. Doors.—In case the air current is required to cross an
entry without connecting with it, it is carried over the entry in a com-
bination of box and overhead tunnel, usually, known as an over-cast.
Doors are used to direct the current in desired directions at the inter-
sections of entries. These doors are usually in charge of boys known
as “trapper boys,” who open and close them to allow the passage of
the mine cars. Many of the better equipped mines now use mechan-
ical devices to open and close these doors. These, as far as observed
in this State, consist of an elevated rail up on to which the car runs,
when its weight forces the rail down and opens the door. As the car
leaves the track a counterpoise weight carries the rail back and closes
the door. Of course, every time the door is opened the air current
is for the time interrupted. In Plate LXXXIV the course of the air
can be followed by notmg the arrows.

2172. REGULATORS.—At points where the air course divides it is
important to have the proper proportion go in each direction. If, as
is usually the case, due to the difference in length or shape of passages
traversed by the two currents, the frictional resistances are not equal,
it is evident that the most of the current will follow the course offering
the least resistance. To offset this, “regulators” are placed in the
passages, by which the size of the passage at that point can be changed
so that by compelling the air that is to pass through the shorter
course to enter through a smaller opening of the proper size, the
amount of air that enters can be proportmned to the needs of each
entry.

2173. 'SprrrriNGg THE AR CURRENT.—It is too often the prac-
. tice to drive all the air around the whole mine. Better practice di-
vides or “splits” the air so that one part goes through one part of the
mine, another part through a different portion of the mine, ete. The
advantages of this are: A better distributior of the fresh air; the
friction of passages and rooms is divided among the different splits,
thus greatly reducing the work required of the fan; on account of the
smaller amount of friction, much less power is required to drive the
air; with the reduced friction it is not necessary to give the air a ve-
locity that renders it difficult to keep the lamps going, etc. On the
other hand, too frequent splitting will reduce the current till it be-
comes sluggish and ineffective.

R174. TripLE AIr CoURsES.—Where power haulage is used, espe-
cially electric, it is often very desirable to avoid the use of doors for
directing the air currents. This is accomplished by the use of a third
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air course. Many systems are in use. Fig. 968 shows the system as
practiced in more or less modified form at some of the large mines of
Pennsylvania. In this case the air is driven out central entries to the
extreme points of working, from which it works its way back through
the rooms to the main haulage ways and out. In some cases the fresh
air is carried in through the side entries, and is drawn through the
rooms and out by way of the third entry. In some cases the central
entry only is used for haulage, and the air is carried out the side

entries. _ A . B
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Fig.968. Diagram showing method of securing ventilation with the minimum number of doors
by the use of three entries.

2175. Lone WALL VENTILATION.—As already stated, the ventila-
tion of a mine worked long wall is comparatively simple and effect-
ive. Where the work is being carried forward more or less nearly
in a circle, the air may simply be carried out in opposite directions to
the faces, then split and carried around the working face through a
- quadrant where the currents unite and return to the shaft in direc-
tions at right angles to their outgoing directions. Not only does this

\ require the minimum distance for the air to pass and thus a minimum
of power to drive it, but the miner is working always in the current
and not a varying distance ahead of it.

In the lire of improvement and higher efficiency it has occurred
to the writer that greater efficiency could be secured by abandoning
the air course system and substituting piping the air to just the points
where it is needed. By such a system the mine could be worked single
entry. There need be no breakthroughs, no brattices, no doors, prac-
tically no leakage. 'The air in all cases cou/ld be carried to the face

92—GEoL,
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of the rooms where it was needed, and only to those rooms. The
length of piping required would at any one time be practically the
same as is now required to serve the machines in a mine using com-
pressed air machines. Size of pipe and pressure to give the greatest
efficiency would have to be calculated. By this method each miner
would receive pure air unvitiated by passing through other working
places. To save using large sizes of pipe to reach workings at a dis-
tance from the fans or air pumps, high pressures could be used in the
main lines, or by the use of small shafts or large drill holes the fans
either on the surface or below could follow the workings, especially
if electric fans or pumps are used. Lacking the time to determine

‘the feasibility of the plan, these suggestions are simply given for what

they are worth.

2176. MINE Gasgs.—In this State, due principally to the fact that -
the mines are so near the surface, little trouble is met with from the
accumulation of mine gases, and but little account need be made of
them in planning the ventilation. In some of the deeper mines—
and the number of these will increase as time goes on—the mine gases
become a source of danger. The gas most commonly met with is that
known as marsh gas, a combination of carbon and hydrogen, which,
when mixed with a small quantity of air, becomes the explosive fire-
damp. When pure marsh gas;, it will burn without explosion, or if

- sufficiently diluted with air, it will not explode. Both methods are

used of getting rid of the gas—first, by burning it as it escapes from
“hlowers” or holes in the rock or coal in a pure state; second, by dilut-
ing it with an abundance of pure air. The first method is too often
followed, and can not be too highly condemned. The extinguishment
of such a “blower” of gas where there is not adequate ventilation
quickly leads to the formation of an explosive mixture which explodes
as soon as a light is reached, with, as often as not, fatal results to
many or all of the miners in the mine—for those not killed by the ex-
plosion may be suffocated by the black damp or gas that is formed by
the exploding of the fire-damp. The best remedy is an abundant air
current through all parts of the mine and a competent fire boss. In
extreme cases, a boring might be made from the surface at the point
of escape and the gas drawn off by piping and burned at the surface.
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XLIII. DRAINAGE.

2177. NATURAL DRAINAGE.—Very few mines of any extent in this
State drain themselves—first, because there are now very few large
mines working the coal from the outcrop, and where the coal is so
worked it is only here and there one that has the coal dipping from
every point to the mouth of the drift. If this point is but a few feet
above the lowest part of the mine, natural drainage may often be
secured by digging a ditch in the bottom to the required depth from
the lowest point of the coal to the outcrop.

2178. SipHON DRAINAGE.—Where the lowest point of the coal is
so far below some’other point of the entry between there and the
mouth of the entry as to make natural drainage impracticable, the
result may be accomplished by means of a siphon. This is simply a
tube whose joints are air-tight running from the lowest point of
the coal to a still lower point outside of the mine at which the water
is to be discharged. The conditions necessary are that the discharge
end of the pipe be lower than the intake end; that no point in the
pipe be more than about 20 ft. higher than the point of intake, and
that the joints be air-tight. A hand pump placed at the highest part
of the pipe pumps the air out and sets the siphon going, after which
it runs itself. As far as noted, no siphons are used in Indiana. There
appear, however, to be a few mines in which their use would save
the expense of pumping. In Pennsylvania siphons are in successful
operation in lengths of up to almost a mile. Their use in this State
would not be so much draining mines as in draining parts of mines
where the coal occurs in isolated basins.

2179. WatrerR BAILERS.—The shaft being the usual form of mine
entrance, and the coal usually being below adjacent drainage level in
Indiana, most of the mines require that the drainage water be hoisted
out of the mine. The simplest means of accomplishing this is with
some sort of a bucket or box. In most of the small mines a barrel
is used. The sump to which the mine drains is placed below one com-
partment of the shaft, and a barrel or box alternates with the cage
in the other compartment in rising and descending. In many cases
the box is attached below the cage and a box full of water raised
every time the cage is raised. This plan is even adopted in some of the
largest mines.
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2180. Pumps.—In by far the majority of cases in this State it is
necessary to resort to pumping to free the mine of water. This is due
to the fact that most of the mines are shaft mines, and the coal is
generally below the level of adjacent drainage. The common practice
is then to lead the water from all parts of the mine by ditches in the
entries to the sump or sumps placed at the lowest points of the coal.
In perhaps a majority of cases one sump is usually placed at or near
the foot of the shaft. Steam pumps are principally used. These are
placed in the mine near the sump and force the water to the sur-
face. The steam is furnished from the boilers on the surface. In
many cases the sump and pump are long distances from the shaft, the
steam being carried in pipes through the entries and the water driven
up through a driven pipe. On account of the loss of power in con-
veying steam such long distances, we look for the introduction of
electric pumps or compressed air pumps in those niines using one or
the other of those forms of power which find it necessary to place
pumps at some distance from the shaft and boiler house. Some of the
mines require as many as five large pumps to keep them free of water,
especially where connected with old workings. In some of the latter
cases, where possible, it would seem to be economy-to build heavy re-
taining dams to shut off the old workings and let them fill up. Such
dams should, of course, be strong enough to stand any pressure that
may be brought against them, which might in some cases be equal to
the pressure of a column of water of a height equal to the depth of the
mine. As arule, this should not be done where no accurate map of the
old mine has been made. In some cases the coal forms-too ready a
passage for water to make such shutting off effective.

As old mines tend to fill up with water and thus become a source of
danger to later mines which, working up to the same lines, might
break through into the old workings, and thus be themselves flooded,
with a possibility of loss of life, it has long been a law that before
the abandonment of any mine a map of it should be filed with the
Mine Inspector. As this often entailed an expense of several hun-
dred dollars after a mine had ceased to produce, the law was not
effective, and has recently been replaced by one which requires such
maps to be filed each year of all mines operating.

It is not an uncommon occurrence in Indiana to have mines
flooded from surface waters. This not only renders the mine idle,
often for weeks or months, but leads to considerable expense in pump-
ing it out. Such flooding may nsually be avoided if two points are
kept in mind: Never locate a shaft or any opening to the coal so that
its top is below the level of highest water of adjacent streams; leave




COAL DEPOSITS OF INDIANA. 1461

the coal under stream channels where there is any possibility of break-
ing through by the settling of rooms, till the last. Entries may
usually be driven under such streams with safety, but there is always
danger, if an attempt is made to open rooms, that when the roof set-
tles the stream will simply be turned inte the mine. In the map given
of shaft No. 8, Plate LXXXIII, the broad band of unworked coal
across the center of the mine is under Otter creek.

In the laying out of the mine, drainage plays an important part, as
it is desirable that the mine be so planned that the coal is mined up
the dip as much as possible, and then the rooms will drain themselves.
Where the entries are driven directly up or down the dip, it is often
customary to drive the rooms not quite at right angles to the entry,
but inclining slightly up the dip, thus securing better drainage.

IR AU SR O M RUDEE L B U

XLIV. A WORD OF SUGGESTION TO HOLDERS OF UNDE-
VELOPED COAL LANDS.

2181. Many of the readers of this report are owners of land in the
coal area, which you have reason to believe is underlain by workable
coal of good quality. You have, perhaps, or are contemplating open-
ing up a little bank, primarily to supply yourself with coal, and sec-
ondarily to furnish a little to your neighbors, if they desire it, to help
pay for the expense of opening up. If so, a word of suggestion may
not be without value. Remember, in the first place, that if the coal
is worth developing at all, it is worth developing properly, and for sev-
eral reasons: First, a mine properly opened up does not require to be
reopened every fall, as a majority of the small mines do; second, you
will generally save any possibility of having to abandon your mine
just when you have it in shape to get coal rapidly by finding you can
not drain it, having opened at the wrong place as regards the dip;
third, though not always at first, in a short time the economy in min-
ing and getting the coal out will more than pay for the extra trouble
of proper openings; fourth, by proper methods all the coal may be
taken out. There are, however, other reasons which are even
stronger. Your property is to-day perhaps out of reach of transpor-
tation facilities, and would actually sell for little if any more with

the coal under it than it would without the coal. That will not al-

ways be so. The extensive mining of ten or twenty years from now
will be carried on where to-day are only small neighborhood mines, or
not even that. It may be that the rapid failure of natural gas in
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Indiana will result in the early development of many such regions.
Suppose that five or ten years from now your land is brought within
reach of the marke(t by the introduction of a switch of a railroad.
You value it to-day at say $50 an acre. Suppose there is a 5 ft. bed of
coal under it, what will it then be worth per acre? At a royalty of
ten cents per ton, from $500 to $750 per acre; at a royalty of five
cents a ton, half that. Under these conditions you may desire to op-
. erate on your own land extensively, or you may desire to lease or sell
to parties who will. Now if, while operating on a small scale, you
have done so in a proper way, it may make your property more desira-
ble than surrounding property, which otherwise is as good, or possibly
a little better. On the other hand, if you have followed the all too
common method of gouging into the coal without any regard for sys-
tem or the future consequences, your property will certainly be at a -
disadvantage as compared with similar property about you. In the
first case the mine can become a paying one almost from the start.
In the latter case not only do you lose the value of the coal removed,
which, of course, you do in the former case, but usually several times
the area actually mined out is rendered valueless by the lack of ‘a
proper system in mining; and, further, it often means a large extra
expense to drive entries through these old works. So that, as a rule,
experienced companies would prefer to start a mine in untouched coal
rather than at points where it has been improperly mined. In view
of the effect on the coal value of the land, the methods sometimes
adopted are as reasonable as it would be to chop a single board off
from a standing pine tree.

These are only part of the arguments in favor of opening up even
a small country bank systematically or not at all. Having decided,
however, to open up a bank, the following suggestions are worth con-
sidering:

First.- Open the mine at the proper place, as regards drainage in
particular, even if it requires some trouble and expense.

Second. Drive double entries and of sufficient size to allow a large
output later if desired, and leave heavier entry pillars than would be
done if the coal were to be worked out continuously and quickly. In
case the coal is reached by a shaft, it may not be necessary to make
that at once as large as would be required to ship several hundred tons
a day, as it can readily be enlarged afterward. With the entries,
howevér, it is different. If the entries are small, with small pillars
between and at the side, they can only be enlarged at the expense of
the pillars, perhaps already too small.
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Third. Do not gouge promiscuously into the side of the entries or
turn off rooms from your main entry as soon as under cover. Care-
fully plan a system of cross-entries, and follow your plans if possible,
even if you never mine out more than one or two rooms.

Fourth. Take especial pains to preserve the roof of your entries,
by substantial timbering, if necessary, and by proper drainage keep
the mine as free from water as possible.

Fifth. With mines that are only worked a few months in the fall
and winter, it may not be advisable to attempt to work by the long
wall method, but it might prove an advantage if the mine were
planned so that, if desired some time in the future, the long wall
method could be readily adopted.

" Sixth. Time and attention given to preparing the coal by proper
screening, cleaning of sulphur, shale, etec., is not time wasted, but may
prove the best sort of an investment.

XLV. MINING AND REMOVING COAL.

This chapter will discuss the methods of mining the coal, of haul-
ing and raising it to the surface.

Section 1. Coal Mining.

2182. GENERAL METHODS.—Several methods of “breaking out”
the coal are followed. The most common method is to under-cut the -
coal as far as the miner can, and then it is either wedged or blocked
down, or holes are drilled in the coal, which 1s then blasted or shot
down with powder.

Often the coal is undermined in the under-clay, or in the bone coal,
where that occurs at the bottom of the seam, as it often does. Fre-
quently the coal is sheared at one side of the room or at the center
of the room. Where the coal contains partings of clay or shale, or
bone coal, the “bearing in” may with economy be done in it. Often
the bearing in is done in a layer of soft coal or in a layer which is
hard and brittle and so chips easily. Such a layer is known as the
“bench mining,” as the-different divisions are known.as benches. In
such cases it not infrequently happens that after the removal of the
beneh mining across a broad room the bench above will, of its own
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weight, sag down, becoming fractured and yielding readily to the pick.
In such case it is often the custom to raise the underlying bench by
wedges; in this way.the.eoal i3 mined readily and without powder.
It is an aim in mining not only to get the coal out as rapidly as
possible, but to get out as large proportion of large coal, or, as it is
known, “lump coal.” For this reason the use of powder is avoided
where possible. In mining the block coal the use of powder is seldom
necessary, as the natural jointing of the coal greatly facilitates its
breaking out. In such coal the direction of entries and rooms is gen-
erally laid out on directions so as to facilitate taking advantage of the
slips.  In long wall mining it is seldom necessary to more than
“bear in” under the coal, the wedging action of the roof, which is
gradually settling behind the work, breaking off the coal in huge
chunks, requiring neither powder, bar nor even wedge to bring them
down.

In some cases the coal is not undermined or dug in any way, but is
simply drilled and shot down with powder, or, as it is called, “shot on
the solid.” :

The various methods of mining are not usually confined to special
districts, but are adopted to meet the special requirements of the
seam being mined, so that often quite different methods are used in
different parts of the same mine. Much also depends on the miner
himself and his previous practice.

2183. MiNING BY MACHINERY.—In the use of mining machinery
Indiana has been in the vanguard. In 1896 inquiry showed that in -
percentage of coal mined by machinery Indiana stood second of the
eastern or central States, being surpassed only by Montana and
Alaska of the western, in the latter there being but one mine, which
used machines, so, of course, the whole output was machine mined.
The machine in most common use in Indiana is the Harrison com-
pressed air machine. Any one who has watched the operation of a
common compressed air rock drill will understand its action. This
machine is shown in Plate LXXXVI. It is simply an air cylinder
in which compressed air drives a piston-rod or bar which chips out
the coal. It is mounted on wheels and is operated on a platform
sloping to the face of the coal. The operator half lies on the platform,
and by means of the handles and by the use of his feet bracing against
the wheels, directs its blows. An assistant shovels the slack out of the
way and attends to moving the platforms. (There are usually two to
save time in shifting the machine.) In moving the machine from one
room to another, a light truck is used. For shearing, the machine is
mounted on a pair of high wheels.
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Prate LXXXVI. Harrison compressed air mining machine at work.
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| These machines use a pressure of up to 75 lbs., the air being com-
| pressed in air compressors of 120 H. P. capacity. It is then con-
veyed into the mine and to-the various rooms by iron piping. With
a pressure of 75 lbs. at the compressor, the pressure at the machines

‘ Fig. 970. Electrie chiin machine at work in Mecca mine. From flashlight
photo by Mr. W. Paul Zimmerman.

’ will range from 60 lbs. down, according to the number of machines
working, distance from compressor, etc. One compressor is sufficient
to drive a dozen or more machines, which deliver about 200 blows per
minute each, and will undercut to a depth of 5 ft. or a little more.

' The extended use of the machine testifies to its efficiency. One of

the objections to it is its tendency to produce deafness in those operat-

ing it. ‘




Prare LXXXVIL. Jeffrey Electric Mining Machine at work. Maximwm undeveut.? feet deep. 44 inches wide, 4 inches high. Makes com-
plete undercut, in and out, in less than four minutes.

(1467)
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Several types of electric machines are in use. These usually are
what are known as bar or chain machines, the latter predominating.
In principle the chain machine consists of a low horizontal frame,
as shown in Plate LXXXVII, around which is driven a chain set with
teeth much like an endless band saw. In fact, it is in principle only a
saw, and may be said to have originated in some unsuccessful attempts
to use a circular saw for the purpose, only that in the coal cutter, on
account of the damage to which the teeth are liable, they are replace-
able. These teeth are set somewhat after the manner of saw teeth,
so as to make clearance for themselves and the frame, which in this
case requires that every third tooth be set to cut betweén the paths
of the other two. In this machine, as the teeth cut, the frame or
cutter-head around which they are carried is advanced under the coal,
making a cut about 3 ft. 6 in. in width and 4 in. high and under-
cutting the coal to a depth of up to 7 ft. Such a cut will be made
in four or five minutes, depending somewhat upon the coal. These
machines cut faster than the pick machines, but require more power
and- are several times as heavy, a disadvantage in moving from room
to room. The machines of this type in use in this State are the Jeffrey,
the Independent and the Morgan Gardner.

Another form of the electric machine is the Legg or bar machine.
In this a bar set with teeth is made to revolve forward and downward;
at the same time it is fed forward. It has the disadvantage over the
preceding machine of cutting across the bedding of the coal and of
having to grind up all the sulphur balls it meets.

Of the forms of machines not used in this State might be men-
tioned those designed for use only in narrow work and those designed
for long wall mining. These will undoubtedly come into use with the
adoption of long wall mining, but need not be dwelt upon here.

In the Mecca No. 1 mine, and elsewhere, there have recently been
installed electric drills. (See Fig. 971.) In such a drill the driving
power is a small electric motor supplied from the dynamo in the power

'hous,e. Similar drills are made to be operated by compressed air.

With either of these power drills from 30 to 60 ft. an hour can be
drilled, requiring one man and a boy to operate it. Such a drill will
weigh about 150 Ibs., being built to stand the rough usage they are

liable to sustain.

2184. TrMBERING.—In addition to mining the coal, the miner has
usually to timber his room and load his own coal. With some roofs,
especially where it is a black sheety shale overlain by limestone, no
timbering is needed for a room of 40 ft. or under width. The writer




COAL DEPOSITS OF INDIANA. 1469

has seen such rooms in this State, where the roof has stood for years
without a prop in rooms 40 ft. wide, and still it shows no signs of
weakness or flaking. Tn other mines that have been in operation many

Fig.971. Jefirey Electric Drill.

years it is not uncommon to find that the roof in the entries has flaked
down until the entry has become fifteen to twenty feet high. In most
of the mines of the State some timbering is necessary; a not uncom-
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mon average would be one post to from every square yard to every
four square yards. As the object of timbering is to keep the roof in-
tact, two points are usually kept in mind: First, to see that the posts
are set in regular rows at regular distances apart to insure an equal
distribution of the load; second, to see that the posts have flat square
bearings, and that where wedging is resorted to to make them tight,
such wedging does not interfere with the whole top of the post sus-
taining an equal pressure. In order to make the bearing broader, it

Figs. 972-972. Cross section and plan of typieally timbered room, Scale 12 ft., 1in.

is usual to put a piece of flat board bh top. In this State the cusiomn
is for the miner to set his own posts;’S which are furnished to him at
his room by the operators or company. It is specified by the law that
the company shall keep a blackboard, on which the miner puts down
the number and length of timbers required by him, and they are
later distributed to him by the day men. In some mines the roof
needs to be timbered so closely to the working face that it would
seriously interfere with the use of certain forms of mining machines,
especially the electric chain machines, which require quite a little
room to work in. In a majority of cases where the roof is shale the
part of the roof immediately overlying the coal is not as solid as that
a few inches or more above. This part of the roof tends to come down,
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and is called the “draw slate.” In some cases it is taken down before
the posts are set up; in other cases it flakes down afterwards, usually
a column of it remaining over the posts. Where the roof is a clay
shale only a foot or two thick, overlain by sandstone, it is quite com-
mon for the shale to come down, leaving the sandstone for a roof.

Figs. 972 and 973 show a typically timbered room in plain and
cross-section.

In long wall mining, with a strong roof, and with a sufficient sup-
ply of proper material to build walls, no timbering is required. Tig.
974 shows a section of long wall mining face in a thin seam with
strong roof.

Where the roof is tender, timbering is usually resorted to, the entry
walls are built as usual and the rest of the gob thrown around the
posts.

Section 2. Removing Coal.

2185. LoapmNe.—In this State, where pillar and room is uni-
versal, it is the common custom to run the mine cars right to the
working face, where they are loaded. The mine cars used in the
State are of a variety of patterns and sizes. (See especially Plates
LXXX, LXXXII, LXXXIIL.) They are planned to hold from one-
half ton to two tons. In loading, it is most common to shovel the coal
in, regardless of size, such coal being called “run of mine.” Another
very common practice is to build up the sides of the car with the large
lumps, often to a height of a foot or two above the side of the car,
and shovel the finer coal into the center. Due to the rule common
with the miners’ union, the cars are distributed to the rooms in reg-
ular rotation, so that each miner during the day will send out the
same number of cars. This practice leads the more industrious to
make each load sent out as large as possible. In some cases, to pre-
vent the overloading of the hoisting cages, the companies place beams
in the entry at a given height to serve as a check to overloading the
cars. In-some cases the slack or small coal is shoveled into the bottom
of the car and topped up with lumps. In some cases forks are used
instead of shovels in loading, so that the slack and smallest coal is
left in the mine.

In long wall, with strong roof, the cars are run along the working
face on a temporary track, as shown in Fig. 974. Where the roof is
very tender, so that the posts have to be set too close to the face to al-




1472 REPORT OF STATE GEOLOGIST.

low the passage of a car, small boxes or “buggies” without wheels are
used, as these can be pushed along the face by hand to the end of

-the adjacent roadway and there loaded into the regular cars.

2186. MiNE HauLaGE—In the small country banks it is the com-
mon practice to push the cars to the mouth of the mine by hand,
using wooden rails. The cars in such cases, of course, are small. In
mines just opening or only working two or three men, each miner

Fig.974. Section at face in long wall mining with strong roof, showing
position of track, gob wall, ete. -

usually pushes his own car out. When the number of miners reaches
say five or six or more, one man, or, if the grades are light, a boy,
is employed to push the cars out. As mining advances, or Wwith a
larger number of miners, mules or horses are introduced, the mule
being the common animal. This system expanded becomes the sys-
tem in common practice in a majority of the larger mines.  Where
large cars are used, or with very heavy grades, one car makes a load.
Tn other cases two cars make a load or “trip.” These mules are
usually driven and cared for by boys of from fifteen to twenty, known
as “drivers.” In some cases the mules stay in the mines continuously;
more commonly, however, they are brought out each night, as they
are found to do better by this practice, especially in keeping their
eyesight. They are either lowered on the cages or enter the mine
through the inclined manway, a separate division of that being pre-
pared for them. Reference has already been’ made to the “trappers,”
boys whose duty it is to open and close the ventilating doors. Men-
tion bas also been made of patent self-opening doors. The rail used
is usually a light iron T-rail, with wooden rails in the rooms. Turn-
outs or “double partings” are placed at convenient intervals to allow
the passing of full and empty cars.

Three methods of power haulage are used in this State, viz, first,
tail rope; second, endless rope, and third, electric.
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2187. Tain Rore HavLacE—This system is the one in the most
common use. See Iig. 975. In this system the cars are hauled to
the foot of the shaft or mouth of the mine by a heavy wire rope,
known as the “main rope,” and the empties hauled back by a lighter
rope known as the “tail rope.” The hauling engine has two drums
and is usually placed near the foot of the shaft, as in the figure. The

BuL WreeL,

Yig.975. Diagram showing working of tail-rope systemn of mine haulage,

tail rope is, as stated, somewhat lighter than the main rope and twice
as long. It runs from the drum of the engine, at the side of the track,
to the point at which hauling is done, where it passes around a wheel
4 to 8 ft. in diameter, known as the “bull wheel.” When the trip is
drawn out the tail rope is attached to the last car, serving as a brake
if needed, and on the return it serves to draw the empty cars back.
Tail rope hatlage may be of almost any desired length, some hauls
in Pennsylvania being as much as three miles long, though in this
State most of the hauls are between one-half and one mile in length.
Usually quite & number of cars are taken at each haul, ranging in this
State from five to twenty-five. In some cases the coal is hauled from
the cross entries as well as the main entry. In that case a joint is made
in the rope opposite each of these cross entries, and an additional
length of rope twice the length of the cross entry is'used in each cross
entry. Many ingenious devices have been brought forward to make
a satisfactory coupling. In some cases, though not in this State, an
engine is placed at each end of the haul.

Mules are used to draw the cars to the double partings, where the
trips are made up. A suggestion from the practice at the Loyal
Hanna mines, to which the writer’s attention was called by Mr. Mc-
Kinny, may not come amiss. It is there the practice to make a double
parting in the main entry just beyond the last cross entry in which
rope haulage is installed. Until work has been driven forward and
the haulage system perfected in the next cross entry all the coal mined
beyond this point is brought to this double parting. A partial trip
is made up, and to the front car is attached a wire rope as long as the
trip to be hauled out of the adjacent entry. As the trip being hauled

9’--Grot.,
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out of that entry approaches the main entry it runs slowly and as it
reaches the main entry the end of the wire rope just mentioned is
attached to a hook in the front car. In this way the partial trip-in
the main entry is added to the trip in the cross enfry without stopping
the latter. The tail rope is transferred from the last car of the cross
entry trip to the last car of the main entry cars. The engineer is

. signaled by means of wires running beside the frack and w1th1n reach

of the driver in charge of the trip.

Fig. 976. The Jeffrey’s electric locomotive, for use in the mines,

2188. EnpLEss RoPE HAULAGE—As ordinarily understood, there
are no endless rope haulage plants in this State. The nearest ap-
proach to it is at the Brazil Brick and Pipe Works’ slope (see Plate
LXXXII). This differs from tail rope only in that instead of winding
the two ropes up on a drum, one rope is used which is given a turn
around a large grooved drive wheel, and is driven in alternate direc-
tions according as the trip is going out or returning. It has the usual
advantage of an endless rope of requiring one-third less rope and also
the disadvantage of an endless rope of being always taut, much of the
wear resulting from that fact.

As usually understood, endless rope haulage supposes a smgle taut
rope running continuously in one direction. Two entries are required
for the haulage, the full trips being drawn out one entry and return-
ing through the other. The system is similar to that in use with cable
street cars in some of the large cities, modlﬁed to meet the special
conditions.

- - e " - P o
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?188a. KiEcTRIC HAULAGE.—Electric haulage is in operation in
the Brazil Block No. 1, Hymera, Mecca and other mines. The prin-
ciples of electric street car haulage are adopted, modified to suit
underground conditions. Fig. 976 gives a view of a Jeffrey motor.
The trolly arm is of course very short and is placed on one side of
the motor, the trolly wire being usually placed over one of the rails.
The main advantage of electric haulage is that the system can readily
be extended to any part of the mine and can keep pace with the ad-
vancing face. As the motor can also be used much as a switch engine,
with a little care, there is a gain in that direction.
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Figs.977-980. Plins of tracks used in slopes.

Electric haulage appears to be gaining in favor, especially where
used in connection with electric mining machines, electric drills,
electric pumps, etc. In order to shorten the haulage of the coal, a
- system of radiating entries has been used in the Brazil Block Coal
Co’s No. 8 mine. The plan of this mine was prepared by Mr. P. J.
Mooney, and it is reported to have proven very satisfactory, it having
been found to have many other advantages besides the one mentioned.
See Plate LXXXVIII, p. 1473.

2189. HorsTING BY SL.oPES.—In slope mines the coal is drawn up
an inclined way, usually by steam. In some of the small mines horse
power is used, when they are known as “gin mines.” To an upright -
drum is attached a long heavy arm, and a horse attached to this is
driven in a circle, winding up the rope on the drum. In s few cases a
windlass and hand power are used. While resembling rope haulage
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in many respects it differs in these: Usually the haul is comparatively
short, one rope usually being used, the grade generally being sufficient
to carry the cars back and drag the rope after them. In TFigs. 977
to 980 are shown some of the plans of tracks. In some cases just a
single track is used. Such a slope is very slow unless the grade be so
light that many cars can be handled at a time. More often the track
is made double all or part of the way, or at least has a “turnout,” so
that cars going up can pass others going down, as shown in the
figures.

Coal boist,
3
24

=

Fig. 981, Vertical plan of head works of typical*‘ gin shaft.”

2190. Smarr Horsting.—It is interesting to trace the evolution
from the crude box hoisted by windlass to large shaft equipments
hoisting 1,000 tons or more a day. Thus at one end we have the crude
wooden box holding perhaps a couple of bushels, and requiring a
dozen trips to raise a ton, the shaft a square hole just large enough to
allow the passage of the box. Then comes the “gin shaft,” where
horse power is used, and which may otherwise be like the other except
that a little larger box is used.

Next the shaft is made double, and the rope, instead of winding up
. on the drum, is given a few turns on the drum and passes back to the
other side of the shaft. At first it may be that there is a cage only
in one side, and in the other a barrel for hoisting water. Next the box
is replaced by a platform similar to that of a common freight elevator,
upon which the boxes are placed. Or if cars have been adopted for
the mine, tracks are laid on the platform or cage and the cars are
pushed on to that, one cage rising as the other descends (see Fig. 981).

In the next case the horse gives way to a steam engine provided with
a drum. The early engine may be a thrashing engine that hoists coal
one part of the season, runs a thrashing machine during another, and
runs a buzz-saw during another. Sometimes they are fitted up to
hoist coal or saw wood as may be desired, by a shift in the belting.
Next comes the regular single-acting hoisting engine, then the double-
acting hoisting engine. By means of a cord or chain wound on the




‘ Stock mine, northeast of Boonville, Warrick county.
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Fig. 982.

Type of hoisting engine commonly used in Indiana. Kindness of Prox & Brinkman Manufacturing Company, Terre Haute.
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axle, which raises or lowers a pointer, the engineer knows where the
cages are. Improved dials and other pointers are also in use to a
small extent. ‘

The next improvement is in self-dumping cages. In the smaller
mines the car is hauled off from the cage on to a platform, dumped
and returned to the cage, or, sometimes, to save time for the cage, the
platform is arranged so that as a full car reaches the top and is hauled
off from one side, the cir which preceded it, now empty, is pushed on
from the other side; then, as the cage descends, the full car is emptied
and pushed around to the opposite side of the shaft ready to.be put
on the cage as soon as it reaches the top. With the self-dumping cages,
they are usually arranged so that, as the cage with the car which it
- holds fast approaches the top, a trigger or guide throws or allows it
to fall forward, emptying the car of its load. See Plate XC. The
starting of the cage downward throws the platform and car back
into position. At the foot of the shaft is usually a group of “pit men,”
whose duty it is to load the full cars on to the cages and unload the
empty cars. When the full car is loaded on to the cage the engineer
is signaled by pulling a wire. ;

The law throws many safeguards about the shaft. Thus, requiring
a certified engineer at the hoisting engine, the use of a prescribed set
of signals, slow hoisting when men are on, not more than six men to
ride at once, no one to ride on a cage when it is hoisting coal, the fre-
quent examination of the rope, safety catches on the cages, gates at
the head of the shaft and at any landings other than the lowest, a
passage around the shaft if it is used from both sides, ete.

Where mining is carried on more extensively than in this State,
double-deck cages are often used.

In this connection the writer is led to ask the suggestive question:
Why could not, at least in some cases, the usual large and expensive
hoisting shaft be replaced by a much smaller shaft through which the
coal is hoisted by means of a conveyor? Such conveyors are already
used on a small scale for elevating small coal at the tipples of many
of the mines, and they can be and are made to do all kinds of heavy
work.
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Prate XC. Diagram showing action of one of the self-dumping cages used at many of the mines in
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XLVI. PREPARING COAL FOR MARKET AND
MARKETING IT.

2191. ScrEENING THE Coar.—While for some purposes the coal
is used just as it is mined, known as run-of-mine, as a rule it is de-
sired by the trade sorted according to size. This is accomplished by
screening. In the smallest mines this is done by the use of tined forks
instead of shovels or by sticks nailed lengthwise on a frame an inch
or two apart, and that being set up at an inclination, the coal is

LUMP COAL NuUT COAL S5LACK COAL
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Fig.983. Diagram showing manner of screening and delivering coal to cars in ordin-
ary practice in Indiana.

dumped over it, the finer coal passing through, being known then as
screenings or slack. It is then but a step to the use of iron bars set
a standard distance apart. In common practice two sets of bars are
used separating the coal into three sizes. The first set of bars are
set one and one-fourth inches apart, and all coal that passes over them
is known as “lump coal.” The coal that passes through then falls on
another set of bars placed three-fourths of an inch apart. The coal
that passed through the first screen but over the second is known as
“nut” coal. What passed through' the second screen is known as
“screenings” or “slack.” The arrangement of these screens and the
way the coal is delivered to the cars is shown in Fig. 983.

As the screenings not only separates the coal into different sizes,
but to a certain extent serves to separate the smaller pieces of shale
(“slate”) and pyrite (“sulphur”), it is becoming more and more a
matter of economic importance that this screening be done as well
as possible. This has led to the introduction of improved screens.
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In this State these screens are of two kinds, shaking and revolving.
In the shaking screens they are suspended near the ends by short rods
with freedom-of oscillation, and a slight shaking motion is given them
by a small engine through the medium of eccentrics. Various de-
vices are resorted to to counterbalance the motion and to prevent the
shaking of the frame work or building. In the revolving screen the
screen is made in the form of a cylinder arranged to revolve in a
nearly horizontal position, the coal being delivered at one end of the
cylinder and what is too large to pass through the mesh passes out at
the lower'end. The revolving screens are -used especially in separat-
ing the smaller sizes of coal. With the shaking and revolving screens
only a small angle from the horizontal is required, and the coal is
delivered to the cars in an almost steady current. These screens are
usually made of punched sheet iron. By these screens, by a simple
change of plate, there can be obtained a considerable range of sizes.
Thus, the coal may be delivered all over 6 in. or over 4 in.; over 4 and
under 6 in., ete.

In common practice the coal cars are carried by the cages to a
height of 25 or 30 ft. above the ground, where they are drawn off by
hand on to a platform, then pushed forward a short distance to a short
tipping platform, which, being supported on an axle, allows the car
to swing forward and empty its load over the screen. This platform,
the tipping platform, screens and weighing apparatus are all usually
enclosed, and form together what in this State is commonly known -
ag the tipple. Where self-dumping cages are used the platforms are
not needed. A

2192. WeieHING THE CoaL—By legal enactment the coal is re- -
quired to be weighed run-of-mine. The statute having been found
invalid by the supreme court, the usual practice is to weigh only the
Iump coal. It is, of course, understood that the miner is paid accord-
ing to the weight of coal sent out by him. Each miner has a number,
and when he sends a car out he hangs a metal tag with his number
on a hook on his car. In some cases the coal is weighed before being
dumped, platform scales being placed in the way between the top of
the shaft and the tipping table. In other cases where self-dumping
cages are used and it is desired to weigh run-of-mine, the coal is first
dumped into a weighing pan suspended from a scale beam. After
being weighed the end is raised and the coal allowed to pass on down

" over the screens. Probably the most common method is to have the
suspended weighing pan at the bottom of the first screen, so that it
receives all of the lump coal, which, being weighed, is allowed to run
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Harrigzon mine, at Hymera, Sullivan county.

Brazil Block Coal Co.’s shaft, No.1. (See Plate LXXXI.)

Prate XCI. Typesof head works of shaft mines in Indiana.
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into the car. Still another method frequently used is to have the cat
for lump coal stand on a railroad platform, and as each mine car is
emptied over the screens the added weight of lump is credited to
the man whose nu@ber is attached to the car. The law gives the
miners the privilege of employing one of their own number to assist
in the weighing and serve as their representative to secure correct
returns. He is known as the check weigh-man. It is also required
that the scales be tested each morning.

2193. WasHING AND CLEANING THE CoaL.—Competition and a
more exacting trade are constantly leading to better methods of free-
ing the coal from shale and pyrite. It is still true that in most of
the mines the freedom of the coal from these impurities is secured
first through the watchfulness of the miner in his room, he being
expected to throw out any foreign matter found in the coal, and of
what escapes him of the larger pieces much is thrown out by the man
who attends to the loading of the railroad cars or “flats.” With the
shaking screens the coal passes slowly and gives a good opportunity
for the removal of the shale. In rare cases boys are employed to pick
over the coal as it passes over the screens.

The greatest proportion of impurity, however, is to be found in the
smaller sizes of coal, and it is for the cleaning of these that the washer
is introdueced. This depends for its action upon the difference in
specifie gravity of coal and the foreign substances. Thus, Indiana
coal will average in weight about 80 lbs. to the cubic foot, “slate”
twice as much, and pyrite four times as much. If thrown into water
all will sink. If, however, the water is rising, the coal will be kept
at the surface, though the others will still sink, if the current be not
too strong. In practice, in this State, a common form of washer
consists of a hopper or inverted -cone-shaped box, arranged so that
water enters at the bottom and flows off at the top, thus producing
an upward current of the required strength. The fine coal being
carried by endless conveyors from the tipple is emptied on to the sur-
face of the water in the hopper. As these start to sink, the upward
current carries the coal back to the surface while the heavier im-
purities continue settling to the bottom, from whence, by means of
valves, they are drawn off from time to time. The coal is carried
off by the escaping water at the top on to a screen, which allows the
water to escape while the coal is passed along. Then by means of con-
. veyors it is carried to revolving screens, where it is separated into as
many sizes ag desired. From these it may be conveyed to bins, which
serve for storage unless the demand is steady. In many cases the coal
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is crushed before going to the washer. Where water is scarce the same
water is used over and over. In some cases the waste goes into a
crusher, after which it is returned to the washer. In this way some
of the coal which contains so much sulphur as to sink when first passed
through is broken up so that the coal can be separated and a saving
effected. (See Fig. 984.)

WASHER.

Fig. 984, Diagram of washing plant and accessories, illustrating the main features of the
plant at Cox No.3 mine. Kindness of the Jeffrey Manufacturing Company.

The impure caking coals, when crushed and washed, are found to
answer many purposes for which it was formerly necessary to use the
much purer block coal.

2194. TRANSPORTATION FROM THE MINEs.—As a rule, the coal is
loaded directly from the tipple into railroad cars. These hold 20 or
25 tons, the latter predominating. There is a tendency towards the
use of greater and greater carrying capacity, so that cars holdmg 30,
35, 40 or even 50 tons are becoming common.
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In some cases the mines are situated close to the main track of some
railway, and a very short switch is all that is necessary. "In other cases
the mines are situated eight or ten miles from a railway, and switches
have to be built. Usually switches to single mines are not over three
or four miles long. Where a group of mines can be reached or ap-
proached by a single switch, and the conditions seem to warrant a
large output, long switches are used. Thus, the Stringtown, Fountain
county, mines were reached by a switch from Danville, I11., which had
to cross the Wabash river. Of the longer switches may be mentioned
the New Pittsburg switch, or “branch,” in Sullivan county; the Casey-
ville branch in Vigo, Clay and Parke counties; the Center Point
branch, in Clay county; the Linton and Dugger branch, in Greene
and Sullivan counties. These range from five-to twenty miles long.
It is & common practice for the railway company to furnish the rails,
while the mine owners furnish the ties and grade the proposed switch.
There are usually three and sometimes four tracks under the tipple,
unless it is a double one; that is, one that loads on each side to switches
from different roads, when there are more. The empty cars are run
past the tipple, and run back under the tipple by gravity, as they are
wanted. A few of the coal companies own or lease locomotives to do
the switching about the mines. Such locomotives are either old en-
gines leased from the railroad company or “pony” engines obtained for
the express purpose. ‘

As a rule, the railway company furnishes the cars and does the
switching; in a few cases the mine operators have owned the cars used.

In some cases coal is drawn to the railway from the mine in the
mine cars. About half a mile is the-longest haunl of that kind ob-
served. ‘

Lack of railroad transportation is the one element that perhaps more
than any other prevents the development of many of the mining re-
gions of the State. In some few cases these are not far from rail-
roads, but are so placed with reference to surface topography that the
natural difficulties attending the building of a switch at that point
have hitherto prevented the undertaking. In other cases these areas
are at some distance from the railroad. In either case the suggestion -
is made that connection might be made by means of an electric tram-
way. As is well known, an electric motor can climb hills or take
curves entirely impraeticable to an ordinary locomotive. Such a tram-
way could therefore be built at a small part of the cost of a standard
gauge switch, and in places impracticable for the latter. Such electric
haulage might be but an expansion of haulage system in the mine, or
it might be limited entirely to outside hanlage. Where the haul is a
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long one, a group of mines may be served, and during the dull sea-
son, merchandise and farm products might help out on the cost of
operating the road, or, if it is independent of the mines, as an addi-
tional source of profit. In Pennsylvania the mine ecars are often
drawn from one to five miles before being emptied, steam mine en-
gines often supplying the power.

XLVII. TTILIZATION OF WASTE PRODUCTS.

2195. MANUFACTURE OF FUrL Gas.—Under the head of utiliza-
tion of coal is discussed the manufacture, transportation and utiliza-
tion of fuel gas, and the conclusion is there reached that, with the
methods now being introduced, gas making for fuel purposes can be
successfully carried on in the Indiana coal field for the supply of the
rest of the State. If so, the. problem of utilizing all of our friable
coals would seem to be largely solved. With most of our coals it is
doubtless true that they will require washing before using for this
purpose. ’

2196. Coxing.—This has also been discussed under the head of -
utilization of coal, which see. '

2197. BrIQUETTE MaxiNG.—Of the mines of the State having
more fine coal or slack than can be disposed of, many find that such
slack will not produce a marketable coke, and many of the block and
semi-block coals will practically not coke at all. A method of utiliz-
ing such coal would seem to be by making it into briquettes.

Briefly, this consists in grinding the fine coal in specially prepared
machinery; then in washing this fine material; then in cementing it
with different substances, one of the most successful being a mixture
of tar, oleine and soda; others are pitch and magnesia cement; 100 or
200 1bs. of such a mixture is added to a ton of wash slack or culm,
the mixing being very thoroughly done by a sort of pug-mill at a
suitably high temperature, and the whole then pressed into brick-like
or small blocks, or into ovoid or egg-shaped eggettes. The hydraulic
press principle is used in producing most of the cubical, oblong or ir-
regular forms. The eggettes are produced by running the material
between heavy rolls whose faces have corresponding semi-oval shaped
cavities. Briquettes are extensively made in Europe, though only to
a small degree in this country. Some of their advantages are that a
greater weight can be neatly packed in a given space, can be easily
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handled, stored or transported. When properly made, they produce
no smoke in combustion and but little ash, and for domestic purposes
have many of the advantages of anthracite coal.

Briquettes usually make a hotter fire than coal. They are success-
fully used in the production of gas, producing a much richer illumi-
nating gas than is generally made from coal, and that notwithstanding
the cheap and inferior material used. The suggestion is made, though
I do not know of its having been tried, that the non-caking coals which
we are especially discussing, when treated with tar or some such mix-
ture as mentioned above, might produce a desirable coke. Experi-
ment with anthracite culm is found to make a stronger coke than any
other coke.

The chief advantage of briquetting in this State, however, would
seem to be as a method of utilizing what otherwise might be wasted
and to compete with anthracite for domestic use.

2198. PowbpERED CoAL.—A method of utilizing fine coal which is
proving very successful with anthracite culm is to grind it to a powder
and feed it into the furnace through a pipe, mixed with air in a blast.
This does away with grates, opening and closing furnace doors, with
the cooling which results, and where properly prepared, secures very
complete combustion of the coal. This is offset to a greater or less
extent by the cost of grinding the coal to a dust.*

This coal dust has also been successfully utilized in burning brick
by kneading with the clay, whereby a considerable saving is effected
in amount of fuel used and in the time of burning.

- 2199. UririzarioN oF UNDER-CLAY oR SHALE.—The great in-
crease of late years in the usage of clay products—as in paving brick,
roof tile, hollow tile for building—makes suitable clays and shales
marketable articles. Such clays sometimes sell for almost as much as
the coal. In many mines it is necessary to take up a foot or two of the
underlying clay, the handling of which, particularly if it has to be
taken from the mine, may involve considerable expense, as well as
greatly reducing the efficiency of the shaft. It might, therefore, pay
well to have tests made of the clay as to its suitability for the manu-
facture of some clay product. In this connection it should be remem-
bered that very different qualities are demanded for clays used for dif-
ferent purposes. Thus, a clay that was shown by test to be unde-
sirable for vitrified brick, might prove very desirable for tile. Often

#(Combustion of Coal, W, M. Barr, p. 239; Indianapolis, 1879.
Science, Dec. 28, 1888,
Ann. Rep. of Chief U. 8. Bureau of Steam Engineering for 1876,
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something that may be lacking in the clay may be easily supplied by
mixing a small quantity of some other clay with it. Thus utilized, it
will usually not only pay for its removal, a clear saving, but will also
pay for its preparation and marketing, with a profit besides.

Many coal beds of excellent quality which are too thin to work by
themselves will become available if worked in connection with their
accompanying clay or shale.

2199a. UriLiziNg THE BrTuMiNOUS SHALES Or Boxe CoarL.—A
large number of the coal beds have closely associated with them black
bituminous shale, or less often bone coal. A few of the beds are al-
most invariably overlain by from one to several feet of the bituminous
shale, while bone coal one or two feet thick often underlies or overlies
certain coal beds over large areas. Such shales or bone coal are usually
rich in gas, if distilled at a high temperature, or in oils if distilled at
a low temperature. .

In 1895 a test was made at the New Albany gas .works of the
black shale of Devonian age occurring there. The gas obtained was
richer than from Pittsburg coal, and the yield 45 per cent. as much.
An analysis of the black shale at New Albany by Mr. Hans Duden
showed: ‘

Volatile organic matter ....................... .. ....... 14.16
Fixed carbon . ... ..ot i e, 9.30
271 .50
Ash L e e e 76.04

Analyses of the bone (cannel) coal or roof shales overlying some of
the coal beds, by Mr. Cox, show as follows: ‘

Volatile organic matter ................ 25.00 32.00 25.00
Fixed carbon ...............ovienennn. 28.00 34.00 39.00
Water .ot e e 5.50 7.50 4.00
ASh i e e 41.00  26.00 32.00

An examination of these analyses shows about double the percentage
of gas that was found in the New Albany shale, and from three to
over four times the amount of fixed carbon, with correspondingly low
amounts of ash.

Such shales, to be economically employed, would require specially
designed and constructed plants, and would, of course, yield no coke.
Analyses would indicate that in such specially prepared plants as used
in some parts of Europe a ton of some of these bone coals would yield
as much gas as a ton of Pittsburg coal, and of much higher illuminat-

MH—GgoL,
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ing power, the reluced cost of material more than offsetling the value
of the coke now produced. This, of course, is largely an assumption,
based on what is or has been done elsewhere, and has yet to be proven
for this field. It is, however, given as a suggestion which might lead
to the utilization of what is now a waste product at the mines. 1t is
also possible that the coke left in the process might be used in the
manufacture of producer or water gas.

XLVIII. THE FINANCES OF COAL.

James Epperson and George H. Ashley.

Nore.—The major part of the labor of this chapter, that of collect-
ing the data, is principally the work of Mr. Epperson. It had been
expected that he would also arrange the matter collected, but it was
found that, with his other work, it would be impossible to have it
ready when the rest of the report went to press.—G. H. A.

2200. The various items to be considered may be taken up under
the following heads:

| I. Cost of coal in place.
| II. Cost of opening and equipping mine.
| III. Labor cost of coal at the mine.
-IV. Operating materials, etc.
V. Office expenses.
VI. Summary of cost of coal on car at mine.
| VII. Selling price at mine.
‘ ' VIII. Cost of transportation.
i IX. Selling price at important points.
| X. Summary of cost of a ton of coal.
XI. Outside items.
XII. Earnings of miners.




r'——.———i . . A

i
\

COAT, DEPOSITS O INDIANA. 1491

I. Cost of Coal in Place.

2201. (a) Royalty Paid in Different Parts of Indiana.—The
value of unworked coal in the ground is usually taken as the royalty
paid for it when extracted. This varies greatly at different places
and has shown a steady tendency to decrease. In the early days
of the block coal field much coal was worked on which a royalty
of 20 cents a ton was paid. Mr. Cox, in his report on Clay county, p.
61, in estimating the value of block coal, valued it at-1 cent a bushel,
or 25 cents a ton. Whether such a valnation was based on royalties
paid, he does not state. In his report on Greene county, and in Mr.
Collett’s report on Sullivan county, they give } cent a bushel, or a
shilling a ton, as the royalty then paid in those regions. Some of the
mines in the same area to-day are paying from 3 to 5 cents a ton mine’
run. A shilling a ton is still not an uncommon royalfy for small mines,
but at present few of the large mines pay over 10 cents a ton. While
exact data were not obtained, it is probable that the major part of the
coal mines under recent leases does not pay over 5 or 6} cents a ton
of screened coal. In the south part of the State royalties even run be-
low that, perhaps the lowest noted being in Gibson county, 3 cents a
ton of screened coal. In Pike and Warrick counties, 34 cents a ton,
equivalent to 4 cent a bushel of mine run coal, is often the royalty,
some of the mines, however, paying double that. The former royalty
ten or twelve years ago, according to Mr. Woolley, was from £ to }
cent on mine run coal. .

2202. (b) Value of Coal Lands.—No reliable rule can be laid
down as to the value of coal lands, nor were sufficient data obfained
to show how coal lands vary in price over the field. In a general
way, lands that sell for from $30 to $60 an acre without coal will sell
at from $40 to $100 an acre where known to be underlain with coal.
But many factors influence this. Lands at some distance from rail-
roads or working mines may often be obtained very cheaply, as at $25
an acre or less, while coal lands adjoining properties being worked
may be held at a very high figure. When it is recalled that an acre
of ground containing a 5 ft. bed ought to yield at least 6,000 tons of
coal, which at 5 cents a ton would give a royalty of $300, or at 10 cents
a ton a royalty of $600 an acre, it is evident that lands that seem
bound to be worked within a very few years are often held for a large
fraction of the estimated royalty on the coal under them.

In general, it may be safe to say that on the average the owner of
the coal is paid 4 or 5 cents a ton,
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II. Cost of Opening and Equipping Mine.

2203. It has not been possible to get estimates for all the items
that come under this head. As suggestive of some of the more impor-
tant expenses to be met, the various items that have occurred to us
are mentioned, and where figures have been obtained they will be
given.

2204. (a) Cost of Drilling, Surveying, Locating Lands, Recording
Deeds, Leases, Etc.—This preliminary work varies greatly in cost.
There are many cases in Indiana where entries have been driven or
shafts sunk without any preliminary drilling, and in such cases the
cost of these items has been merely nominal. On the other hand,
most of the older companies have found as a result of their experience
that money expended for such preliminary exploration generally
gives very high returns. Mr. Hamilton Smith, in a letter published
in the State Agricultural Reports for 1856, in speaking of the opera-
tions of the American Cannel Coal Company at Cannelton, says:
“This does not include the expense attending surveys, experimental
shafts, borings, levelings and engineering generally, wherein this com-
pany have expended at least twenty-five thousand dollars, from first to
last, and perhaps have lost more than that sum by not employing
competent coal viewers and making the necessary preliminary exam-
inations at an earlier period.” Turther on he mentions cases of losses
due to these causes. In one case, after $20,000 had been expended, it
was found, after a month’s work, that the coal could not be worked
for lack of suitable roof.

2205. (b) Cost of Land for Surface Plant.—Whether the coal to
be worked is leased or purchased, it is usual for a coal company
to own the land upon which is situated the shaft and other buildings,
comprising what is known as the surface plant. It may be safe to say
that from five to ten acres are usually owned for such a purpose.
Some plants located next to a right of way to a railroad may often
get along with much less. Land for this purpose may then be reck-
oned at from $200 to $1,000. In some cases the land is given by
the owners of the coal, in order to have the coal worked.

2206. (c) Cost of Lease of Right of Way for Switch.

2207. (d) Cost of Sinking Shaft.—In.a general Way, it may be said
that the cost of sinking the shaft will run from $5 to $50 a foot.
At one of the mines over 100 ft. deep the labor cost $11 per foot.
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| Where the work is done by the day the cost will generally depend on
| the character of the rock gone through. The surface material, while

- easier to sink through in some ways, generally requires immediate tim-
bering, and this adds to the time required and expense. Where the
ground is fairly dry and solid, the shaft timbers, perhaps 10 by 12 in,,
may be set from 1 to 3 ft. apart and lagged behind with 2 in. plank.
Where the ground is soft and wet, the timbers require to be set skin
to skin, and in some cases it has been found necessary to put a shoe on
the lowest timbers, sinking them in the method usually adopted
for sinking caisson. Such soft ground wusually increases the cost of
sinking to a considerable extent, and when combined with large bodies
of water, has in several cases in this State led to the abandoning of
shafts partly sunk and the selection of new sites. Where a shaft en-
counters considerable water it may be necessary to sink small auxiliary
shafts into which the water may be led from the main shaft, and from
which it may be pumped. These items are mentioned as showing a
few of the additional items of expense that may not be calculated upon
in first estimates. The writer recalls cases in this State where pecu-
liarly hard rock has been encountered, and shafts are said to have cost
over $40 a foot for short distances. In a general way, it may be safe
to count on the sinking, timbering and setting of guides of a shaft to
average about $20 a foot. Mr. Hamilton Smith, writing from Can-
nelton in 1856, says: “For shafting and purposes of ventilation or
proving coal, we usually pay $1 per foot for the first thirty feet, in-
creasing 50 cents every ten feet.”*

| 2208. (e) Sinking Air Shaft and Escape.—In this, much the same
conditions have to be met, except that the shaft is smaller, and as it is
frequently not dug until the mine is in operation and equipped with
pumps, etc., it is sometimes possible, by drilling to the workings be-.
low, to draw off any water encountered without so much difficulty

‘ as in the first shaft. One such an air shaft, 5 by 7 ft,, was sunk to

‘ between 200 and 300 ft. at a contract cost of $8 per foot. At another
mine a 50 ft. air shaft and manway cost $4.50 a foot. Occasionally
tunnels are used in mines working two beds; one such, 120 yds. long,
cost $1,000.

2209. (f) Erection of Tipple and Equipment.—This should- in-
clude tipple frame and cover, braces, sheaves, screens and weighing
pauns, scales and scale houses. The only estimate at hand is one made
by Mr. Carrol, which gives the cost of “tipple, blacksmith shop, etec.,”

*Indiana Agricultural Reports, 1356, p. 538.
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at $1,300. It is not known just what items this will include and what
not. If improved screens are used, the cost will, of course, be much
higher. Mr. Carrol estimates shaking screens in two sections with
eccentrics set on driving shaft 180° apart, to counteract vibration, and
having a 5 in. stroke, with engine complete, about $1,250. This may
also include revolving screens, conveyors or elevators, etc.

2210. (g) Scales will vary from $75 to $1,000 for the more ex-
pensive railroad scales. At one of the mines the screens and scales
cost close to $200. At another mine scales alone cost $250, while I'd,ll—
road scales are quoted at from $700 to $1,000.

2211. (h) Cages.—These vary greatly, from the simple platform
" built by the mine blacksmith and carpenter to the more elaborate and
expensive self-dumping cages. (See general estimate.)

2212. (i) Boilers and Housing.—Mr. Carrol estimates the cost of
four plain shell boilers 40 in. by 30 ft., with house and brickwork com-
plete, at $1,500. To this should be added pond and piping for water
supply, tracking from shaft for coal supply, ete.

2213. (j) Hoisting Engines, Cables, Etc.—Mr. Carrol’s estimate
for hoisting engine, ropes, self-dumping cages, including engine foun-
dation, is $2,800. A double hoisting engine at one of the mines cost
$1,200. Tn another case a 40 H. P. single engine cost $300.

2214. (k) Blacksmith Shop and Accessories.
2215. (1) Powder House.
2216. (m) Fan and Engine, Fan House.

2217. (n) Pumps and Piping.—Af one of the mines two pumps
cost, respectively, $165 and $190. At one of the mines using six
pumps in and around the mine, two of these cost $1,000. In another
case a duplex mine pump, 7 by 4 by 10, is quoted at $136.

2218. (o) Switch to Connect with Railroad.—Grading and ties
usually furnished by mine operators, and often rails, the latter, and
sometimes the former also, to be returned in rebates on shipments.
Making cuts and fills will vary from 10 cents to $1 a yard, according
to material and conditions. In one case a switch 1,100 ft. long, on
very level ground, cost $190 for grading, and ties $200.

2219. (p) Mine Cars.—Mr. Hamilton Smith gave the price of 20-
bushel cars in 1856 as about $25. . At one of the mines using 150
cars for a daily output of 850 tons the cars cost $22 each, or $3,300
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for the mine. At another mine, with an output of 250 tons a day,
40 cars are used, costing $17 each, or $680.

2220. (g) Mules and Stables.

2221. (r) Equipment with Mining Machines.—See general esti-
mates.

2222. (s) Equipment of Power Drill.

2223. (t) Equipment with Rope or Electric Haulage.—Sce general
estimates. - :

2224. (u) Equipment with Washing Plant.

2225. (v) Equipment of Storage Bins.

2226. (w) Fencing, Telephone to Main Office, Ete.

2227. (x) Equipment of Main Office.

2228. (y) Company Store and Stock.

2829. (z) Estimates of Cost of Opening Actual Plants.—........
mine, shaft about 50 ft. deep, average equipment, pick mine, bar
screens, mule haulage; cost of tipple, machinery and sinking shaft, a
little over $14,000. .

.......... mine, shaft about 50 ft. deep, well equipped for large
outputs; mining machines, improved screens, self-dumping cages, ete.,

" ete.; machinery estimated to have cost, when new, $10,000.

.......... mine, slope; tipple and machinery, about $18,000.

.......... mine, shaft about 250 ft. deep, including air shaft, and
all ready to ship coal, $32,000.

e mine; electric equipment alone is given as costing as

follows:

1 dynamo, 135 H. P., 250 volts, 400 amperes. ... .. e $1,400
1 dynamo engine . .........iiiiiiirnrneraiiiananan 1,000
2 motors at $1,200, 85 H. P, TtoDnS. ... .o vvennennnnnn., 2,400
3 mining machines at $1,000 .......... ... ... ........ 3,000
Belt and switch-board ............. ... . i i, 300
1 fan, eleetric ... oo s PPN 125
1 pump, electric ......... i e 125

Motal .. e e e $8,350

This is in addition to:
1 double hoisting engine, 65 H. P.

1 single engine, 20 H. P., to run elevators to carry coal to
boiler-room.

1 single engine, 35 H. P., for short rope haulage.

6 boilers, 10-ft. steam fan and engine, sélf-dumping cages, etc.,
ete.
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Mr. Hamilton Smith, writing in 1856, says: “The cost of opening
a coal mine by an ‘adit level” preparing the galleries and entries for
delivery of say three thousand bushels daily, building inside and out-
side cars, purchase of mules and erection of necessary buildings, con-
struction of railroads not over one mile in length, and all prepared
for permanent and economic use, will range here on the Ohio river
from say $40,000 to $60,000.” (This does not 1nclude borings, survey-
ings, ete.)

2230. In 1897, 124 mines yielded a product of 4,078,085 tons of
coal, which is estimated to represent an invested capital of $1,600,000,
or about $12,000 as the average capital invested in each mine. Judg-
ing from such data as were obtained, this estimate is much too low. -
The data obtained suggest that to open and equip a mine with shallow
shaft, simple but good machinery, for a daily output of 200 tons, will
hardly cost less than $10,000, and may cost much more; while to open
a deep mine and equip it throughout with modern machinery may
cost from $50,000 up.

In 1897, it will be observed according to the estimate given above,
one ton of coal was mined for every 37 cents of capital represented.
At 6 per cent. this represents a cost of a little over 2 cents a ton.
Taking individual cases, we find that the interest at 6 per cent. on
investment runs from 2.6 cents per ton to 4.5 cents per ton, with an
average of 3.7 cents. It would therefore seem safe to take 3 cents
a ton as representing the interest on equipment.

2231. Costs of machinery, of course, are readily obtained from the
manufacturers, to which must be added the cost of setting up, ete.
To indicate how rapidly such items as the last mount up, the follow-
ing itemized account of the cost of setting up a dynamo and engine
is appended:

The pit for the engine foundation is 15 ft. long, 9 ft.
" wide, 7 ft. deep, and cost to excavate it............... $10 00
10,000 brick at $5.50 per thousand, for engine foundation. 55 00
Freight on brick, $12.50; sand, $1; hauling sand, $2;

SCLEENINg, $2 . oot ittt inniiiransnesionserenaoncscsenes 17 50
Cement and freight . ... 39 00
Masons and helPers .......ccivevenerenenenenecaarnenss 23 33
Unloading engine from car ........co.ceevevineeceneens 8 50
Placing on foundation ...........coeievieviniveenee.. 400
Polishing engine ........ocivtiniiiiinenneaeinieneinn 2 86

$160 19
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The pit for generator foundation is 6 ft. long, 8 ft.

wide and 7 ft. deep, and cost to excavate .......... $6 45
4,000 brick at $5.50 per thousand for foundation ...... 22 00
Freight on brick, §5; cement and freight, $14........... 19 00
Sand, 50 cents; hauling sand, $1; screening, $1......... 2 50
Mason and helpers .......oooiviiiieiii i, 10 08
Unloading generator from Car.........c.oeiivnvreeeasen 4 00
Placing on foundation, $2; polishing and sandpapering,

15 7 S 755

Total ... eveioans. e e $71 58
Selling up engine ...... ..ot 160 19
Setting up generator ... ... eii it e 71 58

OTAL oo ittt e e e e e e e $231 77

III. Labor Cost of Coal at the Mine.

2232. (a) For Narrow Work.—Before the coal can be regularly
- mined, there is always a certain expense for narrow work, entries and
the necks of rooms. As the entries are constantly being extended and
new rooms being turned, this becomes a regular source of expense,
as not only is the coal paid for at the regular rates, but a given amount
extra, known as yardage. At present, in the bituminous coal field,
this amounts to $1.37 per yard for entries 7 to 9 fi. wide and down to
84 cents for 12 ft. entries for pick work, and for machine work 98
cents and 61 cents, respectively. The turning of rooms costs $3.30
for pick or 98 cents for machine mining, varying, of course, according
to width or length. The amount of yardage differs greatly at differ-
ent mines, but, figured down to cost per ton of coal of output, came,
for the data at hand, to from 1.6 to 2 cents a ton. Perhaps the latter
figure would be safe. This does not include tracking, ete.

2233. (b) Laying Track, Ditching, Brushing Roof, Etc.—This
will be considered in connection with the subject of day labor about
the mine.

2234. (c¢) Mining and Loading Coal.—In his letter in 1856, Mr.
Hamilton Smith gives the following list of prices paid at that time at
some points in Indiana and elsewhere: '

Hawesville, Ky........... 284 cents per bushel=68% cents a ton.
Uniontown, Ky............ 4 cents per bushel=100 cents a ton.
Cannelton, Ind............ 214 cents per bushel=621%5 cents a ton.
Newburg (Warrick Co.?)...3% cents per bushel=933; cents a ton.
Brazil, Ind................ 314 cents per bushel=933; cents a ton.
St. Louis, Mo............. 4 cents per bushel=100 cents a ton.

Breck’ridge, Ky. (Cannel)..5 cents per bushel=125 cents a ton.
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RR35. At the time of the strike in 1897 the prices paid in Indiana
were as follows:

BITUMINOUS.- Screened lump, generally 56 cents per ton,
same as Ohio; over diamond bar screen, with 114 in, spaces be-
tween bars; bars mostly 1 in. square, set on edge. .

In southern Indiana, flat bars 135 in. between, as equivalent to
114 in. spaces diamond setting.

Run of mine price optional with operators, based on proportion

~ of screenings. .

Brazil Block.—Coal 3 ft. 1 in. thick and over, 66 cents per ton,
lump; coal 2 ft. 10 in, to 3 ft. 1 in., 71 cents per ton lump; coal
under 2 ft. 10 in., 76 cents per ton lump; over screens, 72 ft.

- superficial area, diamond bars, 114 in. apart.

Indiana day’s work, nine hours.

2236. Following the strike a new scale was agreed upon, and, as
that scale is still in force when this report goes to press, it may be
well to give the agreements entered into at Chicago and subsequently
at Terre Haute and Brazil. They are as follows:

THE AGREEMENT.

Contract between the Operators of the Central Competitive Coal Field and the United
Mine Workers of Ameriea.

Chicago, January 28.
The following agreement, made and entered into in joint interstate con-
vention in this city (Chicago, 111.), January 26, 1898, by and between the
operators and miners of Illinois, Indiana, Ohio and western Pennsylvania,
known as the Pittsburg thin-vein district, witnesseth:

1. That an equal price for mining screened lump coal shall hereafter
from a base scale in all the districts above named, excepting the State of
Illinois, the block coal district of Indiana to pay ten cents per ton over that
of Hocking valley, western Pennsylvania and Indiana bituminous district,
and that the price of pick run of mine coal in Hocking valley and western
Penngylvania shall be determined by the actual percentage of screenings
passing through such screen as is hereinafter provided, it being understood
and agreed that screened or run of mine coal may be mined and paid for
on the above basis at the option of the operators, according to market re-
quirements, and the operators of Indiana bituminous shall also have like
option of mining and paying for run of mine or screen coal.

2. That the screen hereby adopted for the State of Ohio, western Penn-
sylvania and the bituminous district of Indiana shall be uniform in size,
six feet wide by twelve feet long, built of flat or acorn-shaped bar of not
less than five-eighths of an-inch surface, with one and one-fourth inches
between bars, free from obstructions, and that such screen shall rest upon
a sufficient number of bearings to hold the bars in proper positfon,
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3. That the block coal distriet of Indiana may continue the use of
the diamond screen of present size and pattern, with the privilege of run
of mine coal, the mining price of which shall be determined by the actual
sereenings, and that the State of Illinois shall be absolutely upon a run of
mine system, and shall be paid for on that basis.

4. That an advance of ten cents per ton of 2,000 pounds for pick mined
screened coal shall take effect in western Pennsylvania, Hocking valley
and Indiana bituminous districts on April 1, 1898, and that Grape Creek,
Iil., and the bituminous district of Indiana shall pay 40 cents per ton run
of mine coal from and after same date, based upon 66 cents per ton
screened coal in ‘Ohio, weStern Pennsylvania and the Indiana bituminous
district, same to continue in force until the expiration of this contract.

5. That on and after April 1, 1898, the eight-hour work-day, with eight
hours’ pay, consisting of six days per week, shall be in effect in all of
the districts represented, and that uniform wages for day labor shall be
paid the different classes of labor in the fields named, and that intermal
differences in any of the States or districts, both as to prices or condi-
tions, shall be referred to the States or districts affected for adjustment.

6. That the same relative prices and conditions between machine and
pick mining that have existed in the different States shall be continued
during the life of this contract.

7. That present prices for pick and machine mining and all classes
of day labor shall be maintained in the competitive States and districts
until April 1, 1898.

8. That the United Mine Workers organization, a party to this con-
tract, do hereby further agree to afford all possible protection to the other
parties hereto against any unfair competition resulting from a failure to
maintain scale rates.

9. That this contract shall remain in full force and effect from April
1, 1898, to April 1, 1899, and that our nmext annual interstate convention
shall convene in the city of Pittsburg on the third Tuesday in January,
1899.

Adopted. .

For Illinois Operators—J. H. Garaghty and E. T. Bent.

For Indiana Bituminous Operators—Walter S. Bogle.

For Indiana Block Operators—C. B. Niblock.

. For Pittsburg Thin Vein District Operators—J. C. Dysart, F. M.
Osborne.

For Illinois Miners—J. M. Hunter and W. D. Ryadn.

For Indiana Bituminous Miners—W. G. Knight and J. H. Kennedy.

For Indiana Block Coal Miners—J. E. Evans.

For Ohio Miners—W. E. Farms and T. L. Lewis.

For Pittsburg Thin Vein Miners—Patrick Dolan, Edward McKay

For West Virginia Miners—Henry Stephenson.

Members National Executive Board U. M. W. of A.—Fred Dilcher,
John Fahy, Henry Stephenson, Edward McKay, J. H. Kennedy and W. D.
Ryan.

M. D. Ratchford, President U. M. W. of A.

John Mitchell, Vice-President U. M. W. of A,

W. C. Pearce, Secretary-Treasurer U. M, W. of A,
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TERRE HAUTE AGREEMENT.

The following agreement, entered into in the joint State convention at
Terre Haute, Indiana,” March 26, 1898, by and between the bituminous
operators and the miners of the State, witnesseth:

First. That the declaration of the contract by and between the oper-
ators of the competitive coal fields and the United Mine Workers of
America, entered into at Chicago, Illinois, January 27, 1898, and at Colum-
bus, Ohio, March 10, 1898, be, and hereby are, reaffirmed in the identical
terms therein employed.

Second. 'That further details and seale of prices for pick and machine
mining in the State of Indiana, for one year beginning April 1, 1898, shall
be as follows:

PICIC MINING,
Yarduge.

Inentries Tto 9 ft. wide. ... i .. $1 37
In entries 12 ft. price shall be % of narrow work, or...... 84
Wide entries shall not exceed 13 ft., it being understood that this ap-
plies to entry work only, and not to rooms where it is necessary to run
them 13 ft. wide.

Brealthroughs.

Breakthroughs in entries shall De paid for at entry price. Break-
throughs between rooms, when sheared or blocked, shall be paid for at
entry price, but no breakthroughs shall be driven without the consent of
the operator. Nothing herein shall interfere with strict compliance with
the law governing breakthroughs.

Room Turning.
i

Room turning........... B $3 30

Room necks to be driven 12 ft. in and widened at an angle of 45°
when so desired by operator. Any distance in excess of above shall be
paid for proportionately.

MACHINE WORK.

Yardage.

Inentries T10 O ft.. ... oottt i iean e $0 98
In entries 12 ft. wide, % of price for narrow entries, or... - 61

When the machine runners in 12 ft. entries are paid by the day, and
entry is not sheared, the shooters and loaders shall be paid two-thirds of
the yardage. It is understood that this applies to entry work only, and
not to rooms when it is necessary to run them 13 ft. wide,
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Breakihroughs.

Breakthroughs between entries, same as entry price.

Loom Turning.

Room turning................. ... ... ... [ R $0 98

Room necks to be driven 12 ft. in and widened at an angle of 45° when
so desired by operators. Any distance in excess of the above shall be paid
for proportionately.

‘ ‘When room necks are driven 12 ft. wide, price shall be 8% of regular
price, or 61 cents.

‘ Day Work Punching Machines.

Machine cutting when paid for by the day shall be for— )
CUbter L. e e $2 35
Helper ... ... i 185

Day Work Chain or Cutter Bar Machines.

‘ When paid for by the day shall be—

Cutter .. ... $2 35
Helper . ... 211

| It being understood that a day’s work shall not be less than twenty-
seven (27) cuts. All cuts in excess of twenty-seven (27) shall be paid tor
proportionately.

| Price per ton for Machine ' Mining.

When paid for by the ton the price of coal mined with machines
‘ shall be three-fourths of the price paid for pick mined coal, or 49% cents.

(GENERAL.

It is further agreed that if any differences arise between the operators
l and the miners at any pit & settlement shall be arrived at without stopping
of work. If the parties immediately affected cannot reach an adjustment
‘ between themselves, the question shall be referred to the President and
Secretary of the United Mine Workers of America representing District
No. 11, and the President and Secretary of the Coal Operators’ Association
of the same district, whose action shall be final; but no miner or operator

interested in the differences shall be a member of said committee,

That where the coal is paid for mine run, or on screened coal basis,
it shall be mined in a careful, workmanlike manner, and when loaded on
the miner’s car it shall, as nearly as possible, be free from slate, bone coal,
sulphur and other impurities, .
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Payment for all labor shall be made twice per month, not later than
the 10th and 25th of each month.

It is further agreed that the operators shall offer no objection to the
check-off for checkweighman and for dues for the Ifederation, provided
that no check-off shall be made against any person until he shall have
first given his consent in writing to his employer. This applies to all
underground day work, as well as miners.

The time of beginning work in the morning and the length of inter-
mission at noon shall be considered a local question.

That these resolutions be compiled in the form of a contract and signed
by the President and Secretary of the United Mine Workers of America
representing District No. 11, and the President and Secretary of the Bitu-
minous Coal Operators’ Association of Indiana, that they be printed and
a copy sent to each and every mine and posted.

In witness whereof, we have hereunto subscribed our names this 26th
day of March, 1898,

W. D. VAN HORN,
President U. M. W. of A., Distriet No. 11.

Attest: J. IIl. KENNEDY,
Secretary U. M. W. of A, District No. 11
J. SMITH TALLEY,
President Bituminous Coal Operators’ Association of Indiana.

Attest: J. W. LANDRUM,
Secretary Coal Operators’ Association, State of Indiana.

CONTRACT.

-

Contract between the Operators, Miners and Laborers of the Brazil Block Coal District,

Entered into this 24th déy of March, 1898, between the Operators’
Scale Committee of the block coal district, and the Executive Board of
the United Mine Workers of America, representing District No. 8.

Pirst. That the declaration of the contract by and between the oper-
ators in the competitive coal fields with the United Mine Workers of
America, entered into at Chicago, Illinois, January 27, 1898, be hereby
reaffirmed in the identical terms therein employed.

. Second. That the scale of pick mining price of 2,0(50 1bs. of screened

block of the standard thickness shall be 76 cents from April 1, 1898, until
April 1, 1899, with payment for low coal upon the following scale:

Forallcoal3ft. 1in. and over. .....ccevvvvvenaanees *. 76 cents.
; Forall coal 2 ft. 10 in. and under 3 ft. 1in........... 81 cents.
Forallcoalunder 2 ft. 10in. ......ovvviniennnnnns 86 cents.

That the payment for all coal dug, and for labor performed, shall be
semi-monthly within ten (10) days after the ending of each half month.
1t being understood, also, that the price for digging unscreened coal shall
be an equivalent of the price paid for screened coal
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It is understood and agreed by both parties to continue work for the
coming year, the same as has been done in the year just ending.

That the mode and manner of weighing this coal and the time for pay-
ing the same shall be, and remain for the coming year, the same as is
now in force in this district. .

It is also agreed on the part of the operators not fo require the miners
to put down their own road. Also to give each miner as near as possible
an equal turn of cars, and not to allow the day hands to load coal on idle
days. No miner shall be discharged or discriminated against because
of his refusal to do work by the day when called upon by the pit boss.

It is also agreed not to require miners to load or clean falls unless
they are caused by some fault of the miner not properly timbering his
working place, or his having shot or otherwise caused his timbers to be-
come insecure, in which case it will be the duty of the miner to put his
place in good order again.

It is further agreed that if any differences arise between the operator
and the miner at any pit a settlement shall be arrived at without stopping
of work. If the parties immediately affected cannot reach -an adjustment
between themselves, the question shall be referred to the Executive Board
of the United Mine Workers of America, representing. District No. 8, and
an equal number of operators, whose actions shall be final; but no miner
or operator interested in the differences shall be a member of said
committee. :

That all narrow work or yardage be paid an average throughout the
block coal district, proportionate to the advance in the price of mining.

That the hour to begin work in the morning shall be 7:00 a. m., with
thirty (30) minutes’ stop for dinner, and begin shooting at 3:30 p. m., from
April 1, 1898, to October 1, 1898, and from October 1, 1898, to April 1,
1899, the mines shall start at 7:30 a. m., with thirty (30) minutes’ stop for
dinner, and begin shooting at four (4) o’clock

INSIDE DAY WAGE SCALE OF EIGHT HOURS A DAY.
4

The following resolution was adopted at the meeting of the scale
comimittee of Interstate Convention at Chicago, January 28, 1898:

‘“Resolved, That two operators and two miners of each State meet at
Columbus, Ohio, on the second Tuesday of March, or March 8, 1898, at
the Chittenden Hotel, to formulate a uniform day work scale, based upon
the district upon which the mining price is based.”

In accordance therewith, the: representatives of the various competi-
tive districts met at the Chittenden Hotel, and agreed upon the following
scale of wages and conditions to govern all inside day labor for the year
beginning April 1, next, and ending April 1, 1899:

. Inside Day Scale.
g 1) - Y $1 90
Track layers’ helpers..........coivieivivennnnnn, RTINS 175
Trappers .......ceeeeeeev. e seeanaes 75

Bottom Cagers........ooovvvvvnerinuenns rreriiieie, 178




B3 7 ) 5 S $1 75

Trip riders .........covvievnnn P S PN 1175
Water Ratlers. .. v oo ettt e 175
Timber men, where such are employed............o0nenn 190
Pipe men for compressed air plates................ovnet 185
Common men in long wall mines in the third vein district

in northern IHNois. ... coutinse e iiininnee e 175
All other inside Aay 18DOT. ... .vrivee i iiciieaessenen 175

The above schedule of day wages only applies to men in the perform-
ance of their labor, and does not apply to boys, unless they do and are
employed to do a man’s work.

That the eight hours a day means eight bours’ work in the mine at
the usual working places for all classes of inside day labor. This shall
be exclusive of the time required in reaching said wworking places in the
morning, and departing from the same at night.

Regarding drivers: They shall take their mules to and from the
stables, and the time required in doing so shall not include any part of
the day’s labor, their work beginning when they reach the parting at
which they receive empty cars; but in no case shall the driver’s time be
docked while he is waiting for said cars at the point named. But when
the men go in the mine in the morning they shall be entitled to two hours’
pay, whether or not the mine works the full two hours, but after the first
two hours the men shall be paid for every hour thereafter by the hour,
or for-each hour’s work, or fractional part thereof.

If for any reason the regular routine of work cannot be furnished in-
side labor for a portion of the first two hours, the operators may furnish
other than the regular labor for the unexpired time.

Chis contract is entered into in good faith by both parties, and there
is to be no deviation from it by the operators, miners or day laborers.

W. H. ZIMMERMAN, SAMUEL ANDERSON,
W. W. RISHER, - BarNEY NAVIN,
M. H. JoHNSON, Wirriam THOMPSON,
Wy H. ZELLER, PeTER FLEMING,
Jas. H. McCLELLAND, WiLLiaM WILSON,
Committee on behalf of Operators for Executive Committee Distriet No. 8,
the Block Coal District. United Mine Workers of America,

for the Block Coal Miners.

1t will be seen from this that the cost of mining lump coal, where
paid for by the ton, is practically fixed. Where it is paid for by the
ton, run of mine, the price varies according to the proportion of
screened coal produced. Thus, where the lump coal amounts to 66
per cent. the price paid is 40 cents a ton. With the soft coals of
Pike county and other places where the lump coal amounts to less
{han half of the coal mined, 30 to 33 cents is paid.
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Where machines are used, payment is made in various ways. As
given in the agreement, the price per ton is three-quarters that of
picked mine coal. In some cases the digging is paid for by the cut and
the loading by the ton. Thus, in a mine using electric machines, the
machine runner receives 8 19-27 cents and the helper 7 22-27 cents
per cut, or a total of $1.15 7-27 for seven cuts, yielding in this case
25 tons, making the cost per ton 4 62-100 cents:for the undercutting.
Loaders in this case receive 21 72-100 cents per ton, to be divided
among them. This makes the total cost of labor for mining and load-
ing coal 26 34-100 cents a ton. In some mines they pay by the foot
for cutting, by the day for shooting and by the car for loading, and
still other methods are adopted.

2237. (d) Removal of Coal from the Mine, Screening, Weighing
and Loading.—The men necessary for this part of the work are paid
by the day, with but few exceptions. This part of the subject can
be best studied by taking actual lists of day men for different kinds
of mines and different outputs.

Thus, for a small new mine with an output of 200 tons a day, short
haulage: ’

Day Men at .................. Mine.

Men. Number, Daily Wage. Total.
Drivers ............ooii 2 $1 75 $3 50
Roadmen .................. 1 1 90 190
Mine boss ................. 1 2 40 2 40
Engineer ................... 1 2 40 2 40
Dumpers ........ooovvvuvn.. 2 $1 75and 1 50 325
Trimmer ................... 1 $1 75 175

Total ...... e $15 20
Average of 200 tons..... ‘ ‘ 076

An expense of 7.6 cents on this score. (Cars here hold 3,000 lbs.)
This perhaps is the lowest extreme. Next let us take a typical pick
mine, with a capacity of 400 tons a day. The figures for such work
from an actual case are as follows:

Day Menat.................. Mine
Men. Number, Daily Wage. Total.
Drivers ..........ccocvvun. 8 $1 75 $14 00
Road men ................. 2 190 3 80
Trapper .........cccoevennn. 1 1 00 100

95—G EOL.
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|
‘[ Men.: Number. Daily Wage. Total.
| TIAPPET o vvvveevnennoanonns 1 () 75
| CAZET « v viiiiniieerannns 1 196 1 96
| . Load dropper ........co.vee 1 175 175
| Driver, boss .....o.eiiienn 1 . 1% 1%
| Mine HOSS «vvnverenenvenres 1 2 60 2 60
Engineer ........ccce00eene 1 212 2 12
Fireman ........ prr e 1 170 170
Blacksmith «...ccooveevvnenn 1 2 00 2 00
Weigh boss .. ..oovveivnnnn 1 160 160
Flat dropper ..........c.v-. 1. 110 110
DUmMPEr . .otcvevrenranennns 1 175 17
TrimMMer ...ov v vonsoenenns 1 150 150
Stableman ........cc.voneen 1 1 6215 1 62%
Night watch................ 1 1 6214 1 6215
Total o vveveeennnnnnnes $42 78
Average of 400.......... 106

This item in this case increases the cost of the coal by 10.6 cents a
ton.

A third example may be taken of a pick mine whose output comes
between the other two. (Capacity, 300 tons daily.)

‘ Day Men at...c.ooovaneinins Mine
| Men. Number. Daily Wage. Total.
| DIIVES «vvveevereenrninnnns 12 $1 75 $21 00
| THmbermen .........c.oce.ee- 2 190 3 80
Road MED ... .oovvernenses 3 1 90 5 70
Bottom lifters ........c..... 2 1175 3 50
Cager .........ieneiiiinn 1 115 175
Greaser ooveevererveranenes 1 100 1 00
; Mine DOSS .. .ivviniieininn 1 300 3 00
\ EDgINEer ..o.uveerernienns 1 2 00 2 00
| Night men ............ovoen 2 160 3 20
ﬁ ) Firemen ........ocoeevuaves 2 1 60 3 20
Weigh DOSS «ovvvvveinennn 1 2 00 2 00
Blacksmith ................ 1 2 00 2 00
Leveler ............. PN 1 150 1 50
Pumper ....oovevereerenenns 1 150 1 50
Total ... e $58 15

Average of 3OQ tons..... 15
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In this case men cost about 15 cents a ton. Compared with the
first case, it shows somewhat the difference between a new mine with
short hauls and an old mine with long hauls. In the first case the
drivers haul 100 tons apiece, and one road man can take care of the
entries. In the latter case each driver only hauls 25 tons a day, and
there is required extra a cager and greaser, and for the entries, five
men instead of one.

Still another case of a mine with an output of 250 tons gave as fol-
lows:

Day Menat..........c....... Mine.

Men. Number. Daily Wage. Total.
Drivers ......ccciiiiiiian, 6 $1 25 $7 50
Road layers .............. 2 $1 50 and $1 25 215
Pitman ................... 1 125 125
Trappers ........covvvvnen. 3 50 1 50
Mine boss ..........c00n.n. 1 2 00 2 00
Engineer .................. 1 1 60 1 60
Fireman ................... 1 100 1 00
Weigh boss ................ 1 135 135
Dumper .............. PO 1 125 125
Trimmer ..........ccocvvu.. 1 125 125
Stableman ................. 1 50 50

Total ....cvvviivnnnnnn. $21 95
Average of 250 tons..... ) 087

A cost in this case of 8.7 cents per ton. This, as might be judged,
is a southern mine, where wages are lower than farther north.

Turning to machine mines, the following figures are for an elec-
tric mine, having at the time an output of 550 (?) tons a day.

Day Menat.....cccoovuuun... Mine

Men, Number. Daily Wage. Total.
Mine boss ................. 1 $2 60 $2 60
Drivers ............... e 9 175 15 75
Motormen ................. 2 175 3 50
Wireman .................. 1 17 175
. Roadmen ....... e 2 19 ° 3 80
Timbermen ................ 2 1 90° 3 80
Cagers ............ P 3 175 5 25
Trappers .. «.ooveneeeeennnn. 6 15 4 50
Pumpers ....... e 3 $1 00 to $1 80 4 55
Hoisting engineer .......... 1 200 . 2 00




e

1508 REPORT OF STATE GEOLOGIST.

Men. Number. Duily Wage. Total.
Night engineer ............. 1 17 17
FIremen ... ...coeesunavens 2 $1 75 and $1 50 325
Weigh boss .......covvnnnnn 1 17 17
Blacksmith ............... .1 2 00 2 00
Flat trimmers ............ 4 150 6 00
Dumper ........covveenneas 1 ‘ 125 125
Carpenter ..........vo...00. 1 17 17
Rouster ........coevviennnn 1 150 1 50
Stableman ........... o000 1 1 60 1 60

Total oovveveiii i $68 35
Average of 550 tons ..... ) 123

This give‘s a total of 12.3 cents a ton as the cost of day labor at
mine. o

In a mine using air machines-to mine and rope haulage, the figures
will be somewhat different, and may be given for a mine delivering
1,000 tons a day:

Doy Menat........oovnvnvnns Mine

Men. Number. Daily Wage. Total.
DIIVErS . convvvrinnnnerennos 17 $175 . $29 75
Roadmen .........c.cevveen 3 . 190 5 70
Bratticeman ............... 1 1.90 19
Jerrys or roustabouts....... 2 1 90 3 80
TIapPers . ...ovvveereveorons 5 75 375
PUILPEE oo e ivvvnevreaas 1 175 175
Pipeman .........cccovevnens 1 185 185
Water hauler .............. 1 17 175
CAZerS ...vvvrvernnerenonns 2 1 96% 3 932%
Assistants ... oo 2 17 3 50
Rope riders ................ 2 190 3 80
Botfom engineer ......... 1 . 1 53 163
Driver DOSS . cvv v vvreenns 1 1173 173
Mine DOSS . ...oivrirennaann 1 2 60 2 60
BEngineer ...........c.o... 1 2 10 2 10
Night wateh .............. 1 1 83% 1 331
Firemen .........coeeeeeeues 2 ' 1 53% 3 062%
Assistant fireman ......... | 125 125
Blacksmithg ............... 2 2 00 4 60
L0 3113 11723 ¢ S 4 145 5 80
Rousters ......ocvevenerenss 2 110 2 20
DUmMPer . ......oeevenorecss 1 2 00 2 00
DUIPEL <o vvvvreeeaeevann 1 . 176 1176
Weigh boss ©.....coonnn.n 2 2 10 4 20
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Men. - Number. Daily Wage. Total.
Empty runners ..........., 2 145 290
Top stableman ............. 1 115 116
Top boss ...........oouuut 1 173 173
Machine hoss ......... R | 225 225

Total ................... ) $103 082
Average of 1,000 tons... 103

In this case day labor amounts to 10 cents a ton. Adding these
costs to the costs of labor for mining and yardage, there is obtained
as the labor cost of the coal mine run:

‘ Cost of Mining. Day Labor. Yardage. Total.
First case ......... $0 40 $0 07 $0 02 $0 49
. Second case ....... 40 10 - 02 52
| Third case ......... 57(2) B - 02 74
Fourth case ....... 30 08 02 40+
| Fifth case ......... 26 12 02 40+
Sixth case ......... 307 10 02 42+

Due to omissions and other causes, it is probable costs are 5 to 10
cents above these figures. In one machine mine the amount paid for
a certain'period ran in the following ratio:

Wages paid machine men and helpers....... $207 62
Loaders .........cviiiiit i e 874 97
‘ ) — $1,082 59
Inside men ........... ... $596 38
\ Top men and monthly men ................ 389 40
- 985 78

’ \ $2,068 37

i During this time the proportional output was 4,374 tons, run of
mine, or 47 cents a ton for labor. It will be noticed that the cost of

w yardage, getting coal out of mine, screening, weighing and loading
on flats is almost as much as the digging and loading on mine cars.
That is where the machine mine loses much of the advantage it gaing
in reduced cost of mining coal.

In the State Statistician’s report for 1895-98, he gives reports from
eighty-six mines, in which 2,737,686 tons of coal were mined and
$2,196,868 paid for wages in mining it. This gives a total of 80.2
cents a ton as the labor cost of the coal.




1510 BEPORT OF STATE GEOLOGIST.

IV. Operating Materials.

?238. (a) Rails and Ties.—In one of the mines these were esti-
mated at 18 yds. a day of 16 1b. iron rail, costing $6.33. About twenty-
seven ties 3 in. by 5 in. by 5 ft. at 5 cents each, $1.35, or 1.4 cents a
ton of output. Tracking and rooms, 6.25 cents for 25 tons of coal,
or .25 cents a ton, making 1.65 cents a ton for the mine. At other
mines estimates run down to .25 cents per ton.

2239. (b) Timber.—This item is largely influenced by the charac-
. ter of the roof, and will run from a small fraction of a cent per ton

for some mines with good roof (.2 cents in one mine) to 2 cents a ton,
and probably will average not far from 1 cent a ton. Posts cost from

$15 to $30 a thousand. In some of the mines the entries require al-
most no timbering, while in others, after a few years, the entries re-
quire not only considerable timbering, but a good deal of lagging.
This would add slightly to the above amount, so that 1 cent a ton for
the average is probably none too high.

2240. (c) Oil, Feed for Mules, Coal for Boilers, Ete.—From figures
obtained, the oil for cars and engines will cost about 4 of a cent a ton.
Feed for mules will run about 15 to 20 cents each day, or from .25
to 1 cent per ton, depending on whether mechanical haulage is used
and upon the length of haul. Probably .25 cent per ton for mines
using mechanical haulage and .5 cent for those using only mule haul-
age.

2241. (d) Other Items.—It is probable that other expenses, brat-
tices, repairs to roofs and to machinery, deterioration of cars, cables,
cages and machinery, judging from such figures as are at hand, will

" cost not less on an average than 3 cents a ton.

Summing up these items it seems probable that cost of operating
materials will average not far from 5 cents a ton.

V. Office Expenses, etc.

2242. These will include books, stationery, stamps, advertizsing,
mine maps and surveying, book-keepers, superintendent, rent, taxes,
insurance and many other items. Upon this we have so little data
that our estimates are little more than guesses. However, it is prob-
able that few companies run under 1 cent a ton, and it is easy to figure
up expenses that would run up to several cents a ton. Some of the
operators say that 5 cents a ton is not too high.
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VI, Summary of Cost of Coal on Qar.

2243. The following table gives a summary of the cost-of coal on

the car in cents:
A. B. C. D. E.

Royalty ............... .. 3.3 50 100 5.0 5.0
Interest on equipment........ 20 2.0 2,0 4.0 4.0
Cost of }abor ............... 40.0 500 740 470 450
Operating materials ......... 5.0 3.0 5.0 5.0 5.0
Office expenses .............. 1.0 5.0 5.0 5.0 5.0

Total ......ovovvvinnn 51.3 67.0 96.0 '66.0 64.0

A 1is supposed to represent conditions in the southern part of the
State for a pick mine; in other words, minimum cost (at schedule pre-
ceding strike of 1899). B, pick mine in northern part of field, bitu-
minous coal. C, pick mine on block field, representing greatest cost.
D and E, different types of machine mines.

As we had not all the data for any single mine, the above figures
are only approximate, but suggest that a ton of run of mine coal can,
hardly be placed on a flat under fairly average conditions for less than-
50 cents, or 2 cents a bushel, while it may run up in the block field to
close to $1, or 4 cents a bushel. The average for the field will prob-
ably be between 60 and 70 cents, and I am not sure that it would be
far out of the way to say that a ton of run of mine coal will cost not
far from the schedule price paid for pick mining of lump coal, except
in the block field, where it would seem to run considerably over.

In practice it is the custom of many operators to charge all the
expenses of the mine to the lump coal, letting any. sale of small coal
go to profit and loss. On this basis a ton of lump coal will cost more
nearly the same over the field. Thus, the most of the southern coal
is rather soft, many of the mines yielding only 45 per cent. of lump,
which would make the lump coal cost $1.10 a ton when run of mine
costs $0.50. Where run of mine costs $0.60 a ton and 66 per cent.
is lump, the lump coal would cost on this basis $0.90 a ton. Where run
of mine coal coste $0.90 and 75 per cent. is lump, the lump costs $1.20.
On this basis it is evident that lump coal is often sold for less than
it costs, and it is also evident that the method does not give a fair
idea of the cost of the lump coal except on the basis of the small
coal being so much waste. The method is used because of the uncer-
tainty attending the sale of the small coal. At fimes this brings a
good price, and again is almost given away. Formerly there was small
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demand for the small coal, but the introduction of fire grates adapted
for its burning and better screening are creating a larger and steadier
demand for it.

Another ‘way to look at it is to consider a ton of lump coal as cost-
ing the same percentage of the total cost of the coal that it bears to
- the total amount of coal mined. Some operators follow this method,
and one of the largest operators remarked that it was only a question
of time, with improved methods of cleaning and sizing coal, and im-
provements in grates, when all sizes of coal would sell at the same
price. This practically makes the cost of a ton of lump coal, a ton of
screening or a ton of mine run coal the same. Thus, if run of
mine costs 60 cents a ton to place on flats, and is 66 per cent. lump,
three tons will cost $1.98 and yield two tons of lnmp, which cost $1.32,
or 66 cents a ton, and one ton of screening, costing 66 cents. If the
lump coal sells for 90 cents, it sells for a profit of 24 cents a ton, and
if the screenings sell for 30 cents a ton, they sell for a loss of 36 cents
a ton, the net profit in this case being 4 cents a ton, or equivalent to
selling run of mine at 70 cents a ton.

On this basis it would seem as though the mining and handling of
the small coals was being carried on at a direct loss, and the question
would arise, Why not leave the small coal in the mine and make a
profit of 24 cents a ton on the output instead of 4 cents? The answer
is that the small coal has been considered only a by-product in the
mining and removing of the lump coal; that the lump can not be
mined without the production of small coal, and that the small coal
having been produced, it is more economic fo remove it and to sell
it than to leave it in the mine.

A third method of looking at the subject would throw all the ex-
pense on the lump coal, except the labor cost of removing and prepar-
ing the small coal. Without knowing what per cent. of the small coal
resulted from the handling of the lump coal after it is loaded into
the mine cars, it would be difficult to estimate the costs on this basis.
A rough estimate, based on the assumption that one-quarter of every
ton of small coal was produced by the abrasion of the lump coal while
it is being removed and screened, and so falls on the lump side of the
expense account, gave, for a case like that given just above, cost of
run of mine coal 60 cents—two-thirds lump.

Equivalent cost of lump 670 12 NS $0 86
BEquivalent cost of screenings............coieiiniiian, 25

This is, of course, only suggestive. On this basis it is evident that
the screenings must sell for the 25 cents, or whatever the actual cost
is, or else the profit on the lump coal will have to cover the deficiency.
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VII. Selling Price at Mines.

R244. Average prices for Indiana coal since 1889 in counties
averaging 10,000 tons or over:*

County. 1889. 1890. 1891. 1892, 1893. 1894. 1895. 1896.

Clay...... $1.14 $1.01 $1.15 $1.25 $1.29 $1.13 $1.07 $0.96
Daviess... 1.02 1.04 112 1.11 97 1,03 .94 .87
Fountain.. 1.29 1.00 .99 .89 100 1.08 .... - .80
Gibson.... .... ... ... .. L. 78 L. 75
Greene.... .91 .94 91 .84 .83 .96 .69 77
Knox..... 84 1.10 84 .98 78
Parke..... 1.05 1.09 1.13 1.09 1.16 1.07 .98 .87
Perry..... 1.18 1.05 110 .86 1.13 1.12% 1.12 1.12
Pike...... .83 .98 .90 .87 .76 77 77 .69
Spencer... 1.15 .96 .88 .80 .84 1.03 1,01 1.84
Sullivan... .94 94 1.01 .89 .88 .82 .84 .67

Vand’b’gh. 1.16 1.02 1.09 1.06 1.08 .96 1.03 1.03
Vermillion .89 1.17 .98 .96 .96 .82 .81 .75
Vigo...... .88 .80 .80 114 .95 .95 .78 .70
Warrick... .... .... . 81 .89 72 T 72 .66

State... $1.02 $0.99 $1.03 $1.08 $1.07 $0.96 $0.91 $0.84

If anything like these figures hold in 1898, it shows a profit over
the cost of coal of from 1 cent to 50 cents, though most of them range
from 5 to 15 cents.

VIII. Cost of Transportation.

RR45. In the following table is given the railway tariff from some
of the prineipal mining centers to some of the main selling centers:

Parke county to Chicago. ............. .. ...,
Parke county to South Bend. ..................ovuinn..
Parke county to Indianapolis. ..................cco.n...
Brazil to Chicago. ....... oot

Brazil to South Bend......... ...ttt
Brazil to Indianapolis. ......... ... ... i i, $0 50
Linton to Chicago. .......cooi ittt
Linton to Indianapolis. .........c.oiiiitiiiininriinnnn, 50

‘Washington to St. Louis. ............. ...,
Pike county to St. Louis. ...... ... i,

Through an oversight the figures for this table were not procured.

IX. Wholesale and Retail Selling Price of Indiana Coal
at Important Points.
RR46. The following table from Mineral Resources for 1896-97 is
the most comprehensive table available, and I understand that prices
do not differ much from those prevailing at that time:

* Mineral Statistics, U. 8., 1896-97, p. 511,




Table of Selling Prices of Coal in Indiana in 1896.
StEaM CoAL. DoxEsTIc COAL.
Kixp or CoaLn Uskd.
TOWNS. Wholesale. - Retail. . Wholesale. Retail.
High- | Low- | High- | Low- || High- | Low- | High- | Low- Steam Domestic.
est. est. ’ ost. est. est. est. est. est.

........ $230 [........| 8350 || ceieiiiiiiiiiiii s

................ $4 50 4 0 || Pocahontas and Hocking..| Jackson Hill.

........................ T S A

#4 50 37 2 50 2 10 |} Ohio and Indiana ......... Ohio.

Indianapol§ . .oovvviiiiiiiiin i et 85 45 150 100 17 145 300 250 {1 e Braail block.
ERAAnAPOHS . .veveoeereeeeeest e e e g5 45| 150| 1004l 1s0| 13| 2% | 22|l Teland Gity.
Indianapols .............o.eee 85 45 150 100 225 205 375 2 Pittsburg.
J eﬁersonvifle. .. 150 13 2 00 140 305 23 305 278 || Pittsbarg ..ot Pittsburg.
Lafayette .........oocoivvvennn. s 110 100 2 50 2 00 2 90 2 45 4 50 4 50 Pittsburg.
LOGADSPOTE . eve vt vievnnnas sennroroascsonis 175 17 | 310 2 85 4 50 4 00 .1 Pittsburg.
Michigan City ... ..ooviieni e 2 30 22 325 300 [[coeiniii]ieranns 350 32 Indiana.
New AIDamy ..coovvnniiniirinioneoriconones
Riohmond ....co.iviinurinvauerrerionnieins
South Bend.. - Indianga..........ooveninnnn Indiana block.
South Bend......oovvvuriioriniieriomaaennennes Indiana block .............| Hocking Valley.
South Bend....... voveviivnniiierianiiiiei Indiana block Cannel.
Torre Haute ......ocovviviiniiiicneiiciaon Indians block Indiana block.

484

*ISIPOTOEH HIVIS 40 LY0dHYd
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A comparison of the wholesale and retail prices given here shows
from 30 cents to $1.40 as the cost of retailing and delivering. In the
latter case it is possible that the wholesale price is the price paid by the
wholesale companies for the coal at the mine, and includes transporta-

tion.
2247. X. Summary of Cost of One Ton of Coal.
To origingal owner .......cci i iiniiirnennnens $0 03 to $0 10
To capital invested at 6 percent. ................ 02 to 045
To labor and mine expense ..................... 50to 1 00
JANVIG 725 i ) PN 05 to 50
‘To transportation ..............coeveiueiinn.., . .ato L
To retailing and delivering ..................... 30to 140

Cost to retail purchaser ........... P 5t 3 25

Possibly an average of lump coal sold in Indianapolis on the basis
of three-fourths lump to the ton of mine run would give:

To original owner ...........c.ccvvvnn.. e e $0 05
To capital invested ............c. e niiinnnnnnn, 03"
To labor and mine expense ...............c.cevuun.. N 87
TO OPeTALOr & .ttt ittt ettt it teiene e e 15
To transportation ....... oottt 50
To retailing and delivering .......... [ $0.50 to 90

- $2 50

As stated before, the conditions vary so from mine to mine that
probably at no one mine would just such figures be found correct, and
at some of the mines will vary greatly from that. Variations in the
price largely affect the operator and retailer, the other items being

smore or less stable.

XI. Additional Items.

2248. In addition to the above items are many items which indi-
rectly influence the results greatly. Perhaps the greatest is the loss
recurring more or less periodically from strikes. This loss falls heav-
ily-on both operators and miners. In coal mining, as in most mining,
though to a somewhat less degree than in most, there is a certain
amount of hazard constantly invelving losses. These are due to un-
foreseen irregularities in the coal, moneys wasted in examining or try-
ing to develop unworkable territory, the flooding of the mine or other
accidents often unavoidable, but as often due to poor planning. These
things tend to cut down the profits of the operators. On the other side
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are usually more or less regular items of income not included above.
Thus, the miner is required to furnish his own tools, powder, etec.,
and keep his tools sharpened. The company usually does the last for
him at so much a month or week, amounting to about a cent a ton.
Powder is usually sold to the men by the company, costing the miner
about a cent a ton in ascertained cases and yielding often considerable
profit to the operator. Among other items of more or less profit to the
operator may be mentioned rents of miners’ houses, but most im-
portant of all, where it exists, the company store. This is a store fur-
nishing all the necessities of life, and often has all the completeness
of stock of a department store, at which the employes may or may not
be expected to trade, and which may or may not sell goods at a
greater profit than other stores.

XII. Earnings of Miners.

2249. On this question the best information at hand is that ob-
tained by the State Statistician and published in his report for 1895-
- 96. 1t applies to the conditions existing then. We give it verbatim:
“Employes’ Statements.—Of the 6,208 miners employed (according
to the reports received by the Bureau), the Bureau has statements
from 846, about 10.5 per cent. of all, and bases the facts and con-
clusions on their statements, believing that they will fairly represent
the whole number.

“Nationality—Days Worked.—An analysis of the 846 reports shows
that of the 6,208 miners, 3,725 are native and 3,483 foreign born.
Number of hours constituting a day’s work, 9; number of days worked
the past year, 147. [Since strike 8 hours constitute a day’s work.—
G. H.A] .

“Single and Married.—The number of single men, as shown by
these reports, is 932; married, 5,276, with an average to the family of
those married of 5.1. )

“Wages—Tons Mined Per Day.—1It is shown by these reports that
the average tons of coal mined per day is 3; average price received
per ton, 57.1 cents [1898, 69 cents], making the average daily earn-
ings $1.71, and for the 147 days worked during the year, $251.37.
The average cost for powder and sharpening tools [oil, ete.] is 34.3
cents per day; for the 147 days, $50.32, leaving the net earnings for
the year $201.05. :

“Losses From Screening.—Of the 846 who report, 244 estimate the
loss to them from screening at 40 cents per day, or $50.80 each for the
year.
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“Property Owners—Renters.—Of the 5,276 who are married, 2,076
own their homes and 3,650 pay monthly rental of $4.53; $54.36 per
annum, a total for the 3,650 of $198,414. ‘

“Building and Loan Shares.—Nine per cent. of the Whole number
(578) carry each an average of 3% shares of building and loan stock,
an aggregate of 1,923 shares. Of these, 208 say they have built houses
by aid of these associations.

“Are You Compelled to Trade at Company Store?—To this ques-
tion 558 of the 846 give an answer, 83 per cent saying ‘no,” and 17
per cent. saying ‘yes” Many of those who say ‘no,” add ‘you are ex-
pected to.

“Per Cent. of Earnings Spent in Companies’ Stores.—Of the 846
the above question was answered by 468, or 55 per cent., which of the
6,208 would be 38,413, say they spend 74 per cent. of their earnings
in the stores of the companies for whom they work. Not a few say
100 per cent.

“Do Companies Charge More than Other Stores?—Five hundred
of the 846, 60 per cent., answer this question. Of these, 292, 58 per
cent., answer ‘no,” while 208, 42 per cent., say ‘yes.””

2250. For the sake of comparison and to show some other facts
of interest, some figures are given from a paper by Mr. E. R. 8. Gould
in the Johns Hopkins University Studies in Historical and Political
Science:

Families of which statistics were obtained

(American miners) .. .......coeieniiianenn 508
Average number of persons in family...... 5.3
Owning homes ...........ciiiiriirenans 134
Giving information concerning size of house 335
Average number of rooms ........ ... 3.9
Maintained entirely by husband ........... 294 or 57.9 per cent.
Total earnings of family ......... vee.. $550 30
Of which busband earns .............. 426 73 or 77.5 per cent.
Expenditures—
Rent ..oooviiiiii i 61 19 or 11.7 per cent.
Food ... it 237 44 or 45.3 per cent.
Clothing .........cohiiiiiiinnnnns 112 10 or 21.4 per cent.
Books and newspapers, 80.3 per cent.
buy, and spend .......viiiiieieiann 5 30or 1 per cent.
Alcoholic drinks, 60 per cent. use, and
Spend ......iiiiiiiiiii i 18 09 or 8.4 per cent.

Tobacco, 83.8 per cent. use, and spend 9 30 or 1.8 per cent.

Surplus representing year’s saving..... $25 B9 or 4.7 per cent.
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XLIX. UTILIZATION AND AVAILABILITY OF INDIANA
o COALS.

2251. TUses or Coar.—It is an interesting fact that coal, per-

' haps the most valuable and useful mineral known to us, is of no direct
. use to us. We can not eat it, wear it or live in it; in short, with insig-
nificant exception, we make no direct use of coal. Coal is of use to us

only as it ceases to be coal. Its value lies in its indirect use through
chemical changes it may be made to undergo. That chemical change, -

for the larger part, is a simple one. It consists, in brief, of the union

of the carbon and hydrogen of the coal with the oxygen of the air or of

metallic ores, forming the new chemical compounds, oxides of carbon

and oxides of hydrogen, or chemically, CO or CO, (ultimately always

CO,) carbon monoxide or carbon dioxide,and H,0 hydrogen monoxide

or common water. It then becomes an interesting fact that the new
gubstances formed by this chemical action are, commercially speaking,

of no value. Its value lies mainly in two results accomplished through

the chemical changes it undergoes:

1. The production of energy in the form of heat or light.

2. The reduction of certain chemical compounds, especially iron
oxide.

| Tt is not my province to attempt to enumerate the almost innumer-
: able uses of coal under these two heads, or the less important ones
| that do not fall under these heads, of which, all told, there are not
a few; but to briefly touch on the few principal uses which are gen-
erally considered as forming the market for coal. These may be con-
| veniently grouped as follows:

[}
| I. 'The production of energy*
~ (A) Direct production of direct results.

| ' (a) Warming and cooking.

' (B) Direct production of indirect results.
‘ (a) Through steam.
\4 ' (b) Through electricity.

(C) Indirect production of results.

| (a) Conversion into gas.
Illuminating.
Producer gas.
Semi-water gas.
Water gas.

L .
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(b) "Transportation as gas.
(¢) TUtilization as gas.
I1. Reduction of ores, ete.
(A) Direct.
(B) Indirect.

This classification lays no claim to completeness and may be imper-
fect in many ways, but will serve the purpose we have in view. Of
these topics the ones which do, or are likely in the near future to elicit
the most inquiry are probably I (B) (a) and I (C) (a), (b) and (c).
Therefore, the most of the attention will be given to these.

I. The Production of Energy.

(A) DIRECT PRODUCTION OF DIRECT RESULTS.

(a) WARMING AND COORING.

2252. The direct results of the chemical actions referred to above
are the withdrawal of oxygen from the air or from some compound
and the production of energy in the form of heat, and it may be of
light. While the production of light by the direct burning of coal
_ may be a strong factor in the selection of coals for certain purposes,
it can hardly be included in the commercial uses of coal.

An examination of the ultimate analyses of coal as given in Part I
shows only two oxidizable substances (omitting the sulphur, ete.)—
carbon and hydrogen. Where the sulphur is determined, it is a com-
mon rule to consider the heat obtained from the burning of half of it.
To aid in studying the heat value of coals, the following table has been
prepared. It is partly from kmown determinations, but in the main
the figures have been especially calculated from the figures unsually
given as the “heat of formation” of the resultant compounds or from
averages of the figures in the analyses given by Mr. Noyes in the 1896
report. It will be recalled that there are two heat units, the cdorie,
commonly used in scientific work and used in the tables of analyses
given further on, and the British thermal unit (B. T. U.), generally
used in engineering work. The calorie is the amount of heat required
to raise the temperature of 1 gram of pure water from 0° to 1° centi-
grade: For convenience, a unit 1,000 times as large is sometimes
taken, known as the great or large calorie, by making the kilogram
instead of the gram the unit of weight. The British thermal unit is
the heat required to raise a pound of water 1° Fahrenheit.
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Heat of formation of CO (J. Thompson) ............... 28.5 great calories.
Heat of formation of CO, (J. Thompson) ............. 96.9 great calories.
Heat of formation of H,0, liquid (J. Thompson) ...... 68.3 great calories.
Heat of formation of H,0, vapor (J. Thompson)....... 58.0 great calories.
One gram of carbon (C) in burning to CO, yields....... 8,080 calories,
One gram of carbon (C) in burning to CO yields........ 2,380 calories.
One gram of hydrogen (H) in burning to H,0 yields. .. 34,460 calories.
One gram of hydrogen (H) in burning to H,O (vapor)

Jields. .o e e 28,600 calories.
One pound of carbon in burning to CO yields .......... 4,400 B. T, U.
One pound of carbon in burning to CO, yields......... - 14,400 B. T. U.

One pound of carbon in burning from CO to CO, yields. 10,092 B. T. U.
One gram of average (Noyes’s analyses) Pittsburg coal

vields. ... e 7,259 calories.
Onegram of average (Noyes’sanalyses) Indiana coal yields 6,879 calories.
One pound of average (Noyes’s analyses) Pittsburg coal :

yields. coov i 13,066 B. T. U.
One pound of average (Noyes’s analyses) Indiana coal

FiElds. oo e e 12,382 B. T. U.
One (long) ton of anthracite ylelds .................... 29,000,000 B. T. U.
One (short) ton of average Pittsburg coal yields........ 26,132,200 B. T. U.
One (short) ton of average Indiana coal yields ......... 24,764,000 B. T. U.
The fixed carbon (average) in one ton of Pittsburg coal

yields. covii i e e 15,840,000 B, T. U.
The fixed carbon (average) in one ton of Indiana coal

Yields. o vvu i e e i e e e 13,864,000 B. T. U.
The gas (average) in one ton of Pittsburg coal yields...10,292,000 B. T. U.
The gas (average) in one ton of Indiana coal yields. .... 10,900,080 B. T. U.

The following figures are added for comparison:

One gram of coke yields (Kich. Ginth., Technologisches

Worterbuch, 618) «...ooii i 6,500 calories.
One gram of peat yields (Kich. Ginth., Technologisches

‘Worterbuch, 618) ... . co.iiuiiriiiiiiiianii.. 4,500 calories.
One gram of turf (air dried) yields (Kich. Ginth., Tech-

nologisches Worterbuch, 618)..................... 3,000 calories.
One gram of wood yields (Kich. Ginth., Technologlsches

Worterbueh, 618) ... oot 2,800 calories.
One gram of petroleum yields (Kich. Ginth., Technologi-

sches Worterbuch, 618)..............ccoviiivi... 10,000 calories.
One gallon of petroleum (7.1) yields (Kich. Ginth., Tech-

nologisches Worterbueh, 618) .................... 127,800 B. T. U.

One thousand cubic feet of natural gas (Phillips) about.. 1,164,030 B. T, U.
Theoretically one pound of Pittsburg coal == 11.2 cubic it. of Pittsburg gas.*
One thousand cubic feet of natural gas will evaporate 1,203 pounds of water.*

“(alculated from figures given above. Mr. Emerson McMillin, in Vol. VI of Geol. Sur-
vey of Ohio Reports, pp. 538-540, calculated the heat value of natural gas at 1,103,292 B. T. U.
According to Prof. Phillips, one ton of Pittsburg coal is theoretically equivalent to 22,400 cu.
ft.of gas. It appears to be commmonly stated that one ton of Pittshurg coal is equivalent to
from 31,000 cu. ft. to nearly 37,000 cu. ft. of gas. Thus Mr. 8. A, Ford calenlated nataral gas
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Practically one pound of Pittsburg coal == 7.5 cubic feet of Pittsburg gas*
. or as more generally accepted == 10 cu. ft. of Pittsburg gas.
Theoretically one ton of Pittsburg coal = 22,400 cu. ft. of Pittsburg gas.
Theoretically one ton of Indiana coal — 21,200 cu, ft. of Indiana gas.
Practically one ton of Indiana coal = 20,000 cu. ft. of Indiana gas.

2253. DEesIRABLE Quariries ror Houskmorp Coar.—Coal for
domestic purposes is used in an open grate, in closed stoves with or-
dinary fire bowl and flat grate, or with basket grates in small fur-
naces for hot air heating, and in cooking stoves. These different uses
to a certain extent demand different varieties of coal, yet certain
qualities are esteemed for all. Of these may be mentioned, not too
rapid or fierce combustion, capacity for remaining ignited at low
temperature, with but little draught, freedom from sulphur. In the
open grate, cheerfulness is an object sought, and consequently a coal
giving much flame is desirable, yet this flame must be as free from
smoke as possible, or it will produce an objectionable amount of soot
and dirt. As grate fires are apt to be kindled frequently, they, in
common with cooking stoves, demand a coal that kindles readily.
Self-feeding and base-burning stoves require a dry, non-caking coal,
like our block or most of the semi-block coals or anthracite. The
rapid-burning steam coals are not usually desirable for household pur-
poses, as they tend to burn out grates, require frequent attention,
tending to burn fiercely at times and to die out quickly, and, as they
often carry large quantities of sulphur, will in such a case produce
stifling gases if the draught be imperfect. Sulphurous coals do not

to have a heat value of 210,069,604 calories. On this basis 1,000 cu. ft. of gas are equal in

heat value to 57.25 1bs. of carbon, 67.97 1bs. of coke, or 54.4 1bs. of bituminous coal or 58.40 lbs.
of anthracite coal. Or one ton of Pittsburg coal is theoretically equal to 36,761 cu. ft. of
Pittsburg gas. Prof. Howard of Columbus caleulated the heat value of gas to be 228,461,113
calories; or one ton of Pittshureg coal equals 31,085 cu. ft.of Findlay gas. (Quoted from Penn.
Geol. Rep. in Geol. Sury. of Ohio, Vol. VI, p. 138, and 20th Ann. Rep. Geol. Surv. of Ind., p.
380.) Prof. Orton goes on to say (see same reference) that one 1b. of Pittsburg coal is theoret-
ically equal to 18.3 cu. ft. of Pittsburg gas, but practically less than 7 cu, ft. of gas will do the
work of one pound of coal. The figures to which I have access do not seem to sustain these
results. Thus, reducing the heat values given above to British thermal units, we have in
round numbers 833,000 B, T. U. and 905,000 B.T, U., respectively. Dividing the first of these
by 967, the latent heat of steam, we have 1,000 cu. ft. of natural gas will evaporate (theoretic-
ally) 861 1bs. of water. Butin actual tests 1,000 cu. ft. of natural gas have evaporated as high
as 978 1bs. or higher (See U.S.Geol. Surv., 18 Ann. Rep., Part V, cont., p.899), in other words.
an efficiency of over 100 per cent.

Or, taken from another standpoint, assuming natural gas to have an efficiency of 80 per
cent. in a good boiler, if 18.3 cu. ft. of gas were theoretically equal to one 1b. of coal, 22 cu.
ft. of gas in practice would be equal to the theoretical value of one lb. of coal ; or if 7 cu. ft.
of the gas were found to be equal to one lb. of ¢oal in practice, the coal by these figures
would have an efficiency of only about 31 per cent. As a matter of fact Pittsburg coal has
easily double that efficiency in well-designed boilers,indicating error in the original figures.

*Revised Judgment of Committee of Engineers, Soc. W. Pa. (For test see Scientific
Ameriean, Supplement No. 520, Dec. 19, 1883.)

96—G EOL.
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usually clinker as badly in household use as in steam use, on account
of the lower temperature. A coal with a light pulverulent ash is the
best, and, of course, the smaller the quantity of ash the less trouble of
its removal.

Here again the value of testing a coal is apparent. Mr. A., after
repeated trials, finds that a certain coal gives the best results when
fired under the boilers at his factory, and at once concludes that that
is the best coal, and proceeds to introduce it at his house for the
usual household purposes. The result will often be far from satisfac-
tory, though he may not give the matter close enough attention to be
aware of that fact. In reality, it might have been that one of the
coals that gave the poorest results at his factory would have been the
most economical and efficient at his home.

1t is a poor coal, indeed, that will not give good service somewhere,
and the practice of*condemning a coal because it fails in a certain
capacity may be very unfair. There are to-day in Indiana many ex-
cellent coals lying unworked because they failed to give satisfactory
service under a steam boiler. And conversely many excellent steam
coals are lying untouched because when first discovered and tried
in a stove by the discoverer they burned the grates out, and, having
no other use for them himself, he makes no further effort at their de-
velopment.

At present in Indiana a large percentage of household fires depend
entirely upon natural gas. That this is an ideal fuel for that pur-
pose need not be stated. Its low cost, requiring no handling, making
no ash to be removed, neither smoke to darken the sky and render all
things smutty and black, and its freedom from sulphur and other im-
purities make it the fuel par exceéllence. Under proper supervision
and care it has proved itself a safe fuel. But there is only a limited
quantity, and that is being rapidly exhausted. This fact needs no em-
phasis after the events of the winter of 1898-99. Under indirect uses
of coal will be discussed the question, “Can coal be made to produce &
gas to take the place of natural gas upon the exhaustion of the lat-
ter?™

(B) DIRECT PRODUCTION OF INDIRECT RESULTS.

(a) THROUGH STEAM.

2254. SteEAM VALUE oF Inprana Coar as BASED oN ANALY-
sEs.—TFor this discussion it will be necessary for us to confine our-
selves to the recent analyses, as giving a fairer idea of the commercial
value of our coals. (See Appendix A.)
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The more direct results under this head might be divided into
heating by steam and production of mechanical energy by steam; but
for our purpose the two may be considered together. Af present the
direct use of coal for the production of steam exceeds all the other
uses combined. The value of any given coal depends on the quantity

" of steam a given quantity of coal will evaporate, or the quantity of
“water a given quantity of coal will raise 1° in temperature.

Examining the table, it will be noted that 1 kilogram of Indiana
coal will raise 6,879 kilograms of water 1° C., or 1 ton of Indiana
coal will raise 24,764,400 pounds of water 1° F. As to evaporating
effect, 1 1b. of Indiana coal will evaporate from about 12 to nearly
13.5 lbs. of water, starting from the boiling point. This, of course,
is its theoretical evaporative effect. As compared with Pittsburg coal,
the latter runs from 13.5 to 14.6 Ibs. of water evaporated per pound of
coal. As a matter of practice, probably not much over two-thirds of
that effect can be obtained; in other words, a first-class coal in a first-
class boiler will seldom evaporate more than 10 1bs. of water per pound
of coal.

2255. The following table shows evaporative effect in pounds of
water evaporated per pound of coal, of different coals from various
tests, most of the fable being taken from Mr. Arthur Winslow’s report
on the coals of Arkansas:
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COALS.

Boiler.
Giant Boiler.
cox Boilers.
lent Evap.
from 212°.

SBabcock & Wil-
Tests.

Johnson

Blake.
sPotter
*Meigs, Meigs
4aMoeigs, Little
SNavy Yard
6aSame, Equiva-

Pittsburg ....... e
Huntington, Ark...........
Jenny Lind, Ark ........... [........ A0 Lo e
Coal Hill, Ark ....... ... fooioal

Kansas Coals ...............

Leavenworth, Kan .........
Tndiana Block, Ind. ........ ’

MeAlester, LT ..o ] EETT PO 7.68

San Antonio, M. Co., Tex...|..... S TR U R
Fair Haven, Washington... |........f.... o oo,
Pocahontas, Va.and W.Va, ’ ................................
Pocahontas, Va. and W.Va,
George’s Creek, Md.........
Standard Vietor............

1Experiments on the evapoerative power and other properties of American coal. Report
to the Secretary of the Navy, 1844, by Walter R, Johnson.

The evaporative power of Kansas coals, by L. T, Blake, 6th Biennial Report of Kan.
State Board of Agri.

3Test made for Ark. Geol. Surv., Ann. Rep., 1880, Vol. I1I, p. 72 et seq.

+Report on Fuel for the Army, by Quartermaster-General Meigs, 1882,

4aSame, .

sEvaporative Power of Bituminous Coals, by Wm. Kent, Trans. Amer. Soc. Mech.
Engrs., 1883.

sTests made at Navy Yards of U. 8., Sen. Ex. Doc. No. 82, 53d Congress, third session.

8aSame, giving equivalent evaporation from and at 212° F.

The difference is due to losses in several ways: First, radiation from
exterior of furnace and boilers; second, heat carried out by chimney
by escaping gases; third, imperfect combustion of combustible mate-
rials; fourth, heat used up in evaporating water in coal, etc. The
first loss is approximately the same for different coals, provided similar

- conditions are maintained; and so also the second loss depends, with a
given boiler, ete., on the temperature. The third loss may take place
in two ways—by the escape of the volatile gases without burning,
and by part of the carbon burning to CO instead of CO,, thereby los-
ing between two-thirds and three-fourths of the heat value of the
carbon so burnt. To insure the combustion of all the fixed carbon, it
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is usual'to admit to the fire double the amount of air theoretically
necesgary, and this large amount of comparatively cool air cools down
the volatile gases so that they are only partially consumed. The in-
troduction of a hot air draught in the place of the cool by raising the
general temperature will doubtless secure more complete combustion
of the gases. Of two coals the loss will be greater for the one hav-
ing the larger percentage of gas. In this respect Indiana coal is at a
disadvantage with many of the eastern coals, as it, in common with
most western coals, runs high in gas, from 35 per cent. to 45 per cent.,
with an average of about 38 per cent. This is sometimes expressed as
“fuel ratio”’=—fixed carbon-:-volatile hydro-carbons. This ratio for
gome of the competing States is as follows:

Indiana, average of twenty analyses ................... 1.26
Belleville coal (Illinois), average of six mines............ 1.32
Western coal fields, Kentucky ..........coivvnvenn.. ... 1.49
Rich hill coal, Missouri ...........c.ooiiiriiiinnenaann 1.29
‘Westmoreland Gas Coal Company, Pennsylvania........ 1.46
Connellsville coal, Pennsylvania, “standard coking coal”.. 1.98
Pocahontas coal, Virginia, ‘“semi-bituminous,” caking.. 38.95
Bernice coal, Pennsylvania, semi-anthracite............. 10.30
Wilkesbarre, Pennsylvania, anthracite .................. 19.33

Due to its low fuel ratio, Indiana coal in present practice falls a
little short of the ratio of its total heat units to those of Pittsburg coal,
or instead of 93 per cent. it is probable this low fuel ratio will make
the Indiana coal not over 90 per cent. as efficient as Pittsburg.

Again, Indiana coal is at a disadvantage on account of the large
percentage of water carried. As has been previously stated, the water
is a waste product, in that it does not burn, but it absorbs large
quantities of heat in being vaporized. Thus, a pound of water at 60°
T. will take (12°—60°)+967=1119 B. T. U. One per cent. of water
in a ton is 20 lbs., which would absorb 22,380 B. T. U.; 10 per cent.
would absorb 223,800 B. T. U. In round numbers it may be said
that 10 per cent. of moisture means a loss of about 10 per cent. in the
efficiency of the coal. Comparing coals gives for moisture:

Indiana coal, average of twenty analyses .............. 8.45
Towa coal, average of sixty-four analyses ............... 8.57
Illinois, about like Indiana.
Ohio coals, average of 149 analyses ..........c.vueun.n 4.65
Missouri coals, average of 112 analyses.................. 3.40
Kansas coals, average of thirty-eight analyses ........... 4.79
Pennsylvania coals, average of ninety-seven analyses (bi-
BUMINOWS) ot vt viir e et et ettt enarasnesasonnasenns 1.03

Pennsylvania coals, average of thirty-three analyses (an-
E (U 700 8 =) [ P 3.35
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Looking over the analyses, it is interesting to note that the so-
- called block coals of Indiana, which from one standpoint, are com-
monly spoken of as dry coals, are, from the standpoint of moisture, the
wet coals, usually running over 8 per cent. of water, while the so-
called bituminous or caking coals of the State generally run under 8
per cent. In most of the analyses by Mr. Cox the coals were allowed
to dry in the laboratory to a large extent. It is of interest to take one
“of Mr. Noyes’s analyses, and suppose that by drying all but about 1
per cent. of water is removed, and having recalculated the per cent. of
the remaining parts, compare it with the original analyses and with
an average of the best of the analyses of Pennsylvania and West
Virginia coal by Mr. Noyes. Gauged by the heating effect, the Little
‘Redstone coal is nearly an average of the Pittsburg coals, and the
Beck’s run coal is the best. Of the Indiana coals, that from Brazil
Block No. 1 is not far from the average.

B.B. B.B

No. 1 No. 1 Little Beck’s
(Wet)., (Dry). Redstone. Run.

Total combustible matter .... 85.12 97.8 91.00 96.06
Volatile combustible matter. .. 35.16 40.4 35.88 36.01
Fixed ecarbon .......... e 4996 574 5520 60.05
MOISTUT® . .evvnvrerrnnnenrnns 13.82 9 .98 2.09
Ash L iiiiiiiiii i . 1.06 1.2 7.94 1.85
Sulphur .......coiiiiiiiennnn 147 1.7 .82 .64
Heating effect ............... 6810. 7755, 7316. . 7726.

While the commercial drying of the block coals seems now out of
the question, it is of interest to note that could it be done Indiana
block coal would be able to show a theoretic heating effect as good or
better than any bituminous coal in the country.

The ash detracts from the value of a coal largely in the expense of
handling. Five per cent. of ash means 100 Ibs. to the ton, or 1 ton in
every 40 tons flat of coal. It also requires removing from the furnace
room, and often to a considerable distance. Indiana coals compare
well with other coals in this respect, even when taken under the con-
ditions that these samples were.

Indiana, average of twenty analyses.................... 5.61
‘Ilinois, average of six analyses .......... oot 7.60
- Arkansas, average of twenty-four analyses .............. 6.76
Kansas, dverage of thirty-eight analyses ................ 10.19
Pennsylvania, average of seventy-six analyses (bitumi-
 1X0 1 1) T PR TR R 5.35
‘ Maryland (Cumberland) ..........civviviiiiiiiiaiiias 6.40
| ‘ Pocahontas, Virginia, average of fifteen analyses......... 5.19

Anthracite, Pennsylvania, average of thirty-three analyses 8.31
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In percentage of sulphur the Indiana block coal is as low as the best.

The caking coals average about with other western coals and higher

 than most of the eastern coals. As with the ash, this factor in the
analyses is largely affected by the method of sampling.

2256, In comparing Indiana block coal with Illinois coals the fol-
lowing analyses and comparisons are of interest. The letter was
written in 1876 and published in 1884.

H. G. Sleight, Indianapolis :

Dear Sir—The following is the result of the analyses, made in the
laboratory of the State Geologist, of the three samples of coal which you
brought me for that purpose:

No. 1 block coal, taken at random from a car load shipped from Bra-
zil, Clay county, Indiana. P

No. 2, from Wilmington, Ill,, on the Chicago & Alton Railroad; also
taken from the delivery at Chicago. - :

No. 3, Minonk coal, Ill., on the Illinois Central Railroad; also taken
from the delivery at Chicago.

No. 1 is an ordinary sample of block coal. No. 2 is a glossy, jet black
caking coal, with specks and scales of pyrites. No. 3 is a very brilliant
black caking coal, which, when broken, shows numerous markings of sul-
phide of iron.

A large lump of each sample was reduced to fine powder and kept,
well stoppered, in separate bottles. From these bottles, which contained

" proper average samples of the coals, the quantities were taken necessary
to complete the separate processes to which a coal must be subjected in
order to point out its commercial value. For convenience these coals will
now be referred to by the numbers given above. The results are given in
100 parts of coal:

No. 1. Indiana Block Coal.

Specific gravity, 1.285. A cubic foot weighs 80.31 1bs.

Ash, white ............ .. .. it P 2.60
Fixed CATDOM . .o o it iiieee et iatanesadeterananannsen 56.50
B L) < 59.00
Volatile matter ....... TR 32.50
S =3 o PP 8.50

L4140 - ) e 100.00
800 1 N 0.82
ATuming . ... .oe ittt ieera et e . 1.20

Silica, lime and magnesia......... ...l 048
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.Total sulphur, 1.43. The iron is combined with 0.947 of sulphur,
leaving 0.493 of sulphur combined with the other constituents of the ash
and carbon. This coal contains 7.424 calculated beat units, and one pound
will convert 11.4 lbs. of water from 0° Cent. (32° Fahr) into steam at
100° Cent. (212° Fahr.). : /

No. 2. Wilmington Coal. A

Specific gravity, 1.248. A cubic foot weighs 78 Ibs.

Ash, red ... e e 6.50

Fixed carbon ......... .o i 46.00

L0703 52.50

\ Volatile matter.. .. ..covv i vt iie e 37.50
N WALET oottt e e e 10.00
100.00

Total amount of sulphur in this coal, 4.74 per cent.; iron, 4.34 per
cent.=9.298 of pyrites; this would be in excess of the sulphur, so that all
the iron does not exist as sulphide. The ash is composed of iron, 4.34;
silica, 2.16.

This coal contains, by calculation, 6,762 units of heat. One pound will
convert 10.4 1lbs. of water from 0° Cent. (82° Fahr) into steam at
100° Cent. (212° Fahr.).

No. 8. Minonk Coal.

Specific gravity, 1.232. A cubic foot weighs 77 1bs.

Ash, Brown.. .. ..ottt i e e e 5.50

Fixed carbon . ...t 48.00
GO o e e e e e 53.50

Yolatile matter ............ it iiniiiiiivinenann 35.00

42217 11.50
100.00

Total sulphur, 3.63 per cent. Sulphur, combined with iron, 2.719. Sul-
phur, combined with other mineral matter, 0.911.

Composition of ash—

o) 1 2.38
- AMIIMINA ..ot e e et e i ... 0.80
I3 T 2.32

This coal contains 6,756 calculated heat units. One pound will convert
10.3 1bs. of water from 0° Cent. (32° Fahr.) into steam at 100° Cent. (212°
Fahr.).
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From this it will be seen that one ton of the Indiana block coal will
convert into steam, from 0° Cent. (32° Fahr.) to 100° Cent, (212° Fahr.), 22,-
800 Ibs. of water, while the Illinois coals will only convert into steam,
under the same conditions, 20,800; a difference of 2,000 pounds in favor
of the block coal, or nearly eight barrels.

In addition to its superior heat-producing properties, the Indiana block
coal contains a minimum guantity of sulphur and ash, while the other
coals contain these injurious diluents in great excess.

I need hardly dwell upon the injurious effect which the sulphur exerts
upon grate bars, fire boxes and boilers, where it is used for generating
steam, since it is well known to all intelligent engine drivers that when the
sulphur is brought in contact with red-hot iron it causes it to fuse or lose
its tenacity; thus, the sulphur from coal will destroy grate bars, fire boxes,
and, sooner or later, the boilers themselves,

' The pyritiferous ash of the Illinois coals will also give great trouble,
since it will fuse into clinkers, which, by their rapid accumulation, stop
the draft and otherwise derange the perfect combustion of the coal, so
that frequent stops must be made, or favorable moments taken, to remove
them from the fire chamber. On passenger trains using such coals, much
inconvenience is also experienced by the passengers, who are compelled
to inhale the sulphurous fuines which escape from the smoke-stack and
are wafted back into the coaches by the motion of the train.

No inconsiderable part of the commercial value of a coal depends upon
its strength and resistance to atmospheric agencies, which cause it to
crumble and waste when stocked. In this respect, again, Indiana coal will
endure stocking for years without deterioration or loss from crumbling,
while Illinois coals will erumble into dust from the decomposition of sul-
phide of iron which it contains in such large quantities. It is given in
Trautwine’'s “Engineer’s Pocket Book” that 4.47 tons of water will carry
a passenger train 20 to 30 mi., or even more if the grades are light. Then,
assuming for the sake of comparison, that the evaporation of 4.47 tons of
water will run a given train 25 mi., one ton will run it 5,7 mi. Now, a ton
of Indiana block coal will convert into steam one ton more water than the
Illinois coal; consequently, it will, under like conditions, run a train 5.7
mi. farther than the Wilmington or Minonk coals—a difference of more
than 20 per cent. in favor of Indiana coal. Indeed, so different is the
Indiana block coal from the Illinois coals here reported on, chemically
and physically, that they can not rightly come into competition for steam
and house purposes, where & due regard is paid to economy of fuel, safety
to machinery, comfort and health.

B T. COX,
State Geologist.
Indianapolis, March, 1876.

295%. StEAM VALUE OF INDIANA CoAL IN PrAcTICE.—Believing
that the truest test of a coal is its behavior in practical work, consid-
erable correspondence was entered into with leading firms all over the
State in a large variety of industries, to ascertain, if possible, how
Indiana coal compared with other coals, especially Pittsburg, as that
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is often taken as a standard—first, in steam producing power per ton
of coal; second, in steam-producing power per dollar of fuel cost;
- third, in production of ash, effect on grate-bar, etc., ete.

Our inquiries were very liberally responded to, though, unfortu-
nately, but a small percentage of those written to have had experi-
ence with other than Indiana coal, or in some cases only with some
other coal, and still fewer could give definite figures.

In regard to the comparative steam-producing power of Indiana
coal as compared with other coals, the replies on the whole indicate
a difference in favor of Pittsburg coal about in accord with the con-
clusions drawn from a comparison of their analyses.

Before giving recent correspondence it may be well to quote a test
made some years ago and printed in the report for 1883 (p. 41):

Mr. J. J. Turner, Superintendent of the Indianapolis & Vincennes
R. R., made for some weeks a careful test of the comparative merits of
Indiana coal (from Greene county) and the celebrated Pittsburg coal, with
especial reference to locomotive purposes, with the following results:

’ Pittsburg. Indiana.
Wheels hauled one mile per ton of coal......... Lo 97 .99

Gallons of water evaporated per ton of coal...... 53 52
Average temperature during test................ 39.00 39.90
Total consumption ..........covviviennenn.. .40 .35

Turning to the recent correspondence, we find a considerable differ-
ence of opinion, as may be judged from the quotations that follow.

In general the users of Indiana coal seem well satisfied. The fol-
lowing extract is a sample of the expressions used by many:

We are buying altogether Indiana coal. This coal we can state we find
satisfactory, as far as steam producing per dollar of fuel cost is concerned
and as regards production of ash or effect on grate bars.

That in many cases this satisfactoriness is largely due to the finan-
cial aspect of the case is evidenced from sueh letters as the following:

We use Indiana slack coal and have never used much else. We find it
satisfactory, price considered, but from what Pittsburg and Ohio coal we
have used, we think it will do 25 per cent. more work pound for pound. We
have no figures on which to base this assertion, so you may consider it a
random statement.

While, without definite knowledge, I judge that the comparison in
this case, as in many others, is between Indiana slack and Pittshurg
lump. Slack coal, as is very well known, suffers a great loss as com-
pared with lump coal, in transportation, and in Lurning by dropping
through the grate, even where especially designed grates are used.
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Perhaps a still greater scurce of loss is from the oxidations of the
volatile hydrocarbons, which may be insignificant in lump block coal,
but may be very high in a wet slack coal, amounting in some cases to
as much as half the heat value of the coal. See paragraphs on weath-
ering of coal, further on. We regret that more emphasis was not laid
in our inquiries, that the form of the coals compared be given, as it
would seem probable that in such cases as the above and others In-
diana slack is compared with eastern lump, or, in other words, low-
grade Indiana coal is compared with high-grade eastern coal, though
we do not know that such is the case.
Again, in some cases the use to which the coal is put makes a great
difference. Thus, from an extensive tool works they write:
‘We are consumers of different kinds of coal, but do not use any Pitts-
burg coal. Our Indiana coal we use only for steam purposes. We use
anthracite, Virginia smithing coal and Connelsville coke, and, of course,

we find that the last three named items are much superior to the Indiana
coal, although for steam purposes our Indiana coal can not be excelled.

A gentleman familiar with the use of Pittsburg and Linton coal at
a city water works plant and at a large stone quarry writes:

We use (at the water works) Pittsburg mine run, as it only takes
about half as many cars of coal as Linton coal. * * * Linton coal is a
good steam coal, and at the quarry there has not been such a marked dif- -
ference in cost. We consider the Pittsburg about the same cost as Greene
county. (At 50 cents per ton more,) The difference in the two plants, 1
think, comes from a different demand-—one for a slow fire and the other a
full fire, the Pittsburg holding the fire better.

We have regretted not being able to give more definite figures, as,
after all, they tell the story better than opinions not based on figures.
The most definite figures obtained were from a “very carveful ten days’

test” of “Indiana block coal and Ohio lump” in one of our large water
works plants, which gave the following:

Tons.

Ohio coal used in ten AAYS . ... .vr it iiiinetaninennnne 75,487
Brazil coal used in ten days .........ooiiiiniiiiiiaan 61,600
DifferenCe . it ivt et neettenanrorsoenasosoassnnsnns 13,887
Ohio coal required to pump 1,000, 000 gallons of water...... 6.7

Indiana coal required to pump 1,000,000 gallons of water.... 6.5

Difference ....... e resaserenans eteeabe e 420 1bs. or .2

) Lbs.

1 ton of Ohio coal makes ashes ..................... U 172
1 ton of Brazil coal makes ashes ......covviiineinnnenns 149

Other figures will be given under the next heading.
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2258. As regards the comparative value of block and bituminous
slacks, the following letter from a prominent foundry in Brazil is of
interest: ‘

Referring to your letter of the 29th ult, will say that Indiana block
coal is equal to any coal in its freedom from sulphur, but, in our opinion,
does not make as much heat as Pittsburg or West Virginia coal, and is,
of course, much cheaper in this locality. In using slack for steam boiler
furnaces, we find the bituminous slack of this locality (which is about the
same as the Illinois slack) maxes greater heat than block coal slack, and
is cheaper, but is far more sulphury, and hence more injurious to boilers
and grates. i ‘

The letters quoted from have been selected as characteristic of those
received, and, in connection with others from which we do not feel
at liberty to quote, go to show quite conclusively that: First, with
present practice, Indiana coal will average from 5 to 15 per cent.
lower in heating power than Pittshurg or West Virginia coal. That,
without regard to cost, some of the Indiana coals are better than some
of the eastern coals shipped into this State. That if Indiana slack or
run of mine (which usually contains a larger per cent. of slack than
eastern coals) be compared with eastern coals in the same form, the
heat value will be still more in favor of the eastern coals. This is
probably due, as stated above, to the oxidation of the volatile hydro-
carbons in the fine coal by weathering. That Indiana block coal comes
nearer Pittsburg coal for most purposes than other western coals.

Among the interesting things brought out in the letters not quoted
from is that many firms having experimented with different Indiana
coals have selected the coal which gave them the best results, and in
these selections a large variety of coals have been picked out, indicat-
ing that good coal is not confined to any one district of the State.
These results indicate that the conclusions reached by a study of the
analyses are very nearly correct.

2259. From the commercial standpoint a more important question
than the first is: How do Indiana coals compare with other coals in
steam production per dollar of fuel cost? In most cases the question
is not: What is the best coal? but, What coal will give the most power
per dollar of cost? In this case location plays a most important role,
inasmuch as it influences the cost of coal through freight charges.
Let us take an example: One pound of Coal A will evaporate 10 lbs.
of water; 1 1b. of Coal B will evaporate 9 lbs. of water. Which will be
the cheaper coal to use when A costs $2.25 at the engine room, and B
$2.00 at the engine room? To evaporate 900,000 lbs. of water will
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require 45 tons of A or 50 tons of B; 45 tons of A cost $101.25; 50
tons of B cost $100.00; difference, $1.25, apparently in favor of
cheaper coal. But when it is considered that 5 tons more of B have
to be handled, with a corresponding increase in ashes to be removed,
the difference about disappears, and may easily be reversed if the coal
requires much handling. If, however, we assume A to cost $2.50 and
B $2.00, the difference in evaporating 900,000 lbs. of water is $12.50,
a difference that would ordinarily much more than pay the extra cost
of handling. From the above example we might formulate a very
general rule, as follows: Where the best heating effect of two coals is
in the ratio of 9 to 10 (about the ratio between Indiana and Pittsburg
. coal), it will be more economical to use the better coal if its cost be
not more than one-eighth above the cost of the poorer coal. If it be
more than that, the poorer coal will yield the better results for the
money. This rule makes no account of sulphur, character of ash, of
smoke, and numerous other factors that may in practice greatly affect
the problem. _

Indianapolis is situated about 70 mi. from the Brazil block field
and 90 mi. from the Linton field, and the conditions there may be
taken for most of the towns within 100 mi. of the Indiana coal field.
On December 9, 1898, the retail price of domestic coals in Indianapolis
was as follows: ‘

Indiana coal from Linfom ..........covviiiiiiiiinnnnnas $2 7
Indiana block coal .................. PN 3 00
Pittsburg, Pocahontas, etc........... ..o 4 00
Slack coal on switch, to large consumers................ %

Cost. of Pittsburg over Brazil block, one-third. Cost of Pittsburg
over Linton coal, five-elevenths. Under the rule given above, Pitts-
burg coal could not compete in this market with Indiana coal.

In 1896 steam coal (Indiana) and domestic coals ranged in Indian-
apolis as follows:*

DoyesTic CoaLS. StraM CoaL.
Wholesale. Retail. Wholesale. Retail,
High- | Low- | High- | Low- || High- | Low- | High- | Low-
est. est. est. ost. est. est. est. est.
Brazil bloek ................ $175) $145) 8300 #250 ... ...l DT S
Linton ......cooooo e, 150 135 275 225 $0 8 | $045 1 $150 $1 00
Pittsburg ....ocovenieannn. 295 205] 275 300 ||ceeiin e b

*Mineral Resources of U. S. for 1896, p. 386.
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No quotations were given for foreign steam coals. That Pitts-
burg coal can not compete in Indianapolis is evident from the letters
received from Indianapolis firms, of which it is only necessary to quote
from one or two of the largest concerns here:

The Indiana coal can be laid down at Indianapolis at so much less than
Pittsburg, that Pittsburg coal is hardly considered avaidable in this district
for fuel purposes for large plants.

We have not used Pittsburg coal. It is too expensive for our use. We
burn mixed nut and slack under our boilers, and get such coal here in
Indiana.

South Bend is about 200 mi. from Brazil, only places in the ex-
treme northeastern corner of the State exceeding it in distance. It
may therefore be taken as representing the extreme of unfavorable
conditions for Indiana coal on account of the long haul for Indiana
coal. It will therefore he interesting to know how Indiana coal com-
petes with outside coals there. Here, again, results differ. The fact
that, as might be expected, South Bend is on the border of the Indiana
market has led many of the large firms there to make more or less
extensive tests. '

Reference has already been made to tests by the City Water Works
Department. From the financial standpoint these gave the following
results: :

Ohio coal used in ten days.. 75.487 tdns, at $2.82 per ton.$212 97
Brazil coal used in ten days. 61.600 tons, at $2.44 per ton. 150 30

Difference ......cocnu.. 13.887 $62 67
Cost of pumping 1,000,000 gallons of water with Ohio ‘
172 PP $18 80
Cost of pumping 1,000,000 gallons of water with Indiana
207 X 15 98

Amount sa.ved. per 1,000,000 gallons pumped with Bra-
Zi1 oAl . o i e e e . $2 82

We have already quoted from a firm there who prefer Indiana coal,
on account of the price, even though in their opinion Pittsburg coal
will do 25 per cent. more work. One of the largest plants in the State,
situated there, writes:

We have made very exhaustivé tests on this question. * * * In a
general way, the Indiana coal does not compare with the Ohio coal as to
quality. Taking into consideration the freight, we are using Indiana
coal, :
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On the other hand, some of the tests seemed to give the opposite
result. Thus, another of the large plants there writes:

Can only say that our experiments have not been as thorough as they
should have been to give you the data you desire. * * *  'We are now
using, and have been for some months, a Youghiogheny coal from the
Pittsburg district. This is a better coal for steam purposes, as well as .
for use in annealing ovens, and, while the cost per ton is slightly higher,
delivered in our yards, the quality is much superior, and the actual saving
on a financial basis i 7.2 per cent. Aside from this, there is a saving in
the handling, as a less quantity is burned, and the cost of truckage and
of unloading is also mafterfally decreased, owing to a considerably less
quantity having to be handled per day.

Another large firm writes:

We have made some experiments with Indiana block coal and also
‘ with Pennsylvania coal. The crude results, without any corrections, are
as follows: With Pennsylvania coal at 25 cents per ton above Indiana
block, we found a difference of about 15 per cent in favor of Pennsylvania
coal.

These and other letters from South Bend indicate that its distance
from the Indiana field is so great that the freight charges on Indiana
coal make it cost almost if not quite as much as Pittsburg, from the
standpoint of steam produced per dollar of fuel cost. The balance of
evidence in this case seems to be a little in favor of the Indiana coal.
Now, an examination of the State map will show at once that there are
only a few towns in the northeastern corner of the State that are
farther from the Indiana coal field than South Bend. And, while, in
going east instead of northeast of the Indiana coal field, the same con-
ditions as at South Bend will be found at a less distance from Brazil
(on account of the reduced haul for Pittsburg or Ohio coals), still it
is believed that, except the limited areas that get water transportation
from the east, over the greater part of the State, Indiana coal will do
more work than outside coals per dollar of fuel cost. Of course, local
conditions, as long haul by wagon, etc., will materially modify these
conclusions. We are led to this conclusion, not alone from the argu-
ments given above, but because they seem to be backed by the experi-
ence of our correspondents at numerous places. Thus, Laporte is but
a little within the limits given, but the two following quotations are
samples of the letters from there:

We do not use any Ohio, Pennsylvania or Virginia coals; freight
charges on this stock are against us, and we are buying altogether Indiana
coal. ' ' b

Last year the strike was prolonged and we used Pittsburg and West
Virginia coals, and, while they burn and make steam satisfactorily, yet
they are so dear that we were glad to get a supply of Island coal again.




1536 REPORT OF STATE GEOLOGIST.

In general, therefore, we are led to conclude that, for a steam coal
to be used in Indiana, Indiana coal gives the best results for the
money. ‘

In comparing different coals, different results are often the result
of different adaptability of the furnace to the fuel used: The best
furnace and best method of firing is the one which gets the highest
value out of the coal, and these differ greatly for different coals.
Thus certain coals require a special form of grate, a certain thickness
of fire and a certain amount of draft to yield good results. Another
coal which, under proper conditions, will yield as good or better re-
sults, may, if burned under the conditions favorable to the first coal,
appear to be of very inferior quality. Thus in an actual test of a cer-
tain coal it evaporated 6.32 lbs. of water per pound of coal, but, de-
ducting what fell through the grate (for it was a very friable coal), it
was found to have evaporated 10.5 lbs. of water per pound of com-

“bustible. Pittsburg coal, in the same furnace, under a similar test,

showed 8.41 and 9.10 lbs. of water evaporated per pound of coal and
per pound of combustible, respectively. In this case the-character of
the furnace made the Pittsburg coal seem much the stronger, while
actually the two coals had the comparative strength of 100 to 115.

(b) TrHROUGH ELECTRICITY.

2260. At the present time an electric current is obtained from coal
by first burning the coal to produce steam, expanding the steam to
produce mechanical motion, using the mechanical motion to drive a
dynamo. At each step of the process much energy is lost, so that the
energy of the electric current finally obtained amounts to only one-
tenth to one-hundredth of the energy possessed by the coal.. The
high efficiency of electric dynamos and the facility with which energy
can be transmitted for short distances by an electric current has led to
much thought and time being given to the problem of obtaining an
electric current directly from the combustion of the coal. While much
progress has been made, the matter must still be considered in the
experimental stage, and therefore will receive only this passing notice
here. ‘ '

Suffice to say that the most successful work has been done by Dr.
W. W. Jacques and by Dr. Alfred Cochn. The Jacques process con-
sists in brief in blowing air through a bath of fused caustic soda with
a carbon anode and an iron cathode, by which is obtained a large cur-
rent with a small voltage. The work of these investigators is discussed
quite fully in the technical magazines of the past few years.
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(B) INDIRECT PRODUCTION OF DIRECT RESULTS.

(a) CoNVERsION OF CoAL INTO Gas.

2261. This phase of the subject has for us in Indiana the widest
interest, for several reasons. Primarily the widespread and continued
use of natural gas has made our people appreciate the advantages of
gas as a fuel, with the consequent great reluctance to returning to the
use of coal again. Second, much of our State is threaded with pipe
lines, and many of our cities are thoroughly equippead for distributing
fuel in the form of gas. 'Third, there has arisen out-of the necessities
of the case a class of men trained in all the practical phases of gas
transportation and distribution. Fourth, Indiana coal is high in gas
or the volatile hydrocarbons, and if the coal can be burned in the form
of gas it will yield a much higher efficiency as compared with other
coals than at present. Fifth, while at present large consumers of coal
for power purposes are using slack, formerly a waste product, and ob-
taining it often at a price below all competition, yet 1t seems evident
that it is only a question of time, and that not long, when this increas-
ing demand for cheap coals will raise the price, until, in the words of
one of the largest shippers of coal in the State, the size of the coal will
have nothing to do with its selling price, but lump and slack will sell
for the same or at prices proportional to their heating value. Sixth,
the gradual improvement of the gas engine with efficiencies of 20 per
cent. or more from the gas or 15 to 20 per cent. from the coal, and of
the new heat motors recently introduced in Europe, with an efficiency
of over 34 per cent. as against 4 to 14 per cent. for steam engines, is
likely in the future to create a constantly increasing demand for
gaseous fuels.

Accordingly, the question is'a common one with thinking men all
over the State: “Can we not utilize our coal fields in the production
of a gas that shall take the place of the natural gas when that gives
out?” Realizing the importance of this subject, the writer had hoped
to give the matter considerable study, but there proved not to be time,
and the best he is able to do is to present a sort of summary of a few
of the well-known processes and such scattered facts as could be picked
up in a few hours’ reconnoissance in this field. It is hoped they may
be suggestive and may interest competent persons sufficiently to induce
them to go deeper into the subject, with the result of the final prac-
tical solution of the problems presented.

Coal is a solid, yet it requires but a small amount of heat to drive
off a large volume of gadeous matter, and there is left a light porous
solid known as coke. The larger part of this gas is combustible; and,

97—GEOL.
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what is more, a pound of it when burned will yield a larger amount of

| heat than a pound of the carbon which is left, and which, in the pres-

ent method of burning coal, is mainly depended upon for the produc-

tion of heat. Further, if the carbon remaining be burned with an in-

- sufficient supply of air or oxygen, there is formed carbon monoxide,

b CO, which is a combustible gas, and still has a large part of the heat-

b ing power of the carbon. This suggests very briefly how the solid fuel

‘ coal may be converted into a gaseous fuel. In practice, quite varying
processes are used, yielding quite different results.

The different results obtained may be tabulated as follows:

Illuminating gas or coal gas.

Producer gas.

Water gas.

Dowson or semi-water gas.

Rose-Hastings and other modifications of above.
Acetylene gas.

The principles underlying and main operations in the production of
the above gases may be briefly stated:

2262. IrLumMiNaTING Gas—This gas is simply the volatile hydro-
carbons of the coal which are driven off by heat. In practice it is made
in two ways—in a closed retort when the gas is the object sought, and
in a modified retort, the coke oven, in which the coke is the product
desired and the gas is too often wasted.

In the first case the coal is placed in a series of clay retorts to which
air has not access and heated in furnaces until the volatile matter is
driven off. After coming off from the retort, it, the gas, is carried
through a series of purifiers which remove the tar, ammonia, suiphur
and other impurities. This, the ordinary process of making “artificial
gas,” is too well known to need lengthy description.

The second case is only a2 modification of the first, although a dif-
ferent object ig in view. The ordinary bee-hive coke oven is like a gas
retort in principle, except that the heat necessary to produce the coke
is obtained by the combustion of part of the charge of coal. In the
more modern coke oven, however, the principle of the gas retort is
more closely followed, and the heat is derived by the burning of part of
the gas in flues in the side walls of the oven. In this case the two pro-
cesses are quite similar, except that the coke retort is five or six times

- as large in each dimension, and in the first case the heat is supplied
\ by part of the coke, which is there a by-product, while in the other
-ase the heat is supplied by part of the gas. In the latter case the gas

deprived of its tar, ammonia and benzole before being burned in the

e —
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oven flues. In the first case all the gas is obtained, in the latter not
much more than half. Whether tried or not, the suggestion has heen
made that the heat necessary for the coking might be supplied by pro-
ducer gas, which is much peorer and cheaper.

2263. PropuckR Gas.—This gas is made by forcing air into an in-
candescent mass of coke. In principle, the air, as it enters the combus-
tion chamber, supplies oxygen to the carbon of the coal and there is
formed CO, as in most cases of the combustion of the coal; but as it
passes upward through the mass, this CO, meets large quantities of
uncombined carbon, and this unites with part of the oxygen of the
CO,, leaving CO and forming large additional quantities of CO. So
that the gas that passes off is composed mainly of CO and the inert
nitrogen (N) of the air. The gas which passes off from a blast furnace
is largely of this nature, and early forms of retorts for making pro-
ducer gas were modeled after the blast furnace, a type that is being
returned to. As just stated, producer gas contains a large percentage
of nitrogen. . This formed four-fifths of the air driven into the furnace,
and necessarily passed on and became part of the gas resulting from
the process. As it will not burn nor support combustion, it becomes
that much dead matter in the gas. Various attempts have been made
to find a process of cheaply withdrawing the nitrogen, but, as it does
not combine actively, these efforts have as yet met with small success.
Better success has been met with by substituting a gas for the air that,
while supplying the oxygern, contained no inert gas. The substance
used is water in the form of steam, and the product is called water
gas.

2264. WaTER (as is made by forcing a current of superheated
steam through a mass of incandescent carbon in the form of coal or
coke. In this case, instead of the nitrogen associated with the oxygen,
as in the air, we have hydrogen (H) united with the oxygen, but in the
presence of the highly heated carbon the union is broken up and the
oxygen unites with the carbon, as before passing out as CO, but in
this case associated with hydrogen, a highly combustible gas, instead
of nitrogen. In this case the associated gas, hydrogen, is of small
volume and consequently the quantity of gas produced per ton of coal
is much smaller than in the manufacture of producer gas, but makes
up by being much richer. Unfortunately the process is not continu-
ous, as the heat required to disassociate the steam tends to cool the
mass of carbon below the point where the desired changes will take’
place. It is therefore necessary to first drive air through the mass
until its temperature is sufficiently high, when the air is turned off
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and steam is driven through. The plant required may be described as
an upright retort or generator, a boiler for generating steam, a super-
heater, and a fan for drawing the gases through the retorts. Fre-
quently two or more retorts are used, alternating in their action. As
the gas produced is nonluminous it is usual to add to the gas as it
passes through the top of the generator a small quantity of some form
of petroleum, and as the gas is drawn through the superheater this
petroleum is broken up into the lighter fixed gases, thereby greatly
enriching the water gas; when thus enriched water gas is known as
carburetted water gas. It is not necessary here to go into the details
of the process, and it will of course be understood that as little heat
as possible is wasted, the superheaters and boilers being heated from
the heat carried out by the gases.

2265. DowsonN, or SEMI-WATER (GAS is a result of a combination
of the principles of the manufacture of water gas and producer gas, as
in it a combined current of air and steam is driven into the retort or
generator, the air being in sufficient amount to keep the mass of carbon
at the high temperature necessary.  This gas, as might be expected,
contains a large mixture of nitrogen, but it contains a higher percent-
age of combustible gases than the producer gas.

2266. MODIFICATIONS OF THE ABOVE ProcEsses.—A difficulty en-
countered with much of Indiana’s coal in the manufacture of these
gases is its caking property, a property that would seriously interfere
with drawing a current of air or steam through any considerable mass
of it. The suggestion is made that the gas could be successfully made
by first driving off the volatile hydrocarbons in a coking retort and
then transferring the coke so produced to retorts or generators without
cooling. It would seem as though such an apparatus could be devised,
by which the coking and generating could be carried on simultane-
ously, the coking retorts perhaps being placed above the generators
so that the waste heat of the generators would do the coking while the
coke could be transferred without cooling to the generators below.
The gas from the coking retorts, ordinary coal gas, would then be
mixed with the gas produced in the generator, whether that be pro-
ducer, water or Dowson gas.

Other processes for utilizing bituminous coals are already in the
market. As an illustration of these may be described the Rose-
Hastings process, which is being tried with success at Louisville, Ky.
The following brief description of this process is given by Mr. Joseph
D. Weeks in the 16th Ann. Rep. Geol. Surv. U. 8., Part IV, Mineral
Resources, p. 419: “This process * * * uses soft coal and what
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are known as cumulative generators. The plant in operation at Louis-
ville can be described as having four upright retorts or generators and
one superheater, all set in a circle. Soft coal is charged into three of
these retorts and coke into the fourth. Air is driven through the three
coal chambers, burning a portion of the coal and heating them to a
high temperature, the resulting hot gases being meanwhile carried
down through the coke, in this way heating it up without burning it.
The heat necessary to start the blast and also that required to bring
‘the coke to the finishing temperature is gained by a short blast upward
through the coke. When the machine has been brought to the right
heat and before the blast is stopped, a charge of soft coal is dumped
. into each one of the coal chambers. The blast is then stopped and
steam turned under each of the coal chambers, and, mingling with the
coal gas distilled off from the fresh charge of soft coal, passes over
to the coke chamber, down through the red-hot coke, where it has the
vapors of oil changed into fixed gases, and up through the superheater,
where this process is thoroughly completed.”

Since writing the above we have received from the Bridgewater
Gas Company, of East Liverpool, Ohio, a short description of the
process they are using by which they are enabled to produce a gas that
competes with natural gas at 20 cents a thousand for domestic use.
The main features of the process seem to be that instead of blowing
air through the coal, as<in making producer gas, the air is first driven
through manganate of soda, which absorbs the oxygen. The oxygen
is then released with steam and the steam and oxygen driven together
through the generator. This surplus of oxygen is sufficient to keep
the temperature of the mass up to the point where the steam is dis-
associated and so the process becomes continuous. The bituminous -
coal found in that section is used. The result is a gas of about 500
heat units. .

At an experimental plant erected at Scranton, Pa., by Mr. J. Gard-
ner Sanderson, he claims that by actual measurement they were able
to produce and store from 120,000 to 188,000 cu. ft. of gas with one
ton of fine waste from the washing of anthracite culm. That was
from what was left after the marketable sizes had been screened out.

2267. AcETYLENE (tas-—This gas, which has only recently been
introduced commercially, and especially for lighting, is made by quite
a different process from the others. The gas has the formula C,H,
and. is made by the action of CaC, or calcium carbide on water. The
recent notable extension in the use of this gas is due to improved
methods of producing CaC, on a commercial scale. At present this is
made by the action of a powerful electric arc on a mixture of pow-
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dered coal or coke and lime. The two substances are mixed in the pro-
portion of 87} Ibs. of lime to 561 lbs. of carbon, which yields theoreti-
cally 100 Ibs. of CaC,, the rest passing off as CO. In contact with
water this earbide yields acetyléne gas C,H, and CaO, H,0.

9968. (COMPOSITION OF THE (GAsEs.—In this connection it will be

of interest to add the composition of natural gas. .
NATURAL Gas. PRODUCKR
(Finley.) Coar Gas. as.
COMPONENTS. 1 9 3 . 5 6

Vol. Wt. Vol. | Wt. Vol. wt.

Hydrogen 2.18 268 || 46.00 8.21 6.0 458
MArsh BB ... evnvvererieeriniennieonns CH,| 92,60 90383 || 40.00 | 57.20 3.00 | 1.831
Carbonicoxide .......................le co .50 857 6.00 | 15.02 23.50 | 25.095
Olefiantgas.........coovvviveenenninnes C.H, 31 531 400 | 1001 Ji......]eeieeen
Carbonicaeid.............ooooiiii it €O, 26 700 50 1.97 150 | 2517
3611 6178 1.50 375 |i 65.00 | 69.413

sa| el 50| 143|..h

20 | 417 ||l

Water VADPOT ..ovveeveneonenenennnnn e HaO oo I 1.50 241 100 686

Propuckr || Dowsox ||SaxpErsox|| TavLor

Gas. Gas. A8, Gas.
COMPUNENTS. 7 8 9 10 1 12
! Vol. Wwt. Vol. Wt.

Hydrogen .........coooouveens H| 4500 5431 2.80 14.00 19.85 4.51

Marshgas ....oocoovvennn CH,| 200 1931 || «oonviiieniffeeenenenes 0.66 1.79

Carbonie oxide ............. CO| 45.00 | 76.041 33.30 27.20 28.80 25.38
- Olefiant gas.......ccovvnn- | ERRERTTREE

Carbonic acid ‘ 4,02

Nitrogen .....cocvvvvveaeecnen . . X . z 64.04

Oxygen.......‘....'.......... 0 50 K 3% | PPN | 0.40 0.26

Hydrogen sulphide........ ) 152 IO FURRRTOI | e

Water vapor............... H,0| 1.50| 1.630 {[.......cooirfforerenens

#“Nos. 1-8 by Emerson McMillin, Geological Surv. of .Ohio, VI, pp. 538-543; Nos. 9-10 by
Arthur Kitson, Jour. Franklin Inst., Dec., 1890, p. 321; No.11 by J. Gardner Sanderson,
from anthracite culm atScranton; No.12by H. W. Spangler, of gas made by Taylor process
) to Gas Engine Works at Philadelphia.
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It will be seen from the above that natural gas is principally marsh
gas; coal gas is likewise largely marsh gas, but with considerable quan-
tities of hydrogen, carbonic oxide and olefiant gas; producer gas is
principally carbonic oxide and nitrogen, water gas principally car-
bonic oxide, with some carbonic acid and hydrogen. Dowson gas is
principally hydrogen, carbonic oxide and nitrogen. Acetylene gas is
not a mixed gas like the others. Mr. Edward H. Earnshaw gives the
following analyses of coal gas and carburetted water gas:*

Coal Water

Gas. Gas.
Benzene vapor ............. et .50 6
Heavy hydrocarbons .....oceveierereranoncnnnsas 425 128
Carbonic acid .........iiiiiiiiiiiiii ittt 8.04 30.7
THYALOZOI .« oot vttt ittt e aeaa 4704 324
MArS8h A8 . ..vviinnrrenenenenaaenenacarennnnns 36.02 139
Higher paraffing .......coociiviiernranreronneans 0.00 2.4
Carbonic acid ........... .. iiiiiiiiat, N 1.60 2.7
OXYZEI e u vt it v e rrnsasaneeaeaneaseonsonsenns .39 a7
Nitrogen ......ccouivrieninncnceonnns eieereaaes 2.16 3.8

2269. WereHT oF GasEs.—These gases have the following specific
gravities:{

Natural gas (Finley).. ... cviinieirinenererrecnanaseoas 570

L0 03: ) - 450 |
A =) e T O 570
Producer gas ........eoeiteenreneicascsenssansnasences 1.000
7§ AN 1.000
1,000 ft. of of air will weigh at 40° F................. 80.0 1bs.
1,000 ft. of natural gas will weigh at 40° F........... 45.6 1bs. \
1,000 ft. of coal gas will weigh at 40° F......ce00ven 32.0 1bs.
1,000 ft. of water gas will weigh at40° F............. 45.6 1bs.
1,000 £t. of producer gas will weigh at 40° F.......... 80.0 1bs.

2270. CaALorIC VALUE oF GAsSES.—As taken from different sources,
the gases mentioned yield about the following heat units in burning:

One foot of natural gas yields (about).......... 1,100 B.T. U.
One foot of coal gas yields (about).............. 730 B.T.U.
One foot of water gas yields (about)............ 320 B.T.U.
One foot of water gas (enriched) yields (about). 680 B.T.U.
One foot of producer gas ylelds (about)........ 150 B.T.U.

#*Chemical Composition and Technical Analysis of Water Gas, Edw. H. Earnshaw, Jour.
Franklin Inst., 146, p. 161, Sept., 1898.

tMeMillin, Geol. Surv. of Ohio, VI, 537,
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One foot of Dowson gas yields (about).......... 180 B.T.U.
One foot of Rose-Hastings gas yields (about)... 410 B.T.U.
One foot of Rose-Hastings gas' (enriched) yields

, (67«70 '¢ ) N 650 B.T.U.
One foot of acetylene gas yields (about)........ 1,476.7B.T. U.
One foot of East Liverpool gas yields (about)... 500 B.T.U.

From these figures it will be seen that coal gas yields only about
three-fourths as much heat as natural gas for equal volumes; water
gas, unenriched, less than one-third; enriched, over one-half; producer

. gas, one-seventh or less, ete.

By the pound the difference is still more marked. Mr. McMillin
gives the following figures:

One pound of natural gas yields ............... 24,195 B. T. U
One pound of coal gas yields ................... 22,968 B. T. U.
One pound of water gas (unenriched) yields..... 7,069 B. T. U.

T. U.

One pound of producer gas yields............... 1,957 B.

The difference in amount of water evaporated from a temperature
of 60° I'., when the resulting gases are escaping at 500° I, and when
there is 20 per cent. excess of air introduced with all the gases (and in
all cases ignoring radiation), has been figured out by Mr. McMillin as
follows:

1,000 ft. of natural gas will evaporate 893 1bs. of water.
1,000 ft. of coal gas will evaporate 590 1bs. of water.
1,000 ft. of water gas will evaporate 262 lbs. of water.
1,000 ft. of producer gas will evaporate 115 lbs. of water.

We are now ready to prcceed to the most important item:

2271. Torar HEaTiNG POWER 0F (GAsES FRoM ONE ToN oF CoAL,
AND CosT oF SaMk.—In the preceding paragraph it would seem that
the advantage was all on the side of coal gas, or, to a less extent, of
water gas. But in that it is forgotten that one ton of coal will yield
much less coal gas or water gas than of producer gas or Dowson gas,
and that when that factor is taken into account the difference largely
disappears.

Youghiogheny gas coal yields 4.34 cu. ft. of gas to the pound of coal

~at the Indianapolis gas works, according to Mr. Cox, while he gives

for Indiana cannel coal about:5 cu. ft. and Indiana caking coal about
4 cu. ft. According to these figures, one ton of Indiana coal would
yield about 8,000 cu. ft. of coa) gas. One ton of coal (anthracite) con-
verted into CO with air gives 60,000 cu. ft., and, adding the 110,000
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cu. ft. of nitrogen that enters with the air, we have one ton of coal
yielding 170,000 cu. ft. of producer gas.

Mr. Kitson, from his experience,* estimates that in making semi-
water or Dowson gas under the best conditions, with the steam fur-.
nished at a temperature of 500° F. from a separate boiler, 1 ton of coal
will decompose 1,500 pounds of steam, yielding:

5 S 166 Ibs. or 29,800 cu. rt,
CO e 4,194 1bs. or 53,700 cu. ft.
N o e e e 5,179 lbs. or 63,500 cu. ft.
COy veveiiineian [ 733 1bs.or 6,000 cu. ft.
10,072 153,000

But, deducting § to 1 of a ton for the heat necessary to raise the
temperature of the steam, the results are reduced to. 130,000 cu. ft.
of gas, or, if the heat of the cooling gas be utilized, say 150,000 cu. ft.

Water gas, unenriched, under the best conditions yields about 40,-
000 cu. ft. of gas to the ton of coal.

Rose-Hastings gas, enriched, yields about 64,000 cu. ft. to the ton of
coal, though in this case it should be noted that the oil and coke that
~ enter into the process will (}ften cost fhore than double what the eoal
costs.

In the manufacture of acetylene ga‘s one ton of coal is used in
making 214 lbs. of calcium carbide, and as one pound of the latter
yields from 5.5 to 5.75 cu. ft. of gas, a ton of coal will yield over
13,310 cu. ff. of gas. Here, again, there are other items that very
materially affect the result from the standpoint of cost.

Combining the figures of this paragraph with those of the last, there
results as the product of one ton of coal:

Coal gas ............... 8,000 cu. ft.x 730 B. T. U.= 5,840,000
Producer gas ........... 170,000 cu. ft.x 150 B. T. U.=25,500,000
Dowson gas ............ 150,000 cu. ft.x 180 B. T. U.=27,000,000

Water gas (not enriched) 40,000 cu. ft.x 330 B. T. U.=12,800,000
Rose-Hastings gds (en- .

riched) ........... .... 64,000 cu. ft. x 650 B. T. U.=41,600,000
Acetylene gas ......... 13,300 cu. ft. x1,476 B. . U =19,630,800

Here again the ﬁgures tell only a partial story, as the desideratum
is the number of heat units for a given cost, and in the different pro-
cesses the initial cost of the ton of coal may be the most important
item or it may be a very small item. Thus in the Rose-Hastings

*Jour. Frank. Inst., XXX VIII, 321.
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process the coal in the generator represents only a little over one-
fourth the cost of the materials used. Lack of time has prevented
getting figures that may be used for comparison. Such figures, how-
ever, as are at hand may be suggestive.

As to the cost of making coal gas, I can do little better than to
quote from an article by Mr. Edw. W. Bemis on “Recent Results -of
- Municipal Gas Making in the United States,” in Vol. VII of the Re-
view of Reviews (American magazine). He gives the figures for ten
cities which he had studied. Of these all made coal gas at the time
except Philadelphia, which was using 40 per cent. of water gas (doubt-
less carburetted). Bellefontaine and Hamilton, Ohio, had just in-
troduced improved processes by which the cost was much reduced.
Thus at Bellefontaine, using an Askins gas plant with a capacity of
126,000 cu. ft. a day, of 22 candle power, the cost of 1,000 ft. in the
holder (not counting interest or taxes) was 20 cents. Adding 10 cents
for interest, etc., makes cost of making gas 30 cents per 1,000 ft The
distribution will cost from 10 to 30 cents extra.

At the cities to be mentioned coal ranges in price from $1.64 at
Wheeling, W. Va., to $4.39 at Danville, Va. Of the by-products the
coke sells at these cities for from 3.5 cents at Wheeling to 10 cents at
several of the cities; tar, per barrel of 50 gallons, sells at from $1.32 at
Richmond, Va., to $3.90 at Hamilton, Ohio.

The desired figures are included in the following table:

=
- D a
£ | %5 |85< | s
T |28, 988, B
. © o ‘S g |2 AR
CITY. e |82 2558 ES
g0 | wp® WAool O
-:O :i; gO & g 1] ?5§ =]
28 | B39 3358 £33
o o s 13
Philadelphis ... oouivviniiniseiereienerenniire e eanns 48 85 | 206 | 1061
Richmond, Va. ... i i et s aees ?, 843 | 231 1074
AleXandria, Va.......oeuereiuns e ereniinaae i e '§ %3 | 2.3 | 1256
Henderson, K ¥, . vve et ceirasaeiea et ent reeaeeeennnaens 3 581 | 323 80.4
. o
Wheeling, W. VA ..ot eeteues e ee i eire ereie e e anis ® B4 | W4 55.8
Bellefontaine, OBio ... ... .vvvoeuerirrsenreascereessanennns a 637 | 308 | 945
DANTILLE, Vv eeteee e eeee e eae e aee s e E 1077 | 327 | Mod
Charlottesville, Va.........eeevveneireeniieeaneeainenennens S 465 | 38.8 8.3
Hamilton, Ohio...... oot iriiiiii i i e s 42.2 524 | 43.3 95.7
Frederieksburg, Va.. ..oocoiriiiriier i it i iee e reaans e 1271 |- 470 1741

In many of the above cases Iocal causes serve to account for the dif-
ference exhibited. :
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It is quite probable that since that article was written (1893), ad-
vanced methods have very materially lowered the figures given. The
utilizing of the coke to make water gas to be enriched and mixed with
the coal gas is making considerable saving. '

For comparison, the cost of 1,000 cu. ft. of illuminating gas as
made in Indianapolis in 1896-97 is given. (From detailed report
made June 18, 1899, of an examination of the books of the Indian-
apolis Gas Company for the mayor and board of public works.)

L85 T Y $0.206
Cannel coal ...... ... i i e, 017
Tdme .. e i i i et et 011
Naphtha for Lowe gas Process. ........vveerveneeeeenas 027
Other materials ..........ciiii ittt inrerenennnns 077
Cost of materials ...........civiiiiiriedinreanenns $0.338
Labor at WOLKS .. ...iiiie tiiirieneeeneeereereeneens $0.180
Superintendence . .........cciit ittt 028
Taking meter statements ............oiiieiiiierenenns 036
Clerk Bire . ...oovviintiii it iieaeeaas 029
General office salaries ............ciittiiineninnnennnns 050
Main items of 1abor, etC. ... ... oot ir it it iiiaenens $0.323
Repairs at works and residual expense (freight, ete.).... $0.133
Repairs, Hnes, etc. ..ottt ii ittt iennnannennn 055
Operating pipe lines .............. e rereiea st 043
Repairs, ele.. ..t ie ittt e tnetee e inaaenanns $0.231
TAXES vvveeererenoneonsaesosasanasosossunsancasnnansas $0.065
(877 1023 =) ¢ - 054
Total vv vt ettt ittt ettt tnessanennananane $1.01:1
Less receipts from residuals. .. e 326
Net cost of 1,000 cu. ft. (not including interest on in-
vestment) ........c.iiiiit i it $0.685

From this it would seem that the cost of the gas in the holder was:

D 21 g T $0.338
Labor and superintendence .........ccoevevunnnnnonnns 208
Repairs and residual eXpense . ....c.ooeierennennennannns 133 .
» $0.679
Less receipts from residuals..................c.cve.... .326
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While the cost of distribution, etc., is practically an equal amount.
These figures are for a yearly output of practically 200,000,000 cu.
ft. Trom statements of the officers of the company, it was evident
that by more than doubling the output the cost per 1,000 ft. would
be materially decreased, possibly one-fourth; that is, on a basis of an -
output of 500,000,000 cu. ft. a year, the costs would be nearer:

(07071200 § (W (7] (s =) AU AU I $0 28-
DASTEIDULION, E1C. .. ottt it eiers treiee s 22
Selling Price . .v.v v ittt iiraan i, 75

The gas produced is a mixture of coal gas and carburetted water
gas, no natural gas being used, according to the statement of the
company. :

The figures for from February 1, 1898, to February 1, 1899, gave
a net cost of 69.81 cents per 1,000 cu. ft.  The same week this report
was made the local gas company of Cincinnati made a proposition to
the Board of Public Works for a 20-year franchise on the basis of
selling illuminating gas for 75 cents per 1,000 cu. {t. and fuel gas at
50 cénts per 1,000 cu. ft. This is mentioned as showing the down-
ward tendency in the cost and selling price of coal gas.

Mr. Weeks gives the following figures of materials used and cost
at assumed prices of these materials in the manufacture of Rose-
Hastings gas, having been favored with a statement as to the actual
amount used in making over 10, 000 ,000 cu. ft. of 20 candle power
gas at the Louisville works.

Materials used to make 10,596,000 ft. of Rose-Hastings gas—

(633 O gallons 21,325,000
Softcoal slack ..o n i 1bs. 328,503,900
[070) |- J N [N 1bs. 60,932,175
Boiler coal . ....ooiviiii ittt Ibs. 87,954,270

Averﬁ.ge per 1,000 cu. ft.—

Oil .o [P e gallons 2.01
(8735 U APR R PP 1bs. 31.00
GO © e s e e e e e e Ibs. 5.75
Boiler COAL vttt ittt ettt Ibs. 8.30

By taking a location where oil is 1.5 a gallon, coal $1.20 a ton,
coke $2.40 a ton, which approximate the conditions at Indianapolis,
the cost of materials per 1,000 eu. ft. would be:
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. Cents.

0il, 2.01 gallons, at 1.5 cents .......c.vveeiiiiii e 3.02
Coal, 31 1bs, at $1.20aton .............. e eereeaa ve... 1.86
Coke, 5.75 1bs., at $2.40 a ton..... Seveees e vees. BT
Boiler coal, 83 lbs,at $1.20aton............covvnainn... 38
Total ......coovvnnn. PP Ceveres [ ... 593
Add for labor ........ PO oo 160
7.53

This of course does not include interest or taxes, ete. Distribution
- would amount to, as before, 10 to 30 cents per 1,000 ft.

This plant is used to augment the supply of natural gas on cold
days, ete. ‘ !

Mr. Kifson estimates that with coal at $3 a ton it should not cost
over 2.5 cents per 1,000 ft. fo make Dowson or semi-water gas. 1
judge that would not include labor, interest, taxes, ete.

I have not at hand figures giving cost or estimates of cost of water
gas.

In a paper in the Journal of Franklin Institute, No. 139, p. 321,
Mr. J. J. Suckert expresses his belief that calcium carbide can be
obtained at a cost of $5 a ton. He.gives tables showing the debit and
credit sides of the account of a firm who are making it as a by-product
in the manufacture of fire and dry-pressed brick, in which the calcium
carbide is credited as selling at $7 a ton. TIn other articles describing
its manufacture, the cost of manufacture is placed variously at from
$20 to $40 a ton. If it can be made for $5 a ton, the cost of materials
for 1,000 cu. ft. of acetylene gas would not be far from 50 cents.
From the above figures we may derive the following:

Cost of 1,000 eu. ft, of coal gas (material and labor only),say ................. 33.33 cents.
Cost of 1,000 cu. ft. of Askins gas (material and Iabor only),say .............. 20.00 cents.
Cost of 1,000 cu. ft. of Rose-Hastings gas (material and labor oanly), say...... 7.5 cents.
Cost of 1,000 cu. ft. of Dowgzon gas (material and labor only), say............. cents(?)
Cost of 1,000 cu. ft. of acetylene gas (material and labor only), say cents,
Cost of 3,000 cu. ft. of coal gas (material and labor only), 8a¥....ccvvvriverveerunnn.n.. $1.00.
Cost of 5,000 cu. ft. of Askins gas (material and labor only),say....................... 1.00,
Cost 0f 13,200 cu. ft. of Rose-Hastings gas (material and labor only), say .. 1.00.
Cost of 40,000 cu. ft. of Dowson gas (material and labor only),8ay................. .. 1.00.
Cost of 2,000 cu. ft. of acetylene gas (material and labor only),say .................. . 100+,
$1.00 worth (per cost) of coal gas yields.............. ....... 3,000 X 730=2,190,000 B.T.TU.
$1.00 worth (per cost) of Rose-Hastings gas yields ...13,200 X 650 =17,580,000 B.T.U.
$1.00 worth (per cost) of Dowson gas yields............ .. 40,000 180 =7,200,000 B.T.U.

$1.00 worth (per cost) of acetylene gas yields ............... 2,600 X 1,476 = 2,952,000— B. T. U.

As stated above, these figures-must not be considered as representing
with any accuracy the comparative value of the different gases, but
may be considered as showing that, as far as our data goes, carburetted
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water gas, semi-water gas and modifications of these yield many times
as much heat per dollar of cost as the common illuminating or coal
gas.

Mr. F. C. Phillips, of Western University, Alleghany, Pa., has cal-
culated the calorific power of natural gas,* and his figures show for
1,000 cu. ft.:

Available heat units: 261,190 to 324,210,

Pounds of water (previously heated to 100° C.) evaporated
1073.8 to 1333.

Pounds of pure charcoal equal in heating power: 71.26 to 88.45,

: ' But it is found that in practical use the natural gas has an efficiency
much greater than that of the coal, so that practically one ton of
Pittsburg coal is equivalent to less than 22,400 cu. ft. of natural gas,
or it may be safe to say that one ton of Indiana coal is equivalent to
20,000 cu. ft. of Indiana gas. -

In the 18th Ann. Rep. of the U. 8. Geol. Surv., Mineral Resources,
except coal, p. 897, Mr. F. H. thhant gives the following equiva-
lents:

Twenty cubic feet or 1 1b. of natural gas will evaporate 20 lbs. of
water at 212°.

Sixteen cubic feet of natural gas or 1 Ib. of oil will evaporate 16
Ibs. of water at 212°. ‘

Ten cubic feet of natural gas or 1 1b. of coal will evaporate 10 lbs.
of water at 212°.

Ten cubic feet of natural gas, therefore, equals 1 1b. of coal, or
20,000 cu. ft. of natural gas equals 2,000 lbs. or one short ton of coal;
4,800 cu. ft. of natural gas equals 300 lbs. of oil (1 barrel 34° B.);
4% barrels of oil equals 1 ton of coal.

Mr. Leach, State Supervisor of Gas, reports tests made at Kokomo,
Ind., in which the results gave:

One ton of Indiana coal did same work as 20,000 cu. ft. of natural
gas.

One ton of anthracite coal did same work as 29,527 cu. ft. of natural
gas.

Boiler required 1 cu. ft. per minute per horse power, or 60 cu. ft.
per horse power hour.

The Standard Oil Company, according to “Steam” (published by
Babcock & Wilcox Company), estimate that 173 gallons are equal to
a gross ton of coal, allowing for incidental savings, as in grate-bars,

“Am. Chem. Jour., XVI, 406-429,
TN,
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carting ashes, attendance, ete. This is but a trifle below the other
estimate, as it makes 4.11 barrels of oil equivalent to 1 ton of coal.

Taking the general figures that, bulk for bulk, coal gas will evap-
orate two-thirds as much, and enriched water gas one half as much as
natural gas, we obtain the following costs of the different fuels neces-
sary to evaporate 10 tons of water:

Fuel. Amount required. Cost. Total.
Coalo.ooevnavennannnn.. 1ton  $1.00 to $4.00 per ton (delivered)........ =$1.00 to $4.00
Natural gas .... . 20000cu.ft., 05to 20 per1,000 (delivered)........ = 1.00 to 4.00
0il (crude) ..... .. 173 gal., 015 to 03 per gal. (delivered)........ = 2.59to 5.19
Coal 888 ...ucuvunennnn.. 30,000 cu.ft.,, 25to 35 per 1,000 + $0.25 to $035 .. =15.00 to 21.00
Water gas.............. 40,000 cu. ft., 08to 18per1,000 + 15to 30.. = 9.20t01680
Rose Hasting .......... 40,000 cu.ft., 08to 12per1,000 + 15to 30.. = 9.20t016.80
E. Liverpool, ete ...... 40,000 cu.ft., 08to 12per1,000 + 15to 30.. = 9.20 to 16.80
Dowson or semi-water

BAS.. i 120,000 cu. ft., 025 to 05 per 1,000 + .05 to .10 for delivery. 9.00 to 15.00

These figures must not .be considered as more than suggestive of
comparative results. They indicate, first, that with gas at the present
price in Indianapolis ($0.06 to $0.10 a thousand cu. ft.), coal can not
compete for domestic use nor can any artificial gas be made to suc-
cessfully compete with it, nor would it be feasible for the present
natural gas companies to supplement their natural gas supplies with
an artificial gas during times of excessive demands, as during extreme
cold weather. Second, that with present prices, or probable future
prices with present methods, artificial gases can not be made to com-
pete with coal from the financial standpoint, though there would be
some competition due to natural advantages of a gaseous fuel over a
solid fuel. Third, they indicate that for fuel purposes coal gas can not
compete with strictly fuel gases. Fourth, that as between the different
fuel gases the margin of favor is not strongly on the side of any one
gas or process, as far ag the information we were able to obtain goes.
In. general, that with present methods the advantage will all be on
the side of coal.

If, for a moment, we consider present tendencies, it will be evident
that the tendency will be for the gaseous fuels to gain in advantage
over coal, and, in view of the failure of natural gas, for artificial gases
to gain over natural gas. For, while coal has shown a slight down-
ward tendency in price, artificial gases for fuel purposes have shown
a marked decrease in cost of production. Further, coal mining has
reached a stage where improvements will lower the price but small
fractions at a time, while fuel gas engineering is still in a somewhat
primitive stage. Again, mechanical engineering appears to be having

*Say 1.3 tons Indiana slack.

=




1552 REPORT OF STATE GEOLOGIST.

much greater success in raising the efficiency of gas engines than in
increasing the efficiency of the steam engine. And still further is the
constant gain in the efficiency of transporting potential energy in a
gaseous form rather than in the solid form. These and other factors
seem to show the tendency to be in favor of artificial fuel gases. Thus
I would make the suggestion that to secure the highest efficiency, other
things being equal, a gas made mainly from coal should be made in
the mine. That is, having prepared a point in the mine by replacing
the pillars of coal with stone or masonry and secured the necessary
height of rooms by taking down roof or taking up the floor, set up the
plant for the manufacture of gas at that point. By this plan the prin-
cipal raw material would be obtained at a minimum, nor does it appear
that in most cases this advantage would be offset by other disadvan-
tages.
Considering these tendencies, it seems safe to prediet that within
a very few years it may be possible, by using the best processes under
the best conditions, to sell a fuel gas in cities not over 100 miles from
the coal field that will be little, if any, more expensive than coal for
“household purposes, and which by the use of gas englnes may success-
fully compete with coal for steam productmn

2272. 'TRANSPORTATION OF ENERGY.—Energy is transported in
one ¢f two forms, kenetic or potential. An electric current is an ex-
ample of the first, a car load of coal is an example of the second. The
one is active energy, the other is stored emergy. The one is subject to
loss through everything that can absorb energy with which it may
come in ‘contact. For this reason it can be transmitted only limited
distances, depending on the ability to insulate it from those substances
which will absorb its energy. For this reason it is generally conceded
that where energy is to be transmitted long distances it should be in
the potential form. Electricity has taken a prominent place in recent
years in the transmission of power, but experience seems to show that
where the power is to be transmitted over 30 mi. it is cheaper to ship
the coal than to send the same power by electricity. Mr. N. W,
- Perry* cites the case of the New York Edison Illuminating Station,
where it is found cheaper to haul coal two miles by cart at a cost of
45 cents a ton to their plant in the heart of the city, with the enormous
rents there, than to locate on the water front, where rents are cheap
and the coal can be taken directly from the boat, and to transmit their
electricity by wire the additional two miles. The suggestion is often
made that with the high efficiency now attained by the electric dynamo

* Engineering Magazine, X11, 49,
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and motor, it would be cheaper to convert the energy of the coal into
electric energy at or in the mine and transmit it hy large copper cables
o the points at which it is to be used. The plan is attractive and it is
possible may be rendered feasible by future inventions in electricity.
Probably the greatest distance that electricity has been transmitted in
quantity is from the River Neckar, at Lauffen, Germany, to Frankfort,
a distance of 109 mi. Fresno, California, receives power 35 mi., using
a triphase alternating current and pressure of 11,200 volts. Saecra-
mento, Cal., receives 3,000 H. P. from Folsom, 24 mi. away, using the
same system and a pressure of 11,500 volts Perhaps the most notable
example is the system in operation between Niagara Falls and Buffalo,
with a capacity of between 50,000 and 100,000 H. P. President A. E.
Kennelly, in his inaugural address before the American Institute of
Electrical Engineers, says that a copper rope one-half inch in diameter

. will carry 2,500 kilowatts (equals about 8,350 H. P.), by mdintaining

an effective potential of 10,000 volts, with a loss of energy of two-
thirds of 1 per cent. per mile. One suggestion that has been made in
this connection is the conversion of the coal into gas at or in the mine
and its immediate use without loss of heat in a gas engine or heat
motor coupled directly to the dynamo. In fact, at the time of writing,
investigations being carried out along the line of the transmission of
electric energy without wires suggest that the near future may entirely
revolutionize the utilization and transmission of the energy of coal,
and suggest that we may soon have the energy of the coal transformed
into electric energy in the mine and from thence distributed without
wires to whatsoever points it may be desired. Turning from this to
accomplished facts, it is found that, taking into consideration the
losses in transit and the great first cost of conductors, the electric cur-
rent can not compete with the coal car over any considerable distance.
The cost of railroad transportation of coal is generally estimated at
5 or § cent per ton per mile. At $1 a ton, 00 tons can be carried at
a cost of 1 ton, or 200 horse power requires 1 horse power to transmit
it one mile. With coal at $3, one horse power will serve to transmit
600 horse power. Mr. Perry estimates that to transmit every one mile
by electricity costs 145 times as much as to transport the equivalent
coal 1 mi. by rail. As compared with these, Mr. Denny Lane has esti-
mated that with ordinary 16 candle power coal gas 3,000 horse power
could be sent a distance of 1 mi. for 1 horse power, or being 1-30 of
1 per cent. of the power transmitted. I do not know whether this
includes that most important item, interest on investment, or not.

98—GEOL.
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If cast-iron piping is used, its weight per mile as given by Mr. Me-
Millin,* may be used to calculate its cost per mile on a basis of $20
a ton.

Pipe 6 in. in diameter 7-16 in. thick, will weigh 158,400 lbs., cost
$1,584.

Pipe 12 in, in diameter 3§ in. thlck will Welgh 440,000 1bs., cost
$4,400.

Pipe 24 in. in diameter 74 in. thick, will weigh 1,188,000 Ibs., cost
$11,880.

Pipe 30 in. in diameter 1 in. thick, will welgh 1,737,000 1bs., cost
$17,870. ¢ ! ‘

Wrought iron, according to the same authority, gives:

Pipe 3 in. in diameter will cost, at $6 20 a foot, $1,056.
Pipe 6in. in diameter will cost, at 55 a foot, 2,904.
Pipe 12 in. in diameter will cost, at 2 40 a foot, 12,672.
P'ipe 15 in. in diameter will cost, at 3 70 a foot, 19,636.

The comparative carrying capacity of the different-sized pipe is indi-
cated in the following table, where for comparison the pressure in each
case is 2 in. and the length of pipe 1,000 yds.:

Cu. ft. per hour.

A 3in. pipe 1,000 yd. long with pressure 2 in. will discharge.............. 1,482
A 6in. pipe 1,000 yd. long with pressure 2 in. will discharge ............. 8,408
A 12 in. pipe 1,000 yd. long with pressure 2 in. will discharge .............. 47,433
A 24 in. pipe 1,000 yd. long with pressure 2in will discharge .............. 377,770

A 36 in. pipe 1,000 yd. long with pressure 2 in. will discharge .............. 741,830

Mr. McMillin gives the cost of laying pipe less than 10 in. in diam-
eter 4 ft. deep at from 10 to 15 cents per lineal foot. In cities and
towns, of course, that would be much increased. Wrought-iron pipes,
which are always used where the pressure is high, are screwed together
by steam engines at small cost. The cost of joints for cast-iron pipe
is considerable, estimated at from $100.00 for 3-in. pipe to $1,500.00
for 30-in. pipe, per mile.

These figures show that the cost of a plant, piping, pumping sta-
tions, ete., to supply a city like Indianapolis from the coal field would
probably cost not less than $2,000,000, upon which the interest at 5
per cent. would be $100,000 a year. That factor alone would pay the
freight on 200,000 tons of coal, and must be carefully considered in
discussing the feasibility of piping gas from the coal field. But when
it comes to making the gas at points already supplied with pipe lines

*Geol. Surv. of Qhio, VI, 528.
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and distributing pipes, there comes in the factor of the loss of such
lines if they are to be abandoned on the exhaustion of the gas fields.

One of the best suggestions yet made in this connection is that,
since upon the exhaustion of the gas the pipe lines now running from
the gas field to such cities as Indianapolis will be of no value in their
present position, and since the pipe is the main item of expense, these
lines of pipe may be taken up and relaid so as to connect those cities
with the coal field. This can be done at a comparatively small ex-
pense.

Friction in pipe lines is estimated to reduce the pressure at about
the rate of 7 Ibs. per mile, thus requiring a pressure of 200 lbs. to
drive the gas 30 mi.*

Mr. Leach reports the following figures for the Logansport line:

Liength of line, 45 miles. Crooked line, supplies several towns
and many farmers en route.

Pressure at supply end. .........coiiiiiii it 295 1bs.

Pressure at receiving end.............. ... . ..o 60 1bs.
' ! —_—

Toss in transit ..........ccoiiiiiniann.. e .. 2351bs.

Or 5.2 1bs. per mile.

Considering the tendency of some of the gases to condense when
sent under high pressure, it would seem advisable to draw the gas
through the pipes, by frequent pump stations, until the distributing
point is reached.

For piping long dlstances, producer gas is out of the question and
Dowson or sem®water gas is at a serious disadvantage, because to get
the same power as by coal gas requires the piping of three times the
quantity of gas, or in ‘other words the cost of transmitting a given
quantity of energy by Dowson gas will cost three times as much as to
transmit the same energy by coal gas or enriched water gas. These
facts suggest that the most efficient gas to pipe long distances will be a
gas which is a combination of coal gas and enriched water gas. If the
gas is to be made at the point of distribution, Dowson or semi-water
gas may prove the cheaper.

' 2273, 'This leads to a few words about the advantages of the gas
engine. Mr. F. H. Oliphant gives the following table,} showmg the
efficiency of different types of engines:

*Rep. Cham. Comm., Pitts., p.35.
+Mineral Resources of U. 8.,1896,5p. 897.
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Fuel per Indicated Horse Power per Hour.

. EQUIVALENT OF GAS AND CoAL,
TYPE OF ENGINE.

Gas. Coal.

Cu. Ft. , Lbs.
Gas Engine.......ocoviiiiit i i i e e 13 13
Triple expansion condensing........................... 16 1.6
Double expansion condensing....................... . 20 2.0
Single cylinder and cut-off ..................o el N 0 . 40
Ordinary high pressure without cut-off ................ 75 75

It will thus be seen that the gas engine has a higher efficiency than
the highest type of steam engine. The ordinary type of engine will
use from 4 to 5 lbs. of coal to produce a horse power for an hour.
Assuming 5 1bs., 1 ton of coal would furnish, through such an engine,
33,000x60x2,000—=-5==872,000,000 units of work. Theoretically, 1
ton of Pittsburg coal will furnish 26,000,000x772=—=20,072,000,000
units of work, so that such an engine does not utilize more than 1-25
or 4 per cent. of the actual energy of the coal.

In a paper read by Mr. J. Gardner Sanderson before the Scranton
Board of Trade in 1877, he says: “I found at the Otto gas engine
works, West Philadelphia, where they employ gas engine power, the
gas being produced with Buckwheat coal, costing $2.65 per ton in
their bins, that their weekly cost per horse power fuel was 6 cents and
under, and that 1 1b. of coal furnishes 1 horse power per hour. The
Otto company guarantees 1 horse power per hour for 1} lbs. of anthra-
cite pea coal, with producers and engines of their own construction.”

“At Danbury, Conn., gas and electricity are furnished by the same
company. They have three 100 horse power Otto gas engines, run
with producer gas, made with anthracite egg coal, costing at the time
of my visit $5 per ton. They are satisfied they have a very econom-
ical plant, and say they get 1 horse power per hour with 1 lb. of coal.”

More satisfactory still are actual figures from actual tests, and
through the kindness of Mr. Piper I am enabled to give some of the
results of tests made of the White and Middleton gas engines in use
at the Soldiers’ and Sailors’ Monument in Indianapelis. Only two of
the tests are given. At another test, the figures for which were not
at hand, still better results were obtained:

Number of test...................c et 4 7
Duration in minutes...... e 20 20
Gas in cubic feet (10 minutes)....... KRN a8 (£
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Air: holes open in air drum..............
Air: Suction (inches of water)............
Air in cubic feet (10 minutes).............
Ratioofairtogas.......................
‘Water in pounds (5 minutes).............
Temperature of water (Cent.): Entering ....
Temperature of water (Cent.): Leaving. ..
Revolutions per minute . ..........cc.n. ..
Explosions per minute...................
Ratio of explosions to double revolutions....
Weight on brake in pounds...............
Brake, H. P.........c.v0een. et
Horse power lost in jacket...............
Horse power in gas burned...............
Gaspereff, H. P, hour...................
Reading spring balance..................
Temperature of air and gas..............
Practical efficiency ............ e

Distribution of heat—

Effective work done on brake, in H. P. ..

..138

1347

Effective work done on brake, in per cent. 15.1

Work wasted in water jacket, in H., P..

.. 36.50

Work wasted in water jacket, in per cent. 40.8
Work lost in exhaust, radiation, etc., in

Work lost in exhaust, radiation, etec., in

per L L SN
Total work given to engine, in H. P. ...

.. 441

89.3

‘ Total work given to engine, in per cent. ..100.0
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/10
879.66
1113
124
135
49.0
200
100
1
61.5
28.66
39.6

185.7

16.34
38
19.0
154

28.66
15.6
39.6
21.3

117.44
63.1

185.7
100.0

Mr. N. W. Perry cites™* the case of a gas engine at the Pantin flour
mills, which, by using Dowson gas, developed an indicated horse
power of 280 (220 b. h. p.) by the consumption of the equivalent of
1.03 lbs. of coal per brake horse power, equal to an efficiency of about
20 per cent.; and even higher efficiencies are reported. That, on the
basis of th€ above fable, would be nearly equivalent to getting one
horse power per hour from 10 cu. ft. of natural gas. On that estimate,
that would be equivalent to 15 fi. of coal gas, 20 ft. of carburetted
water gas or 60 ft. of semi-water gas; or 1 ton of coal would yield, in
an ordinary engine, 400 horse power.

4,000 cu. ft. of natural gas in gas engine will yield...400 H. P

. 6,000 cu. ft. of coal gas in gas engine will yield
8,000 cu. ft. of water gas in gas engine will yield

. P.
400 H. P.

24,000 cu. ft. of Dowson gas in gas engine will yield. ..400 H. P

* Engineering Magazine, XII, 49 et seq.
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If these figures are correct, then, to equal the cost of coal per horse
power per hour for different costs of coal (of Pittsburg quality), these ,
gases should cost as follows:

EquivaLenT CosTs OF GASES
Per 1,000 FERT.

COST OF COAL.
Coal Gas. Water | Dowson

Gas, Gas.
BLi00 Lo e e e e e e 8025 | - $0 16 $0 04
200 i e e e e e e e e e e s 0 50 032 008
2 1 N 075 048 012

In other words, carburetted water gas at 50 cents, used in a gas
engine, would by these figures be as economical as $3 coal used under
an ordinary boiler with an ordinary engine. To compete with double
or triple expansion engines it would have to sell at as low as 20 to 25
cents. These figures are only intended to be suggestive, and may not
be fully realized in practice.

This subject should not be passed without a mention of recent re-
sults in the production of high efficiency motors, like the Diesel
heat motor, recently introduced in Europe, in which the gas or oil is
ignited by the heat of compressed air and burns steadily as it enters
the cylinder. A single cylinder engine of this type is reported to
have given an efficiency of 34.7 per cent., and later forms of up to
three cylinders, at present operating, are claimed to do even better. It
would seem as though an engine built on this principle would also be
more free from the liability to disarrangement and break-down than
the gas engine, on account of the absence of explosive action and prob-
ably lower temperature of combustion.

But little has been said in the above about producer gas, and the
impressioﬂ may have been left that it was an early product of experi-
mentation in the manufacture of fuel gases, and that its low heat value
had caused it to be cast aside. On the contrary, it has to-day a very
extended and successful use. A large per cent. of the operations in
metallurgy are now conducted by the aid of producer gas generated
in Siemens and other producer furnaces. And it is found to yield a
great saving over the direct utilization of coal. But in these cases
the gas is used close to the point at which it is made, so that a large
part of what would be waste heat is utilized in the regenerative cham-
bers. Dowson gas is also being used to some extent in the same way,
the gages being burned without cooling, the generator being placed
close to the furnace. As an instance of this, Mr. Sanderson, in the
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paper quoted above, says that “at Oxford, N. J., gaseous fuel from
anthracite, Buckwheat, was used in the furnaces at the nail works, and
Mr. Lukins informed me that about 600 lbs. of Buckwheat coal con-
verted into gas did the work of 1,000 lbs. of egg coal used direct. Be-
sides the convenience of handling and certainty of the heat, was free-
dom from dust and sulphur.”

Producer gas, however, can not be conducted long distances, except
at an expense out of proportion to its value as a heat producer, and we
have been interested in this inquiry principally in a fuel that could
take the place of natural gas, not alone as a heat producer, but in the
facility with which it could be distributed and handled.

2274. A word may well be added concerning the value of the dif-
ferent gases for illuminating purposes. The illuminating power of
the gases may be stated thus:

Natural gas burning 5 ft. per hour in ordinary tlp, furnishes
about 6 candle power.

Natural gas burning 5 ft. per hour in argand burner furnishes
about 12 candle power.

Natural gas burning 5% ft. per hour with mantel (thoria, ete.)
furnishes about 70 candle power.

Coal gas burning 5 ft. per hour in ordinary tip furnishes from
16 to 22 candle power.*

Coal gas burning 5 ft. per hour in Welsbach burner furnishes
about 70 candle power.

Acetylene gas burning 5 ft. per hour in Welsbach burner fur-
nishes about 250 candle power.

Carburetted water gas and gases like the Rose-Hastings run about
the same as coal gas. It is seen from this that acetylene gas, which was
not considered as an available source of heat for steam and heating
purposes, is to be a close competitor of coal gas for lighting purposes,
if indeed it is not bound to supersede it. As between coal gas burned
in the ordinary tip and acetylene gas burned in the same way, there
can be little doubt as to which will survive. Whether it can overcome
the competition of the future cheap combined coal and water gas
burned in Welshbach and other improved burners will be decided in
the future.

Mr. Cox, in his third and fourth annual reports (1872), gives the
result of a study of some of the Indiana coals in regard to their pro-
duction of gas, as compared with standard Youghiogheny gas coal.

*Improved tips are now made somewhat on the principle of the Bunsen burner, in
which by securing a more perfect combustion it is claimed the same quantity of light is
obtained by the use of but a fraction of the gas ordinarily required,
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Without going into details, his results may be tabulated as follows
(Youghiogheny considered 100): '

Gas  Illuminating
Yield.  Power. Coke.

Cannelsburg cannel, Coal II............. 1.20 1.50 .58
Standard shaft, Coal VIL.............. .90 .88 .90
Wilson shaft, Coal VI................... 98 . .88 97

In quality, Indiana coke is not of a high grade, not being strong,
and generally filled with large cells that give it a honey-comb appear-
ance. The best coke seen by the writer in this State is some recently
made from the Princeton coal.

II. Use of Coal in Metallurgical Processes.
(A.) DIRECT USE.

' 2275. Indiana has long been famous for its possession of a coal
suitable for direct use in the reduction of ores and other metallurgical
processes. A caking coal cannot be used direct in the blast furnace,
as its caking property causes it to run together and prevent the pass-
age of the blast. A non-caking coal, to be successfully used, must
also possess the other qualities; it must be extremely free from sul-
phur and it must be strong enough to bear the burden placed upon
it in the furnace. Indiana block coal meets these requirements in a
remarkable degree. As a matter of fact, the block coal, as with any
non-caking coal used in the furnace, is coked in the upper part of the
furnace at a cost of considerable heat, and whether the presence of
volatile hydrocarbons thus driven off in the top of the furnace com-
pensates for the loss of heat, 1 can not say. Considering that these
gases are combustible as they come from the furnaces, and that they
are not all required for heating the air blast, it would seem as though
an establishment where the heat value of these gases was fully util-
ized could run more economically using codl as a fuel than by using
coke. Tt is also evident that to succeed with the use of coal direct
the furnace must be designed with that in view. Whether through
lack of proper design in the blast furnace, or a failure to utilize the
heat of the gases distilled from the coal, or, as suggested elsewhere,
through a failure of Indiana iron ores to realize expectations, the fact
remains that there are to-day no blast furnaces in Indiana using block
coal. That due, perhaps, to one of the first causes mentioned, block
coal did not-give entire satisfaction in the furnaces of this State, may
be judged from a paragraph by Mr. Cox in his report for 1873, p. 118:
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“Inpraxa Brocx Coal is of itself very strong and able to bear
up as much burden as coke, but it is, by the heat in the upper part of
the furnace, converted into a dense coke before it meets the blast,
where it enters into perfect combustion. That my readers may
comprehend the important part performed by the blast, I will state
that more than five tons of air are required for every ton of pig iron
smelted. Trom the fact that the raw coal is changed to coke before
it is burned, the effect produced by the two materials, coke and raw
coal, are the same in the zone of fusion, and it is only in the upper
part of the furnace that we must look for dissimilar effects. Here the
raw coal is gradually heated, and the hydrogen and hydrocarbons,
which form about forty parts of its substance, are distilled off, and the
gaseous contents of the shaft are, consequently, about 37 per cent.
greater than when coke is the fuel; it follows, therefore, that, if the
size of the throat and gas flues are properly adjusted for coke, they
must be made at least one-third larger for raw eoal. If this point is
not attended to, the furnace must lose heat, through want of perfect
combustion, run irregular, and consume Vastly more fuel per ton of
pig iron made.

“Mr. 1. Lothian Bell, in his valuable work on the Chemical Phe-
nomena of the Blast Furnace, says that ‘raw coal in the blast fur-
nace requires the extra heat produced by 15 1bs. of coke for every 100
lbs. of coal to expel the volatile matter, or in other words, to coke it,
and its reducing powers are diminished, consequently, in that propor-
tion.” Mr. Bell arrives at this conclusion by ascertaining that 15 lbs.
of coke are burned under the retorts, at the gas works, for expelling
the gas from 100 lbs. of coal, and he estimates the calories of coal
and coke to be about the same. A similar showing is made if we reason
from the process of making coke in ovens. Here the' heat necessary
for distillation is derived from the expelled gas, and of that one-third
only is required for the operation, and the other two-thirds are wasted
for want of means to utilize it.

“Under the most favorable management at Cleveland in the north
of England, twenty-two and one-half hundred weight of coke will
smelt one ton of pig iron from Cleveland ironstone. This stone is a
lean carbonate of iron, very similar in composition to the Clarke
county (Indiana) ore. Twenty-two and five-tenths hundred weight, or
2,520 1bs. of coke, will correspond to-3,360 lbs. of block coal, and I
have no doubt but-that, when we have discovered the proper form of
furnace and the best mode of preparing the stock at our command,
less than two tons of block coal will be required to make a ton of pig
iron.
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“The loss of heat by absorption, when raw coal is used in the blast
| furnace, is more than compensated for by the highly deoxidizing ac-
tion of the hydrogen and hydrocarbons in which the ore is so com-
| pletely bathed. The amount of oxygen absorbed from the ore by car-
bonic oxide, when the fuel is coke, reaches, under favorable condi-
tions, about 30 per cent. of the entire oxygen which it contains. Now,
| there is no reason why this reducing action of carbonic oxide should
L not proceed to completion if those acids which facilitate the reduction
} are present in sufficient quantity.

“It has been proven by investigation that moisture must be present
to promote this favorable action of carbonic oxide, and indeed it is
mentioned by some that the process of deoxidation cannot take place
in the furnace without it. Raw coal supplies this essential constitu-
ent (H,O), together with hydrogen (H), in far greater abundance
than coke; and since hydrogen is a much better deoxidizer than car-
bonic oxide, and the hydrocarbons themselves being almost as good
absorbents for oxygen as the latter gas, I have every reason to believe
that, when used under the most favorable conditions, we will obtain ’
as large yield of -iron with the Indiana block coal fuel as can be ob-
tained from the same ores with coke, and the quality of the iron will
be superior to that made with the latter fuel.

“I am satisfied that most, if not all, of the difficulties experienced
by the cooling and irregular working of the raw coal furnaces in this
State come from a want of sufficient sized outlet at the throat for the
waste gases, for it must be borne in mind that the heat of the furnace,
within certain bounds, depends upon a good upward draft.”

In his report for the preceding year he gives 4,250 lbs. as the
amount of coal required in Clay county to make a ton of iron. It
would seem as though the key to the successful use of block coal in
the blast furnace was, first, proper design of furhace, and, second,
complete utilization of the gases that escape.

As yet, gaseous fuels have not proved successful in the reduction of
ore, apparently because the ore needs the separating influence of the
coal or coke to prevent its forming an agglutinated mass, through
which the blast can not be driven until it has reached the stage of a
melted metal.

2276. CoxiNe.—In certain metallurgical processes, as the obtain-
ing of iron from its ore, certain qualities are required of the fuel. Two
of these are purity and a lack of cohesiveness when burning. The
caking coal of the State, from its property of running together when
burning, and from its usual lack of purity, lacks Lioth of the qualities
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mentioned. Block coal has those qualities, but is limited in quantity.
However, if a caking coal be heated out of contact with air, or with a
very limited supply, the volatile gas is driven off, leaving a hard gray
mass of nearly pure carbon, that has the property of not running to-
gether when burning and of being somewhat freer of sulphur than the
coal of which it was made, and may be very free of sulphur where the
coal used is first crushed and then washed.

Fig. 985. Slack pile at Ehrlich mine at Seeleyville, Vigo county. Extends back to
tipple, of which the top just showsin distance on left side. Showing enormous volume
of waste (fine coal,ete.) by former methods of mining and preparing coal for market.

In many mines the coal is soft, and the proportion of small coal
to lump is so great that it is difficult or impossible to find sale for
much of this fine coal, which thus becomes a waste product. (See
Fig. 985.)

If it be found that it is suitable for the making of coke, a saving may
be made by the erection of a coking plant.

In this State the bee-hive oven is used exclusively. Fig. 986 shows
the exterior appearance of a row of ovens. The single ovens are
dome or bee-hive shaped, 10 to 12 ft. in diameter and 6 or 8 ft. high.
They are built of fire brick encased in an outer wall of stone. Along
the top of the row of ovens runs a track, and under this is a hole in
the top of each oven. The washed coal is charged to the ovens through
the hole in the top from cars on the track just mentioned. The coal
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is spread evenly on the floor until the oven is full. In front of each
oven will be noticed a hole, which is closed with an iron door. The
oven being full, the coal is ignited. Air is admitted at the bottom,
while the gases pass off through the hole in the top. These.gases, at
first pale, gradually become darker and stronger. After twenty-four
hours the air holes are closed, but the gases are allowed to escape for
another twelve hours. Then the upper hole being closed, the coke is

Fig.986. Coke ovens at Alum Cave, Sullivan county. Type of those used in Indiana.

allowed to cool for twelve hours. Then the coke is drawn, being first
. drenched with water. Except for the first charging, the oven walls
retain sufficient heat from one charge to the next to ignite the last
charge.

Remembering that the coke is composed of the fixed carbon plus
the ash, an examination of the analyses of the Indiana coals as given
beyond, especially the more recent analyses by Mr. Noyes, will show
the theoretic per cent. of coke from these coals is little if any over 55
per cent., against about 75 per cent. for the well known coking coals
of Pennsylvania. That is, theoretically, two tons-of Indiana coal are
required to produce one ton of coke. In practice the actual percentage
of coke will be probably a little less than the theoretic per cent. This
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loss is largely due to the coke consumed in the coking process. In

1896, 8,956 tons of coal in Indiana produced 4,353 tons of coke, a
yield of 49 per cent. This coke sold for $1.99.

- Numerous ovens are now made to in part remedy that loss by sup-
plying part of the heat by the combustion of the gases in flues around
and under the oven; these are known as short retort ovens. These
are broadly of two classes—the regenerative oven, which uses verti-
cal flues and a high heat, and the recuperative ovens, using horizon-
tal flues and a comparatively low heat, the latter seeming to be*pref-
erable. These reduce the time and labor required, thus making a
saving in that way as well as in the amount of coke per ton of coal
used.

A still further saving is effected in the use of by-product ovens,
which are planned not only to save in labor, but to save the ammonia
and tar. Thus, it is estimated that, with a fairly efficient condensing
plant, one ton of coal will on the average yield 25 lbs. of sulphate of
ammonia and 60 lbs. of tar, which would yield a handsome return.

Again, certain recent forms of ovens are found to yield combusti-
ble gases equal to as high as eight or nine horse power a year per oven
for an oven averaging 520 tons a year.

With the style of oven at present in use in this State, and the much
smaller coke per cent. of our coals as compared with Pennsylvania, it
must be conceded that we can not compete with them in outside
trade, but must be limited to local trade; but with such by-product
ovens as may now be had, we see no reason why Indiana coke should
not become a profitable artiele of manufacture.

L. APPENDICES.
Appendix A. Coal Analyses.

As first handed in, the manuscript contained a chapter giving all
the analyses of Indiana coal known to have been made. But after the
report was well in press, it was found that it was going to make a much
larger volume than was anticipated, and in order to reduce its volume
somewhat, it was decided to omit all of the analyses numbering be-
tween 400 and 500, except the few made recently upon which reliance
could be placed as giving quite closely the relative commercial values
of the coals concerned. -No small number of such omitted analyses
had been given, in part, in the descriptive matter of Part III, though
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the tables omitted showed, in each case, physical appearance and qual-
ity, specific gravity, color of ash, percentage of coke, appearance of
coke, heating effect and evaporating effect, in addition to what is
given in Part IIL '

The adaptability of any coal is determined in two ways: (1) By
a chemical analysis; (2) by actual tests. ‘

Severa] hundred analyses of Indiana coals have been made, though
a large proportion of these have only a limited value, for three rea-
sons:* (1) Inadequate method of sampling; (2) loss of moisture before
analysis; (3) lack of sulphur determinations. Recently a number of
analyses have been made by Mr. W. A. Noyes, part of which were
published in the 21st Ann. Rep. of this department. A few other an-
alyses have been obtained.

MzeTHOD OF ANALYSIS.—As the bulk of the analyses given in the
report were made by Mr. Cox or his assistants, it may not be out of
place to give his own description of his manner of conducting a coal
analysig:*

“It is a matter of no little difficulty to select from a mine a proper
sample for analysis, at least such a sample as will represent the aver-
age commercial value of the seam. The best, way, therefore, is to
take samples from the top,middle and bottom parts of the seam. These
should be carefully labeled, wrapped in paper and sent to the labora-
tory as soon thereafter as practicable. On arriving at the laboratory
they should be taken in hand at once.

“About a pound of each sample should be pulverized fine enough to
be passed through a porcelain colendar with one-tenth inch perfora-
tions, then transferred to bottles with good cork stoppers. Each
bottle should be labeled, showing the date of mining, when bottled,
name of mine, etc. These bottles serve as stocks from which the dif-
ferent quantities are to be taken that serve for analysis. , It is not a
good plan to mix the portions taken from different parts of the seam
. and consider the mixture an average sample, so that one set of analy-
ses may serve; for, though it might furnish a fair statement of the
commercial value of the seam, it would leave us in ignorance of much
useful information in regard to the true character of the secm.

“PROXIMATE ANALYSIS.—One gram is charred in a covered plati-
num-cruciblé of about one fluid ounce capacity. The heat is derived
from a three-jet Bunsen gas burner, and the crucible is kept at a
bright-red heat until the escaping gas ceases to burn and the con-
densed carbon disappears from the cover. The weight of the charred

* Geol. Surv. of Ind.,7th Ann. Rep., 1875, pp. 34-36.
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mass gives the coke, and the volatile matter is estimated by the loss.
To determine the hygroscopic water, one decigram of pulverized coal
is weighed in a small, shallow platinum capsule and placed in a hot
air bath, where it remains at a temperature of 100° to 105° C. for one
hour; the loss gives the water. The capsule, with the dry coal, is then
placed over the strong, flame of a Bunsen burner until it is consumed
to ash.

“The weight of the ash is deducted from the coke to find the fixed
carbon, and the weight of the water is deducted from the total vola-
tile matter to find the per cent. of combustible gas.

“All this appears very simple, but it requires great care and atten-
tion in order to obtain reliable results. The temperature of 100°
C. (R12° }.) is recommended, since it is believed that a higher tem-
perature is no more effective and is more hable to produce decomposi-
tion of the volatile constituents.”

As shown in this description, and as shown by his analyses as given
in Part 111, Mr. Cox did not separate the sulphur in his analyses. In
his analyses the sulphur in part remained in the ash and in part was
driven off with the gases.

RucENT ANALYSES.—A few analyses recently made by Mr. W. A.
Noyes, or under his direction, will also be given. The method of
analysis used was the same in principle as that used by Mr. Cox, and
is described in detail by Mr. Noyes in the 21st Annual Report of the
State Geologist, p. 99. The main difference lay in the manner of pro-
curing the material analyzed. = The more recent method of the first
analyses, as described by Mr. Noyes, is: “The samples, with one ex-
ception were taken in the mines at the face of the vein, beginning
at the top and cutting down at several places in such manner as to
procure an average sample of the coal. These large samples were then
broken into small pieces and ‘quartered” down to secure the smaller
sample, which was submitted to analysis. These samples were taken
in the mines by Mr. Robert Fisher, State Inspector of Mines, and Mr.
James Epperson, Assistant Mine Inspector, and not by owners of the
mines.” As regards reliability and the analysis showing the average
quality of any coal, there can be no question of the superiority of the
latter method of obtaining samples over the earlier of picking out
hand specimens for testing. Where analyses of the same coal were
made by both methods, Mr. Noyes’s results will be adopted, as tend-
ing to give more nearly the commercial value of the coal. For the an-
alyses made in 1898 a somewhat different method of sampling was
adopted, in the endeavor to obtain more nearly the commercial prod-
uct. The method as given by Mr. Noyes is as follows:
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“SamrrLiNg CoaL FroM CAR.—Start near one corner of the car
and drive a scoop shovel down into the coal as far as it will reach.
Bring it up with all the coal it will carry and throw into a wheel-
barrow or box. In this manner take six shovelfuls from each side
of the car at equal distances apart, and six through the center of the
car—eighteen shovelfuls in all. If the coal is mostly in large blocks,
take pieces of the same weight as the shovelful, but take also some of
the finer or slack coal, if there is any in the car, taking it in such
proportion that the proportion of slack in the sample will be as nearly
as possible the same as in the car.

“Break the coal of the sample so that no pieces are larger than an
orange. Mix and pile in a regular heap, sweeping the dust into the
heap. Cut twice across the center,and take all of two opposite quarters.
Make a heap of the part taken or of the part remaining, and repeat.
When the amount of coal has been reduced somewhat, break what re-
mains finer and quarter down again till a sample is obtained which will
fill a pint or a quart fruit jar. Put in the jar at once and screw the
cap on tight. .

“If the sampling is done at the mines, shovelfuls may be taken at
regular intervals as the car is filled, or at longer regular intervals
as several cars are filled.”

In 1883 Mr. G. M. Lavette prepared a table of all the coal analyses
made of Indiana coal up to that time. This is now out of print.

By calculation from the percentage of carbon and hydrogen con-
tained, there can be determined the number of units of weight of water
one unit of weight of the coal will raise 1° C. This is called the
heating effect of the coal. If this number be divided by 536.5, the la-
tent heat of steam, there will be obtained a number representing the
units of weight of water at the boiling point which will be converted
into steam by one unit of coal. Thus, it may represent the number of
pounds of water evaporated by one pound of coal or the number of
kilograms or number of tons of water evaporated by one kilogram or
one ton of coal. This number shows the evaporative effect of the coal.
A comparison of the numbers in these two columns for different coals
is supposed to show the relative heating or evaporative effect of the two
coals. In actual present practice, one pound of good coal will evapo-
rate in a good boiler about ten pounds of steam.

The first group of analyses was made by Mr. Noyes for the 21st
Ann. Rep. (1896), and include for comparison seven coals from Penn-
sylvania and West Virginia. The averages of this table were used in
the chapter on availability of Indiana coals.




“10RH~66

. B 3 | < ,‘L"S E
s 8 . - - @ = o0
= o D |Owm HFZo
RN A 857 IER LR
o COUNTY. NAME OF COAL AND OWNERS. §§ o2 | 8 g s |edEdlaiaeElas
£ Szl |z | oz LR R
= ] 2 = . & =352 k|8g7 B
= 28 | 3B | x g £ = [28HE|33ER|2esa
Z 31 B = = < w = o+ = a
[=3
1| Vanderburgh Sunnyside Coal and Coke Company, Evansville............ 8673 | 3859 | 48.14 644 | 683 1.85 129 B
2 | Warrick ...... ..o Deforest mine... ... ... ciiiiiiiiiis e 8416 | 39.09 | 4507 | 6.08 | 9.76 2.14 12.5 £
3| Knox ......... ...| Edwardsport coal mire, Edwardsport Coal and Mining Co.| 8203 | 36.00 | 46.0: 8.7 9,22 3.08 12.1 o
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9! Greene..... et :..| Summit mine, Dugger and Neil Coal Company ...f 8754 | 3530 | 52.24 744 502 0.61 13.1 @
10| Greene............... Island City mine No.1, Island City Coal Company.. 86.47 | 35. 50.50 712 6.41 0.84 13.0 o
11 i . w..v.....| Ray mine, Seeleyville, Vigo County Coal Company . .| 8446 | 4025 | 4421 7.57 797 4.01 124 =
- 13+ -Cluwy- venaaaas Gart No. 5 shaft; Brazil Block Coal Company.......... ...| 8627 | 3611 | 4936 | 11.20 | 353 0.62 12.8
13IClay......ovcvvenenns Brazil Block No. 1 shaft, Brazil Block Coal Company...... 8512 | 45.16 | 49.96 | 13.82 | 1.0 1.47 12.9 fom
14 ..ev.v...| Bureka Mine No. 1, Carbon, Eureka Block Coal Company.| 86.74 | 36.32 | 5042 950 | 3.46 034 13.1 z
15 Crawford No. 3 mine, Crawford Coal Co...... 8458 | 3634 | 4823 | 11.26 416 0.56 12.7 E
16 .| Columbia No.2 mine, Teller, McLelland & C 36.75 | 5277 47 3.01 057 134 b
17 .| Lancaster No.4 mine...........coooevisnieeo o, . . 36.45 | 4740 | 12.73 342 0.55 12.6 74
18 .| McIntosh No.1 mine, near Diamond, I. MeIntosh & Co ... 36.69 | 51.01 8.21 | 4.09. 0.95 13.1 b
19 .| Cox No.3 shaft,* bituminous,”’” Brazil Block Coal Co... R 41,83 | 4645 6.49 5.18 2.93 13.1 .
20 Beck’s Run, first pool, Bays Coal Company ................ 96,06 | 36.01 | 60.05 2.09 1.85 0.64 14.6
21 Anchor, fourth pool, Beaumont Coal Company............. : 35.30 | 54.54 1.30 8.36 045 135
22 | Pittsburg coals.......| Caledonia, fourth pool, T.J. Wood...................oiiui, . 35.22 | 55.04 1.35 8.39 0.69 13.5
23 | Pittsburg coals.......| Stony Hill, fourth pool, John D. Nixon.......... .......... . 3546 | 57.28 1.11 6.15 0.56 13.9
24 | Pittsburg coals....... Little Redstone, fourth pool, Little Redstone Coal Co...... . 35.88 | 55.20 0.98 | 7.94 0.82 13.7
25 | West Virginia coals .| Raymond, Marmet Smith Coal and Mining Company...... . 40.14 | 51.02 320 | 564 2.25 136
26 | West Virginia coals .| Beimont, Belmont Coal Company, Belmont, W. Va........ K 37.84 | 52.29 145 | 851 0.46 13.5
Average of Indianacoals................... i, 86.36 | 38.22 | 48.14 8.45 5.61 152 127

6991
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The same report also contains the following analyses by Mr. J. R.
McTaggart and Mr. H. W. Carver, first published in the Journal of
the American Chemical Society, Vol. 17, p. 843. These, Mr. Noyes
tells me, were properly sampled from the cars at Terre Haute, and so

should be of va™e:

< )
o &
= =
5 2 & L
COMPONENT. b p 3 g
& -3 g = 2 .
5 H g E |3 g
Z P 3 A % &
Moigture ............ e e e e e 6.83 5.89 12.66 8.98 8.63 2.36
Volatile combustible matter................ 3092 | 4223 | 3444 | 3449 | 38.82 3111
Fixedearbon ...l 3993 | 4040 | 4722 | 5030 | 4345 4244
Ash.o 1331 1148 268 6.22 9.05 24.09
Carbon .....oociiii i e 62.88 | 6526 | 7140 | 7050 | 66.86 57.32
Hydrogen 5.7 5.17 5.56 4.76 5.30 456
Nitrogen 1.01 117 154 1.36 1.50 144
(0547} | VR N 1306 | 1325 | 1842 | 1629 | 15.69 9.93
Ash (corrected) .......ovviiiiiiiiiiiiin i 1798 | 1515 3.07 7.09 | 10.65 26.75
Sulphur ...t e e 7.46 5.88 0.62 1.39 2.57 425
Iron, caleulated .............c.ooieniiiie 6.53 5.14 0.54 1.22 2.25 3.2
The following additional analyses were made for this department
under the direction of Mr. Noyes: :
0 = o = B =g
IR S25%zEs
MINE. S5t o= | & | ¢ g S Bl802 .
o 1 =% 5 EREEEE SR g
2|82 = | B a 52888 2o
3| % 2|4 E[3mEE5sS
e D
E5ER 2| 5|5 ZE0FEeEs
Ayrshire mine, Pike county............. 8247141321 41.15110.75 | 6.78]0.81(6,622.24} 12.36
Pleasantville, Sullivan county.......... 81.28 1 37.61 [ 43.67 | 11.30 | 7.42(3.13 | 6,433.40| 12.0
Cannelburg (cannel coal)* .............. 49.08 {2635 | 1.47(23.10 | 1.486,027.48)  11.%
Blackburn, Pike county ................. [ 43.38 | 4395 | 7.47| 5.20(5.21 [ 6,91841] 12.9
Oswald mine, Gibson county 37.72 (4530 | 7.88( 9.10|2.71 | 6,690.76] 12.29
Farnsworth,Coal VIT ................... 34.40 | 43.89 [ 12.07 | 9.64 | 1.03 | 6,276.84 11.71
. Coke from coal, Oswold mine, Princeton| 88.34 | 0.2088.14] 0.14 | 11,52 |1.89 | 7,053.18) 13.16
Coal from Gifford mine, by T. H.Watson| 77.15 | 37.67 | 39.48 | 18.12] 9.7312.95] 6,107.37) 11.4

* The coke from the *‘ cannel coal’’ was pulverulent.
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Appendix B. Mines, Etc.

As originally handed in, this appendix formed Division LI of the
report, and consisted in the main of tables, in which were gathered all
the data obtained about the small mines of the State. To reduce the
volume of the present report, these tables are omitted here, but may .
be given in connection with some future report of the Mine Inspector.
For obtaining data at the small mines, the following outline was
worked out as a basis for inquiry:

(a) Name.
(b) Owner or owners.
(¢) When opened, and history.
(d) Miles to railroad.
(e) Present condition.
2. Coal—
(a) What seam.
(b) Greatest thickness.
(¢) Least thickness.
(@) Average thickness.
(e) Quality, appearance, etc., used successfully for what
purposes. :
(f) Dip, structure, cleavage, faults. etc.
Roof—
(a) Material.
(b) Thickness.
(c¢) Character.
(d) Draw slate.
4. Floor—
(a) Material.
(b) Thickness.
(c¢) Character.
Entrance— .
(a) Drift, slope or shaft, N
(b) Depth. N
(¢) Equipment. o
6. Power used— ;
(a) For hauling.
(b) For hoisting, etc.
7. Mining methods—
(a) Method of mining.
(b) Width of room.
(c¢) Width of pillar.
(d) Timbering, etc.
8. Ventilation.
9. Number of men employed and for how long.
' 10. Annual yield in bushels or tons.
11. Area worked out.

|
‘ . 1. Mine—
|
\

e

=
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The omitted tables contained the data gathered on the basis of the
above outline. In lieu of these, we will simply give a table which
summarizes the portion of the county summaries pertaining to mines,
ete.:

TENE g |y | %E

8 |BEE |58 | 4e | 5 | .| 58

Pact at-RE 3] [ as <23

COUNTY. cEs|cEs | BE | 25| 55 | B0 | Ep

SHb | 2 S0 . S &4 | 5® s

§5c |85 358 82 3% BF | 3t

é Bo ; B 3 g5 3 a 5 3 f 5 S o

Warren ......ooooooiviiiiiiiininiinn i 16 16 ... 41 40 97
Fountain ..............cviiian. 2 26 28 16" 37 9% 176
Montgomery .................. P B Toooiidel 7 7
Putnam ...l 9 e R P 113 112
13 253 ?-66 22 |....... 210 231

5 47 52 3 149 65 260

1 27 28 N O P 200

30 18 48 91 100 511 750

Vigo .ot 15 25 40 15 75 125 255
462 560

233 294

112 250

150 274

66 97

13 16

9 13

194 | 233

207 450

56

56 163

Spencer................ SURURUPTIRRITS ISV 36 36 ... 87+ 100 | 298
Warrick ... 7 93 100 8 |l 255 363
Vanderburgh........................ 6 0? [ 2 PO BN 10 16
Posey ...... I SRR DR IEUUUITY U UUR 12 12
Total ................. 123 731 852 200 862 | 3,150 | 5,183

From the above table it would appear that over 5,000 coal opens
ings or exposures had been visited or located in our work. Of these
three-fifths, or over 8,000, were small strippings or outerops, or wells
or drillings, the small strippings largely predominating. The other
two-fifths, or 2,000, were classible as mines, of which number over
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~ one-half have been abandoned or have not been worked of late years,

leaving about 850 mines which are or may be open part or all of the
year; of this number, 123 are large mines visited by the Inspector.
The classification of the small mines, strippings, ete.,.has been a

" difficult problem. As a matter of fact, with few exceptions all out-

crops have been stripped from some. In many cases this has only
amounted to a bushel or two.. In more cases the man upon whose
farm the coal outcrops has obtained his winter’s supply of coal from
such outerops, sometimes for a single year, sometimes year after year.
In many cases such outcrops are only depended upon to get coal for
thrashing or some.similar purpose. It hardly seems proper to call
these mines, though often in the course of time thousands of bushels
may be taken in this way. Most of the strippings of the above table
are of this character. Next there comes the stripping from which
a man may sell some coal to his neighbors; in this way these strippings
grade up until strippings were met in which in midsummer were
working as high as fourteen men. The same thing is true where the
outcrop ocecurs in a steep hillside, so that mines of this character run
all the way from those which have had a total output of a bushel or
two to well equipped drifts or shafts, like these illustrated in Plate
LXXXIX, which run the whole year and usually keep just below the
ten-men limit, while the output may run from five to ten tons a day
for six Tnonths in the summer, and from 40 to 50 tons a day for the
other six months.

Again, to determine whether to call a mine a working mine or not,
is often a difficult problem. Some of the small mines work the year
round; some will get out coal in the summer only, when it is called for,
but the majority are practically abandoned from planting time or
earlier until October, so that their opening up the following fall is
often governed by the condition they may be in at that time. Thus,
they may be opened regularly for several falls and then abandoned
for several years, then opened up again for a year or two or more. In
general, the small mines, when visited in the summer, were neither
working nor in a condition to be examined. In the second column of
the table, therefore, are included all the small mines which were
worked the preceding winter or which are generally worked winters,
though possibly not the.winter or two preceding our examination.
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