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PREFACE.

The annual report for 1888 was originally planned upon
the supposition that the four volumes would be published
without serious delays.  Delays, however, have occurred, and,
in the meantime, the work of the Survey in the coal regions
fias been continued until it is nearing its completion.  Instead,
therefore, of publishing threc orfour fragmentary reports, as they
would necessarily have o be, it seems to be to the interest and
advantage of all concerned to embody the results of the work on
the coal regions in asingle volume, publishing now anly this brief
preliminary report upen a portion of the region, for the purpose
of making known with as little delay as possible a few of the
more important facts concerning our coal.  Such an arrange-
ment saves the labor of preparing and editing separate reports,
the expense of s0 many separate volumes and maps, and will,
in the end, render the report itsell more valuable and more
convenient to those who necd to consult it.

Dretailed topographic and geologic maps upon a scale of a
mile to the inch have hecen made of the area here briefly dis-
cussed, but inasmuch as these maps must accompany the
final report, it is thought best not to go to the expense of
engraving them for the present one.  The skeleton map pub-
lished herewith, will, it is hoped, answer preseat purposes. In
the meanwhile the complete maps may be consulted at the
office of the Survey.

The area treated of in this report is not the entire coal
area of the State, but it is as much of it as the Geological
Survey had time to examine in detail from the time the work
began in the coal regions in November, 1887, to the end of
1888,

The investigations of our coal geology being unfinished, a
report upon it must necessarily be incomplete also, and there-
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fore more or less unsatisfactory.  The necessity of postponing
the publication of the principal part of the worle, the absence
of detailed maps, cross-scctions and other illustrations designed
to accompany the final volume upon this topic, malkes it im-
possible to show the Jogical conncction between the facts
observed and the conclusions reached. These conclusions
must therefore for the present be accepted largely upon faith.
Only such as have to do with matters of economic importance,
and require the earliest possible publication, however, are here
presented.

The analyses and laboratory tests made by the Survey of
our coals lend emphasis to the fact that the indiscriminate use
of Arkansas coals, regardless of their composition or physical
properties, can result in no good to our coal industry. Ns s
shown by the table of analyses, our coals vary widely in char-
acter, and it somectimes happens that a coal remarkably well
adapted to one purpose is but ill fitted for another. If these
points of difference werce properly cmphasized in the trade,
and if coals were put upon the market and employed for specific
uses, such discrimination would greatly bencefit both producers
and consumers,

With a view to increasing the demand for our semi-anthra-
cite and semi-bituminous coals, attention has been given to the
subject of the preparation of soft anthracites and scmi-bitu-
minous coals for market, and especially of those used for
domestic purposcs.  The crushing and screening of our friable
coals with the machinery used in the preparation of hard
anthracites for the market is out of tne question, for, by these
methods, such an amount of slack coal or waste would be
produced as would render the business unprofitable, and, there-
fore, impossible.  Pains has thercfore been taken to find the
machinery and methods best adapted to the preparation of our
Arkansas coals. The results are briefly given in the two papers
appended to this report, which, it is hoped, will suggest to our
coal producers the simplest and most satisfactory methods of
preparing coals for the market. The paper upon the prepara-

tion of the semi-anthracites of Bernice, Pa., has been kindly
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prepared by My Clarence R, Claghorn, late engineer in charge
of the Bernice mines, now of Birmingham, Ala, whose experi-
cnce in the preparation of coals of this class renders his opin-
ions of great value.  In Appendix B is shown a form of screen
which seems to be the one best adapted to our soft and friable
coals.

Should cur coals be assorted and marketed in sizes as the
anthracites are, however perfect our appliances may be, the
proportion of slack or coal waste must nccessarily be in-
creased, and the utilization of the slack then becomes a matter
of importance. A chapter of the present report is devoted to
this subject, and in it suggestions arc offered as to the methods
by which loss may be avoided.

The work of this Survey in the coal regions has been carried
on entirely under the able supervision of Mr. Arthur Winslow,
the author of the report, and the benefits which the develop-
ment of our coal industry must bring to the State must be
credited largely to his skill and ability as a geologist and min-
ing enginecr.

Mr. Gilbert 1), Ilurris, as an assistant, has independently
examined and mapped an area of over 400 squarc miles,
chiefly in Pope couunty, and the results cmbodied in this re-
port concerning this area, are almost entirely the product of
his labors. Mr. 1. I, Williams and Mr. A, G, Tall) students
of the Arkansas Industrial University, as aids, have done a
large amount of topographic work in Sebastian, Scott, IFrank-
lin, Logan and Johnson counties. The zeal and energy with
which these young men have prosecuted their work cannot be
too highly commended.  Though their share in the results and
the quality of their worlk cannot be expressed here, it will
speak for itself in the final report.

To the citirens of the State acknowledgment is duc for
the general hospitality which they have extended to members
of the Survey and for the rcady assistance which they have
given in the prosccution of the work, The number is too
great for it to be possible to make individual mention here.

The courtesy of cach one is, however, nonc the less appre-
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ciated; and, if, on occasions, il has seemed as if members of

the Survey were not willing to reciprocate by imparting in-
formation concerning the results of the work, it has been only
hecause of the restrictions placed on them by their dutics to
others as well as by the law,

The existence in our State of a vast body of coal of unusual
excellence, and comprising, as it does, varictics that make it
available for a wide range of uscs, is of an importance that
can scarcely be overestimated, The cheapness and excellence
of this fuel, now that it is in a good way to become known,
will doubtless enlarge its markets considerably, and will jnvite
the establishment in our midst of many and important indus-
tries, while the vaiues of all our other economic products arce
greatly enhanced by their proximity to an inexhaustible sup-
ply of coal, Jonn C. BRANNER,

State Geologist.

A PRELIMINARY REPORT
ON A

PORTION OF THE COAL REGIONS OF ARKANSAS.
BY ARTHUR WINSLOW, ASSISTANT GLOLOGIST IN CHARGE.

INTRODUCTION.

The conception essential for the understanding of the geol-
ogy of the coal regions of Arkansas is of stratigraphy or the
laws of arrangement of the layers of the rocks of a country.

The superposition of beds, of sandstone, of shale, of lime-
stone, and of coal, one upon the other, and the horizontal con-
tinuity of these vocks over great distances, cannot have escaped
the notice of cven the most careless observer.  The great beds
of mountain capping sandgtones so prominently exhibited in
the escarpmients of Petit Jean mountains, the hills at Ozark, at
Van Buren, near Enterprise in Sebastian county, and at innum-
erable other places are but remnants of such layers once con-
nected in great overspreading sheets. These layers were
tormed under different conditions: the limestones in ocean
depths, the sandstones in the more rapid currents of shallower
waters, the shales and coals probably in the shallow and well-
nigh stagnant waters of endless lagoons and marshes, rich in
a tropical vegetation.  All these beds, however, were deposits
in the form of layers, or great sheets, one upon the other like
the leaves of a book, and are known, in geology, under the
familiar term “strata.” In Fig. 1 of the accompanying page
plate I, is shown an ideal arrangement of the strata in section
as they would have appeared at the time of their deposition if
cleft vertically open,
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Another equally apparent fact, however, is that while the
various rocks are arranged in successive layers or strata, these
layers are often not horizontal but are tilted at an angle with the
herizen, sometimes slight and somctimes nearly vertical. Such
disturbanccis beautifully exhibited along the crest line of Devil's
Backbone ridge, south of Greenwood in Sebastian county.
This flexing of the rocks leads one to a consideration of the
subject of geologic dynamics.  The tilted position of the strata
is not the original one, but has resulted from a bending, crump-
hing and upheaval of the once horizontal beds, due in some
cases to a shrinkage of the carth’s crust, in others to local
scismic or volecanic action, In Fig. 2, of Plate I, an attempt is
made to illustrate these changes from the horizontal to the bent
and tilted condition. 1low much useless and costly boring and
drilling after coal, iron, oil, gas, salt, or what not, would be
saved if the true significance of this tilting of the rocks were
generally appreciated. By reason of such disturbances, strata,
which may be many hundreds of feet deep at one place, present
their edges at the surface perhaps only a few miles distant. By
a study of the succession of these protruding edges, or out-
crops, as they are technically called, it is often possible with
a few days’ work to construct nearly as satisfactory a rock col-
umn as could be obtained from an expensive drill hole.*

In Fig. 2 the strata are scen to be practically continuous,
whereas, on the ground, nothing is so apparent as the abrupt
termination of these layers of rock, where they jut out from
mountain sides or protrude from the ground. 1t is often diffi-
cult for the uninitiated to believe that the continuation of such
a stratum cxposed at one locality is to be found in some hili-
side miles distant, and that the conncection was once an actual
and material fact. This is nevertheless true. By the slow but
sure action of what are called the forces of degradation, or the
continuous effects of air, rain, snow, ice and running water of

*The writer does not mean o deny the almost wndispensable usefulness of (he
drill for many purposes of prospecling.  He does mean to afiiom, however, that
there is probably move wasle of money from its ignorant use in many a State than

would equip and maintain a complete geclogical corps.
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brooks and rivers, thesc great gaps have been carved out. The
friable and the hard massive strata are first broken into blocks,
then softened until they disintegrate into their ultimate grains
and are washed away. And this has been going on for count-
less ages and is now in progress before our very eycs, so that
of some great sheets of rock only the smallest fragments are
left. In Fig. 3 this result is shown clearly by a varied profile
of a succession of meuntains and valleys of a shape and struc-
ture common in Arkansas at the present day. The identifica-
tion of these various rock layers from place to place, or, tech-
nically expressed, the unravelling of the stratigraphy of a re-
gion, is onc of the chief functions of a geological survey; to
define the distribution of these layers is one of its chief objects,
and without a knowledge of this stratigraphy cconomic work
cannot he intelligently undertaken or successfully carried on.

CHAPTER 1.

PHYSIOGRAPIIY AND GENERAL GEOLOGY,

Previons Work,—As far as concerns any of its structural
or stratigraphic details, the geology of Western Arkansas was
a veritable ferva incoguita at the time when the work of the
Geological Survey was begun in the coal regions. Nutall,
sShumard, Marcou, and others in a private capacity, had
traveled through this portion of the State during the first half
of the century, and their notes on tne geology of the country
are to be found in various official publications or in scientific
journals.  These notices, however, are all very meagre, and
consist cither of mere loeal descriptions or of very Dbroad
gencralizations.  Lven Owen's work laysno claim to being any-
thing more than a geological reconnoissance, and no map show-
ing cven the approximate distribution of the geologic formations
Aaccompanices his reports; no attempt is made to delineate
geologic structure, while the positions of anticlines and sy-
<lines are referred to only in the most disconnected and in-
cidental mannecr, along with the description of counties; the
correlations of the coal beds are made from very general data.
[n short, none of this work accomplished even approximately
the results which nowadays arc demanded of a geological
survey.,

Thee area lere specially treated of represents only a portion
of the coal region of the State.  Reference to the small map
accompanying this report will show that this area is an irregular
one covering nearly 2000 square miles. It cxtends cast and west
along the Arkansas river {rom the Indian Territory line to Dar-
danelle, a distance of about 75 miles. Over the western portion

it stretches southwards as far as the Poteau mountains; but

the eastern half does not extend in any place more than
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fifteen miles laterally from the main drainage channel.  This
area was outlined so as to include those districts which, when
the work was begun, were believed to be of promnent im-
portance as coal producing sections. A knowledge of the
geology of this area would also furnish a key to and was
necessary for the determination of the coal distribution over
adjacent areas. The boundaries were arbitrarily fixed along
range and township lines and they include townships 4 to 10
north of the base line,and ranges 20 to 32 west of the fifth
principal meridian.

The Physiography of this region, in its general character-
istics, is similar throughout, and this physiography may be
considered as typical of the valley of the Arkansas river in
Woestern Arkansas; of that area which stretches from the Bos-
ton Mmountain system on the north, to the Poteau and Petit
Jean ranges on the south, and from which, all waters flow into
the Arkansas river. Unlike the eastern part of the State, and
contrary, perhaps, to the general conception, the surface fea-
tures are both varied and bold. The peaks of granitic or the
bald summits of glaciated areas are, of course, wanting. The
topography is essentially one of stratified non-metamorphic
rocks. Sharp crested, parallel ridges, long and wall like, and
plateaus, terminated by abrupt declivities, abound, with their
correlatives, trough shaped valleys or steep sided rocky
gorges. The mountains are generally great masses of strata
piled horizontally upon each other; remnants left by erosion
of sheets formerly overspreading wide areas, of which rem-
nants the hard, resisting layers stand out in concentric escarp-
ments. Widely varied, yet always expressive of geologic
structure, topography here becomes of intense interest and of
first value with relation to the geology._ In fact, it may be
said of this country, as has been said of the Appalachian
region of Pennsylvania, that “ we recognize a country where,
from the comparative deficiency of fossils " * * *
““the science of geology transforms itself into the science of

topography.”'*

*], B, Lesley, Manual of Coal and Its Topography, p. 122.
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The ranges of level are not very great. The altitude of
the river bottoms varies from about 320 feet near Darda-
nelle to about 430 feet at Fort Smith, and the mountains in
the southern part of.Sebastian county (the highest within the
area described) reach an altitude of 2600 feet.

The whole area under discussion may, in a broad sense, be
considered part of one great valley, that is, as constituting
part of a single drainage basin, bounded on the north and
south by mountain ranges. But, in a more restricted sense,
innumerable minor valleys are to be recognized in those de-
pressions which intervene between and arc complementary to
all the various mountains, ridges, and other minor elevations.
With reference to geologic structure these valleys are mono-
clinal or longitudinal, anticlinal, synclinal, or they are valleys
in horizontal strata. With reference to surface details, to soil,
to vegetation, each and all of these vartous classes may be, in
whole, or in part, either rugged, undulating, or flat, may be
wet, alluvial bottoms or dry loamy or rocky uplands, may be
densely covered with forest growth, or may be bald, almost
treeless prairies.

The drainage of this country, like the features of relief, is
expressive of the geology, though to a less degree. It is in-
dicated in the course, the declivity, the position of the chan-
nel, thé area of the flood plain and in the nature of the water
of a stream. The drainage of Western Arkansas is typically
that of an area of non-metamorphosed stratified rocks. The
Arkansas river is the only stream of the region ‘which can be
considered ravigable. Its tributaries are all of small size, none
having a drainage area much éxceeding 500 square miles. The
Poteau river, which might be considered an exception, having
a drainage area of nearly 1500 square miles, is not properly
within the State, its mouth being in the Indian Territory, while
only its, upper portion and some small tributaries are in Ark-
ansas. The larger creeks which flow into the river are, during
wet weather, large and bold streams of turbid water, often
unfordable for days. Owing largely, however, to the mount-
ainous and hilly character of much of this drainage area, the

)
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water flows off very rapidly and these streams are generally
casily crossed on foot at shoal places; while during the pro-
longed drought of late summer and autumn the flow of water,
in even the larger creeks, ceases entirely, and occasional stag-
nant and muddy pools in the hollows of the channels are all
that remains of what, after the last shower, was, perhaps, a
raging torrent.

The litholsgy of the coal regions is monotonous in the ex-
treme. Sandstones and shales make up almost the entire list
of rocks. With the shales is associated the coal, while some
thin beds of iron carbonate concretions also break the uni-
formity. An occasional layer of calcareous shale is also seen,
but nothing that deserves the distinction of the term limestone
bed is found within the area here discussed.  77%e shales form
a hard and compact rock where not exposed to the weather,
but after such exposure they become exceedingly soft and
fissile. They are either argillaceous or arenaceous ; sometimes
light gray in color, sometimes dark gray, or even black and
bituminous. They weather to a gray, yellow, or reddish color,
and, when ultimately decomposed, form a stiff grayish or yel-
lowish clay. They are often micaceous. After slight weather-
ing and partial decomposition the bedding planes become quite
prominent, and there is often a distinct cleavage along these
planes. 7he sandstones may be either massive, thinly bedded,
flaggy, or even shaly. They are generally highly siliceous and
of a light gray color. They sometimes exhibit false bedding,
and also often have developed in them a peculiar, crumpled
cleavage. This, together with the homogeneous nature of the
rock as a whole, generally obscures the stratification marks.
A prismatic jointage frequently gives to the surface of the
beds a tesselated appearance.

No attempt will be made here to define the stratigraphic
positions of all the various sandstones and shales, except in so
far as.is done in the provisional discussion of the relations of
the different coal horizons. More than ten different groups of
sandstone strata have been identified, separated by hundreds

of feet of shale, the whole making a most imposing column.
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Their distribution is an intricate problem to unravel, and in-
volves the consideration of the effect of a complex system of
rock flexures. And it is further complicated by the fact that
these different stratigraphic groups are not persistent. In
places a ridge-forming sandstone becomes so attenuated as
to have no topographic prominence; a sandstone bed, heavy
and massive in one place, may, within a few miles, become
flaggy or shaly. On account of the paucity of fossil remains
paleontology offers no aid in the identification of the various
beds. The only solution is by a minute study of the topogra-
phy and lithology. No attempt will be made to correlate these
subdivisions of the carboniferous with those of other States.
Such topics are properly withheld for discussion in the final
report upon the coal regions of the State. -

The structural geology of this region, so far as relates to
rock flexing, is one of the most important, and offers the most
interesting questions for detailed study, both with regard to the
dynamic of the origin of the disturbances, and also to the re-
sultant structural features. Indeed, it is of the nature of an
interesting surprise to find here, west of the Mississippi river,
and apparently beyond the influence of the Appalachian up-
heaval, a repetition of those folds and crust contortions which
were so enthusiastically studied in the East by the older geol-
ogists. A discussion cannot be entered into here, nor can any
satisfactory general description be given. The axial line of
maximum disturbance lies many miles south of the area here
described, while a few miles north of this arca the strata lie in
a nearly flat and comparatively undisturbed position. Between
these extremes, from north to south, there is a progressive in-
crease of rock flexing, and within a distance of twenty miles
south of the Arkansas river the anticlinal and synclinal folds
are developed in full force.



CHAPTER II.

THE DISTRIBUTION OF THE COAL.

To establish the relations of the coals at the various locali-
ties examined, to define the limits and to fix the area of the
different coal beds thus recognized involves the correlation of
the principal stratigraphic divisions of the arca under discus-
sion. Such a correlation is represented on the small map
accompanying this report. The results there embodied are,
however, of variable degrees of reliability. The difficulties
in the way of identification have already been referred to on
page —.  The conclusions offered are in part self-evident and
necessary from the observed facts, while elsewhere they can
lay claim to being only such as the facts suggest. The rela-
tions between these facts and conclusions cannot be displayed
here, Such demonstration is necessarily reserved for the final
report. And, in the meantime, this correlation is in part hypo-
thetical ; it is provisional, and subject to such modifications as
the extension of the work in the coal regions may warrant.

The coal beds of Western Arkansas are invariably associa-
ted with dark fissile shale. This shale has often an uninter-
rupted thickness of over 200 feet. The coal seems always to
occupy a position near the base of the shale, and to be sepa-
rated generally by only a short distance from a thick under-
lying bed of sandstone. Hence to define the basal limits of
this shale defines very nearly the position of the coal beds
The areas variously shaded on the accompanying map show
the general distribution of the argillaceous or shaly, and of
the arenaccous divisions which are provisionally recognized.
Of the former, or argillaceous divisions, two may be considerd
as distinctively coal bearing. First, a cwestern and upper di-
vision in which are all the various coal openings which have
been examined in Sebastian and Scott counties, the western
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part of Logan county, and in that part of Franklin county
which lies south of the Arkansas river; also the small coal
basin lying in the central part of Johnson and Franklin coun-
ties, containing the Philpott coal mine, is inferred to be of this
division. Second, an eastern and lower division in which are
the various coal mines in the vicinity of Coal Hill and Spadra
and also the Quita and Shinn coal mines near Russellville in
Pope county. These two divisions are separated by a suc-
cession of shales and sandstones which though variable in
magnitude have an aggregate thickness of not less than 500
feet.

The Western and Upper Coal Bearing Division

Is represented by the lightest shade on the map and is num-
bered 1. Vertically it is taken to include a succession of sand-
stones and shales which overlie a persistent bed of sandstone,
which latter is thus recognized as the bottom reck, or floor. In
the southern portion of Sebastian county and in adjoining

parts of Scott county this division includes the strata of White

Oak, Poteau and Sugar Loaf mountains, and here the collect-
ive thickness must be close on to 3000 feet. In no other
place is, however, such a great thickness represented.

As many as three distinct coal beds are recognized here,
but they are not all persistent, Of these the lowest bed is the
most important and the most extensive. It occurs ina thick
bed of shale at the bottom of this division and often lies close
to the bottom rock. The sinuous line which defines the
limits of the division on the map, therefore, very nearly repre-
sents the outcrop line of this coal bed.

In Scott county and in the southern part of Sebastian county
this coal is opened in succession from east to west at Harri-
son’s pits, at Bagwell’s pits, at Gibson’s pits, at Claiborne’s pit,
at Chasteen’s pit and at Gwyn’s drift, all of which are located
and named on the accompanying map. These openings have
been made along the outcrop of the coal bed at irregular in-
tervals and the coal dips from them southward and passes
under the White Oak and Poteau mountains.  The bed varies
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considerably in thickness and character here as the follow-
ing list of sections shows : '

At Harrison’s coal pit is:

Coal.... e e e 200 iN1CHES,

It is doubtful whethu thls represents the entire thickness
of the bed here. Comparison with the following sections
would lead one to infer that this might be only one bench and
that careful prospecting would reveal other benches closely
underlying or overlying this one.

At Bagwell’s coal pit is:

Coal .. e . 3 feet.

This coal may = "dso lepwsent only a smgle bench as with
the preceding.

At Gibson’s coal pits the following section was measured :

' Feet. Inches,

Coal .. o e ]
Shiale wonn W .
Shale ... T S RIS 7 |
Coal 1 6

At Claiborne’s coal pit:
Feet. Inches.

Coal 10
Coal, with slate ... ... .. 8
Shale o 2 6
Coal ... i s coneal o2 4
Shalée e sl o B 0
Coal . e 4to 12
Shale .. wm B

At Clnsteen S coal plt:

Feet. Inches.

Coal oo I
Shale ...

Shale .. ... ... T R s S
Coal ... 2

— Oy
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At Gwyn's coal draft:
Feet. Inches,

Shale.. 8-10
Coal . . B . - . 10-12

Another bench is sa1d to have been qtruck in the creek
bed beneath this, but nothing authentic could be learned con-

cerning it.

A comparison of these sections would lead to the conclu-
sion that proceeding eastward from Gwyn’s drift the coal bed
is divided by shale into numerous benches and that these
benches become so attenuated that it could not be profitably
mined on any large scale. To what extent this may be the
case cannot, however, be predicted until the bed has been
more fully proved.

West of Gwyn’s drift the coal dips beneath the surface
and must pass under Hartford and underlie all of the surround-
ing country,

The Gwyn opening is in the axis of a great anticlinal
fold, and the culcrop line, which we have traced to this point
from the east, there bends abruptly around in a loop and con-
tinues in a northeastward course to and beyond Huntington.
Within this distance the coal has been opened on at West’s
pit, on Wininger’s land, on the east bank of James Fork, at
Frazier's pit, at Patterson’s pits and at the Huntington coal
mines.

At West's pit the coal is reported to be about 8 feet thick,
and is divided near the middle by a few inches of shale,
Only the upper bench has been worked, however, and there is
some doubt in the writer's mind concerning the existence of
the lower bench.

At Wininger’s the coal is reported to be 3% feet thick. The
dip of the coal at these points is northwestwards, and it passes
down and under Sugar Loaf mountain.

At Frazier's and Patterson’s pits the coal bed has approx-
imately the same section as at the Huntington mines, where it
is as follows:
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Feet. Inches.

Shale o 10-12
CORE et e, 6- 8

The Huntington mines are located near the castern end of
a narrow coal basin, and the openings last enumerated are
along the southern outcrop of the coal of this basin.

A number of small openings have been made on the oppo-
site side of the basin along the northern outcrop. The Spes-
sard and Kersh drifts are such, and the coal as exposed at
these openings has about the same thickness and is divided
into the same number of benches as at the Huntington mine,

From the Kersh drift the border line of this upper coal
division is shown on the map to bend around to the north and
to continue in that direction for some six miles. The coal out-
crop must be within a short distance of that line, and west-
wards the bed must sink gradually beneath the surface and
underlie the whole area shown on the map, getting deeper and
deeper as it approaches the Indian Territory line.  This coal
has been opened on near the eastern limiting line at the Pull-
iam pit, in Powell’s well and at Martin’s pit. At the Pulliam
pit the bed is 3 feet 2 inches thick. It is claimed that an
underlying bench exists here and that it is exposed in the bed
of the adjoining” creek at low water. It is difficult to say
whether this is another bench of coal or merely the same
bench brought to a lower level by a slight increase of dip.
From comparison with other records in this neighborhood the
inference of a second and lower bench is, however, warrant-
able.

In Powell's well the following section is reported :

Feet. Inches.

Coal ... R W |
Shale .o 3 6
Coal (not dug through) . ... 2 2

At Martin’s pit the coal is reported to be four feet thick.
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The northward course of the division border line continues
for some four miles north of Martin’s pit. It then makes
another abrupt bend and continues in a general course a little
north of east for over twenty miles to the limits of the map.
This line represents the southern outcrop of the northward
dipping and lowest stratum of this division, and the outcrop
of the coal is believed to be closely associated with it. Only at
one point, within this distance, however, has its exact location
been indisputably proved, namely at Page’s pit close to Vache
Grasse creek. The coal was first opened on here as late as
the Autumn of 1888, and it was a discovery of peculiar gratifi-
cation to the writer inasmuch as the coal had already been as-
signed this position by the Survey. About two feet of coal
was dug through in this pit when inflowing water stopped fur-
ther digging, and the bottom of the bed was net reached.

Langston’s coal pit, on Big creek, is near the supposed out-
crop line of this coal, but other considerations lead to the con-
clusion that the coal struck here belongs to an overlying bed
and that the horizon of the bottom bed is in the valley beyond
the low ridge immediately south of this pit.

The border line of the division, which separates it from the
clongated barren area, extending into the State from the Indian
Territory between Hackett City and Jenny Lind, defines ap-
proximately the outcrop line of a coal bed which is at the same
horizon and is presumably the same coal as that thus far de-
scribed.  On the south side of this barren area the coal is
opened, on a south dip, at Hackett City, at Sewell’s pits, at
Greenwood and at McConnel’s shaft,

At Hackett City the coal is about 3 feet thick without any
parting. At Sewell’s pits nothing reliable was learned con-
cerning the thickness, and the opening consists merely of two
shallow trial pits.

At the Greenwood shaft the following section is exposed:

Feet. Inches.

Shale with a little coal .. ... ... .. 4 to 14
GO, oo s, measmosspsativnsssopesemsetimsaisas 3 3
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At McConnel's shaft the section is:.
Feet. Inches.

Black shale with thin coal seams ... ... 2 6
B T 4
SIS s e e e B I

About half a mile east of McConnel’s shaft the coal has
been dug in a pit, but thence eastwards, around the point of
the barren area, and westwards to beyond Oak Valley no coal
has been struck adjacent to this borderline. Within two miles
west of Qak Valley, however, several wells have penetrated
the coal, and beyond these it has been successively worked,
on the north dip, at Carnall's drift, Watt's slope, Breen's shaft,
Petty’s slope, Spark’s slope and Bocquin and Reutzel shaft.

At Carnall’s drift the following section was measured:

Feet. Inches.

DO .o eommmanssssmsmss s oossonimmnses wiimessd 8 ;2 6
Shale; PAFLINE, ooy somuss s 2
Cotl oy s . . DT | 4

At Watt's slope the coal varies in thickness from 3 feet &
inches to 4 feet 2 inches with a shale parting about midway.
At Breen’s pits the coal is reported to be a little over 4 feet
thick.
At Petty’s slope the following section was measured :
Feet. Inches.

COal cn’™s s o3 vapen @ wwves & s« 2 6
Shale . .ot i it et s 2
U000 o ve o womnrons o som o8 S0 es § 240005 B 3 400 2 6

At the Bocquin and Reutzel shafts it is about 5 feet thick
and is divided into two benches by a parting of shale 2 or 3
inches thick.

At Buzan’s shaft the following section was reported by the
owner of the land:

Feet. Inches.
Coal..,..o.oun. o e E § U o v pen pe 4 4
Shale........ S & ST § ¥ R ¢ v G 5-6
Coal, and shale intermixed .......... 4
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The coal bed defined. by these openings dips northwards
under Long prairie and the valley of Vache Grasse creek and
is considered to underlie the upland country beyond this to the
north. Coal has been struck in a drill hole about a mile south
of Enterprise, close to the Frisco railway, but is reported by
the Kansas and Texas Coal Company to be only 18 inches
thick.

The deep drill hole of the Fort Smith Gas and Power Com-
pany, in Massard prairie, in the northeast corner of township
7 north, range 32 west, did not pass through any coal, accord-
ing to the statement of the company. The most probable
explanation of this is that the gentle anticlinal flexure, the axis
of which passes near this hole, has brought the coal to the sur-
face and it crops out immediately north of the well at Breen's
pit, is struck in Quanti's and McNally’s shafts, and in wells
east of the last. The coal at McNally’s is reported to be 24
inches thick, divided by a half inch seam of slate, 20 inches of
coal above the parting, and 4 inches beneath, the latter thick-
ening, however, to 14 inches northwards.

This bed of coal undoubtedly passes under the country to
the north of these openings, and the bed struck in the Fort
Smith gas well at a depth of about 550 feet is inferred to be
the same.  This coal, or its stratigraphic equivalent, must ex-
tend under the Arkansas river and under the country north of
Van Buren to and beyond the limits of the map. Where it
again reaches the surface by reason of the general uplift along
the Boston mountains will be demonstrated by the next season’s
field work.

The broad belt of this upper division which extends east-
ward from Big creek was referred to on page 11, in describ-
ing its southern border line. Its northern border is boldly
defined by the protruding sandstone floor which rises in a
massive ridge to the north. Close on to this bottom rock coal
is again struck, but at wide intervals. At Vesta, about six
miles north of Charleston, it crops out and is dug through in

wells.
2G
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Between this northern and the southern border line coal has
been opened on at a great number of places; but all this
coal is considered to belong to overlying beds. The prospects
are, therefore, favorable for the discevery of another deeper
lying coal bed within this area. Its probable depth at various
localities cannot be stated here, but it will be shown on the
maps and cross sections accompanying the final report. Its
thickness cannot be predicted until some judiciously located
provings furnish the facts necessary for the deduction of general
rules. ‘

The Philpott coal area in Johnson and Franklin counties has
already been mentioned as presumably part of this upper di-
vision. At the Philpott mines the coal lies in a shallow and
elongated basin, associated with fissile shales and flaggy sand-
stones, and is underlain by a bottom rock of thickly bedded
sandstone of which the basset edges form an encircling ridge.
The coal is not far from the bottom rock and is opened at sev-
eral places along both the north and south sides of the basin.
Along the southern side the coal dips to the north and has
been opened at Hunt’s shaft, Philpott’s shaft, and Moomaw’s
pit. At these openings the coal is from 18 to 24 inches thick.
Along the northern edge of the basin the coal has been dug,
on the south dip, at Pyon's and Quall’s pits, where it is reported
to be of the same thickness. '

The wpper coal beds of ithe western or wpper coal division
have their distribution by no means so well defined as has the
lowest bed thus far described. - The persistent and thick sand -
stone stratum underlying the latter is often of topographic
prominence and fixes boldly the approximate limits of this
coal. The overlving beds lie in detached arcas in the general
basin, and in the mountains and isolated hills where the rem-
nants of the upper strata arc represented.  Hence, the correla-
tion of these upper coals is more difficult.  The many gaps
preclude the possibility of actually tracing the coal from place
to place, and the best means for deducing their relations is
with reference to the underlying coal or to its bottom rock.
The distribution of these beds will not be described in this re-
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port, nor can it be shown on the small accompanying map ; but
on the large maps, designed for the final report, all such matter
will have place.

In the Poteau mountains, in the southern part of Sebastian
county, such a coal bed exists at an elevation of about 500
feet above the adjoining valley, and must extend through the
mountains in a sheet, bent into a slight synclinal fold. It is
opened at a point on the north slope of the mountain, about
three miles southeast from Hariford, known as Noblet’s pit,
The following section was measured here :

Inches.
COal. i i e 4
Seft shale........... ... . ... .. ..... 5
COBL 5 wan 5 g5 v % w0 25058 205 55 55 PEH D » vese o e 3
Shale ... oo o 4
Coal ............ . 5
SIALE s s § 90558 £ 5000 e » semas srmer s s 4
Coal ..o ivininin.. SR E RS 8 B e s 6

Further alternations of shale and coal are reported to
underlie this, the whole having an aggregate thickness of
about seven feet.

East of this point the same coal bed crops out at various
places in the mountains but as it has not been worked, no
further records of its thickness were obtained. )

In Leatherwood’s well, ncar the Indian Territory line, west
of Hartford, coal is reported to have been struck and is
thought to be several feet thick. This coal would belong
among the lower benches of the Poteau and Sugar Loaf
mountains and would underlie the coal last described.

On Sugar Loaf mountain, coal, which is probably the
equivalent of the Noblet coal, is known to exist at several
places. It crops out’in the road near the summit of the gap
north of Hartford. It has been dug in a ravine about a mile
east of this gap, and the following section was measured from
an imperfect exposure : '
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Inches.
CT00E cncars » w0 wonsmn 15 o w55 5 6 EEHEH 318 fpe 56 wons 10
SHALE : 5 . . s wn wwss o 5 s os smec mone o v siss 10
Coal . . e e e e 6

More coal may underlie this.

There are further rumors of its occurrence at points in the
mountain east of this opening. North of Sugar Loaf moun-
tain and west of Sugar Loaf Post-office coal is reported to
have been struck in Glidewell’s well, about four feet thick.
This is evidently at or near the horizon of the coal struck in
Leatherwood’s well and the bed thus underlies all of the
country between these two points.

On Griffith’s hill, southeast of Hackett City, coal is re-
ported to have been struck in several wells. In distribution it
must be confined to this and associated elevations. In Wig-
ginton's well the coal is said to be four feet thick. In Diffie’s
well alternations of shale and coal are reported to have been
penetrated for a thickness of 15 feet.

Over that portion of this division which lies north of
Jenny Lind and west of Big creek, coal of overlying beds has
been struck at comparatively few places.

In the uplands immediately north of Jenny Lind, about
four feet of coal is reported to have been struck in Buckley's
well, dug over thirty years ago.

At Central a bed about 20 inches thick is worked in
open pits. ,

In Fort Smith coal is reported to have been struck in Dud-
ley's well at a depth of about go feet and is said to be four
feet thick. An upper coal bed is also reported to have been
passed through in the gas well in the city at a depth of about
160 fect, and this would be at the same geologic horizon as the
coal reported in the Dudley well.

Herman’s coal pits, two miles northeast of Fort Smith, are
said to have been opened in coal about 2 feet thick, and the
same bed was struck in the Wilson gin well. This must over-
lie the Fort Smith coal last described.
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In Van Buren an overlying coal bed has been struck in
several places. In Hayman's well it is reported to be 14
inches thick.

In IHendrick's pit, about three miles northeast from Van
Buren, about 2 feet of coal was dug through, and, on drill-
ing deeper, some three feet more of coal is thought to have
been passed through, separated from the upper bench by
about 5 feet of shale.

South of Alma the coal dug at Graves' drift, 18 inches
thick, and at the Sullivant pits, 13 inches thick, apparently
both belonging to the same upper bed. It is hence to be in-
ferred that deep drilling in this vicinity may reveal a deeper-
scated coal bed.

With the deepening of the basin cast of Greenwood the
upper strata of this division are better developed and at least
two upper coal beds can be recognized. The lower one of
these is represented at the Langston coal pit, where the bed
is variously reported to be 18 inches and between 2 and
3 feet thick. The upper one is represented by the coal
struck in Hearn's and other wells and reported to be from 1
foot to aver 3 feet in thickness. It is also dug in Bean's
pits, where it 1s about 20 inches thick. Thence northwards,
along Big creek, this upper bed has been opened at numerous
places At Roose's pit it is about 20 inches thick, at Iletcher’s
between 18 and 24 inches. The northern outcrop line is casily
traced from the last mentioned pit, eastward to Charleston,
past a number of different openings in which the coal is
reported to vary from 18 inches to 3 feet in thickness.

At Charleston the bed has been struck in a number of
wells in the south edge of the town, and in these the thick-
ness is stated to vary from 18 inches to over 4 feet in New-
ton's weli. It hardly seems probable that the bed attains the
latter magnitude, but the report deserves investigation. The

‘coal struck in Brown's wells must belong to a lower lying bed.

Over the prairie country lying cast of Charleston, gentle
undulations of the strata bring the several coal beds to the

surface in a large number of places, where they are worked by
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shallow pits. In the southern portion, along Six Mile creek,
are the Lambert pit and several others, but the coal is not
much over a foot in thickness. In the northern portion are
the Holder, Kellum, Cotton and other pits in which the coal is
about 18 inches thick. At the Carpenter pit the bed is
variously credited with a thickness of from 18 inches to over
3 feet.

Still farther eastward, down IHurricane creek, are few
occurrences of coal to beyond the confluence with Six Mile
creek. Thence around the northern foot of the two Short
mountains, the northern outcrop of a coal bed is distinctly
traceable, from Goldsworthy’s pit to where it passes beyond
the area of the map at Titsworth's pit. This bed, as measured
by the Survey at various openings, is about 2 feet in thick-
ness, but it is reported to be three feet and more at other
points. Tt must continue under the Short mountains in a con-
tinuous sheet and it crops out again on the south sides of the
mountains.

The Eastern and Lower Coal Bearing Division

Is shown on the map by the shade numbered IIL. It in-
cludes a large body of dark fissile shale which, in the vicinity
of Coal Hill, is at least 250 feet thick. In the vicinity of
Quita, in Pope county, they are reported by Mr. Harris to be
of about the same thickness. Sandstone immediately under-
lies this shale which, though of variable character, is generally
thick and massive and often of topographic prominence,

The coal of this division is near the base of this shale and
the underlying sandstone is currently recognized as the * bot-
tom rock.” The westward openings are in the vicinity of
Coal ITill, in Johnson county. At Stiewel & Company’s mine
at this place, the bed has approximately the following section:

Inches.
Shale and coal . ... .. 4

From here the coal is interpreted to extend under the
country to the north,
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At the Allister slope of the Ouita Coal Company, two
miles west of Coal Hill, the thickness of the coal is about the
same. This mine is opened by a slope which enters the coal
at the outcrop near the crest of an anticlinal axis. The coal
extends farther westwards but sinks deeper and has not been
opened upon. A number of drill holes have however demon-
strated its presence, and also the continuance of the anticlinal
flexure. This is shown by the result of drilling at points
marked &, 4 and ¢ on the map.

At a the coal was struck at a depth of 457 feet.

At 4 the coal was struck at a depth of 51 feet.

At ¢ a hole was sunk 150 feet through the shale of this di-
vision without reaching the coal.

The difference in altitude of the surface at these different
holes cannot be more than 30 or 40 feet.

The thickness and character of the coal under the country
beyond these provings cannot of course be definitely stated.
It is probable that it remains essentially the same under the
contiguous area. Farther west the coal opened at Lewis’s,
near White Oak, about 14 inches thick, and cropping out under
the bluffs on the south side of the river in this neighborhood,
is apparently at about the same horizon as the Coal Hill coal,
and may be the attenuated extension of this bed.

The area included in this division on the map, in the west-
ern end of Logan county and adjoining portion of Sebastian
county, seems to be almost barren of coal, excepting in the
vicinity of Booneville and southwest from that place. At
Carlan’s slope there are alternations of coal and shale aggre-
gating about § feet in thickness.

East of Coal Hill the division classification becomes very
difficult, and there is considerable doubt as to the exactness of
the interpretations expressed on the map.  What seems to be
the same coal bed, has been opened at Allen’s drift, on Horse-
head creek and in Harkreader’s well, and, at both of these
places the coal is reported to be about 4 feet thick, divided

into two benches by a thin shale parting.
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Eastwards from Ilarkreader's the exact line of the coal
outcrop cannot be traced.  Croppings of coal appear at several
places along the border line of this division, as shown on the map,
but towards and beyond Spadra creek it becomes very difficult
to define even this border line. The various streams flowing
from the hilly country on the north meander through this area
in very irregular channels and the stratigraphy is hidden by
accumulations of gravel and other deposits over the low hills.
Further there seems to be here a thinning out of the shales of
this division and a partial substitution of heavy sandstone
beds. On this interpretation the coal at Mason’s is held to be
at this horizon. It is 16 inches thick. It overlies the sand-
stones of the hill to the north and cast and is struck in places
near the summit of this hill, whence, with a north dip, it
passes down under the country to the north. The drill hole
sunk by the Clarksville Coal and Iron Company, in section 10
of township 10 north, range 23 west, is reported to have
passed through some 6 feet of coal, separated near the
middle by about 3 feet of “rock.” Thus this would be the
same coal bed. The coal would extend westwards with this
division and the coal at the Kendall drift would belong at the
same horizon, as is shown on the map.

The probable position of the outcrop line along the north
side of the river is shown approximately. The coal is opened
on at several places near Spadra, with the following section:

: Inches.
Coal oo 17
SHAlE s susome premns memeresmas, ot sy 5 1
Coal ... . : AT & 19

The coal has here a slight but persistent northward dip and
is considered to extend under the country in that direction,
reappearing at Harkreader's, but underlying Clarksville and
Big Danger Hill southeast of that place. The broad extent of
alluvial bottoms along the north side of the river prevent the
tracing of the outcrop east from Spadra, but the distribution
of overlying rocks warrants the conclusion that this bed, or
its stratigraphic extension, countinues in that direction into

Pope county, as is represented on the map.
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South of the river, between Coal Hill and Spadra, this
coal horizon is interpicted to be carried beneath the surface
by the gentle anticlinal flexure referred to on page 23. A
parallel synclinal flexure to the south brings the coal again to
the surface, however, near Prairie View. At the last named
place the coal is reported to be about 3 feet thick, but is
divided by over a foot of shale. The outcrop line of this bed
must continue eastwards in a nearly due east course and the
coal exposed in the bed and at the mouth of Shoal creek is
undoubtedly the same.

Over the western part of Johnson county and in. Pope
county the distribution of the shales of this division is clearly
shown on the map. The associated coal is proved and worked
at only two localities, At the Ouita mines of the Ouita Coal
Company the coal is about 3o inches in thickness. It is
opened by a slope driven in on the outcrop near the termi-
nus of the coal basin. The coal lies close upon the upper sur-
face of the underlying sandstone. Other openings of minor
importance have been made in this bed in the immediate
vicinity.

In the small, isolated Shinn coal basin, south of Russell-
ville, two coal beds are recognized, one about 30 feet above
the other. The lower, like that at the Ouita mine, rests upon
the upper surface of the underlying sandstone. It is about
18 inches thick and is said to strongly resemble the Ouita coal.
It has received little attention. The upper bed l]é‘{S, however,
been worked at the Shinn mine and other places to supply
local demands. The aggregate thickness of the coal varies
from 18 to 20 inches but it is generally divided by from 4
to 8 inches of shale,

Away from these two coal localities in Pope county, and in
the eastmost townships of Johnson county, coal has not been
struck in this shale division. Its extension is therefore prob-
lematical; but its absence remains yet to be proved. Though
the prospects for finding it are not very flattering, they are
sufficiently so to warrant judicious prospecting. Search



26 ANNUAL REPORT STATE GEOLOGIST.

should be confined at first to the vicinity of the line separat-
ing this shale division from the underlying sandstones.

Overlying this lower coal bearing division is.a succession of
beds of sandstone and of shale of varying thickness and of
irregular distribution. A few thin coal seams are associated
with these shales, but exposures are too few and scattered to
permit their distribution to be defined. The Pickartz drift,
located about seven miles northwest from Coal Hill is an
opening in such a bed of some local importance. The coal is
about 2 feet thick.

Similarly, below this coal division, coal is known to exist
and is dug for local purposes. Near Atkins such a bed is
worked belonging below the division numbered IIT on the
map. It is not over 18 inches in thickness, however, and gives
no promise of becoming commercially important, The coal
which occurs in the hollow between Mount Nebo and Spring
mountains, west of Dardanelle, belongs to the same bed.

CHAPTER II1.

THE COAIL INDUSTRY.

The existence of coal in Arkansas was probably known to
the earliest settlers, The outcrops washed bare in the creek
beds, the associated smutty soil, the profusion of “float”
specimehs and other such indications would naturally attract
attention, There is written notice of its occurrence as early as

‘the year 1818. With the profusion of easily accessible fuel in

the forests, and with the contemporary ignorance of its proper-
ties, coal must have been regarded merely as a curiosity for many
years, and its full economic value not at all appreciated. In fact,
to the present day, a large number of Arkansas coal openings
are worked merely to supply the demands of local blacksmith
forges. That a workable bed of coal can, with the proximity
of a railway, enhance the value of land to many times its sur-
face value, is only now becoming appreciated, when the peo-
ple are beginning to see how eagerly the control of these lands
is sought by speculators and coal companies.

The development of the coal industry on anything like a
commercial scale is, however, of recent date. Perhaps the
first opening deserving mention was the old Spadra mine, lo-
cated at the mouth of Spadra creek in Johnson county, where
a steam plant was in operation about the year 1870. Mining
at Quita in.Pope county was carried on in the year 1873.
Soon after the extension of the Little Rock and Fort Smith
railway, about 1873, coal from the Ceal Hill mines began to
seek a market. It was first hauled in wagons to the railway
from the Allister slope, but not until the year 1883 did the
production from this and other adjacent openings begin to
assume commercial importance. These developments, how-
ever, were all adjacent to the line of the Little Rock and Fort
Smith railway. The western or Scbastian county coal area
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remained comparatively unopened even up to this late date.
It is true that 2 number of small mines were opened in Long
prairic and one in Massard prairie, which produced collectively,
perhaps, 8000 tons per annum. This was hauled in wagons
mostly to Fort Smith, however, and little of it reached a more
distant market. But, prior to the extension of the St. Louis
and San Francisco railway southwards from Fort Smith in
1887, and with the rumor of other railway lines to be built, the
attention of coal men became drawn to this area, and during
the past three or four years the country has been overrun by
speculators, land jobbers and prospectors; drill holes have
been put down, and lands bonded and optioned. As an out-
come of this, extensive mining operations have been started
within the past eighteen months at Huntington, Hackett City,
and near Jenny Lind in Long prairie.

The principal coal producing districts may be conveniently
<classed as follows :

1. The Western or Sebastian county district;
The Coal Hill district;
The Philpott district;
The Ouita district,

£ B

The Western or Sebastian County District.

The Western or Sebastian county district includes the
Huntington, the Hackett City, and the Long prairie or Jenny
Lind coal mines. _

The Huitington coal mine is in the southeast corner of
township 5 north, range 31 west, on an extension of the St.
Louis and San Francisco railway. It is designated by num-
ber 6 on the small map accompanying this report. This mine
is owned and operated by the Kansas and Texas Coal Com-
pany. The coal is opened by two slopes and one shaft located
near the southern outcrop of the coal, each provided with a
separate hoisting plant. A large amount of coal has also
been obtained by stripping, but the product thus obtained is
soft, slacks easily, and is generally an inferior fuel.

The following section of the coal bed was measured by the
Survey in the main entry of slope No. 19:

THE COAL INDUSTRY. 20

Feet. Inches.

Good coal. ... oveee i ininnen 4
Shale o vve i e e 10to 12
Conb . sz cen v s o ber e aaees ; 610 8
Shale oo e v i e 4to 6
Coal (best). ..cvvvnvvnnreavninnes 2

The dip at this locality is about 5° northwards.

A sample of this coal was collected from two market cars,
and included specimens from all the different benches. The
results of analysis are given under number 6 in the table of
coal analyses. For further information as to the coking and
steaming qualities of this coal, reference should be made to
Chapter V of this report.

Numerous pits have been dug in this coal and other small
openings made during past years within a few miles of Hunt-
ington, for supplying local demands. A complete description
of these and of other provings, will be given in the final re-
port. From two such openings samples were collected for
analysis by the Survey, #. ¢, from the Gwyn drift and the Clai-
borne pit, which are located on the map and designated, re-
spectively, by the numbers 13 and 7. The results of analyses
and other information concerning them will be found in the
table.

The Hackett City coal mine is near the Indian Territory line,
a Little southwest of the center of township 6 north, range 32
west, on the same extension of the St. Louis and San Fran-
cisco railway as is the Huntington mine. It is designated by
number 4 on the accompanying map.

This mine is owned and operated by the Kansas and Texas
Coal Company. The principal opening is a shaft over 130 feet
deep to the coal, which was provided with a good steam hoist-
ing plant, a ventilating fan, and other surface improvements.
This shaft was abandoned during the autumn of 1888, and
another opening started in the outcrop of the coal by a slope
located about half a mile northeastwards from the shaft. The
‘thickness of the coal here is, on the average, about 3 feet.
The dip is southwards at an angle of about 10°. A sample for
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analysis was collected from five market cars at the shaft, and
represents a fair average of the shipments, The result of this
analysis is given under number 4 in the table.

The coal basin in which Hackett City is located broadens
and decpens westwards into the Indian Territory, but cast-
wards, towards Greenwood, it contracts rapidly. The same
coal bed is opened near its north outcrop by a shaft at Green-
wood and by another known as McConnel’s, east of that place.
It is also struck, on its south outcrop, in Page's pit, just north
of Devil's Backbone ridge.  These openings are located on
the map and are nunmbered 10, g, and 2, respectively. Samples
for analysis were collected from each of these openings, and
are correspondingly numbered in the table.

The Long Praivie or Jenny Lind coal wiines are located near
the south line of township 7 north, range 31 west, along the
southern outcrop of the coal bed, The principal opening is a
slope of the Western Coal and Mining Company, on the line
of the Gurdon and Fort Smith branch of the 5t. Louis, Iron
Mountain and Southern railway. This slope was started late
in the Autumn of 1888, and will soon be equipped and suffi-
ciently developed to furnish a large amount of coal for the
market, This mine is in the same coal bed as, and closely ad-
joins the Petty slope, which is one of the small openings sup-
plying Fort Smith with coal. It is located on the map and
designated by number 17. The following section of the coal
bed was measured here by the Survey:

Fissile shale. Feet. Inches.
SHALE s mmesne st e

; 2
Coal i s 2 6
“Black jack” (shale) ... ... . .. 3
The dip of the coal is about 9° northwards.
The results of analyses are given under the same number
in the table. For a full description of the steaming, coking,
and other qualities of this coal, reference should be made to

Chapter V.
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There are numerous other small openings in both the west-
ern and castern extension of this bed. Of these are located
on the map the shafts on the Bocquin and Reutzel property,
designated by number 12, Watt's Slope, number 19, and Car-
nall’s drift, number 1. Analyses of samples from these open-
ings are given, under corresponding numbers in the table.
They will be fully described, along with a number of others,
in the final report.

The Coal Hill District,

The Coal Hill district is taken to include the mines in the
immediate vicinity of Coal Hill and also those about Spadra.

The Coal Hzll mine, at the town of Coal Hill, is in town-
ship ¢ north, range 25 west, on the line of the Little Rock and
Fort Smith railway, and is numbered 23 on the map. It is
owned and operated by Stiewel & Co. The coal is opened
by a shaft 168 feet deep. Itis provided with a steam hoist-
ing plant rated at 5o-horse-power. - Also with a 10-foot ventil-
ating fan. Several other shafts have been sunk to the coal in
this vicinity but are now abandoned. The aggregate thick-
ness of the coal is something less than four feet, as is shown in
the following section:

Inches.
Coal . o e e 211022
Shale and coal . ... : 4
COAE vonsisormmeess s sl ot sttt i 24 to 25

The bed lies in a nearly hotizontal position with a good
roof throughout the mine.

This coal was carefully sampled by the Survey from one
market car and the results of the analysis are given under num-
ber 23 in the table. A full discussion of its stcaming and
other qualities will be found in Chapter V.

The Allister ov the Ouita Coal Company'sinine is about two
miles from the town of Coal Hill, on the west line of town-
ship g north, range 25 west, at the end of a siding from the
Little Rock and Fort Smith Railway. It is designated on the
map by the number 24.  The bed worked here is the same as
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that at Coal Hill. The following section gives the general
limited thicknesses:

Shale.

Inches.
COQL. oot s e e e e 18 1O 24
GOt ssseramisniss womsemevnssn s sessmmssasssanaie 300 24

The openings consist of two slopes, or main entries, which
follow the coal from the outcrop downwards and northwards
with the dip, which is about 2°. A steam hoisting plant is pro-
vided at one slope, but coal is hauled out from the other by
mules. A sample of this coal for analysis was collected by
the Survey from one market car. The results are given under
number 24 of the table.

The steaming and other qualities of this coal are similar to

those of the coal from Stiewel & Co.'s shaft, with the ex-
ception that some of the coal here is softer and slacks more
readily on account of its being mined from near the outcrop.
With this exception the discussion of the properties of the
Coal Hill coal is applicable to this.
-~ The Felker mine, designated by number 20 on the map, is
nearly a mile north of the Allister mine, near the east line of
township 9 north, range 26 west. The coal is only about 20
inches thick and isinterpreted to overlic the bed at the Allister
slope and at the Coal Hill shaft. It dips a few degrees north,
northwestwards. The coal is worked intermittently for special
and local purposes, and is hauled in wagons to' the railway,
which is about a quarter of a mile distant. It is now handled
in Little Rock by the Black Diamond Coal Company, and
gives much satisfaction in domestic use. The analysis of a
sample collected by the Survey is given under number 20 in
the table.

The Euveka ov Spadra coal wmine is number 22 on the map,
It is in the eastern portion of township g north, range 24 west,
on the line of the Little Rock and Fort Smith railway. The
coal is opened by a shaft which is 56 feet deep. The bed dips
very slightly to the northwest and has an excellent roof. The
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following secction represents the general limiting thicknesses:

Inches.
Coal . e e 16 tO 18
S8 e o sy by o Ito 2
Coal .. ... . R R e s e i 18 to 21

Hoisting is done with a small steam plant and wventilation
is effected by natural draught.

It is owned and operated by Stiewel & Co.

A sample for analysis was collected by the Survey from
one market car and the result is given under number 22 in the
table. Further reference to the composition and adaptabili-
ties of this coal will be found in another part of this report.

Several other openings have been made on this coal in the
vicinity of the Eureka shaft, but they are all fallen shut now.
Among these are the old Spadra workings, at the mouth of
Spadra creek, and the Excelsior and Montana shafts, close to
the railway and a little west of the Eureka.

Further there are numerous small pits and wells in which
coal has been struck, and which may be included in this dis-
trict. It would be out of place to describe them all here.
Mason’s drift, numbered 25, and Harkreader's well, numbered
26, are located on the map. Samples for analysis were col-
lected from these openings and the results are given under the
same numbers in the table.

The Philpott Disirict.

The Philpott district is taken to include a number of small
openings which are scattered over townships 10 north, ranges
25 and 26 west. The beds are thin and the coal production
small; but, by reason of the quality of the coal and local facili-
ties for mining, it is able to find a wider market than one would
suppose. And this, notwithstanding the fact that it has to be
hauled over six miles to the railway at a cost of $2.00 per ton.

The Philpott Mine is the principal one in this district. It is
numbered 18 on the accompanying map. The coal is opened by
a drift and by a shaft 25 feet deep. The dip of the bed
is about 4° northwards, The thickness varies between 20
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inches and 2 feet. Hoisting 1s done by horse and gin. A
sample was collected from a large pile of fresh coal at the
mouth of the shaft and the results of analysis are given under
number 18 in the table.

Moomaw's Fit, numbered 15 on the map, is in the same
bed of coal and is there about 20 inches thick. An analysis of
a sample from this opening will be found in the table.

Pickartz's Driftis also included in this district and is lo-
cated, and numbered 3, on the map. The coal here is repre-
sented by the following section:

Inches.
GOt s o menvsm, s 20010 22
Shale parting . ..o e e e, ttoz
Coal oo, . B 1to 4

The drift is worked only intermittently and the coal is mostly
hauled to Ozark and sold there for domestic uses. The dip of
the bed is about ¢° northwards, and it underlies the Moomaw
and Philpott coal by several hundred feet. The analysis of
this coal will be found under number § in the table.

The Quita District.

The Quita coal district includes the openings at Ouita and
those in the Shinn basin south of Russellville,

The Ouita Coal Mine is in the southwest corner of township
8 north, range 20 west, close to the Little Rock and Fort Smith
railway, and is numbered 21 on the map. It is owned and the
output is controlled by the Ouita Coal Company. The princi-
pal opening is a slope, about 500 feet long, which enters the
coal near the outcrop, and this is provided with a steam hoist-
ing plant. The dip of the bed is about §” northwards. The
following section gives the general limiting thicknesses:

Inches.
Clay (“mining™) .. ... ... v eeeee 3
Shaie ... .ot iiiininnan vt T o g IRE D h
Botiy-of “CWild™ €08l s o vas 1 o0 s 3 900 5 e pew ol
GOl sis m wrwmn wm wn wrs @ s swans & 3 e i 0 dow wtevn w20

Shale ottt e e e e e e
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A sample was collected from one market car for analysis. The
results are given under number 21 in the table. A full discus-
sion of the qualities of this coal will be found elsewhere in this
report. A number of small openings have been made in this
bed, principally in its eastern extension from this slope. Their
output was small, however, and they are of interest only in re-
lation to the distribution of the coal, and are, hence, not de-
scribed here.

The Stinn Mines include a number of small openings in a
little isolated coal basin, about two miles south of Russellville,
They are adjacent to a small branch railway which extends
from Russellville to Norristown, Their location is shown on
the map by the number 27. The coal aggregates in thickness
about 18 or 20 inches, but has generally a shale parting from
4 to 8 inches thick. It dips southward at an angle of about

o]

10°. At Mr. Ed. Shinn's mine a small steam plant is in use,
but it is worked-only at intervals. The coal is opened by a
slope. Most of the output is sold in Russellville and Darda-

nelle,  The analysis is given in the table.

The Production of Coal.

The production of coal on a commercial scale in Arkansas
can hardly be considered to antidate the year 1883, and from
that time to the latter part of 1887 the production was almost
entirely confined to the mines of Johnson and Pope counties.
In the fall of 1887 larger operations were started in Sebastian
county, and the production from that county may be expected
to increase rapidly during the next few years. No statistics
are available prior to 1887. In the report of the United States
Geological Survey on the mineral resources of the United
States for the year 1886, the production of coal for 1885 is
given at 100,000 tons, and for 1886 at 125,000 tons. In the
same report for the year 1887 the production is placed at 150,
000 tons.

The latter estimate is manifestly too high, as is seen by com-
parison with the figures given below.  Those of the preceding
years must be even more so.
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The figures given in the following table are mostly from the
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Total production in 1887........ 129,600 short tons.
Estimated spot value in 1887....$194,400.

Total production in 1888 ..... .. 276,871 short tons,
Istimated spot value in 1888....8415,300.

Total number of employes in 1838, g78.

The following is a statement of the number of tons of
Arkansas coal shipped from points on the Little Rock and
Fort Smith Railway during the years 1887 and 1888. The,
figures for the latter year were furnished by Mr. C. G. Warner,
General Auditor of the Missouri Pacific Railway Company :

1887 1888
From Fort Smith............... 140 ol
From Coal Hill ;¢ e v 2w v 0 ann 45,098 67,063
From Spadra .... .. B P 1,300 3,205
From Ouita (Russellville)........ 2,577 3.88%
Total covvniiin v e 50,024 75,144
Amount of coal consumed on the
Little Rock and Fort Smith
RaIIWaY . ovs i i vvvvs v porvis oo 17,064
02,208

The last figure does not include the amount consumed on
the Iron Mountain and Southern Division of the Missouri Pa-
cific Railway.

The carriage of Arkansas coal over the St. Louis and San
Francisco Railway during the year 1887 was 18,400 tons.  The
amount carried during the year 1888 could not be obtained.

The Markets.

The markets reached by the Hackett City and Huntington
coals are in Texas, Kansas and Arkansas, the greater portion
going to Texas. They are used for steaming and domestic
purposes.

The Gwyn drift is worked merely for local blacksmithing
and domestic uses.

The Petty slope supplies coal to Fort Smith, Greenwood,
Van Buren and other places in the neighborhood, and is used
for steaming and domestic purposes.
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About two-thirds of the product of the Allister slope is
used by the Missouri Pacific Railway,about two-ninths goes to
Little Rock and the balance is shipped to Hot Springs, Van
Buren, Morrilton, Argenta and other points in the State,
About eight-ninths is used for steaming and about one-ninth
for domestic purposes.

The product of the Coal Hill shaft is distributed probably
in about the same manner as that of the Allister slope.

The coal from the Eureka shaft is shipped mostly to Little
Rock, but recently several car load lots have been sent to a
number of points in Texas, Missouri, Kansas, and even as far
as Nebraska. It is used chiefly for domestic purposes and
also for special purposes where free burning, smokeless coal
is desired.

The FFelker coal is shipped to Little Rock and other points
along the railway and is used in about equal portions for
domestic, blacksmithing and forge purposes.

The Philpott coal is distributed to different points along
the Little Rock and Fort Smith Railway and is used chiefly
for blacksmith purposes.

The coal from the Ouita slope in Pope county is shipped
mostly to Little Rock, solely for domestic uses. The re-
mainder goes to Van Buren, Russellville, Hot Springs, and to
Memphis. In Memphis it has been used on dummy lines. It
has also been shipped to St. Louis for railway car stoves.

The small product of the Shinn mine is entirely consumed
in the adjoining towns of Russellville and Dardanelle.

The geographic position of the Arkansas coal lands is
often emphasized as favorable to the development of a large
coal trade, because of their remoteness from the great coal-
producing areas of the country, and further, because they
form geographically the nearest source of supply for the more
southern states in which marketable coal is scarce or entirely
absent. This advantage is offset to a great extent in the East
through the competition of the Mississippi river traffic, that
great channel of trade making the Pittsburg coal of Penn-

sylvania more accessible to New Orleans than is Arkansas
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coal. Railway rates also tend to block the extension of the
Arkansas coal trade. Further, in the West, the development
of coal in the Indian Territory brings active competition into
Texas markets. These conditions will be modified to a cer-
tain extent in the future, as new lines of communication are
opened up, but they will always exist to a great extent. A
most promising line of growth of the Arkansas coal trade in
the future will be through the increase of home consumption,
with the general industrial development of the State, and also
through a careful consideration of the special adaptabilities of
the different coals.

CHAPTER IV

THE COMPOSITION OF ARKANSAS COALS.

The composition of a coal, as ordinarily given, is not a
complete index to its adaptabilities. For in addition to the
fact that chemical analysis does not reveal purely physical
properties, it seems as yet beyond the reach of analytical
chemistry to determine the exact combination in which the
various constituent elements of coal exist in that complex sub-
stance, and hence to estimate the exact effect of those ele-
ments upon the calorific power or other properties of this
fuel. * An elementary, or ultimate analysis, which gives the
amount of each chemical element in a coal, seems to be the
closest approach practicable. But for commercial purposes
the approach is hardly sufficient to justify the extra cost of
such analysis over what is known as a. proximate analysis.
This proximate analysis determines simply the proportion of
those products of a coal which have most important bearing
upon its uses, irrespective of their ultimate chemical composi-
tion. These substances as usually presented in an analysis
are:

Moisture, or water.

Volatile combustible matter.

Fixed carbon.

Sulphur.

Ash.

In addition to these facts relating to composition the fol-
lowing physical properties are generally given:

Specific gravity.

Strength or hardness,

Color of ash.

#See paper on the Valuation of Coal. By Prof. Charles E. Monroe, U. 5. N. A.
Proc. U. S. Naval Institute, Vol. VI. No. XIIIL
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The determination of these eight factors gives a fair, gen-
eral idea of the adaptabilities of a coal.

Coal is used for the production of steam and in the manu-
facture of iron; for the latter mostly, after being converted
into coke, but also in the raw state. Its other uses are for
domestic purposes and for the production of illuminating gas.

The relations to its different uses of these various compo-
nent parts of coals and of their physical properties will be
considered in the discussion of the following table of analyses
of Arkansas coals:



TABLE OF ANALYSES OF ARKANSAS COALS, CLASSIFIED ACCORDING TO THEIR FUEL RATIOS.*

L GENERAL INFORMATION. ‘ PHVSICAL PROPERTIES. CHEMICAL COMPOSITION. puel |ResuLts or LasoraTorv Coking TesTs. 33
et -
oo, =9
=& . Thickness % { Water. |Sulphur| Ash.| Fixed |Vol.Hydro-; C. o
g(}z‘ Name“czgel’u °f | County. | of Coal. | How Sampled. | Appearance. GSP‘?S'EC Color of Ash N Carbon.| carbons. Appearance of Product. (i
z S “Feln | ravity. | Pr.Ct. | Pr.Ct. |Pr.CL| Pr. Cr. | Per Cent. |V-H.C. &
BITUMINOUS.
i ) From pile in drift,|Shaly and fri- | :
1{Carnall’s Drift........ Sebastian 310 beendug 2 years| able ... 1.469 |Pinkish red 5.259 1.431)13.620, 61.975 17.655 3.51 Product not at all fused, fragments re-
-/Shaly, py es tain their original shapes 77.4
From fresh frag { films, min-
. ments at mouth| eral char-
2 Page’s Fit 2= | of pit ] g — 1300 |Reddish
l From pile at millin Somewhat gray. 0.852] 1235 3297| 78.222 16.394 4.77 | Product well fused and took the shape of]
Paris, dug 8 shaly,rather the crucible. 81.2
3 Baxley Pit. Logan ... 26 months ............. | compact.... 1.205 |Lightred. 1,232 2407 5.281 75.335 15.745 4.79 Product very well fused and took the
4 Hackett City Shaft, | shape of the crucible. 83.0
Kansas and 'Iexac; {Shaly and fri- '
CoaliCovszernsn sueas Sebastian 30 From 5 marketcars able ........... 1.341 |Pinkish |
gray. 0 853 1.324] 9.038] 73.869 14.916 4.95 Product well fused and roughly took the
) ) From pile fresh|Shaly  with | | shape of the crucible. 82.3
5 Pickartz’s Drift...... Franklin .| 2 coal on dump..... iron stain... 1.308 |[Brick red. 0.702 0.862| 3.561] 78.993 15.877 4.97 Product well fused and took the shape of]
6 Huntington Slope, Very friable, ‘ the crucible. 82.6
Kansas and Texas| somew hat
Coal Co.................|Sebastian | 6 6 From2market cars| shaly .......| 1293 |Reddishbrn,) 0.928  1.143] 4.845| 77.538 15.546 499 Product well fused and took the shape of
| [ \ the crucible. 0.6
SEMI-BITUMINOUS.
- From fresh face of|Slightly shaly, | |
7 Claiborne’s Pit......|Sebastian 56 coal in pit... very friable.. 1.303 |Bright red. 0.943 1.152 4.0081 78.355, 15.542 5.04 Product well fused, but roughly took
| . From pile at pn Shaly and i shape of crucible, 81.0
8 Lewis’s Pit........_._.. Franklin .| 12 dugl year... very friable. 1320 |Dark red. 0.883 2451 4.236. 77.200, 15.230, 5.07 Product well fused and took shape of]
| From pile fresh Quite shaly i = crucible. 210
9 McConnell's Shaft.|Sebastian| 29 coal on dump...| and friable.] 1.206 |Light red. 0.600, 1,142 4.579, 78.298 15.381 5.09 Product we!l fused and took roughly the
Somewhat shape of crucible. 83.6
shaly, but
From pile fresh| rather com-
10 Greenwood Shaft..|Sebastian| 6 0 coal on dump...| pact....... .. 1.300 |Drab. 0.818] 2.522, 5.973 75.821 14.866 5.10{Product very well fused and took the
| Shaly and shape of the crucible. 83.6
1 Sulhvant and Bol- From small pile at| slightly fri- 0.761]  4.958/14.200, 67.131 12.950 5.19| Product well fused and took roughly the
$ Crawford,| 12 pit, dug 1year | able . .. . 1.366 |Dark laven- l shape of the crucible. 828
Bocqum and Reut- From pile fresh|Slightly shaly der. 0 746 1404 5.003, 77 867 14.930 5.20/Product irregularly fused, fragments well
l zel Shaft... ... febastian| 50 coal ondump ....| and friable’. 1.312 |Lavenderrd fused. 81.6
From pile tresh |Rather friable |
13 Gwyn’s Drift ... Sebastian| 4 10 coal ondump._.| and shaly..| 1315 |Pink. 0.892) 1.193| 6245 77.092 14.577 5.29 Product very well fused and took shape
‘ From small pile at | of crucible. 82.2
slope, dug 1|Brittle, a little
14 Carlan’s Slope..... .|Logan ... month ... pyrites ....... 1.313 |Brownishred| 0.846] 1.373] 4710, 78401 14.670 5.314 Product well fused and took the shape
I From scattered of the crucible. 83.3
. fragments, re-|Shaly, with 4 ;
15 Moomaw’s Fit.... Franklin.| 18 cently dug...... pyrites...__... 1.352 |Yellowish 0.663) 1.366| 3.272 79.812 14.887 5 86 Product well fused and took the shape
Hard. but ~ red. of the crucible. 82.2
brittle, and
X From pile fresh| somewhat ]
16 Grave’s Drifc ... Crawford.! 16 coal atdrift . ...| shaly .. 1.313 |Dark laven- 0566  2.853 7.614) 75.066 13.901 5.40 Product well fused and took the shape| _
From pile fresh|Shaly and der ‘ i ’ of the crucible 82.3
17 Petty’s Slope......... Sebastian 50 cval on dump...| friable .. 1.384 |Lavender 1779  1.620, 7.046, 76223 13.330 5.72 Product well fused and took roughly
Rather  fri- red. | < the shape of the crucible. 83 04
) From pile fresh| able, some- i
18|Philpott Shatt ... Johnson...| 19 coal on dump...| what shaly.. 1.292 |Yellowish 0.869, 0993 3.090, 80.915 14.133 5.73 Product well fused and took shape of]
From  scattered red. } crucible. 84.6
fragments  re-|Slightly shaly _ £
19| Watt’s Slope........... Sebastian 310 cently dug........ and friable.. 1.392 |Dark laven- 0.743 4.056) 9.965 72.608 12.618 5.75 Product not thoroughly fused and took
der. | roughly the shape of the crucible. 830
From large pile on!Rather shaly, i
dump, dug 6| somewhat
20| Felker Slope .......... Franklin.| 18 months ._..._...... friable .. 1.317 |Yellowish 1.123 1.164| 3.220, 81.277 13.211 6.15 Product partially fused, but fragments|
Rather shaly, red, partiy retain original shapes 85.0
not very fri-
21 Ouita Slope, Ouita able, little 1.339 |Yellowish 0.980 1.829 8.174| 76.817 12.200 6.29 Productnot at all fused, fragments rctam
Coal Co .|Pope........ 26 From 1 market car| calcite........ brown. i their original shapes. 87.6
22 Eureka Shaft, Stie- Compact, not 1.100 2.745/12.042; 72.835 11.278 6.46 Product not at all fused, fiagments retain
wel & Co .......... Johnson..., 380 From1 market car| very shaly.. 1.315 |Brownish original shapes. 89.2
Slightly shaly drab.
. not very fri-
23 Coal Hill Shaft, able, calcite 1.017 3.672' 8.351] 76.119 10.841; 7.02 Product partially fused, fragments retain
Stiewel & Co...... Johnson... 310 From 1 market car ” films . . 1.333 |Drab. | ’ somewhat original shapes 87.2
lightl
24 Allister Slope, Ouita From 2 market agble ycalcue 1.178'  8.531| 8.322| 76 494 10.475 7.30 Product partially fused, fragments little
CoalCo. i Johnson...| 387 .| films . 1.320 |Drab. i changed. 86.5
25 Mason’s Drift. ... Johnson..| 14 Very friable... 1.339 |Yellowish 1.116l 1.155 5.833| 80.860, 11.006 7.34 Product slightly fused, and fragments re-
l 4 haly and red. ' ‘ tain roughly orlgmal shapes. 86.7
From small block,| slightly fri- ! o
26 Harkreader’s Well. |Johnsen...| 36 (?)| dug 1 year....| ab.e.. ... 1.318 |Drk bnshrd. 1563  2.867, 6.3i3] 78.910 10 347 7.62 Product not at all fused, fragments retain
| ) | original shapes. 86.6
. SEMI-ANTHRACITE.
27|Shinn Slope............ Pope........ 110 |From fresh face of| 1.058  3.346/11.750, 75.434 8.410] 8.96/ Product not at all fused, fragments retaml
coal o, |Compact, ln_l ’ ; ‘ original shapes. 83.4
| tleshaleand |
| pyrites, cal- . | l
= | cite films.... 1.346 |Pinkish gr'y|
Mean of the 27 samples. | 1331 | | 1.114] 2.09|6.763] 76276, 3739 5792 | 83.654
REFERENCE LIST. ' AUTHORITY.
. dInvill- .
Connellsville coal, Pennsylvania, standard coking coal ... iers ... 1.260, .784| 8.233| 59.616 30.107, 1.98 Product well fused, and took shape of] )
Flat top, Pocahontas coal, Virginia, “semi-bituminous’ coking E. V. d’'Invill- | | crucible. 78.6
LT iers . 1011 .730) 5.191 74 256 18.812 3.95|Product fused, and took shape of cru-
Charleroi, France, produces well formed coke Percy 355 | 80838 15 57 5.2 | cible. 84.43
Westmoreland Gas Coal Company, Pennsylvama, E. V. d 1 -
coal . 1.427 713 5.418) 51921 37.521 1.46
Cumber]an |
NG €Al o e 0.958 0.787 6.408‘ 72708 19.139; 379
Broad top ¢oal, Pennsylvania, ‘“semi-bituminous,’” good forge and |E. V d’Invill- |
steamnl))g coal .. " ' ik g 1ers voeeeeen.. 0.594 0976 9.545 71.334 17.551 4.07
Bernice coal, Pennsylvama sem1 anthraclte. good steammg .md
domestic coal _.|IMcCreath ..... Gray. 1295 1.031 6.230‘ 83.344 8.100 10 30
Wilkes Barre, Pa. , anthracite... McCreath . 1.614 Reddish 2.493 0.653| 8.544, 83967 4.342] 19.33
Belleville coal, Illinois, average from six mines Worthen 1.300 gray. 6 420 7.560] 48 99()i 37.140 132
Corona coal, Alabama Smith 1320 1 550 1.950 1.900] 58 810 37.740! 1.56
Rich Hill coal, Missouri . 5 050 16.050| 44 500 34 400 1.29
Kansas coals, average of 38 samples . Bailey 4.792 10.193| 45.396 39.617
St. Bernard Coal Company (No. 11) ‘Western coal fields, Ken-
BUCRY . - 25055 e pmnnnsmnasames renuvsivumes e ensissoss sengedssivnntvsiocteedio e Proctor ......... 4.720 2,980/ 6.130] 53 510 36 000 1.49

*The analyses of Arkansas coals were made by Dr. R. N. Brackett, Chemist of the Survey, and Mr. J. P. Smith, Assistant.
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A Discussion of the Table of Coal Analyses.

The samples of the annexced table® are frem points in the
rincipal mining districts of the State, and represent the chief

coals of commercial value, so far as they are now known. The
existing mining districts are designated as follows

1. The Sebastian county coal district.
The Coal Hill coal district.
. The Ouita coal district.
The Philpott coal district.
Outlying and intermediate localities.

SISO

From the Sebastian county district, samples Nos. 1,2, 4, 6
7,9, 10, 12, 13, 17 and 19 were collected; from the Coal Hlll
district, samples Nos. 20, 22, 23, 24, 25 and 26; from the OQuita
district, samples 21 and 27 ; from the Philpott district, samples
5, 15 and 18, and from outlying and intermediate localities, 3,
8, 11, 14 and 16.

The exact location of the various openings is shown on the
map accompanying this report, and their relative economic
value may be judged of from the thicknesses of the coal beds
noted in the table of analyses. '

The samples from which these analyses were made were
all, with two exceptions, gathered by the writer, and it was his
aim throughout to collect as fair an average of the merchant-
able coal as conditions would permit. Many of the false
impressions concerning a coal and most of the discrepan-
cies between different analyses of coal from the same mine,
arise from faulty or from different methods of taking a sample.
If a mineralogical specimen is desired, any single clean and
fresh piece of coal will answer. If the composition of a cross
section of the bed is is to be determined it is best to take a
a sample consisting of many small pieces, from some fresh face
in the mine; these pieces being taken in one lot, or, if desired,
grouped into separate lots, according to their place in the sec-

tion  But, where an analysis is desired of the commercial pro-

#The analyses of the Arkansas coals of this table were made in the laboratory
of the Survey by Dr. R. N. Brackett and Mr. J. Perrin Smith. Those of the coals

in the “reference list” are from the various sources named in the table,
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duct the sample should be taken from the commercial product
itself * The following samples were collected with this idea
always in mind. Where possible they were taken directly
from the market cars which stood ready for shipment, in other
cases from large piles which stood on the dump. At times,
however, no such commercial lot was on hand and the sample
had to be taken directly from the bed, from some small rem-
nant pile, or cven from scattered fragments. The method of
sampling is noted with the analysis in each case.

In addition to the chemical results proper, will be noticed
in the table certain results of coking tests. These were labora-
tory tests made in a [essian crucible with a Fletcher furnace.
Their object was to obtain a rough idea as to the coking possi-

* bilities of these coals. For comparison similar tests were
made of West Virginia Pocahontas coal, and of Pittsburg
coal, two representative coking coals. The results of these
two tests arc appended to the table. The method of work
was to heat 50 grams of the pulverized coal in the furnace, at
the full heat of the burner for 20 to 30 minutes, until no more
fumes were given off, The product was weighed, broken, and
its appearance noted. For a description of methods of analysis,
etc., reference is made to the report of Dr. Brackett, the

chemist.

The basis of classification of these coals is the one which
ranks a coal according to its fuel constituents, or, more defi-
nitely, according to the ratio between its fixed carbon and its
volatile hydrocarbons. On this idea the following scheme
has been offered :{ '

#*Most of the samples of the anthracite coals of Pennsylvania analyzed by the
Geological Survey of that state were collected by the writer in this way. A hod or
50 of coal was taken from each of 10 or more market cars, spread on a platform,
broken to uniform size and quartered down to a portable bulk as with any other
metallurgical sampling. See Annual Report for 1885, Geological Survey of Penn-
sylvania, p. 312, or Trans. Am. L. M. E., Vol. XIV, p. 716.

“4See paper on Classification of Coals, by Persifor Frazer, Jr. Trans. Amer.
Inst. Mining Engrs., Vol. VI, p. 430. Also Report M M., of the 2d Geological
Survey of Pennsylvania.
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This scheme has been used in the classifying of Pennsylva-
nia coals, but even there it cannot be made to regulate trade
distinctions. Coals which according to this method of classi-
fication are semi-anthracite, are classed in the trade as anthra-
cites, and coals which by composition are bituminous are
classed as semi-bituminous. The practical objection to this
scheme is that it distinguishes coals entirely according to their
proximate composition; whereas, in the trade, the action of
the coal in its various uses is the distinguishing property.
And it is a well recognized fact that the coals of the same
proximate composition will, owing to some inscrutable details
of composition, yield different results in practice. IFurther,
competition and prejudice enter, at present, too much into the
question for it to be possible to make any scientific classifica-
tion that will suit all wishes. The following expresses, in a
condensed form, the general meaning in the trade of various
terms applied to coal :

Anthracite coal is characterized by a low percentage of
volatile matter, high specific gravity, hardness, nearly metallic
lustre, semi-conchoidal fracture. It ignites with difficulty,
produces an intensely hot fire, gives off no smoke, burns witha
very small blue flame, which disappears after thorough igni-
tion, Fragments of this coal retain their shape until con-
sumed. '

Semi-anthracite coal is not so dense nor so hard as anthra-
cite ; the percentage of volatile matter is greater, fracture often
approaching the cuboidal. It ignites more readily than an-
thracite, and burns with a thin yellowish flame at first, which
disappears on thorough ignition. Fragments change their
shapes very little or not at all during combustion.
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Semi-bituminons coal is less dense, and has a higher per-
centage of volatile matter than the semi-anthracite.  Fracture
cuboidal.. It ignites casily, burns with a yellow flame, and
swells or cokes to a certain degree during combustion.

Bitunminous coal is characterized by a low specific gravity,
and is brittle, with a cuboidal fracture, bright resinous Justre,
and a high percentage of volatile matter. It burns with along
yellow flame, giving off more or less smoke. [t is usually
quite solt, and generally swells, fuses and cokes in the fire.

Coking coal swells and fuses in the fire, and, when air is ex-
cluded, the gaseous products are driven off, leaving the carbon
in a coherent, porous mass. A coking coal is a caking coal.

Cannel coal is firm and compact, with homogeneous struc-
ture; brown to black in color, with a dull resinous lustre. It
kindles readily, burns without melting with dense smoky
flame, and splits in the fire. It breaks in all directions, with
no particular lines of fracture. It is an excellent gas coal, and
is rich in hydrogen. It contains 40 to over 5O per cent. of
volatile matter, and only a low percentage of moisture,

Lignite or brotwn coal is a link between peat and bituminous
coals. Itis compact or earthy, sometimes wood-like in ap-
pearance, with a conchoidal or uneven fracture, and may be
cither cleavable or uncleavable. Its color is light yellow, light
gray, brown, brown black or black with a dull, shining or fatty
lustre, with a specific gravity from 1.2 to 1.4. It is generally
fragile and crumbles readily when exposed to the weather, and
contains a large amount of moisture, varying from 10 to over 30
per cent., and consequently yields only a moderate heat. Itkin-
dles readily and burns freely with a yellow flame and compar-
atively little smoke. Generally it is non-caking. The per-
centage of volatile combustible matter varies from 25 to over
40, and its fixed carbon from 30 to over 50.

Steaming coal should kindle readily, and burn quickly but
steadily, and contain only enough volatile matter to ensure
rapid combustion, It should be low in ash and sulphur, and
should not clinker,
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Coals for domestic uses in stoves and open grates should be
capable of sustaining a mild and steady combustion, and of
remaining ignited at a low temperature with a comparatively
feeble draught.

For purposes of comparison, there is appended to the table
of analyses a list of coals with which Arkansas coals are
brought into competition; also some typical coals from differ-
ent parts of the world, which furnish an idea of the composi-
tion of coals which are put to various uses,

The samples of coals in the table of analyses are ar-
ranged consecutively according to their fuel ratios; and, per-
haps, one of its most striking features is the preponderance,
with reference to proximate composition, of semi-bituminous
coals and the fact that only in one locality, 7. ¢, at the Shinn
slope, Pope county, is coal found in a workable bed which,
from its composition, can be classed as semi-anthracite. The
Spadra coal on Spadra creck, of which Dr. Owen gives an
analysis, was not sampled at the same opening, as this is long
since fallen chut. The sample No. 22 from the Eureka shaft is
from the same bed, however, and is less than two miles from
Spadra creek. Dr. Owen gets from the Spadra creek coal a
fuel ratio of 11, which means decidedly a semi-anthracite,
while from Eureka shaft the coal yields a fuel ratio of only
6.46, which means a semi-bituminous coal. This result'of Dr.
Owen’s has been often quoted, and his remarks concerning it
have been somewhat carelessly applied to all Arkansas coals,
irrespective of their variations in composition, and coal com-
panies are now shipping, as semi-anthracite, coals which are
plainly semi-bituminous.  The physical appearance of the
different varieties is similar, which, together with the fact that
in composition they apparently merge into each other by in-
sensible gradations, has rendered a confusion in nomenclature
excusable. To the cye they all present more or less the
appearancce of a soft, bituminous coal with a cuboidal fracture.
There seems to be no approach in any of them to the hard,
compact, glistening anthracite with its semi-conchoidal frac-
ture.
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But despite these facts of proximate composition there are
several coals of this list besides 27, or that of the Shinn slope,
which, from their mannemof burning, deserve to be classed as
semi-anthracites. These are: 21, Ouita slope; 22, Eureka
shatt; and 26, Harkreader's. These coals are not very easy
of ignition, as compared with the bituminous coals, burn with
a thin, steady flame and do not swell or coke* The remain-
ing examples are all of the nature of semi-bituminous coals.
Even those termed bituminous in the table are so near the
border line as not to have the characteristics of that class at
all pronounced. Others, from the Coal Hill district, namely 20,
213, 24 and 25 approach nearer to being semi-anthracites.

On further study of this table in detail and omitting con-
sideration of Nos. 1, 8, 11, 25 and 26 as imperfect] samples, it
is seen that the fuel ratio is, as a rule, approximately the same
in samples from the same coal bed, when taken from openings
not far apart. Thus the coals from the Greenwood shaft (No.
10), and' McConnel's shaft (No. g), have been shown to be of
the same bed and are within three miles of each other. Their
fuel ratios are §.10 and §5.09 respectively. Huntington slope
(No. 6), Claiborne’s pit (No. 7), and Gwyn’'s drift (No. 13), are
all in the same coal bed, and within seven miles of each other.

#It is a remarkable fact, in this conr;ection, that while the Ouita and Eureka
coals are much less free burning and do not fuse or swell in the fire as does the
Coal Hill or Allister coal, they yet have a considerably higher percentage of vola-
tile matter, as expressed by the fuel ratio. This is in part due to the manner in
which the volatile matter is held in the coal. In the Coal Hill coal it is given off
freely at a comparatively low temperature, while in the Ouita coal it takes a long
and high heating to drive it off,

+These samples were from coal that had been dug for a year or more and had
suffered more or less from the weather. The practical effects of such weathering
are to diminish the quantity of carbon and disposable hydrogen, and to increase
the quantity of oxygen and indisposable hydrogen, which means a loss of calorific
power. Further the coking power of a coal is reduced and finally destroyed and
the coal disintegrates. Sometimes there is an increase of absolute weight and of
the percentage of ash. The amount of these changes is variable, and with the
coals in question they are probably not of sufficient magnitude to seriously affect
their classification ; but for the sake of safety they are omitted from this discussion.
See paper on “ Atmospheric Oxidation or Weathering of Coal. By Dr, James P
Kimball, Trans. Amer. Inst. Mining Engrs., 1880, Vol. VIII, p. 204.” ‘

THIE COMPOSITION OF ARKANSAS COALS. g5t

They have, as fuel ratios, 4.99, 35.04 and 5.2g9 respectively.
The coals at the Coal Hill shaft (No. 23), and at the closely ad-
joining Allister slope (No. 24), have fuel ratios of 7.02 and
7.30 respectively.

There seems to be some relation traceable between com-
position and vertical position of the coals. The coal of the
Felker slope (No. 20) has a fuel ratio of 6.15, while that of the
Allister slope (No. 24), which is considered to underlie it by
several hundred feet, has a fuel ratio of 7.30 or, in other words,
is more anthracitic. The inference from this instance 1s offset,
however, to a certain degree by a comparison of the analysis
of the Moomaw coal (No. 15) with that of the underlying
Pickartz coal (No. 5); the fuel ratio of the formeris 5.36 or
greater than that of the latter, which is 4.97. The difference
is not so large as in the former comparison, but the result
means that the underlying coal contains more volatile mat-
ter.* But, proceeding from these individual cases to the
general rule, all the higher numbered or least bituminous coals
(from: No. 21 to No. 27, inclusive) are, from stratigraphic data,
interpreted to underlie most of the lower numbered or more
bituminous coals. It is difficult to say, however, whether this
relation is a result of stratigraphic position or of geographic
location. The more western coals include most of the bitumi-
nous and the semi-bituminous, which are highest in volatile mat-
ter; while in contrast the more eastern or the Fraunklin, Johnson
aud Pope county coals, include the semi-anthracite and the
drier semi-bituminous coals. Thus the percentage of volatile
matter would seem to diminish eastwards.}

This fact is remarkable as being somewhat in opposition to
what structural features would lead one to conclude. Thus, the
western or Sebastian county area, and especially that part from

*This peculiar and interesting relation is similar to one existing in the Bernice
coal basin in Sullivan county, Pennsylvania, between beds A and B. See Annual
Report. Second Geological Survey of Pennsylvania, 1885, p. 407.

1In furtherance of this it is to be noted that the coal at McAllister, Indian Ter-
ritory, which is a direct extension of the Arkansas coal area, has nearly 30 per cent.
of volatile matter and a fuel ratio of 2,11, or, in other words, is a highly bituminous

coal.
4G
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which the coals for analysis were taken, is characterized by a
system of rock corrugations which parallels, on a smaller
scale, the flexures of the Pennsylvania anthracite regions.
Attendant upon this there should be, according to Mallet’s
theory, much heat developed, with proportional approach of
coal to anthracite. In Johnson and Franklin counties there
are no such pronounced flexures, in fact there are very few rock
folds of any kind and a nearly horizontal stratigraphy charac-
terizes the coal areas. Thus anthraciticism and plication do not
seem to be concurrent phenomena here. Whatever may be
the origin of the characteristics of these coals, whether due to
the proximity of igneous material beneath, as suggested by Dr.
Owen, or to chemical composition of the coal or associated
rocks, it was evidently a far-reaching cause, for a low percent-
age of volatile matter is the pronounced characteristic of all
the samples analyzed. That the cause was not a very intense
one seems proved, however, by the facts that the coal nowhere
reaches the composition of true anthracite, that it retains phys-
ical appearance of bituminous coal, and lastly the effects of
the general cause were in places much modified or largely
counteracted by local conditions as above referred to. Fora
determination of the precise relations between local conditions
and coal characteristics, the number of samples and analyses
is insufficient. In fact for an adequate treatment of this whole
subject of coal composition many more analyses are necessary
and it would be desirable to have one or more from every coal
opening in the State.  Thus correct averages could be obtained
which would establish as facts what isolated instances may only
suggest. ;
The Physical Properties of the Coals.

The physical properties of the coals as indicated by the ap-
pearance of the samples are very much the same as those of
the coal in bulk. Arkansas coals are all more or less soft and
friable and not well adapted to long transportation by land,
nor would they stand the rough usage of sca shipments. This
is, of course, variable in degree at different places, as can be
seen by comparison of the special description of coal openings
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elsewhere in this report. It also varies with the nature of the
roof and the amount of cover over the coal.  Surface strip-
pings and shallow underground workings give naturally a soft
and friable coal; but as greater depths are reached and the
overlying rock grows hard and unweathered, the coal becomes
firmer. Much of the coal shipped from Huntington during
the past year has been stripped coal, which, being soft and
stained, was calculated to injure the reputation of Arkansas
coals in the market.

Strength or hardwess in coal is valuable in preventing
waste. With a soft coal a great deal is ground to dust in dig-
ging, blasting and hauling in the mine; still more is lost at the
tipple in cleaning and screening. In railway transportation a
great deal of the soft coal becomes crushed, which further in-
creases the direct loss, and, in addition, the coal reaches the
market in a bad state. On account of this attrition of trans-
portation a very soft coal cannot be separated at the mines
into the various sizes suitable for different uses. Hence it all
has to be shipped in lumps, and in this condition does not find
so wide a sale. For marine use a soft coal is most objection-
able as the motion of the ship keeps up_a constant process of
disintegration. With a non-coking coal, strength is a prime
requisite for its use in the blast furnace, and also to prevent
excessive loss through the grates in ordinary furnaces.

The Specific Grawvity, it is seen, ranges from 1.292 to 1.469,
and the average of the 27 samples is 1.331, which means that
one cubic yard of this coal weighs variously from 2180 to 2479
pounds, or an average of 2219 pounds. This is about what
has been found to be the specific gravity of American bitumin-
ous coals and of grades intermediate between them and an-
thracite *

The specific gravity or the weight of any bulk of a coal as
compared with the weight of the same bulk of water, is an im-

*According to Taylor the specific gravity of American bituminous coals ranges
from 1.25 to 1.36; of intermediate coals from 1.38 to 1,70 and of anthracite from
1.32 to 1.81. See statistics of coal, p. g3.

Recent analyses of Pennsylvania anthracites. show a range in specific gravity
from 1.546 to 1.688.
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portant factor when there is any restriction of space, as on raii-

way cars and ship bunkers. In the latter it is especially im-

portant that a fuel of high specific gravity be used when a long:

vuyage is contemplated and it is necessary to carty as large a

stock of coal as possible. A given bulk of anthracite coal will

thus weigh from 15 to 23 per cent, more than the same bulk of

bituminous coal, so that from 14 to 25 per cent. morc pounds
of fuel could be carried in the same space.”

The Percentage of Water in the Arkansas coals is notice-
ably low,  With the exception of Ne. 1 (in which the large
proportion of water is probably due to the weathered condi-
tion of the sample) it nowhere reaches 2z per cent,, and the av-
erage of the twenly-six samples (omitting No. 1) is only 0.95
per cent.  This compares most favorably with the results of
analyses of coals in adjoining and competing States. The av-
erage percentage of water in one hundred and forty nine sam-
ples of Ohio coals is quoted as 4.65.  In sixty -four lowa coals
it is 8.57 and in one hundred and twelve Missouri coals 3 40.7
[inois coals are notably high in moisture, which ranges from 4
to often as high as 12 per cent. Thirty-cight samples of Kansas
coals yielded an average of 4.79 as the percentage of moisture.
Ninety-seven samples of Pennsylvania bituminous coals yiclded
.03 as the average percentage of moisture, and thirty-three
samples of Pennsylvania anthracites give 3.35 as an average,
It will also be noticed (still excepting No. 1) that those samples
which were taken from lots that had been . exposed to the
weather do not show a noticeable difference from the average
in the amount of moisture contained, which indicates that these

coals are not hygroscopic—an important point in their favor.

The value of this low moisture percentage lies in the fact that

#*In considering the economic value of high specific gravity, however, care
should be taken to see that this is due to density of the fuel constituents and not to
a high percentage of ash.

+Report M, 2d Geological Survey of Pennsylvania, 1874, p. 28 Report of
Progress in Laboratory.

tComposition and Evaporative Power of Kansas Coals, By Profl. E. H.
S. Bailey and Prof. L. T. Blake. Sixth Biennial Report of the Kansas State Board.
of Agriculture.
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molsture or water in coal has absolutely no fuel value and is
an ivert constituent which has to be dug, handled and hauled
at o constant expense, and is finally driven out at an actual
cost of fuel.  Kvery additional per cent. of moisture means 20
pounds of fuel removed for cach ton of coal, or some 400
pounds for the car load,

The Percentage of Asl is not particularly low as compared
with results of analyses of other coals. Tt ranges from 3.09
to 14.21 and the average of the twenty-four samples is 6,76,
The average percentage of ash of samples from six different
mines in the Belleville district of Illinoisis 7.6;% of the thirty-
eight Kansas coals it is 10.19; of the seventy-six Pennsylvania
bituminous coals, about 5.35;1 of Cumberland, Md., coal,
0.4, of fiftecen Flat Top coals of Virginia, 5.19.7 Due allow-
ance should also be made for the varying methods of sampling
which has its chicf influence on the ash percentage. A com-
mercial sample, such as those taken of the Arkansas coals,
would naturally contain more ash than a selected specimen of
pure ¢oal. A fairer comparison can be made with the Penn-
sylvania anthracites, of which commercial samples were col-
iected.  In thirty-three samples of the Pennsylvania anthracite
coai from different collieries, the ash per cent varied from 4 043
to 12.624 and the average was 8,31.§

Ash is another inert constituent, every per cent. of which
means 20 lbs. of dead weight to be handled and 20 lbs. loss
of fucl per ton of coal, and as the water in coal is finally re-
moved at cost of fucl, so are ashes finally removed at extra
cost of labor. It has been estimated that when the cost of
stoking coal is 63§ per cent. of the cost of coal (coal at $3
per ton and labor at g1 per day), and with cost of handling
ashes double that of stoking coal, § per cent. of ash will

#Taylor's Statistics of Coal, p. 4235.

TReport M., 2d Geological Survey of Pennsylvania, p. 29.

iReport on the New River Cripple Creek Mineral Region of Virginia. By
Andrew S, McCreath and E. V., d’Lovilliers.

ZAunual Report for 18835, Pennsylvania Geological Sarvey, p. 314.
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diminish the fuel valuc of a coal by over O per cent., 10 per
cent. ash by over 12 per cent, and so on.”®

The nature of the ash is also to be considered as affecting
the uses of the fuel. In the proximate analysis the color of

the ash is generally given, and this color furnishes a rough

measure of the amount of iron it contains, which is an impor-

tant constituent. Where it is desirable to have further knowl-
cdge an elementary analysis of the ash must be made. Iron
in an ash makes it more fusible and increases its tendency to
clinker. In domestic consumption, where the temperature is

low, the quantity of ash is of more importance than its quality

or fusibility, but, for steaming purposes, where an excessive or

melting heat is required, ashes of a clinkering coal will fuse
into a vitreous mass and accumulate upon the grate bars in
sufficient quantity to exclude the passage of necessary air, so
that the practicability of employing a coal at all will often be
determined by ‘this one quality of clinkering of the ashes.
Under all such circumstances those coals are best the ashes of
which are nearly pure white and which contain little or no
alkali nor any lime and large amounts of silica and alumin..t

The Percentage of Sulphur in Arkansas coals, as com-
pared with the best coals of the country, is high, The lowest,
it will be noticed, is .862 and the highest is 4.958, and the
average for the twenty-seven samples is 2.06g. In compari-
son, the seventy-six bituminous coals of Pennsylvania, above
referred to, have an average sulphur per cent. of 1.4; the
Flat Top Virginia coals have .73 and the thirty-three anthra-
cite coals have an average of about .63 per cent. In Kansas
coals it ranges from 2.5 to 5 per ceat. The exact condition
of the sulphur in the coals cannot be stated from these proxi-
mate analyses, but that much of it exists as pyrites is casily
scen from observation, This pyrites occurs in thin films be-

tween laminge of coal, but also in lenticular bands and nedules,

#See paper by Dr. H. M. Chance on the Relative Value of Coals to the
Consumer. Trans. Amer. Inst, Mining Engrs, Vol. XIV, p. 19, 1885.
tSee # A Practical Treatise on the Combustion of Coal” By William M.

Barr, p. 168, Yohn Bros., Indianapolis, Ind.
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which, though lying somewhat irregularly in the coal, it would
be practicable to remove to a great extent by more careful
mining and inspection at the tipple.

Sulphur may, in one sense, be considered a combustible
constituent of coal—that is, it will burn with the development
of heat and is thus not inert like moisture and ash.  But the
injurious effects of sulphur in coal much more than counter-
balance its heat-producing quality. Sulphur in coal for heat-
ing or steaming purposes corrodes grates and boilers, often
eating out the bars of the former till they are worthless, and
sometimes causing disastrous explosions of the latter. In
coke or raw coal for the blast furnace, sulphur is objectiona-
ble, as injuring the iron and producing a hot-short pig.  Fur-
ther, on account of this effect on iron, coals high in sulphur
are objectionable for forge use. In gas making the sulphur
must be removed by purification and every additional per
cent. involves extra cost and makes a poorer gas.

Sulphur generally occurs in coal in the form of iron
pyrites and the oxidation of this has a powerful effect in caus-
ing disintegration of coal, and this oxidation is further liable
to produce spontaneous combustion, which may be the cause
of much loss where the coal has to be stored in large heaps.
Especially in marine transportation is this a source of grave
danger,

The Fived Carbon, even in the most bituminous of Arkansas
coals, is high. It ranges from 67.131 per cent. to 81.277 per
cent. (omitting reference to No. 1), and the average is 76.270
per cent.  This is higher than the average carbon per cent. in
any of the coals with which it is brought into competition, ex-
cepting, of course, Penusylvania antliracites, which contain
from 78 to 88 per cent. of fixed carbon. [u Pittsburg and
other Pennsylvania bituminous coals the percentage of fixed
carbon averages about 68, and is often below 6o, [linois coals
have a still lower fixed carbon per cent., it often being less than
so.  Similarly Missouri coals are bitumineus, with a compara-
tively low percentage of fixed carbon, and the 38 Kansas coals

have an average of 5.4 per cent.
o .
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The fixed carbon of a coal is its principal combustible con-
stituent. In coking coals the percentage of coke yielded is in
proportion to the percentage of fixed carbon, and as affect-
ing the coking qualities of a coal the fusibility of the carbon
is of great importance.  With bituminous and semi-bituminous
coals the steaming value is in proportion to the percentage of this
constituent, and this even more, perhaps, than carelul tests
would indicate.  IFor, notwithstanding the fact that the fixed
carbon of a coal will evaporate much less water than an equiv-
alent weight of the volatile combustible matter wlen properly
burnt, still, in practice, so much of the latter is lost through
careless firing, or improper furnace construction, that the rela-
tive steaming value of a coal may be fairly approximated by
assuming the carbon to be the only useful constituent. The
condition of the fixed carbon, as well as that of the volatile
matter, decide also whether a coal will ignite easily and burn
freely. In other words, whether it be quick steaming or not.

The Volatile llydyocarbon Per Cent., in inverse proportion to
that of the fixed carbon, is low.even in the most bituminous
samples of our Arkansas coals. It ranges from 8,41 to 16.394
(excluding No. 1), and the average of the 26 samples is 13.739.
In comparison, the bituminous coals of Pennsylvania have vol-
atile combustible matter ranging from 19 to over 40 per cent,,
while 30 per cent. represents about a fair average. In Illinois
coals itis generally above 30 and ranges up to 47 per cent., and
similarly with Missouri coals. The average per cent. of volatile
matter in the 38 Kansas coals is 39.62. In Pennsylvania an-
thracites it ranges {rom 2.7¢ per cent. to 4.68.

Volatile combustible matter constitutes an important part
of coal as a fuel. The amount and quality are of first value
in deciding whether a coal be suitable or not for the manufac-
ture of illuminating gas. The coking of coal is largely, though
not wholly, dependent upon this constituent, as is also the
quality of caking in ordinary combustion, Coals with a large
percentage of volatile combustible matter are easily ignited
and burn with a long yellow flame, but also form much soot

in ordinary combustion and give out great volumes of dense
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smoke, How objectionable this quality is in fuel for railway

use every traveler can testify, I‘or naval purposes such coals
are at times proscribed, as the smoke generated is liable to be-

tray the positions of vessels of war when it is desirable that

they should be concealed.

The Crucible Coking Tests, the results of which are attached
to the table of analyses, do not, of course, establish the capa-
bilities of the different coals for the production of coke on a
commercial scale. But the negative results are final. That is,
a coal which will not coke in the crucible will not do so in the
oven. The positive results, however, establish only a scale of
probabilities.  These results may, therefore, be interpreted as

follows:

Will probadly cole. Will possibly coke.
2. Page's pit. 4.  Hackett City shaft.
3. Baxley pit. 7. Claiborne’s pit.
5. Pickartz drift, g. McConnell’s shaft.
6. Huntington's slope. 11.  Sullivant & Boling.
8. Lewis’ pit, 12. Bocquin & Reutzel.
10.  Greenwood shaft. 17.  Petty’s slope.
13. Gwyn’s drift. 19. Watt’s slope.

14. Carlan's slope.
15. Moomaw's pit.
16, Graves’ drift.

18.  Philpott’s shaft,

Will probabdly not coke, Will cevtainly not coke.

20. Felker’s slope. 21. Ouita slope.

23. Coal Hill shaft. 22.  Eureka shaft.

24. Allister slope. 20. IHarkreader’s well.
25. Mason’s drift. 27, Shinn’s slope.




CHAPYTER V.

THE ADAPTABILITIES OF ARKANSAS COALS.

The principal uses to which coal is put are:

i. The production of steam.

2. The manufacture of iron and for other metallurgical
purposes.

3. Domestic purposes.

4. The production of illuminating gas,

These uses are mentioned in the order of their importance
as measured by the amount consumed. Of thesc, the first, the
production of steam, probably disposes of half the total out-
put of coal in the United States.

The value of a marketable coal is, to a great extent, a rela-
tive one, and depends upon the use to which it is to be put.
An excellent steaming coal may be an inferior or practically
worthless coal for the manufacture of iron, for domestic pur-
poscs or for gas production. The same may be true of coals
specially adapted to any other of the uses cited. It is there-
fore of great importance that a coal should be put on the mar-
ket with a full knowledge of what special class of uses it is
pre-eminently fitted for,

Now, Arkansas coals occupy that middle position, among
the various types, which combines many of the characteristics
of the extremes with characteristics of their own, which the
extremes lack.  Among these Arkansas coals, and cven among
those coming from closely adjoining localitics, there is more-
over a great difference in their capabilities, Tt therefore be-
haoves all who have interests in thesc coals to pay carcful at-
tention to the uses to which each particular coal is adapted,
and those energics will be best spent which look toward mak-
ing the demand in its special field exclusive and imperative for

that special coal.  Such agtivity should include not merely the
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dircet soliciting of custom, but also the study and the design-
ing for each special coal of the best form of grate or furnace,
either domestic or industrial, of the best mode of preparing the
coal Tor maiket, of the condition in which the coal is best for
any use it may be put to, and, in short, all such questions as
lead to the development of all that is good and valuable in the

coal should be given the most careful attention.
Lor the Production of Steam,

The results obtained from a coal in practice depend upon :

1. The nature of the coal,

2. The character of the furnace.*

3. The conditions of firing. .

With regard to the nature of the coal, the relative amounts
of fuel constituents and of inert constituents, such as moisture
and ash, and the nature of the fuel constituents and their re-
spective calorific powers, are of chief importance. From this
it might be inferred that the evaporative power of any coal
may be calculated directly, from a knowledge of the propor-
tion and of the calorific power of each of the component cle-
ments of the fuel constituents.  But this is not so. The dif-
ference between such calculated results and real caloribic
powers, as obtained from experiments, in which complete com-
bustion was insured, amounted in some instances to as much
as 15 per cent.f Yet results such as these are caleulated out and
are liable to be compared, by the ignorant, with results from
actual tests, which naturally leads to very erronceus conclu-
sions,  Again, another casy method naturally suggests itself
for obtaining the evaporative power of coal, 7. ¢, by the use of
some form of laboratory calorimeter which determines the
heat produced by the peifect combustion of coal.  But, for

practical purposes, such results do not appear to furnish much

“Ry «frnace ™ is here meant the whole apparatus for burning the fucl and
transfering  the heat to the body 1o be heated, including ash-pit, air holes, flame
chamber, fiues, tubes and heating swrface of any kind, and chimmey or stack,

+The Valuation of Coal, by Prof. Chas. . Monroe, U, 5. N. A, p. 225, e

ceedings United States Naval Institute, Val, VI, 1580,
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more knowledge of the capabilitics of a coal than doesa knowl-
edge of its chemical composition.  Nowhere in practice is per-
fect combustion attained; and, further, it is a striking truth,
that as most coals are burnt, the very constituents of the fuel
which have the highest calorific powers, the volatile com-
bustible matters, yicld less cconomic effect than does the con-
stituent which has the least calorfic power, the fixed carbon.*
Hence, a large proportion of the heat developed in the calo-
rimetric test is lost in the furnace. But the most important
defect of such laboratory tests is that they do not furnish any
information as to the hehavior of the coal in the furnace. Thus
no kaowledge can be derived from them of the form of fur-
nace and method of firing best adapted to the coal.  Calori-
metric determinations of the evaporative power of coals are
abundant and are frequently referred to. It is sometimes
claimed that cven though the results they offer cannot be
taken as an absolute measure of the efficiency of a coal, they
arc at least of relative value when applied to the different
coals tested.  This may be true when such tests are of coals
having very similar characteristics.  But in view of the vari-

able sources of loss in the use of coals of different charac-’

teristics, even this relative value would seem to disappear.

An experimental working test with a steam boiler will,
next, naturally be considered as a means for determining the
steaming value of a coal. DBut here we are immediately con-
fronted with the question as to what form of furnace and what
methods of firing shall be used. The same coal in different
furnaces will yield very different results.t  Different coals

#One pound of hydrogen gas will evaporate,...... 64.2 pounds of water,
One pound of marsh gas will evaporate.........24.3 pounds of water.
One pound of carbon will evaporate, ... ... vvee.. 150 pounds of water,
Shock’s Treatise on Steam Boilers.
Notwithstanding this fact, however, among the more bituminous varieties, the
coals with the high percentages of carbon constitute the best steaming coals.
iCompare Kent’s results in Trans. Amer. Soc. Mech. Engrs,, Vol. IV, 1883 ;
Isherwoods’ Experimental Researches and Reports in Annual Reports of Chief of
Bureaw of Steam Engineering, U. S. Navy Depl.; Thurston’s Manual of Steam
Boilers; Shock’s Treatise on Steam Boilers; Quartermaster General Meigs® report
on Fuel for the Army; and also the results of numerous boiler tests made by John
W. Hill.
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which may yield closely the swne results in different furnaces
may yield quite different results in the same furnace. A fur-
pace best adapted to anthracite coals is not best adapted to
bituminous coals.  The same coal in the same furnace will,
vith different rates of combustion, evaporate different quanti-
ties of water per pound of fuel,* and the differences will
not be the same with different coals. Ience an attempt to
draw guiding conclusions from an indiscriminate comparison
of results of practical coal tests made by different men, under
widely different conditions, results only in confusion.  And
when it is further attempted to draw into the consideration the
results of different calorimetric tests the confusion becomes
veritably © worse confounded.”

The outcome of all this is, simply, that a consideration of
the stcaming qualities of a coal involves also a consideration
of the form of furnace and of all the conditions of combus-
tion.

The evaporative power of a coal in practice can not be
truly stated without reference to the conditions of combustion
and every practical test of a coal, to be thorough, should lead
to o determination of the best form of furnace for that coal
and should furnish knowledge as to what classes of [urnaces
in actual use such coal is specially adapted. 1t is not suffi-
cient that in comparative tests of coals the same conditions
should exist with each, but there should also be determined the
best conditions for each coal.

This preamble is not meant, however, to lead to the dis-
couraging conclusion that it is not practicable to reach any
general results concerning the evaporative power of a coal.
The chief difficulty is in obtaining close results, such as are
necessary for fixing the relative values of coals which are

ncarly of the same composition, and also for expressing exact

#Shock in his Treatise on Steam Boilers gives the following illustration of this :

With 6 1bs. of coal per hour per square foot of grate, 10.49 pounds of water
per pound of coal were evaporated.

With 24 1bs. of coal per hour per square foot of grate, 6,82 pounds of water
per pound of coal were cvaporated.
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relative values of coals which differ widely as to quality.  But
the superiority of a coal high in combustible constituents over
onc low in combustible constituents can be broadly and boldly
defined. And, further, as ulref—ldy hinted, it scems to be gen-
erally acknowledged in steam practice that the coals with the
higher percentages of fixed carbon arc most desirable for pres-
ent gencral uses.  Aind of those coals high in fixed carbon, the
classes to which Arkansas coals belong, the semi-anthracite
and the semi-bituminous, secm to rank at least as high as the
anthracites in meeting the various requirements of a quick
and efficient steaming coal. As a measure of the value of
anthracite for steaming purposes Johnson's classical work™ is
frequently quoted, in which anthracite is recommended for the
use of the navy. But even his data give 9.98 pounds of water
as the average evaporative power of semi-bituminous coals
and ¢.56 for anthracites. Johnson was, of course, influenced
by other considerations of quality which he considered neces-
sary in a fuel for naval purposes. But, as a result of recent
investigations, under modern conditions, even this decision as
vegards this special use is changed and the use of semi-bitu-
minous coal is recommended. This is donc on consideration
of the high heating powers of such coals combined with the
qualities of promptness of ignition, considerable density, com-
pleteness of combustion and comparatively small amounts of
smoke and soot produced. It is recognized, however, that
such coals are more friable and deteriorate generally more
readily than do anthracites; and also that they are more liable
to spontaneous combustion.  The semi-bituminous coals here
referred to were chiefly the Cumberland, Maryland, and Flat
Top, Pennsylvania, coals.  For railway use these coals have

heen found in cases to excel anthracites in evaporating power.

#Ixperiments on the Iivaporative Power and other Properties of American
Coals. Report to the Secretary of the Navy, 1844, DBy Walter R, Johnson.

tDiscussion of the Merits of Anthracites and Bituminous Coals. By Chief
Engrs. C, H. Baker and I'. G. McKeen, U. S Navy, Members of Board to report
upon the comparative merits of coal for naval use, Ofiice of Naval Intelligence,

Burean of Navigation, Navy Dept., 1888,
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The comparative absence in semi-bituminous coals, of smoke,
which means loss of combustible matter as well as discomfort
to the traveler, 1s sufficient to suggest the superiority of these
coals over bituminous coals for such use. In fact the high
rate of combustion and the strong draught necessary in loco-
motives is particularly unfavorable for the economic combus-
tion of bituminous coals.  Such semi-bituminous coals are
also specially well suited for small tubular boilers. fire box
steam boilers or other forms with small unlined combustion
chambers in which the gases from bituminous coals become
cooled, are not burnt and deposit soot in the tubes. In short,
semi-bituminous coals give excellent results under a great
variety of conditions. It does not follow by any means, how-
ever, because some semi-bituminous coals yield such good re-
sults that all such coals will do so equally ; and, in recognition
of this fact, the Survey has had working tests of various Ar-
kansas coals made by the St. Louis Sampling and Testing
Works.

The samples for these tests were taken from three different
mines, from which the coal was thought to fairly represent the
character of the principal workable coals of the State. They
were all collected by the writer in person, and care was taken
to secure not a picked sample, but a fair average of what was
sent to the market. None of it was hand picked. The sam-
ples represent the lump coal as it comes from the tipple to the
car.  As only the ordinary bars were used at these tipples,
and the coal not at all inspected on the platforms, naturally
more worthless or deleterious material is represented in these
samples than would be with a more careful preparation of the
coal.  Hence better results can be obtained than these samples
indicate

The various coal companies liberally furnished the coal for
the purposes of these tests free of charge, as well as all ncces-
sary help for sampling and handling the same. Sample No. T
was hauled from the mine to St. f.ouis by the St. Louis and
San Francisco Railway Company, and samples Nos. II and 111
by the Missouri Pacific Railway, all free of cost to the Survey-
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Acknowledgment is due to these companies for their interest
and courtesy in this connection.

Sample No. [ was furnished by the Kansas and Texas
Company from Slope No. 19 at Huntington, Sebastian county.
It was sampled August g, 1888, from lump coal of one hun-
dred and twenty-three mine cars (equivalent to seven market
cars) as delivered to market cars.  This coal all came from the
top (four foot) bench, which was the only one mined at the
time, and was delivered from all parts of the mine. The sam-
ple amounted to about five tons in all, and was shipped in a
flat-car to St. Louis.

Sample No. [7 was furnished by Stiewel & Co. from their
shaft at Coal Hill, Johnson county. It was sampled August
6, 1888, from eight market cars of fresh coal. The coal was
from both benches of the bed, and from all parts of the mine
then worked. The sample was shipped to St. Louis in a box-
car, and amounted to about three tons in all.

The coal at the Allister slope of the Ouita Coal Company
is essentially the same as that from Stiewel & Co's shaft. It
is from the same bed, and the two mines closely adjoin each
other. The workings at the Ouita Company’s slope are, how-
ever, nearer the surface, and some of the coal shipped, from
lack of sufficient cover, is softer than that from Stiewel & Co.’s
shaft. Practically the same steaming qualities can be expected
from the one as from the other.

Sample No. I1] was furnished by the Western Coal and
Mining Company, and is from the same bed as is opened by
their Slope No. 15, near Jenny Lind, Sebastian county. This
slope had not reached the coal December 17, 1888, when the
sample was collected, and hence it was taken from Mr. E. B.
Petty’s opening, immediately adjoining, in which the coal is of
the same quality. About five tons were selected from a large
pile of freshly mined coal, stacked at the mouth of the slope.
It represented coal from the deeper portion of the mine, under
good cover. It was shipped to St. Louis in a box-car,
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The foliowing contains the results of the tests of these
coals as reported by Prof. Wm. B, Potter, Manager of the St
Louis Sampling and Testing Works:

1225 AND 1227 SPRUCE STREET,
St. Louss, Mo., April 13, 188q.
Arthuy Winslow, Esq., Assistant Geologist in Charge of Coal

Regions, Geological Survey of Awrkansas, Little Rock, Ark.

DEAR Sir: ~We have made a careful examination and
series of tests of the sample lots of coal sent us, and herewith
submit a report on the results:

The series of tests, which we have arranged and adopted
as a standard for fuels at these works, have the following main
objects in view :

1. To determine the chemical and physical properties of
each coal.

2. To ascertain its total calorific power by direct experi-
ment in a Thompson calorimeter,

3. To determine by a series of trials, the conditions under
which the coal may be used to the best advantage in actual
practice under steam boilers. _

4. To determine what evaporative efficicncy may be cx-
pected from the coal when these conditions are fulfilled.

5. To compare the results obtained by the tests of the
coal with those determined when using a well known type of
coal as a standard.

The determination of the conditions required for securing
the most economical use of each coal includes the ascertain-
ment of the best proportions for grate surface and heating sur-
face with given heights of chimney; of the most suitable type
of grate; and of the best methods of firing. The determina-
tions require usually two or three complete boiler tests to be
made on each kind of ceal, varying the conditions until the
maximum economy is attained. :

The boiler used at these works is a horizontal return tube
boiler, 54 inches diameter and 16 feet long with 36 four inch
tubes. The boiler has a Jarvis setting and arrangements are

made for varying the area of the grate, and for admitting more
5G
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or less air above the fire.  From the front cnd of the boiler a
horizontal sheet iron flue about 23 feet long, provided with a
damper, connccts with the chimney, which is of brick for a
height of 25 feet, and is surmounted by a 28 inch iron stack
extending to a height above the grate of 725 feet. The
grate is a common type of shaking grate, and has about 27%
per cent. air space.

In making the tests, the boiler is run for several hours at
full pressure, until all parts of the furnace are thoroughly
heated. The fire is then hauled, and a new fire quickly kindled
with wood, and the firing begun with coal which has been

weighed. The conditions—-steam pressure, flue temperature,

water level, etc.,—are kept uniform during each test, at the end
of which the fire is hauled, and the unburned (_:oal, ashes and
clinkers arc weighed. FEach test is usually continued for eight
hours, during which time regular observations are made every
half hour of the steam pressure and temperature, water level,
temperature of feed water and of flue gases, position of
damper, amount of admission opening for air above fire,
pressure of draft in flue, density of smoke produced, it any,
thickness of the bed of coals on the grate, etc. The manner
of firing is carcfully obscrved, and a record of the times of
firing cach door of the furnace is kept on the log.  The tem-
perature of the boiler room and the outer air, the condition of
the weather, and the height of the barometer, are also recorded.
The coal and water are weighed on separate platform scales,
the water being weighed into a tank from which it is pumped
into the boiler. Ample precautions are taken to guard against
leakage. The percentage of water entrained in the steam is
ascertained by a Barrus superheating calorimeter.  Samples
of the coals and ashes are carefully selected during each test
for chemical analysis and for the calorimetric test, and analyses
are also made of the flue gases, to determine the degree of
completencss of the combustion,

The standard coal adopted is that from the mines of a well
known company operating in the Pittsburg district, and may

be said to represent fairly the standard steam coal of that re-
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gion. The Pittsburg coal has been sclected for this purpose
for the reason that it is one of the best known and most widely
used of the better class of steam coals in this country, and
comparison with this as a standard is likely to be more usecful
on this account.

The proximate analyses of this coal is as follows:

Pey cent,

IVEOISEUTE! « cave o 4 oy s 5 9 i PR B e R i Jao0
Volatilematter. ... .o ..o oo i e, 35.34
Fixed carbon ... ... ... oo it 54.94
Ash 7.02

100.00

The calorific power of this coal by Thompson’s calorimeter
equals: 12104 British therinal units per pound of coal.

The evaporation under proper conditions to dry steam from
and at 212°, F, is:

8.5 pounds of water per pound of coal.

9.1 pounds of water per pound of combustible.

The attrition test adopted consists in charging about go
pounds of lump coal in a barrel mounted on a horizontal axis
through the length of the barrel.  This is rotated for half an
hour at the rate of twenty turns per minute. The contents
are then put through a No. 1 screen, dividing lump from
screenings, each of which are weighed., Thesc tests were
made at various times after the coals were received. The
several lots of coals were kept separate in dry places, carefully
protected, and there has been no change whatever in any of
the coals from the time they were reccived to the present
time. The following are average results of a number of tests
of cach coal, including the standard Pittsburgh :

Pittsburgh,  No. 1, Hunting-  No. 11, Coal No. 111, Jenny

Pa; ton. Ark. ITill, Ark. Lind, Avk.

Per cent, Der cent. Per cent. Der cent,
4 X117 SRR, 35 52 41
Screenings 65 48 59
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These results show that the Arkansas coals are of a com-

paratively tender character which is characteristic of coals
more or less metamorphosed as these have been.

The results of analyses of screenings from the above tests
t)

show that as far as composition is concerned there is no dete-

rioration in the screenings {rom original coals.

Enclosed herewith are tabulated forms giving the results of

hoiler tests for the several lots of coal. These results are

obtained from returns of several trials with cach coal. A

form giving facts relating to the boiler plant used for these

tests is also enclosed.

As compared with the standard coal the following percent-
age results are given:

fraporation of waler fron and at 212° per pound of coal

Pittsburg. No. 1, Huntington, No. 11, Coal ITill, No. 11, Jenny Lind,
Ark, Ark. Ark.
100.0 per cent g6.2 per cent 74.3 per cent 80.8 per cent

]iutz/wm/‘wiz of water from and at 212° per pound of coni-
bustible

Pittsburg. No. 1, Huntington,  No. 11, Coal Hill, No. 11, Jenny Lind,
Ark. Ark. Ark.
100.0 per cent 100.2 per cent 115.3 per cent 104G per cent

All the Arkansas coals so far tested burn quite freely

and make a clean, smokeless fire. No special arrangements.

are wanted for admitting air above the fire with these coals.
They do best on a grate with rather small openings, as they arc
more or less liable to decrepitate, and fall through into the ash
pit.

Coal No. 11, Coal Hill, is especially troublesome in this re-

spect, as with ordinary grates and firing from 30 to 50 per cent.

of the coal will fall into the ash pit unburned. A step grate
would probably be best adapted for this coal. With proper
treatment on an ardinary grate with small s.paces between th(,

*By lhe pound of combustible is meant the p{nmd of fuel or combusuhle con-

stituents actually used in the test, and excludes the amount of coal as well as the

ash falling through the grate. This does not make any allowance or deduction for
moisture in the coal. It is the standard rating of pounds of water evaporated, di-
vided by the pounds of fuel charged, less the pounds of ash, clinkers and coal fall-
ing through the grate, accounting also for that lefton the grate at the end of the

test.
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bars, aggregating about a quarter of the grate area, the Hunt-

ington coal and the Jenny Lind coal will not losc more than
about 3 and 5 per cent. respectively in this way. With ordi-
nary chimney draft and a grate such as just described, the tests
indicate that the best results will be obtained by carrying a bed

of fuel about g inches thick for the Huntington coal, 7 inches
for the Jenny Lind coal and § inches for the Coal Hill coal.

The Huntington and Jenny Lind coals are excellent steam
coals, adapted either for locomotive or stationary boilers
They would answer equally well in cither, but, if there is any
difference it would be in favor of the stationary boilers. The
Coal Hill coal breaks up too readily and gives rise to too greatl
a loss for economic use, unless some such system as step grate
is applied. This would only be practicable in stationary boil-
ers and not in locomotives.

For the Tuntington coal the ratio of heating surface should
be about 3.3 times the square root of the height of the stacks,
for the Jenny Lind coal about 6 times, and for the Coal Hill
coal about 4 times, With these proportions, and fairly clean

flues, the following evaporative duties may be expected:

For No. 1, Huntington, Ark .. ..8.5 pounds of water per pound of coal.
For No. 11, Coal Hill, Avk, .. .... 7.0 pounds of water per pound of coal.
For No. 11, Jenny Lind,......... 8.4 pounds of water per pound of coal.

The coking tests have been made in a coke oven rectangu-
iar in plan with arch roof and four flues leading down side
walls and under bottom to flue connecting with stack. This
oven talkes a charge of 400 to 800 pounds.

The Jenny Lind coal was treated in this oven for 24 hours,
several runs being made in charges varying from 400 to 800
pounds. Even with highest heats attainable and thick charges
the coke obtained was of poor quality and indeed can hardly
be classified as coke. The coal slacks down too readily when
heated and there is not enough bituminous matter liberated
during destructive distillation to secure a sufficient cementing
of the particles.  Samples of the “ coke” will be sent you. It

is sufficiently evident from the tests made on the samples of
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Jenny Lind coal that merchantable coke can not be made

from it. Respectfully,

St. Louts Savrrning anp Testine Works,
WirrLiam B. Porrer, Manager.
St1. Louts SAMPLING AND TESTING WORKS,

1225 AND 1227 SPRUCE STREET, ST. Louis,
April, 1889,

Description of boiler and setting at St. Louis Sampling and Testing Works,

1225 and 1227 Spruce street, St. Louis, Mo.
Kind of boiler, return tubular. Made by Roban Bros., of St. Louis, 1887

T A
e ) . — o
DinMENsIONS OF EAcH BOILER. 2 o S S ]
£ = &n 3 5
5 5 5] < =
i =] = = =
Shells ... | 1 54 in. 16 in Steel.
Tubes............ 36 4 in. 16 in. L
Steam Drums or domes....... .. 0B fewosnnn s
Mud drums......coccovecvins e [} I T D
_ Width. | Depth. | Heigh
Internal fire boxes ... . T r elghf
Walerileps e T

T [Shells,| Tubes.| Flues, \Tlre Boxes. \\'ﬂu ,egs Fot'll,

Heating surface,

~each boiler 166 564
Preheating smy’ace o
Superheating surface........ (o S,

Type of Settin mJTlVlS furnace, sheet iron flue from uphke to C]lll]in(_}’

Lype of Grates—“Standard” rocking grate bar. Zength, 4 ft. 6 in width, 5 ft.

Means of Producing Draft—Chimney 24x24 inches, brick for ahout 30 feet above
grales, thence iron stack 28 inches diameter extends to 7214 feet above grates.,

Grate Surface, sq. ft., 22.5. Percentage of opening e B il emerany

Diraft Openings Above Five, sq. Jt. 42, Per sq. fl. of Grate.. 018

Height of Boiler Abouve Grate ...

Tube Calorimeter, Sqo Jlo 275 il et e s

Avea of Cross Section of Flue, squ ftooooiioie i .

TOTALS FOR ONE BOILER.

Heating Surface, sq. fl
Preheating Surface, sq. ft ...
Superheating Surface, sq. ft..
Grate Surface, sq. jft .. JE
Area of Cross Section of Main Flue sqg. ﬂ .........................
Area of Cross Section of Chimuney, sq. flooo o 425
Helght of Top of Chimney Above Grate. ... g2 M .

N
o
=

THE ADAPTABILITIES OF ARKANSAS COALS. 73

ST. LOUIS SAMPLING AND TESTING WORKS,
1225 and 1227 Spruce Street, St. Louis.
Results of evaporative test on Pittsburg coal, made March 3o, 1889, by St. Louis

Sampling and Testing Works, at works:

DURATION OF TEST.uvenrivnnernnivnrannieesonnns ceulhours., 8.00
Mean height of barometer ........ P — Louinches of mereury. . ..o
« temperature of boiler room.... ..., R oL degieesy, I0. . 60.00
“  temperature of outside air, ... ... . walbadt EE degirees, .. 50.00

«  condition of weather ... ... ... § L R . Partly cloudy.
“ steam pressure above atmosphere, by gauge . ...... pounds. . 74.40
“  temperature of steam ..... AR § g7 degiees, £, 322.00
MEAN ABSOLUTE STEAM PRESSURE ., ..... TR pounds, . a2.50
“  height of water level..... 5 SRS C eneae s daches, 6.40
MEAN PERCENTAGE OF WATER IENTRAINED IN STEAM. ... pex cent. . 2,00
“  temperature of feed water ...oi v i iaiian degiees, £, . 70.00
Pounds of water apparently evaporated . ..o.vuveonnnn pouwnds,,  13,000.00
Equivalent evaperation to dry steam from and at
212 degrees, I, 13,000 X I.105. . .00 vt e s e pounds. . 15145.00
Equivalent evaporation per hour, 1893.1 pounds. Lboller horse power. . 54.90
EQUIVALENT EVATORATION PER HGUR PER SQUARE
FOOT OF HEATING SURFACE..... s et DOIIE 2.60
Weight of coal used, plus equivalent of wood............powunds.. 1,800.00
WEIGHT OF AsliEs, CLINKERS AND COAL WHICH
FrLr TiroucH GRATE, 147 pounds, ... per cenl. of wasie. g.10
Percentage of unburned fuel which fell through grate. ... per cent. . 2.10
PFRCENTAGE OF CLINKERS IN FUEL....ooiueeiinnn per cent, . 1.90
Mean opening of damper (percentage of full opening)... . per cent.. 100,00
MEAN TEMPERATURE OF FLUE GASES.......... Do e degrees, I, 447.00
Mean pressure of draft in flue........ e e dnches of water, .20
MeAN THICKNESS OF FIRE, . R vl dnches, 8.80
MeAN OPENING OF AIR I\ths ABOVE FIRE PER
SQUARE FT. OF GRATE . v, 0vsiivvanniaans V.. Square feet, .02
Pouxns oF COAL BURNED PER HOUR PER SQUARE
FOOT OF 'GRATE ... sniiie it s s PO IR s . 16.26
Pouxns oF COAL BURNED PER HOUR PER SQUARE
FOOT OF HEATING SURTFACE. ... ..ot innuns L. peunds. .30
AMEAN SMOKE PRODUCTION ON SCALEOF 10, ., .0 vuvue i innonen 1.40
Mean Composition of Flue Gases, per cent. N. O, 9.0606.
COZ.. M wwam e aaer e CO...57-
Evarorarion of WATER FROM AND AT 212 DE-
GREES, F., PER roUND oF COAL .....vvne. srara s DOTEREA 8.41
EVvAPORATION OF WATER FROM AND AT 212 DE-
GREES, I., PER POUND OF COMBUSTIBLE . .vovay.. poeiads. . 9 10
Fugl isedis Kinell popomaemmnen mewns owsnm iwmsmte by s L .size, i Lo 4 in. diam,
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Chemical Composition of Coal, ultimate :
Per cent. C., 77.05; H, 5.80; O., 7.26; S, 1.97

Chemical Composition of Coal, proximate:
Per cent I120., 1.80; Vol,, 35.34; ¥. C, 54.04; Ash, 7.92
Calorific power of Coal, B.T. U. per Ib., calculated by calorimeter ., . .
Theoretical evaporative power, from and at 212 degrees, F........
Percentage of total calorific power utilized, or efliciency...........

ST. LOUIS SAMPLING AND TESTING WORKS,
1225 and 1227 Spruce Street, St. Louis.

Results of evaporative test on Arkansas coal, No, I, Huntingtlon, Ark., (Geologi-
cal Survey), made December 15, 1888, by the St. Louis Sampling and Testing

Works, at works:

DuraTioN or TEST ..... ST R S e v AR s Al e OB
Mean height of barometer ... .. ST S inches of wereury. .
% temperature of boiler room.... ... T T T e
% temperature of outside air....., T {1 4 T Xy (e
*  condition of weather wey cusmminie sevmanmeine s
“  steam pressure above atmosphere, by gauge. ... . ... pounds. .
“  temperature of steam. ..,......... o S———— degrees, I, ,
MEAN ABSOLUTE STEAM PRESSURE............. cuae s pounds,
“  height of water level.......... s e sssnntnches,
MEAN PERCENTAGE OF WATER ENTRAINED IN STEAM, .pcr cent.
o tcmpei'ature of feed water......... R T degrees, .
Pounds of water apparently evaporated................. pounds,

Equivalent evaporation to dry steam from and at

212 degrees, oo ... . ..., s S ceaas pornds. .
Equivalent evaporation per hour, 1883 pounds. .doiler horse power.
EQUIVALENT EVAPORATION PER HOUR, PER SQUARE

FOOT OF IIEATING SURFACE ,.......... R pounds. .
Weight of coal used, 1502.5; plus coal equivalent

O WOBKH: 0005 enmmvemmes s mmemmn s st ORI S
WEeIGHT oF Asiiks, CLINKERS AND COAL WHICH

FrLL THROUGH GRATE, 156 pounds. ... per cent. of waste, ,
Perceniage of unburned fuel which fell through grate, . ... per cent . .
PERCENTAGE OF CLINKERS IN FUEL........... T per cent.
Mean opening of damper (percentage of full opening)....per cent. .
MEAN TEMPERATURE OF FLUE GASES.......vvv.vus. degrees, 17, .
Mean pressure of draftin flue........ ... ... dnches of water,
MeaN THICKNESS OF FIRE.......o.. ., ayeiegs eesinECT g inches.
MEAN OPENING OF AIR INLETS ABovE FIRE, PER

SQUARE FOOT OF GRATE. ... vuuus.n......5puare feet. .
Pounps or Coar BurneD PER TIOUR, PER SQUARE

FOOT OF GRATE..,........ SRR AR pounds. .

13,104.00

43-00
Rainy.

68.70

315.50

83.40

6%

2.00

171.00

11,762.00

12,429.00
54.00

2.58
1,510.00

10.30
3.10
3.50

6o oo

478.00
0.10
9.00

.002

13.15
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PouNDS oF CoAL BURNED PER HOUR PER SQUARFE

FOOT OF HEATING SURFACE . . .....vve.uu..pounds,, 318
MrEAN SMoOKE PRODUCTION ON SCALE OF I0.......... 0,40
MeAN CoMPOSITION OF FLUE GASES. ... ... vevuaa fpercent. .

N......... siamr Qe an v s €02y EO: omins musen Lam voam n

EVAPORATION OF WATER FROM AND AT 212 DE-

GREES, F., PER POUND OF COAL ....ov.nvevs. . pounds | 8.18
EVAPORATION oF WATER FROM AND AT 202 DE-

GREES, I, PER POUND OF COMBUSTIBLE..vuvu.u.. pounds, Q.12
Fuel s Kindimmiemmme sosomnusmmess s SRR . (- - SOV

Chemical Composition of Coal, ultimate :
Per cent., C., 80.7; H., 5.66; O.and N,, 3.55; 5., 3.44
Chemical Composition of Coal, proximate :

Per cent,, H20, .. .... SN el BelCapy yand AEH, o -
Calorific power of Coal, B.T. U., per pound, calculated by calorimeter,  11,400.00
Theoretical evaporative power, from and at 212 degrees, F........ 11.80
PERCENTAGE oF ToTAL CALORIFIC POWER UTILIZED, OR EFFICIENCY . 69.30

Ignites readily, burns with a thin, bright flame and but little smoke. Requires
little stoking. Small amount of hard clinkers which gives no trouble. Ash fairly

clean and somewhat fine.

ST. LOUIS SAMPLING AND TESTING WORKS,
1225 and 1227 Spruce Street, St. Louis,

Results of evaporative test on Arkansas coal, No. Il, Coal Hill, Ark, {Geclog-
ical Survey). Made December 8, 1888, by 5t. Louis Sampling and Testing Works,

at works:
DURATION OF TEST s o wonivianmas i Amnivis Smete st fons. . 7%
Mean height of baromeler............ ... inches of mercury.. ... ...
“ temperature of boiler voom. ... ..o .. degiees, I, 58.00
“  temperature of outside air. ..., ... ... .l odegrees, I, 49.00
“  condition of weather...ovvviiiii i S RRESI Rainy.
*  steam pressure above atmosphere, by guage............ lbs. . 70.00
#  temperafure of Steami, ..oweeiaie servaiiin woe dEgFEES I, 315.90
MEAN ABSOLUTE STEAM PRESSURE.....oovvvnunn. EOVRPORTRRMI ./ 8 84.80
“  height of water level ...... e e tnches. . 6.50
MEAN PERCENTAGE OF WATER ENTRAINED IN STEAM. ... per cent, . 3.00
«  temperature of feed water ,... ..... e degrees, I 64.80
Pounds of water apparently evaporated. .......... .o fbs,, 9342.00
Liquivalenl evaporation to dry steam from and at 212 degrees I'. ./s..  10,821,00
Equivalent evaporation per hour. . 1442.8 pounds, boiler horse poroer . . 41.80
EQUIVALENT IEVAPORATION PER HOUR PER SQUARE
FooT OF ITEATING SURTACE. v evve vevenr snnrnnvarass 5] 1.98
Weight of coal used 1700, . plus coal equivalent of wood. . 13..7s. . 1713.00
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WreicuT or Asies, CLINKERS AND CoalL WiicH MEAN ABSOLUTE STEAM PRUESSURE. ...yt v anen 0, folds, 02,00
Friun THROUGH GRATE, 684 s, .. .. .. Per cent. of waste, 40.00 liEght o WAtEFLeNels v s s s Tnches. . 614
Percentage of unburned fuel which fell through grate. | ... pei cent. . 33.20 MEAN PERCENTAGE OF WATER BNTRAINED IN STEAM, ., per cend, Q.30
PERCENTAGE OF CLINKERS IN PURL: cunpe vovin saveiper ek, ; .00 S temperature of feed water. ..., oo e Wegrees, 17, . 164,00
Mcan opening oi damper (percentage of full opening).. .. per cont. . 50.00 Pounds of water apparently evaporated |, ..., ... ... pornds L 11,000.00
MEAN TEMPERATURE 0F TLUE GASES . .00 ooy odigrees, I 425.00 Equivalent evaporation to dry steam from and at
Mean pressure of draftin flue....... ... .. ... duckes of waler., . .06 2r2l degrees; s vy mennaP0ildsy  TIHDO0IGO
MEAN THICKNESS OF TIRE - vuvucvvnunvnmnnrnnvnnene o dEheS,, 5hs Tequivalent evaporation per hour. . 1487 pounds, doiler forse pouier. . 43.00
Mean OpPeNING oF AR INLETS above five, per LQUIVALENT EVAPORATION PER HTOUR PER SQUARE
square foot of grate ... . .vviveiunnoun. ., Synare feel,, A002 FOOTFOF IMEATING SURFACE . v amn «osmiais s powunds, ., 2.00
Pounns or Coal BURNED PER [TOUR PER SQUARE Weight of coal used, . . 1540. ., .plus coal equivalent
oo 0f GRATE; sy genn T s e S0 [0.15 of wood, 18 Pounds. ..t e e e 1,558.00
Pounps or Coal BurNED PER HOUE PER SQUARE WricHT oF Asnrs, CLINKERS AND COAL WHICH
Foor or HEATING SURTACE............ P/ SN 313.00 FrrL TUROUGH GRATE | 248 pownds.  Per cent. of wasie. 14.00
MEAN SMOKE PRODUCTION, ON SCALE OF IO, . .u0evuvevesnnacnnn e Per centage of unburned fuel which fell through grate .. .. pes ceni. . 7.20
MEeax ComrosriioNy ofF IFLUE (GASES, PER CEN e PERCENTAGE OF CLINKERS IN TUEL. ... ... v uuy.vu.. . percont,, 3.00
O ol W COz. ... i s S Mean opening of damper (percentage of full opening) ... per cent, . 10.00
EvAroratTion or WATER IFROM AND AT 212 Di- MEAN TEMPERATURE OF FLUE GASFS. . ovuvun. e, o dagrees, I, 490,00
GREES, Iy PER POUND or CoAL L. oot w08 s 6.32 Mean pressure of draft in lue.. ..., ... ........luckes of walter,, 0.10
LEAviORATION OF WATER FroM AnD AT 212 DE- MEAN THICKNESS OF FIRE .u.ovuvvvven cinnvnvvnnns o dnches,, 9.50
GREES, Iy ER POUND 0F COMBUSTIBLE. ..o 0. vven. b5, 10.5C MEAN UPENING OF AR INLETS ATOvE FIRE, PER
Tuel used: kind, Coal Hill, Avkansas.....,......size, 224 in.dia. ..., .., SQUARE TOOT OF GRATE......vivrreiiaran..! sguare feet. . 0.00
Chemical composition of coal, nltimate: Pounns oF CoAl BURNED PER TTOUR PER Q. ¥1. OF GRATE, ... /s, . 10,70
Per cent., C. 78.00; I 4.58; O. & N. 2.61; S, 1.55. Pounns or Coal BurNeDd rer HoOUR, PER SQUARE
Chemical composition of coal, proximate: FOOT OF TTRATING SURTFACE . 4 vt ene s v ernnennnnecee dBs, .26
Pericénts; He2 O Nologgav T Chaa @8 MEAN SMOKE PRODUCTION, ON SCATE OF [0, ., eeue . inovs s o.10
Calorific power of coal, B. T. U., per Ib,, calculated by Calorimeter.,  12,500.00 MEAN COMPOSITION OF ITLUR (FASKS, PER CENT. N. ... ....u....
Theoretical evaporative power from and at 212 degrees, ' ... 12,94 6 N . & S ot i T T S e SR W RRREE R
Percentage of total calorific power utilized, or efficiency...... .... 40.00 EVATORATION OF WATER FEOM AND AT 212 DE-
Slacks somewhat when first heated.  Buwrns rather slowly, with thin, bright, GREES, ., PRR POUND OF COAL. . vuvivrrrre vannnneo. f05,, 7,04
smokeless flame, and requires sume stivring.  Stirring causes large amount of fine EVATORATION OF WATKR FROM AND AT 212 Dp-
coal to fall through grate.  Very Jitle clinker,  Ash poorly burned and fine, GREES, ., PER TOUND OF COMBUSTIRLE. \ o0y vy e, .. 05, 9,55
TFuel used : kind, Jenny Lind, Ark., Coal. . size dustto 3in. diameter,
- Chemical composition of coal, ultimate :
ST, LOUIS SAMPLING AND TESTING WORKS, per cent,, C, 7048, .1, 5.02. .0, and N, 4.77..8, 2.11,.,
1225 and 1227 Spruce Streel, St Louls. Chemical Composition of coal, proximate :
Results of evaporative tests on No. I1I, Jenny Lind, Arkansas, conl,  Made perictiity O oo Vol sl Conordishine: »
February 16, 1889, by St. Louis Sampling and Testing Works, at works : Calovific power of coal, B. T U., per Hh, calewlated by calorimeter. . 12,740.00
DURATION OF TEST . .. ... ... o R 8.00 Theoretical evaporative power, from and at 212 degrees, F.. oo e 13.2
Mean height of Barometer, . oo vouuuoeonn .o dERES 0f Wercitry. . ooeernr.., PErCENTAGE oF Torarn Carorikie Power UtTiizen, ErFiciency. . 58 per cent.
o temperatwee of boiler room. oo oo ool degiees, T 63.00 Ignites easily, burns with thin, bright and almost smokeless flame.  Requires
¥ temperature of outside aiv.. oo oLl e odegiees, I7 . 62.00 little stoking.  Small amount of clinkers which gives no trouble.  Ash fairly clean
 CONdNIBNn.Of WEATHEr wmwwn pewmrwenny o s Rainy. and somewhalt fine.
0 steam pressure above atmosphere. by gauge, ..., L pounds,, 74.60
% lemperature OFEEEIMLG sownee somn s s a deg recs, I, 322.00
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The gist of the results concerning the evaporative powers
of the coals tested is contained in the tables on p. 70, showing
the evaporation of water from and at 212 degrees per pound
of coal and per pound of combustible.

A study of these results shows that, per pound of coal, and
with the class of boiler used, the Coal Hill coal yields the
lowest results, the Huntington coal the highest, the Jenny Lind
-coal an intermediate amount, and that all of these Arkansas
coals have a lower evaporative power than the standard or
Pittsburg ceal. Per pound of combustible, however, the con-
ditions are reversed ; the Coal Hill coal yields the highest re-
sults, the Huntington the lowest, and the Jenny Lind is again
intermediate, while all of these give better results than the
standard or Pittsburg coal. The explanation of this is seenin
the tabulated descriptions of the tests on pages 73, 74, 76, 77
and lies in the difference in the amounts of ashes, clinker
and coal which fell through the grates.

With the Coal Hill coal as much as 40 per cent. of the coal
was thus wasted, with the Jenny Lind coal 14 per cent., and
with the Huntington coal 10.3 per cent.; whereas, with the Pitts-
burg coal only 8.10 per cent. was lost. The results of the
attrition tests given on p. —7show the friable nature of the
coals tested; but the screenings from the Coal Hill coal are
dess than from either of the others, and the large amount of the
former coal wasted through the grate is due to the fact that
this coal does not coke in the fire, as do the others, so that the
fine coal does not stick together but falls through the grate and
is wasted. To obtain anything like the tull value of the coal
a special form of grate is needed which will prevent this ex-
«cessive loss through the bars.

The evaporative duties which may be expected with these
coals under certain favorable conditions are given on p. 70,
and, for comparison, they are tabulated below along with the
duties of certain other competing coals in different furnaces.
The conclusions which can be drawn from such comparison

<an be considered only as very rough approximations, and due
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allowance must be made for the different types of boilers used
and different modes of firing.
The figures are for pounds of water evaporated from and

at 212 degrees I, and under atmospheric pressure.

() (2 . 3

COALS, | | | Little | Babeock
| Juhn- © Meigs | Giant & Wilcox

| som. lilal;c.i i’utlcr.} Boiler. Boiler. Doilers.

Pittsbiep P sy can smsmons |

Iuntington, Ark. }

Jenny Lind, Ark A ——

Coal Hhll, Avko.oo0 coooo o

Kansas goals e mvrmasm s i
|
|

EeavenworthplCan, o saopoes g issnen ez
LAdTanEbIOCk caaen e snmeis s |
Cannelton, Ind .. .. AP,
Run of mines, Ul ... .00 0 ... It
Stapntens: T s eynans !
Macallisters i (T i sn ams svusen oo
San Antonio, M Co. Tex ...,

1) Experiments on the Evaporative Power and other Properties of  Amer-
ican Coals. Report to the Secretary of the Navy, 1844, by Walter R. Johnson,

(21 The Evaporative Power of Kansas Coals, by T.T. Blake. Sixth Bi-
ennial Report of Kansas State Doard of Agrieutture.  The result given is approx-
imately the average of an estimate from calorimetric tests of over 30 Kansas
coals

3)  Tests made for the Arkansas (‘,‘.cnlugicnl Survey.

(4) Report on Fucl for the Army. By Quartermaster General Meigs, 15882,

(5) Lvaporative Power of Bituminous Coals. By William Kent.  Trans.
Amer. Soc. Meeh. Engrs. Vol, IV, 1883. These boilers were provided with a

proper fimace setting for the combustion of bituminous coals.

Concerning the other Arkansas coals, all that can be said
as to their steaming qualities is what can be deduced from
their analyses, from considerations of their location and from
their behavior as reported by consumers. On the basis of
their composition and location, the workable coals cited in the
table of analyses would thus group themsclves somewhat as
follows with reference to their steaming capabilities :
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Similar to Huntington Similar to Jenny Lind Simeilar to Coad 1188/
Coall Coul. Coal.

2. Page's coal. 12, Bocquin & Reutzel 24 Allister coal.
3. DBaxley’s coal. coal.

p. Hackett City coal. 14, Carlan coal,

5. Pickartz’s coal, 15. Moomaw's coal.

7. Claiborne’s coal, 17, Petty’s coal.

9. McConnel’s coal. 18, Philpott cnal.
10. Greenwood coal, 19. Wall’s coal,
13. Gwyn's coal. 20, lelker coal.

The Ouita coal (21) and the Eureka coal (22) are not con-
sidered to be good steaming coals, They are not so casily
ignited nor so free burning as the others; but, with properly
arranged drafts and handled by a man used to firing anthra-
cites or similar coals there is little doubt about these coals
yielding good results.  Along with these, Harkreader’s (20)
and Shinn’s (27) coals are properly classed.

With a view to throwing additional light upon the subject
of the steaming qualities of Arkansas coals, various classes of
consumers were interrogated and considerable correspondence
was entered into.  The results have not proved as generally
valuable as was hoped for, the replics not being in sufficient
number for obtaining an expression of the average opinion,
A few are introduced here, however, which furnish at least
some valuable hints as to the experience of the consumers.

The Little Rock Iee Company (*) reports, with reference chiefly to Coal Hill
or Allister coal, but also from experience with Jenny Lind coal, as applied o
stationary hoilers, that an intensely hot fire is produced. Can get more work ont
of Arkansas coals per ton than oul of any other coal ever used. (3ases have no
decided effect upon Nues excepting where a leak exists; corrosion is then rapid.
Effect on grate bars is severe even when fired lightly, and with heavy firing will burn
out grate bars in a short time. Very little ash is made to speak of. Coal is found
to slack or disintegrale a good deal in transporlation and on exposure to the
weather, But, “all things considered,” the two coals are regarded to be as goad
steaming coals “as anybody wants.” Ile prefers the Coal ITill coals to coals

from Tennessee, Kentucky or Alabama.  The Spadra (Ilureka) coal is considered
“utterly worthless for steam purposes.”

The Master Mechanic of the St. Louis and San Francisco Ra ilroad, Mr. M,

Kearney, writes that the few Arkansas coals which have been tried will not do for

blacksmithing purposes.  Some coal received from the Little Rock Railway (pre-

Private communication of Mr, L. W. Cherry, President and Treasurer.
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swmably Coal ITill or Allister coal) was as good as any they had ever used and
were able to make more miles to the ton of coal than with any other coal.

The daster Mechanic of the Little Reck and for. Swmith Railioay, My 1.
Iufsmith (now Superintendent of Transportation of the St l.ouis, Arkansas and
Texas Railway), writes that Coal 1Ll (or Allister) coal was used on the Fort
Smith and Little Rock road for steaming purpeses with very good results,  Tad no
bad eflects on either flues or fire boxes, and locomotive grate bars, properly con-
structed, would last from twelve to fourteen months. The amount of ash and
clinker was about 23 per cent,, “as near as I can remember”  Two tons of Arkan-
sas coal would run an engine and full train as far as three tons of Illinois coal,

This coal is now used on the Fort Smith and Little Rock and on the Iron Moun-
tain roads.  lingineers criticise it as being a good coal for steam but makes a good
deal of clinker and is rough on the grates and causes a peculiar incrustation on the
flue plate.

Avrkansas Industrial University--Used slack coal from Hackett Cily with
much satisfaction, in stationary boilers, It makes more steam but burns quicker
than Kansas coals and does not clinker like the latter, which stuck to the grates and
injured the bars. It kindles readily, no excess of sulphur is noticed, and leaves a
light cinder.

The Van Buren fce and Coal Company® finds the Coal 1Tl or Allister
coal 10 be the best steaming coal they have used. It clinkers considerably and will
burn out the grates if they are not well cleaned and cared for.  No injurious effects
from sulphur was noticed. A great deal of slack is lost through the grates, causing
a large.amount of waste, which, together with the ash, reaches as much as six 1o
cight barrowfulls to the ton,

The Hackett Cily ceal is found not to equal the Coal 1Tl coal for steaming
purposes but is quicker to ignite and burns more freely, Tt makes a loose pulveru-
lent ash, does not burn out grates and is easily taken care of.  About two harrows
of ashes to the ton are formed.

ITuntington coal bhurns in aboul the same manner as the Iackett City coal, but
is softer and makes more slack.

Jenny Lind coal is found to be a betler steaming coal than the Hackew City
coal, hut resembles it in particulars. It makes a loose ash and contains little sul-

phur.
D, R AVing & Co., founders and machinists of Little Rock, report as follows :

“We use Arkansas couls for our steam boiler and heating purposes only.
We have used coal from every mine in the State of any commercial importance.
The mines dilfer 1o a great extent in the nature of their combustion.

“With but few faults, and many virtues, the coals of Arkansas should take first
vank for their economic heat generaling cualities. Being readily kindled, with
freedom from smoke,and a low percenlage of ash and clinker, they are justly entitled
to stand at the head of the class with the best of the world.”

Iome Water Company of Little Rock—Mr, Zeb Ward, Jr., the Superintendent,

writes that he considers the coal from the Coal Hill mines the best on the market

#From an interview with Mr, W. H. ITayman, chief engincer.



8z ANNUAL REPORT STATE GEOLOGIST,

for steam purposes. Tt evaporates 7.91 pounds of waler per pound of coal, and
forms about 18 per cent. of clinker and ash, The coal is a Iittle hard on grates, but
makes very little soat and is free from smoke. It does not stand storage well and
goes to slacik when exposed any length of time. It stands the transportation to
Little Rock well, but will not bear much handling.

City filectric Light Company, of Little Rock.——~Mr, W, H. Hinkle, the en-
gineer, writes that Coal Hill (Horsehead) coal makes a very intense heat on the
grate bars and needs at least a fourth more grate surface than any other coal ever
used, and has to be fired very light.. He had the best results from Stiewel & Co.’s
coal (he thinks the Furcka coal), using nut and slack. It makes a clinker but burns
out the grate bars very little.  To produce the same evaporation with Illinois coal
as with the best Arkansas coals takes at least a fourth as much coal more. Ken-
tucky coal, he states, is similarly lower in evaporating power and makes a great deal
of soot in the flues,

For the Manufacture of Iron and for Metallurgical Purposes
coal is chiefly used after being converted into coke, though
it is also used to a limited extent in the raw state. Coal that
can be thus directly used must, however, be strong and not
swell nor disintegrate so as to choke the furnace, should be
capable of producing a high heat and should not contain a
large amount of sulphur or phosphorus. The last constituents
are especially objectionable in a coal to be used for forge
purposes. But a coking coal is, after all, by far the mostvalu
able for metallurgical purposes. Coking also permits the
saving of all the fine slack which is produced in the mining
and handling of a soft coal. With anthracite and other non-
coking coals a great part of this goes to waste,* while with
a coking coal it is all converted into a merchantable product.

Coke is the fixed carbon of a coal, a {used and porous
product produced by the distillation of the gaseous con-
stituents. IFor metallurgical use it should be firm, tough and
bright with a sonorous ring, and should contain not over 1
per cent. of sulphur. For blast furnace use a dense coke is
objectionahle and the best is the one with the largest cell
structure and hardest cell wall.t A high percentage of vola-
tile hydrocarbon is, as a rule, necessary for a good coking
coal. Thus Connellsville coal has about 30 per cent. and a

*For notice of modern methods of utilizing coal dust, see Chap. VI.
tSee paper by John Fulton. Appendix, Report G., Second Geol. Survey of
Pennsylvania.
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fuel ratio of about 2. Some coals with a high percentage of
volatile matter do not make good coke, however. And again
others, with a comparatively low percentage, make excellent
coke. The Flat Top or Pocahontas coal of Virginia is such a
coal. It has only 18 or 19 per cent. of volatile hydrocarbons
and a fuel ratio of about 4, and is classed in the trade as a
semi-bituminous coal. The coke is firm and ringing, though
duiler than the Connellsville coke. A coal, cited in the refer-
ence list of the table of analyses, from Charleroi, France, has
only about 154 per cent. of volatile matter and a fuel ratio of
over 5,* and is yet reported to produce a well formed coke.
Cokes from such coals are, however, gencrally much more
dense than those from more bituminous coals, and, hence, in-
ferior for blast furnace use. Thus, other factors, besides the
proportional amounts of fixed carbon and volatile matter in a
coal, affect its coking capabilities. Just what these are, is, to
a great extent, a mooted question.  The fusibility of the car-
bon, the amount of disposable hydrogen, the tenacity with
which the gaseous constituents are held, all affect the result.
Further, coal which is mined near the oufcmp and has been
subjected to the influence of the weather, loses its capacity
for coking. The process of manufacture should, however, be
adapted to the character of the coal, as it has an important,
though secondary, influence upon the physical character, uni-
formity of quality and dryness of a coke. Coals of inferior
grade are made to produce good coke in Europe by using
coke ovens in which the heat of the gases is applied externally
to the coke chamber, but the coal is generally first carefully
crushed and washed. Further, the depth of the charge and
length of heating have an important bearing.

The low percentage of volatile hydrocarbons in Arkansas
coals does not offer an encouraging prospect for the production
of merchantable coke. All of the samples collected for
analysis were subjected to crucible tests in the laboratory, and
the results of these tests.are shown in the table on page 43.

*This means a less bituminous coal than either that from Huntington or
Hackett City.
6G
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Various tests on a working scale have also been made by both
producers and consumers of coal.  The results of some of
these are given below.

During July and August, 1888, the Kansas & Texas Coal Company had a test
made, in a beehive oven, of the coking qualities of slack coal from their Hunting-
ton and Hackett City mines. It was conducted by Mr. James Rae, who had pre-
viously been in charge of the coking plant at the McAllister mines in Indian
Territory.

Of the Huntington coal three tests were made in all.  The oven was first
heated to a white heat.  All charges were of slack coal, washed free of slate and
dried.  The depth of the charge was fifteen inches in each trial.  With enough
draught to consume the gases and to remove smoke, combustion lasted four hours
and would then have died out. After this four hour combustion, a crust of half
made coke, about three inches thick, was formed over the top.  Beneath this the
coal had not changed in appearance, though all flame had ceased and all the vola-
tile matter was apparently distilled off.  On admission of more air and with in-
creased draught, the coke and other material was gradually consumed, with no more
coking. In the third test about a cord of woad was burnt on top of the charge,
with a view to increasing the temperature, but no improvement was noticed.

The Iackett City coal was similarly treated, being charged into a white hot
oven, but lelt there seventeen hours. No coke at all was formed.  The coal was
hurnt a little on top, but the remainder underwent, apparently, no change. The
depth of charge was here about 15 inches also.

D. R. Wing & Co., founders and machinists of Little Rock, state that they have
used the coal from MeAllister, Indian Territory, and also Stiewel & Co.’s and
the Ouita Coal Co.’s coals from Coal Hill. in the raw state, for forging.  The Mc-
Allister coal gave the best results.  Coal Hill coal was found to be too soft, to con-
tain too much sulphur and slate and would not give sufficient heat.  No attempt had
been made to coke Arkansas coals and no native coke had been tried.

The Thomas Cofton Press Co. of Little Rock state that they tried one lot of
Coal Hill (or Allister) coal raw in the furnace, and though it answered fairly well,
coke proved more economical.  They use Coal Hill slack coal in the blacksmith
shop.

The Vilcan fioundry and dackine Shop ol Fort Swmith report the following :

«T use the coal from most all of the mines around here, but I think the Jenny
Lind is the best, 1 made my own coke for several years for iron smelting, but found
that the coal swelled too much, making the coke too light, and unfit therefore to hold
up the bed.. The coke is freer from sulphur than any I have used. I have used
both Chattanooga and Connelsville coke. . .nother trouble was that I eould not use
slack coal in making the coke.  The Campbell mine near Central City yields a coal
which melts better by heating in the forge, but it has considerable sulphur.  All the
coal burns well, hut is too light for heavy forging. It Lurns to ashes with very few
clinkers.”

The Ketchum Tron Works of Fort Smith have experimented with coke from a
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“5Seotch™ pity about eight miles beyond Ceantral City (probably Watt’s slope), but
found it Lo contain too much sulphur, with the result of making the ron “ hard.”

Another Fort Smith foundry experimented with Jenny Lind coal from Petty’s
slope for the production of coke but the product was too light for furnace use.

At Greenwood during the winter of 1889 a rough test was made of the coal
from the shaft at that place. A pile of lump and slack coal was built about 20 [ect
fong, by 8 feet wide, by 5 fect high.  This was covered with earth excepting over
three flue openings.  The pile was ignited and after smoke had ceased coming off,
all openings were closed and it was allowed to cool for some seven days from the
time of firing.  The product was a dark, dense mass, dull, with no metallic ring,
and a fine cell structure, more comparable with gas retort coke than with merchant-
able oven coke.

One of the samples of coal sent to St. Louis by the Survey
gave promise of being suitable for the production of coke and
was thercfore tested.  The results are given on page 71, and
what is there stated concerning the Jenny Lind coal will prob-
ably apply to all Arkansas coals, judging from the low per-
centage of volatile matter which characterizes all, and from the
vesults of other tests of which we have record.

For Domestic Purposes,

Coal is used in open grates, in closed stoves with ordinary fire
bowl and flat grate, or with basket grates in small furnaces for
hot air heating, and in cooking stoves. In all of these toe
best coal is one which is capable of sustaining a mild and
steady combustion and of remaining ignited at a low tempera-
ture, with a comparatively feeble draught. A coal burning
with a smoky flame is objectionable as producing much soot
and dirt, especially for open grates or for cooking purposes.
For self-feeding stoves or for ‘““base-burners” a dry, non-
coking coal is necessary. A very free and fiercely burning
coal is not desirable, particularly in stoves, as the temperature
cannot be easily regulated. A sulphurous coal is also bad,
producing stifling gases with a defective draught, and corrod-
ing grates and fire bowls, The difficulty from clinkering is
not so great in domestic uses, as the temperature is not gen-

erally high enough to fuse the ash. A stony, hard ash, which

will not pass between the grate bars is bad, and light, pulver-

alent ash is best,
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Arkansas coals are all suitable for domestic uses, but
some much more so than others. They are all more or less
free burning, kindle easily and burn with a slight draught.
Those of the western part of the State, the Hackett City and
Huntington coals, will swell and coke somewhat in the firc,
but not objectionably so. They leave a loose, pulverulent ash,
and do not burn out the grates. Jenny Lind coal is similar in
its burning and is a favorite domestic coal at Fort Smith.

Coal Hill (or Allister) coal is not esteemed as a domestic
fuel. When combustion is once fairlyv started it burns with an
astonishing vigor, producing, even with open grates, an objec-
tionably intense heat. This fierce combustion accounts for
its steaming capacity. It is due in part to the easy disen-
gagement of volatile hydrocarbons and also to the peculiar
intumescence which this coal exhibits and which is mentioned
in the description of the Coal Hill mines on p. 31. This in-
tumescence causes a swelling and loosening of the fire, so that
the air passes freely through it and is brought into immediate
contact with the coal. With this intense heat the sulphur in
the coal becomes very active, and as a result grates and stoves.
are corroded. Some cinder or loose clinker is also formed.

The Philpott and Felker coals have both a much better
reputation as domestic coals than has the Coal Hill coal.

Among the best of Arkansas coals for domestic purposes
is, however, the Ouita coal, mined in Pope county. In fact, it
seems to combine all the chief requirements of such a coal.
Tt is a reasonably hard coal and stands shipment fairly well.
It is easily kindled, for a dry coal, and burns steadily and
slowly with a regular and moderate heat in an open grate.
With a slight increase of draught, however, the intensity of
the heat can be quickly raised. The coal does not coke nor
swell but gradually burns away, leaving a loose, reddish ash.
Once started, a fire of this coal requires no attention, and a
few smouldering coals in a grate will remain ignited twenty-
four hours or more. It makes no smoke nor clinker and does
not burn out grates, It is pre-eminently a coal for sclf-feeding
stoves or base burners and for kitchen use.
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The Eureka coal of Johnson county is similar to the Ouita
«<oals 1n being free burning and not swelling. Tt is said to form
o fusibte clinker, however, Still it is an excellent coal for
seif-feeding staves and for other domestic uses.

The coals from the Shinn slope and in Harkreader’s well
are inferred, from their composition and physical characters,
to have properties similar to those of the Ouita and Eureka

mines.
For the Production of llwminating Gas

A coal should contain, at least, between 30 and 40 per cent.
of volatile hydrocarbons.  The small amount of gaseous
matter in Arkansas coals at once removes them from the class
ot gas coals. They could, of course, be made to produce
gas, but it would be a small quantity per ton of coal, and,
with present market prices for good gas coals in home markets,
there is no prospect of Aarkasas coals being put to such use.
They have been tested, however, at the gas works in Little
Rock and Fort Smith, and the following results are com-
municated:

The Liitle Rock FElectric Light Cowmpany tested Coal Hill coal but found
it to contain too much sulphur and made no coke. Felker coal was tried recently
but the gas was deflicient in illuminating power. The coke was too light and soft.
They use Youghiogheny coal entirely.

The Fort Smith Gas Works have tried Hackett City and Jenny Lind coals

but they gave a poor illuminating gas, and only yielded 3% to 33{ cubic feet io the
pound. They obtain their coal for gas purposes from Pittsburgh, Kansas.




CHAPTER VI.

THE UTILIZATION OF COAL DUST OR SLACK.

With the ordinary process of mining and the present
methods of cleaning the coal for market much waste results,

with the softer coals, in the formation of pulverized coal,

technically called coal slack or screenings, or, with anthracite,
“culm.”  With the adoption of any process of crushing the
coal in preparing it for market, the amount of this coal dust
would naturally be increased. The utilization of this product by
coking, as with bituminous coals, would, of course, furnish
the casiest solution of the problem, but, for those coals which
will not coke, this avenue is closed. By the use of improved
forms of screens much of this slack might be saved by not be-
ing made, while for the extensive use of slack as a fuel, im-
provement in the method of preparation is necessary for the
purpose of separating the coal dust proper from the slate and
other refuse.

Generally speaking, such coal dust is utilized in three
different ways: TIirst, directly, by special furnace arrange-
ments such as in the form of grate, in the manner of feeding
the fuel or in regulating the draft; second, by couverting the
dust, mixed with some other material, into a solid fuel; third,
as an accessory in the manufacture of other materials.

A description of these processes will not he attempted
here. Just which one could be applied with most prac.ticzll
effect to Arkansas coals can be determined only by actual ex-
periment  With the enlargement of coal mining operations
in the State, it would well pay the larger operators to investi-
gate this subject.  Suffice it here to call attention to the prin-
cipal lines of inquiry.

The first method, that of using the fine coal directly, by

special furnace arrangements, has proved a practical success
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in the case of anthracite coal in Pennsylvania, when mixerd
with certain proportions of “ buckwheat ™ coal, which latter is
ordinarily the smallest marketable size. (' Buckwheat™ coal

passes through a 4-inch mesh). The Wooten locomotive fire

»

box is a well-knewn form of “culm ™ or “slack” burner. The
Philadelphia and Reading railway has made a large saving
through its use. The grate area is as much as 64 square fect.
The combustion is slow and the fuel remains quiet in the box,
little smoke or sparks being ejected {rom the stack.  The coal
consumption is only about 16 pounds per hour to the square
foot of grate, against 40 to 60 pounds in ordinary locomotive
firing. For stationary boilers, and also for domestic uses, special
forms of grates have been designed, such as the Dockash and
the McClave grates, manufactured in Scranton, Pa. These are
especially constructed to prevent fine fuel from falling through
into the ash pit. With this they combine a shaking movement
(with no increasc of size of openingj, which will break up a
coking fire, remove fine ashes, and cut off and remove clinkers
instantly. Where deemed advisable, artificial draft is produced
either by a fan or blower or by a stcam jet; the steam jet acts
as an exhaust in the stack, or generally is introduced, mixed
with air, into the closed ash pit beneath the grate bars.  An
addition of a small proportion of bituminous coal dust im-
proves the fuel. The successful utilization of waste coal through
special furnace contrivances is currently acknowledged to be
one of the chief causes of Scranton’s rapid growth.

Another and a promising method of utilizing coal dust is
by dispensing with grates entirely and by introducing the fuel
into the furnace mixed with air in a blast, The Crampton
puddling furnace is a well known application of this principle
A system of burning powdered fuel, patented by Messrs.
Whelpley and Storer, was tested in 1876 by the United States
Government ;¥ though the coaclusion was reached that the

coal could not be burned fast enough, it was by no means

#See Annual Report of the Chiel of the United States DBureauw of Steam

Engineering for 1870,
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finally decided. A device known as the Stephenson apparatus
has been used with flattering results in Kngland,*

What is termed the McAuley process of burning pulver-
ized fuel is claimed to yield excellent results in puddling fur-
naces. Auny originality in his method lies in the special
device for mixing the coal dust with the air blast.}

Within the past year the Cyclone Pulverizing company of
New York has taken up the construction of furnaces for the
combustion of pulverized coal, and excellent results, it is
understood, have been reached with furnaces in Newark, New
Jersey. Mr. Erastus Wiman, of New York, is prominently
identified with this enterprise.

One of the most promising uscs of slack or pulverized coal
is in the manufacture of water-gas or fuel-gas by the Strong,
Lowe, T.oomis or other process. The many considerations
which go to recommend the production and use of this gascous
fuel lead onc to believe that it will be widely introduced in the
near future.f

The second general method of making use of coal dust by
converting it, by admixture with other substances, has not
generally proved a commercial success.  One process consists
in mixing the non-coking coal slack with a proportion of
a coking coal dust (one-fourth or one-third, according to the
coking properties of the coal) and simply coking the mixture.
The grains of non-coking coal remain unchanged, and the bi-
tuminuous coal simply solders these together.  Special grind-
ing and preparation is necessary to produce a firmly coherent

coke of this kind, and at the same time to economize coking

#See the Combustion of Coal. By W. M. Bar, p. 230. Indianapolis:
Yohn Bros., 1870.

TSee Seience for December 28th, 1888,

fFor information concerning these processes the reader is referred to:
Trans. Amer. Inst. Mining Engineers, Vol. VIII, p. 289; Vol. XI, p. 301; Proc.
Inst. Civil Engineers, Vol. LXXXIV, p. 2; Van Nostrand’s Eng. Magazine, Vol.
XXVI, p. 319, Vol. XXVIIIL, p. 7; Eng. and Mining Journal, Vol. XLV, p. 166;
Scientific Amer. Supplement, Nos, §3, 114, 216, 303, 311, 308; The Combustion of
Coal. By W. M., Barr.
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coal.*  The socalled artificial fuels generally consist of coal
dust, mixed with some cementing material to make the par-
ticles cohere, and then compressed into lumps. Clay, silicate
of soda, pitch and a mixture of pitch and bituminous slack
have all been used, The last named is adopted in the Loiseau
process which produced a very excellent fuel.  The coal dust
used at the Loiseau works at Port Richmond (Philadelphia)
was, however, of a cleaner nature than what is ordinarily
available at mines; it came from the screenings from the large
coal yards.y

As an instance of the employment of coal dust directly in
the manufacture of other materials can be cited its usc in brick
making. There, kneaded with the clay, it has the effect of
both saving a portion of the fuel and of diminishing the time of
burning., In 100,000 bricks, some seventy-five bushels of an-
thracite coal dust will save about fourteen cords of wood in
the burning.

This whole subject deserves attention. 1f such an inert sub-
stance as anthracite “culm” can be profitably burnt, there is

no reason, as far as the material is concerned, why the slack

*Sce Perey’s Metallurgy,  Vol. Tuel, p. 461.

Crucible tests were made in the laboratory of the Survey by the chemist, Dr, R, N,
Brackett, with two separate lots of Ouita (Pope county) coal mixed respectively with
one-fourth and one-third parts by weight of Connellsville coal. In the former the
Ouila coal was ground coarsely, the particles varying from fine dust size to about one-
quarter of an inch in diameter; the Connellsville coal was in the condition of a toler-
ably fine powder. The product was a granular, dense and reasonably coherent
coke. In the latter test both coals were ground to powder. The product was a
dense, tenaceous coke. Both lots were heated in an ordinary assay crucible ina
Hessian furnace for about half an hour. Such a produet might well be utilized for
similar purposes, as is gas house coke.

A Drief description of a method employed in Wales to utilize waste heaps ot
fine coal dust by coking with bituminous coal and pitch, by Mr. Franklin Platt, will
be found in Report L of the Second Geological Survey of Pennsylvania, J‘urther
results of tests made by Mr. Platt in Pennsylvania are contained in Report MM. of
the same survey on pp. 382-397.

TSee Trans. Amer. Inst. Mining Enginecrs, Vol. ITI, p. 135 Vol, VI, p. 214
Vol. VIIIL, p. 277, p. 314, p. 320; Vol IX, p. 294,

Van Nostrand’s Iingincering Magazine, Vol. 9, p. G4, p. 81; Vol. 23, p. 41.

Scientific American Supplement, July 28, 1887,
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of Arkansas coals can not be similarly utilized. The incipient
and partial coking which some of these coals exhibit will only
enhance their value for this purpose. It especially should be
carefully considered with reference to those coals which slack
so readily on exposure or after long heating. The present sys-
tem of sending every consumer his pro rata of slack along with
the lump coal is damaging to the trade. And, at the mines,
the amount of material that is mined and handled, only to be
thrown away as slack, represents just so money wasted. With
large consumers this matter deserves scientific and exhaustive
experimentation, Hap-hazard, partial tests will yield no satis-
factory results. If the raw slack can be sold, through the use
of special means of combustion, at a price assuring a reasona-
ble profit over the cost of shipping, it becomes a marketable
product. Similarly, if the manufactured fuel can be sold at a
price yielding a reasonable profit over the cost of manufacture
and transportation, it must prove a commercial success. The
cost of manufacture must necessarily be below the cost of
mining and preparing the large coal for the market,

APPENDIX A,

v
THE PREPARATION OF BERNICE ANTHRACITE COAL.*

By CLARENCE R. CLAGHORN, M. E., Birmingham, Ala., late Mining Engineer State
Line and Sullivan Railroad Company, Bernice, Pa.

Bernice coal while being a pure anthracitef has a distinctly
bituminous fracture and is comparatively soft and friable.
Since it comes in competition in the various markets to which
it is shipped, principally throughout New York State, the West
and in Baltimore and Washington, with the other anthracite
coals, it must be prepared in the usual commercial sizes. Not
being particularly adapted for use in locomotives, nor strong
enough to bear a burden in an iron furnace, there is very little
demand for it in sizes larger than *broken,” so that these sizes
must be broken down to smaller sizes, thereby making the
amount of dirt or “culm” considerably greater than would be
were the larger sizes in active demand. Owing to its soft,
friable nature and bituminous fracture, it requires a much more
careful handling and a different treatment in preparation than
do the other anthracite coals which are harder, and have a

conchoidal fracture.

#*Bernice coal, as is seen by its dercription, has, in its physical characteristics,
much in common with Arkansas coals. The details of its preparation for market,
can, it is thought, be applied to these coals without much modification, and hence
this description of the methods in use at Bernice amounts, practically. to a descrip-

tion of methor's recommended for Arkansas coals. AW,

tA late analysis is that of Prof. Hayes, of Ontario School of Chemistry and

Pharmacy, Toronto, Ont., Made February 10, 1888, and showing :

Fixed SarhoN vunrs svsvimmrms samsansmsons sz spaismed b 85.73 per cent.
Volatile THRET o vamoaaismminnmmns ummsmsime e s 6.50 per cent.
SR, g somrsseramnssssiore: erais sisEeinan Cerianaa o e 5.90 per cenl.
Moisture ..., ..... R ST 1.81 per cent.

100.00
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In the preparation of any anthracite coal there are several
main points to be considered.  Anthracite coal, as it comes
from the mines, is is an intimate mixture of pieces of various
sizes, from the largest “lump” to the finest dirt or “ culm,”
mixed with more or less slate and *“bone.” In this fermit
makes an undesirable fuel, so that to render it acceptable to the
consumer, both for steam and domestic use, it must be subjected
to a treatment which has for its objects the reduction of the
larger pieces to suitable sizes, the separation of the various
sizes from each other, and the removal, as far as possible, of the
impurities, such as slate and bony coal. The machinery which
it 1s necessary to employ in this treatment must combine a
maximum of efficiency with a minimum of waste and expense.
Under the head of efficiency must be considered also the pro-
portion of the various sizes made; since some sizes are in much
greater demand than are others and hence command a corres-
pondingly higher price.  In treating a soft, friable coal it would
be natural to expect that a greater proportion of the smaller and
undesirable sizes, and of “waste” would be made, than if the
same machinery were operating on a harder and stronger coal;
but if this machinery can be so changed as to decrcase this
proportion of the undesirable sizes, and to correspondingly in-
crease those more in demand, greater efficiency would be ob-
tained, provided other conditions remained the same. This
difference in structure and hardness should always be borne in
wind when comparing records of breakers working on differ-
ent coals, and also the fact that the mesh of the screens used
throughout the anthracite regions varies widely within certain
limits, and in consequence of the size of the different coals and
the proportion made varies considerably.® With these ends

%In general the sizes of coal may be said to be as follows :

Lump...... over bars 7 in.tog in. apart.

Steamboat. .over bars 3!4 in, to 5 in. through bars 7 in.to 9 in. apart,
Broken . ...over mesh 23§ in. to 27§ in. through mesh 3% in.to 414 in.
Egg.......over mesh 13 in, to 2} in. through mesh 234 in. to 27§ in,
Stove.,.,..overmesh I in.to 1Y in. through mesh 13{ in. to 2}{ in.

Nttt vg over mesh 4 in.to 3 in, through mesh 1 in. to 1} in.

Pea .......over mesh 3% in.to 25 . through mesh 3§ in. to 74 in.

Ditt snvssemivs pomme ovi sossseerslitoughianesh, 3¢in.te 12 ia.
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in view a plant was erected at Bernice to properly screen and
prepare the coal on a somewhat new principle, and upon com-
paring the records made by this breaker with those of the
breakers operating on similar coals, such as are found in the
Shamokin and Lykens Valley districts, the results were found
to be eminently satisfactory.
The process of treating this soft Bernice coal differs from
the usual method of preparing anthracite only in the system
used in crushing. The coal coming from the mines, being a
mixture of large and small pieces, is dumped upon the “dump’”
bars as is the custom elsewhere. These bars are two inches
apart and dre set at an angle of 30 degrees. The pieces of
ceal 2 inches and less in diameter fall through and are cor -
veyed, in inclined chutes, directly to the separating screcn.
All pieces of coal larger in diameter than 2 inches pass over
these bars and fall upon a large perforated cast iron table, cir-
cular in shape, revolving horizontally about its center on a ver-
tical shaft. This table is g feet in diameter, and one and three-
fourths inches thick. It is made of quadrants bolted together
through flanges by inch bolts, the whole being held to the
shaft by an iron band shrunk around a hub on the table, and
by seats and key. This table around its circumfercnce bears
upon cast iron rollers set on timbers. The vertical shaft is g5
inches in diameter and receives its motion from an overhead
oear wheel and worm.  This table in revolving carries the coal
which falls upon it under the crusher proper, locally known as
the “monkey,” which consists of a heavy cast iron frame 32
inches long, 16 inches wide, and 3 inches thick, in which are
bolted 32 steel teeth in four rows, four inches apart from cen-
ter to center: the teeth in each row being also 4 inches apart,
Cast on this frame, on each end, and faced with brasses, are
two bearings, cach 13 inches long, and 4 inches wide., This
frame is set in guides over the table as is shown in the figures,
the guides admitting of ‘a vertical motion imparted by two
eccentrics and rods from a horizontal shaft overhead, which
shaft, by means of a worm and gear wheel, imparts motion to
the table. These eccentrics are set for a 7 inch stroke, and in

’
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consequence, at each revelution of the shaft, the “monkey””
makes one upward and one downward stroke of 7 inches. The
teeth are made of ordinary tool steel, 12} inches long, flat-
ened out at one end to a chisel edge, the other end having a
shoulder and thread and nut by which they are bolted solidly
to the “monkey” frame, These teeth are easily removed, which
is done from time to time for the purposc of sharpening them,
The coal falling upon the table from the dump bars is carried
under the money and is struck by it, the teeth splizting the coal
into smaller pieces, and by the same motion of the table the
coal is carried around, away from the crusher, where a bar,
placed at an angle across the table, scrapes the coal off into an
inclined chute by which it is passed to the main separating
screen, there joining the small coal which passed through the
dump bars above. :

The speed of the table relative to that of the crusher, the
shape of the teeth and the distance of the teeth from the table
when at the end of the downward stroke, gre elements bearing
upon the proportion of the various sizes of coal made and can
be adjusted to suit special conditions. For instance, should
the demand for the larger sizes such as “egg” and “broken” be
great, the “monkey” is raised, or the speed of the table rela-
tive to that of the crusher is increased and vice versa. Under
ordinary circumstances, and with the usual demand, the teeth
strike within 2 inches of the table, the table makes one revo-
lution in 114 minutes, and the “monkey” makes 150 strokes per
minute,

In many breakers, particularly in those erccted in recent
years, the screening is performed in a number of short screens
instead of in one long screen, the classification of sizes being
more perfect and the proportion of screen waste lessened.

How this principle would effect the Bernice coal it is diffi-
cult to say, as no experiments have been carried nn with this
end in view, but in all probability it would be as much if not
more successful for Bernice coal than for a harder coal. At
present all the classifying is performed in one screen 24 feet
long, 5 feet 7 inches in diameter, sct at a pitch of 1 foot in 10
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feet, and, under ordinary circumstances, making 12 revolutions
per minute, with a jacket 8 feet long, covering the upper end
in which the pea is separated from the buckwheat and dirt.
The separation is nearly perfect, the coal always giving excel-
lent satisfaction. From this screen, as is usual, the coal falls
into appropriate inclined chutes, while traversing which it is
picked free of slate by hand, no mchine as yet having been
invented to supersede successfully this hand picking. By
these chutes the coal is conveyed to pockets from which it is
loaded. by gates over lip screens (which take out the dirt made
in pockets and chutes) into the railroad cars for shipment,

The capacity of the crushing apparatus at Bernice is con-
siderably in excess of the screening capacity. At present the
breaker is capable of properly handling abour 450 tons per day,
but by adding another screen to the plant and dividing the
coal between the two, the output could be inereased one-half
more.  Such a breaker, with all its appurtenances complete,
with the many improvements which experience always sug-
gests, should be erected for $20,000, and it should handle coal
at a cost of seven cents per tonon a regular cutput, say, 400
tons, working on similar coals and under like conditions.

In comparing the records made at the Bernice breaker,
we must use records of breakers running on coals bearing a
character similar to that of Bernice coal. It would be mani-
festly unfair to compare them with records of breakers treating
the very hard Lehigh and Schuylkill coals, which have a differ-
ent fracture, arc much stronger, and stand much handling
without a corresponding amount of waste. Coals to be used
for comparison are found in the northern coal field, and in the
western end of the southern field, particularly where the
Lykens valley beds are mined.

Mr. 1Holden Chester, General Superintendent of the Lykens
Valley Coal company, says:*

«The loss in the amount taken ouf, especially in soft or

free burning coals, is about 38 per cent; one-half or 1g per

cent. of this is made in the mines by the explosives used; the

*Geol. Survey of Pa, Report Az, p. 120.
7G
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other half, or 19 per cent. is made in breaking and preparing
the coal into domestic sizes.

“This result can only be attained by the use of the best
machinery, which we too often neglect and allow to become
dull, thus increasing the waste very much.

“But we too often lose sight of the other half of the waste
hrought from the mines, principally the fruits of the injudicious
use of explosives by incompetent miners; and especially s
this the case with the soft or frec buming anthracite coals,"”

Col. . P. Brown, General Manager of the Phitadelphia
Coal company, in making some experiments at ost Creek
colliery on /ard white ash coals determined® that :

Breaking and screening by hand, wasted . 6.28 percent
Breaking by hand and screening through circular

screens, wasted . 10.28 per cent

Breaking through rollers and screening in present

way, wasted . ; s 15.27 per cent

With another test{ made at a colliery in the Shenandoah
region, working the Mammoth bed and * furnishivg a fine hard
coal as their product” the amount of waste made by the
breaker in breaking down 700 lbs. steamer coal through two
sets of rolls, with good sharp tecth and chilled points, was 20
per cent, through a three-eighths inch screen.  Still another
test made at the -ame colliery about two years previous, using
monkey rolls with chilled teeth and ega coal gave 253 per cent,
as the waste over a threc-eightlis inch screen. Thus it is safe
to assume that Col. Brown's estimate of 15.27 per cent. as the
waste of breaking and screening (4 per cent.) is well within
the limits of accuracy for the harder Schuylkill coals.

Mr. Franklin Platt, in quite an exhaustive report on Coal
Waste | for the Second Geological Survey of Pennsylvania,
gives the following general average of waste for all kinds of
coals from the Wyoming Valley, which are mostly hard bright
copals with a conchoidal fracture

¥Geol. Survey of Pa., Report Az, P 5I.
TGeol. Survey of Ta, Report Az, p. g2,
fReport Az.
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Loss.
Diamond Breaker—DBaltimore Vein, Im-
proved Standard steel tooth crushers  11.88 per cent.

2. Lmpire Breaker, Baltimore Vein.

Old style crushers ... .o o 1106 ¢

NEW SLY1E s s 8.03 e
3. Empire Breaker—Hillman Vein. ‘

Old style crushers. .o . 1768 °

New style .. e 1Lgh
4. Ashley No. 6 Breaker. )

Baltimore Vein.... 11.50 )

ROSE: osmssmommma e 055 i 1099

Retd a8 snmsmtmn sisnsm 5.88 t
5. Sugar Notch No. 10 Breaker. )

Old style rolls ... .. . .. 18.75 ‘

NEW SEIE umy e 13.15
6. Lance No. 11 Breaker.

Old style crusher, prepared rolls ... 15 i =
7. Nottingham No. 15 Breaker. ‘3 )

Old style 1olls. e oo s s 121w
8. Reynolds No. 16 Breaker. ﬁ )

Old style prepared rolls. ... 17 1

This list might be carried still farther but the general aver-
age will be found to be close to 1T per cent. to 13 per cent.,
which by adding 4 per cent waste in screening makes 15. per
cent. to 17 per cent. as the average waste for both operullon\f,,
which is very close to Col. Brown’s estimate of 15.27 per cent.

In comparing the proportion of sizes made at Bernice it

must be remembered that the screen meshes are as follows :

. gh
Broken.. .over 2} in. & 25 in,;

e i
Egg. ... “ zin. through 24 in, & 2y in.;
. . . .
Stove . . “ 1+in. & 1} in. : 2 in. 1
s . W .
Nut ... . §in. ¢ 14 in, & 13 in.;
8.2 .
Pea ... .. }in. “ +in.;
H o o
Buckwheat and dirt ... Lin,
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It should also be remembered that the demand for coal
as large as broken, is quite lhimited, so that an ctfort is
made to make as little even of this sizc as possible,

The average “‘vun of mines,” coal at Bernice, as deter-
mined by carcful experiments, is as follows:

Per cent.

Fgg, and larger ... e e 55
Stove .. B . 3
Nut 3
Buckwheat and divt ... . 18
sSlate and bone . . . 4

100.00

The average mine waste, including buckwheat coal, may
therefore be set at 22 per cent.

Pruring the year 1887 the total waste in the breaker, in-
cluding, of course, mine waste, was 357 per cent., which
leaves for the waste i preparation during an actual year's run,
not during a short, indecisive test, only 17,1 per cent.

Allowing for the 4 per cent. of slate contained in the coal
coming from the mines, which is picked out by hand during
the process of preparation, and also for the usual 4 per cent,
for waste in screening, we have a total of 8§ per cent. to be
deducted from 17/, leaving g/ per cent. as the actual waste
in breaking,  The waste in screening is probably much more
in this case, owing to the friable nature of the coal and the
extra length of the sereen, which is necessarily more or less
crowded when screening 450 tons per day.  Thus the waste
at Bernice, subdivided, would stand :

Per cent.

Waste in mining . ... ... .18
Refuse (slate and bone) ... R
AN:aste 5 SN s wesswmsms G
Waste in screening ... ... .o e 4
o] - | S 35

PREPARATION OF BERNICE ANTRHACITE COAL, 103

No results of any very lengthy test as to the proportion of
the various sizes which might be made under favorable cir-
cumstances of demand can be given, since ‘' broken,” and
sometimes even “egg,” are often in but slight demand, neces-
sitating cither a rebreaking of these sizes or lowering of the
monkey tecth, thus diminishing the percentage of the larger
sizes and correspondingly increasing that of the smaller sizes
and of the waste.

The following shows the percentage of production during
1886 and 1887 :

1386. i887.

Per cent, Pev cent,

BFOREN sovn s s o v o s g ny B0 6.00

| T M- ceee .. 1500 19.83

SLOVE et i ie i e 32,00 2778
RS © ot 55 BB G - S UIR T g e T 23.36
PR = v g 5 3 e 5 3§ a4 TR R Y B P23

100.00 100.00

The coals at Bernice commanding the best market and cor-
respondingly the highest price are “stove” and “nut,” then
come “ege,” Yhrolken 7 and lastly © pea”

In 1886 a series of experiments were carricd on at Drifton,
Pa., at the works of Messrs. Coxe Bros. & Co.* to deternmine
the waste made when using Coxce’s patent fluted rolls, which it
was claimed made less waste with the ordinary anthracites
than the usual steel-toothed rolls; but in none of the experi-
ments with the Bernice coal did the actual breaking waste

alone amount to less than 20 per cent., when breaking down

*TFor comparison the following is the proportion of size made by 2 large
breaker with Lykens Valley coals, during one month:
Fer cent

Brokenssmpens o v e EOAE Weesnwn mem foosden wemsweresaeie  RLGLO)
B spevmmem TR pDEGTR SR AN SO R S svim e AEQO0
BB conm covems v 09 Sawen SERTHLHTREETO GRS AR PeNNaEn (DD
L rommon e v SOESE SRR AENTY TR et oo« DO
Pea e e e .. 2820
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from the larger sizes, and yct a one-eighth inch mesh was uscd
to separate out the dirt, just one-quarter of the size used at
Bernice when, in actual runs, the breaking waste is only g per
cent. ‘

On the plant at Bernice it has given entire satisfaction. Of
course 35 per cent. of waste and about 24 per cent of mer-
chantable coal made being “ pea’ sometimes brings complaint
from the management, which is perfectly natural, and would
be still so, even were these figures reduced one-half. But in
general this may be considered a good result as at many
collieries operating on similar coals, these figures are much
higher, Tt is doubtful whether the crusher at Bernice
would be suitable for a much harder coal, at least it has
never been tried; but for Bernice coal, with its bituminous
fracture making it easily split, it works admirably. Were a
new plant to be erected, many very desirable changes would
be effected whereby the cost of handling and probably the
waste would be reduced. To introduce these changes in the
present plant would necessitate a complete remodeling.

APPENDIX B.

A NEW FORM OF SCREEN, ESPECIALLY ADAPTED TO USE WITH
SOLT COALS.
BY ARTHUR WINSLOW,

The preceding paper treats principally of a mecthod of
crushing the softer coals in preparing them for market.  The
Bernice crusher seems to meet the requirements admirably.
Subscquent to this crushing, however, the coal has yet to be
screened to the various market sizes. A screen especially
adapted to soft coals is still a desideratun.  One recently
patented and now manufactured by Coxe Bros. & Co., of
Drifton, Pennsylvania, is offered as an improvement over the
older forms, and, as it has several features which recommend
it for use with Arkansas coals, the accompanying illustrations
are presented.(*)

Fig. 1, represents the smaller size of * gyrating screen &
and details of the cones upon which the screen runs are also
shown. The patented motion principle gives to the screen
the motion that a moulder gives his sieve when silting
sand. The coal falls on the upper end and, as the sifting
motion is given to the screen and the jackets are slightly
inclined, the coal passes slowly down the screen; the largest
sizes going off on top, the sccond on the next shelf, the third
on the next and the fourth on the next, and the dust goes off
on the bottom. The large wheel beneath the shelves is a fly
wheel or counter weight, which is so balanced as to take up
the centrifugal force of the screen. 1t is driven by a hemp
rope, ene single three-fourths inch rope giving all the power
necessary. X

Figures 2 and 3 represent respectively the front and the

il

rear view of the double gyrating screen of the larger size, with

a deep box.  This double form of screen is a considerable im-

(*)From plates kindly furnished by Coxe Bros. & Co., Uril‘u:n; Pa,
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provement over the single form. The two screens are balanced
one against the other, which does away with the necessity of
having a heavy counterweight. The manufacturers claim that
they can thus increase the capacity of the screen in the ratio of
four to ten without increasing the cost of the screen in any-
thing like that ratio.

A large number of these screens are used by Coxe Bros. &
Co. at their collierics, and by other parties, all of whick are
giving very good satisfaction. The manufacturers claim that
the machine is able to make a better separation than any they
have everseen. At present they are screening anthracite very
successfully over round holes three thirty seconds of an inch
in diameter and through three-sixteenths, over three-sixteenths
and through one fourth, etc., up to four and one-half inches.
The screen is peculiarly adapted to soft and friable coals, as the
pieces of coal do not tumble over each other, but pass very

rapidly over the screen.
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