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CHAPTER II

THE FUEL VALUE OF IOWA COALS

The following chapter gives the results of chemical and physi-
cal tests, carefully made at large expense to the national gov-
ernment, to show the fuel value of Towa coals; and to determine
how to handle them in order to obtain from thein the greatest
efficiency.

The state of Towa, with individuals and companies engaged in
coal mining within the state, contributed in various ways to this
fund of information with reference to the nature of Towa coals.

To the engineer who wants to post himself on Towa coals, the
complete presentation of the tests as made in the following tables
will be considered natural and necessary, though the casual stu-
dent of the subject might get along with a more condensed state-
ment.

Care was taken to make the tests typical, and though they actu-
ally stand for coals from certain mines, they probably represent
rather correctly the coals of the state and their behavior under
various conditions, except where note is made to the contrary.

The tests were made under an act of congress approved in 1904,
providing for the analysis and testing of the coals and lignites of -
the United States, in order to determine their fuel value and the
methods that should be employed to obtain from them the great-
est efficiency.

The testing plant was established at St. Louis in connection
with the Louisiana Purchase Exposition, and was under the
supervision of the United States Geological Survey.

A very complete plant was established with all desirable ap-
paratus and machinery for making both chemical and physical
tests on coal and lignite.

26
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A particularly valuable feature of the tests is found in the fact
that coals from all portions of the United States were brought
together and tested under identical conditions by disinterested
persons.

For the first time, therefore, opportunity was given to com-
pare the coals of America and to determine their relative value.

If the prices of coals are taken into caleculation, and the fuel
values used which are set forth on the following pages it will be
found that there is no excuse for importing expensive eastern
coals into the Mississippi Valley, except for domestic and metal-
lurgical purposes. .

Moreover the possibility of briquetting Iowa coal and putting
it in an especially attractive form for domestic use, is plainly
brought out.

The Towa Geological Survey co-operated effectively with the
National Survey in connection with these tests.

The state survey selected the mines from which the coal. for
testing should be taken, and in doing so, endeavored to select
points that might be regarded as typical for the state, and points,
moreover, which would long be producers.

It was felt that the tests should represent as large an area as
possible, and that the results obtained should have weight for a
considerable period of time; in-as-much as the tests were expen-
sive and could not readily be duplicated.

The Towa Geological Survey selected and secured the donat1on
of five cars of coal from as many important mines; and secured
from the railroads the free transportation of four cars of this
coal from the mine to the testing plant. The State Survey paid
the freight on the fifth car.

The coals that were tested are presented in the table below, and
on the following pages they will be referred to by the numbers
here shown.
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NAME OF GRADE OF NAME OF
SAMPLE OPERATOR MINE LOCATION COAL BED
- |
Iowa 1....|Anchor Coal Co.,| No. 2 Liaddsdale, Ia. Over 1% inch |Middle bed.
Ottumwa, Iowa screen.
i
Iowa 2....|Mammoth Vein No. § Liberty Twp., Run of mine. | Big vein.
Coal Co., Marion Co., Ia.
Hamilton, Ia.
Towa 3....|Gibson Coal No. 4 Near Altoona, Over 3% inch |[Third vein,
Mining Co., Polk Co., Ia. screen.
Des Moines, Ia.
Iowa 4....|Centerville Block | No. 3 Centerville, Over 13 inch|Lower bed.
Coal Co., - Appanoose Co., screen.
Centerville, Ia. Ia.
Towa 5....|Inland Fuel Co.,| No. 1 Chariton, Run of mine. |Lower bed.
Chariton, Ia. Lucas Co., Ia.

Mr. Savage, at that time Assistant State Geologist, in company
with Mr. Groves, who represented the United States Geological
Survey, secured the mine samples, and supervised the loading of
the cars. The report of Mr. Savage, made in Bulletin No. 2, Towa
Geological Survey, is quoted at this point:

From each of the mines from which a car of coal was shipped
to be tested, two samples were taken for chemical analysis. These
samples were obtained from points in the mine quite widely sep-
arated. They were cut from the full section of the working faces
of the seam mined at the time the car was loaded, and were im-
mediately sent to the St. Louis laboratory by mail in air-tight
cans. The two coal samples that were collected at the mine for
chemical analysis are referred to in the tables which follow as
““mine sample A’’ and ‘‘mine sample B’’ respectively.

As each car load of coal, sent to the plant for testing, was un-
loaded at St. Louis, a third sample was taken for chemical analy-
sis which represented the coal actually contained in the car to be
tested. This sample is designated in the following tables as the
“‘car sample’’. :

As the coal was distributed to the testing divisions samples
were taken at frequent intervals, quartered down, and analyzed.
In this way at least six separate samples from each car of coal
were obtained at the plant, and two at the mine.
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Quotations are freely made on the following pages from Pro-
fessional Paper 48, of the United States Geological Survey, in
which all the tests of the St. Louis plant are presented, and from
which the tables showing results of tests are taken.

DESCRIPTION OF MINES AND SAMPLING METHODS
IOWA NO. 1.

Operator.— Anclior Coal Company, Ottumwa, lowa.

Mine—Mine No. 2, located at Laddsdale, Wapello county,
Towa, on Chicago, Rock Island and Pacific Railroad.

Coal bed.—In Wapello county the coal beds lie at.no great
depth below the surface. The middle bed in this mine is found
at a depth of 58 feet, and what is called the third seam at a depth
of 70 feet. The coal beds vary greatly in thickness in this region,
but in the majority of places in which they are now worked they
range from 3 to 5% feet. '

Two sections were measured on each bed and the variations are
shown in plate X. The detailed sections are as follows:

Sections of coal bed in mine No. 2 , Anchor Coal Company, Laddsdale, Iowa.

MIDDLE BED. ‘ ~ THIRD BED.

SECTION A, ‘ SECTION C. SECTION B, ‘ SECTION D.
Ft. in. Ft. in. Ft. in. Ft. in.
|
Coal ......... 2 11|Coal ......... 310iCoal ......... 2 3|Coal ......... 4 5

Samples for chemical analysis.—Two samples for chemical an-
alysis were obtained in this mine. Sample A is from the middle
seam and sample B is from the third seam. These samples were
taken at the points where sections A and B, noted above, were
measured. The samples were obtained in the usual manner by
making cuts across the face of the coal from roof to floor, so as to
obtain coal from all parts of the bed. The samples were then
crushed and quartered down until about a quart of crushed coal
remained of each sample. The samples were then packed in air-
tight galvanized-iron cans and mailed to the laboratory at the
testing plant.
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" Character of car sample—Two grades of coal were loaded in -
the car for testing. In one end of the car was placed coal that had
been passed over a 114-inch screen and in the opposite end of the
car was loaded the material that had passed through the same
screen. These grades together were in the proper proportion to
constitute run-of-mine coal. This coal is all from the middle bed.
"The lower bed is not developed sufficiently to furnish much coal.
The coal was loaded in an open coal car, which was shipped on
October 17 and was received at the testing plant November 1,
1904. ‘ o
Mining methods.—Mining is done on the room-and-pillar sys-
tem. The coal is shot off the solid and hauled to the foot of the
shaft by mules.

IOWA NO. 2.

Operator—Mammoth Vein Coal Company, Hamilton, Iowa.

Mine.—Mine No. 5, located in Liberty township, Marion county,
Towa, on the Wabash Railroad.

Coal bed.—There are at least six well-defined coal beds . in
Marion county. These are nearly all well exposed in the bluffs
of the Des Moines river. The coal beds of this county are among
the most extensive of central Towa. The seam worked in No. 5
mine is known locally as the Big Vein. The thickness and char-
acter of the bed are shown graphically in plate X, and also by de-
tailed sections A and B. Section A was measured in the fifth

. west entry on the south side of the mine and section B was meas-
ured in the third west entry on the south side of the mine. The
sections are as follows:

Sections of coal bed in mine No. 5, Mammoth Vein Coal Company, Marion Co., Ia.

SECTION A. SECTION B.

Irt. in. Ft. in

Coal ... . 211 | Coal ..uier i e 1 3

Sulphur and shale.............. 0 1| Sulphur ........... ... . .. 0 2

Coal ... .. i e 1 3| Coal ................ ... e 3.11
Sulphur and shale................ 0 6
Coal ... e 2 6

Total ... ... it 7 3 Total .......oiiiiiieninnn. 5 4
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- Samples for chemical analysis.—Two samples were cut in this

mine for analysis. Sample A was obtained from the place where
section A was measured and sample B from the place where sec-
tion B was measured. These samples were obtained by making
cuts from roof to floor, exclusive of the large partings, which
are thrown otit by the miner in loading the coal. These samples
were carefully crushed and quartered down to about quart size .
and mailed to the chemical laboratory at the testing plant in air-
tight galvanized-iron cans.

Character of car sample—The car for testing purposes was
loaded with run-of-mine coal. Many large sulphur balls are
found in this coal, but these were mostly picked out in loading
the coal. The coal was loaded in a gondola car, which was
shipped from the mine October 23 and received at the testing
plant November 23, 1904.

IOWA NO. 3.

Operator.—Gibson Coal Mining Company, Des Moines, Iowa.

Mine.—Mine No. 4, located near Altoona, Polk county, Iowa,
on the Chicago, Rock Island and Pacific Railroad.

Coal bed.— Po]k county has long been one of the most impor-
tant coal-producing counties in the state. In this county three
seams of coal are recognized. They are commonly called ‘‘first,”’
““‘second,’”” and ‘‘third’’ seams. These are the workable seams,
and they have associated with them other beds that are not of
- workable thickness. Mine No. 4 is on the third seam. Two sec-
tions of this coal are shown graphically in plate X. Section A -
was measured in the ninth north entry and section B was meas-
ured in the main west entry. These sections are as follows:

Sections of coak bed in mine No. 4, Gibson Coal Mining Co., near Altoona, Iowa.

SECTION A, SECTION B.

Samples for chemical analysis.—Two samples were cut from
working faces of the mine to furnish material for chemical analy-
sis. Sample A was obtained at the place where section A was
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IOWA GEOLOGICAL SURVEY,

IOWA NO. 1 o
‘Middle bed Third bed,
A C *
COAL COAL
2'—11 3"
Cgﬁhoﬂ COAL
4'—5"
A
(5.
TOWANO. 2 TOWANO. 4
A B
COAL
1 —3" COAL COAL =
1'—9" 1'— 7
COAL
2'—11'
COAL
coAk 11" $=g"
COAL
3'—11"
COAL
1'—3"
COAL
2-6"
INCHES 1[2_L I 1 2 3 FEET’

PLATE X.

IOVWAENN

COAL
COAL
4—7"

IOTVALNO.5

COAL
COAL

Sections of Iowa coul beds, from which coal for the St. Louis tests was taken.
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measured and sample B at the place where section B was meas-
ured. These samples included all parts-of the bed, and were .
obtained in the usual way, by cutting channels from roof to floor. -
The original bulk of the samples was reduced by crushing the
pieces of coal to a uniform size and quartering down to about
one-eighth of the original. These final samples contained about a
quart and they were mailed in hermetically sealed galvanized-
iron cans to the chemical laboratory.

Character of car sample.—The coal for testing was run into
the car over a bar screen with five-eighths inch bars set 134 inches
apart. This constitutes lump coal and was selected, as run-of-
mine coal is not shipped and the smaller sizes of coal and slack
contain an abnormal amount oi sulphur. The coal was loaded
in an open coal car, which was shipped from the mine October 25
and received at the testing plant November 12, 1904.

IOWA NO. 4.

Operators—Centerville Block Coal Company, Centerville,
Towa; Scandinavian Coal Company, Centerville, Towa; Anchor
Coal Company, Centerville, Towa.

Mines.—These operators combined to send a car of coal from
their district, and decided upon the Centerville Block Coal Com-
pany’s mine No. 3 to supply the coal. The Centerville Block Coal
Company operates 6 mines, the Scandinavian Coal Company 2
mines, and the Anchor Coal Company 3 mines, making a total of
11 mines for the district. Mine No. 3 of the Centérville Block
Coal Company is located at Centerville, Appanoose county, Towa,
and is served by the Chicago, Burlington and Quiney; Chicago,
Rock Island and Pacific; Towa (‘entral; and (hicago, Milwaukee
and St. Paul Railways. ’

Coal bed —In the Appanoose county district the coal bed which
is being mined has a wide geographical extent, covering nearly
all of Appanoose county and parts of the adjoining counties of
Towa and Missouri. In the reports of the Towa Geological Sur-
vey this coal bed is called the Mystic coal. At Centerville it is
found at a depth of 125 feet, rising gradunally to the north and
east. At the mine from which the sample was,obtained the coal
is reached at a depth of 110 feet. Sections of the coal bed are
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shown graphically in plate X. Section A was measured in the
first room off the sixth east entry, and section B in the first room
off the sixth east entry off the main south entry. The sections
are as follows:

Sections of coal bed in mine No. 3, Centerville Block Coal Co., Centerville, Iowa.

SECTION A. SECTION B.
Ft, in. Ft. in
Coal ... e 1 91 Coal ... 1 7
Fire clay ......... ... ..ot 0 4 Fireclay ........ ... ... ... ...ou.. 0 1
Coal ... e 011 Coal ......ovvivi i 1 3
Total ............ .. ..., 3 0 Total ...... ... ... ..., 211

Samples for chemical analysis—Two samples were obtained in
this mine for chemical analysis. Sample A was obtained at the
place where section A was measured and sample B at the place
where section B was measured. The samples were obtained by
making a cut from roof to floor, including everything except the
fire-clay parting. These samples were crushed and quartered
down to about one-eighth their original bulk and mailed to the
chemical laboratory at the testing plant in sealed metal cylinders.

Character of car sample—The coal shipped for testing con-
sisted of about 35 tons of lnmp and about 4 tons of fine coal.
The Jlump coal was that which passed over a bar sereen with
134-inch spaces, and the fine coal was that which passed through
this screen. The slack, which was not included in the carload,
was screened off through a five-eighths inch séreen. The coal
was'loaded in a gondola car and shipped from the mine October
28 and was received at the testing plant November 14, 1904.

IOWA NO. 5.

Operator—Inland Fuel Company, Chariton, Lucas county,
Towa. i

Mine.—Inland No. 1, located in secs. 4, 5, 8, and 9, T. 72 N,
R. 21 W, fifth principal meridian. At present the mine has no
railroad connection. .

Coal bed.—Two general coal horizons have been recognized in
Lucas county, one near the surface and the other about 250 feet
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below. The Inland Fuel Company is working on a coal bed at the
lower horizon, and reaches the coal by a shaft 250 feet deep.

The thickness of the coal bed, as determined by four measured
sections, 1s 7 feet 4 inches, 7 feet 9 inches, 7 feet 7 inches, and 7
feet. Two of these sections are shown in plate X. The bed is ir-
regular, being disturbed to some extent by horsebacks. The thick
coal lies in local basins or swamps, and therefore does not extend
for a great distance. The roof consists of black shale and the
floor of about 3 inches of shale overlying sandy fire clay.

Samples for chemical analysis.—Two samples were taken in
this mine for chemical analysis. Sample A was obtained in room
33, off the second north entry, and sample B was obtained in room
8, off the first east entry on the south side. They were obtained
by making cuts across clean faces of the coal bed, from roof to
floor. The coal so obtained was pulverized and quartered down
until two quart samples were obtained, which were placed in gal-
vanized-iron cans, sealed air-tight, and mailed to the chemical
laboratory for analysis. '

Character of car sample—The carload sample for testing pur-
poses consisted of run-of-mine coal. As the mine has recently
been opened it has no railroad connection, and the coal had to
be hauled 6 miles in wagons. The rehandling probably produced
considerable slack, but since all coal was crushed at the plant be-
fore tests were made, this probably had little effect. The coal
was loaded in a gondola car which was shipped from the mine
October 31 and was received at the testing plant November 10,
1904.

CHEMICAL ANALYSES OF IOWA COALS

Mr. Savage, in the report already referred to, summed up the
results of analyses and heat unit tests as follows: '

A careful comparison of the above tables shows that the ave-
rage per cent of sulphur contained in the Towa coal samples is
4.67, and the same figures represent the per cent of sulphur in the
coals of Missouri. The average amount of ash present in the
Missouri samples is a little less than that in the Iowa coal
samples. The six samples of Illinois coal contained on the ave-
rage a slightly smaller per cent of sulphur than the coal of Mis-
souri and a somewhat larger percentage of ash. It would seem
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that for domestic purposes the coal of these three states should
rank about equal in value.

It will be noticed, also, that the calorific value of the Towa coals
compares very favorably with the coals of Missouri and Illinois,
yielding on the average 6,144 calories and 11,066 British thermal
units.

Results of steam tests show equivalent evaporation from and
at 212 degrees as ranging from 7.02 to 7.50 pounds per pound of
dry coal.

No thorough experiments were made on washing Towa coals,
but small lots of each sample were washed preparatory to making
a test of their coking qualities. In all cases the results showed a
notable reduction of ash and of sulphur, and it seemed probable
that washing could be done to advantage in many parts of the
Towa field.

Coking tests were made on all samples of Iowa coals, but with
indifferent success. In some cases no coke was produced; in
others coke of fair quality was made. In all cases the coke was
high in sulphur, which, of course, would preclude its use in an
iron furnace, but it might be used in other ways.

No gas-producer tests were made during the regular work on
Towa coal, but later a run was made on the coal from Marion
county. The test was not entirely satisfactory, as the quality of
the gas varied greatly from time to time, but no clinkers formed
in the producer, and it is probable that better results could be
obtained on a second trial of this coal. Its high percentage of
sulphur was a detriment, but it is probable that this can be elimi-
nated with more careful work.

The figures on page 466 show that to produce 1 electrical horse-
power hour with this coal in the producer required 1.73 pounds
of dry coal, whereas under the steam boiler it required 4.95
pounds to produce the same result, a gain in efficiency for the pro-
ducer of 186 per cent. As this coal ran nearly 17 per cent of ash
in the car sample, the great advantage of using it in the producer
plant will be apparent, and these results seem to open the way
to the much better utilization of Iowa coals.
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CHEMICAL ANALYSES OF IOWA NO. 1 COAL.

(Lump and fine coal from mine No. 2. Received from Anchor Coal Company,
Laddsdale, Iowa.)

Sa}mple
: Sample ofcoal | o~ ye
Mine Mine from
1 le,
samblo | sample .26, [ FGR | coke SRmpl
: : testx washédl coalt
| coal |
Laboratory sample number...... [ 1270 1271| 1347| 13571 1356, 1371
Loss of moisture on air drying— i i
per cent .........i.iiaii... .. n‘ 7.90 8.00 3,20| 2.30] 4.30 8.60
5 |
Analysis of air-dried sample: i
Proximate— |
Moist.ure ......... per cent.. 3.74| 4.43] 5.21] 6.54 8.920 2.11
Volatile matter........ do.... 41.96| 40.52| 31.76 33.86 37.53 1.79
Fixed carbon.......... do.... 42.89| 41.65| 46.51] 40.83 42.84 77.01
Ash ........... .. ... do.... 11.41] 13.40f 16.52 18.77| 10.711 19.09
100.00{ 100.00 100.00| 100.00| 100.00. 100.00
Ultimate— | -
Hydrogen ............ do.... | _______ I 4.61 .. Msemaee
Carbon .............. do. .o | oo 61.80| -l ___
Nitrogen ............. do.... | ______|o______ | IS (—— R [
OXYZen .............. do.... | e\ _ | 10.90|--——_- /i I
Sulphur .............. do 5.12)  5.42] 5.20| 6.54] 4.82] 4.25
Ash ... .l do.... | — | 1652 I I
| |
100.00
Calorific value determined, calories | 6,843 ______ 6,329
Calorific value determined, B. T. U. | 12,317|_______ ' 11,892 .|
Calorific value calculated from ul- |
timate analysis—calories...... | _______|(_____.__ 6,230 iz
Calorific value calculated from ul- ‘
timate analysis—B. T. U...... | _______|[.______ 11,214 .
Phosphorus in coke........... .. | oo |omom e 051
|
Analysis corrected to sample as |
received: |
Proximate— ! !
Moisture ......... per cent.. 11.35 12.07 8.24 8.69| 12.84|. 10.53
Volatile matter........ do.... 38.65 37.28| 30.74) 33.08/ 35.91] 1.63
Fixed carbon.......... do.... | 39.49| 38.32| 45.02| 39.89 41.00 170.39
Ash ............... ... do.... 10.51| 12.33| 16.00| 18.34 10.25I 17.45
100.00| 100.00| 100.00| 100.00 100.00‘ 100.00
Ultimate— ‘ ; ! ‘-
Hydrogen ............ do. ... | e | 481
Carbon ............... do.... | e [ 59.82__.__._ ‘ _______ —
Nitrogen ............ do. ... o4 [—
Oxygen .............. 0. ... | | _ 13.40) | ___ | ———
Sulphur .............. do.... 472 4.99] 5.03 6.39] 4.61] 3.39
Ash .................. [ o T IO A | 16.00] | o
U’ |
_ | 100.00 ;
t |
Calorific value determined, calories 6,303 _______ | 6,126 5,805 _____ I
Calorific value determined, B. T. U. | 11,345 _______ 11.027'+10,449 _______'_______

*Refuse from boiler test, laboratory No. 1358: Combustible, 13,12 per cent; ash.
86.88 per cent.

TSpecific gravity of the coke substance, 1.87; apparent specific gravity of the coke.
0.93: percentage of porosity, 51 per cent.

tDerived from the determinations on the carload sample.
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@

CHEMICAL ANALYSES OF IOWA NO. 2 COAL.

(Run-of-mine coal from mine No. 5.
Company, Hamilton, Iowa.)

Laboratory sample number......

Loss of moisture on air drying,
percent ... ...,

Analysis of air-dried sample:
Proximate—

Moisture ......... per cent..
Volatile matter........ do.
Fixed carbon ......... do.
Ash ... . ...l do.
Ultimate—
Hydrogen ............ do.
CArbon w.eiwssssnzwes do.
Nitrogen ............. do.
(€)' 4 N g .do.
[S131 )4 11 oM do.
ASER L S e s e do

Calorific value determined, calo.r.iés.;
Calorific value determined, B. T. U.
Calorific value calculated from ul-

timate analysis—calories...... |
Calorific value calculated from ul- |
timate analysis—B. T. U...... | ______ fird oo 11,129i ______ ISR B, O 1T
| |
Analysis corrected to sample as [ |
received: | |
Proximate— .
Moisture ......... per cent.. | 15.65 15.50| 14.21 16.99| 14.88| 16.69| 18.85 -
Volatile matter........ do.... | 36.87| 36.94 33.17| 33.03| 35.35, 31.42| 35.44
Fixed carbon.......... do....| 35.84 38.37| 37.40 85.52| 33.73| 31.19| 35.43
Ash ..o, do. 11.64, 9.19) 15.22| 14.46] 16.04| 20.70| 10.28
!00.00’100.00 100.00’100.00}100.00/100.00 100.00
Ultimate— | i |
Hydrogen ............{ do.... | ______ ‘ ______ 5.50—__ (R, S
Carbon ............... do. .o | e 54.08| ___.__ (SR ST
Nitrogen ............. [« U POV (R A, 1.31_____ S N F—
OXYgen .....-vvovn.n. do. .. | | 19.28| || ___
Sulpbur .............. do. 5.10 5.19 4.66} 5.15 4.73| 5.50| 3.93
Ash ...l do. e 15222 R I [
100.00 ‘
Calorific value determined, calories | 5,716|______ 5,566(______ §5,436(______ ______
Calorific value determined, B. T. U. | 10,2891______ 10,019(______ ‘§9,785 ______ o __
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Received from Mammoth Vein Coal

| | Car 5 Salm- S;mpl%
N N sam- am- [e] e}
[ g‘;’nn? Shg"ur;? Car | ple | ple fhom | e
e, e, (e | o o | gus. | noke
| No.1 | No.2 por- | test] | ducer|w’sh’d
i tion)t | test | coal
1289 | 1291 | 1570 | 1608 | 1490 1611 | 1483
9.30, 9.50 10.40, 15.50| 10.40| 14.90 10.10
\ | | |
: : |
7.00 6.63 4.25 1.76 5.00 2.10/ 9.73
40.65| 40.82) 37.02| 39.09| 39.45 36.92 39.42
39.52| 42.40 41.74| 42.04| 37.65 36.66 39.41
12.83] 10.15 16.99) 17.11| 17.90| 24.32 11.44
100..00/100.00100.00100. 00/100. 00 100.00/100.00

*Represents 10 tons of coal.
tRepresents 6 tons of coal.

tRefuse from boiler test. laboratory No. 1491:

81.93 per cent.

Combustible, 18.07 p

§Derived from the determinatlons on the carload sample.

er cent; ash,
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CHEMICAL ANALYSES OF IOWA NO. 3 COAL.
(Lump coal from mine No. 4. Received from Gibson Coal Mining Co., Altoona, 1a.)

Sample
Mine Mine Car Sample from. Coke
. |sample | sample| sam- bgilrgr oke %?;ggé%
No No. 2 | ple* testt test, coal |
washed
coal
Laboratory sample number...... | i
Loss of moisture on air drying— | 1312 ‘ 1313 | 1434 | 1392 1389 | 1399
F02) G ¢7=) 1§ A 9. 60l 11.00! 9.80] 1.50, 6. 90 4.00
Analysis of air-dried sample: | ' |
Proximate— | |
Moisture .......... Per cent. 5.33  5.51] 4.52| 11.11 10.67) 1.80
Volatile matter....-....do.... 41.82] 42.04 40:96| 36.69| 42.18 1.95
Fixed carbon......... do....| 40.69 38.55 38.99| 36.31 38.53 78.64
Ash ............ ... do.... 12.16| 13.90 15.53| 15.89| 8.62| 17.61
" | ‘ |
100.00} 100.00I 100.00| 100.00| 100.00 100.00
Ultimate— | I
Hydrogen ............ do....| _____ |\ ______ 4.083)_______ | A
Carbon ............... do.... | _____ | _____ 60.62\_______ N [
Nitrogen ............. do....| _______|_______ 93 ______ | [
OXYZeN ...vvvreennnn. do.... | _______ oo 11160
Sulphur .............. do.... 6.52 7.59 6.83 6.16; 4.88 4.76
Ash ........ ... .. ... do.... l ______________ | 15.53|_______ oo
} | 100. 00| ‘ ‘
Calorific value determined, calories | 6,530 _______ 6,309 o] [
Calorific value determined, B. T. U.| 11 770/ _______ 11 ,356\ _____________________
Calorific value calculated from ul-
timate analysis—calories...... | _______ L. - 6,971 |
Calorific value calculated from ul-
timate analysis—B. T. U...... | _______|___.___ 11,988 |
Phosphorus in coke........... ... | _______ S P [ : _______ 018
Analysis corrected to sample as |
received:
Proximate— . .
Moisture ......... per cent..| 14.42| 15.90 13.88 12.44/ 16.831 5.73
Volatile matter........ do.... 37.81| 37.42| 36.94| 36.14] 39.27] 1.87
Fixed carbon.......... do....| 36.78| 34.31 35.17 35.77| 35.87 75.49
Ash ..ol do.... 10.99! 12.37 14.01 15.65 8.03} 16.91
100.00; 100.00, 100.00 100.00/ 100.00/ 100.00
Ultimate— | { ! | |
Hydrogen ............ do...: | ______|o______ ’ 5.5 | ___.
Carbon ............... do.... | ______ | 54.68_-_____ S
Nitrogen ............. (i1 SR I 7| I I I
OXYEZeN ...cvcuvnennnn. do.... | _______ 1 _______ 18.80 .______ S P
Sulphur ............. do.... 5.89) G.76] 6.15 6.07 4.55| 4.57
Ash ..ol do. oo | { 14,01 _..__.__ i ______________
100.00|
Calorific value determined, calories 5,911 _______ 5,691|§ 5,679 oo __|o_____
Calorific value determined, B. T. U. | 10,640|_______ 10,244(§10,222|_______|.____-

*Represents 12 tons of coal.

+Refuse from boiler test, laboratory No. 1393: Combustible, 27.11 per cent; asl,
72. 89 per cent.

1Specific gravity of the coke substance, 1.88; apparent speclﬁc gravity of the coke,
0.81; percentave of porosity, 57.

§Der1ved from the determinations on the carload sample.
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CHEMICAL ANALYSES OF IOWA NO. 4 COAL.
Received from Centerville Block Coal Com-

o

(Lump coal from mine No. 3.

pany, Centerville, Iowa.)

Sam-

S'mple
Mine | Mine | ,, | Sample Ollrg%?l E:;rlx(x? olpévii-
53{2- sam- sam- | (O | coke | ple |quetr’s
Rorn | ol [t | RO | teat o snialeom
: : coal test?
Laboratory sample number..... I 1323 | 1324 | 1437 | 1380 | 1378 | 1400 | 1488
Loss of moisture on air-drying— | '
per cent .......cciiiianiannn. 9.40 8.60' 4.50} 2.00/ 3.60 11.00; 3.90
Analysis of air-dried sample: i
Proximate— | i ‘
Moisture ........ per cent..| 8.53| 8.25 10.03] 11.71| 14.81] 2.301 9.72
Volatile matter....... do....| 39.12| 38.23 37.27| 34.79| 38.99| 2.60! 37.98
Fixed carbon. ... ... do....| 44.55 41.40 41.22| 38.04| 33.79 89.14| 39 38
Ash ................ do. 7.80] 12.12) 11.48| 15.46; 7.41| 12.96| 12.92
100.00 100'00"100'00. 100.00,100.00/100.00/100.00
Ultimate—
Hydrogen ........... do. ... | e 831 || __ 5.42
Carbon ............. (3 U TR [ S | 61,25 | _ 62.52
Nitrogen ............ [ ¥ TP R A, 4 ISR .78
Oxygen .. do.. .| 16.56) \ ............ 1431
Sulphur ............ do. 4.49 5.2l| 4.46 5.14] 3.701 3.33| 4.05
Ash ...l DY (R 1148 12.92
| 100.00 1100.00
Calorific value determined—ecal- '——~ -
1) @ C1- S 6,703| ______ | 6,237 ) e 6,292
Calorific value determined—B. | '
R 12,065/ 11,227 _____ bl 2 11,326
Calorific value calculated from
-ultimate analysis—calories ...|-————_|______ 6,165 - I el fud s 6,394
Calorific value calculated from | |
ultimate analysis—B. T. U... .| cccce|ccoo_ 11,097 _______ | — | RS 11.509
Phosphorus in coke..........o.|commmo|mmmman| oo  SECOE Xl ) s i) 013
Analysis corrected to sample as |
received: |
Proximate— |
Moisture ........ per cent..| 17.13| 16.14/ 14.08  13.48! 17.88( 13.05; 13.24
Volatile matter....... do. 35.44) 34.94| 35.59  34.09 37.59] 2.82| 36.50
Fixed carbon........ do. 40.36]| 37.84| 39.37)  37.28| 37.39] 73.10 37.85
Ash ... ..... .. .... do. 7.07) 11.08 10.90’i 15.15) 7.14 ll.:33| 12.41
100.00 100.00‘100.00I 100.00 100.00!100.001100.00
Ultimate— |' [——
Hydrogen ........... do. SR PR 0.57| 5.64
Carbon ............. do SN P | 58.49, 60.08
Nitrogen ............ do. S I — | .90 .75
OXYEED . ..ovvivnenn. do. SR P 19.82 17.22
Sulphur ............ do 4.00 4.76, 4.26 3.90
Ash ................ do. SR I | 10.96 12.41
100.00 100.00
Calorific value determined—cal- | —_—
ories ........ ..o, e 6,073 ——-_ 5,957|**% 5,613|_____|_o.___ 6,047
Calorific value determined—B. ‘ ‘ |
T U e 10,931|______ '10,723[*%10,103' ______'______ '10.885

*Represents 31 tons of coal.

iRefuse from the boiler test, laborétory No. 1381: Combustible, 19.25 per cent;

ash, 80.75 per cent.

!Specific gravity of the coke substance, 1.82; apparent specific gravity of the coke,

0.81: percentage of porosity. 55.

§Refuse from the boiler test of the briquettes, laboratory No. 1486: Combustible,

23.82 ver cent: ash, 76.18 per cent.

**Derived from the determinations on the carload sample.
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CHEMICAL ANALYSES OF IOWA NO. 5 COAL.
(Run-of-mine coal from mine No. 1. Received from Inland Fuel Company,
: Chariton, Iowa.)

Sample | of Soa1
Mi Mi | ample @ of coa
sample | sample o, CAf. | {TOR, | O,
No.1 | No.z | testf | washed
| ‘ | | coal
Lavoratory sample number. ......... [ 1332 | 1333 |- 1433 = 1423 | 1419
Loss of moisture on air drying—per
COME vttt e 9.40 7.10i 6.80] 3.80 6.70
Analysis of air-dried sample: a 1T
Proximate— | \
Moisture....... ...... per cent.. 10.25 12.87 9.92 12.691 13.45
Volatile matter........... do.... 35.100  36.98 32.71 33.01 33.30
Fixed carbon............. do.... | 46.12 42.95 44 .52  40.37 44.75
Ash ... ...l do. ... 8.531  7.70 13.55| 13.93]  8.50
= | LY P - —— S
100.00/  100.00/ 100.00} 100.00| 100.00
Ultimate— ! ) i il
Hydrogen ............... do....
Carbon .................. do.....
Nitrogen ................ do....
OXygen ..........oovuunn do....
Sulphur ................. do....
Ash ... . ... il do.
Calorific value determined-—calories. 6,442 _______ 6,105 o e
Calorific value determined—B. T. U.. 11,596|—_____ | 10,989
Calorific value calculated from ultl- :
mate analysis—calories........... | _______|.__.____ 6,045, ________________
Calorific value calculated from ulti- ﬂ {
mate analysis—B. T. U............ | ___|._______ | 10,881 . I
Analysis corrected to sample as re- |
ceived: . | |
Proximate— ' .
Moisture ............ per cent.. 18.69| -18.59) 15.30| 16.01 19.95
Volatile matter .......... do. ... | 31.80 34.36| 30.49| 31.76 31.07
Fixed carbon ............ do.... 41.78 39.90 41.49 38.83] 41.75
Ash ... ..o, do.... 7.73i 7.15' 12.63 13.40‘ 7.93
| |
‘ 100.00\ 100.00  100.00 100.00\ 100.00
Ultimate— | ' |
Hydrogen ............... do.... ’ ________ | L5 T O S
Carbon ................. do. ... | __ 5581 |
Nitrogen ................ do.... ________ . ! 0 | N A
OXYBEN vvvvernnnnnnnn. do. ... |_______ | 149 jem__
Sulphur ......ooovveno.n. do.... | 2.39|  3.100 3.19] 3.09 2.28
Ash ....... ... .......... do.... R — 12.63| o ____
| 100.00
Calorific value determined—calories. \ 5,836 _____ ‘ 5,690|11 5,583 . _____
Calorific value determined—B. T. U.. 10.505

________ 10,2421 10,049'______

*Represents 7 tons of coal.

tRefuse from the boiler test, laboratory No. 1422: Combustible, 15.28 per cent:
ash, 84.72 per cent.

{Derived from the determinations on the carload sample.
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BOILER TESTS ON IOWA COALS

Reguiar and special observations on test of Iowa No. 1 coal, November 3, 1904.

REGULAR.

(Duration of trial, 10.017 hours.)

Time

Total __
Av. ____

’I:emperatures I Calorimeter [Draft pres‘resl Flue gases
Steam| | Water . fcs |~ 0
- sepa- .
B05% | ue. | potter 158 Steam| S3bia ndoa, (Baer| |
| : is- n i i 2. 2. .
gage | siae | room b;‘ti%g’lcpzlarge %llatiens- iul’c:%es in%?ges ?
Lbs. ‘ °F. _D_F.‘_DF. Lbs. | Lbs. .water vater Per ct | Per ct.| Perct.
| ' -

3| I [ E— | | 0.45 0.09] - oo
00, 45| 52l 475 4.480 0.0291 .22| 07| _o_|oo____l oo
1000 49| 54 51T ______ 33 .09 _____ } ____________
90| 50| 56, BI7|l_.____l._____ | .34 .09 9.4 9.5 0.0
100 52 58 483 4.78 .027 .99 1| .10 T~
92 55l 60| 500 .. ______ 7 S | I [
96/ 580 63 B4 ______|______ 29 .09 9.8 8.2 3
97| 59 66 506 4.60 .027 .36  .15|______i______ [
89| 60| 66| B14____________ .36/ .18 ___ |
83| 60 67 507I——___|_____ .39 .15 9.8 9.2 4
81 60 67 507 8.69 .02 | .52 27| .
62| 62| 68 480|emmm ool e |
82 62 69 532 ____________ 53018 7.4 1235 0
8 62 T 556‘ 4120 .085| .53 L1T|ooooo | ___
84| 63 70| 5% ___|______ 36) .10 _____ I
83 64 70l R5T . L U B
79| 64| 71 553 4.00 .029i- IR I N I
8 64 70| 562 ;7 I I R
71 65 71 s62l_ | _____ 52 .14/ 8.7 10.8 0
8 65 72| 580 3.8 .0261 .61 .20 ____ . _________
64, 65 73| 552 __|._____ 68 12T T
77 65 73 600 __ T | a8 TR0 1o
90 66 74 528 4.16 .02 | 18] .06 oo ioo_— |-
83| 65 73 B37|___l._____ 4417 [
8l 65 72 539(______ 3 L4 190 9.1 101 3
80| 65| 72 5730 3.95 .022 .54 .19 ____ | _____
80 63 Tl 55T . |56 .28 ____ | _____
90| 62 70| BTTo e ___ 61 .22 8.8‘ 10.8) .0
79 61 69| 575 4.16 039, .66 .23 _____| ____| _____
79| 60| 68 B0 || I
83| ‘ ______ 537 - A .66 .10 6.8 13.8 .0 .

2,506 1,756| 1,95616,548' 41.80 .274 13.45 4.44) '86.7| 106.3| 1.2

83.7| 60.5 67.4] 534 4.18 .0274 .464| .153 8.67) 10.63{ .12

| | |

.27
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Regular and special observations on test of Iowa No. 1 coal, November 3, 190}.
{Continued.)

SPECIAL.
Height of water Weight of coal burned ere’gtt’f) %fui‘fé“fer
Time T - ; - 5
Intank | 10gage | During | g5 | During | pogy
B Inches | Inches Pounds Pounds Pounds | Pounds
Start, 7.43 | 40.00 2.50 |__._____ | N || __________ ‘ __________
8.08 . 31.50 4.75 | 700 | 700 1,632 1,632
8,42 26.00 5.00 700 1,400 3,409 5,041
o4 T 97.95 4.5 700 ‘ 2100 3,182 8923
G.56 . 36.50 4.50 700 2,800 3,978 12,201
10,43 o~ 24.75 5.50 700 | 3,500 4,154 16,353
11.38 o= 31.50 3.00 700 | 4,200 4,898 | 21,253
12,07 ___________ 26.50 5.00 700 4,900 2,779 24,032
12.50 oo 35.25 2.50 700 | 5,600 4,779 28,811
1.29 29.75 | 2.75 700 | 6,300 4,042 | 32,853
2.20 o~ 30.50 | 3.25 700 7,000 4,857 | 37,710
2.46 33.75 3.75 700 | 7,700 2,172 39,882
3.16 o 32.00 | 3.50 700 | 8,400 3,359 43,241
4 24.50 | 4.00 700 9,100 | 4,710 47,951
4.42 27.50 4.50 700 9,800 4,089 52,040
Close, 5.44 ______ 40.00 ‘ 3.00 531 10,331 5,333 57,373
RECORD OF FURNACE CONDITIONS.
Time I Observation Time ‘Observation
Boiler under a load during(| 1.06..... |[Fire raked, 8 inches thick.
‘ night. 1.40.....IFire sliced, 10 inches thick.
Y |Cleaned fire. 2....... Fire raked, 10 inches thick.
7.43.... |Test started, fire 2 inches 2.03.....Cleaning fire.
| thick. : I12.18.....] Fire cleaned, 4 inches thick.
9.01..... Fire raked, 7 inches thick. !‘ 2.44... .. Fire raked, 6 inches thick.
9.33.....Fire sliced, 9 inches thick. |/ 3:10..... Fire raked, 8 inches thick.
9.49....Fire raked, 10 inches thick. | 3.35..... Do.
10.14. ... Do. 3.57..... | Do.
10.53.... Do. 4.30..... Fire sliced, 9 inches thick.
11.10. .. |Cleaning fire. 5.05..... Fire raked.
11.23. .. .Fire cleaned, 3 inches thick.| 5.08..... Cleaning fire.
11.49... |Fire raked, 6 inches thick. | 5.20..... Fire cleaned, 3 inches thick.
12.27..../Fire raked, 8 imches thick. 5.44.... .| Test closed, fire 2 inches thick.
12.47.... Fire raked, 7 inches thick. |

Refuse dark and heavy. Coal burned freely with long flame. 99 firings
during test.
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Steam Test of Towa No. 1 Coal
CONDITIONS OF BOILER TRIAL.

Made by boiler division, United States Geological Survey.
At fuel-testing plant, Louisiana Purchase Exposition, St. Louis, Mo.
Kind of boiler, Heine safety.

To determine the economy of coal as a fuel.

Steam jets not operated. Hughes apparatus operated.
Kind of fuel, Towa No. 1.

Kind of furnace, hand fired.

State of the weather, cloudy.

Method of starting and stopping the test, alternate.
Number of boiler (plant number), 2.

Type of boiler, water tube.

1. Date of trial, November 3, 1904.
2. Duration of trial....... ... ... . o il hours. . 10.017
DIMENSIONS AND PROPORTIONS.
3, Grate suUrface ........iviitiienanrreannonrnnans square feet.. 40.55
3.1 Width of grate.........otiiriiinnmiinaretnaenanenneenns feet.. 6.16
3.2 Length of grate...... ... oot ii i do.. - 6.58
4, Height of furnace..........ccviivirnrneenrnnnneenns inches. . 26.
5. Approximate width of air spaces in grate................. do... .5
6. Proportion of air space to whole grate surface...... per cent.. 44
6.1 Area of chimney...........ciiiiiiiiiiiiiiian, square feet.. 7.67
6.2 Height of chimney above grate............... ... . ... feet. . 113.25
6.3 Length of flue connecting to chimney.................... do.. None
6.4 Kind of draft.... ... ..ot i i e Natural
7. Water-heating surface ............ccviiiiiviiinn. square feet.. 2,031
7.1 Outside diameter of shell..........vvuiniiiinnnanen. inches. . 42.94
7.2 Length of shell (outside to outside of heads)............ feet. . 21.58
7.3 Number of tUDeS. .. .cuiiirieiiintitererrionnseatnseanoeanns 116
7.4 Diameter of tubes (outside—inside)................. {ingl;es ?3:36
7.5 Length of tubes exposed..........coiuiriiiiiiaieninnns feet. . 17.87
8. Superheating surface ...........ciiiiiiii.. Square feet.. None
9. Ratio of water-heating surface to grate surface................ 50.1:1
10. Ratio of minimum draft area to grate surface.................. 1:9.1
AVERAGE PRESSURES.

inches of mercury.. .
11. Barometer .............iiiiiiiiiin { c ______ pogndss’.. fig;
11.1 Steam pressure by gage per square inch............ { gg *ggg?(,)
12. Force of draft between damper and boiler..... inches of water.. 46
13. Force of draft in furnace.......... ..ot iiriiiinenann ..do.... 15
14. Force of draft or blast in ash pit...................... do.... 0

* Absolute.
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AVERAGE TEMPERATURES.

16. Of external air..............iiiiiiiiiiinnnnnnnnnnn. degreeé. . 60.5
16, OFf FF€rOOMI. ...ttt ittee e ee ettt e s e e do.... 67.4
17. Of steam ...ttt i ittt e et do.... 326.3
18. Of feed water in tank........... ... i iiiiinnn... do.... 57.4
19. Of feed water entering economizer..................... do.... ...... .
20. Of feed water entering boiler.......................... do.... 195

21. Of escaping gases from boiler................cccvivn.... do.... 534
22.. Of escaping gases from economizer....... e do.... ...,
221 Of fUIDACE ..ot it ittt do.... .........

, FUEL.

23. Size and condition: Nut—small, 80 per cent; slack, 20 per cent; dull.

24. Weight of wood used in lighting fire................ pounds. . None
25. Weight of coal as fired............. ..., e do.... 10,331

26. Percentage of moisture in coal............ciiviiiiiiiinnn.. 8.69
27. Total weight of dry coal consumed........... e pounds.. 9,433

28. Total ash and refuse. ...ttt iirnennnn do.... 1,875

29. Quality of ash and refuse: Clinker................... per cent. . 63

30. Total combustible cOnSUMed. ... ................ { Poras - e

31. Percentage of ash and refuse in dry coal...................... 19.88

PROXIMATE ANALYSIS OF COAL.

Per cent Per cent of
of coal combustible

32. Fixed CAIDOM. ... ..uiietiitiiiiietininnnriaeanennanns 39.89 54.66
33. Volatile matter ........ ... .ciiniiiii it 33.08 45.34
34, MOISEULE  + ittt ittt et ittt e e e e 869 ...........
B8, ASD i e i e e e 1834 ...........

100.00  100.00
36. Sulphur, separately determined...................... 6.39 ...........

ULTIMATE ANALYSIS OF DRY COAL.

37. Carbon () toiii i e e e e 61.67 77.17
38. Hydrogen (H) ...coiiiiiiniiai i iiinenerananennn. 4.01 5.02
39, OXYEEN (O) tiuvritiir ittt e it 6.26 7.83
40. Nitrogen (N) ..ooieriiiniiinrvanann, e 97 1.21
41. Sulphur (S) ..vieriiiiiiii ittt ittt 7.00 8.77
2. ASH e et e 20.09 ...........

100.00  100.00
43. Moisture in sample of coal as received................ 869 ...........

ANALYSIS OF ASH AND REIFUSE.

0 SR -1 ) o Yo} S O per cent.. 13.12
45. Earthy matter .......iioiiieinir it do.... 86.88

*Calculated from chemistry of ash.



46.
47.

48.
49.

50.
51.
52.
53.

54.
55.
56.

57.
b58.
59.
60.
61.

62.

63.
64.

65.
66.
67.
68.
69.

70.

BOILER TESTS ON IOWA COALS

FUEL PER HOUR.

Dry coal consumed per hour.................ccevvn.ts pounds. .
Combustible consumed per hour.................. { . 'gg' Tt
Dry coal per square foot of grate surface per hour....... do....
Combustible per square foot of water-heating surface (..do....

312 G 11 LD ..do. ..

CALORIFIC VALUE OF FUEL.

Calorific value by oxygen calorimeter per pound of dry coal,

Calorific value by analysis, per pound of dry coal, B. T. U..... .
Calorific value by analysis, per pound of combustible, B. T. U..

QUALITY OF STEAM.

Percentage of moisture in steam............ ... ... .
Number of degrees of superheating...........................

Quality of steam (dry steam=unity)................. per cent..
WATEK.

Total weight of water fed to boiler.................. pounds.

Equivalent water fed to boiler from and at 212%........ do....

Water actually evaporated, corrected for quality of steam.do....

Factor of evaporation ............o it i .

Equivalent water evaporated into dry steam from and
At 212 e e et pounds. .

WATER PER HOUR.

Water evaporated per hour, corrected for quality of

[ =7 o o O pounds. .
Equivalent evaporation per hour from and at 212°....... do....
Equivalent evaporation per hour from and at 212° per square

foot of water-heating surface........................ pounds. .

HORSEPOWER.

Horsepower developed (34% pounds of water evaporated per

hour into dry steam from and at 212°=1 horsepower)........
Builders’ rated hoOrSepOWer........oieiiiirnenuaconnernineans
Percentage of builders’ rated horsepower developed............

ECONOMIC RESULTS.

Water apparently evaporated under actual conditions per pound

of coal as fired. (Item 57+item 25)................. pounds. .
Equivalent evaporation from and at 212° per pound of coal
- ag fired. (Item 6l+item 25)....................... pounds. .
Equivalent evaporation from and at 212° per pound of dry coal.

(Ttem 61+item 27) ..vevetirn ittt iieennannn pounds. .

*Calculated from chemistry of ash.
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942

755
*728

23.23

372
*.3568

14,087

. 57,373

68,675
57,086
1.197

68,332

5,690
6,822

3.36

197.7
210
94.16
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71. Equivalent evaporation from and at 212° per pound §..do.... 9.04
of combustible (Item 61l=item 30)............... { do.... *9.37
EFFICIENCY.
72. Efficiency of the boiler (heat absorbed by the boiler
per pound of combustible divided by the heat value { per cent.. 60.96
of 1 pound of combustible....................... l....do.... *$3.19

73. Efficiency of boiler, including the grate (heat absorbed by the
boiler per pound of dry coal divided by the heat value of
1 pound of dry coal)......... ... per cent.. 61.10

COST OF EVAPORATION.

74. Cost of coal per ton of 2,000 pounds delivered in boiler room

(ASSUMIEA) ..ottt e e e e e e, $1.00
75. Cost of fuel for evaporating 1,000 pounds of water under ob-
served conditions ........... ... ... .. e e $0.09
76. Cost of fuel used for evaporating 1,000 pounds of water from
and at 2120, ... e e $0.0756
"SMOKE OBSERVATIONS.
77. Percentage of smoke as observed......... ... ... ... il 50.4

78. Weight of soot per hour obtained from smoke meter..ounces.. .........
79. Volume of soot per hour obtained from smoke
meter ............ T e e e cubic inches.. .........

METHOD OF FIRLNG.

80. Kind of firing (spreading, alternate or coking)................ Alternate -
81. Average thickness of fire............ .. ... .. viinnn inches. . 8
82. Average intervals between firing for each furnace during time
when fires are in normal condition................. minutes. . 6
83. Average intervals between times of leveling or breaking
L minutes. . 30

ANALYSIS OF THE DRY GASES.

84. Carbon dioxide (CO.)..... ... . i, per cent.. 8.67

85. Oxygen (O) ........................................... do.... "10.63
86. Carbon monoxide (CO) ... .cvr it do.... 12
87. Hydrogen and hydrocarbons. ...........ccoviiimuennnnnn. do.... .........
88. Nitrogen (by difference) (N)..... ... i, do.... 80.58

HEAT BALANCE, OR DISTRIBUTION OF THE HEATING YALUE OF THE COMBUSTIBLE.

Total heat value of 1 pound of combustible, B. T. U............ 14,320
B. T. U. Per cent.

1. Heat absorbed by the boiler=evaporation from and at 212°

per pound of combustiblex965.7......... ... ... ... ... .. 9,049 *#63.19
2. Loss due to moisture in coal=per cent of moisture referred

to combustible+100x [ (212-%)+966+0.48 (7—212)] (=

temperature of air in the boiler room; 7=that of the .

U BASES) vttt e e 151 1.05

#*Calculated from chemistry of ash.
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Graphic log sheet, Towa No. 1 coal (nut, dull).
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FUEL VALUE OF IOWA COALS

Loss due to moisture formed by the burning of hydrogen=
per cent of hydrogen to combustible+100x9x[(212—-2)+
966+0.48 (T—212) ] vttt e

Loss due to heat carried away in the dry chimney gases=
weight of gas per pound of combustiblex0.24x (7T—t)....

Loss due to incomplete combustion of carbon=

CO per cent C in combustible .
€U, +CoX¥" ~100 - X10,150.............
Loss due to unconsumed hydrogen and hydrocarbons, to
heating the meisture in the air, to radiation, and unac-
. counted for. (Some of these losses may be separately
itemized if data are obtained from which they may be
calculated) ....... ... s

REMARKS.

Dry coal per indicated horsepower hour = 3.91 pounds.
Dry coal per electrical horsepower hour = 4.82 pounds.

*Calculated from chemistry of ash.

572

2,442

107

17.05

N
O
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Regular and special observation on test of Iowa No. 2 coal, November 28, 190},

REGULAR.

(Duration of trial, 9.917 hours.)

Time .

10.20 -
10.40 -
11
11.20 _.__
11.40 -
12
12.20 ____
12.40 ____

Total __
AV s

Temperatures Calorimeter |Draft pres’res| Flue gases
Steam | | water] T o T
Sure Flue | soam| Sared | hood, | Race,
Out- | Boiler| gases, el bt et ace,
838 | side | room b;l[zecgl chdi;gge ;J?irlno— 'in::ll]les in(l:'tlles €0 0z | €O
utes | of of
Lbs. °F. °F.. °F. Lbs. | Lbs. Twater Walerle?r ct.|Per ct.|Per ct.
] R R 615) e | 0.58 0,14 ooooojomoooo| .
97 30| 50 625\ _____| _____ 59 8| I
920 32 50 650 4.51] 0.033 .62 .16/ | o lme—-
91| 34| 51|  640|-ceoo oo .61 18] 7.2/712.2 0.0
89 35| 51 610|-mmoo|oeee 57 18| N
81| 36| 52| 615 4.07 .04 .61 .26 ______| _____ (I
84/ 38 53| 635 _____|______ [, .33 .16/ 8.9/ 10.6 0
81 39l 54 605 ____|_____. [ .59 19
80 40/ 56/ 605 3.98 .037 .61 .20 ______ | ____ | _____
78 4l| 57| 615 .| ____. 59 .92, 8.0 11.7 0
79| 48] 58 615 |oceoon 57 .24 ||
80| 45| 59| 615 3.86| .04 |_____i______ B I
81| 48] 63| 630)______ oo 56 .17 7.6, 11.8 0
77 50, 63 625 oo ST g eal
790 51 64/ 635 3.93 .045 .62 .24 _____ ______|______
85 52 64 655 .. |-_____ 68 .20 8.8l 102 3
18 52 64 620 | _____ L9 20 —
83 54 65 630 4.05 .034 .60 .22 ______ I
83 54| 66 600]_—____|-____- .69 .22‘ 8 2’ 11.8 0
8 55| 66 645--____| _____ 68 24| ||
80| 86| 67 570 3.81 .04 |-_o_|-ocooo S I -
81 56l 70 630|-ceeoo o _ 61 .12 7.5 12,8 0
8 57 69 650l______ ______ 66 .26 |l
83 57 10, 653 4.05 .02 | .63 15| _|______
82l 57 0| 655 —— [ .70, .25 8.6 10.7 2
75 57 70 650]--——__ [ 68 80|
81 57 70| 650 4.10] .04 68 .80 e
82 57 70| 645______|______ |68 21 8.3 115 .4
811 57 68 635 _____ .68 .92 ___ R I
8l 56 68 560 4.21° 045 | | _____ R A
| N 645 e e ‘ ;1] I 7.9 12.0 0
2,557 1,896 1,798[19,430) 40.57 374/ 17.35 5.57 81.0| 114.8] .9
82.5| 48] 62 627 4'057i'0374i 620 .21 8.1 11.48 .09
. , . .
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Regular and special observations on test of Iowa No. & coal, November 28, 1904,—
Continued.

SPECIAL.

Weight of water

Heignt of water Weight of coal burned fed to boiler

Time Intank | Ingage | During | gy | During | popy
Inches ‘I Inches ‘ Pounds PO’llllds 15 Pounds '_Po_u.'nds s
|
Start, 7.29 ______ 40.00 3.75 l ________________________________________
T e | 31.00 4.50 700 700 2,177 2.177
8.27 . 24.50 3.00 | 700 1,400 3,435 5,612
8.56 - 30.00 ‘ 3.25 700 2,100 2,760 8,372
946 . __ 26.50 3.50 700 2,800 4,562 12,934
10.22 . _____ 29.50 5.25 ‘ 700 3,500 3,046 i 15,980
11.16 o 25.00 2.00 700 4,200 4,533 20,513
11.47 . 30.00 2.00 700 4,900 3,510 24,023
12,16 ____________ 28.00 4.25 | 700 5,600 2,518 26,541
1.04 ____________ 27.50 4.75 700 | 6,300 4,298 30,839
1.38 . 28.50 2.75 700 7,000 3,798 34,637
2.23 e 24.00 ! 2.75 700 7,700 3,438 : 38,075
Q.04 24.00 2.00 700 8,400 2,794 | 40,869
3.25 L ____ 20.00 | 2.75 700 | 9,100 3,149 44,018
BT oo 30.00 | 4.75 700 | 9,800 3,164 47,182
4.33 o ___ 30.50 4.50 700 10,500 3,228 | 50,410
Close, 5.24 _____ 40.00 3.25 486 10,986 4,620 55,030 -
[ | |
RECORD OF FURNACE CONDITIONS.
Time Observation Time ‘ Observation
|l 1.16- ... |Fire sliced, 8 inches thick.
Boiler under light load dur-| 1.29 ... !Fire raked, 8 inches thick.
ing night. 111,55 ...|Cleaning fire.
T ... Iire cleaned. | 2.06 ... |Fire cleaned, 3 inches thick.
7.29 . Test started, fire 2 inches 2.37 ... Fire raked, 7 inches thick
thick. | 3.08 .|Fire raked, 8 inches thick.
8.50 ... Fire raked, 7 inches thick. | 3.32 Do.
9.10 ... |Fire sliced, 8 inches thick. l 3.50 Do.
9.43 .. |Fire raked, 8 inches thick. 4.12 .. Do. )
10.05 .. | Do. 4.16 ....Fire sliced, 8§ inches thick.
10.16 ..|Fire sliced, 9 inches thick. 446 ... Fire raked, 9 inches thick.
10.36 ...|Fire raked, 10 inches thick. 4.56 ... |Cleaning fire.
10.55 ...\Fire raked, 8 inches thick. 5.05 ... |Fire cleaned, 3 inches thick.
11.02 ../|Cleaning fire. 5.20 ...|IFire raked, 2 inches thick.
11.12 .. Fire cleaned, 3 inches thick. 5.24 . |Test closed, fire 2 inches thick,
1150 .. Fire raked, 6 inches thick.
12.14 .. Fire raked, 8 inches thick. |
12.44 Do.
1.09 Do.

Clinker darlk.and heavy.
106 firings during

freely.

test.

Firing deadened the fire.

Coal did not burn



1.
2.
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Steam Test of Towa No. 2 Coal
CONDITIONS OF BOILER TRIAL.

Made by boiler division, United States Geological Survey.

At fuel-testing plant, Louisiana Purchase Exposition, St. Louis, Mo.
Kind of hoiler (commercial name), Heine Safety.

To determine the economy of coal as a fuel.

Steam jets not operated. Hughes apparatus operated.

Kind of fuel, Towa No. 2.

Kind of furnace, hand fired.

State of the weather, cloudy.

Method of starting and stopping the test, alternate.

Number of hoiler (plant number), 2.

Type of boiler, water tube.

Date of trial, November 28, 1904.

Duration of trial.......... .. ..o i hours. . 9.917

3-10 Dimensions and proportions of boiler same as given in test of coal No. 1.

AVERAGE PRESSURES.

-—)
{ inches of mercury.. 29.23
11. Barometer ...........c..ieiiiuinieannn. Lo, pounds. . 14.35
. ; “f..do.... 82.5
11.1 Steam pressure by gage per square inch........... | .. do.... %96 85
12. Force of draft between damper and hoiler...... inches of water.. 62
3. Force of draft in furnace............. .. ... . ... ... do.... .21
14. Force of draft or blast in ash pit.................... do.... 0
AVERAGE TEMPERATURES.
15. Of external air......... ... ... it degrees. . _48
16. Of fir€roOml . ..o vttt e e e do...... 62
17, Of Steaml . ...t i e e e et e do.... 325.3
18. Of feed water in tank ........... ..o do.... 48
19. Of feed water entering economizer....................... do.... .........
20. Of feed water entering bhoiler........................... do.... 169
21. Of escaping gases from boiler................ ... ...... do.... 627
22. Of escaping gases from economizer......... e do.... .........
22.1 Of fUTDACE ...ttt e e e e e e do.... .........
I'UEL.
23. Size and condition: Nut—small, 50 per cent; slack, 50 per cent; very dirty.
24. Weight of wood used in lighting fire.................. pounds. . None
25. Weight of coal as fired................. ... .. .. ... ... do.... 10,986
26. Percentage of moisture in coal.............. ... . ... ... ..., 14.88
27. Total weight of dry coal consumed................... pounds.. 9,351
28. Total ash and refuse....... ... . . i do.... 1,629
29. Quality of ash and refuse, clinker.................... per cent.. 58
. § pounds.. 7,722
30. Total combustible consumed...........c.us cressees U0 do. ... 17,294
31. Percentage of ash and refuseindrycoal....................... 17.44
- ’;-Al.)sgiltg.

7Calculated from chemistry of ash.
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32.

2
O.

34.
35.

36.

37.
38.
39.
40.
41.
42.

43.

44.
45.

46.
47.

48,
49.

50.
51.

52.
53.

54.
55.
56.

FUEL VALUE OF IOWA COALS
PROXIMATE ANALYSIS OF COAL.
Per cent Per cent of
of coal combustible
Fixed carbon ....... ... it e e i 33.73 48.83
Volatile matter ........... o 35.35 51.17
MoisSture ... e e e e [ 1488 ...........
- N 1604 ...........
100.00  100.00
Sulphur, separately determined...................... 473 ... ...
ULTIMATE ANALYS1S OF DRY COAL.
Carbon (C) . .vii i i e e e e 62.04 76.42
Hydrogen (H) ... .o e 4.49 5.53
Oxygen (O) ...iiinti ittt e P 7.59 9.35
Nitrogen (N) ..ottt i ie s 1.50 1.85
SUIDRUT (S) .ottt i e e e 5.56 6.85
A e e 1882 ...........
100.00  100.00
Moisture in sample of coal as received................. 1488 ...........
ANALYSIS OF ASH AND REFUSE.
(077 o ) 4 per cent.. 18.07
Earthy matter ..... ..ot ittt do.... 81.93
FUEL PER HOUR.
Dry coal consumed. per hour............. ... pounds. . 944
. ..do. ... 779
Combustible consumed per hour................. { Cdo. .. %736
Dry coal per square foot of grate surface per hour....... do.... 23.28
Combustible per square foot of water-heating surface per
: §..do.... .383
hour ... ... i i e e seeeeeeeeses 1 oLl %263
CALORIFIC VALUE OF FUEL.
Calorific value by oxygen calorimeter per pound of dry coal,

Calorific value by analysis per pound of dry coal, B. T. U...
Calorific value by analysis per pound of combustible, B. T. U...

QUALITY OF STEAM.

Percentage of moisture in steam.............. ... ... e
Number of degrees of superheating..........................
Quality of steam (dry steam=unity)................. per cent.

*Calculated from chemistry of ash.

. 11,444

913
None
99.3



57.
58.
59.
60.
61.

62.

63.
64.

65.
66.
67.
68.
69.
70.

71.

72.

73.

4.
5.
76.

BOILER TESTS ON IOWA COALS

WATER.
Total weight of water fed to hoiler.................... pounds.
Equivalent water fed to boiler from and at 212°........... do...

‘Water actually evaporated, corrected for quality of steam..do....
Factor of evaporation........................... DR
Equivalent water evaporated into dry steam from and at

2 pounds.

WATER PER HOUR.

‘Water evaporated per hour, corrected for quality of

3 =T o't U pounds. .
Equivalent evaporation per hour from and at 212°...... do....
Equivalent evaporation per hour from and at 212° per

square foot of water-heating surface................ pounds. .

HORSEPOWER.

Horsepower developed (34% pounds of water evaporated per

hour into dry steam from and at 212°=1 horsepower)..........
Builders’ rated horsepower......... ..ot iiinnnennnn.
Percentage of builder’s rated horsepower developed............

ECONOMIC RESULTS.

‘Water apparently evaporated under actual conditions per pound

of coal as fired. (Item 57-+item 25)................. pounds. .
Equivalent evaporation from, and at 212° per pound of coal
as fired. (Item 61+item 25)........................ pounds, .
Equivalent evaporation from and at 212° per pound of dry coal.
(Item 61l=item 27) .. ..utiriee it i e pounds. .
Equivalent evaporation from and at 212° per pound §..do....
of combustible. (Item 6l+item 30)............... l..do....
EFFICIENCY.

Efficiency of the boiler (heat absorbed by the boiler
per pound of combustible divided by the heat § per cent..
value of 1 pound of combustible)................. l....do..

Efficiency of boiler, including the grate (heat absorbed by the
boiler per pound of dry coal divided by the heat value of

1 pound of dry coal)....... ..ot iiiiiainn... per cent..

COST OF EVAPORATION.

Cost of coal per ton of 2,000 pounds delivered in boiler room
(ASSUMIEA) ..ottt ittt ittt it it e

Cost of fuel for evaporating 1,000 pounds of water under ob-

served conditions ....... oo it i e e e
Cost of fuel used for evaporating 1,000 pounds of water from and
- A O

#Calculated from chemistry of ash.

429

. 55,030
. 66,394

54,645
1.2065

. 65,929

5,510
6,648 o

192.7
210
91.76

7.05

8.54
*9.04

58.23
*61.64

59.22

$1.00

$0.0998

$0.0833
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SMOKE OBSERVATIONS.

77. Percentage of smoke asobserved.......... ..., 46.8
78. Weight of soot per hour obtained from smoke meter....ounces.. .........
79. Volume of soot per hour obtained from smoke

meter ............ e cubic inches.. .........

METIOD OF FIRING.

80. Kind of firing (spreading, alternate or coking).................. Alternate
81. Average thickness of fire......... ... . . i inches. . 8
82. Average intervals between firing for each furnace during time

when fires are in normal condition................. minutes. . 5.6
83._ Average intervals between times of leveling or breaking

U Dt vttt it e e e e e e minutes 25

ANALYSIS OI* THE DRY GASES.'

84. Carbon dioxide (CO.) . ... ..ottt per cent.. 8.1
85. OxXYEgen (0) <.ttt e e do.... 11.48
86. Carbon monoxide (CO)........ i do.... - .09
87. Hydrogen and hydrocarbons..................couvun... do.... .........
88. Nitrogen (by difference) (N). ..., do.... 80.33

HEAT BALANCE, OR DISTRIBUTION OF THE HEATING VALUE OF THE COMBUSTIBLE.

Total heat value of 1 pound of combustible, B. T. U............ 14,162

B. T. U. Per cent.

1. Heat absorbed by the hoiler=evaporation from and at 212°

per pound of combustiblex965.7............ .. ... ... .. 8,730 *61.64
2. Loss due to moisture in coal=per cent of moisture referred

to combustible+100x[(212—2)+966+0.48 (7T-212)] (t=

temperature of air in the boiler room; T=that of the flue

=02 T <1 S 279 197
3. Loss due to moisture formed by the burning of hydro-

gen=per cent of hydrogen to combustible+100x9x [ (212—

t)+9664+0.48 (T—212)] ... 650 4.59
4. Toss due to heat carried away in the dry chimney gases= .
weight of gas per pound of combustiblex0.24x(7T-2).... 3,137 22.15

5. Loss due to incomplete combustion of carbon= ‘

CO er cent C in combustible
C0: 100 B X 10,150 . ..ooes 85 62

6. Loss due to unconsumed hydrogen and hydrocarbons, to
heating the moisture in the air, to radiation, and unac-
counted for. (Some of these losses may be separately.
itemized if data are obtained from which they may be
calculated) ...t s 1,281 9.03

REMARKS.

Dry coal per indicated horsepower hour=4.01 pounds.
Dry coal per electrical horsepower hour=4.95 pounds.

#Calculated from chemistry of ash.
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FUEL VALUE OF IOWA COALS

Regular and special observations on test of Iowa No. 8 coal, November 8, 190}.

REGULAR.

(Duration of trial, 10.033 hours.)

Temperatures Calorimeter ‘Dratt pres'res Flue gases
Steam-| | -
pres- a Water In (In fur-
Time sure i Flue Steam |S€Par- hood, | nace,
gage | Out- | Boiler| gases, e jatedin| in in COz. Oz2. CO.
side |[room baseo’charge 10 min |inches|inches
stack utes of of
water | water
Lbs. | °F. °F. °F. | Lbs. | Lbs. | | Per ct.] Per ct.| Perct.
‘ | | |
7.46 _____ 82 47 S0 e o | S 0.12] 0.06)—cco—|_—__ [
8 e 78 47T 50 580-_____ e .69 .18 S R
8.20 ____. 84| 47 50  625-_____ o I Y I I
8.40 _____ 84| 47 48 555 4.10' 0.043 .47 21 7.2] 12.0 0.0
9 82 48 49 B850\ _____ ______ .47 10 05 Y I SR
9.20 _____ 83 50 51 850 e Y A9 L
9.40 _____ 88| 51 51 560 4.08 .038] .55 .30| 8.7 11.6 .3
10 _______ 83 52 56 560 oo - il 8 e
10.20 -~ 86 83| 58 555 ______|______ 7| S IO \ ______
10.40 - 78 54 60 549 4.08 .059 .53 .22 8.6 11.1 .1
) 75 55 64 525 ______|___.___ .85 0 LS S B
11.20 ___. 32 56 64 590| ool \ .58 A9 L
11.40 ____ 89 57 66/ 600l 4.10, .028' .66 .18 7.8/ 13.0 .0
12 . 85 57 65 610 . ___| .. .59 I 13 NSRS S
12.20 .| 82 58 66 595 ______|._____ 61 el .
12.40 ____ 78 57 661 590/ 3.91) .047 .62 .25 7.6| 13.8 .0
1o 83 57| 66| 580____.__ 1 ______ S S I
1.20 _____ 84 56 67 57THl____._ —— .67 29 | T
1.40 - 30 56 68 570 4.02] .05 .60 .32 6.7 13.4 .0
9 . 83 56| 67 554 ______|______ T L N N
2.20 ____ 94 56 68 865 . [ | .7 A6 |, S
2.40 _____ 80 56 68 610 3.81, .021 .60 .16 6.0, 14.4 .0
3 9 56 68 620 - 60 19l T
3.20 _.__- 90 56 67T 616/ ______ .67 20 L
3.40 . 89 55 67 603 4.44' .037 .61 .23 6.6/ 13.6 .0
4 | 95 55 66 595 - .60 122 S E SR
4,20 ____- 5 54 65 8T4|._..__ [ .59 1= ) | S U A,
4.40 - 93| 53] 64 565 4.4/ .047] .64/ .35 6.8 13.6 .0
5 - 78 52 63 550 ______ B (V] S 1 P
5.20 ____ 90 51 64| 560 ______|_____ .60 18 . e
5.48 .. I 80 49 63 600 -___-_ e T (P2 5.8/ 14.7 .0
Total __| 2,587 1.636. 1,905|17,337 36.98| .365 17.33| 6.67 T1.8 131.2 .4
Av. __-\ 83.5i 53.4’ 61.5| 578 4.11 .0406! BST8 (2290 7.18I 13.12i .04
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Regular and special observations on test of Iowa No. 3 coal, November S, 190}—

Continued.
SPECIAL.
. Height of water ‘ ‘Weight of coal burned ngﬁ‘}fﬂfo‘ﬂg&r
T ‘ In tank Izlgzge lgg;‘gg Total %gg:gg Total
Inches | Inches Po-und_s |A_F:o_1._umi_s _Pioy_'n_,ds_‘_ F_’o&nfis_
| |
Start, 7.46 _____ 40.00 3.00 | ___ | ____________________
8.08 L | 4203 ‘ 4.95 | 700 700 | 1,340 1,340
8.38 | 38.50 3.00 700 1,400 3,187 | 4,527
913 e~ | 43.50 5.00 | 700 2,100 2,823 | 7,350
9.40 . __________ | 42.75 4.00 700 2,800 2,922 10,272
10,17 [ 39.00 .75 700 3,500 | 3,821 14,093
11,10 o 35.00 3.25 | 700 4,200 4,502 18,595
1142 . ___ 33.00 3.50 700 4,900 3,203 | 21,798
12.25 ___________ 35.00 ‘ 3.75 700 5,600 4,234 26,032
1.08 . ______ 38.50 4.50 700 ‘ 6,300 3,975 | 30,007
155 oo 37.50 3.00 700 7,000 | 4,377 34,384
2,43 o __________ 42.00 3.75 700 7,700 | 3,281 37,665
3.24 o ___ 42,50 3.00 700 8,400 | 4,046 41,711
4.01 | 44.50 5.00 ‘ 700 9,100 2,985 44,696
4.29 I 41.00 2.50 700 | 9,800 3,600 48,296
5.98 | 35.00 4.00 | 700 10,500 4,278 52,574
Close, 5.48 _____ | 40.00 | 3.00 168 ‘ 10,668 | 2,533 55,107
|
RECORD OF FURNACE CONDITIONS.
—_— — —_—— — — | T - —_ .
Time Observation | Time Observation
|
Boiler under a load during|(12.55 .. |Fire raked, 9 inches thick.
night. 1.30 ... |Fire raked.
Fire cleaned. ||1.41 ... |Fire raked, 10 inches thick.
7.46 ... |Test started, fire 1% inches|2.01 ... |Fire raked.
thick. 2.05 .....Cleaning fire.
.8.32 ... Fire raked, 5 inches thick. [|2.14 ....|Fire cleaned, 4 inches thick.
9.05 ....|Fire raked, 7 inches thick. |2.40 ....|Fire raked, ¢ inches thick.
9.27 ....|Fire raked, 8 inches thick. 3.12 ... |Fire raked, 8 inches thick.
9.58 ... |Fire sliced, 9 inches thick. |3.35 ... |Fire raked, 7 inches thick.
10.05 ... |Fire raked, 10 inches thick. |[3.58 ... |Fire raked, 8§ inches thick.
1044 ... Do. l4.20 ... Do.
10.50 ...[Cleaning fire. |16.07 ....|Cleaning fire.
11.01 ...|Fire cleaned, 4 inches thick. 5.17 ....|Fire cleaned, 4 inches thick.
12.16 ... Fire raked, 6 inches thiclk. 548 ... |Test closed, fire 1% inches
12.40 ...|Fire raked, 8 inches thick. || thick.

Ash dark and heavy. Coal burned rapidly, with long flame. 8§ firings
during test. :
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Steam Test of Towa No. 3 Coal
CONDITIONS OF BOILER TRIAL.

Made by boiler division, United States Geological Survey.

At fuel-testing plant, Louisiana Purchase Exposition, St. Louis, Mo.

Kind of boiler, Heine safety.

To determine the economy of coal as a fuel.

Steam jets not operated. Hughes apparatus operated.
Kind of fuel, Iowa No. 3. :

Kind of furnace, hand fired.

State of weather, clear.

Method of starting and stopping the test, alternate.
Number of boiler (plant number), 2.

Type of boiler, water tube.

Date of trial, November 8, 1904.

Duration of trial......... ... i hours. .

10.033

3.10 Dimensions and proportions of boiler same as given in test of coal No. 1.

AVERAGE  PRESSURES.

) . { inches of mercury.. 29.45
11. Barometer ................. REEREERTRTS Lol pounds. . 1446
. §..do.... 83.5
11.1 Steam pressure by gage per square inch........... | ..do.... *97 96
12. Force of draft between damper and boiler..... inches of water. . .58
13. Force of draft in furnace............................. do.... .22
14. Forece of draft or blast in ash pit............. e do.... 0
AVERAGE TEMPERATURES.
15. Of external air ......... ... . . . i i, degrees. . 53.4
16. of fireroom . ... ... e do.... 61.5
17, Of SteAM ...ttt i e e e do.... 326.1
18. Of feed water in tank............. e do.... 56.1
19. Of feed water entering economizer... e do.... .........
20. Of feed water entering boiler............ ... ... ....... do.... 190
21. Of escaping gases from boiler............ ... .......... do.... 578
22. Of escaping gases from economizer.................... do.... .........
221 Of fUrnaCe ... oot e e e do.... .........
FUEL.
23. Size and cohdition: Nut—small, 70 per cent; slack, 30 per cent; dull.
24. Weight of wood used in lighting fire................. pounds. . None
25. Weight of coal as fired........ ...t vn. do.... 10,668
26. Percentage of moisture incoal........... ... ... ... ... ... ... 12.44
27. Total weight of dry coal consumed................... pounds.. 9,341
28. Total ash and refuse........ ... oo do.... 1,431
29. Quality of ash and refuse: Clinker................ per cent.. 57
. : pounds.. 7,910
30. Total combustible consumed..........c..civunnn { . do. ... 7283
31. Percentage of ash and refuse in dry coal..................... 15.32
 «Apsolute.

tCalculated from chemistry of ash.
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PRONXIMATE ANALYSIS OF COAL.

Per cent Per cent of
of coal, combustible

Fixed Carbom .. ...t e e 35.77 49.74
Volatile matter . ... ... ... ... . . 36.14 50.26
MOTStUTE ..ot i e e s 1244 ...........
AN e e 1565 ...........

100.00  100.00

Sulphur, separately determined....................... 6.07 ...........
ULTIMATE ANALYSTS OF DRY COAL.
CarbON  (C) oot 62.34  75.9
Hydrogen (H) .. ...t i 4.56 - 5.55
Ooxygen (0) ..o i e 7.34 8.94
Nitrogen (N) ottt e .96 1.17
Sulphur (S) ..o e 6.93 8.44
ASN e e 17.87 oo,

_ 100.00  100.00
Moisture in sample of coal as received................ 1244 .. ........

ANALYSIS OF ASIT AND REFUSE.

CarbhOn . e e per cent. . 2711
Earthy matter ........ ...t e do.... 72.89
FUEL PER IIOUR.
Dry coal consumed per hour........................ pounds.. - 931
. . ..do. 788
Combustible consumed per hour.......... e { L do. #796
Dvy coal per square foot of grate surface per hour......do.... 22.96
Combustible per square foot of water-heating surface
..do. .388
POr BOUT .. e { Cdo. 357

CALORIFIC VALUE OF FUEL.

Calorific value by oxygen calorimeter per pound of dry coal,
B, . U e e e e 11,671
Calorific value by oxygen calorimeter per pound of combustible,
B. T U e e e 14,210

Calorific value by analysis per pound of dry coal, B. T. U.... 11,605
Calorific value by analysis per pound of combustible, B. T. U.. 14,130

QUALITY OF STEAM.

Percentage of moisture in steam................ .. ... ... ..., 978
Number of degrees of superheating.......................... None

Quality of steam (dry steam=unity)

#Calculated from chemistry of ash.
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WATER.

Total weight of water fed to boiler.................... pounds. .
Equivalent water fed to boiler from and at 212°.......... do...
Water actually evaporated, corrected for quality of steam..do....
Factor of evaporation..............ou.iiivirnennninennnnnnnn
Equivalent water evaporated into dry steam from and

28 R 1 pounds. .

WATER PER HOUR.

‘Water evaporated per hour, corrected for quality of

S L= .4 0 pounds. .
Equivalent evaporation per hour from and at 212°...... do....
Equivalent evaporation per hour from and at 212° per square

foot of water-heating surface....................... pounds. .

HORSEPOWER.

Horsepower developed (341 pounds of water evaporated per

hour into dry steam from and at 212°=1 horsepower)......
Builders’ rated horSeDOWeIr. .......cuuvreiiie e inineanenns
Percentage of builders’ rated horsepower developed............

ECONOMIC RESULTS.

‘Water apparently evaborated under actual conditions per pound
of coal as fired. (Item 57~+item 25).............. pounds. .
Equivalent evaporation from and at 212° per pound of coal as
fired. (Item 61+item 28)............... ..., pounds. .
Equivalent evaporation from and at 212° per pound of dry
coal. (Item 6l+item 27).........c.ccniiiiiiiiunnnnn pounds. .

Equivalent evaporation from and at 212° per pound §..do....
of combustible. (Item 61-item 30).............. ..do....

EFFICIENCY.

Efficiency of the boiler (heat absorbed by the boiler
per pound of combustible divided by the heat value { per cent..
of 1 pound of combustible)................... ....do....

Efficiency of boiler, including the grate (heat absorbed by the
boiler per pound of dry coal divided by the heat value of 1
pound of dry coal)........co it per cent..

COST OF EVAPORATION.

Cost of coal per ton of 2,000 pounds delivered in boiler room
(A8SUMEd) ... i it i i e et et
Cost of fuel for evaporating 1,000 pounds of water under ob-
served conditions .......... ...t e e e
Cost of fuel used for evaporating 1,000 pounds of water from
and at 212°. ... i

*Calculated from chemistry of ash.

55,107

. 66,035

54,694
1.1983

65,540

5,451
6,53

3.22

189.3
210
90.15

5.17
6.14

7.02

8.29
*9.00

56.34
*61.16

58.09

$1.00
$0.0967

$0.0814
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80.
81.
82.

83.

84.
85.
"86.
87.
88.

SMOKE OBSERVATIONS.

Percentage of smoke as observed. .............c.iuunn.
Weight of soot per hour obtained from smoke meter..ou
Volume of soot per hour obtained from smoke

D0 07=3 1<) cubic in
METHOD OF FIRING.

Kind of firing (spreading, alternate or coking)..........

Average thickness of fire............c.ciiuiirinanen in

nces. .

ches. .

Average intervals between firing for each furnace during time

when fires are in normal condition .
Average intervals between times of leveling or breaking

.............. minutes. .

U ettt e e et e e minutes. .

ANALYSIS OF THE DRY GASES.

Carbon dioxide (CO.) .. vivrt ittt i e s per cent..
OXygen (O) ..ottt e e do.
Carbon monoxide (CO) ........coiiiiriiieinivinrnnnn. do.
Hydrogen and hydrocarbons.......................ccu.. do....
Nitrogen (by difference) (N)....... ..ot do....

Spreading
8

6.8

HEAT BALANCE, OR DISTRIBUTION OF THE HEATING VALUE OF THE COMBUSTIBLE.

Total heat value of 1 pound of combustible, B. T. U

B_. T. U. Per cent.

Heat absorbed by the boiler=evaporation from and at 212°
per pound of combustiblex965.7........ ... ... ... ...
Loss due to moisture in coal=per cent of moisture referred
to combustible=100x[(212~%)4+966+0.48 (7—212)] (t=
temperature of air in the boiler room; 7=that of the flue
8ASES) ... e e e e e
Loss due to moisture formed by the burning of hydro-
gen=per cent of hydrogen to combustible+~100x9x [ (212—
St)F966+0.48 (T—212) ] vvii e e e e
Loss due to heat carried away in the dry chimney gases=
weight of gas per pound of combustiblex0.24x (7—t)....
Loss due to incomplete combustion of carbon=
CO per cent C in combustible _ .
COz—i—COX 100 % 10,150. ... ........
Loss due to unconsumed hydrogen and hydrocarbons, to
heating the moisture in the air, to radiation, and unac-
"counted for. (Some of these losses may be separately

8,691

223

645

3,222

43

itemized if’ data are obtained from which they may be

calculated)

REMARKS,

Dry coal per indicated horsepower hour%4.03 pounds.
Dry coal per electrical horsepower hour=4.97 pounds.

*Céiculated from chemistry of ash.

*61.16

1.57

4.54

22.67

.30

9.76

100.00 -



BOILER TESTS ON IOWA COALS

439

Regular and $pecial observations on test of Iowa No. 4 coal, November 7, 1904.

REGULAR.

(Duration of trial, 10 hours.j

| Temperatures Calorimeter |Draft pres’res‘ Flue gases
| i
|Steam-
Time | Bre i | e steam | Separ-| nood | Bace,
gage gil:lte r%log %atg%grcgg‘ge %?nilnn-inéges inches| CO2- | Oz. | CO.
utes of of
water | water
B - Lbs. | °F. | °F. | °F. | Lbs Lbs. | Per ct.| Per ct.| Per et
I ;

8 L _ 80jcczea 511 N P | ____________ A, S | ______ | ______
8.10 _____ (*5] — 50 510 o ().50i 0.09) e
8.20 _____ 90| 50 560 4.55 0.065 .45 A9 |
8.40 __.__ 95| 49 50| BTH|ocmee|ooooo AT ||
9 92 52 52 565 .48i .16 7.8 11.2 0.2
9.20 _____ 89 48 54 535 | .49 1R N N R
9.40 ____. | 97 49 56 547 4.69] .07 .45i ¢ S O
10 ______ 87 50 38 3151 | [ T .49 .26 8.4/ 11.0 .0
10.20 ___. 83 52 60 537 4.291 .06 .o1| 28| |
10.40 ____ 87 55 62 Y5 72] I I .49| 102 P S I
11 . 86 60 64 5101 o e e B R Rt
11.20 ___. 94 62 66 545] 4.400 .05 .46 .12 7.8 11.9 N
11.40 - 88 63 67 YL | P AT S| ||
12 . 88 65 68 Y4{1] F— [I— 47 P ] N N R
12.20 ___. 91 66 70 5601 4.03| .039 500 .21 8.4/ 11.0 2
12.40 ____| 83| 66| 70| 540|._.___ . I3 ] I A
1 . 105 67 71 P27 R .50 1927 S I A,
1.20 ____ 83 66 it 5301 4.421 .06 .49 26 o [
1.40 _..__ 81 66| 71 523 .49 B0 oo | ______
R 92 ' 66 71 51 5] R, .50 Bl
2.20 _____ 86 65 71 510 4.21] .05 .40 N 01 | I I I
2.40 _____ 90 66 T2 525| .40 06| e
3 > 88| 65 72 567 || .45 .10 6.4 14.0| .0
3.20 __.__ 86| 65 71 597 4.36] .06 .87 6|
3.40 ____. 93| 66 71 600] oo . 56| A8 e
4 80 63 70 610 |- | .60 JRN R S N
4.20 -____ 92’ 61 . 70 603 4.4 .04 .59 122 P F R
4.40 __.__ 82 60 68 501 P F— .59 B>/ S N R
S 93 59 (YA Y | I — .60 .27 7.8 12.3 .3
5.20 _.___ 83| 58 67 557 4.40| .07 .50 1 P PO
5.40 . _ 78 56 66|  590|- oo | oo | .52 J2) | P P R
[ 2. | PO P | 540 ool e e 6.8/ 14.8 .0

Total __ 2,815’ 1,685 1,996(17,224 43.79! .564! 14.5 5.6 53.4| 86.2 T

Av. ___ 88| 60 64.4'| 556| 4.379] .0564 .50 .193| 7.63 12.31|i .1

|
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Regular and special observations on test of 1owa No. 4 Coal, November 7, 1904—
Continued.

SPECIAL.

| Height of water

Time

In gage During |

Weight of water
fed to boiler

Weight of coal burned |

During

In tank glass period Total period Total
o Inches _‘ Inches Pounds ] Pounds Pounds Pounds
|
Start, 8 ________ 40.00 L T (N VO I (S
8921 31.25 3.00 700 700 1,923 | 1,923
9 . 38.50 4.50 700 1,400 | 2,861 4,784
937 35.50 4.00 700 2,100 ' 3,519 8,303
10.28 ___________ 44 .50 2.50 | 700 2,800 | 4,420 ; 12,723
11.24 . _ 40.00 2.50 | 700 3,500 | 3,436 16,159
12 . 34.00 4.00 700 | 4,200 3,012 | 19,171
12.40 . _________ 35.50 2.50 700 4,900 4,228 | 23,399
1.19 oo 40.25 3.00 700 5,600 | 3,352 | 26,751
246 ____________ 41.25 3.00 | 700 6,300 5,013 31,764
3.23 o 35.00 2.50 | 700 | 7,000 - 3,076 | 34,840
3.55 38.50 3.00 700 7,700 2,793 | 37,633
433 ____________ 42.25 4.50 | 700 8,400 3,701 41,334
5.28 39.00 3.00 700 9,100 5,779 47,113
Close, 6 ________ 40.00 ‘ 5.25 | 285 9,385 1,652 48,765
RECORD OF FURNACE CONDITIONS.
Time | Observation Time ‘ Observation
|

lBoiler under a load during|l 1.08 ....Fire raked, 8 inches thick.

| night. 1.37 ..../Fire raked, 9 inches thick.
T ..., Fire cleaned. |2.02 ... Do.
8 ...... Test started, fire 3 inches 2.08 ... |Cleaning fire, difficult to re-

thick. | move clinker.
8.50 .. [Fire raked, 6 inches thick. 2.43 ... |Fire cleaned, 4 inches thick.
9.35 ...|Fire sliced. 5 o..... Fire raked, § inches thick.
9.59 ....fFire raked, 8 inches thick, 5.18 ....Cleaning fire.
10.25 J Do. 5.27 ....Fire cleaned, 4 inches thick.
10.39 ...|Fire sliced. 5.53 ../ Fire raked.
10.57 ...|Cleaning fire. |6 ...... Test closed, fire 3 inches
11.08 ...Fire cleaned, 4 inches thick. ‘ thick.
11.57 .. |Fire raked, 6 inches thick.
Ash dark and heavy. Coal burned freely with long flame. 83 firings

during test.
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Steam Test of Towa No. 4 Coal
CONDITIONS OF BOILER TRIAL.

Made by boiler division, United State Geological Survey.
At fuel-testing plant, Louisiana Purchase Exposition, St. Louis, Mo.
Kind of boiler, Heine safety.

To determine the economy of coal as a fuel.

Steam jets not operated. Hughes apparatus operated.
Kind of fuel, Iowa No. 4.

Kind of furnace, hand fired.

State of weather, clear.

Method of starting and stopping the test, alternate.
Number of boiler (plant number), 2.

Type of boiler, water tube.

1. Date of trial November 7, 1904.

2. Duration of trial.......... ..o i hours. . 10
3-10 Dimensions and proportions of boiler same as given in test of coal No. 1.
AVERAGE PRESSURES.

. . { inches of mercury.. 29.45
11. Barometer .............cconiiiiiin... pounds. . 14.45
11.1 Steam pressure by gage per square inch §..do.... 83
: sase DEb sauare JHeH. e | ..do.... %1025
12. Force of draft between damper and boiler...... inches of water. . b
13. Force of draft in furnace.............. ... ... .iiiiinn, do.... 193
14. Force of draft or blast in ash pit...................... do.... 0 :
AVERAGE TEMPERATURES.
15, OF eXEErNAl AIT .. 'vrntn et degrees. . 60
16. Of fiT@TOOI ..ottt e et e e e e do.... 64.4
17. Of steam ... . e e do.... 329.3
18. Of feed water in tank....... e do.... 60
19. Of feed water entering economizer...................... do.... .........
20. Of feed water entering boiler........... ... ... ... .. ... do.... 181
21. Of escaping gases from boiler.......................... do.... 556
22. Of escaping gases from economizer..................... do.... .........
22.1 Of furnace ................. e e e e do.... .........
FUEL.
23. Size and condition: Mine run—lump, 30 per cent; small, 50 per
cent; slack, 20 per cent; dull.
24. Weight of wood used in lighting fire................ pounds. . None
25. Weight of coal as fired..... ... ... i nnnnn do.... 9,385
26. Percentage of moisture in coal...... ... ... ... . . i 13.48
27. Total weight of dry coal consumed.................. pounds.. 8,120
28, Total ash and refuse. .........civtiin i do.... 1,802
29. -Quality of ash and refuse: Clinker................... per cent. . 59
. { pounds.. 6,818
30. Total combustible consumed...................... 1..do.... 16,447
31. Percentage of ash and refuse in dry coal...................... 16.03
*Absolute.

7Calculated from chemistry of ash.
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FUEL VALUE OF IOWA COALS
PROXIMATE ANALYSIS OF COAL.
Per cent Percentof
ol coal combustible
Fixed carbon .. ... .. i e i 37.28 52.23
Volatile matter ........ .. i e 34.09 47.77
MOIStUTE L. e e e 1348 ...,
ASh e e 1515 ...,
100.00  100.00
Sulphur separately determined....................... 504 ...
"ULTIMATE ANALYSIS OF DRY COAL.
Ccarbon (C) ..o vi i e S 63.43 76.89
Hydrogen (H) ........ . . i 4.35 5.27
OXYEEN (O ittt it e P 7.92 9.6
NItrogen (N ) .ot e ettt e e 97 1.18
SUIPhUr (8 oot e . 5.82 7.06
ASh e e e 1751 ...,
100.00  100.00
Moisture in sample of coal as received................ 1348 ...l
ANALYSIS OF ASH AND REFUSE.
{072 0 1o o TP per cent.. 19.25
Barthy matter .................... ... e do.... 80.75
FUEL PER HOUR.
Dry coal consumed per hour............ ... .. vttt pounds. . 812
. . ..de. 682
Combustible consumed per hour................... | .. do. *645
Dry coal per square foot of grate surface per hour........ do.... 20.02
Combustible per square foot of water-heating surface
§ ..do. .336
Per hour ........ .. i e .. do. *318
CALORIFIC VALUE OF FUEL.
Calorific value by oxygen calorimeter per pound of dry coal,

5 Z0 R 11,678
Calorific value by oXygen calorimeter per pound of combustible,

5 ZS A 14,157
Calorific value by analysis per pound of dry coal, B. T. U........ 11,545
Calorific value by analysis per pound of combustible, B. T. U.... 13,996

QUALITY OF STEAM.
Percentage of moisture in steam.................. ... ... ... 1.27
Number of degrees of superheating........................... None
Quality of steam (dry steam=unity)................. per cent. . 99.03

*Calculated {rom chemistry of ash.
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72.

73.
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75.

76.
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YWATER.
Total weight of water fed to boiler................. pounds.
Equivalent water fed to boiler from and at 212°..... e do....
Water actually evaporated, corrected for quality of steam. .do....
Factor of evaporation ............. ...t iiiiainnnn
Equivalent water evaporated into dry steam from and
2 pounds. .
WATER PER HOUR.
Water evaporated per hour, corrected for quality of
S0 5 o o PPN pounds. .
Equivalent evaporation per hour from and at 212°...... do....
Equivalent evaporation per hour from and at 212° per square
foot of water-heating surface........................ pounds..
HORSEPOWER.

Horsepower developed (34% pounds of water evaporated per

hour into dry steam frdm and at 212°=1 horsepower)........
Builders’ rated horsepower.............. .. .cicieneeninnnnnnnn
Percentage of builders’ rated horsepower developed.............

ECONOMIC RESULTS.

‘Water apparently evaporated under actual conditions per pound

of coal as fired. (Item 57-item 25)................ pounds. .
Equivalent evaporation from and at 212° per pound of coal as
fired. (Item 61=item 25............. .. cvnruon.n. pounds. .
Equivalent evaporation from and at 212° per pound of dry coal.
(Item 61l=item 27) . ...t iniii it ei e pounds. .
Equivalent evaporation from and at 212° per pound of
combustible. (Item 6l~item 30)................ . { : ‘gg' tte
EFFICIENCY.
Efficiency of the boiler (heat absorbed by the boiler
per pound of combustible divided by the heat value
of 1 pound of combustible).... ................ ls pber ggnt. .

Efficiency of boiler, including the grate' (heat absorbed by the
boiler per pound of dry coal divided by the heat value of 1
pound of dry coal) . ...covieriron i per cent..

COST OF EVAPORATION.

Cost of coal per ton of 2,000 pounds delivered in boiler room
(ASSUMEd) ... ..ttt ittt et ettt e ettt e,
Cost of fuel for evaporating 1,000 pounds of water nnder ob-
served conditions ...... ...t i e e
Cost of fuel used for evaporating 1,000 pounds of water from
and at 212%, (... . e e e

*Calculated from chemistry of ash.
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. 48,765

58,289
48,292
1.1953

57,723

4,829
5,772

2.84

167.3
210
79.7

5196

ot -]

57.78
*61.05

58.79
$1.00

$0.0962

$0.0813
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SMOKE OBSERVATIONS.

71. Percentage of smoke as observed................... ...l 41
78. Weight of soot per hour obtained from smolke meter....ounces.. .........
79. Volume of soot per hour obtained from smoke ‘ ’

meter B T E R cubic inches.. .........

METHOD OF IIRING.

80. XKind of firing (spreading, alternate or éoking) ................ Spreading
81. Average thickness of fire........... ... o i, inches. . 8
82. Average intervals between firing for each furnace during time’

when fires are in normal condition................ minutes. . 7.2
83. Average intervals between times of leveling or breaking

5 e P minutes. . 46

ANALYSIS OF THE DRY GASES.

84. Carbon dioxide (CO,)........... e per cent.. 7.63
85, OXYEEN (O) ittt ittt e e e do.... 12.31
86. Carbon monoxide (CO).........cooviivennn.n e do.... .10
87. Hydrogen and hydrocarbons............... e do.... .........
88. Nitrogen (by difference) (N)............ I do.... 79.96

HEAT BALANCE, OR DISTRIBUTION OF THE HEATING VALUE OF THE COMBUSTIBLE.

Total heat value of 1 pound of combustible, B. T. U............ 14,157
B.T. U. Per cent.
1. Heat absorbed by the boiler=evaporation from and at
' 212° per pound of combustiblex965.7.................... 8,643 *61.05
2. Loss due to moisture in coal=per cent of moisture referred
to combustible+100x [ (212—%)+966+0.48 (7—212)] (i=
temperature of air in the boiler room; T=that of the flue
F=2 X3 242 1.71
3. Loss due to moisture-formed by the burning of hydogen=
per cent of hydrogen to combustible+100x9x[(212—¢)+

9661048 (T—212) .. ittt i it e e e 606 4.28
4. Loss due to heat carried away in the dry chimney gases=

weight of gas per pound of combustiblex0.24x (T—-%).... 2,906 20.53
5. Loss due to incomplete combustion of carbon=
: CO per cent C in combustible

'CO.H—C(_)X_ 100 ——x10,150...... ...... 101 71

6. Loss due to unconsumed hydrogen and hydrocarbons, to
heating the moisture in the air, to radiation, and unac-
counted for. (Some of these losses may be separately
itemized if data are obtained from which they may be
calculated) ...l e e 1,659 11.72

REMARKS.

Dry coal per indicated horsepower hour=3.98 pounds.
Dry coal per electrical horsepower hour=4.91 pounds.

*Calculated from chemistry of ash.
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446 FUEL VALUE OF IOWA COALS
Regular and special observations on test of Iowa No. 4 coal (large briguettes),
November 26, 1904.
REGULAR.

(Duration of trial, 10.033 hours.)

; - |
Temperatures Calorimeter |Draft pres’res| . Flue gases

Steam| | | !ﬁé'né-. R (T A

. pres- |meter,| mo - In  |In fur-|

Time sure . Flue | pres- | j 0. | hood,| nace

gage | Out- | Boiler| gases, sure tﬁre of . in in COz. O2. CO.
side | room |baseof| per steam inches|inches ’
stack |square of of

| | inch ) water | water

| Lbs. °F. °F. | °F. Lbs. “F. Perct. | Perct.| Perct.
|

R 84 |V NS SN SRR NS IS WU
8 . 100 oo 49.0 660 ——o__'______ 0.75 0.22 ____________ I
8.20 —____ 104 | __.__ 49.0 660 .- ______ 56 15
8.40 ___._ 102 | 31.0‘ 49.0 665 ___-__ |---=- 65 19 6.5 13.1 | 0.1
9 . 100 32.0" 49.0 0645 - R .60, 21‘ ___________________
9.20 ____ 103 32.00 49.5| 615 oo __ .55 JR24: RS R P
9.40 _.__ 102 34.0{ 50.0| 603 _____.____ .50 100 8.7 | 11.0 0

10 - 102 36.0] 51 Oi 590 0 282 .55 28

10.40 ___ 100 | 36.0l 33.0 585 o7 70 .40 7.5 121 0
1 102 | 37.0 54.0 665 _-——__ - T (A S
11.20 ___ 97 38.5 60.0 670 .6 269, .60 .14______ ______ ______
11.40 ___ 104 38001 60.0, 655 .5 283 .60 .20 7.0 12.5 ____._
12 99 | 39.0, 62.0] 630 .2 266 .60 .25 |- ______
12.20 ___ 100 = 40.0| 9.0 600 .2 | 974 .60 .30 _________________
12.40 ____ 103 | 40.0' 61.0\ 595 .0 200\ 65 .84 6.8|13.2 0
1T 97 | 41.0, 63.00 600 .2 265 .70 .85 ___._|__ . _____
1.20 - 97 42.0| €3.0, 615 .3 983 .60 .20 ______ ____ 7T
1.40 . 104 42000 630 615 .5 278 .65 .33 6.2 14.1 0
o 101 42,0 64.0 815 .5 M8 [ T
2.920 _____ 99.5 42.0 64.0l 660 .4 982 .55 .13 __________________
2.40 _____ 98" 42.0 63.0 60 .5 281 .60| .16 7.0 |13.5 | .
8 97 42.0 62.0, 650 .6 278 .50, .16 ._____|._____l_____
3.90 _____ 100 | 43.0 61.0, 630 .5 278 .50 16 ______|._________
3.40 _____ 103 | 42:0 62.0 650 .5 280 .55 .19 8.6 10.8 5
4 98 | 42.0 62.0[ 650 .5 283 .60, .28 ________________._
4.20 - 95 | 41.0 60.0| 645 .5 979 .55 .e2______ | 7T
4.40 _____ 100 | 40.0 60.0] 650 .5 2718 .35 .18 8.4 11.4 0
5 89 | 39.0 61.0| 635 .5 278/______ R T S
5.20 _____ 82.5 38.0 60.0, 630 .4 267 .45 07-_____ \ ______ ______
5.46 ____ 88.5| el — [ 8.2 11.0 0
| | —

Total __|3044.51047.51675.5 18,848 9.2 | 6,067 15.97 5.91 74.9 [122.7 | .6
Av. ___| 08.2 38.8 57.70 620 .42/ 276| .59 .22 7.49 12.27 .06
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Regular and special observations on test of Iowa No. 4 coal (large briquettes),
November 26, 1904—Continued.

SPECIAL.
i Height of water Weight of coal burned | Wfé(g‘t;toci)fo\;!lg;er
e .
T Intaok | Ingage | During | qopy | During | pop
Inches | Imches Pounds l __Pounds Pounds Pounds

Start, 7.44 . 40.00 3.50 ‘ __________ | ______________ P
T.58 o 39.00 2.50 | 600 i 600 | .
8.21 . 33.50 4.75 . 600 1,200 1,847 1,847
8.49 _____________ 31.50 4.50 600 1,800 3,377 5,224
s | 34050 4.50 600 | 2400 3,629 8,853
10.02 - __________ ‘ 43.75 4.25 600 3,000 3,346 12,199
10 34.75 | 12.00 600 ‘ 3,600 2,244 | 14,443
11.26 ___________ \ 24.50 ‘ ©6.00 600 4,200 3,985 18,428
12.02 27.00 5.00 600 | 4,800 4,010 22,438
12.42 ___________ f 29.50 2.50 600 | 5,400 3,270 25,708
1.24 ____________ ‘ 27.25 2.00 600 | 6,000 3,480 29,188
2.15 o __ | 33.50 4.50 600 | 6,600 . 3,191 32,379
2,44 . _____ | 28.00 3.50 600 7,200 3,213 | 35,592
3.16 . \ 38.00 4.00 600 7,800 3,039 | 38,631
3.54 . \ 44.00 4.00 600 8,400 4,086 | 42,717
4.30 ____________| 23.00 5.50 600 9,000 3,882 46,599
5.15 . 35.00 4.00 600 i 9,600 4,260 | 50,859
Close, 5.46 _____ 40.00 2.25 300 9,900 2,699 | 53,558

RECORD OIF FURNACE CONDITIONS.

Time ‘ . Observation Time Observation

. |
.......... Fire banked under boiler dur-| 12.30 ..|Fire raked, 11 incehs thick.

| ing night. 1248 .. |Fire sliced.

715 .. ..}Fire cleaned. |11.15 ...]| Do.
7.44 .| Test started, fire 3 inches 1.45 ...|Fire raked, 11 inches thick.

thiclk. 1.55 ...|[Cleaning fire.
8.04 ..|F‘ire raked, 6 inches thick. 2.07 ...|Fire cleaned.
8.15 ....|Fire raked, 9 inches thick. 2.08 ...|Fire raked, 3 inches thick.
8.26 .... Fire raked. | 2.27 ...|Fire raked, 8 inches thiclk.
8.55 ....|Fire raked, 10 inches thick. | 2.35 ... |Fire raked, 9 inches thick.
9.37 ....|Fire raked, 12 inches thick. 3.15 . |Fire raked, 12 inches thick.
‘943 ....|Fire sliced. 4.07 ... Do.
10.06 ...Fire ralked, 10 inches thick. | 4.26 ...|Fire sliced and raked, 10
10.20 ... Do. inches thick.
10.21 ... Fire sliced. 447 ... |Fire raked, 10 inches thick.
10.40 .../Fire raked, 8§ inches thick. 1450 ...[/Fire raked, 7 inches thick.
10.44 ...|Cleaning fire. 15.02 .../[Cleaning fire.

. 1053 ... Fire cleaned. ||5.10 ... |Fire cleaned, 2% inches thick.
11.22 ... Fire raked, 8 inches thick. 5.35 ...|Fire raked, 4 inches thick.
11.30 ... Fire raked, 10 inches thick. 546 ....,|Test closed, fire 3 inches
1149 .. Do. thick.

12.21 ...|Fire raked, 12 inches thick. || .

Refuse dark and heavy. Briquettes fell apart in fire; burned with long
flame. '
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1.
2.

FUEL VALUE OF IOWA COALS

Steam Test of lowa No. 4 Coal (Briquettes)
CONDITIONS OF BOILER TRIAL.

Made by boiler division, United States Geological Survey.

At fuel-testing plant, Louisiana Purchase Exposition, St. I.ouis, Mo.
Kind of boiler, Heine safety.

To determine the economy of coal as a fuel.

Steam jets not operated. Hughes apparatus operated. -

Kind of fuel, Towa No. 4 (briquettes).

Kind of furnace, hand fired.

State of the weather, clear.

Method of starting and stopping the test, alternate.

Number of boiler (plant number), 1.

Type of boiler, water tube.

Date of trial, November 26, 1904.

Duration of trial........ ... .. oo i hours. . 10.033

3-10 Dimensions and proportions of boiler same as given in test of coal No. 1.

AVERAGE PRESSURES.

inches of mercury.. 29.97
11. Barometer .............c.. oot { __________ pounds. . 1471
| - ..do.... 98.2
11.1 Steam pressure by gage per square inch........... { Cdo. ... #119.01
12. Force of draft between damper and boiler...... inches of water.. .59
13. Force of draft in furnace............. ... ... ool do.... .22
14. Force of draft or blast in ash pit.................... do.... 0
AVERAGE TEMPERATURES.
15. Of externmal air ......... ... i .. degrees. . 38.8
16. Of fiTerO0M ..o ittt e e et e e do 57.7
17, Of steam ... i do.... 336.5
18. Of feed water in tank.............. ... v, do.... 57.6
19. Of feed water entering economizer...................... do.... .........
20. Of feed water entering boiler................... e GO v e,
21. Of escaping gases from boiler........................... do.... 628
22. Of escaping gases from economizer...................... do.... .........
221 Of fUrDAaCe ... e e e e e, do.... .........
FUEL.
23. Size and condition: Large briquettes.
24. Weight of wood used in lighting fire................. pounds. . None
25. Weight of coal as fired............. ... . ... ... ... do 9,900
26. Percentage of moisture in coal....... ... ... .. . i i i, 13.24
27. Total weight of dry coal consumed.................... pounds.. 8,589
28. Total ash and refuse...........o i, .do.... 1,186
29. Quality of ash and refuse: Clinker................ per cent.. 58
R pounds.. 7,403
30. Total combustible consumed...................... { ~.do....*T078
31. Percentage of ash and refuse in dry coal..................... 13.82
* Absolute.

*Calculated from. chemistry of ash.



32.
33.
34.
35.

36.

37.
38.
39.
40.
41.
42.

43.

44.
45.

46.
47.

48.
49.

50.

51.

53.

54.
55.
56.
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PROXIMATE ANALYSIS OF COAL.

Per cent Per cent of
of coal combustible

Fixed carbon .. ...t e 37.85 50.9
Volatile matter ......... i e e 36.50 49.1
MoOiSture ... e e e 13.24 ... ...,
Ash ............ e 1241 ...

Sulphur, separately determined....................... 3.9

ULTIMATE ANALYS1S OF DRY COAL.

Carbon (C) .......... e 69.25  80.82
Hydrogen (H) ..ottt i ii i 4.81 3.61
OXYEEN (O) oottt e e 6.28 7.33
NItroZen (IN) o ovee ittt e e e e e .86 1.00
SUIBAUT (S) v ettt e et et e e e 4.49 5.24
ASD e 14.31

Moisture in sample of coal as received................ 13.24 ...........

ANALYSIS OF ASH AND REFUSE.

[0 o 7o o Y per cent.. 23.82
Earthy matter .. .......oo ittt do.... 76.18

FUEL PER HOUR.

Dry coal consumed per hour..................cuvenn. pounds. . 856
Combustible consumed per BOUL.................. { -go---. 188
Dry coal per square foot of grate surface per hour........ do.... 21.11
Combustible per square foot of water-heating surface

DEr BOUT ..ottt e { ST

CALORIFIC VALUE OF FUEL.

Calorific value by oxygen calorimeter per pound of dry coal,

Calorific value by oxygen calorimeter per pound of combustible,

2 JE R 14,641
Calorific value by analysis per pound of dry coal, B. T. U........ 12,749
Calorific value by analysis per pound of combustible, B. T. U.... 14,878

QUALITY OF STEAM.

Percentage of moisture in steam.............. ... ... .. ... .84
Number of degrees ‘of superheating............... e None
Quality of steam (dry steam=unity)................ per cent.. 99.36

*Calculated from chemistry of ash.

29
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57.
58.
59.
60.
61.

62.

63.
64.

65.
66.
67.

68.
69.

70.

72.

73.

4.

76.

FUEL VALUE OF IOWA COALS
WATER.
Total weight of water fed to boiler................. pounds. .
Equivalent water fed to boiler from and at 212°........ do....
Water actually evaporated, corrected for quality of steam..do....
Factor of evaporation............. ... .. ... . . . . . ... . . ...
Equivalent water evaporated into dry steam from and
at 212 e pounds. .
WATER PER HOUR.
‘Water evaporated per hour, corrected for quality of
BEEADN ..o pounds. .
Equivalent evaporation per hour from and at 212°...... do....
Equivalent evaporation per hour from and at 212° per square
foot of water-heating surface....................... pounds. .
HORSEPOWER,

Horsepower developed (34% pounds of water evaporated per hour

into dry steam from and at 212°=1 horsepower)..: .........
Builders’ rated horsepower............... F
Percentage of builders’ rated horsepower developed.............

ECONOMIC RESULTS.

Water apparently evaporated under actual conditions per pound

of coal as fired. (Ttem 57+item 25)................. pounds. .
Equivalent evaporation from and at 212° per pound of coal as
fired. (Item 6l<item 25)............ v .. pounds. .
Equivalent evaporation from and at 212° per pound of dry coal.
(Item B1+item 27) . ... i i i e pounds. .
Equivalent evaporationfrom and at 212° per pound of ¢ ..do....
combustible. Ttem 6l<item 30).................. 1..do....
EFFICIENCY.

Efficiency of the boiler (heat absorbed by the boiler

per pound of combustible divided by the heat value { per cent..

of 1 pound of combustible)..................... 1....do....
Efficiency of boiler, including the grate (heat absorbed by the

53,558

64,270

53,215
1.2

63,858

184.5
. 210
87.86

5.41

7.43
8.62
*9.02

56.85
*59.49

boiler per pound of dry coal divided by the heat value of .

1 pound of dry coal) .........ociiii i, per cent. .

COST OF EVAPORATION.

Cost of coal per ton of 2,000 pounds delivered in boiler room

(ASSUMEA) .. it it st ia e e e e
Cost of fuel for evaporating 1,000 pounds of water under ob-
served conditions ......... i e
Cost of fuel used for evaporating 1,000 pounds of water from and

- 3

*Calculated from chemistry of ash.

57.18

$1.00

.. $0.0924

$0.0778
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71.
78.
79.

80.
81.
82.

83.

84.
85.
86.
87.
88.

1.

SMOKE OBSERVATIONS.

Percentage of smoke as observed........................ill. 27.3
Weight of soot per hour obtained from smoke meter..ounces.. .........
Volume of soot per hour obtained from smoke

00 =1 1 cubic inches.. .........

METHOD OF FIRING.

Kind of firing (spreading, alternate or coking)................ Alternate
Average thickness of fire..... ... ... ... ... ..., inches. . 10
Average intervals between firing for each furnace during the

time when fires are in normal condition........... minutes.. .........
Average intervals between times of leveling or breaking

|« J N e minutes. . 20

ANALYSIS OF THE DRY GASES. ’

Carbon dioxide (CO.) ..o ittt i per cent.. 7.49
OXYEEN (0) oottt e e e, do.... 12.27
Carbon monoxide (CO) ..., do.... .06
Hydrogen and hydrocarbons.................... e do.... .........
Nitrogen (by difference) (N).... ... i, do.... 80.18

HEAT BALANCE. OR DISTRIBUTION OF THE HEATING VALUE OF THE COMBUSTIBLE.

Total heat value of 1 pound of combustible, B. T. U........... 14,641
B. T. U. Per cent.

Heat absorbed by the boiler=evaporation from and at

212° per pound of combustiblex965.7.................. 8,710 *59.49
Loss due to moisture in coal=per cent of moisture referred

to combustible+100x [ (212—£)+966+0.48 (7T-212)] (=

temperature of air in the boiler room, T=that of the flue

BASES) ittt e e e 235 1.61
Loss due to moisture formed by the burning of hydrogen=

per cent of hydrogen to combustible+100x9x[(212-¢)+

966+0.48 (T—212) ..ot ir ittt et 666 4.56
Loss due to heat carried away in the dry chimney gases=
weight of gas per pound of combustiblex(.24x (T—-¢).... 3,621 24.73

Loss due to incomplete combustion of carbon=
CO per cent C in combustible

G0,100% T X 10,150...... ...... 66 45

Loss due to unconsumed hydrogen and hydrocarbons, to
heating the moisture in the air, to radiation, and unac-
counted for. (Some of these losses may be separately
itemized if data are obtained from which they may be
calculated) ... .o e e e e 1,344 917

REMARKS.

Dry coal per indicated horsepower hour=3.80 pounds.
Dry coal per electrical horsepower hour=4.70 pounds.

- *Calculated from chemistry of ash.



BOILER TESTS ON IOWA COALS 453

Regular and $pecial observations on test of Iowa No. § coal, November.1}, 190}

REGULAR.

(Duration of trial 9.983 hours.)

Temperatures | Calorimeter Dralit pres’res Flue gases
Steam-| |
res- ‘ Flue Water In |In fur-
Time | 8ur¢ | e, |Botter guses, ST |cpary nood. [mace,
gag side | room |b:‘tzec§’charge‘10 min-linches |{nches| C02- | O2. | CO
| utes of of
| | { . water water
Lbs. | °F. | °F. °F. | Lbs. | Lbs. | | |Perct. Perct.] Perct.
7.32 ___._ L] I— 43| 475 ______ foses 0.40 0.14 | ____|______
7.40 _____ 88 28 43| 512 ______|______ A4 15 ) S PR
8 86 30 43| 525 4.21 0.033 AR I8 o
8.20 _____ 84 33 43| 510 47 .19 7.4 12.0f 0.0
8.40 _____ | 73| 35 43| 495 ______ =y .36" 6| |
Q 81| 38 45 530; 4.02] .047 52 B4 .
9.20 _____ 77 40| 47| 530[.e__________ .64 .35 7.8 11.8] 0
9.40 _____ 86 41 48] 505 --____ ‘ ______ 1 R - ! R R
10 - 80 40| 48| 535 4.13! .05 o8 I [N
10.20 ____ 85 41 50 540 _____ 600 .31 8.7 11.3 0
10.40 ____ 83 42 520 520 ______ 66! .89 | __
1 78 43 54| 520/ 4 21‘ (1117] I |
11.20 ____ 86 44 56| 525 ______|______ 51 A3 7.6] 12.4 0
11.40 - 81 45 56| 8200 | . 49 R 1] (A IR I
12 . 84 45 57 515 4.21) .029 50 A8 R
12.20 ____} 32 46 57 530 o .49 17 8.3/ 10.1 8
12.40 ____ %t 46 57 42 ___ .58 29 . U A
1 79 46! 57 515 4.04 .034 5F 4o S I
1.20 _____ [ 8 46 57 520(coo______ 55 .28 8.2 10.§| 4
1.40 _____ | 79 47 58| 540\ ‘ 67 | ! IS
Q. | 78 47 58 555 4.16 .05 560 280 [
2.20 _____ | 80 47 59 535l I 7.9 11.8 2
2.40 _____ 75 47 600 500 o~ .36 A8 e
3 - 79 47 59 525 3.96  .038 42 P MR S
3.20 _____ 84 47 09| 510 5] .22 7.3 12.3 5
3.40 ____ 83 46 59| 575|______ ool B8] Bl |
4 86 46 59 570 4.00 .026 56 .2(5‘ ______ R
4.20 - 80 45 59| 530 ____________ 59 .34 7.9 116 .3
4.40 ___-_ 80 45 58| 565|.____ (A 57 577 ) EE IR
5 . 81 42 57 5600 4.000 .052/______ R P S
5.20 _____ 83 40 59 iy M s 37 09 7.2 125 6
5.31 _____ 82| 39 54 H08| L gmmit s 16| {87 EEETn) I
Total __| 2,613 1.31.4| 1,710/116,969| 40.94| .415 14.6] 6.48 78.3] 116.6/ 2.8 -
Av. | 8L.7] 42.41 53,50 580 4.094! .0415] .51 .224 T7.83) 11.66 .28
| |
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Regular and special observations on test of Iowa No. 5 coal, November 14, 1904—

Continued.
! SPECIAL.
Hetght of water Weight of coalburned ngg’{ﬁ,‘go‘}‘}:‘f”
Time Intank | TBgage | During | poyy | During | gorg
| Imches Inches Pounds Pounds | Pounds | Pounds
Start, 7.32 _____ 40.00 3.00 ||| A
8.03 . ____ 39.00 3.00 700 700 2,597 2,597
829 ____________ 26.50 3.00 700 1,400 3,276 5,873
O 30.00 3.00 700 2,100 2,965 8,838
9.45 o __ 33.00 3.50 700 2,800 3,460 12,298
1031 o ___ 33.00 ‘ 3.25 700 3,500 | 4,519 16,817
11,16 . 30.00 4.00 700 | 4,200 3,726 20,543
11,41 ‘ 34.00 3.75 700 | 4,900 3,023 | 23,566
12,09 ___________ 27.25 4.00 700 5,600 2,848 26,414
12,45 ___________ 25.50 3.75 700 6,300 4,629 | 31,043
118 35.00 3.25 700 7,000 2,781 | 33,824
1.53 . 29.75 4.25 700 7,700 3,773 37,597
247 . 27.00 3.25 700 8,400 4,944 | 42,541
3.92 ____________ 32.00 4.50 700 9,100 3,083 45,0624
4.02 37.50 3.00 700 9,800 4,630 50,254
4.98 o __ | 31.00 | 3.25 700 10,500 2,834 53,088
5.24 . ____ | 31.50 | 4.50 | 700 ‘ 11,200 5,260 58,348
Close, 5.31 _____ i 40.00 | 3.25 - [ | 735 59,083
RECORD OF FURNACE CONDITIONS.
Time Observation I‘| Time | Observation
!Boiler under a light load dur-||12.51 ... Fire sliced, 8 inches thick.
| ing night. ||1.06 .... Tire raked, 8 inches thick.
T .o |Fire cleaned. - i 142 .... Do.
732 ... |Test started, fire 3 inches 5‘1.51 ... |Fire sliced, 9 inches thick.
thick. I2.08 ...|Fire raked, 8 inches thick.
8.18 ... |Fire raked, 5 inches thick. | 2.10 ....(Cleaning fire.
8.41 ... |Fire raked, 7 inches thick. 2.27 ...{Fire cleaned, 4 inches thick.
8.58 ... |Fire raked, 8 inches thick. | 2.41 ...I|Fire raked, 6 inches thick.
9.10 ....|Fire raked, 9 inches thick. 3.11 ... /|Fire raked, 7 inches thick.
9.19 ...|Fire sliced, 10 inches thick. || 3.38 ... |Fire raked, 8 inches thick.
9.36 . |Fire raked, 10 inches thick. //4.13 ... /Fire raked, 7 inches thick.
953 ... Do. I 440 ... |Fire sliced, 8 inches thick.
958 ....|Fire sliced, 10 inches thick. |!4.50 ... |Fire raked, 9 inches thick.
10.25 ...|Fire raked, 9 inches thick. |5 ......| Cleaning fire.
10.35 ... Do. 5.08 ... |Fire cleaned, 4 inches thick.
11 ..., Cleaning fire. 531 ... |Test closed, fire 3 inches
11.05 ... Fire cleaned, 3 inches thick. thick.
12.30 ...Fire raked, 7 inches thick.
12.43 .., Do.

Clinker dark and heavy. 94 firings during test.
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Steam Test of Towa No. 5 Coal

CONDITIONS OF BOILER TRIAL.

Made by boiler division, United States Geological Survey.
At fuel-testing plant, Louisiana Purchase Exposition, St. Louis, Mo.
Kind of boiler, Heine safety.

To determine the economy of coal as a fuel.

Steam jets not operated. Hughes apparatus operated.
Kind of fuel, Iowa No. 5.

Kind of furnace, hand fired.

State of weather, clear.

Method of starting and stopping the test, alternate.
Number of boiler (plant number), 2.

Type of bhoiler, water tube.

1. Date of trial November 14, 1904.
2. Duration of trial......... ... .ot iniinannn.- hours. . 9.983
3-10 Dimensions and proportions of hoiler same as given in test of coal No. 1.
AVERAGE PRESSURES. I
§ inches of mercury.. 29.75
11. Barometer ............c.ciiiinniinnannn. Lo pounds. . 14.6
11.1 Steam pressure by gage per square inch.......... { gg *gég
12. Force of draft between damper and boiler.....inches of water.. .51
13. Force of draft in furnace............ ... . ... ... .. ..., do.... .22
14. Force of draft or blast in ash pit.............. ... ... ... do.... 0
AVERAGE TEMPERATURES.
15. Of external air ........ ... ... .. ... . . degrees. . 42.4
16. Of fireroom ................. I do.... 53.5
17, Of Steaml ..ot it e e e e e do.... 324.9
18. Of feed water in tank........... ..., do.... 51.4
19. Of feed water entering economizer...................... do.... .........
20. Of feed water entering boiler............... .. ... ... ... do.... 177
21. Of escaping gases from bhoiler.......................... do.... 530
22. Of escaping gases from economizer...................... do.... .........
221 Of fUrnaACe ...t i it i et e e do.... .........
FUEL. ’
23. Size and condition: Nut, medium bhright—small, 65 per cent; slack 35
per cent.

24. Weight of wood used in lighting fire.................. pounds. . None
25. Weight of coal as fired........... ..., do.... 11,200
26. Percentage of moisture in coal........... ... ... . i 16.01
27. Total weight of dry coal consumed................. pounds.. 9,407
28. Total ash and refuse. .. ...ttt nninienrnnneanenns do.... 1,328
29. Quality of ash and refuse, clinker................... per cent.. 57

. i § pounds.. 8,079
30. Total combustible consumed...................... 1. do....*7700
31. Percentage of ash and refusein dry coal.............ccvvuun.. 1412

*&bsolute.

*Calculated from chemijstry of ash.
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36.

43.

44,
45.

47.

48,
49.

50.

or o
S o]

54.
55.
56.

FUEL VALUE OF IOWA COALS

PROXIMATE ANALYSIS OF COAL.

Per cent Per cent of
of coal combustible

Fixed carbon .. ... 38.83 55.01
Volatile matter ......... .. .. . . . . 31.76 144,99
MoOIStUre ... e 1601 ...........
ASD 13.04 ...........
100.00  100.00
Sulphur, separately determined....................... 3.09
ULTIMATE ANALYSIS OF DRY COAL.
Carbon (C) ... e 65.21 77.59
Hydrogen (H) ... i i 4.71 5.6
Oxygen (O) .. e e 9.12 10.85
Nitrogen (N) ... e 1.33 1.58
Sulphur (S) . e 3.68 4.38
ASh e 1595 ...,
100.00  100.00
Moisture in sample of coal as received............... 16.01
ANALYSIS OF ASH AND REFUSE.
CarDON e e per cent.. 15.49
Earthy matter ... .. e do.... 84.51
FUEL, PER HOUL,
Dry ¢oal consumed per hour........................ pounds. . 942
. : ) . §..do.... 809
Combustible consumed per hour.................. . do.... *771
Dry coal per square foot of grate surface per hour....... do.... 23.23
Combustible per square foot ot water-heating surface { ..do.... .398
Per OUE .. e }..do.... *38
CATORIFIC VALUE OF FUEL.
Calorific value by -oxygen calorimeter per pound of dry coal, N
B. L. U e D 11,963
Calorific value by oxygen calorimeter per pound of combustible,
B, L. U o e 14,233
Calorvific value by analysis per pound of dry coal, B. T. U...... 11,848

Calorific value by analysis per pound of combustible, B. T. U.. 14,096
QUALITY OF STEAM.

Percentage of moisture in steam............. .. ... . .. .. ... .. 1

Number of degrees of superheating........................... None
Quality of steam (dry steam=unity)................ per cent. . 99.24

*Calculated from chemistry of ash.
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59.
60.
61.

62.

63.
64.

68.

69.

70.

72.

-1
[

74.

76.

1.
78.
79.

BOILER TESTS ON IOWA COALS

WATER.
Total weight of water fed to hoiler................... pounds. .
Equivalent water fed to boiler from and at 212°........ do....

Water actually evaporated, corrected for quality of steam..do. ...
Factor of evaporation............ ... i,
Equivalent water evaporated into dry steam from and

at 212° ........ o e e e e e pounds. .

WATER PER HOUR.
Water evaporated per hour, corrected for quality of

steam .......... e e e e e pounds. .
Equivalent evaporation per hour from and at'212° ...... do
Equivalent evaporation per hour from and at 212° per square

foot of water-heating surface........................ pounds. .

HORSEPOWER.

Horsepower developed (34% pounds of water evaporated per

hour into dry steam from and at 212°=1 horsepower)........
Builders’ rated horsepower............... P
Percentage of builders’ rated horsepower developed............

ECONOMIC RESULTS.
‘Water apparently evaporated under actual conditions per pound

of coal as fired. (ltem 57-=item 25)...... ..., pounds. .
Equivalent evaporation from aund at 212° per pound of coal
as fired. (Item 6l-item 25)................... a....pounds. .’
Bquivalent evaporation from and at 212° per pound of dry coal.
(Ttem 61=item 27) . ... ... e pounds. .

Equivalent evaporation from and at 212° per pound of { ..do....
combustible. (Item. 61--item 30).................

EFFICIENCY.

Efficiency of tbe boiler-(heat absorbed by the boiler
per pound of combustible divided by the heat value { per cent..
of 1 pound of combustible)..................... l-...do....

'Eﬂiciency of boiler, including the grate (heat absorbed by the

boiler per pound of dry coal divided by the heat value of
1 pound of dvry coal)............ ... ... per cent. .
COST OF EVAPORATION.
Cost of coal per ton of 2,000 pounds delivered in boiler room
(AaSSUMIEA) oottt e
Cost of fuel for evaporating 1,000 pounds of water under oh-
served CONAILIONS ... ... .....uutiiee et
Cost of fuel for evaporating 1,000 pounds of water from and
AL 2120 e

SMOKE OBSERVATIONS.
Percentage of smoke as observed.............o.iiiiiiiaaan.

‘Weight of soot per hour obtained from smoke meter....ounces..
Volume of soot per hour obtained from smoke
507 o= P cubic inches..

*Calculated from chemistry of ash.

457

59,083

71,065

58,632
1.2028

70,623

5,873
7,064

204.75
210
97.5

5.28

7.5

8.73
*9.16

59.23
*62.10

60.54

$1.00
$0.0947

$0.0793
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&J.
81.
82.

" 83.

84,
85.
86.
87.
88.

METHOD OF FIRING.

Kind of firing (spreading, alternate or coking)................ Alternate
Average thickness of fire...... ... .. i, inches. . 9
Average intervals between firing for each furnace during time

when fires are in normal condition................. minutes. . 6.3
Average intervals between times of Ileveling or breaking

L0« T P do.... 22

ANALYSIS OF THE DRY ‘GASES.

Carbon dioxide (CO,) ... vttt et in e per cent..
Oxygen (O) .............: e e do....
Carbon monoxide (CO)u .ot ottt eianen.. do....
Hydrogen and hydrocarbons................ ..o, do....
Nitrogen (by difference) (N).................... v.o...do. ...

HEAT BALANCE, OR DISTRIBUTION OF THE HEATING VALUE OF THE COMBUSTIBLE.

Total heat value of 1 pound of combustible, B. T. U............ 14,233
. B.T.U. Per cent

Heat absorbed by the boiler=evaporation from and at 212° ©

per pound of combustiblex965.7......... ... ... ..., 8,846  *62.1
Loss due to moisture in coal=per cent of moisture referred

to comhustible+100x [ (212—£)+966+048 (7—212)]1 (t=

temperature of air in the boiler room; 7T=that of the flue

BASES) ottt e e e e 290 <2.03
Loss due to moisture-formed by the burning of hydrogen=

per cent of hydrogen to combustible+100x9x [(212—¢)+

9664+0.48 (T—212)] ..ot e 644 4.52
Loss due to heat carried away in the dry chimney gases=

weight of gas per pound of combustiblex0.24x (T'-%).... 2,709 19.03
Loss due to incomplete combustion of carbon= N

CO?—ECOXPM cent O ’1%0°°mbusmble>< 10,150+ ... oooo ... 272 1.91
Loss due to unconsumed hydrogen and hydrocarbons, to

heating the moisture in the air, to radiation, and unac-

counted for. (Some of these losses may be separately

itemized if data are obtained from which they may be

calculated) . ... ... . .. 1,472 10.41

100.00
REMARKS.

Dry coal per indicated horsepower hour=3.77 pounds.
Dry coal per electrical horsepower hour=4.66 pounds.

*Calculated from chemistry of ash.

PRODUCER-GAS TESTS

The general results of tests of gas producer and eas eneina
using Towa No. 2 coal are shown in the followine tables:
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LOG OF PRODUCER-GAS TEST ON IOWA NO. 2 COAL, JANUARY 30, 31, 1905.
(Coal from mine No. 5 of the Mammoth Vein Coal Company, Hamilton, Jowa.)

i = | | Manome-
B Q | ters at gas Speed |
»8 & 2| 2 meter | Auxillary eounters on
a8 ° | & 2 (inches motors gas engine
.B 8.| o ° 5] | ‘water) |
B . — e | ——
. Z 133 L t
Time Eu < 5 3 | i
o & = |-' @ pod
ao [ o | | | = u
=] g = g | 2 I
S 4 8= ng 11 2 =i ) 1 2
8 o (g% 2% s | 8
‘o a o 52 =2 = g
o s = B B <
1 2 3 4 5 8 7 8 9 10 11

3.30 A, 1., @] B00f it o e han o e T sl srebn )l con | Sasas
10.05 a. m___. ____| 7 .0 — 0.7 8 s

1,049,800
1,053,500

1,077,950/
1,083,820
1,000,150
1,096,000)
1,101,720
1,107,360

111,113,000 %
| 1,118,720l 72 ______
300 1,124,350 73 48,203

5.05 p. mo___

aJanuary 30. Average barometer for entire test, 29.92 inches.

u.‘(’j Manome- Gas calorimeter
Load g: (elhs at — - ‘m' | |
[+ e
« § | Producer Temperatures |o 2 B. T. U.
Sal__  —  [®x ® |
Polw |w water |88 | B b
I ok 3 ~|q o b= N
| o |BE[Eak[Ee | = -5 |88 | & s
8 7885887 5ol & | o 2
m D) o=~ 8989|128 ¢ o 2 lop8 o 2 B
1 & AR Qe ~ - L |=FE = &
= gd A% angoc o 5} = |ewgl 2 |
o g ol ~rH skl o« a 3 (s~ B o ]
> | < | e 2o s | 2| oD 5| « | &
12 13 14 15 16 17 18 19 20 pa 2 | 23
|
B e e N, WS, DT L
242|621
220 624
230 624
231 624
228 619
27 624
238 624
22 619
230, 621 = gL 13 5
624 ; e B2 4.4‘ 13.9 710 5
W e R 2 T | il T g Ul v STl
210 624 42 4 5.0/ 64 4.4; 14.5 740 .2 148.0 148.8
240, 610 460 _____ ______ 68 4.6 15.2 830 2] 174.2 1764
2:;si 581 300 BECE & i
EIT I i e
298| 624 DS e )
239 621 760 2| 147.6
210 604 610 .21 163.5 2
211 614 470 _____|_____. 6 17.5 610‘ .2‘ 163.5 165.2
240| 6014 490 .. . 4.4] 17.d 630 2| 162.3‘ 163.8
“210| 616 460 -
2411 614 460 __ |
240/ 614 410 0.3/ 5.0 63

b Meter connected with calorimeter clogged.
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LOG OF PRODUCER-GAS TEST ON IOWA NO. 2 COAL, JANUARY 30, 31, 1905—Continued.
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PRODUCER-GAS TESTS . 463
GAS ANALYSES.
| _ . — __
Time } CO:2 ) Oz. ' CO. ) He J CH4 | N. } Total |B.T.U.
SIS " - = — :
10.30 a. w.¥ ________ I 9.4 0.0 12.8 7.8 5.6 64.6 | 100.0 | 127.8
12.30 p. m__________ 10.6| .2 11.2 | 22.1 | 8.2 | 47.7 | 100.0 | 199.3
2.30 p. mo___________ 10.4 | .2 2.0 6.8 .6.8| 63.8|100.0 | 138.0
430 p. m____________ 9.8 .2 12.6 ] 12.0 7.4 58.0 | 100.0 | 164.5
6.30 p. Moo i 10.2 .2 13.0 6.7 9.2 60.7 | 100.0 | 166.7
8.30 p. mo________ 9.6 .2 13.6; 5.8 9.2 ' 61.6 | 100.0 | 165.6
10.30 p. m__ . _____ 10.4 .2 13.0 5.5 7.3 63.6 | 100.0 | 142.3
12.30 a. m.fo___ 11.0 .0 11.2 6.5 6.8 64.5|100.0 | 134.1
2.30 a. mo___________ 11.8 .0 ‘ 8.4 4.9 89 66.0 100.0 141.2
4.30 a. Moo 13.0 | .0 6.2 3.9 7.8 69.1 | 100.0 ' 118.3
6.30 a. m____________ 12.0 .0 9.8 5.6 8.8 | 63.8 | 100.0 | 147.2
8.30 a. m__._______.__ | 13.4 4 | 9.8 | 3.8.| .0 72.6 1 100.0 | 117.6
*January 30.
tJanuary 31.
PRODUCER-GAS TEST ON IOWA NO. 2. COAL.
1. Duration of test, in hours.......... ... ... .. . ... 1-3.33
AVERAGE TEMPERATURE, °F.
2. Gas leaving producer........... ...t ouiviuiriinnnia 893
OUTSIDE POWER CHARGED AGAINST PRODUCER PLANT.
3. Total steam used by producer.................... pounds. . 3,065
4. Steam used by producer per hour.................... do.... 230
5. Equivalent in pounds of coal per hour.................... 45.9
6. Equivalent in pounds of dry coal per hour................ 38.2
7. Equivalent in pounds of combustible per hour........... 28.7
8. Average horsepower required to drive auxiliary machinery. . 10.9
9. Total water used in scrubber and tar extracter..cubic feet.. 2,133
10. Cubic feet of water per hour per horsepower of producer
PlANE . e e e .64
11. Cubic feet of water per 1,000 cubic feet of gas produced.... 9.12
COAL CONSUMED IN PRODUCER.
12. Total coal consumed ...........ccviimriinnnnnn pounds. . 4,833
13. Moisture in €oal.. ...ttt per cent.. 16.69
14. Total dry coal consumed. . ........couurrennnenn. pounds. . 4,030
15. Refuse from dry coal........ ... ..., per cent.. 24.85
16. Total refuse from coal........................... pounds. . 1,000
17. Total combustible consumed........................ do.... 3.030
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COAL PER HOUR.

18. Coal consumed in producer.................v.... pounds. . 362.5
19. Dry coal consumed in producer.................... do.... 302.5
20. Combustible consumed in producer.................. do.... 227.5
21. Equivalent coal used by producer plant..............do.... 408.4
22. Equivalent dry coal used by producer plant........ do.... 340.7
23. Equivalent combustible used by producer plant...... do.... 256.2

COAL CONSUMED PER SQUARE FOOT OF FUEL BED PER HOUR.

24. Coal as fired ........ ... i it pounds. . 9.43
25, Dry Coal ... e e e do.... 7.87
26. Combustible ........ ..o e e e do.... 5.92

BRITISH THERMAL UNITS FROM €OAL.

27. Per pound of coal as fired.................. .. ... ... ..., 8,735
28. Per pound of dry coal.........vitiit it it e 10,489
29. Per pound of combustible.............. ... ... .. .. ... ... 13,950
30. From coal as fired, per hour.............................. 3,175,000
31. From dry coal, per hour.............ccotiiiimneinnnnnn-. 3,175,000

32. From combustible, per hour................. ... oo .. 3,175,000

GAS PRODUCED, CUBIC FEET.

(Gas at 62° F. and 14.7 pounds pressure.)

38, Total L. e e e 234,110
34, Per BOUT ..ttt et e e 17,570
35. Per pound coal consumed in producer.................... 48.5
36. Per pound dry coal consumed in producer................ 58.1
37. Per pound combustible consumed in producer............ 77.2
38. Per pound equivalent coal used by producer plant........ 43
39. Per pound equivalent dry coal used by producer plant.... 51.6
40. Per pound equivalent combustible used by producer plant.. 68.5

BRITISH THERMAL UNITS FROM STANDARD GAS.

41. Per cubic foot........ .ot e e 160.2
42, Per pound dry coal burned in producer................ 9,300
43. Per hour per brake horsepower..............covueiivine.n 12,130

AVERAGE HOBSEPOWER DEVELOPED.

44. Electrical horsepower available for outside purposes........ 186.6
45. Electrical horsepower developed at switch board.......... 197.5
46. Brake horsepower available for outside purposes........... 219.5

47. Brake horsepower developed at engine.................... 232.3
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Graphic log sheet, producer-gas test, ITowa No. 2 coal.
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COAL PER HORSEPOWER PER HOUR

Combust-
ible

| Cgiégs | Dry coal

48. Pounds consumed in producer per electrical | |
horsepower available for outside purposes. 1.94 1.62 1.22
49. Pounds consumed in producer per electrical | |

horsepower developed at switch board.... : 1.84 1.53 1.15
50. Pounds consumed in producer per bra,ke:
horsepower#* available for outside purposes | 1.65 1.38 1.04

51. Pounds consumed in producer per brake
horsepower* developed at engine ....... 1.56
52. Kquivalent pounds used by producer plant
per electrical horsepower available for out- |
side PUIPOSES . .vvvnvreareeaeneannnns ' 2.19 1.83 1.37
53. Equivalent pounds used by producer plant ’
per electrical horsepower developed at
switch board ............ ... .. ... . ... 2.07 1.73 1.30
54. Kquivalent pounds used by producer plant i
per bralke horsepower* available for out-i i

1.30 .98

side PUIPOSES . ..vvveierrnenrnnnnannnns 1.86 | 1.55 1.17
55. Egquivalent pounds used by producer plant | |
per brake horsepower* developed at engine 1.76 | 1.47 1.10

AVERAGE COMPOSITION OF COAL AND GAS.

56. Coal: Per cent 57. Gas by volume: Per cent. -
Moisture ............... 16.69 Carbon dioxide (CO.).. 10.06
Volatile matter. ........ 31.42 Oxygen (0.) ........... 17
Fixed carbon .......... 31.19 Carbon monoxide (CO).. 12.57
Ash ................... 20.70 Hydrogen (H,) ........ 9.53

Methane (CH,) ......... 7.67
100.00 Nitrogen (N.,) ......... 60.00

Sulphur ............... 5.50 ’
. 100.00

This coal was very high in sulphur (5.50 per cent), but did not
clinker in the producer. The results were, however, not so satis-
factory as might he expected. There is no doubt that better rec-
ords can be made from this coal in a second test. The lack of
uniformity in the gas made it difficult to adjust the engine to
meet the changes.

Fifty gallons of black tar were extracted.

*Based on an assumed efficiency of 85 per cent for generator and belt.
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GAS ENGINE.

The report covers the records taken from 10:45 a. m. January
30 to 12:05 a. m. January 31, a period of 13:33 hours. After
12:05 a. m. January 31 it was impossible to carry full load on the
engine.

Right cyllgder. M.E.P.,

., 58; Max., 280;
el.,24; 1. H. P., 93.2

S=

Center cylinder, M, E. P,, 59; Max., 260; Left cylinder. M. E. P., 50; Max., 290;
Rel., 26; 1. H. P., 1.8 Rel., 24; I. H. p,, 80.3

Figure 103. " Indicator diagrams taken January 30, 1905, during gas-engine test on
Jowa No. 2 coal. Revolutions per minute, 204.1.

The results of tests made on the gas engine are given below:
REPORT OF GAS-ENGINE TEST ON IOWA NO. 2. COAL.

Coal: General num'ber, Iowa No. 2; special number, G. P. 22. Car initials
and number, 43574, Wabash.

Duration of test, in hoUrS. . ..... ... .. .. ittt 13.33
Revolutions per minute (mean).............unieiie i nnnnennennnn 202.7
Explosions per minute (mean)........... ... ... 101.35
Cubic feet gas per hour, by meter......... ... .. ..y 17,820

Cubic feet standard gas per hour (i. e, 62° F., 14.7 pounds pressure) .. 17,560
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Maximum pressure:

First cylinder ...t e e e 272

Second CYINAEr ...ttt . 282

Third cylinder . ... i e 272
Pressure at release: _

First cylinder . ....... .t e 24

Second cylinder . ... ... .. . e 26

Third cylinder ......... e e e e e e 24
Mean effective pressure;

First eylinder . ... . e e, 58

Second cylinder ... . ... e e 59

Third cylinmder . ... ..t e e e e e e e 54
Indicated horsepower: ' _

First cylinder . ... i e e e 93

Second cylinder ...........iiit it e e e 95

Third ey linder. .. oot e e e e 87.05

Total indicated hoOrsepower. ... .........oitiiiiirennnnennnnnnn 275.05

Horsepower delivered (electrical Horsepower) ........................ © 1975
Mechanical efficiency (engine and generator combined)....per cent.. 71.8
Cubic feet standard gas per hour per indicated horsepower............ 63.9
Cubic feet standard gas per hour per electrical horsepower............ 88.9

COKING TESTS ON IOWA COALS
IOWA NO. 1.

Lump and fine coal from mine No. 2, Anchor Coal Company,
Laddsdale, Towa.

In this test, as in all those on Towa coals, the charge was of
washed coal (page 474). The charge weighed 9,500 pounds, and
after burning 46 hours yielded 4,828 pounds of coke and 572
pounds of breeze and ash. The coke was brittle, with cracks
lengthwise and crosswise through it. It was also high in sul-
phur and ash.

Analysis of Towa No. 1 coal.'

Chemi- N ' |
Vola- | Fixed
callab- woio.| ‘tile | car- | Asn | Sul-
Character of coal |orat’ry| o™ i ovterl bon phur Remarks
num- I
ber Per ct.i‘ Perct. | Perct,| Per ct. | Perct. |

| | 1
Washed oo 1 1856 12.84 ‘ 35.91 \ 41.00’ 10.25 4.61 Used for coking test.
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Coking test and coke production.

= | Per ct. of yield
15 | o —_—
21| 9 |a £
518, &8 2 :
Test number | When charged When drawn 3_ P u i 3] ﬁ =] g
= [2[s]8 8¢ g =
;: (3} |® (=] —_ ~ g 3| s
- ... |0, o
Eg @ o3| ga; Ss|loe & g w | ©
= oL S| o | e « S| &
Ex| 3538 =3 | eSjE]| 2 |2 & | d
31 (washed)..|Nov. 3, 3 p. m._[Nov. 5, 1 p. m_.| 46 9,500’ 916|3,912 4,828‘ 572’ 9.5‘41.2‘50.8« 6.0

Physical and chemical properties of coke produced.

| [l
o o g
Grams in| Pounds | Percent- (2758 03| ’ E .
1 cubic (inlcubic| ageby |ZaN =T a Chemical analysis
inch foot volume 55 93 I
E S
R g
| 55al=2 b | S i
Test wggiasd R 8
num- 0§ E= > | 3 s | ®
ber NIl gl= s | 9 ]
' ol T » & | = g8 & B
@R O e ol | o A o
| dgm| O 2 o g B O 8‘; w | B as
S gy | & P=E -1 ggl gl 9g gl 2 8
| coldlgo =] = |8 S8 Selwe S| a8| &
o | o= o| 2] 2 ggslma T8 B, 29 83 g3 (98|89
18 k| 8|3 | 3 |35EE5y 5|8 E5|ok o5 L5555/ 88
AlB | A|B| O | O [0ogmald m |« |0 2&| »A|&A| <A| ok | &L
‘ 7 7 | |
fc2 SN | 11.4 19.7-5%43.32‘75.05{ 19! 51| 180 72‘ 2.2! 1.87‘ 1371110.53‘ 1.63 70.39}17.45i 3.89|0.051
| | | | |

The coke produced with this washed coal showed cracks length-
ways and crossways. It was very brittle and hroke up into small
pieces in handling. These pieces seemed to be fairly hard and
of good cell structure. The ash, sulphur, and phospherus are
high, making the coke unfit for blast furnace and foundry pur-
poses, and the smallness of the pieces would make it undesirable
for use in lead or zinc works.

IOWA NO. 2.

Run-of-mine coal from mine No. 5, Mammoth Vein Coal Com-
pany, Hamilton, Towa. ‘

The charge in this test consisted of 10,000 pounds of washed
coal (page 474), which was burned for 64 hours. The coke (3,-
866 pounds, with 1,153 pounds of breeze and ash) was all in
small pieces sintered together and with no bond.
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Analysis of Iowa No. 2 coal.

Chem-

ical Vola- | ;
= sl : | Fixed
Character of coal I:t%?.g _%3:.: 32&_ | g%ll')- Ash |Sulph'r Remarks
| num- ‘ | ter |
B | b_er_ Perct. | Perct. | Perct. | Perct. | Perct.
Washed _loooooo_.._ [ 1483 | 18.85 | 35.44 ‘ 35.43 ‘ 10.28 3.93\Used for coking test.
1 1

Coking test and cOke production.

Time | Coal | Total Bree&Le
Test number When charged | When drawn O‘l,gn c(l:vgte)d mcggg ey

s _ . Hours| Lbs. Lbs. | Lbs.

| |
49 (washed)o oo Nov. 26, 5 p. m__Nov. 29, 9 a. m__ 64 10,000, 3,866 1,153

This charge made some coke, all in small pieces, sintered to-
gether, which broke up in drawing so that ash and breeze formed
one-fourth of the total product. This coke could be used only for
domestic purposes and would not be very desirable, even for
such use, on account of its high ash and sulphur. The small-
sized pieces of this coke would make a poor fuel at lead or zine
furnaces.

IOWA NO. 3.

Lump coal from mine No. 4, Gibson Coal Mining Company,
Altoona, Lowa.

The charge in this test consisted of 8,000 pounds of washed
coal (page 475), which was burned for 43 hours. It yielded 3,-
336 pounds of fine-fingered, brittle coke that was high in sulphur
and ash, and 585 pounds of breeze and ash.

Analysis of Iowa No. 3 coal.

| Vola- | Fixed )
Moist-| tile car- | Ash Sul-
ure |matter| bon phur Remarks

|
Chemical

Character of coal [laboratory
number

Per ct.] Perct. | Per ct.| Per ct.| Perct.

Washéd ___________ 1389‘ 16.83 39.2’7‘ 35.87‘ 8.03| 4,55|Used for coking test.
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Coking test and coke production.

’

I 'a |8 " % gU_gPerct of yield
- 8 (212 (S |28 T T 2
: | a |8 Q
Test number | When charged | When drawn (S8 |g E °gl8 w|§ B e
oSz w5 |Ss(eg w5 |F|eT
BS| 8% 52|88 5E(2a 5§ 8| 5 |28
I[_‘h:oq\..m e @ Q|2 |E
2471'3336 030‘10 8}30 9‘ 7.3

So(wasbed)__.lNov 8, 2p. m.__ Nov 10, 9. a. m_. 43‘

Physical and chemical properties of coke produced.

Gramsm Pounds | Percent- |58 4243 g | . .
1 cubic |in1cubic| age by n.us ugg = Chemical analysis
__inch foot volume |g37(SE =
S el A — A B i T T
| ﬂkog | |
[ 20283 2 .
toflag > | @ o
Test |[@— g ax =13 g |4
number Las|sk - R=EE o
205y ] Q2 2
CEP ] w | B(= | B |5 2
87zl | 2| o |8 |Ew|ew 8s| ul5%|3:
2,800 | &g |2 |58 =R[S8] gl Zg| At
|Q-—E.¢:1D. z S 1828|258 9ws s|lag| a8
[ i85 &l el & | 2 [25|%2w B3 35|20 2a|8c|as|gy]8
2| @ Bl | 9| @ |62%|0Zal & | B |a8|85| 5| HS |2k B8 A%
,QABQ B| S | & 8° 505 8 | o |88 =a| S| Ad| 24| B4 A4
(
[ SO 13.1} 22 42\49 T3185. 19\ 43\ 57\ \ 66| 2.8\ 1.%) 1399 73~ 1. 87]’7:1 .49)16. 91( 4. 57’0 018

This coal made a brittle, fine-fingered coke, in small pieces,
which broke up easily, although they were hard. The cell struc-
ture was high and the ash and sulphur very high, which would
exclude any of this coke from metallurgical use.

JOWA NO. 4.

Lump coal from mine No. 3, Centervﬂle Block Coal Company,
Centerville, Towa.

The coke produced in this test was of the same general char-
acter as that obtained from Iowa No. 3, except that it was not
quite so high in either sulphur or ash. The charge consisted of
8,000 pounds of washed coal (page 475), which was burned for
40 hours, producing 3,722 pounds of coke and 426 pounds of
breeze and ash.

Analysis of Iowa No. 4 coal.

Chem-|

ical Vola- | Fixed
Moist-| ".; Sul-
labo- tile car- | Ash
Character of coal ratory matter] bon phur Remarks
num-

ber Per ct.| Perct.| Perct.|Per ct.| Perct.

Washed ... L 17.80‘ 57.50 | 37.39) 714 |  5.50|Used for coking test.
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Coking test and coke production.

- 21558 o |2 |0l 1.Jg|Per ct. of yield
' Z | &ag |8 | HN qmi'
] o
Test number | When charged | When drawn -E:, 5‘,|$ g |:o A E 2 g§
g358| 24 Tal ST 64 23| 8|80
= Op| ®&| 02 O Sal § o |ega
g 0Z| an z»:;e«Ei ma| A= me
f = i i
34 (washed)_. Nov. 7, 5 p. m..‘.\lov. 9, 9 a. m.. 5.3
| l |
Physical and chemical properties of coke produced.
4 D
Gramsin| Pounds Percent- 594 053' ! IE
1cubic |inlcubic age by |2ES Em&\ = Chemical analysis
inch | foot ‘ volume ng ga a |
— — ey é‘l“ 0O ’ b l |
22 o5 | ) | |
‘ Eg9€g8 R |
Test s e = 5 by |
num- gasl‘_-‘; T8 s | l
ber .anﬂ_c s = g |8 | E
agnlyg o W = o (% ‘ |g
o—3op @ o 8§ Ew ow §s wu|bw|Ss
5.3496 | a|l 2% |25/58| 8l §|2E|a8
olslwls| 8| 2 |F2888,) 2§ |5, 885050 0505
B8 B8 3| T |sSE5oy 5| & 2255 ok M5 8555|585
RIE | A|BE| O | O 055maE| £ | o OF =2R|pA| A <A af| &l
- . - —— . : LI
34 __ 12.6/ 21.6;(7.88!82.08| 45 56, 160! 6-;! 2.6 1.82 14001'3 Oa 2.32/73. 10'11 63 2.97.0.013
| | | | |

The coke from this coal showed the same structnre as the
other Towa cokes. Tt was fine fingered, very brittle, and broke
up into small pieces. The cell structure was high, ash and phos-
phorus normal, but sulphur very high. T.ead and zinc works
could use it, but it is not very desirable even for them on ac-
count of the small size of the coke.

IOWA NO. &.

Run-of-mine coal from Inland mine No. 1, Inland Fuel Com-
pany, Chariton, Towa.

The result of this test, made on 9,000 pounds of washed coal
(page 475), and burned for 66 hours, was a mixture of unburned
coal, charred coke, and ash.

Analysis of Iowae No. 5 coal.

Chem- _
Character of coal ]:‘cbaol' ipaim Vg{g- Fcl;x?-d Ash Sllnllll-r Remarks
Ak ratory matter| bon | p |
num-

| ber Per ct.| Perct.| Per ot.| Perct.| Perct.

Washed _____________ ‘ 1419 | 19.25 | 31.07 @ 41.75 7.93 E.QS’Used for coking test.
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Coking test.

Time C9al
Test number When charged When drawn oi'%n c(lrxwgg)d Remarks
Hours| Lbs.
1
40 (washed)_______. ;Nov. 14, 3 p. m_-(Nov. 17, 9 a. m________ ’ 66 ‘ 9,000|No coke.

Though this washed coal started off very well in a hot oven,
all that was gotten out of it was unburned coal mixed with pieces
of charred coal and ashes. There was no sign of fusing and the
coal was manifestly noncoking.

All of the Towa coals tested are too high in sulphur to produce
blast-furnace coke, and as the sulphur occurs largely as gyp-
sum it can not be removed by washing. The ash is.also high in
relation to the fixed carbon.

BRIQUETTING TEST WITH IOWA COAL

Iowa No. 4—One ton of this coal was briquetted with 7 per
cent of pitch E.* The briquettes were well pressed, of a gray-
ish color, but on cooling crumbled decidedly. They weighed
6.73 pounds each. As they did not contain an excess of pitech, 7
tons more of this coal were briquetted with 8 per cent of pitch
E, in order to have a sufficient quantity for a steam test. The
resultant briquettes were bluish black in color, but were not

~quite hard enough, although fairly strong, and would stand con-
siderable rough treatment in transportation. In burning they
held together until consumed. They weighed, on an average,
6.77 pounds each. The eggettes made from this sams mixture
were stronger than the briquettes, had a polished surface, but
were very brown in color. In the cook stove they burned satis-
factorily, ecrumbling little until consumed.

The steaming test made of these briquettes gave considerably
better results than the original coal, indicating that the coal has
been much improved by briquetting. The results of the boiler
tests of both the coal and briquettes are given in the table below:

*Pitch E shows the following composition.

Proximate analysis; moisture, 1.02; volatile matter, 54.11; fixed carbon,
44.04; "ash, 0.83; sulphur, 0.66.

Ultimate analysis; Hydrogen, 4:22; carbon, 91.30; nitrogen, 1.00; oxygen,
1.99; sulphur, 0.66.

Analyst, Mr. E. E. Somermeier, St. Louis Testing Station. See Prof. Paper
No. 48, p. 1397, U. S. Geological Survey. See also Bull. 343, p. 52, U. S.
Geological Survey.
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Resulls of steam test of Iowa No. } coal and briquettes.

- - : |
Chemical composition > shclassl g | =g
= 5 |834 824 341 &g
[ s 3 0»4 SuN ®= TN
3% 3 18 |g8 |52 |5 |3
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o g ° 21 2 5 B | w2588 =B | <%
[ O e - ] ) o =3 Q0| =E° oa o
o2 | 2% 5% SE | 8 S aw | efalSap|
5| ©5 28 §| 25 | S| = 0d | E.l2xgdl % | °2
o9 <9 @O Q 2.8 R = . o :,@ —Hg 2 a
VY g A &y | S w3 | & =g | BEC| 20 o | o
ey [ of TR ,—_1.8 50 o0 R LoOs| ofg| &S 54
BA | »a | S| <& | @ el | R | m9 |a®=|m¥°| a® | g
- — wpcin Wl ca _ Gl - LR
Briquettes ____[37.85 | 36.50 | 13.24 | 1241 | 3.90 | 10.02 | 9,900 | 184.5 | 21.11 | 7.43 3.80 | 4.70
Coal, mine runl37.28 | 34.09 | 13.48 | 15.15 | 5.04 | 10.00 | 9,385 ' 167.3 | 20.02 | 7.11 | 3.98 @ 4.91.
|
|

WASHING TESTS WITH IOWA COALS.

S IOWA NO. 1. .

Lump and fine coal from mine No. 2, Anchor Coal Company,
Laddsdale, Towa.

About 5 tons of this coal were washed for a coking test, but
the coal was not tried in a raw condition, and consequently the
coking test affords no clue to the improvement made by wash-
ing. The change is shown py the chemical analyses:

Analyses showing effect of washing Iowa No. 1 coal.

| * Washed
C

| san?s le ‘ Cc%zgig’gr

Ash e 16.0 I 10.25

Sulphur ____________ 5.03 4.61

IOWA NO. 2.

Run-of-mine coal from mine No. 5, Mammoth Vein Coal Com-
pany, Hamilton, Towa.

About 5% tons of coal were washed for a coking test. The
reduction of impurities effected by washing was not great, as
shown by the following analyses:

’ Analyses showing effect of washing Iowa No. 2 coal.

C | Washed
sample | GaLieT
|
Ash e 15.22 10.28
Sulphur e | 4.66 ‘ 3.93
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IOWA NO. 3.

Lump coal from mine No. 4, Gibson Coal Mining Company,
Altoona, Towa.

About 41 tons of this coal were washed for a coking test.
The improvement in the quality of the coal effected by washing
is shown in the following analyses:

Analyses showing effect of washing Iowa No. 3 coal.

‘Washed
Car
cample | CGALIST
Ash ol 14.01 8.03
Sulphur __ e 6.15 4.55

TOWA NO. 4. .

Lump coal from mine No. 3, Centerville Block Coal Company,
Centerville, Towa.

A charge consisting of about 414 tons of this coal was washed-
for coking purposes. The results were not so satisfactory as
those obtained on other samples from this state. The analyses
are given below:

Ca ! Washed

T
sempre | Sofor
Ash A A ada ____ R P 10.96 | 7.14

Sulphur oS ed b 4.26 | 3.59
IOWA NO. 5. '

Run-of-mine coal from mine No. 1, Inland Fuel Company,
Chariton, Towa.

A charge consisting of nearly 5 tons of this coal was washed
for a coking test, but the coal did not coke, although the washing
was fairly successful in reducing the impurities, as shown by
the following analyses:

Analyses showing effect of washing Iowa No. 5 coal.

Washed
Car
| sample . c&akllglogr
i 1 - .
Ash | 12.63 7.93

Sulphur e S I 7 3.19 2.28
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ANALYSES OF IOWA COALS
BY JAMES H. LEES AND A. W. HIXSON.

COLLECTION OF SAMPLES

‘While the present volume was in preparation it was thought
well to compile as complete a list of analyses of Towa coals as
possible. 1t soon became apparent, however, that these anal-
yses were not comparable with one another since they were
made by different persons and under widely varying conditions.
Hence it seemed desirable that a series of samples should be
collected and analyzed under conditions as nearly uniform as
could be secured. The Assistant State Geologist collected such
a series and the analyses have been made by Professor A. W.
Hixson, of the department of Mining at the State University of
Towa. : '

Sixteen mines were sampled, selected as representative of the
important mining districts of the state. Practically the same
method of mine sampling was used as was employed by the
United States Geological Survey in collecting the samples which
were analyzed at its coal-testing station at the Louisiana Pur-
chase Exposition at St. Louis in 1904. The method was about
as follows: The room or entry selected for sampling was one
from which coal was being mined at the time the sample was
taken and thus a fresh face was assured. A portion of the face
was cleaned to remove powder smoke or coal which had been
exposed to the air for any considerable period of time. A strip
was then cut across the seam from floor to roof and ahout three
inches wide and one inch deep. All bony streaks or sulphur
bands over one-fourth inch thick were thrown out. The coal
cut down in this way was collected, as it fell, upon a rubber cloth
to avoid any danger of mixture with dirt or moisture on the
floor. Immediately upon arrival above ground the sample was
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broken up, on a clean hard surface, into fragments one-half inch
or less in diameter. It was then thoroughly mixed and quart-
ered, alternate quarters rejected and the remaining quarters
mixed and further pulverized and again quartered, until about
a quart remained. This was put into a clean can with a tight
fitting lid which was driven down solid and the joint sealed by
wrapping with tire-tape, so that it would be air-tight. In short
every effort was made to the end that the sample should repres-
ent as closely as might be the commercial output of the mine
and that the original characteristics of the coal should be pre-
served until it was analyzed. .

A slip of paper giving the number of the samp]e tooethel with
the name and location of the mine was enclosed in the can to
render identification certain. The sample number was also
marked on the outside of the can. The sample was later shipped
by express to the laboratory at Iowa City.
sarnping . Comaaremt Ve ot Coal-Mne: Sampling - Trans. Am. Tnet. Min: Bng.

Vol. 36, pp. 1053-1065. The Value of Coal-Mine Sampling: Economic Geology, Vol
1I, No. 1, pp. 48-57, 1307.

LABORATORY METHODS

The metheds followed in the analytical work were essentially
those adopted in the report of the committee on coal analysis
of the American Chemical Society and those employed in the
chemical laboratory of the coal testing plant of the United
States Geological Survey at the Louisiana Purchase Exposition
at St. Louis in 1904. .

The analytical work consisted of the proximate analysis of
the coal samples with the determination of sulphur and calorific
value in addition.

PREPARATION OF THE SAMPLE

When the sample arrived at the Jaboratory it was immediately
given a serial number for identification purposes in the labora-
tory. The number and deseription on the tag were compared
with the number and description on the slip of paper within the
can to make sure they agreed. They were then entered in a
book for permanent record together with any notes concerning
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the condition of sample when it arrived. The coal was then
poured out upon a well cleaned bucking board, crushed, mixed
and quartered down to one pint. One-half of this was spread
out upon a shallow finned iron tray ten inches in diameter,
weighed, and then set aside for air drying. The other half was
run through a coffee mill and a portion of this was placed in a
tightly stoppered bottle for tlie moisture determination. The
crushing and quartering down of the sample were done as quick-
ly as possible to prevent loss of moistures The coal was air
dried for ninety-six hours and then weighed. The time at which
the weighing was done together with the temperature and hu-
midity of the air was recorded. The air dried sample was then
crushed and quartered down to 150 grams. The final crushing
was to 100 mesh. This sample was then placed in a tightly stop-
pered hottle and used for determinations other than moisture.
All samples were mixed on a rolling cloth before weighing out
for each determination to insure a perfectly homogeneous sample.
All determinations were made in duplicate.
Molisture _
One gram of the coarsely ground fresh coal was dried in a
weighed porcelain crucible at 105° C. for one hour, in a double
walled bath lheated by electricity. The crucible and contents
were then cooled in a dessicator and weighed covered. Moist-
© ure in the air dried sample was determined in like manner. It
was found that the moisture determination in the finely ground
fresh sample was not reliable since a considerable amount of
moisture was lost in grinding and for this reason the sample
used for the moisture determination was ground in a coffee mill.

Ash

The portion of powdered coal used for the determination of
moisture in the air dried sample was burned at first over a Bun-
sen burner with a very low flame until all of the volatile matter
was expelled. The final burning was done in a case gasoline
muffle furnace, the temperature being kept at that of low red-
ness. Burning was continued until the ash was burned to con-
stant weight.
Eraine 1 o CChentime e T8 20s Tneh 1 o (bl Scentimoter) = 081 Suble inch.

100°C. is the equivalent of
212°F., the boiling point of water.
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Volatile Combustible _Matter

One gram of the air dried sample was weighed into a previ-
ously ignited and weighed platinum crucible with a tightly fitting
cover. This was heated for seven minutes over the full flame of
a Bunsen burner, then cooled and weighed. The crucible was
supported on a pipe clay triangle resting upon a tripod, the
bottom of the crucible being 7 em. from the top of the burner.
The burner when burning freely gave a flame from 17 to 20
em. high. The flame was protected from air currents by an as-
bestos chimney surrounding the burner. The volatile combust-
ible matter was found by subtracting the per cent of moisture
from the loss found here.

Fixed Carbon

It is the difference between the sum of the other constituents
determined and 100. Sulphur which goes partly into the volatile
combustible matter and partly into the coke was not considered
here. Fixed carbon may also be found by subtracting the per
cent of ash from the per cent of residue left after expelling the
volatile matter.

Sulphur

This was determined by the Escka method. One gram of the
finely powdered air dried coal was weighed in a platinum dish
of 100 ce. capacity. To this was added 1.5 grams of an inti-
mate mixture of 1 part dry sodium carbonate and 2 parts mag-
nesium oxide. The coal and the mixture were well mixed to-
gether with a glass rod. The contents of the dish were then
heated over a Bunsen burner very gently until all of the volatile
matter was expelled. This required about thirty minutes. Then
the heat was increased until all traces of carbon disappeared.
To prevent any sulphur from the gas contaminating the determ-
ination the platinum dish was fitted into a hole in a piece of
asbestos board.

After all traces of carbon were removed the contents of dish
were transferred to a numbered beaker and digested with 75 ce.
of water for thirty minutes. The solution was then filtered, and
the residue was washed twice by decantation with 50 ce. of boil-



480 ANALYSES OF IOWA COALS

ing water. The residue was then transferred to the filter paper
and again washed with liot water until the filtrate gave only a
slight opalescence with nitric acid and silver nitrate. The fil-
trate at this point amounted to about 200 cec.

10 ce. of saturated bromine water and 3 ce. of concentrated
hydrochloric acid were then added to the solution. The solution
was boiled slowly until all of the bromine was expelled. Then
the sulphur was precipitated by adding to the boiling solution
10 ce. of a ten per cent solution of barium chloride. This was
added drop by drop and the solution stirred vigorously. The
precipitate was allowed to stand two hours at a temperature
slightly below boiling. The barium sulphate was then filtered
off and was washed with hot water until free from chlorides.

The filter with the moist precipitate was transferred to a
weighed porcelain crucible which was heated over a low flame
until the paper was burned off. The heat was then raised until
the precipitate became a dull red and the heating continued un-
til the carbon was burned out. The crucible and precipitate
were then cooled in a dessicator and weighed.

Blank determinations were made, using all of the reagents in
the same quantities and the determination was carried out ex-
actly as with the coal. Any barium sulphate found was sub-
tracted from that obtained in the coal determination. The true
weight of barium sulphate multiplied by 0.1373 gave the weight
of sulphur. .

Calorific Value

This was determined with a Parr Standard Calorimeter,
which was installed in a room as free as possible from fluctua-
tions in temperature. The apparatus was carefully standard-
ized, the water equivalent being determined by different meth-
ods. The correction components used for the chemical, iron
wire fuse, and for the varying compositions of the different
coals were those determined by Prof. S. W. Parr of the State
University of Illinois.

The thermometers used were standardized by the Bureau of’
Standards in Washington, D. C.
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One gram of the powdered air dried coal was weighed into
the bomb of the calorimeter. To this was added one gram of
accelerator (Potassium Chlorate) and 15 grams of perfectly
dry and pure sodium peroxide. The false cap was tlen put in
position and serewed firmly in place and the ingredients mixed
by shaking tlie bomb thoroughly. The material was then shaken
to the hottom of the bomb, the false top removed, the ignition
device inserted and firmly screwed in place. The bomb now
complete was put in place into the can which contained exactly
two liters of distilled water. The lid was then placed on the
calorimeter tub, pulley attached and the thermometer inserted
so that the bulb was half way to the bottom. The water was
stirred by metal wings attaclied to the bomb which was revolved
by a belt from a small motor.

The motor was started and apparatus allowed to run for five
minutes before ignition in order that the rate of change of tem-
perature might be noted by taking reading each minute. At
the end of the fifth minute the charge in the homb was ignited
by closing a switeh which allowed an electric current of four
and one-lialf amperes to quickly fuse a 34 gange iron wire, four
inches long, which extended into the charge in the bomb. The
temperature was read at the end of each minute until the max-
imum was reached, then for five minutes to obtain the rate of
change of temperature due to radiation.

The apparatus was then taken apart, eacll piece dried thor-
oughly, and prepared for a new charge. The room temperature
was taken during each determination. u

The calorific value was then caleulated by multiplying the
number of British Thermal Units corresponding to one degree
increase in temperature by the total rise of temperature ob-
tained after the correction factors had been subtracted.

The calorific value was also calculated in calories.

METHOD OF STATEMENT

All of the analyses were made upon the air dried samples.
The results on the sample as received were calculated by cor-
recting the analyses for loss of moisture in air drying. The
results of the actual analyses on the air dried sample and those

corrected to sample as received follow in the tables.
31
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DESCRIPTION OF MINES SAMPLED
Sample No. 1

Operator.—High Bridge Coal Company, Madrid.

Mine—High Bridge mine, High Bridge, Dallas county, on
Boone division Chicago, Milwaukee and St.. Paul Railroad.

Sample collected.—May 12, 1909.-

Description.—The sample was collected from the face of the
west entry, about 1,300 feet from the shaft. The coal is here 3
- feet 11 inches thick. It has a clay roof and about three inches
of black shale on the floor. This is underlain by gray fire clay.
The present capacity of the mine s 300 tons daily. See page 89.

Sample No. 2

Operator—Ogden Coal Company, Ogden*.

Mine.—Ogden No. 1, two miles north of Ogden, Boone county,
on switch from main hne Minneapolis and St Louis Railroad.

Sample collected—May 14, 1909.

Description.—The sample was taken from the fourth north-
east entry. The coal is here 4 feet 4 inches thick and is free from
sulphur bands or balls as well as from rock. It is the ‘“lower
vein’’ of the Boone county mines and averages 414 to 514 feet.
The ““upper vein’’ is about fifty feet above and is about 314
feet thick.

The shaft is 275 feet deep. It was completed in August of
1907. The mine now has an output of 400 tons, of three grades,
lump, range and steam. The railroad company uses 125 tons
daily. About 200 men are employed in the mine. Electric haul-
age is being installed. The same company is sinking a second
shaft two miles south of Ogden. See page 74.

Sample No. 3

Operator.—Willow Grove Coal Company (Henry McElheny),
Angus.

Mine—Willow Grove mine, on northwest border of Angus
in Greene county. No railroad connections.

Sample collected.—May 14, 1909.

Description.—This sample was taken from the fourth east-
south entry. The seam is here 4 feet 2 inches thick. The coal

- "’1h< Fort Dodge, NDes Moines and Southern Railroad Company (electric) has since
purchased a controlling interest in the property. (July,1909.)
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breaks with angular fracture and shows bright clean faces. Thin
films of lime or gypsum occur along joints and stratification
planes. The vein worked is called the lower vein. Its thickness
ranges from 4 to 54 feet. The ‘‘middle vein’’ is separated
from the lower by a sandstone roof 314 to 20 feet thick, with an
average of 14 feet. Owing to the character of the roof the mine
is very wet. See page 361.
Sample No. 4

Operator—Atwood Coal Company, What Cheer.

Mine—Blyth mine, three miles northwest of Rose Hill, Ma-
haska county, om long switch from Knoxville branch Chicago,
Rock Island and Pacific Railroad.

Sample collected.—May 18, 1909.

Description.—The mine was sampled in the fifth north entry
on the west side of the mine, 840 -feet from the shaft. The vein
dips steeply in this entry. It shows a thickness of 5 feet 1 inch

" where sampled. The coal is very clean looking, without sulphur
bands or rock. Only one vein is present. The mine has been
running four years, the first two as a country mine, and at pres-
ent employs 100 men. See page 202.

Sample No. 5

Operator—Armstrong Brothers Coal Company, What Cheer.

Mine—Armstrong, one mile east of What Cheer, Keokuk
county. No railroad connections.

Sample collected.—May 19, 1909.

Description. - The sample was taken from the ﬁrst north entry
off the west main entry. The coal here showed a thickness of 4
feet 2 inches and was clean and free from impurities. See
page 288.

Sample No. 6

Operator.—Crescent Coal Company, Oskaloosa.

Mine.—Crescent No. 5, White City, Mahaska county, on Bux-
ton branch Chicago and North-Western Railroad.

Sample collected —May 19, 1909.

Description.—This sample was cut from the first room on the
eighth north entry on the east side of the mine, about one mile
from the shaft. The coal was 7 feet 8 inches thick, with about
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8 inches of slaty coal near the roof. It was dipping steeply
away from the entry.

The shaft is seventy-two feet deep. The mine is equipped
with tail-rope haulage on the main entry about one-half mile
in, to the main parting. See page 216.

Sample No. 7

Operator.—Phillips Fuel Company, Ottumwa.

Mine—Bear Creek mine, at Bear Creek, Wapello county, four
miles southwest of Ottumwa, on Chicago, Milwaukee and St.
Paul Railroad. '

Sample collected.—May 20, 1909.

Description.—The sample is from the first south entry. Here
the coal is 4 feet 6 inches thick and is in the main clean and free
from rock except near the roof, where some bowlders occur.
~ One of these near the place of sampling measured ten inches in

thickness.

The mine was opened in the fall of 1908. At the time it was
sampled forty miners were employed and tail-rope haulage was
already installed in the main entry. Hoisting is done by a
double engine, geared to the drum. The_shaft is forty-six feet
deep. See page 302.

Sample No. 8

Operator —Phillips Fuel Company, Ottumwa.

Mine—Rutledge No. 5, at Rutledge, Wapello county, on Chi-
cago, Milwaukee and St. Paul Railroad.

Sample collected.—May 20, 1909.

Description.—The mine was sampled in the seventeenth west
entry on the north side of the shaft, about one mile from the
bottom. The seam is here 3 feet 10 inches thick and is free from
rock, although there are some sulphur concretions. The average
thickness of the bed is 42 inches. See page 298.

Sample No. 9

Operator—Wapello Coal Company, Hiteman.

Mine.—Wapello No. 4, three miles northwest of Hiteman, Mon-
roe county, on branch from main line Chicago, Burlington and

Quincy Railroad.
Sample collected—May 21, 1909.
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Description.—The sample is from the seventeenth room off
the tenth west entry off the sixteenth north entry. The vein
measured where sampled 5 feet 4 inches and is free from sul-
phur and rock. The average thickness is about 534 feet.

The mine uses tail-rope haulage for about a mile underground
and the entries run in one-half mile farther. The output is
about 900 tons daily. See page 242.

Sample No. 10

Operator—Campbell Coal Company, New Market.

Mine~—Campbell No. 1, nearly one mile east of New Market,
Taylor county, on Keokuk, Shenandoah and Red Oak-division
Chicago, Burlington and Quincy Railroad.

Sample collected—May 22, 1909.

Description—The sample was collected from the second west
entry off the second north entry. The bed was 16 inches thick
where sampled. It varies from 16 to 20 inches in different parts
of its extent. In some places it shows thin streaks of sulphur or
clay one-eighth to ome-half inch thick. The coal is brittle and
breaks easily with angular fracture. The mine is on the right-
of-way and is served by a short siding. See page 383.

Sample No. 11

Operator—Bolton-Hoover Coal Company, Oskaloosa.

Mine.—Bolton No. 2, Bolton, Mahaska county, on long switch
from Oskaloosa and Tracy line Chicago, Burlington and Quincy
Railroad.

Sample collected.—June 15, 1909.

Description.—The sample is from the first room on the fifth
north entry, about 1,200 feet in from the mouth of the slope and
seventy feet below the surface. The face was here 5 feet 3 inches
in height. It showed a few thin sulphur streaks, some up to 114
inches in thickness, and a few bowlders. The mine has a daily
capacity of 400 tons. The coal is hauled out of the mine and
overland to the top works, about 1,200 feet distant, by rope.
The top works are located on the railroad,-at the old slope. The
haulage engine is located here also and serves both slopes. The
tail-rope runs on the surface nearly one-fourth mile beyond the
mouth of the slope and enters the mine through an old drill
hole. See page 205.
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Sample No. 12

Operator —English Creek Coal Company, Oskaloosa.

Mine.—Hawkeye mine at Hawkeye, about two miles east of
Knoxville, Marion county, on -Washington and Knoxville line
Chicago, Rock Island and Pacific Railroad.

Sample collected.—June 16, 1909.

Description.—The sample is from room five, thirteenth entry
east. The coal here showed a face of 6 feet, with some thin
streaks of sulphur and occasional bowlders. The mine employs
125 men. See page 192.

Sample No. 13

Operator.—Colfax Consolidated Coal Company, Colfax.

Mine—Mine No. 8, four miles southeast of Colfax, on Colfax
Northern Railroad.

Sample collected.—June 17, 1909.

Description.—The sample was cut from the end of the main
west entry, 1,700 feet west from the shaft. The seam was here
5 feet 7 inches thick and presented a clean face except for a half
inch sulphur band one foot from the bottom.

The shaft is 164 feet deep and penetrates the ‘“first veln ’’ one
to two feet thick, eighty feet from the surface. The mine em-
ploys 400 men and has an output of 800-900 tons per day. See
page 159. _

Sample No. 14

Operator—Keystone Coal Mining Company, Des Moines.

Mine—Keystone mine, Des Moines, Polk county, at west city
limits, on Chicago, Milwaukee and St. Paul Railroad.

Sample collected.—June 21, 1909.

Description.—The sample was taken from the face of the
second north entry, where the vein has just risen from a swamp
on to the top of a hill. Where sampled the vein measured 4 feet
2 inches. In the swamp it was 7 feet thick. It will vary from 3
feet 8 inches to 7 feet in different parts of the mine. Some
thin sulphur streaks. were present in the face, but no rock or
thick sulphur bands.

The shaft is 165 feet deep. It was sunk in July of 1908. The
mine is not yet well opened up, but already has an output of
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' seventy-five to eighty tons daily and employs twenty-three men.
See page 114.

Sample No. 15

Operator—Bennett Bros. Coal Company, Des Moines.

Mine.—Bennett mine, Des Moines, Polk county, south side -
Raccoon river. No ratlroad connections.

Sample collected.—June 21, 1909.

Description.—The mine was sampled at the end of the fourth
west entry off the first south entry. The vein here measured 4
feet 6 inches. Its average thickness is 4 feet 4 inches, with oc-
casional portions up to 5 or 6 feet. The coal is clean, without
rock or sulphur bands, and breaks into angular fragments. .

The mine is 125 feet deep and employs 100 men who put out
100-300 tons daily. The mine has been running six vears and
supplies a large local trade. See page 120.

Sample No. 16

Operator.—Enterprise Coal Company, Des Moines.

Mine.—Mine No. 2, Enterprise, Polk county, on St. Paul and
Des Moines Railroad. _ :

Sample collected.—June 22, 1909.

Description.—The sample was cut from the break-through
near the face of the second west entry off the first south entry.
The coal was 5 feet thick here, and carried a two-inch sulphur
‘band one foot from the top. Clay slips are present in places.
This mine is considered to be in the second vein and is the only
one now working this horizon with the possible exception of the
Bennett mine. A daily output of 400 tons is maintained. See
page 143.
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CHEMICAL ANALYSES OF COALS

Chemical Analysis of Mine Sample No. 1, from High Bridge Mine of the Hign
Bridge Coal Company, High Bridge, Dallas Co., Iowa.

Laboratory sample number 18 | e | 18

Loss of moisture on air | |
drying, per cent...... 10.47 [ R R
Analysis of air-dried sam- | Analysis corrected to sam- i
ple: ple as received:
Proximate—
Moisture, per cent...... ‘ 8.65 | percent.................. 19.12
Volatile matter, per cent | 33.14 | percent.................. 29.34
Fixed carbon, per cent.. |- 45.00 | percent.................. 39.84
Ash, percent........... | 13.21 | per cent..... s 11.70
100.00 100.00
Sulphur, per cent......... 2.75 percent.................. 2.44
Calorific value, B. T. U.... 11,675 | B. T. U.....ooiiiiiinn, 10,338
paloriﬁc value, Calories. .. 6.486 | Calories ................. ",74‘3

Chemical Analysis of Mine Sample No. 2, from the Ogden Mine of the Ogden
Coal Co., Two Miles North of Ogden, Boone Co., Iowa.

Laboratory sample number 13 ] s e s Al BN T : 13
Loss of moisture on air
drying, per cent...... 10.65 | i e |
Analysis of air-dried sam- ‘ Analysis corrected to sam-
ple: ) ple as received:
Proximate— |
Moisture, per cent...... 8.901 l perecent.................. 19.56
Volatile matter, per cent 37.81 | percent.................. 33.43
Fixed carbon, per cent.. 43.31 percent.................. 38.29
Ash, per cent........... 9.97 percent............. ... .. | 8.82
_1 _
100.00 100.00
Sulphur, per cent......... 6.10 I percent.......... ... ... 5.40
Calorific value, B. T. U.... 11,804 | B. T. UL, 10.515
Calorific value, Calories. .. G.608 | Calories ................. [ 5,841
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Chemical Analysis of Mine Sample No. 3, from Willow Grove Coal Company,
Angus, Greene Co., Iowa.

Laboratory sample number 17 ‘ .......................... 17
Loss of moisture on air
drying, per cent...... 8.08 | i e |
Analysis of air-dried sam- Analysis corrected to sam-
ple: ple as received:
Proximate— | .
Moisture, per cent...... 5.57 percent.................. 13.65
Volatile matter, per cent 38.73 | percent........ PR 35.41
Fixed carbon, per cent.. 40.40 percent.................. 30.94
Ash, per cent........... 15.30 | per cent............. .. ... 14.00
100.00 | ( 100.00
Sulphur, per cent......... 5.37 | percent.................. 4.91
Calorific value, B. T. U.... 11,234 ‘ B. T. U.............. ... 10,274
Calorific value, Calories. .. 6.941 | Calories ................. 5,708

Chemical Analysis of Mine Sample No. j, from the Blyth Mine of the Atwood
Coal Company, Rose Hill, Mahaska Co., Iowa.

Laboratory sample number 1 0 ] et A et TR S TR | 10
Loss of moisture on air |
drying, per cent...... 1 < T (N R SRR R
Analysis of air-dried sam- | Analysis corrected to sam-
ple: ple as received: °
Proximate—
Moisture, per cent...... BbR DB CORM s ks g e 15.11
Volatile matter, per cent 86,184 | PRE Gt . . e s s s waee 32.68
Fixed carbon, per cent.. 44.80 | percent.......... ... 0., 39.83
Ash, per cent........... 13.78 ‘ percent.................. 12.38
100.00 100.00
Sulphur, per cent......... | 6.51 | per cent..... I 5.85
Calorific value, B. T. U. ... 11.814 | B. T. U.................. 10,623
Calorific value, Calories. .. 6.563 | Calories ................. 5.901
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Chemical Analysis of Mine Sample No. 5, from Mine of Armstrong Brothers,
What Cheer, Keokuk Co., Iowa.

Laboratory sample number
Loss of moisture on air
drying, per cent......

Analysis of air-dried sam-
ple:
Proximate—
Moisture, per cent......
Volatile matter, per. cent
Fixed carbon, per eent..
Ash, percent...........

.Sulphur, per cent.........
Calorific value, B. T. U....
Calorific value, Calories. ..

' 7.43 |
38.21
41.10
13.26

100.00

5.15
11,410
6,339 |

Analysis corrected to sam-
ple as received:

percent..................
percent..................
percent..................
percent..................

percent................ ..
B T. U........oiivinna..
Calories

15.26
34.99
37.62
12.13
160.00
4.72

10,445
5,803

Chemical Analysis of Mine Sample No. 6, from Crescent Mine No. 5, of the
Crescent Coal Co., White City, Mahaska Co., Iowa.

Laboratory sample number
Loss of moisture on air
drying, per cent......

Analysis of air-dried sam-
ple: .
Proximate—

Moisture, per cent...... A

Volatile matter, per cent
Fixed carbon, per cent..
Ash, percent...........

Sulphur, per cent.........
Calorific value, B. T. U....
Calorific value, Calories. ..

11
6.82

6.17
36.71
41.72
15.40

100.00

5.87
11,497
6,387

Analysis corrected to sam-
ple as received:

percent..................
percent.............. e
percent..................
| per cent

' percent..................
B.T. U......ociviiin...
Calories
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Chemical Analysis of Mine Sample No. 7, from Bear Creek Mine of the Phrillips

Fuel

Laboratory sample number
Loss of moisture on air
drying, per cent......

Analysis of air-dried sam-
ple:
Proximate—
Moisture, per cent......
Volatile matter, per cent
Fixed carbon, per cent..
Ash, per cent...........

Sulphur, per cent.........
Calorific value, B. T. U....
Calorific value, Calories. ..

Company,

16
7.49

4.79
37.59
43.22
14.40

1100.00
6.63
11,695
6,497

Ottumwa, Iowa.

Analysis corrected to sam-
ple as received:

percent..................
percent..................
percent..................
per cent.......... e

percent..................
B.T. U........ e
Calories

12.28
34.64
39.82
13.26

100.00

6.11
10,776
5,987

Chemical analysis of Mine Sample No. 8§, From Rutledge No. 5 Mine of the
Phillips Fuel Company, Ottumwa, Iowa.

Laboratory sample number |
Toss of moisture on- air
drying, per cent......

Analysis of air-dried sam-
ple:
Proximate— .
Moisture, per cent......
*Volatile matter, per cent
Fixed carbon, per cent..
Ash, percent...........

Sulphur, per cent.........
Calorific value, B. T. U....
Calorific value, Calories. ..

19
7.53

- 5.84
38.78
44.14
11.24

100.00
6.2
12,010

6,672

Analysis corrected to sam-
ple as received:

percent..................
percent..................
percent..................
per cent........ e

percent..................
B T U..oovvviiiina.
Calories

13.37
35.68
40.61
-10.34

100.00

5.76
11,051
6,139
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Chemical Analysis of Mine Sample No. 9, from Mine No. 4 of the Wapello Coal
Company, Hiteman, Monroe Co., Iowa.

Laboratory sample number ' 15
Loss of moisture on air
drying, per cent......

Analysis of air-dried sam-

ple:

Proximate— ' |
Moisture, per cent...... | 8.40
Volatile matter, per cent 36.26
Fixed carbon, per cent.. 42 .80
Ash, percent........... ‘ 12.54
100.00
Sulphur, per cent......... 2.10
Calorific value, B. T. U.... 11,564
Calorific value, Calories. .. 6,424

.......................... 15
Analysis corrected to sam-
ple as received:
percent.................. 16.51
percent....... ... ... 33.01
percent.................. 38.97
percent............... ... 11.41
100.00
percent............... ... | 1.92
B.T. U.oooiiiiini.t. 10,528
Calories ................. ‘ 5,849

Chemical Analysis of Mine Sample No. 10, from Mine No. I of Campbell Coal Co.,
New Market, Taylor Co., Iowa.

Laboratory sample number 14
Loss of moisture on air
drying, per cent...... 10.97
Analysis of air-dried sam-
ple:
Proximate—
Moisture, per cent...... 9.24
Volatile matter, per cent 34.17
Fixed carbon, per cent.. 43.60
Ash, per cent........... 12.99
100.00
Sulphur, per cent......... 4.78
Calorific value, B. T. U.... 11,494
Calorific value, Calories. .. 6,385

.......................... 14
Analysis corrected to sam-
ple as received:
percent................ S 20.21
percent.................. | 30.05
percent.................. ‘ 38.83
percent............. ... 11.41
100.00
percent.................. 4.18
B. T. Uiivviieneiiane 10,115
Calories ........covu.... i 5.619
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Chemical Analysis of Mine Sample No. 11, from Mine No. 2 of the Bolton-Hoover
Coal Company, Bolton, Mahaska Co., Iowa.

| ]
Laboratory sample number 5 93 | 23
Loss of moisture on air
drying, per cent...... L S
Analysis of air-dried sam- Analysis corrected to sam-|
ple: ple as received:
Proximate—
Moisture, per cent...... 5.48 | percent.................. | 14.64
Volatile matter, per cent 40.15 | percent.................. | 3;.26
Fixed carhon, per cent.. 44 8 | percent........ .. ... . ... 40.53
Ash, per cent........... 0.49 percent.................. 8.57
100.00 100.00
Sulphur, per cent......... 3.926  percent.................. I 2.94
Calorific value, B. T. U.... 12,188  B. T. U...ooiiii ... | 11,003

Calorific value, Calories. .. 6. 768 | Calories ....... vz 6.113

Chemical Analysis of Mine Sample No. 12, from Hawkeye Mine of the English
Creek Coal Mining Company, Hawkeye, near Knoxville, Marion Co., Iowa.

Laboratory sample number 21 | e l 21
Loss of moisture on air
drying, per cent...... 18,80 | v ovvvei e
Analysis of air-dried sam- | Analysis corrected to sam- |
ple: [ ple as received:
Proximate— . |
Moisture, per cent...... 4.50 |percent.................. 18.30
Volatile matter, per cent 36.37 |percent............... ... 31.12
Fixed carbon, per cent.. 44.36 | percent.................. | 37.95
Ash, per cent........... 14.77 ‘ percent.................. | 12.63
100.00 ; 100.00
Sulphur, per cent......... 6.03 'percent.................. 5.16
Calorific value, B. T. U.... 11,939 | B. T. U.........oooo 10,215
Calorific value, Calories. .. 6.633 | Calories ................. | 5.675




494

ANALYSES OF IOWA COALS

Chemical Analysis of Mine Sample No. 13, from Mine No. S8 of the Colfax Con-
solidated Coal Company, near Colfax, Jasper Co., Iowa.

Laboratory sample number
Loss of moisture on air
drying, per cent.. sees

Analysis of air-dried sam-
ple:
Proximate—
Moisture, per cent......
Volatile matter, per cent
Fixed carbon, per cent..
Ash, per cent...........

Sulphur, per cent.........
Calorific value, B. T. U....
Calorific value, Calories...

5.47
39.17
43.94
12.42

100.00
 3.49
11,588
6,438

Analysis corrected to sam-
ple as received:

percent..................
B T. U....cooviiinnnn..
Calories

18.15
33.91
37.18
10.76

100.00
3.02

10,034
5,574

Chemical Analysis of Mine Sample No.
Mining Company, Third Vein,

14, from Mine of the Kcystone Coal
Des Moines, Polk Co., Iowa.

Laboratory sample number
Loss of moisture on air |
drying, per cent...... I

Analysis of air-dried sam- |
ple:
Proximate—
Moisture, per cent......
Volatile matter, per cent
Fixed carbon, per cent..
Ash, percent...........

Sulphur, per cent.........
Calorific value, B. T. U. ...
Calorific value, Calories. ..

20

4.78
38.06
41.83
15.33

100.00

6.26
11,481
- 6.378

Analysis corrected to sam- |

ple as received:

percent..................
percent..................

percent.................. |

percent..................

B T. U.ovvviniiiiiin, [

Calories
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Chemical analysis of Mine Sample No. 15, from Mine of the Bennett Bros. Coal
Company, Des Moines, Polk Co., Iowa.

| ]
Laboratory sample number | 29 [ e, 29
Loss of moisture on air
drying, per cent...... . BT | e e e |
Analysis of air-dried sam- l | Analysis corrected to sam-
ple: | ple as received:
Proximate— |
Moisture, per cent.....: 4.62 percent.................. 13.39
Volatile matter, per cent 38.88 | percent............ e 35.30
Fixed carbon, per cent.. 44.20 | percent............. ..., 40.14
Ash, per cent........... | 12.80 | percent........... .. ... 11.17
100.00 100.00
Sulphur, per cent......... I 5.15 | percent..........couuinnn 4.68
Calorific value, B. T. U.... | 12,139 | B. T. U.....coovivn.t. 11,023
Calorific value, Calories... | 6,744 | Calories ................. 6,124

Chemical Analysis of Mine Sample No. 16, from Mine No. 2 of the Enterprise
Coal Company, Necond Vein, Enterprise, Polk Co., Iowa. '

Laboratory sample number 21 Z 25
Loss . of moisture on air |
drying, per cent...... F 33 A N
Analysis of air-dried sam- | | Analysis corrected to sam-
ple: ple as received:
Proximate—
Moisture, per cent...... ] 6.08 | percent.................. 14.69
Volatile matter, per cent 41.01 (percent.................. | 37.95
Fixed carbon, per cent.. 44.17 | percent....... ... ... | 40.12
Ash, per cent........... 8.74 | percent............... ... ‘ 7.94
100.00 100.00
m—— |
Sulphur, per cent......... 3.79 ’ per cent.................. 3 3.44
Calorific value, B. T. U.... 12,454 | B. T. U..ooiviiinnn. ... ’ 11,813
Calorific value, Calories. .. 6,919 | Calories ................. 6,285

The analyses on the following pages for which G. E. Patrick
is given as authority are taken from Iowa Geological Survey,
volume I, pp. 504-509, 1894. Samuel Calvin, Geologist.

Those given on authority of Rush Emery are taken from
Geology of Jowa, Vol. 11, pp. 361-395. 1870. C. A. White, State

Greologist.
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Those given on authority of G. Hinrichs are quoted from First
and Second Annual Report of the State Geologist, pp. 222-224,
1868. C. A. White, State Geologist.

Those for whom J. D. Whitney is given as authority are taken
from Geology of Iowa, Vol. I, pp. 403-414. 1858. James Hall,
State Geologist.

‘Where the Towa State College is quoted as authority the an-
alyses are given in Volume XVII of Towa Geological Survey,
pp. 170 ft, 529, 530, or, in the various county reports published
by the present Survey. ’

Those analyses given on authority of N. W. Lord are found in
U. S. G. 8., Bull. No. 261, pp. 41-43, and Professional Paper No.
48, pp. 221-225, 270. The analyses were made at the fuel testing
plant at St. Louis in 1904.

The analysis given by D. D. Owen is-found in Geol. Towa, Wis-
consin and Illinois, p. 53, 1839.

Those credited to the State University are here published for
the first time.

Analyses credited to George W. Prentiss are from the labora-
tory of the (hicago, Milwaukee and Saint Paul Railway, West
Milwaukee, Wis. With the exception of the analyses from Fos-
ter, Moravia and F. W. Cox, Excelsior, sulphur was not deter-
mined separately, but one-half is assigned to volatile combustible
and one-half to fixed carbon.

It should be noted that the high moisture content of the mine
samples analyzed at the St. Louis Testing Station is due in part
at least to the fact that these samples were put immediately
upon being gathered into air-tight tin flasks and thus retained
all their moisture when received at the chemical laboratory.
The same is true of the mine samples analyzed at the State Uni-
versity. In the case of the car samples the coal would naturally
lose several per cent of moisture by evaporation before it was
delivered to the boiler. It is probable, therefore, that the an-
alyses of these car samples correspond in general to most of
the analyses from other sources.
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2 . SULPHUR ‘
= ¥ [
E 2y 3¢ |
2 221 2 (35| 8| 8 B
LOCALITIES g Sa| 2 |m5| = = 25 AUTHORITY
® o 28| 8 |ma| 2 g | a .
= © = | =y B SR
ey —_ 3= =4 o 8 = =] = 5
2] 2| 5 |35 &% | =8| @ @ | 2 |24
= | & | 48 o |3 g1 8| &8 |8
| [ '
ADAMS COUNTY— : |
[

Plowman shaft, Briscoe, top............. 8.97| 80.48) 10.55| 36.44 44.04| 54.59| 3.15 .11} 3.26|._.__. G. E. Patrick
Same, middle of seam................ 9.09) 74.95 15.96| 32.04| 42.91| 58.87| 2.46 L1300 2.89| - G. E. Patrick
Same, bottom of seam............... 8.72| 77.39 13.89| 32.01 45.38 59.27| 3.67 .27 3.94| . __. G. BE. Patrick

Wyles mine, Carbon, average............ 8.01| 80.12 11.87| 85.26 44.86| 56.73| 4.25 11 4.36| - G. E. Patrick

Reese mine, Carbon, average............ 9.12| 81.511 9.36| 35.71 45.79 55.12| 3.89 A8 4.07 |- G. E. Patrick

Hinton mine, Eureka, average........... 8.68 81.91 9.70| 33.85 47:72 57.43| 4.88] .19 4.58|._____ G. E. Patrick

Rawson mine; Quincy, “fresh coal”...... 10.41 83.66/ 5.93| 35.13] 48.53| 54.46| o oo oo oo |eeoee Rush Emery
Same, calculated on dried coal........| ______ 93.38 6.62] 39.20) 54.18 60.80| oo . Rush Emery
Same “opened fourteen monthg”...... 10.29 85.541 4.17| 38.82| 47.22 51.89! | oo Rugh Emery
Same, calculated on dried coal...... S R 95.35 4.65 42.71| 52.64 57.29| - oo |oee o et Rush Emery

Average of county, two samples.......... | 10.35! 84.60 5.05| 36.72| 47.88 52.98| |l _|l__. Rush Emery
Same, calculated on dried coal....... | ______ 94.37 5.63] 40.96] 53.41 59.04|- | _|_____ I Rush Emery

Average of 6............... ... oLl 8.76, 79.34 11.89| 34.22] 45.12 . ___|._____ S 3.60 . ____._ Iowa State Col'ge

|
APPANOOSE COUNTY— | ‘ ¢ |
|

Diamond mine, Centerville, top.......... 9.66] 82.06 8.28| 34.72| 47.34| 55.62| 2.57 14 2.71______ G. E. Patrick
Same, middle of seam................ 10.12 83.67I 6.211 35.63| 48.04/ 54.25/ 2.13| .07 2.20(-._.___ G. E. Patrick
Same, middle of seam, calculated on | |

driedcoal ..............cooiiin,. eo———| 93.09| 6.91| 39.64| 53.45 ______ 2.45 .08 2.538|______ G. E. Patrick
Same, bottom of seam............... 10.28 84.64) 5.08| 36.89 47.75 52.83| 2.67| .13 2.80/_...__ G. E. Patrick
Scandinavian mine, Centerville, average..| 9.231 40.46' 6.97' 36.21! 47.58 54.551 2.79 120 2.90_____. G. E. Patrick

STVOD VYMOI 40 SISATVNY TVOINAHO
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|
3 . SULPHUR |
2 @ P
| =2 (]
- 28 8 |2%| 5 | 8 e
LOCALITIES g g% | £ |ng| o 3 55 AUTHORITY
e | 9 o 8 g | &al| 2 <2 | g -
o — = =
2 22 o | lel 5 | 5| = | EF
k] I 30 5 25| B 2 ] 3
s | 2| 8 3B B |42 4 | a | B =M
= & < | > m | O = ) H | O
| | |
Appanoose mine, Cincinnati, sample of | ‘ | .

POODL .« ettt iae e .54 80.37| 138.09| 36.20| 44.17| 57.26{ 4.40 13 4.53 . B. Patrick
Same, vein above clay seam.......... 6.20 78.11| 15.69| 34.00| 44.11{ 59.80| 3.67| .16/ 3.83 - E. Patrick
Same, vein below lower clay seam....| 7.53 75.14| 17.33| 29.31| 45.83| 63.16| 6.73 .82 7.55 . E. Patrick

Thistle mine, Cincinnati, top........... 3.18 85.22| 11.60! 36.55| 48.67| 60.27| 3.57| .11| 3.68 |G. E. Patrick
Same, middle of seam................ 5.80 90.71) 3.49 37.71] 53.00| 56.49] 2.97) .05 3.02 |G. E. Pafrick
Same, middle of seam, calculated to ‘ ' |

dry basis ........ ... o oo 96.29| 8.71| 40.08| 56.26|______ 3.15| .06 3.20) o~ ;G- E. Patrick
Same, bottom of seam............... .02 87.80 6.18 36.90 50.90| 57.08/ 3.181 .17| 3.30|._____ G. E. Patrick
Same, below sulphur band............ 2.88| 72.69! 24.43! 29.03! 43.66| 68.09 3.61 43 4.04|______ G. E. Patrick

Whitebreast No. 19, Forbush, average....| 9.70 82.98! 7.31) 35.84 47.14| 54.45] 4.14 27 441 . G. E. Patrick

Average 12.. ... ... i i T.26) 83.54{ 9.20| 35.87 47.07| o |o______ 3.0 __ Towa State Col'ge
Centerville Block Coal Co............... 11.49| 82.03| 6.52| 33.47 48.56| oo o ______ 2. 92’12,681 Iowa State Col'ge
SAME e | 92.64| 7.36 37.79 54.85______|______| _____ 3.29'12,681|Towa State Col'ge
Centerville Block Coal Co., lump coal....| 14.00 74.801 10.90{ 35.50 39.30|._____ (R 4.2610,723|Iowa State Col'ge

Same, Mystic seam, mine sample No. 1| 17.13 75.80f 7.07| 35.44| 40.36| . | _—____ 4.00110,931|N. W. Lord

Same, air-dried sample........ R.53 83.67 7.80( 39.12) 44.55| _____ ______ I 4.42)12,065|N. W. Lord

Same, Mystic seam, mine sample No. 2/ 16.14| 72,78 11.08 34.94 37.84 ___________ A 4.76] N. W. Lord

Sawme, air-dried sample......... 8.25 79.63! 12. 12' 38.23 41.40|_.____ ______ | ______ 5.2 ____. N. W. Lord

Same, Mystic seam, car sample...... 14,08 74.96] 10.96] 35.59 39.37| | __|______ 4.92610,723IN. W. Lord

Same, air-dried sample......... | 10.02 78.49| 11. 48’ 37.27| 41.22( . ___|______ fanimse, 4.46/11,227|IN. W. Lord

Same, washed coal............. 17.8% 74.98] 7.14, 37.59 37.39|______l______l______ kS | N. W. Lord

Same, air-dried sample... . 14.8]| 77.78] 7. 41 38.99| 38.79|______ ] | 370 _ N. W. Lord

Same, coke sample,............ 13.0%| 75.49( 11,53 2.32 73.10_____ i 2,97 ___ IN. W. Lord

Same, air-dried sample...| 2,301 84.74] 12.96] 2.60' 82.14/______ LR SR F3.33_____ IN. W. Lord

86%
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Lodwick Bros. Coal Co., Mystic.......... | 16.21]
SAINC « ettt e | =7
*Same, Walnut Valley................ 12.58

Moravia ......... . . . e 6.18

Anchor Coal Co. steam coal............ 10.00
Same, lump coal..................... 8.20

BOONE COUNTY—

Angus mine, Angus, average............ 8.62I

Dalby mine, Angus, top of seam......... 2.71
Same, middle of seam................ 2 H
Same, bottom of seam............... 3. (»9_

Northwestern mine, Boonesboro, top....| 13.23
Same, bottom of seam............... 11.51
Same, top of seam, calculated on dried

DTEL] e i e e b R i at P
Same, bottom of seam, calculated on
[ ! o - o A LR S | el TS

Average of county, 2 samples........... 12,87
Same, calculated on dried coal........ ~ATEE

Crowe Coal Co., Boone .................. 4.03
=i iy Ry Bogtor SN [ MR T R R T L = L

Street Railway Power Plant............ 11.49

Boone Coal & Mining Co., Frazer mine...| 14.77

Average of 6.. ... . i e G.82

Johnson Coal Co., Boone, slack, 9 samples| 11.70
Same, lump, 5 samples............... 15.30

Rogers Coal Co., Boone, slack, 3 samples.| 12.00

Heaps & Crowe, Boone, lump coal....... 13.30
Same, slack, 4 samples............... 12.00

" Ogden Coal Co., Ogden.................. 19.56
Same, air-dried sample............... 8.01

*Sulpbur not separately determined.

78.74| 5.05
93.98! 6.02;
79.41|

79.52| 14.30
74.70| 15.50
75.70] 16.00

82.75i
87.26
92. 14l
85.70
81.21|
82.60

93.61|

93,34
81.91
93.48
88.09:
91.79
64.16|
73.71
85 .44

69,30
46.50
60.70
46.00
71.72

81.12

—
oy e e O Tt O 0

= OO =~ O Tt Oy

69| ¢

.64
.03

73
61

.56
.89

.74‘ '
48.20| 40.

2.64/12,780Iowa State Col'ge
3.15/12,7R0!Iowa State Col'ge
_/Geo. N. Prentiss

| 9,963/ Towa State Col'ge
5.03/11,027 lowa State Col'ge

<
4.16/12,729(Towa

________ 2.76] 0.19 2.95______[Towa

VA O SR 11 4121 IOWa,
90 ::: g 9005 Towa
T 540110,515 State
6.1011,894 State
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3 . SULPHUR
s @ =
2 2, 82
3 gE| 8 [T 8 | 3 o
Q = = .
LOCALITIES g ga | 2 HE| T < <5 AUTHORITY
® o 28| & |mg| =2 - g
=] © 32 : L o i B -:H
o = s | T %o 2 2 i o.;
e ' 8| % |o5| X |38 g | g | B |RW
= & < | > ~ | O = = =5 | ©
DALLAS COUNTY— | | |
|
Tudor mine, Dawson, top............... 4.64! 81.73| 13.63) 39.84| 41.89 55.52/ 2.08 131 2.2 . IG. E. Patrick
Same, middle of seam................ 5.62! 79.86 14.52! 36.79| 43.07 57.59| 4.69| .24 4.93______ G. E. Patrick
Same, bottom of seam............... 6.55) 84.00 9.45 37.45| 46.55 56.00 3.27 08 3.35_ .- G. E. Patrick
Keeler mine, Linden, average........... 7.41! 67.97 24.61| 27.86| 40.10 64.72| 6.53 650 7.18|___- G. E. Patrick
Redfield mine, Redfield, top.............. 11.36| 78.15 10.49| 38.46| 39.69 50.18| 2.76| .04/ 2.80/__.__._ G. E. Patrick
Same, middle of seam............... 10.55 75.60 13.85 30.18| 45.42| 59.27) 3.83 .24 4.07|-_____ G. B. Patrick
Same, bottom of seam............... 12.76 72.94) 14.30 34.72| 38.22 52.52| 3.01| .10| 3.11|-_____ G. E. Patrick
Tabor mine, Woodward, average......... 7.15 T7.94 14.90] 35.54| 42.40 57.30| 5.74 69 6.44| ____ G. BE. Patrick
Redfield mine, Des Moines Coal Co...... 12.83‘ 83.74 3.43 37.30| 46.44 49.87| || C I ‘Rush Emery
Same, calculated on dried coal........| —.____ 9G.07 3.93l 42.79| 53.28 57.21|c oo |emo | | S Rush Emery
Average of 8.......... ... ... ... 8.251 77.28 14.470 35.11h 42,17 _____l____l______ 4.24 _____ TIowa State Col'ge
Platt Pressed and Fire Brick Co., Van [ . ' AR E ]
Meter ........ ... o 91.58) 8.42 40.54| 51.04)______| | __ 3.68|11,941|Iowa State Col’ge
High Bridge Coal Co., High Bridge...... 19.12 69.18| 11.70 29.34| 39.84 _____ | _|_____ 2.44(10,338|State Univ. Iowa
Same, air-dried sample.............. 8.65, 78.14| 13.21 33.14] 45.00| oo _|ocoo|ocmoo 2.75/11,675|State Univ. Towa
|
DAVIS COUNTY—
Dye mine, Laddsdale, bottom............ 4.48 87.40) 8.12 44.20| 43.14| 51.26| 4.26| .12 4.38______ G. E. Patrick
Sickles mine, Laddsdale, top of seam....| 3,06 92.34 4.60 42.82| 49.52| 54.12| 5.19| .23 5.49| _____ G. B. Patrick
Same, middle of seam............... 2.061 90.66, 7.28 43.84| 46.82| 54.10| 6.51 .29 6.80(.____ G. E Patrick
Same, bottom of seam............... ‘2.59J 75.41| 22.00 36.97| 38.44| 60.44| 7.05 221 T.2%| oo G. E. Patrick
Same, average................o..uun.. 2.57 86.13l 11.29 41.21 44.43( 56.22° 6.25 24" 6.49 ._____ G. E. Patrick

006
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Bloomfield ........... .o, |

Average of 5..... ... ... i,
Lumsden Coal Co.......... ...,

DECATUR COUNTY—

Coals from veins penetrated in Sharp’s

prospect, Leon. See p. 247 of this

vol.
Vein No. 1...... .. i,
Veins Nos. T and 2. ...............oo....
Vein No. 3., . . i i
Vein No. 3.... .. . it
Vein No. 4.................... e
Vein No. 5........co i,
Vein No. 5.......... e
Veins Nos. 7and 8......................

GREENE COUNTY—

Bussey mine, Rippey................ ...
Same, calculated on dried coal........
Kennedy mine, Rippey, top of seam.....
Same, middle of seam...............
Same, hottom of seam...............
Average of 4......cc i
Willow Grove Coal Co., Angus..........
Same, air-dried sample..............

GUTHRIE COUNTY—

Eclipse mine, Fanslers, top of seam....
Same, middle of seam...............
Same, bottom of seam................

Reese mine, Panora, cannel............
Same, average, bituminous...........

Suggett mine, Stuart, top of seami......
Same, bottom of seam...............

Marshall mine, Long Branch............

5.24|
2.95

.98

.22
.76
.09
.02
.45
.85

QO QT CX U e O

©
N
(Y]

—
QLW WO
-3
<

6.41
9.61
9.30
13.39

87.
86.
92.

86.
83.
76.
59.
80.
79.
81.
82.

66
29
52

7.10|
10.66]
7.48

14.71
15.89

7.71
10.10
13.97
10.32
14.60|

9.45

|

2.16!
2.40
8.91
8.96
7.40
6.86
14.00
15.30

5.83

16.88
36.03
13.19
11.20
9.63
4.11

37.00
41.82
39.06

34.79
40.33
40.23
39.68
42.62
44.30
41.01
47.80

44.59
49.98,
43.94
39.76
40.36
42.11

35.41|.30.

38.73

39.85
37.94
32.67
30.80
38.07
34.63
36.80
34.96

50.
53.

66
46

____________ 2.25(13,204/Iowa
______ i______‘ 6.07|..__._ Towa
______ |-=----| 2.3R112,097 Towa
‘ -~

‘ |
__________________ 2.51_..___|U. 8
__________________ 3.55(.co-.-|TOWa
__________________ 4.05..____lU. 8
___________________ 3.62|..___-Towa
__________________ | 2.68|.____./Towa
__________________ | 3.78|-._.__|U. 8
__________________ | 8.75|.___..[lowa
____________ 3.70______|lowa

) |

____________ l-_____ ------|Rush
________________________ Rush
3.62 06| 3.68|_.___- G. B
3.39] .05 3.44|______ G. E
2.94 L06] 3.00(_._..- G. I
____________ 3.37 __._._|Towa

____________ 4.9110,274|State
____________ 5.37/11.234|State

3.62 05 3.67|_ - G. E.
4.32 07| 4.39______ G. E.
9.50 68| 10.18|__._._ G. I
10.57 50| 11.07|._____ G R
5.59 13| 5.72____- . L.
4.01 11 4.12|.__._ G. E.
3.48 05| 3.53|_-___- G. E.

Rush

State Col'ge
State Col'ge
State Col'ge

. Geol. Surv.

State Col’'ge

. Geol. Surv.

State Col'ge
State Col'ge

. Geol. Surv.

State Col’ge
State Col'ge

Emery
Emery

. Patrick
. Patrick

Patrick

State Col'ge
Univ. Towa
Univ. lowa

Patrick
Patrick
Patrick
Patrick
Patrick
Patrick
Patrick
Emery
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|
8 . SULPHUR
) & 5
| 2 o2 .
= sg| § |g=| 2 @ | -
LOCALITIES = | ow| 2 k2| o < g AUTHORITY
g | B SE| % |£E2| 2| 2 =
5 S | = b | >l =& 2 gﬁ |
3| g 35| % |38 R | B | 3 |34
3 < S | 35| v |Ee| 2 a < | mA |
= = < | > = | O iy -~ | B8 |0
Same, calculated on dried coal........ | ______ 95.26| 4.74| 40.88 54,38! 59,62l |l |[Rush Emery
Wasson mine, Panora.................. 11.90| 78.84| 9.26| 35.86 42.9& 52,94 || Rush Emery
Same, calculated on dried coal........|______ 89.49| 10.51| 40.701 48.79) 59.30|______ ____“_____| _____ Rush Emery
Lonsdale mine, Deer Creelk............. 13.29] 84.08| 2.70| 37.25 46.83| 49.53) | Rush Emery
Same, calculated on dried coal........|______ | 96.89 3.11| 42.92 53.97‘ 57.08 - ____________|Rush Emery
“Average of county, three samples........ 12.84 81.80| 5.36| 36.02 45.78) 51.141_ | _____ ____________ Rush Emery
Same, calculated on dried coal....... ______ 93.88| 6.12| 41.33: 52.55| 58.6TI-ooom|cooem Rush Emery
Average of T........ ... ... ..., 7.41 78.00 14.59 35.82 42,18 ______ R —— 6.08______ |lowa State Col'ge
HAMILTON COUNTY— ‘
Silver mine, Webster City............... 9,00 84.80| 6.20) 34.19! 50.61 56.81] 3.09 1.12 4.21|______ G. E. Patrick
Stockdale mine, bottom of seam......... 7792 82.61| 10.17| 35.16/ 47.45) 57.62, 5.80; .21 6.01_._____ G. E. Patrick
Same, top of seam................... 8.01) 84.96| 7.03| 37.99 46.97| 54.00; 5.28) .11 5.39______|G. E. Patrick
HARDIN COUNTY—
Fuller mine, Eldora.................... 12.45 79.37| 8.18 35.73| 43.64| 51.82 ______ IS S L J. D. Whitney
Same, calculated on dried coal........[______ 90.66| 9.34| 40.81| 49.85 59.19|._____ ______|____________ J. D. Whitney
Chaffin mine, Eldora, top of seam....... 11.32| 83.52| 5.16| 32.69| 50.83| 55.99 2.02 1.47 3.49 ..____|G. E. Patrick
Same, middle of seam............... 10.90| 80.17| 8.63| 38.98] 41.49| 50.12) 1.76; 1.89 3.65._____ G. E. Patrick
Same, bottom of seam........, ...... 9.03| 84.29 6.08 34.44| 49.85 55.93] 2.25; .30 2.55______ G. E. Patrick
Buckner mine, Eldora............... ... 7.02) 87.961 4.82 42.54| 44.72 49.54 _____ | _____|______|_____. Rush FEmery
Same, calculated on dried coal.......' ______ 94.77| 5.23| 46.20| 48.57 53.80 ______|._____|_ T[T "

|Rush Emery
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Sample found at Eldora................ | 7.92
Same, calculated on dried coal........ | B

Average of county, 2 samples........... 7.92|
Same, calculated on dried coal........

JASPER COUNTY—

Jasper mine, Colfax, top of seam........ 7.79
Same, middle of seam............... 8.38!
Same, bottom of seam............... 8.88

Snookk mine, Newton.................... 4.61
Same, calculated on dried coal....... el g ot

Slaughter bank, Newton................. 8.33

Same, calculated on dried coal.......

Jasper County Coal & Mining Co., Colfax | 5.45
Same ... e |
Average of 4............ T 7.40;
Colfax Consolidated Coal Co. Colfax, ‘
mine No. 6........... ... .. oo 9.84)
Same, steam coal.................... 11.50]

* Same, mine No. 8................. ... 18.15
Same, air-dried sample......... 5

*JEFFERSON COUNTY— |

Shaw bank, Perlee...................... 2.00
Coalport mine, Fairfield................. 1.20
Richardson min~ Fairfield, top of seam..| 2.10|
Same, bottom of seam............... 0.70
Young & Stubbs mine, Fairfield, top of ‘
SCAML vt ittt e 0.90
Same, bottom of seam............... 0.30
Read mine, Fairfield.................... 2.50
Average for county, 7 samples.......... 1.40

83.62

93.50
94.40
92.20
97.70

95.00
88.70
85.90
92.50

8.46]
9.19|
6.44|
7.21

12.31
13.%6
13.46
7.68
8.05

5.93
7.09
7.49
11.08

12.39
16.20
10.76

| 12.42

4.10
11.10
11.60

6.10

40.80) 42.82)
44.31! 46.50|
41.67| 43.77)
45.25) 47.54

38.14| 41.83
35.78] 42.08
32.21] 45.45
44.41] 43.30
46.56| 45.39
41.72| 44.51
45.51| 48.56
40.49| 46.97
42.24| 50.27
37.64| 43.17

39.19| 39.08
30.80| 41.50
33.91! 37.18
39.17| 42.94

50.20 43.40
48.40 46.00
46.00| 46.20
48.80| 48.90

44,60 50.40
46.50| 42.20
42.00| 44.00
46.60' 45.90

54.14
55.84
58.91
50.98

53.30
55.50
51.00

3.73
111 .13 1.24
4.87 .05 4.92_____

______ 20112134
____________ 3.0812,134
| ba o - — 3.46______

480 4,21

Rush Emery
Rush Emery
Rush Emery
Rush Emery

G. B. Patrick
G. B. Patrick
G. B. Patrick
Rush Emery
Rush Emery
J. D. Whitney
J. D. Whitney
Iowa State Col'ge
Iowa State Colge
Iowa State Col'ge

lowa State Col'ge
lowa State Col'ge
State Univ. Iowa
State Univ. Iowa

G. Hinrichs
G. Hinrichs
G. Hinrichs
G. Hinrichs

G. Hinrichs
G. Hinrichs
G. Hinrichs
G. Hinrichs

*The samples from this county had been in a warmed room about a week previous to being analyzed, hence the small

amounts of moisture.
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CHEMICAL ANALYSES OF IOWA COALS—CONTINUED

| 8 . . SULPHUR ‘

=t z a8 |

kA 2w °g |

2 2| S /%] 8 | 8 P

LOCALITIES ’g o= 2 K3 el - ‘ gp AUTHORITY

& <) ® g g {-‘('_Q" =t = g,
= o =0 | B = =
i = 25| B | 25 = = = 5.
& 3 s8R < % 9 @ @ s | o
S 5 q GRS sl =iad I s | B e
= &~ b > [ & —_ ~ =~ | &} |

KEOKUK COUNTY— | . '

Pioneer mine, Thornburg, top of seam...| 4.78 92.05« 2.57| 49.17| 43.48| 46.05| 4.38 200 4.88|._..__ G. E. Patrick
Same, middle of seam............... 7.79) 80,83 2.38 44.05| 45.78| 48.16, 2.06) = .39 2.45|______ ‘G. E. Patrick
Same, bottonx of seam................ 5.56| 86.18 8.98 38.37| 47.79| 56.07 2.45 07| 2.52|______ i{G. B. Patrick

What Cheer, No. 5, What Cheer, top of | ( ‘ \

BEATN v e e it i 5.40| 75.901 18.70! 35.16| 40.74| 59.44) 13.79 920 1471 G. E. Patrick
Same. middle of seam................ 5.96) 82.16! 11.88l- 35.89| 46.27 58.15 6.56| 290 6.RA) L. |G. I8. Patrick
Same, bottom of seam................ 7.14) 76.26 16.60] 33.96| 42.30 58.90‘ (.67 40| T.0T . |G. E. Patrick

Average of 6....... ... ... ... G.11| 83.82 10,07 39.43| 44.39______ ______|______ [T p— Towa State Col'ge

Armstrong mine, What Cheer........... 1 15.26) 72.61; 12.13] 34.99| 37.62|______ S 4.72(10,445/State Univ. Iowa
Same, air-dried sample............... 7.43 T.).31’ 13.26 38.21| 41.10’ __________________ 5.15|11,411/State Univ. Iowa

*Crescent Coal Co.,, What Cheer......... 4.75 61.19] 22.101 29.77| 31.42 59.50|______|______ 11.96|_ . __ Geo. N. Prentiss
HSAMIC Lottt e e 1.08 82.00| 9.96| 34.84| 47.161 60.60______ ___-__| 6.961______ Geo. N. Prentiss

| [

LUCAS COUNTY— - | '

|

Cleveland mine, Cleveland, top of seam..| 9.95 80.27 9.78! 37.70) 42.57| 52.35 3.69 .07‘ B.76(._____ IG. E. Patrick
Same, middle of seam................ 9.39| 84.21. 6.431 38.062| 45.59| 52.02| 2.69 06l 2,75 __ G. E. Patrick
Same, bottom of seam................ T.46| 82.11| 10.43 36.99| 45.12| 55.55| 2.97 07 3.04|______ G. K. Patrick
Same, average of seam............... 8.92) 82.191 8.88 37.77 44.43) 33.30] 3.11 07 3.8 - G. B. Patrick

Lucas mine, Lucas, average............. 11.29] 79.881 8.831 37.13 -12.69I 51.52| 2.89 081 3.98|___.__ ‘G. ®. Patrick

Inland Fuel Co., Chariton, lump coal....| 15.30| 71.80| 12.60| 30.40) 41.40|______ ______|______ | 3.19/10,242/Towa State Col’ge
Same, mine sample No. 1............ | 18.69| 73.58| 7.73| 31.80 41.78 _____|______|____ -~ 2.39110,505N. W. Lord

Same, air-dried sample......... | 10.25/ 81.221 8.53 35.10] 46.12/______ | O ! 92.6411,596N. W. Lord
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Same, mine sample No. 2............ | 18.59| 74.26| 7.15/ 34.36] 39.90/ oo o] oon [ 310 - IN. W. Lord
Bame, air-dried sample......... | 12.37 79.938/ 7.70) 36.98| 42.95)_ _____|____________ 3.34|._____ N. W. Lord
‘Same, car sample, run-of-mine........ 15.39 71.98) 12.63| 30.49| 41.49 | T~ __ 3.19(10,242/N. W. Lord
Same, air-dried sample......... 9.92 77.23 13.55| 32.71| 44.52| ____|-__________ 3.42/10,98y|N. W. Lord
Same, washed coal .................. 19.25 72.820 7.93!0 81.07| 41.75) oo | 2.28 . _____ N. W. Lord
Same, air-dried sample......... 13.45 78.05 8.501 30.80| 44.75 oo | ___|______ Q.44 ______ N. W. Lord
Average of 5. ... i 9.40( 81.73 8,87i 37.65| 44.08| | o | 8.34______ Iowa State 'Col’ge
MADISON COUNTY— | ' ‘
| ' |

Clark mine, Northbranch............... 6.75 7T7.98 15_97i 31.85) 45.43| 61.40 ______ . (A Y Rush Emery

Same, calculated on dried coal....... 4 oA sl 82.94| 17.06] 84.17 48.77| 65.83|_____ T | . Rush Emery
MAHASKA COUNTY— | [

American mine, Evans, top of seam. ..... 3.55 91.84 4.61) 46.43| 45.41] 50.02] 3.48 * .09 3.57______ G. E. Patrick
Same, middle of seam................ 5.16 90.71 4.13| 45.42| 45.29) 49.42| 3.65 .06 3.7l|-_____ G. E. Patrick
Same, bottom of seam................ 4.45| 83.33 12.22| 36.46| 46.87| 59.06| 4.17 06| 4.231____ G. E. Patrick
Same, cannel-like part............... 5.13| 84.91 -9.96| 42.46 42.45| 52.41 4.79| .41 5.20‘ ______ G. E. Patrick

Griffitb mine, Given, average............ 2,84 83.85 13.31! 41.01] 42.84/ 56.15! 4.41' .08 4.49'..____|G. E. Patrick

Burns mine, Oskaloosa.................. 4.01] 93.83| 2.16| 47.76| 46.07| 48.23|._____ R S SN Rush Emery

. Same, calculated on dried coal........ | _____ 97.74 2.26| 49.75| 47.99 50.25|___ . _ =S [io__g Rush Emery

Carey mine, Rose Hill, average.......... 4.91| &4.70/ 10.39] 41.69| 43.01| 53.40| 5.00 .09 5.09'___:__|G. E. Patrick

Burtis mine, Oskaloosa, top of seam..... 5.231 90.27| 4.50| 42.27) 48.00) 52.50|._____ ______ - L. Rush Enmery
Same, calculated on dried coal........|______ 95.26| 4.74| 44.61) 50.65) 55.89| . __._ ______|_____. } ______ Rush Emery
Same, bottom of seam............... 5.38 82.63 11.99) 34.03 48.60 60.59|______|____________l______ Rush Emery

Same, calculated on dried coal..|______ 87.33| 12.67 35.96 51.37| 64.04|._____ f ] = Rush Emery

Garretson & Seever mine, Oskaloosa, top | I |

of seam ........... ... |TTTTTT TS g LA I¢ 6% |63 8 ce ¥ 221 |F9°56 | $#1°0 |Rush Emery
Same, calculated on dried coal........ | ______ 98.71| 1.29| 47.25 51.46| 52.75 | Rush Emery
Upper part of seam................. 4.66] 80.62 14.72| 35.62! 45.00| Rush Emery
Same, calculated on dried coal. |_____._ ‘ 84.56) 15.44| 37.36] 47.20 Rush Emery

Nichol mine, Oskaloosa, top of seam..... 3.98] 95.43] 1.29| 40.28 55.15 Rush Emery
Same calculated on dried coal........|______ ‘ 98.66 1.34| 41.65 57.01 . Rush Emery
Same, bottom of seam................ 4.30 86.50 9.20| 34.06 52.44 61.64| ______ LS P [ Rush Emery

Same, calculated on dried coal.. |______ | 90.39 9.61| 35.60| 54.79) 64.40|______ . R [ Rush Emery

Haddon bank, Oskaloosa................ 4.83] 90.62 4.55 37.76| 52.86) 57.41______ T SR . Rush Emery

Same, calculated on dried coal.......|______ 95,21| 4.79| 39.68| 55.53 60_32| ______ I | — [ Rush Emery
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CHEMICAL ANALYSES OF IOWA COALS—CONTINUED

LOCALITIES

tible matter

Total com-bust.ibles
Volatile combus-
Fixed carbon

bon plus ash
In sulphides

Moisture

Coke—Fixed car-

SULPHUR

In sulphates

B.T. U.

Calorimetry

AUTHORITY

Average of county, 8 samples............
Same, calculated on dried coal........
Given mine, Oskaloosa, top of seam.....
Same, bottom of seam...............
Iowa Coal Co. mine, Oskaloosa, top of
SCAM .. ..uvus s wme ol FekiRdon 8 8
Same, bottom of seam...............
Roberts & Co. mine, Oskaloosa, top of
SCAML « vt vvie i
Same, bottom of seam...............
Average of 6 samples...................
Whitebreast Fuel Co.,, Pekay............
SAME vt e e
Atwood Coal Co., Blyth.................
Same, air-dried sample...............
Crescent Coal Co., White City, No. 5.....
Same, air-dried sample...............
Bolton-Hoover Coal Co., Bolton No. 2....
Same, air-dried sample...............
Excelsior Coal, Co., Excelsior............
FSAME © oottt it et i cneenn s

F. W. Cox, Excelsior....................
*American Coal Co., Oskaloosa...........
FSAME .ttt it e

Rush Emery
Rush Emery
. Hinrichs
. Hinrichs

. Hinrichs’
. Hinrichs

. Hinrichs

. Hinrichs

. Hinrichs

Iowa State Col'ge
Towa State Col’'ge
,623'State Univ. Towa
i State Univ. Iowa
State Univ. Iowa
State Univ. Towa
3{State Univ. Towa
State Univ. Iowa

Prentiss
Prentiss
Prentiss
Prentiss
Prentiss

222727
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MARION COUNTY—

Bousquet mine, Coalport, bottom of seam
Same, calculated on dried coal........
Same,topofseam....................

Same, calculated on dried coal. .

Sherwood mine, Marysville, top of seam. .
Same, calculated on dried coal
Same, bottom of seam...............

Same, calculated on dried coal..

Yanser mine, Marysville, top of seam. ...
Same, calculated on dried coal........
Same, bottom of seam...............

Same, calculated on dried coal. .
Sherwood, Newman & Ferren mine, Oska-
loosa, top of seam................
Same, calculated on dried coal........
Same, bottom of seam...............
Same, calculated on dried coal..

Clemen ‘mine, Marysville................
Same, calculated on dried coal........

Bussing mine, Knoxville, top of seam....
Same, calculated on dried coal........

Same, middle of seam................
Same, calculated on dried coal. . j

Same, bottom of seam................ |
Same, calculated on dried coal..

Average of county, 12 samples..........
Same, calculated on dried coal........
Roberts & Fisher bank, Otley, top of seam
Same, bottom of seam..............,
O’Neal bank, Knoxville, upper bed......
Same, lower bed....................
Nossaman bank, Flagler, top of seam....
Same, bottom of seam...............
Average of 6 samples...................

*Sulpbur not separately determined.

5.89‘ 90.79

.95

| 96.
78.
83.
92.
98.
83.
| &8
| 90.
95.
87.
92.

47
60
57
58
09
19
62
54
86
14
53

.14
.73
.83
.82
.29
.53
.54
.81
.72

3.32
3.53
15.45
16.43| 37.
1.80
1.91
10.69
11.88
3.90
4.14

et et

—_

| 45.
.36 48.37

© O DD 1S ~1 T3 DD DO W GO W T 00 =1 ~1 O B
s =3
=3

47.54|
50.53
43.
46.
55.97
59.
51.
55.
50.
53.
48.!

51.

48.07 54.
50.
49.
52.
44.25
47.
40.
43.
45.
48.2¢
47.
50.
42,
43.
47.
45.

44.00] 53.70

Rush
Rush
Rush
Rush
Rush
Rush
Rush
Rush
Rush
Rush
Rush
Rush

Rush
Rush
Rush
Rush
Rush
Rush
Rush
Rush
Rush
Rush
Rush
Rush
Rush
Rush

Emery
Emery
Emery
Emery
Emery
Emery
Emery
Emery
Emery
Emery
Emery
Emery

Emery
Emery
Emery
Emery
Emery
Emery
Emery
Emery
Emery
Emery
Emery
Emery
Emery
Emery

G. Hinrichs

. Hinrichs

G. Hinrichs

. Hinrichs
. Hinrichs
. Hinrichs
. Hinrichs
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CHEMICAL ANALYSES OF IOWA COALS—CONTINUED

o | |
@ : SULPHUR
2 @ | g
e (]
g 'g § g 3 g @ @ -
L = [ (5 Q s
LOCALITIES g gae | 2 HE| B = 2B AUTHORITY
2 o o8| 8 |®E| 2 | g
5 | S 2o ° |7 a | & A
Fea — D — 1=} f=| = = —_— [
R [} e =pe 1} o 2 2 r °
=3 8 w o E o= =l =] 8 Em
= = < | > &~ | O —_ — = | O
Average Of 4.......... .. ..., 6.17) 87.06 6.78| 37.79| 49.27|._____ R ‘ ____________ !Iowa State Col'ge
Mammoth Vein Coal Co., Everist, lump ’ |
Coal L. 14.20| 70.50 15.20] 33.10| 37.40|______ Y 4.66/10,01) Towa State Col'ge
Mine No. 5, Mammoth Vein Coal Co,, | ‘ :
Hamilton, mine sample No. 1...... 15.65! 72.71| 11.64| 36.87 35.84 ______ ____________ 5.10(10,289|N. W. Lord
Same, air-dried sample..... [P 7.00| 80.17| 12.83] 40.65{ 39.52 ______ W 5.49(11,344|N. W. Lord
Same, mine sample No. 2............. 15.50{ 75.81| 9.19| 36.94| 38.37 . ____ | |- 5.19/_____-|N. W. Lord
Same, air-dried sample......... 6.63| 83.22| 10.15] 40.82| 42.40 __ . __ | ___|o____ 5.74|____ N. W. Lord
Same, car sample, run-of-mine........ 14.21 70.57| 15.22) 33.17| 37.40 | _|oo___ 4.66(10,019|N. W. Lord
Same, air-dried sample......... 4.25) 78.76| 16.99 37.02| 41.74 ______|______l._____ 5.20/11,182|N. W. Lord
Same, car sample, second portion....| 16.991 68.55 14.46| 33.03| 35.52 ______|._____ . 5.15) . N. W. Lord
Same, air-dried sample........ 1.76¢ 81,13 17.111 39.09| 42.04 ______ S 6.09______ N. W. Lord
Same, washed coal.............co..n. 18.85 70,87 10.28! 35.441 35.483 ______l______|______ 3.93 ______ N. W. Lord
Same, air-dried sample........ 9.73| 78.83| 11.44| 39.42 . 4.37.____ N. W. Lord
English Creek Coal Co., Hawkeye....... 18.30| 69.07| 12.63| 31.12 5.16|10,215/State Univ. Iowa
Same, air-dried sample........:...... 4,50, 80.73| 14.77| 36.37| 44.36I ______ | - | mmee 6.03(11,939|State Univ. Iowa
MONROE COUNTY— ' ‘ |
\
Chicago and Iowa mine, Albia, average..| 6.09| 81.20 12.67| 43.19| 38.04| 50.71| 5.54 190 573 G. E. Patrick
Enterprise mine, average............... 5.009| 89.51 5.39| 44.62! 44.89| 50.28' 4.91 290 5.200______ G. B. Patrick
Iowa and Wisconsin mine, Albia, top of
SEOAML v eevevee it ie et 4.02 63.70‘ 32.928| 31.15| 32.55 64.83 7.17 87 8.04|__.___ G. E. Patrick
Same, middle of seam................ 4.94] 83.26) 11.80| 38.23| 45.03 56.83| 4.96 34| 5.30(______ G. E. Patrick
Same, bottom of seam............... 4.00' 86.45 9.55| 34.95| 51.50 61.05 4.09 29| 4.38|__.____ G. E. Patrick

80¢
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Smoky Hollow mine, Avery, average.... |
Deep Vein mine, Foster, top of seam....
Same, middle of seam................
Same, bottom of seam...............
Miller mine, Albia, bottom of seam
Same, calculated on dried coal
Same, top of seam
Same, calculated on dried coal..
Buchanan mine, Albia..................
Same, calculated on dried coal
Barber mine, Albia.....................
Same, calculated on dried coal........
Perry mine, Albia ....... ey ol g A ey
Same, calculated on dried coal
Miller mine, N. E. of Albia..............
Same, calculated on dried coal

Average of county, 6 samples............
Same, calculated on dried coal

Whitebreast Fuel Co., Hilton [

Same

Hocking Coal Co., mine No. 3 |

Same, mine No. 1
Same, mine No. 2
Same

Same .......... .
Same, mine No. 9....................
Same, mine No. 11
Average of 8.... ... ... ... il
Smoky Hollow Coal Co., Avery, steam coal

Mine No. 6, Smoky Hollow Coal Co.,
Avery, “third seam”..............
Sanie, air-dried sample
Same

Same, air-dried sample.........
Wapello Coal Co., Hiteman, No. 4
Same, air-dried sample
*Soap Creek Coal Co., Foster
Foster )

*Sulphur not separately determined.

e Uy @ Ot

95|
.80

.03
.81‘
.84
.07
.51
.40
.41
o7

87.57
81.04
91.03
79,99,
89 14
9354,
89,02
93.98

5| 86.0Y

90.78I
92.06
97.97
89.20!
93.34
91.37
96.08|
8948
9416
83,04
88,82l
79.95|
84.88
85,27]

90.52,

81.65
93.71
85.90

|

| 89.92

84,80/
78.20

78.59|
84. 14!
74.78)
83.46
71.98
79.06
81.85
81.53

7.58)
13,91
2.30
14.94
6.15
46|

—_
SUWUTL W MO NDHLTC Y S

—_
=

10.47
11.41
12.54
7.87
11.90

42.64|
40.36
4.75
35.25
37.84
39.70
43.80
45.89

| 40.21

42.40
42.49
45.22

7l 42.69

14.67
43.65
45.90
41.78
43.96|
37.97

1 40.61

38.37

| 40.02

42.56
45.18

35.58 .
| 48.69

43.60
37.09
40.38
35.40

40.62
43.49
36.90|
41.18
33.01

36.26|
42.18|
47.91]

4.20| .59
4.24 .36
3.34 .10
5.21 .20
SR I
____________ ‘
____________ |
______ ‘——————i
S
____________ |
____________ |
[~ i
____________ |
| [ . |
—————— |======1
|

e e |
______ i___,__l
______ [Lo___2
gl

102(12,396
.26112,396
99
4112087
.7512.560
-98(12, 560

.06[12,030
.58(12,030
{1 ] (.

4
.27|10,585

.41
.68/10,854

.92110, 528
.10]11, 564
3.87
7.6011,541

.22/12.114/

G.
G.
G.
G.
Rush
Rush
Rush
Rush
Rush
Rush
Rush
Rush
Rush
Rush
Rush
Rush
Rush
Rush
Towa
Towa
Towa
Towa
Towa
Towa

HEEE

Towa
Towa
Towa
Towa
Iowa

9|Towa

N. W.
N. W.
N. wW.
N. W.
State
State

. Patrick
. Patrick
. Patrick
. Patrick

Emery
Emery
Emery
Emery
Emery
Emery
Emery
Emery
Emery
Emery
Emery
Emery
Emery
Emery
State Col'ge
State Col’ge
State Col’ge
State Col'ge
State Col'ge
State Col'ge

State
State
State
State
State
State

Col’'ge
Col'ge
Col’ge
Col'ge
Col’ge
Col'ge

Lord
Lord
Lord
Lord
Univ. Towa
Univ. Iowa

Geo. N. Prentiss
Geo. N. Prentiss
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CHEMICAL ANALYSES OF IOWA COALS—CONTPNUED

- | 3 ; SULPHUR
re) @ & = -
2 Bul| o | 24
S 52| o 3| % 3 i '
g g% | 2 | KHE| ® = 25 AUTHORITY
LOCALITIES ® 3 =] < ma | 8 o fé’ ” i’
2 ) a a
2 ° =2 o | =] = = iy
2 3 82| § | 8| B 2 q | S
I S 2 cE | M o o a ° =
j = = < | P> n | O — — = | O
| 8
POLK COUNTY— 1 ogEY
Redhead mine, Des Moines.............. 4.80| 89.00[ 2.30| 44.70 44.30| 50.50 . ______| _____ SR G. Hinrichs
Christy mine, Des Moines, top of seam.. 5.53| 88.05] 6.42| 44.70!1 43.35 49.77 4.78 09 4.87_.____ G. B. Patrick
Same, middle of seam............... 6.18| 84.12| 9.70| 38.65; 45.47| 55.17 5.14 .15 5.56[.-____ G. E. Patrick
Same, bottom of seam........ ..... 6.60| 75.62| 17.78| 33.84‘ 41.78| 59.56 4.79 19 4.98 _____. G. BE. Patrick
SAME, AVEIAZE oo vvee et ieeeeeeannn 6.10| 82.59( 11.30| 39.06i 43.53 54.83 4.99 .14 5.133‘ ______ G. E. Patrick
Gibson mine, Des Moines, average....... 7.04) 82.89 9.72| 40.06] 43.17] 52.89 4.09 16| 4.25 . G. BE. Patrick
Manbeck mine, Des Moines, average..... 6.82| 76.58) 16.19| 36.93] 39.65 56.84| 4.44 .29 4.73|______ G. E. Patrick
Marquisville ................ ... ... ..., 5.09 91.03| 3.88) 43.30 47.73|_ |- i~ 2.60,10,574|Iowa State Col'ge
AVErage Of B........oooiniveriniieiin.. 6.43 83.61| 11.96 38.84| 44.77| ... [loeem 4.87|______ Iowa State Col'ge
Flint Brick Co.. Des Moines, steam coal.. | 13.00| 69.60 16.20| 30.10( 39.50i-—-__ N o | 9,952|Towa State Col’ge
Norwood Coal Co., Norwoodville, steam ‘ ‘
CORL ottt e ! 14.20] 70.70| 15.00 382.30! 38.40|-c— | omi oo 10,479|Towa State Col'ge
Gibson Coal Mining Co., Des Moines, lump ‘ ‘
oAl L. e 13.80] 72.00| 14.00| 36.901 35.10| el ___ i 6.1510,244|Towa State Col'ge
Marquisville, nut coal..........oovuu.... 5.80| 78.50( 20.60| 30.00| 48.50{— |~ | _____ 11,136|Towa State Col'ge
Mine No. 4, Gibson Coal Mining Co., Al- . \ ,
toona, ‘“third vein,” mine sample
No. 1 o e 14.42| 74.59 10.99} 37.81| 36.78| e e 5.8910,640|N. W. Lord
Same, air-dried sampte .............. 5.33| 82.51| 42.16) 41.82' 40.69|.-—___ P 6.5211,770/N. W. Lord
Same, mine sample No. 2............ 15.90( 71.73! 12.37| 37.42 34.831|cceee | . 6.76|.._.__ N. W. Lord
Same, air-dried sample ........ 5.51] 80.59, 13.90| 42.04| 38.55)._____ ‘ ____________ 7.59|______ N. W. Lord
Same, car sample, lump coal.......... 13.88) 72.11 14.01| 86.94| 35. 171 _ o _ | _|______ 6.15(10,244/N. W. Lord
Same, air-dried ~ample......... 4.52' 79.95' 15.53! 40.96( 38.99'_ ____ | _____'______ 6.83'11.356IN. W. Lord
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Same, washed coal ..................
Same, air-dried sample.........
Same, coke sample .................

Same, air-dried sample......... | 1.80
Des Moines Coal and Mining Co......... l
Keystone Coal Mining Co., Des Moines... ! 13,42| T

Same, air-dried sample
Bennett Coal Co., Des Moines

Same, air-dried sample...............
Bunterprise Coal Co., Enterprise, mine
No. 2

POWESHIEK COUNTY— ‘

Smith & Barrowman mine, Searsboro, top‘
Of SCAIN .4y aiigs war, B s Ry g o' 1
Saine, calculated on dried coal........
Saine, bottom of seam................ i

Same, calculated on dried coal..|____

Same, average of undried coal........

Same, average of dried coal.......... e

Smith & Barrowman mine, Searsboro. ...
SCOTT COUNTY—

Havill coal bank, Buffalo................
Same, calculated on dried coal
“Lower coal,” Buffalo..................
Same, calculated on dried coal........
Friedley & Hoyt mine, . Buffalo, top of
SEAIN ot et eie e e

............................ ‘ 14.69!

Sanie, middle of seam................ |
Same, bottom of seam................
Hanlon & Blackwell mine, Buffalo, top of |
seam

75.14
80.
77,
80.
95.

89.:
| 94,
3| 86.67
l92.
87.

89,
82.

86.
83.59| 11.34

DO Sy © =3 =3 U Ox

| 35.87

44.20

40.12|

47.91|

53.52
49.04

i 52.08

47.40

40.82
42.03
49.08
50.67

48.47
46.02
43.94

44.56

44.26

[EIVVEEE PSISI P ——

.72
.51
10
.98

.20
.90
.02

5.24

60

;
i
=
HEm STUdU

N. W. Lord
N. W. Lord
N. W. Lord
N. W. Lord
Towa State Col'ge
State Univ. Iowa
State Univ. Iowa
State Univ. Iowa
State Univ. Iowa

State Univ. Iowa
State Univ. lowa

Rush Emery
O Rl G I__. -——-|Rush Emery
|Rush Emery
|Rush Emery

Rush Emery
Rush Emery
|G. Hiurichs
. Whitney
. Whitney
. Whitney
. Whitney
G. E. Patrick
G. B. Patrick
G. T. Patrick
G. E. Patrick
G. E. Patrick
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CHEMICAL ANALYSES OF

IOWA COALS—CONTINUED

3 , SULPHUR
s @ 5
2 B o4
2 gE | E |g4| 3 2 B
LOCALITIES 'g S| 2 | xz| = § tE;;) AUTHORITY
2 5y 28| 8 |mE| & S a.
23| 5 [22| % |8c| 2 2| 3 |84
s | 5| 8 |e% % |42 & | & | 8 |=«
= 31 ] ) S = = = = | O
|
Friedley mine, Muscatine............... 3.94 92.98 3.08| 37.46 55'52i5 58.60| 3.03 07| 35.10|______ G. E. Patrick
Average of 6.......... ... ... .. ... ..., 3.61| 87.18 9.29| 89.95 47.13 . ___|{c—__l_____ 4.7 Iowa State Col’'ge
Duck creek, Sec. 27, Twp. 70, R. 4 E.....|______ 92.501 7.500 42.50| 50.001_____|._____ I [ | = |D. D. Owen
| |
TAYLOR COUNTY—
Adams shaft, New Market............... 8.00 79.68 12.31 35.41| 44.99| 56.58] 5.29 59 588\ .- G. E. Patrick
Anderson mine, New Market, average. ... 8.06 80.57| 11.36 34.99I 45.58 56.95 4.72 45 51T __ G. E. Patrick
Campbell mine, New Market, top of seam | T7.44 80.64| 11.92| 37.79) 42.85 54.7%| 3.54 .14 3.68|._____ G. E. Patrick
Same, middle of seam................ 8.21 82.77| 9.02| 85.28 47.49] 56.51| 3.85 43| 4.28|..____ G. E. Patrick
Same, bottom of seam................ 7.94) 79.93 12.13) 37.41 42.52 54.65| 4.70 7t | G. E. Patrick
Average of 5......... ... ... .o 5.93 80'71i 11.34 36.17 44.54| | ___|_____ | 4.85 ... Towa State Col’ge
Campbell Coal Co., New Market, mine No. | |
1 20.21) 68.38 11.41] 30.05 388.33 |- oo | 4.1810,115|State Univ. Towa
Same, air-dried sample .............. 9.24| 77.77 12.99| 34.17 43.60______| | ____ 4.78|11.494|State Univ. Towa
VAN BUREN COUNTY— } . |
Cox coal bank, Hillsboro................ 7.92 88.50 3.58‘ 41.74| 46.76 50.34|._____ | ______ | 29’ ______ J. D. Whitney
Same, calculated on dried coal........ | ______ 96.11 8.89| 45.83 50.78 54.67|._.___ R B |-—2___|J. D. Whitney
Crail bank, Hillsboro.................... 5.30( 92.33| 2.37| 37.98 54.35 56.72|ccco-- ‘ ______ ( 0.55|-e o J. D. Whitney
Same, calculated on dried coal........|______ | 97.50) 2.500 40.11 57.39! 59.80\______ e o I J. D. Whitney
Slaughter bank, Farmington ............ 8.62, 85.50| 5.88 38.08| 47.42| 53.30|_.____ } ______ 1.02’ ______ J. D. Whitney
Same, calculated on dried coal........|______ 93.571 6.43 41.67 51.90' 58.38] |l _____\______ J. D. Whitney
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Specimen one-half mile above Farmington| 4.62 88.37 7.01| 37.27] 51.10 58.13| |-~ R A S J. D. Whitney
Same, calculated on dried coal........|______ 02.65 7.35 39.07 53.58 61,93‘ ____________ S A J. D. Whitney
¢ Manhard bank, Selma.................. | 7.76 88.34 3.90| 40.23| 48.11 52.01 ______l______ 1.69____ J. D.- Whitney
Same, calculated on dried coal........ ______ 95.77 4.980 43.62| 52.15 86.38 - __ ______| | ______ J. D. Whitney
Specimen from Business Corners........ 5.42 87.19 7.3 39.39] 47.30 53.19 ___________ 0.49______|J. D. Whitney
Same, calculated on dried coal........ ______ 92.19  T.811 41.67 50.54 HR.3% o |l J. D. Whitney

Average of 3....... ... ... . i Q.10 87.44 4.4>5 40.01 47.43 ___ | _la___ Towa State Col'ge

New York Coal Co. mine, Farmington,

top of seam...................... G.40' 87.20 7.10 43.20 44.00 50.10 ______ . ______l____.__| G. Hinrichs
Same, bottom of seam................ 6.40, 88.50 5.10 43.7C 42.90 47.90 ______ | ______. |G. Hinrichs
*Business Corner mine, Business Corn- |
ers, top of seam.................. 1.900 97.40 1.30 H1.10 46.20 4750 | . |G. Hinrichs
*Same, bottom of seam.............. 1.30 93.80 4.90 50,10 43.70 48.60! | ____. |G. Hinrichs

Rodefer bank, Independent, top of seam..  G.10' 91.40 2.50: 46.80 M.70 4700 | __________. |G. Hinrichs
Same, bottom of seam................ G.60! 86.20 7.200 47.40 33.80 A6.00 ______ ______|____________ |G. Hinrichs

‘Carmine bank, Sec. 13, Twp. 70, R. 8, top .

of seam ...........oi 5.40/ 86.70 6.90 40.30 46.40 53.30| . ____ . G. Hinrichs
Same, bottom of seam................ 4.50) 87.30 8.30; 45.90 41.40 4970/ | G. Hinrichs
*Carter mine, Bentonsport.............. 1.700 91.30  6.90( 41.9¢ 49.40 56.40'_____ | _____|______ G. Hinrichs
Average for county, 9 samples.......... 4,400 90.00 5.60 47.001 43.00 50.00 ______ _____|____________ G. Hinrichs
WAPELLO COUNTY—

Whitebreast No. 22, Keb, top of seam....| 5.54 84.79 9.67| 41.24 43.55 53.22! 0.33| A1) 6.46 - G. . Patrick
Same, middle of seam................ | 6.82 82.03 11.15] 33.29| 46.74| 57.80' 9.5 6] 9.69 .____.|G. E. Patrick
Same, bottom of seam................ 7.55 79.09 *13:36| 33.43] 45.66| 59.02 (.05 25 6.300 . __ G. E. Patrick
Same, sample of room................ 5.08 74.54 20.38| 33.66 40.88 61.26! 6.49 ORD6.TT G. E. Patrick

Eldon mine, Laddsdale, top.............. ‘ 3.81 93.39 2.80| 41.69; 51.70) 54.50] 2.57 .33 2,90 ___«__ G. E. Patrick
Same, middle of seam................ 3.72 85.37| 10.91] 42.88 42.49 53.40| 2.93 .66 3.59/______|G. E. Patrick
Same, bottom of seam................ 3.24 87.97 8.79) 45.82! 42.15 50.94] 2.8 .50 3.36 _____. G. E. Patrick

Brigg mine, Eddyville.................. 4.07 94.55 1.3R! 50.65) 43.90 45.928|______| . ________.___ Rush Emery
Same, calculated on dried coal........ | ______ ¥8.56| 1.44 52.80| 45.76 47.20|____ _____ _____l______ Rush Emery

Brown & Godfrey mine, Ottumwa........ 6.50! 89.60| 3.90( 41.35| 48.25 52.15| .______ S I S Rush Emery
Same, calculated on dried coal........ ______ 05.83| 4.17 44.22] 51.61 Rush Emery

Wylie mine, Eddyville.................. 3.95 85.69| 10.36 3G.98 48.71 . Rush Emery
Same, calculated on dried coal........ W ____T 189,221 10.78" 38.51' 50.71 Rush Emery

*These samples had been in a warm room ahout a week before being analyzed, hence the small amount of moisture.
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CHEMICAL ANALYSES OF I0WA COALS—CONTINUED

|
3 | | , SULPHUR
2 @ | =
i a5 o
g g2l § |[=wa| = @ o
0 pes < n @ % -~
LOCALITIES [ g e 2 %3 T + 8y AUTHORITY
e = o8 8 [ma| & | £ ar.
5 o zal| 2 [ 2| B 2
| = —_ == Lo o g = =) — ~
o 3 o s2 [ i 9 @ @ 8 2.3
S c ‘ @ ‘ cE | B | R 4 = 5 39
= = < | > = O = —_ = | O
| |
Allen mine, Ottumwa, top of seam....... 5.06! 67.93°27.01 27.61| 40.82 °67.33 ______| | ______ Rush Emery
Same, calculated on dried coal........ ______ 71.55| 28.45 29.08| 42.47 70.92 || ______ 'Rush Emery
Same, bottom of seam................ 3.35 91.79 4.86 46.75| 45.04; 49.90 -_____|___.__ ______ ______|Rush Emery
Same, calculated on dried coal.. |______ | 94.98/ 5.02 48.37 46.61‘ 51,68 _ | ___ |Rush Emery
Dudley mine, Dudley, top of seam........ 5.48 92,51 2.01 45.76| 46.751 48.76 . _____|______ ______ ______|Rush Emery
Same, calculated on dried coal........ — 97.88| 2.12| 48.41| 49.47 51.59 ______ I [ |Rush Emery
Same, bottom of seam................ 4.97 87.01| 8.02 42.50( 44.51 52.53 - ___| . _____ ______ ______ |Rush Emery
Same, calculated on dried coal..|______ 91.56/| 8.44 44.72| 46.84 55.28 .___________ ______'______|Rush Emery
Evans mine, Chilicothe, top of seam..... 6.98 89.47 3.55 39.36| 50.11 53.66 -_____ S I b |Rush Emery
Same, calculated on dried coal........|______ 96.17 3.83 42.31| 53.86; 57.69 ______ [ . |Rush Emery
Same, hottom of seam................ 6.161 90.08 3.76 36.96 53.12! 56.88 ______ 1 ___________________ Rush Emery
Same, calculated on dried coal..|______ 96.001 4.00 39.39| 56.61 60.61 ______ ST SN S —— Rush Emery
Marshall mine, Eddyville, top of seam. . .. 5.21 87.701 7.09 42.19| 45.51 52.60 ______ . _____.______ ______ Rush Emery
Same, calculated on dried coal........ | ______ 02.52  7.4R8 44.51| 48.01 55.49 ______ - | o ___ Rush Emery
Same, bottom of seam................ 5.85 88.46| 5.59  39.69| 48.77 54.46 __.___ | S| NN S Rush Emery
Same, calculated on dried coal..|______ 93.96, 6.04 42.16| 51.80; 57.84 ____._ | S I ISR {Rush Emery
Inskeep mine, Ottumwa, top of seam..... 3.87 92.11| 4.02 42.96| 49.15| 53.17 ______ S A |Rush Emery
Same, calculated on dried coal........|______ 95.82 4.18 44.69 51.13; 55.31 - ____ | ____ ___________. |Rush Emery
Same, bottom of seam................ 3.68 85.49 10.83 42.05 43.44! 5407 | . Rush Emery
Same, calculated on dried coal..|______ 88.77) 11.23| 43.66| 45.11 56.34 ______ ! N R Rush Emery
Heacock mine, Chilicothe, top of seam...| 5.35 87.65 7.00 42.41| 45.24 52.24 ____ |\ ___________|______|Rush Emery
Same, calculated on dried coal........ ______ 92.61 7.39 44.81| 47.80 55.19 ______ SR SR N |Rush Emery
Same, bottom of seam................ | 3.89! 77.77 18.34 36.94 40.83| 59.17 ______ ! N Vo |Rush Emery
Same, calculated on dried coal.. ______ 80.91| 19.09| 38.43/ 42.48| 61.57 ______ O T - Rush Emery
Average of county, 15 samples.......... I 4.96' 87.19" 7.85 40.94! 46.25' 54.10 ______ . . iRush Emery
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Same, calculated on dried coal |
Roseland Coal Co., Ottumwa, steam coal. . |
Average of 11........... ... .. .. ov.... |
Henry Shock & Co., Sec 8§, Twp. 78, R. 14,

top of seam

Same, bottom of seam
Alpine Coal Co., Alpine, top of seam

Same, bottom of seam
Brown & Godfrey mine, Ottumwa, top of

seam

Same, middle of seam

Same, bottom of seam
Average for county, 7 samples .
Mine No. 2, Anchor Coal Co., Laddsdale,

middle seam

Same, air-dried sample...............

Same, lower seam

Same, air-dried sample
Same, car sample, lump and fine coal. .
Same, air-dried sample
Same, washed coal
Same, air-dried sample........
Same, coke sample
Same, air-dried sample

Eldon Coal & Mining Co., Laddsdale
Same ...
Carbon Coal Co, Willard................
Phillips Fuel Co., Bear Creek mine
Same, air-dried sample
SaAME ..
Phillips Fuel Co., Rutledge No. 5........
Same, air-dried sample...............
Phillips Fuel Co., Rutledge

| 88.

|85

91.76
71
83.98
85.
90.

00
00
70
81.80
84.
88.
86

90!
50!
.20
40|

14l
85|

78.
84,
75.60]
82.17|
75.76|
78.27
76.91
80.37
71.99
78.80!
82.24!
86.68
90.50!
91.14
74 .46
20.81!
82.93
76.29
82.92

8.24

10.60

— —
SO0 W=10-1

===
DO = O

43.07|

.00/ 15.70! 30.70

38.73

38.60|
41.70
44.70|
39.10

60
.30
.00,
10

48,691 56.93) - | Rush Emery
41,900 . 8,594|Iowa State Col'ge
45,250 |l _____ 586 ______ Towa State Col’'ge
46.50) 53,060 oo G. Hinrichs"
48.30] 52.30|_____ | ___ G. Hinrichs
44,000 51.200 o ||~ G. Hinrichs
42.70| 56.00|——____ NI SRR G. Hinrichs
41.30( 49.30) . | _____ G. Hinrichs
44.10] 48.30 |- G. Hinrichs
46.10) 56501 || G. Hinrichs
43.70) 52,40\ oo . G. Hinrichs
|
39.49| o ______ 4.72/11,345|N. W. Lord
42,80 _____ 5.12112,31%|N. W. Lord
38.32)______ R 4.99 ______IN. W. Lord
41.65 . I 5.42 ______|N. W. Lord
45.02.___. I N 5.08/11,027|N. W. Lord
46.51|-—____ S S, 5.20(11,392|N. W. Lord
41.00( || _____ D461 IN. W. Lord
42.84| | ___ 4.821______ N. W. Lord
70.39) | _____- 3.89|______|N. W. Lord
7700 | . 4.25/______ IN. W. Lord
44,75\ | “l]lo C.,B. &Q R.R.
45,760 o 4.75(18,141 Towa State Col’ge
4778 . 4.96/13,141/Towa State Col'ge
54,200 ___ 2.86112,245 Iowa State Colge
39.82 _____ .l ______ 6.11/10,77¢/State Univ. Iowa
43.22 || __.__ 6.63!11,695/State Univ. Iowa
34.74 49.69 _____ ______ 6.82/12,304/C., M. & St. P. Ry.
40,61 || _____ 5.76/11,051|State Univ. Inwa
A4 14| 6.26:12,010{State Univ. Iowa

12,550/Geo. N. Prentiss
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CHEMICAL ANALYSES OF IOWA COALS—CONTINUED

| & , SULPHUR
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= g @ 13 = g,
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~ o o= .o o g8 = = — =~
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5 3 @ °oE | o= a o o [
= &= < | &R O | A | = = | O
WARREN COUNTY—

Bennum mine, Summerset, top.......... 7.31 82.09 10.60 36.63 45.46 56.06 5.02 .09 5.11 __.___ G. E. Patrick
Same, bottom of seam................ 9.43) 82.14 8.43 36.96, 45.18 53.61 3.62  .16| 3.78 ______ G. E. Patrick

Dillard mine, Spring Hill, top of seam.... | 11.56/ 83.27 5.17 42.89| 40.38 45.55 ______ | ______ Rush Emery
Same, calculated on dried coal........|______ ' 04.15 5.85 48.49| 45.66| 51.51 oo | ______ Rush Emery
Same, middle of seam................ 14.13| 80.60 5.27 386.59) 44.01) 49.28 ______ ______|______ ______|Rush Emery

Same, calculated on dried coal..|______ 93.87 6.13 42.61| 51.26) 57.39 ______ _____ | _____ _____. Rush Emery
Same, below middle of seam.......... 10.76, 82.32 6.92 38.76| 43.56, 50.48 ______ __________________Rush Emery
Same, calculated on dried coal.. |______ 1 92.95  7.75 43.43; 48.82| 56.57 ______ ______| . Rush Emery
Same, bottom of seam................ 12.64) 83.17 4.19 41.62! 41.55| 45.74 ______ ______ | S Rush Emery
Same, calculated on dried coal..|______| 95.20/ 4.80 47.64| 47.56| 52.86 ______ ______ S, S Rush Emery

Average of county, four samples......... 12.27 82.34 5.39 39.96| 42.88] 47.77 - ___ | ___________ Rush Emery
Same, calculated on dried coal........|______ 93.87| 6.13| 45.54| 48.33 54.46______ ______|______.___.__ Rush Emery

Average of four............. ... ......... 10.60/ 82.01 7.36 38.26 43.75 ______ ' ____________ I = Iowa State Col'ge

[ [
WAYNE COUNTY— | | ‘ o !
’ | | | .

Frey mine, Confidence, below parting. ... 9.26| 80.45, 10.29 34.21] 46.24 36.53 4.71 26, 4.97 ______ G. E. Patrick
Same, above parting. .. ............... 9.39] 78.69: 11.92 34.711 43.98 55.90 2.97 20! 30 i G. E. Patrick
Same, middle of seam................ 8.01| 75.41‘ 16.58 37.22/ 38.19 54.77| 3.24 09! 3.33|——___ G. E. Patrick
Same, top of seam. ................... 9.87 77.12| 13.51 381.78 45.34 58.85 3.53 37 8.90 _.o___ G. Io. Patrick

Average of 4....... ... ... i 9.01} 77.91] 13.07| 34.48 43.43 _____ ______ ______ 3.841______ ITowa State Col'ge

91¢
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WEBSTER COUNTY-— |
Collins No. 6, Coalville, average......... 7.48| 84.06 8.411! 30.52 44.54) 52.99| 4.98 *.26' 5.24|______/G. E. Patrick
Collins No. 4, Coalville, average.......... 7.80| 82.88 9.32| 37.74 45.14| 54.46| 3.97 120 4,09 L _ G. E. Patrick
Old Reese mine, Fort Dodge............ 9.92| 48.77| 41.31| 29.69; 22.08| 63.39| . .. G. E. Patrick
Carlson mine, Kalo, average............. 10.10! 76.53 13.36, 32.83| 43.69 57.06| 1.068 A8 186 .o G. E. Patrick
Craig Cannel mine, Kalo, “cannel” coal..| 5.87| 78.26/ 15.87| 39.04| 39.92 55.09| (.87 .23 7.12______ G. E. Patrick
Craig slope, Kalo, bituminous........... 8.46| 81.37| 10.17| 37.97| 43.40| 53.57 5.19 100 5.29______ G. E. Patrick
Crooked Creek mire, Lehigh, top of seam | 7.74| 78.94| 13. 32‘ 34.47| 44.47| 57.79) 4.831 .81 5.64|-_____ G. E. Patrick
Same, middle of seam................ 8.52| 82.65/ 8.83: 38.64! 44.01| 52.84 3.71| 48 4.19 ______ G. E. Patrick
Same, bottom of seam................ 8.57| 81.86 9.57| 37.57 44.29| 53.86) 3.47 .18 3.65 ._..__ G. E. Patrick
Crooked Creek, shaft, Lehigh, average...| 6.99! 76.66 16.34| 34.40, 42.26| 58.60| 5.67 37 6.04 . __ G. B. Patrick
Corey mine, Lehigh, average............ 7.77| 81.27) 11.00| 38.05 43.21| 54.21| 7.02' .68 7. J{VJ—— G. E. Patrick
SAMBO oot e 85.96) 14.04| 87.98 47.98|______ S| S 5.90{12,431|Iowa State Col’ge
Colburn mine, Fort Dodge............... 13.02| 80.6(| 6.38| 37.54| 43.06| 49.44' ___ ___ ______ . ___|_____ J. D. Whitney
Same, calculated on dried coal........ |_.c___ 02.66| 7.34| 43.16! 49.50 56.84|_ _____ ______ ___________. J. D. Whitney
Section 18, T. 88, R. 28.........c..vvvun 14.95! 77.871 7.18 34.98 42.89 50.07 ______ ______ 0.81 ______ iJ. D. Whitney
Same, calculated on dried coal........|-—cooe | 91.56 8.44; 41.13 50.43 58.87_ _______________________ J. D. Whitney
Section 13, T. 88, R. 28.......civivnn. . 9.46i 78.35 17.19] 83.69| 39.66 56.85 ______ | S 2.652 _____ J. D. Whitney
Same, calculated on dried coal........|.coo__ 81.01 18.99 37.21| 43.80 62.79 ______ SRS, S - J. D. Whitney
Rees mine, Fort Dodge. .. ...ooovvenven. 14.05| 77.61 8.34| 36.42 41.19] 49.53 ______ I PSS Rush Emery
Same, calculated on dried coal........ | _____ 90.32 9.68' 42.381 47.94| 57.62 _____ (S R S Rush Emery
“Cannel coal,” Sec. 17, Twp. 88 N, R. 29 | | | )
/A 10.46| 74.87| 15.17| 37.44| 36.93) 52.10 ______|______|.___ —— Rush Emery
Same, calculated on dried coal........|_-cce—o 83.00‘| 16.94( 41.80] 41.26 58.20 .. _ || _____|_____ Rush Emery
Section: 17 Twp. 88 N, R. 28 W........ 10.13| 73.33| 16.54; 37.25| 36.08) 52.62 ______|______|______|______ Rush Emery
Same, calculated on dried coal........| e 81.59) 18.41| 41.44| 40.15 58.56 | ___|______ Rush Emery
Collins mine; Coalville ................. 13.91 78.83] 7.26 37.00| 41.83 49.09 ______|______ ______|______ Rush Emery
Same, calculated on dried coal........ | ______ 91.57, 8.43 42.98| 48.59 57.02 ._____|________ ___|______ Rush Emery
“Cannel coal,” Rees mine, IFFort Dodge....| 9.92) 48.77 41.311 26.69| 22.08 63.39 ____.__| _____ [ _____ Rush Emery
Same, calculated on dried coal........|______ | 54.14| 45.86! 29.63| 24.51 70.37 ______| _____| o ___|_____. Rush Emery
Average of county, 4 samples...... N 12.14) 76.04 11.82 37.03| 39.01 50.83 _____ | _____| _____[______ Rush Emery
Same, calculated on dried coal........ |______ 86.64 13.36 42.15| 44.49 57.85 _____|___ e (S P Rush Emery
Tyson seam, near Lehigh................ 12.701 77.03 10.27 44.12| 32.91 ______ ______|._____| 5.83 _____ Iowa State Col'ge
Lehigh .o vut e 17.47| 70.94 11.59] 81.85 39.59 _____ ______|______ | 4.87______ [Towa State Col'ge
Average Of 10... . ... iininnnnn 7.83( 80.65 11.52§ 37.93/ 43.42 __ ___ | _____|______ | 508 _____ iIowa State Col'ge
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In 1901-02, at the Towa State College, Mr. F. M. Weakly made
a study of the chemical compositions of Towa coals, from which
the following is quoted: _

““The moisture in Iowa coals varies (for the coals tested)
from 4.03 to 17.47, the average being 8.08. This moisture is
high, as compared with that in coals of other states.

“Eliminating moisture from our comparisons, in volatile
matter the fowa coals are rich, varying from 36.94 to 48.69, with
an average of 41.49.

““The fixed carbon ranges from 44.86 to 54.91, with an average
of 49.62, slightly lower than that of many coals from other sfates.

“Total combustibles are high, running from 84.88 to 95.91,
with an average of 91.11.

““Ash is low, being from 4.09 to 15.12, with an average of 8.89.

“Sulphnr is high, from 2.27 to 7.41, with an average of 3.72.

“The coals high in sulphnr are also high in ash.”’

Concurrently with the work of Mr. Weakly, Messrs Austin
and Peshak, under the direction of Professor G. W. Bissell,
determined the calorific powers of samples of coal from twenty
or more mines from the same district, fourteen of the samples
being the same as used by Mr. Weakly.

The following table exhibits the results of the work of Messrs.
Austin and Peshak:

CALORIFIC POWER OF IOWA COALS.

PER POUND OF DRY FUEL.

B. T. U
Slack coal, Marqguisville, Towa........ e 10574
Lumsden Coal and Mining Company................ccvvoun.n 12097
Saylor Coal Company, Marquisville........................ 8585
Des Moines Coal and Mining Company, Marquisville........ 12041
Whitebreast Fuel Company, Hilton, Jowa.................... 12396
‘Whitebreast Fuel Company, Pekay, Iowa.................... 13050
Hocking Valley Coal Company, Mine No. 1.................. 12037
Hocking Valley Coal Company, Mine No. 2.................. 12560
Lumsden Coal Company, Bloomfield, Iowa.................. 13204
Humboldt Electric Company, cannel coal, Kalo, Towa........ 10451
Humboldt Electric Company, mine coal, Kalo, Towa........ 10922
Centerville Block Coal Company........oouuuuinrnnnennnnn 12681
Eldon Coal and Mining Company, Laddsdale................ 13141
Consolidation Coal Company, Buxton, No. 10................ 1203

Consolidation Coal Company, Buxton, No. 11................ 10585
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Lodawick Brothers Coal Company, Mystic..............c..t. 12780
Carbon Coal Company, Willard. ... ...t 12245
Crowe Coal Mining Company, Boone..............cccvuvuan.. 12729
Boone Electric Light Company................. e 9205
Corey Coal Company, Lehigh.........c.. ..., 12431
Platt Pressed and Fire Brick Company, Van Meter.......... 11941
Jasper County Coal and Mining Company, Colfax............ 12134
Empire Coal COmMPAany . ......iiririninrnraaaanninnnnnn 10881
A, A, Conway Coal COmMPaAnY.....vvttveerireneeannrnannnnss 10132
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An average of 64 analyses by the State Geologist gives the
following chemical composition:

HMOISEUTE - o vt e e e e e e e e e e e e e L. 857
Fixed CarbOm ... ..ottt i e e e 45.42
Volatile matter . ... . i i e e 39.24
ASN e s 6.77

100.00

Analyses of coal from 16 mines in Des Moines river district

give:

TMOIStUre .. e e e e 8.08
Fixed carbom .. ..ot i e i e e e 45.60
Volatile matter ..... ...t i i i e 38.14
AN L e e e e 8.18

100.00
SU D UT L e e e e 3.42

or on the basis of oven dried samples,

TEIXed CarbOm ..ottt it i e e 49.62
Volatile matter . ...t it e ittt e e 41.49
Ash ... .............. e e 8.89

100.00
110150480 3.72

Average of Towa coals:§

MoOIStUTe .. e 13.16
Carbon, volatile .......... .. ... . . . i, 33.36
Carbom, fiXed . ... it e s 39.69
ASD e e e 13.76
Sulphur . e 4.65
Calorific value ...........iiiiieieinnnnnnnnn. 10,019 to 11,027

*Steam boiler economy. Xent, p. 74.

i

M. Wealkly, the Jowa Engineer, June, 1902.

§lowa State College Eng. Exp. Station.
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