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PREFACE.

In writing this thesis on the Coals of Southeastern
Kansas, the authors have be n actuated by the desire to
rmake a more thorough study into the conditions of mining,
cests of mining,and of production,and of the fuel value
of the coal of the district, than a certain farmiliarity
with the districs would aliow,

We fre ly admit that time aliowed for a study of this kind
is too short for students who are otherwise engazed to make m
more than a bried study of the field involved. We chose the
subject ourselves,a-d we have pursued it out of the desire
to further our ow~ kno=xledge of this field. If {t can be of
any help to future students we shall be very glad of the
assistance offered them.
Lawrence,Xansas, lUay 15,1315.

Clarkx B. Caryenter

Hugh R. Brown
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1.

GENERAL DISCUSSION OF THE DISTRIC?T

HISTORY

The history of coal miring in Cherokee and Oraw-
ford counties begins in Cherokee county shortly after the
countv was opened for settlement, in 1866 when coal was
uiscovered .n s9veral piaces in the southeastern part of the
county, particularly along the high lands socuth of EBhawnee
creek, to the east and south of Columbus. For a number of
yvears this county lead in coal production, but within the
past twenty years Crawford coun‘y has taker. the lead and
held it every since. At the present tims the rroduction
of coal in Crawford county is double that in Cherokee county
while the two counties togsiher produce 9:%0f the total coal

rroduction of the state.

LOCATION

The tesm southeastern Kansas coal field as used
in tris paper takes in Crawford and Cherokee cournties in
Kansas. These counties are in the eastern tier and are
the first and second courties from the south border of thLe

state.



TOPOGRAPHY

This area is unique in that the surface of the
area in which mining is carried on is comparatively flat.
Hillghocour only in those places where there are sand-
stone areas, or as in the central and northern part of
Crawford county the Ft. 8cott lime stoné sets in. The
very fact that the surface is comparatively level and that
the coal beds pitch downward at the rate of fifteen to
twenty feet to the mile, and to northward one to two feet
to the mile has made a part of this area extremely favor-
able to steam shovel work.

8treams are abundant, due to the large amount of

rain fall of this district. The ridge or dividing line
between the streams flowing north and east and trose flow-
ing south and east begine about a mile south of Hulberry
and oxtends west by north across Crawford county. North of
this ridge the streams eventually empty ih to the Marmaton
river, south of the ridge the streams empty into Sprirg

river, if they are east of the®murp*® which extends south
from Girard, through Cherokee ard Columbus, West of

this "hurmp" the streams flow into the Neosho river.

In the southern central part of the district the
hills reach a height of some thousand to a thousand and
fifty feet, while in the northern part of the district
while in the northsrn part of the district the height of



the hille are practicaily the same. The varitlical distance

betwveen extremes in the lictirict is not ovsr 300 {1,
Frosiorn over the greatsar part cof the district

ras rractically ceased. The fact accounts for the compara-

*ive flainess cf *he district.

GEOLOGY AND LITHDLOGY.

The basa of the geolongical sitructére of this
area is genorally taxen as the Wilsailssiprian limes%one
which outcrops over a small area ir. *the ssuth sastern
area of Cherokes counth,in and arcund Gelena. Coal im
somatimes found in small areasover this outcrop but in no
instance has 1t evet been in sufficient extent and depth
to be mined. Tha coal measures lis irmreldiately above the
Yigsissivpian lime sto-.e. Tre Chrerokse stales lis at the
basa of the coal measuires. They range from four-hundred to
five hurdred teot in trickness, and occupy the surface over
nearly all of Gherckee county, southeastsern, eastern, and
northeastern parts of Orawford zounty. There is a slight
variation trom place %o place but in cenaral thev ars re-
marxably uniform in thickness. Shales lie both vertically
and longitudinally. They vary in color [rom a light gray

to a }Jet black shale of biturinous charactsr. Bome of the

shales are firnd grain whilie others ars course ard exiremely

arenacéous. Soil producel from these shales is generally



grayish in color, unless bituminous natter is present,
in which case the soil is black.

In many places small, irrsgular, lentils of
lirestondare found within tha ghales. Occaslonly these
lentils are of several miles extent laterally, There
are no known lentils within the ccal producing area.
Sandstones on the other hand are veryvy abundant in the
Cherockee shales. The belds of sandstons are not however,
of persistent character. They have a graat vertical range,
some being found near the top and ot ers near the bo:itom of the
coal measures. Near Cherokee there is a fairly large
area, while in the vicinity of Arcadia sandstones are almso
found., At Fuller, Crawford county Kansas, the shalas are
80 arenacecus in character that they must be blastal before
they will ybeld to the attacks of the steam shovel.

In the central, wester: and northern part of Craw-
fcrd county, the Gherokee shales are coverel by the Ft.
Scott lime stone. At Girard this stratum is eighteen feet
thigk. It is very impure, is white in color, and has no
commercial value. Overlying the F{. Scoit liresdéne is a
series of alternate of shales and limestones, but a die~

cussion of them is beyond the stope of this paper.
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METHODS OF MINING

Two methods of mining are in use in this field,
shaft mining using room and pillar system and strip pit
mining. In Cherckee and Crawford counties the room and
pillar system only is in use in shaft mining. 8triyp pit
mining was formerly carried on in areas near the out-crop,
but since the advent of the steam shovel this is not the
case, since by its use over-buriden up to a depth of thirty-
five feet in thinkness can be readily removed. The room
and pillar system is usually used in seams ranging from
three feet and upwards in thiankness. The roof should be
of good material and firm. Waste material, when mining
coal of this thickness is not sufficient to form pack walls
so that wooden props must be used to surport the roof.

In any case the system employed must be adepted to the

local donditions.

SHAFT MINIHG. ROOM AND PILLAR SYBTEM.

The room and pillar system is used in seams
rangeéing from three feet and upwards in thiokmess. There
are two special reasons why the room and pillar system is

employed in the thicker coal beds:

First, a large amount of coal is removed,
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leaving a large vacant space and with a cormparatively
small amount of waste. It has been found less expensive
and far more practical im thick coal beds to leave a
column of coal standing eveity few feed ms a natural support
to the roof, thax to remove and then intro.luce material
from outside at an additional exypense. Pillara ray or
may not be aftorwards reroved. In general in t is field

the pillars are not reroved.

S8econd, it so happens that in Kansas the thick
coal bads capable of be.ng worked by the room and pillar
system lie in the territory where the clay velns, horse-
backs, faults, etc., are soc abundant.

There are two methods gemerally employed in the
room and pillar system namely, double entry and single

entry methods, or at times a combinaiion of ‘hese %tawm

two 18 used. The double erntry is yrrcbably the best and

i3 used most extensively.

D0UBLE ENTRY METHOD. The shaft is sunk and
the simp made. The shatt bottom is built trom aixteen
to twenty feet widethr about three hundred feet on each
side of the shaft, or on one side cf the shaft, depending
on the method of recliev.ng and disposing of loads and empti

of the shaft. If coal is caged or loadel frorm both sides



of the shaft; the first three hundred feet of ths main
entry will be the width of the shaft, but if the coal
is loaded frorm only ore side of the shaft this length
of entry will be much less, and other provisions will
be made for disposing of the lcads and empties.

The main entrjes, two in mumber,are a continu-
ation of the bottom and vary ‘n width frorm six to twelve
feet, in heilpght from five to six feet depending upon the
low and the local :onditions. Thev ara dtiven, one
sach way from the ghaft bottom. At a distance freom
twelve to forty feet fromw these sntries and varallel to
them, the second entry,of arnroxiratsly the pare dimen-
sfons as the first, is driven. Trhese entrias are driven
in this manrner to the boundries of *t*e property in which
the mine is located. One of these sntries is used as
the main intake and the other as the main return.

At a dissance of from one hundred fifty
to three hundrsd feest alons thene main entries and
perpendicular to them, side entries ar room entries are
driven in rairs. The pillar between these entries
varies in thickness from twelve to twenty feet. These
entries vary from six to twelve in width and five to
six feet in height. Rooms are driven fror these esntries

in some cases in both directions, in others in only one



@irsction. Trese rooms ars generally cne hundred and
fifty feet in denth when completad and ara turned off

these entries on from thirty to forty foot centers. The
tirat eisht to twelve feet ofif the entrv, termed the room
neckx, is driven narrow, and then the rcom is widened

either in one direction or both directions, to the room
width which may wary from twenty to thirty feet. Tiis
leaves room pillars varyinoe in thickmess from six to fifteen
feet between rooms.

The rain entries, the side entries, and the rooms
are connected by cross cuts at varyinr diséances as the work
advances. These cross cuts are for ventilating purrcses
and as soon as the new ore ia made be*wasn tvo entries ar
rooms the ore behind is storped ur with any matesrial which

mav be at hand.

VEUTILATION . Ventilaticrn of these mines
is accomplished by either “he plenum or blowing, or the
vacuum or exhaust syster. In any case a separate air
shatt 18 sunk whicn is requireu ov law to ve not leas

than three hundred feet from the rmain shaft, and which

may be used as an escape 1m cass of accident. Ei ther
the air shaft or the main shaft may hsa useld as the down
cast or the upcasé shuft as is deaired. Fars are re-

versible blowing or suction fanrs.



UNDERCUTTI NG AND SHEARING. The prevailing
practice in this disérict is to shrot the coal off the
golid, that is to shoot the coal without undexcutting
or shearing. Mining as arplied to long wall work and
which means undercutting the coal is not carried on.
This practice of solid shooting is bad and it results
in much fine coal, besides graat danger tc the shot
firers. Both black powder and dymanite are used in
shooting the coal. Dynamite is however,prohibited
unless its use is authorized by the pit boss, but this
rulling is8 not generally enforced. No mining machines

are used.

Haulage. Haulage roads are located in ei-her
one main and side entry, or in both. Mule haulage is
generally used but gasc.ene and electric motors are used

in some cases.

HOIBTING. Hoisting takes place in double
compartment shafts. Safety, self durp cages are used.
feared hoists are usad in scre of the smaller mines and
in the larger shallow mines. First motion hoists are
used in the deeper mines. The hoisting drums vary in
diameter frcm four to eight feet, cvylinderical drums

only being used. Balanced hoisting is always done.



The coal when hoisted is dumped into a hopper
ard weighed. I° is then releassd by orerinr the horper
door and is allowed to slide down on the screens, which
will be covered in casme wun of mine coal is aesired, ox
as is gensarally the custom it ie scresned into three
grades, lumyp, nut, and slacx coal. Shaxing ecreens and

revolving trorwmels ars used in the screening opseraiion.



COST OF SINKING AND EQIIIPPING A 60FOOT SHAFT.

Hoistinr erngin®  ~——w-eoee—-—-.--8.250.00
Second Hand Hoist - - = = = - - - 125.00
One Bnilar - - = = = - = - - 400.00
Setting boller - - - - = -~ = -~ 181.20
Tbprntrifural putp 0 - - - - - - 25.00
YMotor and pump ~ - = = - - = = ~ 200.0C
One motor e 57.00
"ne fan =0 0= = - - =~ - - - - 65.00
Sreave whaels for hoisting - - - 75.00
Two care3 - - - -~ === = 4:0.00
One blower for force - - - - - 14.20
92 pit xxxix cars © 10.00 - - - 920.0C
Fittings for carg @ - = « = = - =~ S B0
Tool steel - — = = = e = - - 56.11
Twc rall benders - = e - - 54,55
Lumber = - - = =~ =« = « = = = - = 1054.80
Hails - = = - = - - 9.85
Cement = - - - = = = = - - - 284.681
Crat for concretsa @ « = = = - - = 21.07
Uiagcellaneous machinery - - - - - 78.156
Pipes and fittings - - 91.52
B.'Jltﬂ e e - 53-51
Torregated iron ard othar iron - - 571.88
Steel plates @ - = - - - = - - = 29.36
Flat sheaats - = e e e = = == 00.00
One five ton scale - - = - 75.00
One wagon scale - - - - - - = - 75.0C
3cale repairs - - s = e = = - 2.38
Threo rmler and harnens - - - - - 600.07
Belting - - - - - b.92
Mdiscallareous supplies - - =~ ~ 100, ©
Twelve -.ar bunpers = - = = — 5.0%
Fourteen car plates - - em— - - 7.00
Freight = - = - - = « - - - - 33.21
Construction account
Lavor, sinking etc. - - 4685.72
Cary.er.ters etc, - - - 1b31.c€
TOTAL 11992.10

¥ine had produced 7000 %orns Ttefore baing put
a torirage basis.
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S8TRIP PIT MINING.

8trippings with horses. Strippin; with horses
and scrarers has iheen carried on in Cherokee county every
since tre county was opened for settlement in 1866. 8Stripr-
ing has also teer. carried on ir. this same manner in Crawford
county. Tr.e early stripping with homses was confined to
the districts close to the outcroys. 0l1d strip pits may

be found which have been worked in this mwarner all around
Pittsturg especially to the rorth and east for a distance

of ter or fifteen miles rorth cf Pitteburg and south and
west three or four mides especially alo:igz the creeks. The
average payirg depth was atout ten feet of overburden by
this method of stripping.

STRIPPIKG WITH BTEAN BHOVELB. S¢ripping with
steam shovels is a new vrase of coal minirg which has
been intvaeduced in southeastern Kansas in the last few
years and which has assumed such proportion that great
interest attaches thereto. Mining coal by stripyping,
or removing the overburden by steam shovels, not only is
likely in a way to perturb the coal market of south east
Kansas temyperarily, but is sure to add very materially
to the total coal pupply of the state, and incidentally
to lend active assistar.ce to the manifacturars of steam

shovels by encouracing them %o buila machines of a size



Stearn Shovel! Qperarion.



before unknown. In fact, it is claimed that the two
largest shovels ever built are now in operation near Pitte-
burg, and rumor tas it that others as large or larger
aré under contemplation.

The stonaT shovel which Leran the ypresant activity
was in*roduced ny the Willar-Durkes Oocal Co. in April, 1910,
on their coal lands near Scammon in Cherokee County, where
it has been in cortinuous ani s :cessful cparation ever
since. BSubseq:ently sore thirty other s“eam shovels of
varoiis si:es have bee: insta’led in Cherokes and Cmawford
Oour+ies and are now in more or less constant use.

firs* s%eam shovel oavor used in tho district

was introducel diring the late seventies. It 'vas put into use
not far from the present site of Uidway, where it was used for
a few months, 14 31id ot rrove entirely satisfactory, proba-
bly beaause it was too srall and did not have the advantisge
of *the full swing of the slovel beanm comror with rodermn
shovels. Frorm the late seventies until 1302 no further ef-
fort was made towari the intaoduction ci the steam shovel,
but in that year WNiller Bros., of Uulderry, put a stsam
shovel in operation on land rorthwest pf Rizhexxs
Mulberry. This prroved *c be fairly satisfactory, bui for

sore reascn its isn waag Cigeconstiruved.



One can harily elieve the possiiilities of
modern. metroda ard the romstr-us stear shovels. It
is practical to rerove t irty-five feet of overburden
fror this sare bed of coal and successful operators fully
expect it will bay them to remove as much as fifty feet
of overhurden. In this way a long narrow strip of coal
is made avallatle throughout which the coal lies too deep
to be recovered by horse power ard too shallow to furnish
a suitatle roof for mining by the shafting and room and
villar methrod.

Area and amour.t of coal available.

The accorparying map, drawn to scale, of south-
eastorr Xarnsas, shows in outlire tLe area now recognized
as sultatle for coal mining by use of the stesam shovel.

It extends to the southwest almost to Columbus. In fact

i+ ig woll krowr. trat there are twc or more thin beds of
coal exterding #uch farther to the souihwest, eack of
which czculd ve reached by this process of mining should
the rrice of coal advance raterially. Iris area, how-
ever, is hot herein considered. To +he rnortheast the
area extends by way of Scamron, Weir, Pittsturg, ¥rontenac,
¥inden, ¥ulberry, Arcadia, and beyord. Hare neitrer
rature rior the industries recogrnire state lines. The area
crosses from Karnsas into Missouri ard passes to an unknown

di stance, rrobably far up beyohd Ft. Scott towards Rich






Hill. The surface drairage of the couniry is ¢to the
soutreast Iin the souther- portion, and to the rorth

east in tre rorthern porticrn. In this way the avail-
a.}ec area exterds up westrxard along the stmsams and
valleys, making an exceddingly sinuous line for the
western boundary. The eastern boundary is substantially
the cutcrorpirg line of the coal seam. The country is so
level that usually the outcroppirg cannot be detected at
the surface tecause the coal has gradually yielded to
decay, and thus grades into soil. The fine grained
shales are eo nearly water proof that they form an exced-
lernt protector for the coal, so that in most places one has
to 7o but a few rods back from the outcropping line to
ottain nice, {res: coal equal in gquality to that obtained
by staftinos further back to the west. Of course, necess-
arily, there is more or less coal whiclk has only paxtially
yielded to exidation, the"dead cocal” of the oparator. The
amourit of such coal, however, seers to be so srall in the
aggragate that only a small percernt of the total acreage
should be deducted for this cause from the total area.
Fa*1rallv ¢ha Aend coal is mos* alturndant where “he over-
turden is thinnest and therefome jhe actual am width of
the strip of dead coal varies from rlace to place, de-

rendirg uror the details c¢cf the local erosion. Bhould

the area have been well supplied with vertical fissures

produced ty dyramic disturbarnces as ia the case in many
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coal mining regions, yrrobatly a very large prerortion of
the coal area availatle would be sufficiently altered to
rer.der the coal unmarketatle. There is btut one line of
fissures or faulting krmowm in the area. This tsends
substartially parallel to the outcrorping line and causes
consideratls loss of coal, It po harpens, however, that
a consideratle portion of this 1%ne lies to the west with-
in trhe area of shafting and therefore does not materially
curtail the acreage of good coal available to the shovel.

A somewhat careful estimation of the coal area
whi~} ray be rined by the stear shovel process as shown
on thre mar yhelds about 60 sguare miles. This is after mxkj
makirng a srmall allowance for the dead coal areas and count-
ing out a few square riles for hills where the overburden
is Peyond forty feet in thickness. It does not irnciude the
southwestern extent already rentioned where lesser seams
of gcod ccal are known to exist over wide areas nor does it
include north extent from Arcadia toward Rich Hill, ¥o.
As this coal is the sare sear or bed which is mined by
shaftirp imrmediately to the west, iis thickness and quality
throughout the ertire area is substantially the samre as that
already mined ty shafting. This is about four feet in
maximum tridkness and three feet minirur thiokness with an
average c¢f about three and one-rLalf feet. A rule easily

applied for findirg the tonnage of workable coal is to
estirate a thousand tons of coal per acre for each fsot in

thickness where the coal is mined by the rcom and pillar
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method. ¥rere 1t 18 rined by the stripping method 1t will
yaold a slightly larger amount. Probably it will be safe
to calculate three thousard ¢tons to the acre for the entire
area outlined on the map of sixty square miles. This gives
us about 38,400 acres of available coal land and one hun-
dred and five million tons ef available coal., A conserva-

tive estimate would place the availaltle coal at one hun-

dred rillion tons.

Equiprert for 8team Shovel Strippit.

Ir operating thene stséam shovel stirippits as now

yprac%ticed, the following equiprent is used.

Top Equipment:- The top equiprent must contain the follow-
ine, anad may "ave ~¢“er conveftences added; A tipple house,
for roistine the coal fror the pip and loading it into
railroad cars for shiprent; a coal hoisting engine and
boiler, capacity to conform with the size of ‘he rlant;
well and purp for supplying water to all boilers and all
domestic uses, office, tool shed, and powdeér house. For-
tunately, a deep well may be put down at random to from
B8CO %0 12C0 feet ard obiain the same kxind of water as is
used for runiciypal supply at Pittsburg, Weir and Girard.
Pit Equiprent:~- The pit equiprent must contair the steam
shovel, "dinkey" engire and boiler for hoisting the coal,

pit tracks for stear shovel and all mine cars, and pumps



Srearn Shovel 7ipple

Car /‘/a/Jf/ﬂy Crane.
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with boiler for draining the pit when such is necessary.
Frequently the tipple engine does all the hoisting and

the "dinkey" engine is used only for pit track hauling.

In the southern part of the area some of the mines have
introduced electric power to a limited extent drawing their
power from Irter-Urbar. sleckric wires. No Irter-Urban
lines cross the northern part of the area and none of

the mines are supplies with electric power. Here gaso-
line engines are used to/:arying extent, usually for pumping
but in some instances for hoisting coal in the tipple-
houses.

The tipple~house usually is a simple affair, and
made as chearly as possitle on account of the temporary
nature of the business. The coal is emptied through the
top of the house and passes over screens as desired and
drops into coal cars properly placed on tracks beneath.

Two Aistinct varieties of stear ghovel ars used,

a small one of one yard capacity, used in three mines for
lacding into the pit cars, and the shovel of mamméh size for
stripping. The latter sometimres weirhs as much as 235 tons
and tas six to seven yarcd caypacity. The boom y0les of
these are from 50 feet to 90 feet long and the machine

can readily strip to a depth of frorm 40 to 50 feet.
Natirally some operators prefer a different make. It

seems that all of them may be operated successfully if
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the location 1e properly choses and experienced men
conduct toth the mine and aalse department.

The capacity of the rachines depend not only
on the size of the =machire but also on the skill of the
oyera‘ors. 8killful operators are half of the machine.
They keep the machire going at its full capacity during
the entire working day. Rerairs for these machines aver-
agze about $1,000.00 for the first year and increases
after the first year. Careful management will, however,
reduce this item of expense.

Methods of Openinrg Pits. Three genersl methods
of operirg pits are employed producing the so-called
*vrar-pit®, "box-pit* and “side-pit".

Bar Pit. Ir. the bar pit the overburden is
generally toc deep to be reroved at a single trip of the
steam shovel across the pit, consequently about half of
the overburden is removed and deposited at the side, then on
the return trip of the shovel, the depth is removed and is
derosited on ‘he unfinished pit made by the shovel's firet
triy.

Box Pit. The box pit is the name applied where the
shovel simpiy burrows cown to the coal and them begins
a cut, as ir t e side pit. All Pits are side pits after

being opened. Ir. openirc a side, the shovel digs down to the
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coal on about an eight percent grade, dumping the waste
at one side of the pit.

After the pit is opened the shovel moves for-
ward removing the overburden until the limits of that par-
ticular pit are reached. It is then turned and digs a
new path back to the other endf of the pit depositing the
waste in the out made by the first cut.
Mining the Coal;- After being uncovered by the shovel
holes are bored in the coal with ordinary auger drills.
These hodes are squibbed with a small piece of dynamite,
great care being taken to see that the squibb ing fuse
is entirely removed from the squibbed hole. Black powder
is then used to "shoot" the coal. In performing this work the
there is always one "coal shooter" and two "helpers". The
coal shooter squibs the holes, loads them with black powder
and fires the blagts. The helpers drill the holes and do
whatever other heavy work is to be done. The coal ig next
loaded into cars to be moved from the pit to the tipple. At
present there afe two general methods of performing this
work; first, by shoveling the coal into the cars by hand, and
second by the use of small steam shovels. The first one of
these methods is the one generally used, and usual number
of shovellers necessary varying from four to twenty or more.

Fourteen men ought, under favorable circumstances, to load



not less than 300 tons per day.
The second method is yet in its experimental stage.

It has one distinct advantage, mamely, its ability to dig thru
"horse backs". At present there are only three loader
sbhovels in use. They have a capacity of about 400 tons each
per day, wbigh from 30 to 35 tons, have 38' boonms, 223'
dipper stick, and one yard diprer. There are oh® each of

the Bucyrus, Marion and Marion-Osgood shovels doing load-
ing work. The coal is next moved from the pit to the tipple.
Here again we find two or three methods in use. In some
insgtenees pits mule trains are used to move the cars to

the e slope, while in others "dinkey" engines are used to
move thd coal to the slope and in some instances to move it
from the pit to the tipple itself. The other method 1is
to have a revolving crand with a long boom, mo@inted on

trucks which will run along the track on ground level at
the edge of the pit. The boom of the crane reachas over into
the pit, picks up a car, lifts it from the pit, and deposits
it on the main train track, situated on the ground level back

of the crane track. Such pit-cars have about four tons
capacity. In some instances the cra.me instead of being

located on the side of the pit, is located on the coal

back of the shovel. The tram track is then located on the
edge of the pit. The crane again lifts the empty car from
the tram track into the pit, and hoigts out the lcaded car.
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The Coal next goes to the tipple where it is =mm
screened and emptied into cars. Mine run, nut, and slack
are the general grades of caol produced. These tipples
are in rea.lity only frames for the screens. It is the
universal custom here for the coal companies to depend
entirely upon the railroads to weigh the coal.

The question of water supply is one think that
has caused more or less trouble. In some instances deep
wells have been sunk to supply the necessary water. Where
this has been done the water is not always of the best
quality and often results in injury to the boilers in which

it is used. Where the wells are not used, surface
puonds are depended upon tc supply the water. In some
cases the surface water which collects in the pits may be
used, but such water usually contains a large amount of solu
ble sulphates and is therefore unsatisfactory. During wet
weather these pits are much bothered by water so that occa-
sionally work must be suspended. Therefore, every pit
sho@ld be well egquipped with drain pumps. Pumps now in
use are of two general types, the centrifugal and the
Chinese. The chinese pumps are generally constructed on
the gaound. The have a very great capacity and entail
but 1ittle expense after installation. Jets are sometimes

used but are not found to be generally satisfactory.



COST OF INSTALLING STEAM SHOVEL PLANT.

6ne steam shovel Marion # 856 ~ - ~ - - $23000.00
Freight on shovel = - = -~ - = - = =~ 1810.00
One s#&t of teeth, syphon coilectot ring

and 100# rails and bridle -~ - - - = 482.29
40 pit cars at $59.25 2370.00
One car 20# rails and spikes - - - - = = 921.22
1 #3 brass fitted purp @ ~ = = = = = - = 73,75
Railroad switch complete about 3/4 mi. -  7450.00
gix 204 switches complesé - ~~ - - 135.00
Railroad right of way to line track - - =1000.00
Cne well 856 ft. deep complete and

piped to engine - - = = = « = ~ - - 1400.00
Drain ditch @ = = = = = = = = =~ ~ - - 335,63
35 ft. of 24" tiling for ditch =~ - -~ - 32.00
86 tons of coal = - - - - - R 129.76
Teaming =0 0= = = = = - = 36.50
One 6% by 123" locomotive - - - - - 2500.00
1500 pit ties 4x6x6 =00~ - =~ - - - 275,00
50 white oak ties 6-6-8 22.50
One mixxx engine and pump - = = = -~ - - - 125.00
Six tons of 12# rails - .- - - 166.60
Pond - - ¢ o e - e - - - - - - 212,78
Hose for ghovel = - = = = = = =« = = - - 15.00
Pipe lines @  ~ = = = = = = =~ = =~ = = = 319.12
Tipple account _——— -~ -~ - - - - 2645.684
200 ties for pit = @ - = - ~ - =« - - - - 20.00
Fipe fittings @ - - = = = =~ - = = ~ =~ b54.33
Supplies =0 = = = - =~ « - - = - — 12,18
Equipment account = @~ - - - - - -- - - - 237 .22
500 ft. 3/4 imch cable =~ ~ -~ - - - = 33.18
Two 10# hammers, spike bar and hatchet - - - 4,40
Engineering, drafting and stationary 138.20
Incorpoating @ - ==~~~ ~ - ~ - 268.00

Pay roll, salaries and office expense,fixturesld86.64
Total $ 47699.39
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COST OF PRODUCING COAL AT A STRIP PIT FOR THE
YEAR 1914 WITH THE EXPECTION OF MONTH OF DECEMBER.

Month Tons
January 952
Feburuary 2540
March 3444
April 1885
Mayg 31056
June 4258
July 3632
Avgust 1639
Spetember 3971
October 3581
November 4349

Stripping

1.336
.549
.2R296
.3020
<187
«R18
358
.578
«R45
352
«R93

aﬁgagtgéing Total
1.672 $ 3.008
.7669 1.3316
.98307 1.150
1.045 1.348
1.02 1.177
«84 1.056
.90 1.360
1.863 1.831
.854 1.100
.988 1.334
.878 1.171

Total production for eleven months 33356 tons.

Average cost per don

Total for ten months
not a representative

Average per month

Average cost per ton

month

$1.28

omitting January which was

32404 tons.

3240.4 tons

for ten month period

$ 1.229
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SAMPLING AND ANALYSIS

SAMPLING

In taking samples two methods of sampling werse
used, i.e. car sampling and face sampling in the mines.

CAR SAMPLING. Car sampling consists in collect-
ing/:gzple from railroad cars, as loaded for shipment.
If the coal is run of minei.e. not screened, the sample
is all taken from one car, of the other hand if the coal
ig mt run of mine, i.e. the coal is ecremned into several
grades, and each grade loaded into a separate car, parts
of the sample are taken from each car, or a sampls of the
particular grade of coal is taken from a single car.

As loaded, the railroad cars do not receive their
coal continuously from the same part of the mine, but from
different parts of the mine because of the method used in
caging the coal at the bottom of the ghaft. Thus a sample
taken from a car would,if carefully taken,give a represent-
ative sample of the mine.

The method of taking the mine sample under these
circumstances consists of taking a small shovel-full of
coal from each car after each mine car is dumped until a to
tal sample of about 200 pounds of coal is collected. The
coal from the different cars is then placed on a piece of

forty ounce duck cloth, about four feet by four feet in

size, and is thowoughly mixed. The largest pieces of coal
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are then broken down to small size, and the mixing con-
tinued. The sample is next quartered, opposife quarters
being rejected and the remainder is further reduced in size,
mixed, quartered and opposite quarters rejected each time
until the sample of about two pounds is finally taken.

This sample is then placed in an air tight fruit
Jar and is thus transported to the laboratory for analysis.

FACE SAMPLING. Face sampling consists in tak-
ing the sample at the working face in rooms or entries,
@ifferent parts of the sample being taken from rooms or
entries widely distributed throughout the mine in order to
obtain a representative mine sample.

The method congists in placing the canvas as des-
cribed above, immediately in fromt of the face of the coal
geam, and in making a shearing @ut from the top to the bottam
of the seam, about four to six inches wide and two inches
deep, and allowing the coal to fall on the canvas. This
procedure is followed in the various rooms and entries until
the total sample of 150# to 200# is secured.

The reduction, quartering and final selection
of the sample is the same as that described for car sam-
rling.

PREPARATION OF THE SAMPLE FOR ANALYSIS.

The sample as taken at the mine is first run through

a small grinding machine and further reduced in size. It is
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next run through a Jones sampler apd half the sample re-
jected. The half of the sample taken becomes the lab-
oratory sample for analysis. It is further reduced in
the grinder and finally bucked down until it would pass
through an eighty mesh screen. The sample was is then

replaced in the jar and is set aside for analysis.

ANALYSIS OF SAMPLE.

The procedure followed in the analysis is that
recommended by the committee on coal abalysis, of the Amer-
ican Chemical Society. This procedure is a% follows:

MOISTURE DETERMINWATION. Dry one dram of the coal
in open porcelain or platinum crucible at 104 to 107 degrees
Centigrade for one hour, best in double walled bath conteinini
pure toluene. Cool in a dessicator and weigh covered. The
loss in weight of the sample, divided by the weight of the
of the sample taken gives the percentage of the moisture in
the sample. In the case of a one gram sample, the loss of
welght is centigrams gives the moisture percent direct.

(A) Hillegrand and Badger in their discussion of the
errors in the determination of moisture in coal state that
methods of determining moisture in general, belong to the
class’findirect methods, which in the absence of a simple
reagent are most convenient and expeditious; but when

applied to so complex and easily omidized a substance as coal,

a number of reactions occur which greatly modify the results.
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In general the reactions are:

(a) The sensitiveness of caol to atmospherbc
conditions, especiaily when finely powdered.

(b) The giving off of volatile substances other
than water.

(c) The Absorption of oxygen which may take/gorm
of: 1. Oxygen added directly to the coal substance.

8. Oxygen combined with the carbon and split off as carbon
dioxide. 3. Oxygen combined with hydrogen and split off as
water.

All of these reactions have been recognim®d by
many investigators, and though they may not appeaz with
equal prominence in all coals, undoubtedly most all of them
take place simultaneously in all cases, with one or another
predominating.(ﬁ)(W.F.Hillebrand and W. L. Badger. Eighth
Int. Cong. Applied Chem. ¥Bol. 10. 1912.)

(B) With coals high in moisture and in all cases when
accuracy is desired, determinations must be made both with
the coarsely ground and with powderxed coal. The coarsely
ground coal will usually show a higher psrcentage of mois-
ture than the powdersed coal. In case great accuracy is
desired the sample should be dried in vacuo over sulphuric
acid. TFor coals sontaining not over two percent of moisture
satisfactory results can be obtained by drying for 34

hours in a watch glass over sulphuric acid at atmospheric
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Prossawe. (B) (Report of committee on coal analysis
Journal of the American Chemical Society. Vol 81. 1899.)

(0) Powdered coal after drying is exceedingly
hygfoscopic, probably even more so than calcium chloride.
Thie condition together with the complex nature of the
substance gives rise to variations in analysis far be-
yond those which most analysts, who have not studied the
mett ter carefully, realize. It has seemed necessary,
therefore to the committee to place rather liberal estimates
on the allowable variations. in the analysis, and in ad=-
dition to this, we wish to impress it upon every analyst
that it is necessary for him to convince himself by personal
experiment, first, that the variations in his own method
of proceflure do not cause errors greater than the allowable
amount and, second, if possible, that the methods give re-
sults which will agres with those of other analysts.

(¢) ( Journal of Industrial and Engineefing Chemestry.
June 1913, Page 517. Prehiminary Report for the Com-
mittee on Coal Analysis of the American Society for Test-
ing Materials and the Mmerican Chemical Society.)

VOLATILE COMBUSTIBLE. The term volatile com-
bustible matter does not represent any definite compound
or class of commpounds which exist in the coal before
heating. Mr. N. M. Austin of Rose Polytechnic has demon-
strated that some of the carbon which escapes in the form

of volatile compounds on rapid heating is separated in
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the frse state and remains as fixed carbon where the first I
heat 1is applied slowly. It is well known, too, that

many of the compounds contained in the gas and tar formed

by heating bituminous coals &re decomposed by heat with

the formation of free carbon.

Procedure,. - Place one gram of fresh, undried,
powdered coal in a platinum crueible weighing 20 or 30 grams
and having a tightly fitting cover. Heat over &he full flame
of a bunsen burner for seven minutes. Crucible should be
suprorted on either a platinum or a nichrome triagble, with
the bottom of the crucihle six to eight centimeters above
the top of the burner. The flame should be fully twenty
centimeters high when burning free, and the determination
should he made in a place free from draughts. The upper
surface of the crucible cover should burn clear, but the
under surface should remain covered with carbon.

To find the weight of vola&tile combustible,
subtract the weight of the moisture found above from loss of
weight found hers. When one gram sample is used the dif-
forence found expressed in centigrams gives percentage

direct.

The most serious objection to this method is
the claim that certain non-coking coals suffer mechanical
loss from the rapid heating. No evidence to support this con-

tention has been subnmitted.
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ASH. In the determination of ash, eithsr a
new sample or the sample used in the moisture determination
may be taken. Burn the sample in an inclined and open
crucibls until fres from carbon. The heat/igpliad slowly at
first in order to prevent caking of the coal by driving
off the volatile combustible matter too rapidly.

Procedurs. The procedure as followed by us, was as
given below: A fresh one gram sample was weighed out in
a porcelain crucible and placed in a muffle furnace which
had just been started. By slowly increasing the temper-
atureof the furnace the wolatile combustible was driven
off, leaving ths coal in a powdered condition. The tem-
peraturs was then increased, and the crucible was left in
the furnace until the carbon was completsly burned. 'Thoe
crucible was then removed to a dessicator while still hot,
cooled and weighed. the loss in weight subtracted from the
weight of the sample taken represents the weight of the ask,
which expressed in centigrams gave the percent of ash di-
rect.

FIXED BARBON. The loss in weight from the ash
determined was composed of the weights of moisture, vol-
atile combustible, and fixed carbon contents of the sample.
The sum of the weights of moisture and ®olatile combustible,
\ag found in the previous determinations, sultracted from the

total loss as found in the ask determination, gives the

woeight of fixed carbon. This weight expressed in cen-
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tigrams gives the percentage of fixed carbon direct.

SULPHUR. Sdphur is not usually determined in
proximate analysis of coal, but it is determined in case
calorimeter determinations are made to bbtain the heating
value of the coal. Sulphur occurs in coal in the form
of calcium sulphate, or gypsum, and iron pyrite. It is
maintained by some that free sulphur sometimes occurs in
coal. In any case supphur may be determined by one of the
following methods: Eschka's method for the determination

of sulphur or by the treatment of the washings from the

calorimetsr.

Determination of Sulphur by the Bschka Method.
Supphur is determined by the Eschka method.
The Eschka mixture is made by thoroughly mixing light cal-

cined magnesium oxide two parts, with anhydrous sodium
¢arbonate one part. A sample of the coal weighing 1.3736
grams is thoroughly mixed with about two grams of the mix-
ture in a porcelain crucible. The mixture is spread over
the top of the coal to form a cover. The crucible and its
contents 1is placed on a triangle in a slanting poeition and
the mixture is burned over & natural gas flame. In starting
the burning a very low flame must be used to avoid driving
off volatile matter so fast that the sulphur excares unburn-
ed. The contents of the crucible should never be heated

ho temough to cause the blackening of the Eschka-mixture.
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After the crucible has been hegted very slowly and
and cautiously for about thirty minutes the heat is increas-
ed, and after the crucible becomes red hot the contents are
stirred occasionally until al}l black particles are burned
out, a condition that indicates the process is completed.
The crucible and contents are then allowed to cool, and the
contents are transferred to a R00-cc. bmaker and digested
with 75-cc. of hot water for at least thirty minutes. Filter
into a 300 cc. beaker, washthe insoluble residue twice with
hot water by decantation, then transfer the residue to the
filter paper and wash with small quantities of hat water un-
til the volume of the solution is about 300 cc. Add about
4-cc of saturated bromine water and enough hydrochloric acid
to make the solution slightly acid. Bring the solution to
boiling and add barium chloride, precipitating the sulphur
as barium sulphate. The barium chloride solution should
be hot. The solution codntaining the precipitate is allowed
to stanih for at least two hours at a temperature just below
boiling. Set aside until the following day and filter,
wash the precipitate with warm water until a drop of silver
nitrate fails to show the presence of chlorides. Pldage
the precipitate and filter paper in a crucible and ignite to
constant weight. The weight in grams of the barium sulph-
ate, multiplied by ten, equals the percentage of supphur
in the sample.



34.

Sdphur may also be determined from the washings
fror the calorimeter. After a test is run, the calorimeter
is thoroughly washed and the washings collected in a 300 -
cc. keaker. An indicator is added and the washings are
titrated to secure the acid correction for the heating value;
6-cc. of dilute hydrochloric acid are then added and the
solution is heated to boiling. The insoluble material is
then f8ltered off and wagshed four or five times with hot
water. The filtrate and washings should have a volume of
a volume of about R00-cc. Heat the filtrate to boiling and
add hot barium &®loride to precipitate the sulphur as barium
ghlphate. Proceed as in the case of the Eschka-mixture

method.

Weight of Barium sulphate x 18.74  _ . of gulphur.

Weight of sample

The results obtained by this method are somewhat
lowerd than those obtained by the Eschklk method. This is
due to the loss of sulphur trdoxide in the gas escaping from
the bombp and to the retention of sulphur in the coal ash.
The method has ahe advantage over the Eschka in that it
saves time. The results are sufficiently accurate for use
in the purchase of fuel on the B.t.u. basis. This method

ig used in the fuel inspection laboratory of the Bureau of

Mines. ( Methods of analysing CGoal and Coke, Bureau

of Mines, Technical paper #8.)
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CALORIFIC VALUE OF DETERMINATION.

The calorific walue of the coal was determined in a
Mahler bomb calorimeter. In shok an apparatus the fuel is
completely burned and the heat generated by such combination
is absorbed by the water, the amount of heat being calculat-
ed from the elevation of the temperature of the water. A
galorimeter which has been accepted as the best for such
work is one in which the fuel is burned in a bomb, which may
either be nickel or steel, with a porcelain or platinum lin-
ing,filled with compressed oxygen. The function of the ox-
vgen which is ordinarily under a pressure of some 15 toR5
atmospheres, is to cause the rapid and the complete combus-
tion of the fuel sampled. The fuel is ignited by means of
an electric current, allowance being made for the heat pro-
duced by such current, and by the burning of the fuse wire.

A calorimeter of this type which has been found to
give satisfactory results is that of M.Pierre Mahler.

THE MAHLER BOMB CALORIMETER.

The calorimeter consists essentially of the fol-
lowing rarts:- ( See figure 1 )

A. Water jacket, which maintains constant con-
ditions outside of the calorimeter proper, and thus makes
possible the more accurate computations of radiation losses.

B. The porcelain steel bomb, in which the com-

bustion of the fuel takes place in compressed oxygen.

c. The platinum pan for holding the fuel.
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D, The calorimeter » proper, surrocunding the bomb
and containing a definite,weighed, amountof water.

E. An electrode connection with the fuse wire
for igniting the fuel placed in the pan.

F. A fuse wire for igniting the charge.

G. A support for a water agitator.

I. A thermometer for temperature determination
of the water in the caloriméter. The thermometer is best
supported by a stand independentl:- of the calorimeter, so that
it may not be moved by tremors in the parts of the calori-
meter, which would render the making of readings difficult.
To obtain accuracy of readings, they should be made through
a telescoyre or eyeglass.

K. A spring and screw device for revolving the
agitater.

L. A lever, by the movement of which the agita-

tor is revolved.

M. A pressure gauge for noting the amount of

oxygen admitted to the bomb.
N. An oxygen tank.
S. Agitator for keeping the water well agitaged.

METHOD OF PROCEDURE. A one gram sample
off/the rulverized coal was weighed out into the platinum pan.
The fuse wire was weighed and attached to the ends of the

platinum electrodes. The platinum pan condaining the sample






was then attached +to an extension of one of the elec-
trodes, and in such a manner that the fuse wire, extended
down into the pulverized sample. The platinam electrodes
and the platinum pan are attached to the car of the bomb,
and in such a manner, that when the cap of the bomb is
screwed in place, the electrodes and pan will be with-in the
bomb. The cap of the bomb wasg screwed tightly in paace
with a wrench, supplied for the purpose. Oxygen was then

admitted intoc the bomb, care being taken to admit the gas

slowly so that the sample in the pan would not be disturbed.
The pressure is noted on the pressure gauge, and when the
desired pressure is reached, the needle valve in the cayp of
the bomb is closed. The bomb was then glaced in the cal-
orimeter. X known quantity of water (2200-cc.) was

the pored into the calorimeter, completely covering the
bomb. The agitator was then placed In the calorimeter
and attached to the spring and screw dexice. The ther-
mometer was fixed in place, and the lead wires connected

to the electrode. The arparatus was now in readiness for
running the test.

In making the test the time was divicded into three
periods, namely, the preliminary, the combustion, and the
final period. Before the preliminary period begins, the
water in the calorimeter and surrounding the bomb is agi-

tated for a few minutes to insure equal temperature of all
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parts, within the calorimetsr., The preliminary period
consists of a five,minute intervals during which the tem-
prerature is read and recorded every minute. At the end
of the last minute interval of the preliminary period, the
circuit igniting the fus® wired is momentarily closed, and
the combusticn period beings. The first two readings dur-
ing the combustion period are taken at half minute intervals,
and the remainder. at minute intervals. Usually five or
six readings will be taken. The temperature rkses to a
maximum and then begins to fall. Thes denotes the beginning
poxied of the final period, during which readings are taken
at minute intervals for five minutes, or @wntil the radiation
logs has become constant.

The lead wires to the bomb were then removed, the
agitator taken out of the calorimeter, the bomb removed
from the calorimeter, the cap unscrewed, and the platinum
pan electrodes and inside of the bomb and the beomb cap
were thoroughly washed with distilled water, and the water
collected in a beaker to be titrated for the acid formed.
From the data thus obtained the heat value of the sample

was calculated.
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DATA AND CALCULATION.

Weight of sample 1.000 gram
Weight of iron wire 17 .75 milligrams
Weight of water 2200. Grans
Water equivalent 500. grams

To titrate washings 36. cc.

Tempsrature Readings

Preliminary Combustion Final
0. 233.624 5. 03,674 9. 26.345
l. 23.636 R24.260 10, R6.334
2. 233.6456 6. RH5.626 11. 26.330
3 23,656 7. R6.294 12. 26.3834
4, 23.663 8. =6.342 13. 26.318
5. 83.674 9. R6.345b 14, 26.310
Obgerved temperature rise 2.671 degrees
Corrected temperature rise 2.886 "

Fuel value.

2700 X 2.690 & 7263 Calories per gram

36 cc Nag CO gz - -36 " " "

17.75 Mo, wire = -29 " "
7198 " " n

'198 X 1.8 - 18950 Rt. U. per pound.

Desailed calculation.

Rate of change during preliminary pericd + .010 Degrees

" " " " final period -~ 2007 "

" " "  per degree-combustion " + .0063 "
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Radiation
Gdin or loss

Rate of change preliminary+ .010

" A + .0064 + .004
" B + 0022 +.0011
" Y - 0064 -.0043
" D - 0067 -.0068
" E - .007 -.00668
"  Final - .007 -.007
.01956

Corrected temperature .0195 + 2.671 -~ 2.690

The reading 233.624 degrees or number O is the
first reading of the preliminary period. The temperature
reading R3.5674 degrees is the last reading of the prelimi-
nary period and was taken five minutes after the first read-
ing; hence 23,874 - 33.624 = .050 degrees, the total change
in temperature during the preliminary period; also .050 %

5 - .010 degress, the rate of change of temperature per
minute during the preliminayy period.

The rate of change per minute during the final
period is found in like manner to be -.007 degrees; hence
.010 - (-.007) = .017 degress the change in rate during
the combustion period.

The observed change in temperature during the

combustion periodis 2.671 degrees, the change in rate per -
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Qegrse of temperature change im the combustion period

is therefors equal to sULT 2 .0063 degrees

The change in temperature during the figst half
minute of the combustion period ig .586 degress and .586
X .0063 - .0036 degrees, the change in rate during the
first half minute of the combustion period.

.0 10° - .0036°= .0064 degrees, the rate of tempera-
ture change at the half minute reading or number 5%.

The rate of change for each succeeding reading in
the combustion period is calculated in the same way.

The tempsrature correction for the heat loss
during the half minute reading is made by dividing the
algebraic gsum of the rates by 4, and for the minute read-
ings by divggg the algebraic sum by 2, bicause the tem-
perature corrsction for heat loss during each interval
is the mean rate per minute of temperature change multi-
vrlied by the time of the interval in minutes. For example
at reading "5" the rate per minute of temperaturs change
i8+.010 degrees and at reading 5%, the rate pef minute of

temperature change is+.0064 degrees, therefore the mean
rate per minute of temperature change for the one half min-

ute interval is  .010 -(~- .0084) - .0083 degrees and

% X .0082 = .0041 degrees which is the correction for heat
loss taking place during the half minute interwval. The

algebraic sum of all the temperature corrections for heat
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loss during each interval 1s added to the observed tem-

perature change, and this figure multiplied by the water

equivalent of the apparatus gives the total heat dsveloped.
CORRECTIONS FOR ACIDITY.

Corrections for acidity are divided into two parts:
firgt, correction for the oxidation of nitrogen and second,
correction for the oxidation of sulphur.

(Z}) White, in his text on gas and fuel analysis,
says that " when coal is burned on a grate minute amounts
of oxides of nitorgen arse formed by the combination of
some of the nitrogen of the air and possiblg also of the
fuel with the oxygen of the air. At the higher temperature
of combustion in the compressed oxygen of the calorimster
mors oxides of the nitrogen are formed and account should
be taken of the heat evolved in their formation. The heat
of formation of aqueous nitric acid from nitrogen, oxygen,
and water is represented according to Thomson, by the follow-
ing equa¥ion.

AN + B0 + H,0 - 2HNQ3+ 22800 calories.
This corresponds to 1058 calories per gram of nitrogen or
239 calories rer gram of nitric acid. The nitric acid #s
formed may be estimatedl by the ringing out of the bomb

add titrating the washings with standard alkali. From this
total acidity is deducted the sulphoric acid formed and %the

balance is considered nitric acid. The amouht of nitrcgen

oxidized is roughly about one per cent of the total nitregen
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present whether introduced as free nitrogen with the ox-
ygen or as combined nitrigen of the coal. The correction

is not usually more than eight calories and may be con-

sidered to be offaset by the heat absorbed in keeping the
gases in the calorimeter at constant wolume.(Z)(White Fuel

and Gas Analysis.)

(x ) The Bureau of Mines useé a similar method of
correction for nitric acid. The standard alkall solution
used containe .00887 grams of N Hgper CC. and 1s equivalent
to .00483 grams of nitrogen, which when burned to HNO; gen-
erates five calories of heat. There is a discrepancy, how-
ever, between its calculation of the heat of formation of
nitric acid of 23 calories per gram of nitrogen and that
given by Whikte. This discrepancy is not worthy of con-
gideration. (x) ( Methods of Analyzing @oal and Coke.
Technical Paper #8. 1913)

The corrections due to the oxidation of sulphur
are due to the fact that when sulphur or pyrite: burns in
air only about five percent of the sulphur is oxidized to

802 , and the rest of it remaining as SQ; . When combustion
takes place in the calorimeter a much larger percentage

burns to 80y , and a correction must be made for it. The

equations are 8 + O, - SQ+ 69100 calories
S + 30 + H,0 — dilute H; 80, + 141100 calories

One gram of sulphur burning to 8Q, evolves 8185 calorises to

2250 calories and to dilute I SO,, evolves 4410 calories
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(White) and 1450 calories (Tech. Paper #8). The difference
between these would be 2245 calories in the one case and
8200 calories in the other, for e@ch gram of supphur thus
oxidi“ed in the bomb. The determination of this oxidized
gulphur requires a chemical analysis of the washihgs of the
bomb and increases the amount of work required. A further
difficulyy is the fact that the sulphur may be present as
ryrites, sulphur in organic compounds, free sulphur and
gypsum and the corrections will vary fro each of these
various forms. For free sulphur burning to H,S Q, the
correction will be 2245 calories per gram of sulphur,(White)
For sulphur as pyrites 2042 calories, (Somermeier) while
for sulphur as gypsum or sulphate of rifon, no correction is
mscessary. Free sulphur and sufiphur in organic compounds
do not burn completely o0 80y which further complikcates
matters. It is therefore customary to assume that all sulphor
igthe coal exists in the form of pyrites.

The washings from the bomb are therefore treated
as stated in the analysis for sulphur and fufther correction
of 13.0 calories per centigram of sulphur made. This cor-
rection is due to the fact that the heat of the oxidation
of sulphur is greater than that of nitrogen and the alkali
determination cannot take account of this excess heat.

A standard alkali containing 3.706 grams of pure

sodium carbonate per liter was used in making titratiomns.

This solution had the following values; lcc. alkali .0043
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grams of nitric acid, and and 1 cc. alkali .00108 grams
of sulrhur in Sulphuric acid.

(White. Fuel and Gas analysis, Page 230.)
(Somermeier. Journal of the American Chemical

Society. Volume 26, Page 566, 1904).






Sulphur.

Sample No. Per :cent Bulphur.
1. 240
2. 3.70
3. 4,50
4. 3.70
5. 4.40
6. 4.60
7. 3.60
8. 3.70
9. 2.10

10. 2.80
11. 1.00
13. 3.30
13. 2.90
14. 3.10
15. 4.20
16. 2.80
17. 3.90
18. 7.00

19. 5.40



Mines where samgles were taken.

Sanmrle Mine No. Name of Company. Location of mine.
é Fleming Coal Co. Skidmore.
2 Pratt-Durkee Coal Co. Skidmorse.
3. 43 Central Coal and Coke Co. South Skidmore
4. 42 " . " L West  Skidmore
5 F. Mackie Fuel Co. (all) " "
6 F. " " % (8lack) " "
7. 9. Clemens Coal ©Co. " "
8. 1. Scammon Fuel Co. * Minezzl
S. 2. Cresemtit Fleming Coal Co. Roseland.
10. Girard Coal Co. Radley.
11. 6. Nevius-Coulter Coal Co. Radley.
12. 7. Hamilton Coal & Mercantile Co. Radley.
13, 45, Central Coal and Cokes Co. Ringo.
14 48. " " LA Ringo.
15. 19. Wear Coad Mining Co. Edson.
1€. 2.Washery. Central Coal and Coke Co. Edson.
12, _1l. Wear Caol Mining Co. Franklin.
18. 8. Pittsburg Worthern Co. Franklin.

19. 7. McCormack Coal Co. Bresgy Hill.
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PREVIOUS INVESTIGATION

The first man to inviéstigate the properties
of Southeastern Kansas coals was Prof. E. H. S. Bailey
of the Cheméstry Department of the University of Kansas.
Prof. Bailey carried on an extensive investigation of the
character of the coals of Kansas, to obtain the moisture,
volatile combustible, fixed carbon and ask contents. The
investigation was simply that of proximate analysis.
Prof. Bailey, so far as we have been able to ascertain
did not make sulphur and calorific determinations. An ex-—
tensive discussion of his methods is contained in volume
IX, Transactions of the Kansas Academy of Science, page 49.
We append hereto a copy of his analysis in so far as they con

cery Southeastern Kansas coal. (See Table 2).
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WORK OF W1 R. CRANE.

Following Prof. Bailey, Prof. W. R. Crane
of the Mining Department of the University carried oft
a series of very extensive experiments into the Bhemical,
calorific, and physical properties of the Kansas coals,
and esxpecially of Southeastern Kansag 6oals. A detailed
discussion of the results of Dr. Crane's methods and re-
sults is contained in volume III, University Geological
Survey of Kansas.

In brief his method of proximate analysis was
somewhat as follows;

Miosture. One gram of the sample was heated
at 110 degrees centigrade in a platinum crucible for 16
minutes, then cooled in a dessicator and weighed. It was
next reheated for 10 minutes, cooled and weighed again.
This procedure was repsated to constant weight.

Volatile Combustible. One gram of the sample
was burned for &% minutes in a covered platinum crucible
held over the bunsen flame, then for 3% minutes over
a blast lamp. The crucible and contents were then cooled ai
and weighed.

Fixed @Garbon and Ash. One gram sample was burn-
ed in oxygen. The residue was termed ash.

Sulphur. Sulphur was determined by digestinga

a sample of coal in concentrated nitric acid, evaporating
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to dryness, digesting the precipitate in warm water, fil-
tering, and precipitating the sulphur as barium sulphate
by adding barium chloride to the filtrate.

Calorific Value. Thompson's calorimeter was
used in determining the calorific value of the coal. This
instrument consists of a copper cylinder in which a weighed
quantity of coal, intimately mixed with potassium chlorate
or potassium nitrate is deflagrated under a copper case like
a diving bell, placed at the bottom of a deep glass jar,
filled with a known weight of water. The gases produced
by the combustion rising through the water are cooled with

a corresponding increase of temperature in the latter, so
that the difference between the temperature observed be-
fore and after the expériment furnishes a measure of the
calorific value of the coal.

There can be no doubt entertained but that Dr.
Crane was a very careful painstaking observer, but no man
can do accurate work with an instrument of the character
of Thompson's calorimeter. Th s instrument, while un-
doubtedly good at that time of its invention, has now be-
come obsolete. The method andapparatus were crude through-
out but the greatest source of error lay in the heat ab-
gorbed in the dedomposition of the chlorate and nitrate.
(). Scheurer*~-Kestner has determined that if 15 per-
eent be added to the heating value obtained with the Thomp-

gon calorimeter, the results never differ by more than



49.

four percent from those bbtained with the ~Thompsen
Favre and Silverman calorimeter which burns the coal in
a stream of oxygen. It is therefore readily seen that
the calorific values obtained by Dr. Crane are much too
low. Calculations made by the use of N. W. Lord's (N)
formula for heating value, show a discrepancy which varies
from 50O to 2300 B.t.u. per pound. Dr. Crane also found coals
containing as high as 94.26 percent of combustible material
in the moist coal, in contrast Bohnstengel found 90.96 per
cent, Bailey 91.50 percent while the highest in our deter-
minations was 89.28 percent. These differences may be and
probably are due to the differences in the methods of analy-
gsis. For Dr. Crane's results, see tabls 3.

(M) (Bulletin of the Society of Industrial
Chemestry. Mulhouse.page 506. 1888).

(N) (Somermeier. Coal, its Gomposition, Utili-

zation and Valuation. Page 34 to 41.)






%ORK RY PROF. P. F. WALKER.

Te rext investigator into the character of
goutheast Kanoas coals was Nr. Albert F. Bmethers, labor-

atory aneistart in the Wechanical Fngineering Department
durirg *ha year 1979-1910. The territory covered by

Kr. Smethers was that lorth and East of Pittsburg, in-
cluding Fronterac, Midway, Yale, Nelson, Franklin, Edson

ar.d eome isolated minees between these towns. MNr. Carpex-

ter, one of *the authors of this paper colledted some 14
or 16 eamy.lees, which were analysed by Nr. Smethers. Yo

understard that this work was done for a Masters Thesis,
hut we rave been unable to find any record of the same
and corsequently, we are not able to present a copy of
the results obtained by him.

Tr.e work by ¥r. Pohnstengel, carried on during
ths winter of 1910-13911 was under the supervision of Prof.
Walker of the MNecharical Engineering Department, now Dean
of tre School of Engineering. It may be possible that
¥r. Rohr.istengel, has included in his analyses some of the
work Jdor.e by ¥r. Smethers but we have nothing to sustain
this belief for we have not been able to secure the data
of these investigations.

The method of analysis pursued by Nr. Bohnstengel
ie that recommended by the "Committee on Coal Aralysis
of tre American Chemical Society”, which with a few changes

in detail is tlm same as has been followed by us, in ocur



irvestigations.

Mr Bohnstengel found that the fixed carbon in the
moist coal ~aried from 42.85 to 60.45 percent. Dr. Orane
found 60.4£ to H5%.38 per cent, while we have been able to
find only 47.40 to 54.72 between extreme limits. The
average fixed carbon content as determined by the three
investigations is respectively 51.56, 54.45 and 651.08 per
cert. The range in volatile combustible is not quite so
great. ¥r. Bohnstengel found the extremes to be from 26.75

to 34.15 ter cent, Dr. Crane 33.42 to 40.68 percent, while
we found from 30.54 to 38.48 peroent. The averages of these

are resjectively 30.45, 36.562 and 34.51 per cent. The sam-
Fle in which only 38.76 per cent of volatile combustible

ra “ter wae found may haves been from a piece of "dead" coal,
but eince the locatior of the mine fror which the sample
was taken, is unkrown to us, we cannot say. Nr. Bohnstengel
conterds *hat the volatile combustible material is unifom-
ly under 39 yrer cent, meaning thereby when calculated on

a combustitle basis. We find it hard to agree whih this
view, since in our analysee we have repeatedly found coals
wrich ran over 41. percent when calculated on this basis,
the highees one teing 44.06 per cent combustible material.
Dr. Orane also found numerous samples which exceeded 40.
rer cenit combustible material. It might also be of inter-
est %0 add heme that there are in the aggregate several hun-

dred thousand tons of coal in the area which will run less



than 20 percent combustible material.
Ur. Totngtengel used the sare method of deter-~
rinirg thoe fuel value that we have used, i.e. the Mahler
oorb. Yo found it impracticable however to use the sys-
terr 0f calculation used by him, rreferring instead the sys-
ter adap ted ns standard, by the Bureau of Nines. In mak-
irng our calcuiations we have also found it convenlient to

droy thLe last two figures in our heating value determina-
tions, Tecause the lirit of accuracy which can possibly be

obtaired by ar investipgator using the ¥Xahler bomb or any
othet similar contrivarce, carries an error which varies
fror .3 to .4 rercent, and then only when the greatest
precauticns are obagerved. For this reason we have includ-
ed the heatinpg value only to the hundreds place, in con-
trast with that of Ur. Bohnstengel, who has given the value
dowr. to the last units place. Take for instance the value
of sarple nurber 11, which shows a heating value of 12106
B.t.u. per round. Tre final 5 cormpels attention and one
wor.ders why the heating value could rot ¥e at least have
been piven as 12100. As a matter of fact 12000 would
rrotably have expressed the value just as accurately. The
idea of calculating results to a limit of accuracy which
carrot rossitly be obtained is illogical. The results can
be expressed with the same degree of accuracy apd a much
greater degree of mathemktfcal reason by approximations in

the share of similaz round figures. It is unscientific to
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to publish figures implying a precision that is unattain-
able.

We have not had time while carrying on this in-
vastiration to go into the uvultimate analysis of the South-
sact Kansns coals, and would suggest that this field is a
fruitful one for futurs investigation. We also believe
that the last word has not yst been said regarding the
practices pursued there, dbut that future work will not mat-
erially change the results already obiained.

(Yor results of this work, see Table 4.)
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RESUME OF INVESTIGATIONS.

SHOT FIRING. Shot firing in the Southeastemn
Kansas field presents one of the most sefious problems to
the opsrator. Until quite recently this work has been pre-
formed by men empdoyed as shot-firers, who/ggly task has
been to light the fuses leading to the shots. The practice
is a dangerous one because in case ¢f blown out shots, pre—
mature explosions, gas, and afterdamp, the shot firers are
kept continually in danger of serious, if not fatal in-
jusy. The miner is allowed to have 285 1lbs. of powder widh
him, the same being delivered at his switch by the company;
in addition much dynamite is used and this helps to increase
the danger which confronts the shot firer. That the prac-
tice is dangerous is attested to by the fact that from 1902
to 1913, 66 shot firers were killed, while during the win-
ter of 1211 and 1912 along, ten shot firers were killed.
If the nurber killed since 1913 were added to the list the
total would be greater. The practice seems to become
fixed in the district so that any attempt to change from
it is met with opposition fror the miners who seem to
think there is no other system. Recently however, the Hamilton
@oal and Merchantile Company installed an electric shot
firing system in their mine No. 8 at Arma, Kansas, which

gince some minor defects have been overcome, has proven

quite successful. The system is now in operation in
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another mine, and it is hoped that further installation
will be made.

It would seem that there should be some way of
eliminating the danger from shot firing and to sud us
pkther the electric shot firing or a system whereby the
shot firer loads and stems the shots seem to offer the

only solutions. Of the two, the former is by far the more

desirable.

LABOR CONDITIONS. Labor conditions is the field
are in general on a par with the conditions in other coal
mining areas. The workmen are strongly unionized, so
much so in fact that they hold the union as a club over the
heads of the operators, to enforce their demands. Eight
hour day is in force and has been for many years past.
Wages are relatively high, more so in fact than in some
other fields. The "Safety First" movement has not yet
been thoroughly organized amoung either the miners or the
operators but the general trend of opinion is toward this
movement. In general the miners are foreigners, who
8till cling to the customs of their native lands. The
miners contract with the operators lasts for two years
after each general strike. Petty strikes are of daily
occurance and are based on the most trivial as well as

matters of considerable importance. Arbitration of labor
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difficulties is provided for, but there is no good way of
enforcing the terms of agreement reached by arbitration.
It is probable that if the operators and the miners had
a better understanding of each others position that the
labor conditions would be immediately improved.

SHOOTING OFF THE SOLID. The practice of min-
ing or shooting the coal off the solid is still carried on
in this district although an inferior grade of coal is
produced by this system of working. The coal is much
broken and in some cases the amount of slack coal pro-
duced will reach 50 or 60 percent of the total output.
This slack coal is hard to sell, especially when the de-
mand for coal is light, and the disposal of it becomes a
big problem in some cases even at the very low price for
which it sells. The Bse of dynamite also increases the

amount of slack coal made. Both of these conditions;
shooting off the solid and using dynamite increase the
dangér to the workmen by shattering the pillar coal, and
the roof in some cases, making falls of rock more frequemt.

Many of the state's laws reguire the coal to be
cut before shooting, either by an undercutting or by a
vertical shear. 8o far this has not been enforced in
this district. Also we believe this condition could be
improved by paying the miners on a screened coal basis

rather than on a run of mine basis as in now done.



57.

Thig would be an incentive for the miners to produce more
lump coal. Also we have heard that the minesg in which
the electrical shot firing systems have been installed,
produce a bhetter grade of coal.

STEAM SHOVEL WORK. Steam shovel work began in 4%
this district in April, 1910. Since which time some thirty
or folrty steam shovels, among which is the largest steam
shovel in existence, have been put in operation. In 1913
some 301621 tons were produced by steamshovels, while in
1914 the production was well over double that amount. The
steamshovel has already begun to curtail the shaft output,
so that for the next ten or fifteen years the shaft mines
will not produce the tonnage that they have been producing.

COAL WASHING. Coal washing is done at the two
washeries of the Central Coal and Coke Co. at Edson, Kansas,
which so far as we have been able to find, are the only wash-
eries in the district, as well as the State. Slack is washed
in order to increase its sals by removing the slate, bone,
and other impurities. The capacity of the plants is far
in excess of the present demands. The plants seldom work
more than one or two days per week, because of the light

demand for washed coal.

USE OF MINING MACHINERY. Mining machinesy are
not used in this district. The occurence of horsebacks
and rolls throughout the district has been such as to dis-

courage the practice of undercutting thae coal. Pick mach-
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ineswere used for awhile in a nime at Radley, but they have
been discarded because of the bad roof and the too ftequent
occurence of horssbacks, We believe that machines could
be used but that there has not been a sincere attempt to
install them owing to the prevailing practice of shooting

coal off the solid.

ELECTRICAL EQUIFMMENT. All mines using elsc-
trical shot firing apparatus muek have a small genzrating
set to supply current for the shooting circuit. Electri-
cal haulage was used in a few of the mined some years ago,
but at this time we are not able to say just how extensive
electrical haulage is used. We think however, that such a

system of haulage is not used at present in the district.

GASOLENE HAULAGE. Gasolsne motor haulage is
used in one mine near Cherokee, Kansas. The motor has prov-
en to be quite successful. Wa see no reason why a haulage
system of this kind should not be installed, provided good
mine ventilation can be properly maintained. The gasocline
motor is self contained, is practically fool-proof, and

is a relatively cheap means of hauling.

SHAFT SINKING. Shaft sinking is in general done
by contractors at a cost of $15. to $20 per foot, with an
average of about $17. per foot. This low cost ¢$ sinking

is due to the fact that rock is seldom met with during the
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g8 inking operations. Shafts are generally three com-
partment, two for hoisting and onex* for ladder road, pipe
lines, electric conduits, etc. Timber is furnished by
the coal companies, but is put in place by the contractors.
In general about forty-five days @';erequired to sink and
timber a 165 foot shaft.
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KANSAS PRODUCTION OF COAL

Year tons Average No. of men Tons produced
employved per fatal
Accident

1869 36891

1870 33938

1875 150000

1880 771442

1885 1440057 4175 160006

1890 2516054 4533 314506

1895 3190843 90231 319084

1900 4269716 10873 213845

1965 6374671 12109 176322

1906 5754613 10175 191820
1907 8591013 11957 126750

1908 55880168 11334 180358

1209 5727653 10542 150728

1910 5135391 10619 205415

1911 6254228 10918 = ———-—-

1912 6350396 11264 171578

1913 7020579 12506 2853335

1914 7 200000
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OUTPTIT OF THE 3TATE

From 3ta*se !ine Inspector's Report 1913.

Year PRoduction frawford Cpv % of total.
1307 3291708 1590620 48.32
1300 4262716 <3359398 54.71
1909 87276853 3586766 61.39
1310 5136371 3374069 65.91
1912 33503286 3818760 60.13
1913 7090579 4318731 60.90
Year Cherokee Co. % of Total Combined %
of total.
1997 1081420 Z2.24 80.684
1370 13567631 31.79 85.50
1902 1796724 31.36 92.75
13.0 1453809 28.31 94.23
1312 2154372 33.92 94.06
1013 2332320 32.90 23.90
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