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Comparative Pulverized Fuel Boiler Tests on
British Columbia and Alberta Coals and
on Ontario Lignite

INTRODUCTION

The main objective of this investigation, which led to a series of
boiler tests, was to obtain data regarding the burning of Canadian fuels
in the pulverized state for steam raising. It was felt that this information
would serve as a guide to operators of coal-fired boiler plants in Western
and Central Canada who had adopted, or were contemplating the adoption
of this method of coal firing, in the selection of a fuel best suited for their
particular plant.

The investigation consisted of a series of comparative boiler tests
made on some 28 different coal samples: 12 from British Columbia; 11
from Alberta; 4 from Northern Ontario; and 1 “operating’” coal. The
samples of coal from British Columbia were selected and shipped by the
Government of that Provinee; the Scientific and Industrial Research
Council of Alberta arranged for the selection, sampling, and shipment of
the eleven samples of Alberta coal to Ottawa; and the Ontario Department
of Mines sent four samples of Onakawana lignite from Northern Ontario.
The selection of the ‘“‘operating’”’ coal which was a typical coking coal,
ranking as a high-grade bituminous slack, of constant quality and readily
obtained in Ottawa, was made by the authors.

The standard method of making boiler tests was adhered to except
in minor details. Four tests were made on each of eleven samples, and
three on one other sample from British Columbia; one on each sample
from Alberta; one on each sample from Ontario, with the exception of one
sample on which three tests were made, and three tests were made on the
“operating’’ coal. Fach test consisted of a 24-hour pre-heat period followed
by an 8-hour test run.

In this report the results obtained when testing the “‘operating’’
coal were used as a basis of comparison; and those obtained from the tests
of each coal sample are compared directly with those of the “operating”
coal and thus indirectly a comparison is obtained with each other.

When studying the results of the tests it should be remembered that
the endeavour was to make all the tests ecomparable and not to obtain the
highest efficiencies; as to reach this end each sample would require different
treatment and in so doing defeat the objective of the investigation which
is a comparison.

The investigation was carried out at Ottawa and was part of the work
of the Division of Fuels, Bureau of Mines, Department of Mines and
Resources, by the staff of the Mechanical Engineering Section of the
Division assisted by the following men.

Assistants—J. A. MceDonald and J. R. Kirkconnell.
Observers—H. P. Hudson, J. W. Custeau, P. B. Seely, and W.H. Harper.
1
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DESCRIPTION OF EQUIPMENT

General Description of Test Unit. The burning tests were made in a
Babeock-Wileox, marine type, water-tube boiler' with a total heating
surface of 677 square feet, mounted over a solid refractory wall furnace
with & volume of 710 cubic feet and having a horizontal, hollow air-cooled
floor. The ratio of heating surface to furnace volume was therefore
0.954 : 1. The feed water, obtained from the city mains, was weighed as
it was discharged into a steel tank, from which it was pumped to the
boiler by either one or both of two independently operated, duplex recipro-
cating, steam-driven pumps which were operated at a working pressure
of about 110 pounds gauge. Draught was obtained by means of a 30-inch
steel plate, induced-draught fan, chain-driven by a 7% h.p. electric motor
at 1,750 r.p.m. The fan exhausted the products of combustion from the
boiler outlet, delivering them through a steel plate breeching to a brick
chimney, 27 by 27 inches and 40 feet high, above the breeching entrance.
Draught control was obtained by regulating the main damper in the boiler
outlet, and when needed, by regulating the auxiliary damper in the by-pass
flue, which is so arranged as to prevent the flue gases from passing through
the fan when it is not in operation. A steam jet was also fixed in the
chimney to provide additional draught when cleaning the furnace or boiler
heating surfaces and for emergency use in the event of electric power failure.
The fuel, which was weighed out in 100-pound lots as it was fed to the
pulverizer, was supplied in the pulverized state to the furnace on the
direct-fired unit system. The fuel was prepared and mixed with primary
air in an “Aero”, size B, high-speed paddle type mill, driven by a 25 h.p.
electric motor, and rated at 1,000 pounds per hour at 1,750 r.p.m. The
air-floated coal was transmitted through a 5-inch fuel duct to a simple
stream-line burner set downward in the front wall of the furnace at an angle
of 60 degrees to the vertical. The secondary air needed to complete com-
bustion was supplied through air ports in the front and side walls of the
furnace. The test unit was also equipped with a full complement of
measuring, indicating, and recording instruments, and special test appa-
ratus for obtaining all the necessary weights, temperatures, pressures, and
data needed for comprehensive test work of this kind. (See Figures 1 and
2.) Summarized particulars and dimensions regarding the equipment are
given in the Appendix, page 52.

Limitations of Equipment. The pulverizer had a capacity greatly in
excess of that required for the normal plant load when using average coals
of bituminous rauk, in order to provide sufficient pulverizing capacity to
handle low-rank fuels at reasonably high plant loads. When using coals,
such as the majority of those described, at combustion rates within the
scope of practical operation for this plant, the rate of grinding was
therefore only a fraction of the rated capacity of the pulverizer, and the
power consumption per ton of fuel pulverized was much higher than would
have obtained had the machine been operated at all times at rated capacity.
The “no load power rate” of the pulverizer for all practical purposes was
a constant and, therefore, that proportion of the power cousumption
chargeable to this factor becomes larger ag the rate of grinding decreases

1 For description of this boiler see Rept. No. 331, Mines Branch, Dept. of Mines (1915).
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and when computed on a ton basis forms a large part of the total. More-
over, owing to the pulverizer being over-size, the primary air furnished
with the fuel through the fuel duct and burner to the furnace was excessive
at combustion rates within the range of practical working conditions,
precluding the efficient use of the pulverizer air controls, which to some
extent control the fineness and character of grind needed for the highest
combustion results with the different fuels.

The furnace volume was excessive in comparison with larger com-
mercial units, owing to limitations imposed in the design of such a small
unit, and the heat release per unit volume was consequently low at normal.
plant loads and cannot be compared directly with commereial practice in
larger units. TFurther, the boiler itself was not the most efficient for this
type of setting, and limitations in test arrangements precluded operating
at the highest efficiency obtainable. High efficiencies are not, however,
essential for these tests to be of value, inasmuch as the fuels themselves
were under test rather than the equipment. All tests were conducted
with the same equipment in identically the same manner and therefore are
comparable one with another, special emphasis being placed on the charac-
teristics of the fuels and their behaviour in the furnace.

TEST METHODS AND PROCEDURE

The burning tests and the computation of the results were made
mainly in accordance with the procedure recommended and outlined fully -
by the American Society of Mechanical Eingineers in its “Power Test Code
for Stationary Steam genemting Units”. Variations from code require-
ments, however, were made when it seemed both feasible and desirable .
to develop more detailed information concerning certain phases of the
work or problems peculiar to this specific investigation. IBach test was
made in the same equipment in precisely the same manner, with the same -
care and attention to detail, so that the results would be comparable and
as accurate and reliable as possible. Throughout the investigation baffles
and packings were renewed when necessary and the setting and furnace
were maintained in good condition as far as strength and freedom from
air leaks were concerned.

As the boiler furnace was new, a number of short preliminary runs
were not reported but were made merely to adjust the equipment. The
unit was then ‘“‘standardized’” on one coal, referred to as the “operating
coal”’, at three rates designated as low, medium, and high rates of coal
feed, respectively. The operating coal was a typical coking coal ranking
as a high-grade bituminous slack, and was well suited for use in the pulver-
ized state. It was arbitrarily chosen for standardization and preheating
use because of its constant quality and ready availability in the Ottawa
market. After adjusting the test unit to the best advantage for overall
working, combustion, and general conditions of control with the operating
coal at the medium rate of feed, the main series of tests was begun.

At the outset the following plan was decided upon in regard to the
British Columbia coals:—

(a) Three tests, one at each rate of coal feed, should be made on each
of the twelve coals sent in for test.
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(b) The setting should be preheated on the same (operating) coal
at the same (medium) rate of coal feed for approximately the same length
of time (24 hours) before starting any one test.

(¢) Change-over from the operating to the test coal should be made
without interrupting operation, immediately following the 24-hour preheat
period, and at least 1 to 2 hours before start of test. During this time at
least 400 pounds of the test coal was to be burned at the predetermined
rate of feed set for the ensuing test, the equipment was to be checked over
and made ready for test, and stabilized combustion conditions were to be
secured before starting the test.

(d) Each trial should be made with the same care and attention to
detail and under as nearly identical operating conditions as possible. The
boiler pressure, rate of coal feed, and percentages of carbon dioxide and
fcarbon monoxide in the flue gases were selected as the main controlling
actors.

The series of tests on British Columbia coals was extended to include
a repeat test at the medium rate of feed on eleven of the twelve coals
(there was not sufficient of the twelfth coal left) for comparing their light-off
and preheat characteristics. These eleven trials were made in exactly
the same way except that the test coal was used for initial light-off and
preheating,

The same procedure was followed in the tests on the Alberta coal,
except that only one test was made on each coal at one rate of feed (medium),
As sufficient of these coals was available, the test coal was used for initial
lighting-off and preheating instead of the operating coal.

The tests on the Ontario lignite were made the same way as in the
British Columbia trials, the operating coal being used for the initial light-
off and preheat, except for the test at the highest rate of feed, a short one
of four hours’ duration, following another immediately, so that initial
preheat had already been provided.

General Test Procedure. All tests were conducted in the following
manner: 24 hours before start of the actual trial, the test unit was put
into service, lighting-off with operating coal. After the preliminary period,
changes were made in the feed arrangements, and operation was continued
without interruption at the desired rate of coal feed for the ensuing test
for a so-called “‘change-over period” of from 1 to 2 hours, during which
time a set quantity (400 to 600 pounds) of the sampled test coal was burned;
the boiler heating-surfaces and furnace floor were thoroughly cleaned;
boiler pressure, draught, coal and water feed, and general combustion
conditions were stabilized; and the unit in general checked over and made
ready for test. At the end of the ‘“‘change-over period” the trial was
started without interrupting operation and continued for an 8-hour period,
during which time all coal and water fed to the boiler were carefully
measured, and general observations and readings were made and noted
each 15 minutes of the trial.

Starting and Stopping. Immediately before the start of the test a
note was made of boiler pressure, coal and water-feed rates, smoke, flame,
and general furnace conditions, draught, damper and pulverizer control
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settings, ete. After necessary adjustments and when conditions in general
were satisfactory, the tests were started without interrupting operation
just when the last of the coal in the raw coal hopper emptied and came to a
set levelling mark over the feed mechanism of the pulverizer. At the same
time the boiler pressure and water levels in both the feed tank and boiler
were at predetermined levels. A weighed quantity of coal was immediately
dumped into the feed hopper; the flame and furnace temperatures were
taken by means of a radiation pyrometer, through several secondary air-
ports; observation was made of the character and approximate quantity
of fused refuse remaining on the furnace floor; and the initial temper-
ature, pressure, and draught readings, etc., were noted. The test then
proceeded for an 8-hour period. .

During the test double-checked records were made of all coal and water
fed to the pulverizer and boiler, and coal and water levels were brought to
starting condition at the end of each hour. Starting conditions in respect
to boiler pressure, coal and water feed rates, etc., were maintained as
uniform as possible so that little or no adjustment was necessary at the close.

The tests were closed with conditions similar to those at the start,
final observations were made and the unit was shut down. As soon as
possible after the close of test, observation was made of the character and
quantity of refuse collected at the base of the chimney, in the flue dust
sampler, the boiler passes, and on the furnace floor.

Coal Handling, Sampling, and Analysis. The quantity of raw coal
needed for each test was taken from storage the day before the trial. As
it was withdrawn from- the bin it was passed through a gyratory crusher to
reduce the lumps to 1 inch and under. It was then screened through a
l-inch square-mesh screen, the coal not passing being recrushed and re-
sereened, so as to ensure no piece being over 1 inch in diameter, which might
interfere with the feeding mechanism of the pulverizer. The sereened
coal was then mixed to ensure even distribution of the coarse pieces
throughout the coal mass, and for ease in handling was bagged in suitable
canvas containers holding 100 pounds net. During the last operation a
small scoopful (2 to 3 pounds) was taken from the bottom, middle, and
top of each bag and set aside as a representative sample, which was sent
directly to the chemical laboratory for determination of sereen, proximate
and ultimate analyses, calorific value, apparent gravity, and ash fusibility,
ete., all of which were made in accordance with standardized procedure.
The handling was so arranged that the coal, from the time of being bagged
until used for test, was protected from contamination and loss or gain of
moisture, by being covered with heavy tarpaulins.

The weight of each bag of the sampled test coal was carefully checked
and noted as it was dumped into the raw coal hopper set over the feeder of
the pulverizer and sufficient coal was delivered to this hopper at one time
to supply the pulverizer for one-half hour at the rate of coal feed chosen.
By this means a careful check was obtained on the rate of feed, which was
kept constant for each test.

A small sample of the pulverized fuel passing from the pulverizer to
the burner was withdrawn from the fuel duct each hour of the test by
means of adjustable sampling tubes and cyclone collection apparatus.
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The two sampling tubes were placed in a straight vertical section of the
fuel duct at right angles to each other, with the intake ends pointed against
the coal-air stream in the fuel duct, so that the sampling was done in a
horizontal plane. The operation of sampling consisted in traversing the
fuel duct at a slow and uniform rate for 1, 2, or 3 minutes, dependent on
the rate of coal feed, with each tube at alternate hours. The setting
of the air-aspirated collecting apparatus ensured that the sample was
drawn from the fuel duct at a rate corresponding with the flow in the
duet. This apparatus included a closed container for storage of the hourly
samples until the end of test. The hourly samples fell into a common and
removable chamber attached to the collector, where they were bulked
into one composite sample. This was withdrawn at the end of the test,
carefully weighed, intimately mixed by rolling on a glazed oileloth sheet,
riffled info sealed containers, and finally delivered to the chemical labor-
atory for determination of moisture and for screen analysis.

Refuse Collection, Sampling, and Analysis. As was anticipated the
true quantity of refuse produced from each test could not be recovered
as difficulty arose in cleaning the furnace and setting, and a large quantity
was lost as “fly ash”’,

The refuse collected on the furnace bottom, and that trapped in the
boiler passes, flue dust sampler, and base of chimney was removed and
weighed in a dry state as soon as possible after the close of each test. The
hot refuse on the furnace floor was sliced, hoed, and seraped out through
the clean-out door in the rear, right side wall into metal containers which
were immediately covered to prevent further burning of the entrapped
carbon. With some of the coals the removal was very difficult, owing to
the molten condition of the refuse and its tendency to adhere to the floor
in a solid sheet. An appreciable quantity of the ash also fused on the
rear and side walls of the furnace in the form of a glassy sheet-like deposit,
which could not be removed without injury to the brickwork. This was
more pronounced at higher rates of combustion and introduced another
problem into its collection, in that some of the deposit chargeable to other
tests fell or flowed from the walls and became mixed with the refuse on
the furnace floor. Generally, however, the colour or this part of the heavily
fused refuse differed from that on the furnace floor and so could be removed
and corrected for after the main body of refuse had cooled. The refuse
lodging on the heating surfaces and baffles of the boiler in the second and
third passes was removed by means of a brush and a long-handled shovel and
placed in a covered container, and that trapped at the base of the chimney
was also scraped and brushed into a container through the clean-out door.

In order to reduce the ash that was unaccounted for and to obtain
some idea of the quantity and nature of the refuse passing out of the setting,
an endeavour was made to collect a definite proportion of the flue dust by
means of the air-aspirated cyclone dust-sampler shown in Figures 1 and 2,
pages 2 and 3. Unfortunately, the construction and erection of this apparatus
was delayed so that it was only available for the last nine tests with the
British Columbia coals. It was used, however, for all subsequent tests.
The collector was connected to a vertical section of the boiler offtake, as
shown in Figure 1, page 2, by a 2-inch iron pipe, the intake of which
was turned downward against the stream so that the sampling was done
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in a horizontal plane with the sampling pipe in one fixed place, and was
continuous throughout the trial. An air-jet on the outlet of the collector
produced a suction so regulated that the velocity of the flue gas with its
entrained dust entering the sampling pipe was about the same as the
velocity of the gas in the offtake. Inside the collector, most of the dust
was separated from the gases by cyclonic action and fell into a removable
container at the bottom of the apparatus, while the finer dust remaining
was filtered out before the gases passed to waste. After each test the
filter was thoroughly cleaned and the loose dust so obtained was added to
that trapped in the container below.

The whole of the refuse obtained from all four sources, viz., furnace
bottom, boiler passes, flue dust sampler, and base of chimney, was sent
to the chemical laboratory for determination of combustible matter.

Feed-water. The water was obtained directly from the city mains
and being of extremely low hardness gave no trouble in the boiler. The
water fed to the boiler was weighed by means of a rectangular iron weigh-
tank of 500 pounds capacity, fitted with a quick action dumping valve,
and placed on platform scales set over a larger rectangular wrought-iron
feed- or suction-tank of 1,800 pounds capacity. Either one, or both, of
two duplex reciprocating steam-driven pumps drew the water from the
feed tank and passed it to the boiler throughout the test at as uniform a
rate as possible consistent with manual control. The scales were balanced
at every filling of the weigh tank and a record was kept of the weight of
each tank dumped into the feed tank. The amount of water in the feed
tank and boiler could be determined at any moment by means of fixed
gauges attached to the side of the tank and gauge glass, respectively, and
calibrated to read directly in pounds of water. Due precautions were taken
to avoid either loss or make up of water in both the feed-water system and
the boiler. The boiler and water columns in both gauge glasses were blown
down sometime before the start of each test. In addition the blow-down
pipe of the boiler, the tank drains, and all water drip pipes were connected
to an open sump so that any leakage could be noted and corrected.

As the feed water was drawn directly from the city water mains it
was at a comparatively low temperature, during the winter months as
low as 35° F. In order to temper this water before feeding it to the boiler
a small live-steam heating-coil was suspended in the weigh tank, and the
temperature was taken at regular intervals by means of a calibrated
mercury thermometer.

Flue Gases. The flue gases were sampled continuously and analyses
were made at 20-minute intervals with an Orsat apparatus.

The gas samples were withdrawn from the boiler offtake, through a
$-inch diameter, open ended, Pyrex glass tube fixed in the offtake at the
point marked b, on Figure 1, page 2, about one foot below the main
damper. The point of average gas composition for various rates of com-
bustion and damper settings in the cross-section of the offtale was found by
preliminary exploration and the open end of the sampling tube was fixed
in this position. 3-inch wrought-iron pipe-line connected the outlet
of the sampling tube with the aspirating and sample collection equipment.
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Inasmuch as considerable quantities of fly-ash and dust were entrained
in the flue gases, means were provided whereby the sampling line ecould be
blown out with compressed air before the start of each test. The samples
of gas for analysis were taken from the gas stream and collected over water
saturated with gas by the liquid displacement method, using two pairs
of 1-gallon agpirator bottles. These bottles were operated alternately, one
pair for each 20-minute period, and had a relatively large suction head
between them so as to minimize any error due to a change in rate of collec-
tion during the sampling period. A Hays’ modified Orsat apparatus
set up alongside the aspirator bottles was used to analyse the gases for
CO,, 0z, and CO; the N, was obtained by difference, and these analyses
were used in the calculations for heat losses. a

A Ranarex CO,-meter, indicating and recording, was also used as a
control medium. This ingtrument quickly indicated any sudden changes in
furnace conditions and also provided a check on the Orsat determination
for COz.

The temperature of the flue gas was determined by a base metal
thermocouple placed in the boiler offtake at the point marked Ci, Figure 1,
page 2, so that it gave the average temperature of the gases passing
through. The couple was connected by compensating leads to a multiple-
point switch and Brown indicating-pyrometer.

Miscellaneous Observations. Readings of temperatures, pressures,
draughts, ete., were made every 15 minutes of each trial, the chief of which
are noted below.

The draughts in the offtake and furnace were faken at the points
marked d; and d: on Figure 1, page 2, and were obtained with Illison
inclined tube water gauges.

The quality of the steam was obtained by means of a Carpenter steam
calorimeter of the throttling type, equipped with calibrated mercury
thermometer and mereury U-tube pressure gauge. This instrument was
placed on a vertical section of the steam main at the point marked a.
on Figure 1, page 2.

The steam pressure in the boiler drum was determined by a Dewrance
built pressure gauge of the Bourdon type, which was calibrated before and
after each group of tests.

The flame temperatures at various points within the furnace were
taken at the beginning, midway, and at the end of each trial, and were
determined by means of a Pyro-radiation pyrometer sighted through the
secondary air-ports in the front and side walls of the furnace.

All temperatures, with the exception of flue gas and flame temper-
atures, were measured with calibrated mercury thermometers protected
from radiation where necessary by suitable screens. These temperature
readings included those of the feed water, the preheated air to the pulver-
izer, the air-coal stream leaving the pulverizer, the average air in the
boiler room, the secondary air, and the air outside the boiler room. The
temperature of the coal fed to the pulverizer was assumed to be the same
as the average temperature of the air in the boiler room.
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The humidity of the air used for combustion was determined by a
sling psychrometer each hour of the trial at a point very close to the
thermometer measuring the temperature of the secondary air.

The barometric pressure was obtained each hour of the trial from a
precision barometer and the average value of these hourly readings was
used in the calculation of results.

The power used by the pulverizer was measured by an integrating
kilowatt-hour meter, which was checked roughly by an indicating watt-
meter that also indicated fluctuations in the pulverizer load.

Observations were also made of smoke, flame, and general combustion
conilitions, changes in damper and control settings, ete., throughout each
trial.

Test Data and Computation of Results. The tests were conducted and
the results computed mainly in accordance with the American Society of
Mechanical Engineers’ test code for stationary steam boilers. All data
taken during the trials were recorded on log forms drawn up especially for
these tests, and the results worked out from the data observed were recorded
on a report form. Data obtained from the Chemical Laboratories, such as
screen, proximate and ultimate analyses, determinations of calorific value,
the ash fusibility of the fuel as well as the combustible content of the
refuse, were submitted by the chemist in charge.

FUELS TESTED AND THEIR RESULTS

BRITISH COLUMBIA COALS

The twelve samples of coal tested were selected and shipped under
the direction of the Provincial Government of British Columbia in co-
operation with the colliery operators, who supplied the coal gratuitously,
and with the Canadian National and Canadian Pacific Railway companies
who transported ten carloads of coal free of charge to Ottawa. Shipments
were made from the following collieries; Pleasant Valley, Tulameen, South
Wellington, Reserve, Coalmont, Middlesboro, Comox, Cassidy, Telkwa,
Michel, and Corbin; the coals being representative of the Princeton,
Nanaimo, Nicola, Comox, Telkwa, and Crowsnest Pass coal fields of
British Columbia. The samples were shipped at monthly intervals, starting
immediately after the British Columbia Coal Conference, and were received
in Ottawa 10 to 14 days later. Immediately on receipt the samples were
unloaded into individual bins in a covered coal storage shed. A large
representative sample was taken from the total quantity received into
storage at the time of unloading, on which proximate and ultimate analyses,
calorific value determinations, ash fusion temperatures, etc., were made,
TFurther analyses, calorific value determinations, etc., were made of a
representative sample taken from the quantity used for each test. These
analyses will be found in the general tabulation covering the details of the
individual tests made on each fuel. (See Table XXXIII, in pocket.)
Additional information respecting treatment of the fuels during the test
will be found on page 6. .
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, In all, forty-seven tests were made on twelve British Columbia coals;
four tests being made on each of eleven coals and three on the remaining
-one. For purposes of standardization and comparison, three tests were
made on the operating coal, results of which are included in Tables XX XIII
and XXXIV. In general, the tests were made in three groups or periods.
The preliminary results of the first group of trials were reported to the
British Columbia Provineial Government, and through the Government to
the coal operators concerned, and on completion of the test program
individual final reports on each coal were prepared and forwarded to the
same interested operators. These reports were superseded by a summary
of the prineipal results made public in Mines Branch Memorandum Series
No. 56.

Table I lists the twelve British Columbia coals that were tested in
comparison with the operating coal—a typical coking coal ranking as a
high-grade bituminous slack, well suited for use in the pulverized state, and,
moreover, a non-competing Eastern coal chosen for standardization and
general use because of its constant quality. Table I gives also the coal
areas from which the samples originated, the dates when they were shipped
and received in storage, the quantities received, designation of fuel as
shipped, approximate sizes as received, the treatment of samples before
test, and finally the number of tests from each bulk shipment. Table II
lists the fuels in the same order as in Table I and gives the proximate and
ultimate analyses and other relative information regarding the respective
fuels as they were received in Ottawa.

. 1 Bummary of Tests on British Columbia Coals when used as Pulverized Fuel; and Notes on Pulverized Fuel
Fired Steam Generators ta. Other Types; Mines Branch, Dept. of Mines, Mem. Ser. No. 56 (August, 1932).



TABLE I
British Columbia Series: List of Fuels Tested ‘
Date - Number
Sample Mark Origin Quentity |  Rank Designa- ) . of Tests
an of Received |Received, or tion of Anproximate Size a8 Received Treatment before |made and
Shipment No. Sample Shipped o in §rhort Grade Fuel Test Reported
Storage ons
; STE LS
PN Y _ _— - Slack coal + u)E 58 For gen-
A= 2-29 =; :2, Oct. 19/29 {Oet. 29/28 42-8 lixii;'ul?gxg:g: ‘stesal.;désal all under 3-inch T § g ; N eral use
Ax= 7-30 8.8 [Noncompet- | Jan. 11/30 [Jan. 23/30 | 42-8 « “ size as reeeived | 5§ éng 1
— Ste ing eastern o - _
As=12-30 557 . | conlohosen | Mar. 3/30 |Mar. 15/30 | 42.5 « « Approximately tt| Boaggs | Foreen
g8 | for standard- =l [z |2 o ~ 23 . ga o |eraluse
A=16-30 53 =25 | ization and | May 8/30 |May 21/30 31-7 “« “ ol 21 25| 25| 85| B8|® |ft] =agEgd 2
— 8823 | general use. i LB |SERElDE|LE| B sg2l82
] 3l g g% g a*| g*| 2 2R%Ei¢
A=18-30 §.8%° May 26/30 |June 10/30 41-0 “ « 521 9 19g|0g| g 0™ Tt —58%5 | Forgen-
2<Ea 28] e || el ool W] wg oEo.2RE 1
EECE] €8l £ (83| 58| 58|58 5% 28 5gay | eraluse.
2858 : “ “ EZ| 2 |cElcE| 35| Sa) 2= 5028 -2 «
Ae¢=21-30 59_5 g July 17/30 |[July' 30/30 47-4 g,_ ;‘5 Es :‘:v e Ev E* +t % r.:'; 5 §’g
- —| gs2E2
EEEES =
B = 5-2¢........ Princetonarea Nov. 12/29 |Nov. 28/29 20-0 [ “Lignitic”’, | Lump coal | Mostly lump cosl 3" to 4" dia., with [ — "‘—E ‘,'.:E'Er?; 4
sub-bit. . considerable proportion of fines. g aé 2€a2
P ——— < =8
C=42........ “ “ “ 23-8 « Minerun | 6° |30] 20 50 —| B2275% 4
. . | —— 85685
D= 8430........ “ Jan. 11/30 {Feb. 3/30 41-5 |Bituminous glleme z'uu,1 4" 13| 20 20 30 — ;3? S’UE‘EE 4
steam coa ———— &
E = 6-29........ Nieola area Dec. 10/29 |Dec. 26/29 32-2 “ Lumpcoal | 6" |60} 20]..... 20 — :E ‘é‘ﬁs e 4
. Cy i~
F =10-30........ Nansimo area| Feb. 8/30 [Feb. 24/30| 17-2 «  |Washed ol e e 0 o|t| seEsEs 4
G=930........ “ « « 185 « slac vl 0] so| §55 §§ = 4
K 8% 858
H =17-30........ “ April 28/30 [May 13/30 46-5 " Wnsliczed ... 10 90 — ;—g.é 5;’ g 4
C. @ 2
coking coal I l §, 4 g__aé “s
.|Comox area May 23/30 |June 10/30 43-5 “ Washfd peal % Joeeifeernidenaibal. 10 90 ff T :“2 ggg 4
coa @8 =
Telkwa area | Mar, 10/30 {Mar. 24/30 30-0 “ Lump coal | 18" | 80 20 tt gﬁ&é’g E 4
RG]
. |Crowsnest April 11/31 {April 28/31 14-4 “ Birdseye k2 P PO PO PO 4| 96| +| 225584 4
Pass area 1 slack f 2“5'5:’,.319’ g
a5 R%E
L=28l....... “ “ “ 13 0 |Weshed i) 2] 10| 1) o) 3\—| E ST E 4
steam, BRRE
slack coal gse g3 g
M =20-30...... .. “ June 18/30 [June 27/30 |  30-2 “ Minerun....| 13 [....| 30 30 0 | —| HEuE3E 3
288 AE
* Arranged in the same order in which the respective fuels are tabulated in Table XX XIII (in pecket). 3
t These numbers were assigned to the coal samples as they were received in storage and have been retained throughout this report for convenient reference. They have

no other significance. ) .
11 Coal sampled and bagged as drawn from bin, needed neither crushing nor screening.
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TABLE II

<
53
2 British Columbia Series: Proximate and Ultimate Analyses, etc., of 2 Representative Sample of the Total Bulk Shipment
5 of Each Fuel, Taken at Time of Unloading into Bins in Covered Storage Shed
Proximate Analysis TUltimate Analysis Ash Fusibility
. Calorific | Fuel - =
SempleMark | Moisture Vsalue | Ratio [Carbor . Soften-| -
and Condition . . . ) B.T.U./ | F.C. |bhydro-| Coking {Initial| ing | Fluid ~
Shipment of Sample | Mois- Volatile | Fixed | Car- | Hy- Sul- | Nitro-[ Oxy- 1b. gen |Properties] Tem-| Tem-| Tem-
No. ture | Ash | Matter |Carbon| bon ]|drogen{ Ash { phur | gen gen gross | V.M. | ratio pera- | pera- | pera-
ture | ture | ture
°F. °F. °F.
Per | Per Per Per | Per | Per | Per | Per | Per | Per
cent | cenb cent cent | cent | cent | cent | cent | cent | cent
Asreceived..| 3-1 8.4 32-6{ 559 | 76-8 5-4 8-4 1.1 1-6 6-7 13,570 |....... 14.3
A= 2-29 Air-dried.... 1.2 8-6 33-31 56-9| 783 5-2 8:6 1.1 1.7 51 13,830 | 1-70 | 14.9 |}Good....| 2,565 |2,639 |2,607
. Dry.cieeienifeneenns 87 33-7{ 876 79-3 5-2 8.7 1-1 1.7 4-0 14,000 [....... 15-3
28 |(Asreceived..| 40| 8-6 30-4| s70| 54| 53| 86| 1.2] 17| 78] 13.450(....... 141
A= 730 ‘9‘0 Air-dried.... 1-3 8.8 31-2 | 587| 775 5-2 8-8 1-3 1.7 55 13,830 | 1.90 | 15-0 [1Good....| 2,497 |2,675 {2,680
T ag\Dry.eaiiin i 8-9 31-7 | 59-4| 786 5.1 8.9 1.3 1.7 4.4 14,010 |....... 15-4
pos-]
©%|(As received..| 4.7 81 31-1| 56-1( 75-2 5.4 81 1.1 1-6 86 13,350 |....... 13-9
As=12-30 § 8({Air dried....[ 1.2 8.4 32-2| 582 780 5.2 84 1.2 1.6 5-6 13,850 | 1-80 | 15-0 [;Good....| 2,467 {2,548 |2,624
ES‘ Drgeeeeeeen]eennns 85 32-6| 589 78-9 5-1 8-5 1.2 1-7 4.6 14,020 |....... 15-4
8z |(Asreceived..| 4.9 83 31.0| 55.8| 74-5] 54| 88| 11| 16 91| 13,2601....... 13+7
Ac=16-30 T [{Airdried...| 1-3| 8-6 32.1| 58.0| 73| 5-2| 86| 12| 17| 60| 13,770 1:80| 14-9 |iGood....| 2,449 (2,503 |2,503+
2| ey 8.7 32.6| 58.7| 783| 51| 87| 12| 1.7 50| 13,9401....... i5-3
s
:;g Asreceived.. 3-0 7-9 31-0| 581 76-1 5-4 7.9 1.2 1-3 8-1 13,640 1....... 14-2
As=18303: | Alr-dried.... 1.2 8-1 31-6 | 59-11 77-5 5.3 8-1 1.2 1.3 6-8 13,800 | 1.85] 14.8 {;Good....] 2,450 (2,607 |2,607-
Dry.ceeeiini]eeinnn. 8.2 31-9| 59-9| 783 5-2 8.2 1.2 1.3 5.6 ,080 |....... 15-2
'As received 3-0 8-4 32-1( b56-5| 76-2 5-2 8.4 1.3 1-5 7-4 13,600 |....... 14.8
Aes=21-30 ir-dried. 1-7 8.5 32.6 | 57-2| 773 5-1 8:5 1.3 1-5 6-3 13,780 | 1-75 | 15-3 [1Good....| 2,490 |2,610 |2,610-
Dry.cevviendenannn. 8.7 33-1| 582 78-6 5.0 8.7 1.3 1.5 4.9 14,010 |....... 159
As received..] 24-2 1 13-3 26-0| 36-5| 47-2 5-91 13-3 0-7 1-3 | 316 8,160 |....... 8-0
B = 529 Air-dried....| 19-8 | 14-0 27-6| 386 499 561 14-0 0-7 1.4 284 8,630 | 1-40 9-0 {+Non- 1,996 (2,003 |2,261
Dry.euennas 17-5 34-4 | 48.1} 62-3 4.2} 17-5 0-9 1-71 13-4 10,770 |....... 14.9 {] coki
‘Ag received..| 21-1 8:6 28-9 | 41-4| 54.2 5.9 86 0-3 1.6 20-4 9,380 ¢....... 9-1 || Non-
C =429 Ajr-dried....| 17-8 8-9 30-11 43-2| 56-5 5.7 8-9 0-4 1-6 [ 26-9 9,770 | 1.45 99 |} coking..] 1,994 (2,118 |2,198
Dryceevnen]ennnnns 10-9 36-6 | 52-5| 687 4.5 10-9 0-5 2.0 13-4 11,890 |....... 15-2
Asreceived..] 7-7| 13-0 34-0 | 45-3| 63-7 5-2 | 13-0 0.4 1.3 | 18-4 11,190 4. ...... 12-3
D= 830 Air-dried....] 4-1} 13-5 35-3 | 47-1} 66-2 5.0 13-5 0-4 1.3 | 13-6 11,630 | 1-35| 13-3 |Poor....| 2,082 12,230 {2,462
Dry..ccvvendeinnnas 14-1 36-81 49-1| 69-0 4-71 141 0-4 1-4| 104 12,130 )....... 14-7




TABLE IT—Concluded

Proximate Analysis Ultimate Analysis - . Ash Fusibility
Calorific | Fuel
Sample Mark | 4r - 000 Value | Ratio |{Carbon| . .. . |Soften- A
an Congiti . A . A B.T.U./ | F.C. |hydro-| Coking |Initial| ing | Fluid
Shipment oS 'i Mois- Volatile | Fizxed | Car- | Hy- Sul- | Nitro-] Oxy- 1b. gen |Properties| Tem- | Tem- | Tem-
No. 2mpIe | ture | Ash | Matter [Carbon| bon |drogen| Ash { phur { gen | gen gross | V.M. | ratio pera- | pera- | pera-
ture { ture | ture
°F. °F. °F.
Per | Per Per Per | Per | Per { Per | Per | Per | Per
cent | cent cent cent { cent | cent | cent | cent | cent | cent
As recewed . 9-5| 10-8 36-0| 43-7] 63-8 5-7{ 10-8 06 1.7} 174 11,420 |....... 11-2
E = 6-20 ~dried.... 7-4 | 11-1 36-8| 447 65-3 5.5 11-1 0-6 1.7 | 15-8 11,670 | 1-20! 11-8 [rPoor....| 2,475 |2,588 |2,688-
.............. .} 119 39-8| 483} 70-5 52| 11-9 0-6 1-9 9-9 12,600 |.......[ 13-8
Asreceived..] 7-7| 17-4 33-8) 41-1] 61-7 5.0 174 0-9 1.3 1837 11,080 |....... 12-4
F =10-30 Air-dried... 1-6 ] 18-6 36-1| 43-8( 65-8 4.6 | 18-5 1-0 1.3 8-8 11,810 | 1-20 | 14-3 |}Fair.....{ 2,070 |2,1456 }2,320
) /R ORI 18-8 36-7 | 44.5| 66-9 4.5} 18-8 1-0 1-4 7-4 12,010 §....... 14-9
As received. 8.7} 13-8 35-8| 43-7[ 65-6 5-41 13-8 0:8 1-3¢ 131 11,740 )....... 12-1 .
G = 930 Air-dried.. 1-7| 145 37-7| 46-1| 69-2 5.1} 14.5 0-8 1-4 9-0 12,380 1 1-20 | 13-5 |;Fair..... 2,045 12,223 (2,241
) o' 14-7 38-41 46-9 70-4 5.0 14.7 0-9 1-4 7.6 12,590 |....... 14-1
As received..| 4-9{ 12-3 36-3§ 46-5| 69-2 5-5 12-3 0-5 1-5| 11-0 12,340 |....... 12-6
H =1730 Air-dried.... 1-81 12.7 37-5] 480} 715 5-3 1 12-.7 0-6 1.5 8-4 12,740} 1-30} 13-4 |}Fair.....} 2,267 {2,307 {2,340
"N 12-9 38-2 | 48-¢| 72-8 5.2 129 0-8 1-6 6-9 ,970 {....... 14-0
As received. 531 142 29-51 61-01 67-8 5-3 14-2 1.4 0-9{ 10-4 12,180 {....... 12-9
I =19-30 Air-dried... 41 147 30-7 | 53.2| 70-7( 5-0| 14-7] 15| o0-9| 72| 12,680 1-75] 14-1 ;Good....| 2,434 |2,459 |2,502
Dry..oeeeaiideenaen 15-0 31-1} 53-9 71-6 4-9 15-0 1.5 1-0 6-0 12,860 |....... 14-6
As received. 541 12-4 29-9 | 52.3 70-2 50| 12.4 1.1 0-9 10-4 12,440 §....... 139
J =13-30 ir-dried.... 1.1 130 31-2 1 b4-7( 73-3 4-81 13-0 1.1 0-9 6-9 13,000 | 1-75{ 15-4 |}Good....| 2,148 2,170 (2,278
) 7R PO, 13-1 31-6( 5531 74-2 4-71 13-1 1.1 0-9 6-0 13,140 |....... 15-8
. As received. 5.0 16-8 21-4 | 56-8| 68-5 4.41 16-8 0.2 1-0 9-1 11,665 |....... 15-7
K = 331 Air-dried... 1-8| 174 22-1| B8-7 70-7 4-1| 17-4 0-3 1-0 85 12,051 | 2-65 | 17-2 |;Poor..... 2,600 {2,700-|2,700+
DIY.eeeeeeensfornens. 17-7 22-5| 69-8| 72-0 4.0} 17-7 0-3 1-0 5-0 12,270 {....... 18-0
'As received.. 4.5 12-8 23-0f 59-71 72-4 4.5 | 12-8 0:3 1-0 8-0 12,640 |....... 16-0
L = 231 Air-dried.... 1-5| 13-3 23-7] 61-5 74-6 4.3 13-3 0-3 1-0 65 13,030 | 2-60 | 17-3 |;Poor..... 2,375 |2,486 |2,645
DIy.ceeeesaiforannns 13-4 24.1| 625 75-8 4.2 13-4 0-3 1-1 5-2 13,230 |....... 18-0
As received.. 19 6-1 27-91 64-11 80-5 5-1 6-1 0-7 1-3 6-3 14,260 |....... 15-7
M =20-30 Air-dried. 0-8 8.2 28-2 | 64-8% 81.4 5-1 62 0-8 1-3 5.4 14,430 | 2-30 | 16-1 |}Good....| 1,962 (2,082 |2,347
D 8-2 28-4 | 65-4} 82-1 5-0 6.2 0.7 1-3 4-7 14,540 {....... 16-4

* This fuel was used for light-off, preheating, and standardizing. (See page 4). The analyses give an idea of the constant properties of this coal.
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ALBERTA AND ONTARIO COALS

The Alberta tests were made on representative samples supplied by
colliery operators, the Research Council of Alberta arranging for their

selection, sampling, and shipment to Ottawa. The Canadian National
Railway and the Canadian Pacific Railway transported eleven carloads
of Alberta coal to Ottawa free of charge from the following collieries:
Bighorn Saunders, Hillerest, International Luscar, MecGillivray Creek,
Mountain Park (two samples), Cadomin, West Canadian, Brazeau, and
Canmore. These samples were representative of the coals in the Saunders
Creek, Crowsnest Pass, Mountain Park, Nordegg, and Cascade coal areas,
and were shipped at intervals during the autumn of 1931. The burning
tests were made during February and March, 1932, after which reports
were prepared for each of the coals tested and were forwarded to the
respective colliery operators concerned; and, later, a full set of reports
was furnished to the Research Council of Alberta.

During the series of tests on Alberta coals and Ontario lignite, seventeen
trials were made on twelve different fuels. The three tests, each at different
rates of combustion, made on the operating coal during the British Columbia
series were used for comparison. One test at a constant rate of combustion
(medium rate of coal feed) was made on each of eleven Alberta coals, and
six tests were made on four samples of Ontario lignite. Ifinal reports on
each fuel were prepared and forwarded to the interested coal operators,
as well as to the Provincial Government agencies concerned.

The Ontario lignite tests were made on carlot samples supplied and
shipped to Ottawa by the Ontario Government from the Onakawana
lignite deposits at Blacksmith Rapids in Northern Ontario and were repre-
sentative of the lower seam in the original (old) Shaft No. 1 and of the
lower seam in the (new) shaft W, more centrally placed in the deposit.
The first five tests were made on lignite from the (old) Shaft No. 1, and
the sixth and final burning test was made on lignite from the (new) shaft
W. A final report was prepared after these tests, and copies were sent to
the Ontario Department of Mines and The Ontario Research Foundation.

The samples from Alberta and Ontario were immediately unloaded
into individual bins in a covered coal-storage shed. A large representative
sample was taken at the time of unloading into storage, and on this screen,
proximate, and ultimate analyses, calorific value determinations, ash
fusion temperatures, etc., were made. The results of further analyses,
determinations of calorific value, ete., of a representative sample taken
from the quantity used for each burning test, will be found in Table
XXXI1V, in pocket.

Table III lists the various Alberta coals and Ontario lignite that
were tested in comparison with the same operating coal as was used with
the British Columbia coals. It gives also the coal areas from which each
sample originated, the dates it was shipped and received in storage, the
quantity received, designation of the fuel as shipped, approximate size
as received, the treatment of the sample before test, and finally the number
of tests made. Table IV lists the fuels in the same order as in Table II1
and gives the proximate and ultimate analyses and other relative inform-

ation regarding the respective fuels as they were received in Ottawa.
52618—2%
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TABLE III
Alberta-Ontario Series: List of Fuels Tested*
Date Number
Sample Mark Quanti Rark ' Designa- 3 i i Treatment | of Tests
and Origin of Received |received, or tion of Approzimate Sjze as Received before Test made
Shipment No.} Sample Shipped in short Grade Fuel and
: Storage tons Reported
3 Slack Coal [N ——
Ar= 220 Sg9E Oct. 19/29 | Oct. 29/29 | 42-8 |Bituminous,| #* slack all under 3-inch i |52 585 | Foreen-
SEEE| X hz'gh‘z‘;radc steam coal size ag received 9 S8
ME:“‘?}E I\é::;:gg%gﬁg Jan. 11/30 | Jan. 23/30 42-8 Sereen Analysis tH g 5§§ g 1
Aa=12-30 ?.;5:: Stclét;sr?mfotr; Mar, 3,30 | Mar. 15,30 | 42-5 “ “ ] .| 1 E'%;g o,«g’ Foxigen-
BOw2! Stan ization URIY PURPSY =1 ROWSY IR ST 58 23 - eral use
A=16-30 B23F and General | May 8/30 | May 21/30 | 517 « “« 383 § 52 PEPE P L 'é‘é EE R ‘?3‘5 g 2
T esBE se. a5 glagloglaglaglee =3
A=18-30 ,§§§§ May 26/30 | June 10,30 | 41.0 “ “ fég fé: ‘é: fg_a:n ‘gj%* g; ‘é; Eﬁ gg tt "Eog ggg For gen-
Ae=21-30 ;P35 July 17/30 | July 30/30 | 47-4 “ S PEIPEIPEIPE P P PR o R e ) e
@ : I E A R R T el FA P S Erck )
=2 -
8EE 8
o8BS
N =28-30........ Saunderzl('}reek .............. Dee. 9/30 5-2 |Sub-bit.....|Slack coal..|....[....]....|....] 9:7|20-5!34.4[19-4|16-0] T gs)i; Eg 1
area, Alta. & .
0 =2931........ Crowsnest Pass | Dec. 11/31 | Dec. 23/31 | 415 Bituminous.Minerun........| 1:8| 6:0) 6-6| 9-3] 9-9j26-2{145(26-2) — 52 SB& 1
area, Alta. £d 30
P =18-31........ “ Aug. 31/31 | Sept. 11/31 22-8 “ Mixed sizes,|....[....| 0-6| 2-1| 4-0] 3-8[13-4{17-2{58-9] — I3 88 '5.% 1
dry cleimed g 8 " g°
cog. - =P I ]
Q =26-21........ Mountain Park | Oct. 1/31| Oct. 15/31| 339 [Semicbit....|Minerun....|....| 3.2 2:8] 3-8 57| 5-4/15-2116-547-4 — |25 28 E 1 =~
area, Alta. oY
R =23-31........|Crowsnest Pass| Sept. 2/31 | Sept. 16/31 43-6 |Bituminous.{Mixed sizes,|....|....| 2-8| 4-7| 9-0| 8-5/20-0{17-0{38-5| — 58 ESE 1
area, Alta. dry clleaned, 5 o 3 § 2
coa . .
§ =20-1......."[Mountain Parlc | Sept. 1/31| Sept. 14/s1) 277 “ [Minerun....| 22} 16| 46| 40} 6-0| 7-3}19-2/19-354-0| — |=ES 2 1
area, Alta. 23
T =24-31........ “ Sept. 4/31| Sept. 15/31| 342 “ “ |48 62 50l 39| sofe0-7157ja4-s| — S 2EET 1
@& Sg
U=21-31........ “ Sept. 1/81 | Sept. 14/31| 20-0 “ “ _|....| 0-9f 0-0f 0-9|....| 5-520-5]20-5[50-8] — ﬁg'ggg 1
2 bt
V =29-31........ Crowsnest Pass| Sept. 2/31 | Sept. 12/31| 20-0 “« Mixed sizes,|....|....| 0-7] 3-6}11-1|12-5{32-8[17-5|21-8] — ‘3253{% 1
area, Alta. dry t;lleaned | S2%8
co SEHTH |
W =25-31........ N%%cgg area, | Sept.25/31 | Oct. 7/31] 83-2 [Semi-bit....|Steam coal.l....| 1-4] 2.3 23| 8-4| 4-3|13-7]16-8l55-8 — %’_:_5’5 ES 1
22 = oSS0
X =28-31........ Cas{:éide area, | Nov.18/31| Deec. 2/31| 33-0 “« 3" slack coal|....|....|....| 0-8] 3-0| 6-7| 7-4]21-6]60-5] +F f.%—gsc;g 1
Alta. v S5
Y1=131-30........ Onzkawana Lig-] Mar 1/30 Mar. 8/30 30-0 |Ontario Lig-|Wet _mine-| 60 per cent lumps up to 12" dia. 40 per cent| — |5 o E’:": gﬁ 3
nite field, Ont. nite run lignite| _ slack. EngHaE
Yo=14-30........ “« April 25/30 | April 30/30 6-3 “ One pass, | 50 per cent lumps up to 6” dia. 50 per cent | — | = SEREE 1
mechanic- slack. s O s 8
ally dried. BoeBgs
Y3=15-30........ “ “ “ 6-3 “ ‘Two pass, |50 per centlumps up to 6” dia. 50 per cent| — 223 85T 1
mechanic-| slack. 288,85
ally dried. = = os EZE
Z =10-31........ “ July 22/31{ July 29/31 30-0 « Air-dried, {20-2| 8-8} 8-0| 7-4| 7-4| 5-9|12-5! 9-4/20-4| — g5 538 1
pirere H e
Zni 2

* Arranged in the same order in which the respective fuels are tabulated in Table XX XTIV (in pocket).
1 These numbers were assigned to the coal samples as they were received in storage.
11 Coal sampled and bagged as drawn from bin, needed neither crushing nor screening.



TABLE IV

Proximate and Ultimate Analyses, etc., of a Representative Sample of the Total Bulk Shipment of Each Fuel, Taken at
Time of Unloading into Bins in Covered Storage Shed

Proximate Analysis Ultimate Analysis Calon- Ash Fusibility
Sample Moisture fic | Fuel :
e Condition Vola B | B | Garhor B | ryitiat | S| pruia
an Mois- Se | Fixed | Hydro- Sul- | Nitro- | Oxy- | :opp {54 | ByCro-| ~To- ia’ | ng | pu
Shipment b Ash "Carbon Ash per 1b, gen | perties | Temp- | Temp-| Temp-
No. Sample ture Matter Carbon gen phur gen 8O | “eross | V.M.| Ratio e!;a:Et‘ure erg%;‘ure erature
Per | Per | Per Per Per Per | Per | Per Per Per
cent | cent | cent cent cent cent | cenb | cent cent cent
re..elved 3-1| 84 32-6 55-9 76-8 54| 84 1-1 1-6 6-7 | 18,570 |...... 14-3
Ai= 229 3 1-2} 8-6 33-3 56-9 78-3 52| 8-6 1-1 1-7 5-1 ,830 § 1-70 14-9¢1Good...}| 2,565 | 2,639 | 2,697
_§ ............... 8-7 33.7 57-6 79-3 5-2¢ 87 1.1 1-7 4-0 | 14,000 |...... 15-3
E ecelved 4.0% 8.6 30-4 57-0 75-4 5-31 8-6 1-2 1.7 7-8 1 13,450 |...... 14-1
Ar=7302 1-3 | 8-8 31-2 58-7 77-5 5-2] 8.8 1.3 1.7 5-5 1 13,830 | 1-90 15.0}Good...| 2,497 | 2,575 | 2,680
Ty |Pryeeoooa el 8-9 31-7 59-4 78-6 5-1 8-9 1-3 1-7 4.4 14,010 |...... 15-4
Qn
375 recelved.. g7t s1l a1y 561 7se2{ 5.4 81) 11| 16| 86]13.350/...... 139
As=1230 38 1 12! st} 322| s82| 80| 52 84] 12| 16| 5-6|13,850 {180} 15-0{Good...| 2,467 | 2,548 | 2,624
EulDry...of 85| 32.6| 538| 7s-9| 5.1( 85| 12| 17| 46]|14020]. ... 15-4
EEII Asteceived.| 49| §3| 30| 58| 7es| f4) 83| 11| L6} 9 13,260 |...... 18-7
A=1630 25 4 13| 86| 321| sso0| 773| 52| 86| 12| 17| 6013770 [1:807| 14-9}|Good...| 2,449 | 2,593 | 2,508+
— 50 ............... 87| 326| 87| 783} 51| 87| 12] 17| 5013840 ..... 15-3
3 srecexved.. 30| 79| 810! 81| 761 541 79 1:2 1-3 81| 13,6d0]...... 14-2
Ay=1830 5 | 1ef sy 36| 91| 75| 53 81 12| 13 6-6 | 13,800 | 1°857) 14-8}Good...| 2,450 | 2,607 | 2,607+
& |Dry.....o e 82| 31.9| 59.9| 785 52| 82 12| 13| 56| 14060 |...... 15-2
: @ recexved.. 30| 84| s21| 65| 76-2| 52| 84 13 1.5 7-4113,600...... 14-8
Ae=2130 Airdried.."| 17| 85| 86| &2 73| 51| 5| 13| 15| 63|70 17| 163(Good..| 2,489 | 2,610 | 2,600+
Dry..eeinifenenns 87| 33-1| 58-2| 786| 50| 87| 13| 1-5| 4.9|14010]...... 15-9
Asteceived.| 98| 9-0| 19| 431 ee5| 53| 90| 03| 091 200 |1LL0 ... 12:3
N =2830 | s-o| 9.1 326| s08] 58| 51| 91 0-4| 0-9| 18-7|11.370 {1557 12-7H{Non- | 2,050 | 2,210 |2.310
............... 99| 35-4| 547] 715 46| 99| 04| 1.0| 12612360 |......| 15-4)| coking
ecewed.. 12| 16-1| 285| s42] 76| 45|161| 09} 11} 5.8/ 12,580 ... 15-8
0 =29-31 T S P O e Y S T 1-90 |....... Fair....| 2,490 | 2,635 | 2,700
............... 16-3 28-8 54-9 72-5 4-4116-3 0-9 1-1 4.8 112,740 |...... 16-3
srecelved“ 1.3 13-1 24-4 61-2 73-9 4.3 113-1 0-6 1-1 7-0{ 12,870 |...... 17.2
P =18-31 D I e P Y P N PO F O Pt D P 2-50 {....... Fair....{ 2,700+ 2,7004] 2,7004
............... 13-3 24-7 62-0 74-9 4-2113-3 0-6 1.1 5-0 | 13,040 |...... 17-7
srecelved.. 1.9 ] 14.2 20-1 63-8 75-1 4-3 1 14:2 0-3 1.1 5-0 | 13,120 |...... 17-4
Q ~=26-31 [N PR PURN P PR I P! RN s P I DU 3-20]....... Good...| 2,500 | 2,600 | 2,7004

............... 14-5 20-5 65-0 76-5 4-2 | 14-5 0-3 1-1 3.4'1'18,3601......0777183

L1



TABLE IV—Concluded

Ash Fusihility

Proximate Aralysis Ultimate Analysis Calori-
Sample Moisture fic | Fuel .
ey Condition Vol B | B8 G| CB® | petat | S%ie™ | Fruia
and i ola- | mixed Hydro- Sul- | Nitro- -T.U.| F.C. | hydro-| Pro-
Shi; t of Mos- Ash til Five YAro- Ash 2 er 1h. gen | perties | Temp- | Temp- | Temp-
I%%l.en Sample ture | Matger Carhon gen s phur | gen pg;oss V.M.| Ratio erature | erature | erature
°F. °F. °F.
per per per per per per per
cent | cent | cent cent cent | eent | cent cent
1.7 1 13-3 23-9 4-4 | 13-3 05 1-2 12,800
R =23-31 FPUPUI POUDR R Poor. ..| 2,7004| 2,700+ 2,700+
13,010 |..
12,770 |.
8 =20-31 13,530 Good...| 2,250 | 2,380 | 2,510
13,680 |.
13,500
T =2431  RAirdried....|.....-}veoeoifeveaie]ianavidoieaiorene oo e Good...| 2,200 | 2,460 | 2,590
13,650
13,190
U =2131 An‘-dned ................................................................. Good...| 2,225 | 2,420 | 2,680
.............. 136 29-2 4.7 | 13-6 0-6 1.2 13,440
‘Ag received..| 1.3 | 10-9 25 4.7 | 10-9 0-4 1.2 13,510
V =2231 Air-dried.. FL D S e o O s (N (S S O S Good...} 2,7004} 2,7004- 2,700+
.............. 11-0 23-8 4.6 11-0 0-5 1-2 13,690
As recelved 11¢12-3 15-2 4.2 1 12.3 0-5 1.2 3- 13,440
W =25.31 Au'—drle 61 12-5 15-5 4.1 12-5 0-5 1-2 2. 13,640 Fair....| 2,7004-| 2,7004-| 2,700+
.............. 12-6 15-5 4.1 12-6 0-5 1.2 2. 13,730
rece)ved 7111.4 13-9 4.1 1114 0-7 1.6 5-11 13,240
X =2831 61 11-7 14.2 4.0 | 11-7 0-7 1-6 3- 13,520 Poor...| 2,360 | 2,440 | 2,700+
.............. 11-7 14-3 3-9 | 11-7 0-7 1.7 2. 13,610
s ecelvel'l 51-8{ 6-9 19-6 7-8 6-9 1-0 0-3 54- 5,020
Yy=11-30 18-3 § 11-7 33-2 5.4 | 11-7 1.7 0-5 29- 8,510 Nop- 1,951 1,976 1,985
.............. 14-3 40-7 4.1 | 14-3 2-1 0-7 16- 10,410 coking
ecelved 33-7 1 11.5 25-9 6-4 | 11-5 1-1 0-5 4 6,610 {...... 6-3
Y2=14-30 18-2 | 14-2 32-0 5-2 | 14-2 1-3 0-8 2 8,160 | 1-10 9-4} Non- 1,934 | 2,005 | 2,066
.............. 17-4 39-1 3.9 | 174 1-6 0-7 1 9,970 |...... 15-4)! coking
ecelved 25-9 1 16-9 27-7 5.5 | 16-9 1-3 0-5 3 6,750 |...... 7-5
Y:=15-30 17-3 | 18-9 30-9 4.9 | 18-9 1-4 0-6 2 ,540 | 1-05 9-5¢|Non- 1,925 1,999 | 2,061
.............. 22.9 37-3 35| 22-9 1.7 0-7 15- 9,110 |...... 15-8)| ecking
As recened 36-3 | 7-0 27-1 681 7-0 0-8 0-4 6,630 [...... 5-9
Z =10-31 Air-dried....| 25-2 ( 8.3 31-8 601 83 0-9 0-5 7,790 | 1-10 7.9} Non- 2,030 | 2,210 | 2,235
Dry..cooovvnlennnn. 11-1 42-5 4.2 1111 1.2 0-6 10,420 1...... 14-8)1 coking
* This fuel was used for light-off and preheating for tests made with Ontario lignite and for general use and standardizing. (See page4.) The analyses give anidea

of the constant properties of this coal.

81
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DETAILED RESULTS

The detailed data and results of the forty-seven tests on British Col-
umbia coals are shown for comparison in Table XXXIII. Seventy-eight
items of information are tabulated for each test; the tests for each coal are
arranged progressively in the order of increasing rates of combustion; and
finally the coals themselves, exclusive of the operating coal, are arranged
roughly in the order of increasing calorific value. The tabulated infor-
mation given in Table XXXIII, which forms the actual basis of this part
of the report, presents the results in detail much better than can be done by
any written desecription.

The detailed results of the twenty tests on Alberta coal and Ontario
lignite are shown in Table XXXIV. The tests for the operating coal are
arranged in the order of combustion rates; and the fuels themselves,
exclusive of the operating coal which is listed first and the Ontario lignite
which is listed last, are arranged in the order of increasing calorific value.

The distinguishing numbers of the coal samples have been retained
throughout this report simply for convenient reference.

SALIENT RESULTS SUMMARIZED

All seventy-eight items of information tabulated in Tables XXXIII
and XXXIV (in pocket) will be self-explanatory to fuel engineers, con-
versant with the standardized test methods and procedure, but non-
technical readers, interested from a marketing standpoint only, probably
appreciate a summary of the more salient results whereby they obtain a
general idea of the relative merits of the various coals tested. The more
important items for three different tests (one each at low, medium, and
high rates of combustion respectively) on each British Columbia coal are,
therefore, summarized in Table V, and those for the eleven Alberta coals
and the four Ontario lignites in Table VI.

The first item in these tables gives the duration of the respective trials
of each coal. The second, third, fourth, and fifth items summarize the
chemical properties of the coals tested in respect to moisture and ash con-
tent, gross heating value, and ash fusion temperature, which roughly indi-
cates the point at which the ash and refuse begins to soften. The sixth
and seventh items give the quantity of the fuel fired per hour and per unit
of steam production. The eighth item gives the quantity of heat liberated
in the furnace per unit of combustion space and is an indication of the heat
load handled by the furnace. The next five items give the fineness of pul-
verization, the power used to pulverize one ton of fuel, and the rate of
grinding based on the rated capacity of the pulverizer. The remaining six
items give an idea of the combustion and steam-producing properties of
the fuels tested.

The above items are arranged so as to permit of ready comparison
between the three tests on each British Columbia fuel. Comparisons
between tests on different fuels, however, are apt to be misleading without
a full understanding of the many variable factors involved, and should only
be made between tests having similar rates of combustion or coal feed.
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PRINCIPAL RESULTS OF BRITISH COLUMBIA COALS
AVERAGED

Table VII gives the average values of the principal results for all tests
on each British Columbia fuel. The coals range in rank from lignitic to
high-grade bituminous and are arranged in the order of increasing (as
fired) calorific value, which brings them roughly in line in respect to their
rank as indicated by the Specific Volatile Index, as well as in respect to
certain of their chemical and physical characteristics. Moreover, as the
average efficiencies and overall combustion conditions hold uniform for all
the fuels, it was to be expeeted that the fuel fired per unit of evaporation,
the equivalent evaporation per unit of fuel fired, the heat liberated per
unit of furnaee volume, and the rated boiler capacity developed, all grade
themselves, more or less, directly with ecalorific value. The main features
brought out by the data given in Table VII are more fully discussed in
pages 27 to 38.

MISCELLANEQOUS RESULTS

Although numerous observations were made during each test relative
t0: light-off characteristics of the fuel, smoke, flame, and general com-
bustion conditions; changes in damper and control settings; character,
disposition, and quantities of refuse produced, ete., such general data are
difficult to tabulate in such a way as to give a clear-cut comparison of the
different fuels. To reproduce the voluminous notes taken would merely
confuse the issue, and such information is dealt with only in a very general
way; its usefulness depends so much on the personal element involved in
both taking and interpretation.

In general the light-off characteristies of all the fuels were good, no
difficulty being experienced in regard to their ignition even in a cold set-
ting. As would be expected the higher volatile fuels ignited more quickly
than the lower. Once alight, the fuels burned with a short cloudy but
steady flame, which gradually lengthened and cleared in colour as the heat
became greater. Steam was quickly raised with all the fuels, so that full
steam pressure was obtained in a few minutes. Invariably some dark
smoke was noticeable at the chimney top during the light-off period when
a rich fuel mixture was fed to the burner. After stabilized combustion
conditions were obtained, however, the smoke became practically negli-
gible, except at times of irregular coal feed when occasional puffs of dark
smoke were noticed, until rectified by the proper control adjustments.
At no time (except during the initial light-off) could the smoke of any of
the fuels be said to be objectionable. Generally speaking, however, the
fuels of higher rank produced the hotter and clearer flame. At all rates of
combustion, more particularly medium and high, the flame practically
filled the furnace, in which it followed a U-shaped path in a lazy turbulent
sweep, just clearing the floor and side and rear walls without actually
impinging on them. Irregular rates of coal feed had the effect of pro-
dueing slight pulsations in the flame, which also lightened or darkened in
colour as the fuel mixture became leaner or richer.



21

Overall combustion and control conditions were surprisingly uniform
for such an extended series of tests on such a variety of fuels. Momentary
irregularity in the coal feed caused by wet or unevenly graded (not inti-
mately mixed in the various sizes) coal was the main reagon for variation
in combustion conditions and necessitated the majority of the alterations
in damper and control settings during the tests.” The refuse obtained from
the several fuels varied so widely in nature, colour, quantity, and dispo-
sition in the furnace and setting, that no general statement can be made.
The reader is therefore referred to the data given under the heading of
“Refuse, Ash, and Carbon” in Tables XXXIII and XXXIV (in the pocket).
Some fuels of low ash fusibility produced a refuse easily handled and
removed even when hot, whereas others with higher fusion temperature
produced a refuse extremely difficult to deal with either when hot or cold.
Non- or poorly-coking coals of low ash fusibility gave less trouble than
heavily coking coals of the same or even higher fusion temperature, and
coali 1of lignitic rank and of extremely high ash fusibility gave the least
trouble.



TABLE V

British Columbia Series: Summarized Results for Three Tests at Different Rates of Combustion
on Each of Thirteen Coals*

Operating N
Approx. Coal British Columbia Coal Mark and Number
Com- | Mark and
No. bugtion | Number
Item or Feed
Rate of
Coal, | A=& A4 B C D E F G H I J X L M
1b./hr. |7&16-30] 5-29 4-29 8-30 6-29 10-30 9-30 17-30 | 19-30 | 13-30 3-31 2-31 20-30
200 8-08 8-05 810 | '8-05 7-93 7-93 8-10 7-92 7-98 7-98 7-98 8-00 7-98
3 Duration of trial in hours.......... 400 8-13 7-83 8-57 7-88 7-93 8-03 7-98 7-97 7-97 7-98 8-00 8-02 7-98
600 8-00 8-00 8-04 8-04 8-04 8-02 8-00 8-05 8-00 8-05 8-17 8-00 8-00
200 3-7 23-5 20-0 14-9 9-4 5-4 4.5 3-6 3-7 4.1 4.1 4-1 2-2
6a  |Moisture in fuel as fired...per cent 400 3-3 23-5 20-3 8-2 8-8 6.4 55 3-8 3-9 5.0 4.2 3-8 2:0
600 1-8 22.9 19-7 7-9 9:3 5-3 3-9 3-0 3-9 3-2 4.9 3-9 1.7
200 9-5 12-7 87 10-7 12-0 17-9 13-8 12-0 14-8 12.6 16-8 12.6 7-4
5b |Ashin fuel as fired........ per cent| 400 8.7 13-6 9-3 11-6 12-9 16-3 14.0 12-2 14-3 12.8 16-7 13-1 5-9
600 83 13-3 9-5 10-3 1.3 17-2 13.5 1146 146 12-8 16-9 12-7 7.7
7a  |Calorific value of fuel as 200 13,240 | 8.320 | 9,570 { 10,490 | 11,270 | 11,240 | 12,000 | 12,510 | 12,210 { 12,610 | 11,910 | 12,600 | 13,940
fired, gross value..... B.T.U/1b. 400 13,470 | 8,080 | 9,270 ,250 | 11,360 | 11,380 | 11,900 { 12,440 | 12,290 | 12,470 | 11,770 | 12,610 | 14,280
600 13,700 | 8,110} 9,360 | 11,450 | 11,230 | 11,330 | 12,140 ; 12,630 { 12,250 | 12,820 | 11,680 | 12,540 | 13,950
200 2593 2093 2145 2239 2588 2145 2223 2307 2459 2170 | 2700--{ 2590 2050
11b  {Fusion-pointof ash............. °F. 400 2575 2093 2118 2239 2588 2145 2223 2307 2459 2170 | 27004 2590 2032
600 2593 2093 2118 2239 2588 2145 2223 2307 2459 2170 | 27004-f 2590 2032
200 197 198 197 198 201 201 196 201 199 199 200 200 200
14b  {Weight of fuel fired per hour....1lb. 400 392 408 419 405 403 397 399 400 400 400 400 399 400
600 598 598 595 596 595 597 599 595 598 595 588 600 548
14d |Weight of fuel fired per 1,000 1b. 200 109-1 | 169-2 | 141-6 | 127.7 131-4 | 125.2 115-8 109-4 115-6 111-4 114.8 109-8 98-0
of equivalent evaporation....lb. 400 112-6 186-2 162-3 | 135-5 1 137-0 133-0 } 121-8 118-8 121.7 117-9 120-6 114-4 103-8
600 115-1 187-3 | 159-0 | 131-6 | 133-7 133-2 | 125-6 121-8 | 124.1 117-8 125-2 117-1 105-7
15 Heatliberated per cubic foot of 200 3,674 | 2,320 2,655 2,925 3,191 | 3,182 3,313 | 3,542 | 3,422 3,534 | 3,355 | 3,549 3.927
furnace-volume per hour. B.T.U. 400 7,437 ,643 | 5,471 6,417 | 6,448 6,363 | 6,687 | 7,008 6,924 | 7,025 | 6,631 | 7,086 8,045
600 11,539 | 6,831} 7,844 9,612 9,411 | 9,527 | 10,242 | 10,584 | 10,318 | 10,744 | 9,673 | 10,597 10.767
16a, b, |[Pulverized fuel, quantity re- 200 1-9 3.9 §-7 1-4 1-6 1-1 1.6 0-8 2-2 2-0 0-4 0-5 1.0
and ¢ | tained on 50-mesh sieve.per cent 400 3-1 9.9 11-4 4.8 3-4 1-5 2-1 1-8 2.2 1-8 0.4 0-7 1-2
600 2-8 13-0 13-1 4.8 5-2 1.9 3-4 2-4 3-2 2-8 1-0 0-9 1-0
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16e

and f

161

20e

20e

48d

52b

56

58s

64

65a

Pulverized fuel, quantity pass-
ing 100-mesh sieve...... per cent

Pulverized fuel, quantity pass-
ing 200-mesh sieve...... per cent|

Power used per "‘net’ ton of
fuel pulverized........... Lw. hr.

Rate of grinding, per cent of
rated capacity of pulver-
T2 SO per cent

Equivalent evaporation per
pound of fuel as fired......... 1b.

TFlame temperature in furnace,
midway of trial...........o00 °F.

Ratio, air supplied to air used for
combustion.....ciiiiiiiiii s

Carbon dioxide in flue
BRSES. . euviirrrenrennnns per cent

Percentage of rated boiler
capacity developed..... per cent

Efficiency of boiler and furnace
based on gross calorific value
of fuel as fired........... per cent

15-7
144
15-1

77
149
223

67-2
64-0
61-6
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* See Table XX XIII (in pocket) for detailed data and results.

1 These numbers correspond to similar item numbers in the main tabulation given jn Table XX XIII (in pocket).




TABLE VI

Alberta-Ontario Series: Summarized Results for Tests Made on Various Coals at Comparable Rates of Combustion, and
on Ontario Lignite*

Ontario Lignite Mark and Number

: Alberta Coal Sample Mark and
Aé’glgf' Opéz‘;ﬁmg Shipment Number Lower Seam New
bu%:‘,i m& Maak Old Shaft Shaft
or Fee ang -
No.t Ttem Rate of | Number, B Asrte- | Air Mec(lizraix‘l;é:ally Air-
Sk | | N=|0=|P=|Q=|R=|8= | T= | U=| V= | W= | X=|ceived, | dried, dried,
/Ar. 28-30 | 20-31| 18-31 | 26-31 (23-31 |20-31 | 24-31 | 21~31 | 22~31 | 25-31 | 28-31 1= 1= Y= Ya=
' 11-30 | 11-30 | 14-30 15-30 10-31
3 Duration of trial in hours................. 8-13 8-02f 7-97[ 7-97; 8-00| 8-00| 8-00| 8-03| 8-00[ 8-00{ 7-98| 8-00[ 8-03 8-08 8-07 8-10 8-02
5a  |Moisture in fuel as fired.. ..percent| 3 3-3 824 14| 1.9 2-0| 2-1| 3-0( 2-0| 24| 14| 1.9 1-4| 46-7 356-2 35-5 26-7 31-5
5b |Ashinfuel,asfired............... percent| § 8-7 9-0|17-2 | 14-4 | 16-0 | 13-4 | 12-3 | 12-7 | 11-6 | 11-8 | 12-7 | 10-9 7-4 9-1 7-1 9-9 77
7a |Calorific value of fuel, as fired 8
£ross valte. ........cvemeenns B.T.U./Ib.} & 13,470 |11,310)12,330{12, 660|12,780|12, 810(13,080{13, 110(13,230]13,330|13,370{13,580| 5,280 | 6,510 | 6,640 | 7,330 | 7,010
116 {Fusion-point of ash.......... S I 1 2575 2250(2700-+|2700-+{2700+{2700-+-| 2350 2590} - 245012700--(2700+-| 2275 1976 1976 2005 1999 2060
]
14b  [Weight of fuel fired per hour, . g 392 309| 402| 400 398 398 398 397} 398] 400| 399 398 504 501 589 590 596
14d Welght of fuel fired per 1,000 ib.” a
of equivalent evaporatxon ...... PR 1b g . 112-6 125-0f 114-8| 115-2| 115-1| 112-0( 105-3| 104-4] 106-0] 105-8) 105-0| 104-9| 316-5 | 244-5 | 238-1 | 225-2 | 218-3
=3
15 Heat liberated per cubic foot of heg-|
furnace volume per hour........B.T.U 8.5" 7,437 | 6,356( 6,981| 7,132| 7,164| 7,181( 7,332| 7,331| 7,416} 7,510| 7,614} 7,612 4,417 | 5,419 | 5,508 | 6,001 | 5,884
-]
16a, b,|Pulverized fuel, quantity retained =R
and ¢ | on 50-mesh sieve............... percent| g& 3.1 44| 1-6} 1-0| 0-8} 0-9f 0-7{ 03] 1.3} 0-8| 1-1] 08 9:0 16-2 18-8 21-1 12-5
16¢  |Pulverized fuel, quantity passing = .
andf | 100-meSh SieVe......;mvrunns.. percent| EHO 83-9 75-9 | 91-4 | 93-1 | 94-6 | 93-0 | 94-5 | 96-9 | 84-0 | 96-2 | 93-5 | 96-0 76-4 67-8 636 59-0 74-1
16f {Pulverized fuel, quantity passing Se
200-mesh SIEVE, ..o per cent| = 60-3 53-7 | 77-8 | 79-4 | 82-1 | 78-3 | 81-0 | 87-6 | 81-1 | 87-0 | 79-8 | 85-3 62-7 55-8 49-6 45-2 63-1
20¢ |Power used per '‘net’’ ton of fuel 25
pulverized. .....ooovvrvreernnns S 362 42-6 | 45-8 | 45-6 | 42-1 | 46-7 | 44-7 | 47-4 | 45-9 | 43-1 | 62-0 | 45-0 57-3 40-0 406 35-3 50-9
20¢  |Rate of grinding, ,percent of rated Ty
capacity of pulverizer... ..percentf 28 39-2 39-9 | 40-2 | 40-0 | 39-8 | 39-8 | 39-8 | 39-7 | 39-8 | 40-0 | 39-9 | 39-8 58-4 59-1 58-9 59-0 50-6
=%
484 {Bquivalent evaporation per lb. of g§
fuel, as fired.......ociiiniiann.. b <= 8-88 8-00( 8-71f 8-68 8-68] 8-93| 9-50{ 9-58] 9-43] 9-45 9-52| 9-53| 3-16 4-09 4-20 444 4-58
52b Flame teroperature in furnace, 3
midway of trial............... .00 F.| =» — 2310| 2380 2430| 2420] 2490 2370| 2470| 2400[ 2450{ 2520 2450 1610 1980|........ 2075 2040
56 Ratio, air supplied to air used for &
cOmMbUSEION. .\ oieieiiiai e, - 1-23 1.14( 1-07) 1-01f 1-01 1-05{ 1.07] 1-04| 1-03| 1-08 1-06...... 1-16 1-42 1.13 1.07 1-156
58z |Carbon dioxide in flue gases...... percent g 14-4 16-3 | 16-8 | 17-7 | 17-0 | 17-3 | 16-8 | 17-3 | 17-5 | 17-0 | 17-1 | 17-2 14-8 12-8 16-3 17.3 16-2
64 Percentage of rated boiler capa— 2
city developed................. per cent| g 149 137 150 | 148 48} 152§ 162 163 | 161 162 | 163 162 80 104 106 112 117
650 |Efficiency of boiler and furnace 6]
baged on gross calorific value of
fuel, as fired........ Sereneesrana per cent 64-0 68-6 | 68-6 | 66-5 | 66-0 | 67-7 | 70-5 | 70-9 | 69-2 | 68-8 | 69-1 | 68-1 58-1 61-0 61-4 58-8 63-4

*See Table XXXIV (in pocket) for detailed data and results.
{These numbers correspond to similar item numbers in the main tabulation given in Table XXXIV (in pocket).
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British Columbia Series: Average Values of the Principal Results for all Tests on Each of Thirteen Coals

TABLE VII

Item No.* 7a 5a 5b be 5d See footnote 1 11b 14d 48d 15 18abe| 16ef 10f - 200 20e 52a I 52b ' 52 582 04 73 | 74a l 74b 74e { 75 ' 70 l 77 l .
5 1 0 1~ 1 i ) 0 1 | 1
R . Pulverizer Fla ! i i
. X . i Fuel Fired i Screen Analysis i Tempelg:gures Heat Balanco—Heat in Goal as Tired
- Proximate Analysis Specific Volatile Index per Bquiva- |  Heat of Pulverized Fuel as in Furnace Lost
*| Calorific : Fuel as Fire . lent | Liberated Delivered to Burner Power | Rate of Rated
Fuel Mark ]EYallue Flgggo? Evg:_por- p]%r cu. ft. I?Iert Grind,t CO2 E CBoiler Abs{))rbed Steam
an uel as n ation 'urnace [} per cen . in txcess | Capacity Heat iati
No. * Tired, of 1,0001b. | perlb. | Volume Ton of Start | 35194 | End | Flue DI()zvel- Wa.ger From i?xa %r?g;:t;ﬁ?l
Gross Mois- | . n Volatile| Fixed | Num- Rank Ash equwalint Fr}‘x_elgs IIImr Cs)(x; Thf(())[t]lgh Thgg[\]xgh I])?ulel _Iéated To' 1 | Trial Tof . Gas oped Bin From { Hydro- Dry Unac-
8 ~ n evapor- ire our ulv- apa- ria ria : il Mois- f
ture Matter | Carbon ation Mesh | Mesh Mesh | erized city orter tuorme ingl.;:'y F(i}:ll: copnted
in Coal [ Coal
B.T.U./lb. | per cent c?eenrt per cent| per cent| °F, 1b. 1b. B.T.U, {percent| percent | pereent gw. per cent °F. °F, °F, |percent|percent| percent | .percent | percent| percent per cent per cent
r .
8,162 23-0[ 13-0 26-9 36-5| 106-7|Black lignite (ortho lignitous).| 2,003 1834 5.47 4,502 9.8 058 470 49.1 40-1 2,2230 2,118] 2,050 12.9 42| 93! 65-0) 3.5 4. 0-2] 12-5 0:0 242 12.1
9,405 19.9] - 9+2 30-0 40-3| . 4 “ “ 2,128 155-4 6:46 5,313 11.3 64.8 38-3 46-1 40-2| 2,280} 2,077 2,001 13- 37 . . . . . . . T 19.
11,118 9-8| 11.2 32:5 406:5] * 134-6/Sub-bituminous (meta ligni- JA 1323 . 6.3 2.4 101 o 6 1o -0 il 4 02 12:5 00 1-3 12:3
. tOUS) uiiiiieiinn.ss A . . ,3 -4, 9. 547 453 40.0| 2,207 2,325} 2,261 14-4 27 129 86-2] 1.1 4.5/ . 0-2 2.4 . . .
11,305 5.9t 170 34.7 42-4] 1488 ““ :: 2,180 132.0 7-60 6,351 1.8 88+0 48-8 48:8 30-91 2,318 2,330| 2,274 14.7 22| 129 65'3 0-7 4.4 0+2] %2-5 88 }i }ég
W R DM A ML el B BN 8 U S0 BD BN BY R omb MR im B oW om 8 OB o4O B oH O B
N . . . . -bi ) . . S . . . . . , A . . . . . . B . . .
11,085 4.0 14.1| 38-3] 45-0] 1504 Sug)-bi)tuminous (meta ligai{ ' w7 1039 S EO N o ) ' ' ot R R I 23 13:3
. . OUE) v ivsennnnennnsns ' . ’ s . 86- 65-9 6-8 39:8i 2,283 2,405 2,320 14.3 20 37 66:1 0:5 4.8 3 . . . 1.
12,208 3-8| 14-9 30-1 51.5| 159-5 :: :: 2,462 400 121-3 8:25 6,010 2-1 851 05-2 44.8 40-0| 2,208 2,285 2,283 143 23 }’40 65-3 0-4 45| 00-3 %gg 83 tllg {ég
12,528 3-5] 12-0 36-3 48-2( 152.6| e 2,311 117-8 8+51 7,040 1-4 88-9 70.8] . 44.6 39-9| 2,323] 2,273| 2,320 146 22 143 659 0-4 4.7 0-3 12.4 0:0f - 0-7 15-8
.. .. 12,0603 3-9f 12:7 22-8 60-8  167-5Bituminous (para-blf,ﬁmmous)‘ 2,500 400 113-5) 8:82 7,001 0-8 06-2 79:5 511 40-0{ 2,383] 2,305 2,325 15-0 22 150 67-9 0-4 3-8~ 0-1 13-1 0:0] - 2-p] 12:2
i:la.?&o,ii,,,.;]. i 12,680 3-5] 129 30-6 53-0) 5 . 2,182 115-0 871 7,138 1-9 89-7 716 46-0 39.8 2,38 2,370 2,313 14-3 26 147, 66-6 0-4 4.2 0-2] 130 0-0f - 2.0 13:6
2 and Au=
16-30... 000 00000ee| - 13,470 2.9 8.8 314 56-9f  160.2! “ _“ 2,587 1123 8-91 7,650 2+9) 857 659 41:2 30-6| 2,200[........ 2,278 151 18} . 150j 64.3 0-3 4. . 2. . . .
M=2030.....00000, 14,057 2.0 7.0 27-4 63-6|. 176-5|Bituminous (orthobituminous)| 2,038 102:5 9:78|- 7,580 11 933 78:5 495 38-3| 2,807 2,327 2,227 15:1 16| 168 67-4 0-2 4~3 gg iZ; 83 %g %gg

*These numbers correspond to similar item numbers in the main tabulation given in Table XXXIII.

he fuels are listed in the order of increasing calorifio value,

#'Classification of Coals Using Specific Volatile Index’’ by Burrough, Swartzman and Strong, Mines Branch Publication No, 725-2,
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DISCUSSION OF RESULTS

General Discussion. The tests were comprehensive in character
rather than ‘‘industrial,”’ their primary function being to compare the
behaviour of the various fuels when burned in the pulverized state and to
determine their usefulness for steam raising. Two main objectives were,
therefore, borne in mind: (1) to determine in each case the amount of
steam generated per unit of fuel fired under conditions as nearly uniform as
possible; and (2) to form an opinion as to the behaviour of the fuel, the
amount of attention and labour required for its efficient use, and its general
suitability for steam raising as evidenced by freedom from trouble arising
from the formation of clinker and slag, difficulties in the removal of refuse,
formation of smoke, ete. Special effort was made to obtain data relative
to the amenability to pulverization and the power required therefor, the
behaviour and disposition of the ash; the steam-producing capability of
each fuel when tested in the same equipment under uniform conditions.

In considering the equipment in which these tests were made the
following should be noted:

(1) In order that peat and low-grade lignites could be handled at
normal boiler ratings the mill in which the fuels were pulverized had a
capacity greatly in excess of that required for any coal ranking above the
lignitic ¢lass. Unfortunately, this introduced some undesirable features
into the tests made with the higher ranking fuels, but as the equipment
wag intended for all ranks and grades of fuels the makers who designed it
advocated an oversize mill.

(2) The furnace had a volume excessive for the size of boiler in com-
parison with present practice in larger commercial units. This was due to
limitations in designing such a small unit to operate with all ranks and
grades of fuel, and resulted in very low rates of heat release per unit of
furnace volume at boiler ratings below normal. The majority of the
tests were, therefore, made at normal ratings or above, in order to give
heat releases more comparable with commercial practice.

(3) The efficiency of the boiler and setting was somewhat lower than
would have obtained with a larger unit; even so, limitations in test arrange-
ments precluded operating at the highest efficiency obtainable. High
efficiencies, therefore, were not to be expected, nor are they considered
necessary for these trials to be of value, inasmuch as the fuels themselves
were under test rather than the equipment.

Tables Nos. XXXIIT and XXXIV (in pocket) described on page 19
of this report, give the detailed data and the results of the tests. This
information could be presented in a variety of tabular and graphical forms
but a lengthy discussion would be tedious to the lay reader and serve no
purpose from the standpoint of the expert. Tables XXXIIT and XXXIV
are, therefore, left to speak for themselves and only a few of the more
important points of general interest are discussed. A study of the infor-
mation given in these tables shows that certain of the coals are so much
better than others in some respects that it is possible to tabulate them in
apparent order of merit. To do so, however, calls for the exercise of great
caution.




COMPARISON OF THE FUELS TESTED

Twelve of the more important items of information given in Tables
XXXIIT and XXXIV (in pocket) have been selected and are given in
Tables VIII to XXXII inclusive, each of which, with the exception of the
last, deals with one coal in comparison with the so-called “standard’ or
operating coal. TIn interpreting these tables, care and diseretion must be
used, for although in some particulars the results given for a number of
the test coals are not so favourable as those for the operating coal, it should
be borne in mind that no plant can be operated with the same ease, eco-
nomic result, and efficiency when burning various grades of fuel; each
plant should be designed for the use of one particular class of coal.

The results are arranged in the following tables to permit of com-
parison in the case of the British Columbia coals between three tests each
made at different rates of combustion on theé coal under discussion and
tests made at the same combustion rates on the operating coal. The first
three items give the moisture, ash, and gross heat value of the coal used for
each test. The fourth item gives the ash-fusion temperature which
roughly indicates the point at which the ash and refuse begin to soften.
The fifth and sixth items give the quantity of fuel fired per unit of time and
per unit of steam production. The next three items give some idea of the
suitability of the fuel for pulverization, of its amenability thereto, and the
power required. The last three items give an idea of its combustion and
steam-producing properties. The item numbers given in these tables
correspond to those given in Tables Nos. XX XIIT and XXXIV (in pocket).

TABLE VIII

British Columbia Series: Summary Comparison of Results of Tests on
“Operating’” Coal A

Item Coal Name (‘)&pil;?azir? Sﬁg})’
No. . Test No. P.IF, 33-34 34 39-40
Name
Rate of feed Low Medium | High
a  |Moisture in fuel as fived........................ per cent 3.7 3.3 1-8
5b  |Ash in fuel as fired.................ooovuilL., per cent 9-5 8-7 83
7a | Calorific value—fuel as fired, gross value....B.T.U./lb. 13,240 13,470 { 13,700
11y Ash-fusion temperature or softening point............ °F, 2593 2575 2593
14b Weight of fuel fired per hour........................ 1b. 197 392 598
14d Weight of fuel fired per 1,000 pounds of equivalent
EVAPOTAbION. . .ttt ittt 1b. 109-1 1126 115-1
16f | Quantity of pulverized fuel passing No. 200 sieve, per cent 67-9 60-3 69-5
20c | Power used per ton of fuel pulverized............ lew, hr. 578 36-2 30-9
20¢ Rate of grinding, per cent of rated capacity. ... .. per cent 197 30-2 59-8
58a | CO; content of flue gases....................... er cent 15-7 144 15-1
48d Equivalent evaporation per pound of fuel as fired....lb. .17 8-88 8-69
64 Percentage of rated boiler-capacity developed..per cent 77 149 223
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Summary. Coal A was a typical coking coal ranking as high-grade
bituminous, well suited for use in the pulverized state. The moisture and
agh contents (items 5a and 5b respectively) of this coal are low, while the
calorific values (item 7a) are high. The ash-fusion temperatures (item
11b) of the coal are high, a decided advantage for no trouble should be
experienced through the slagging of the ash in most boiler settings. The
power used in pulverizing (item 20¢) is higher at low rates of coal feed
(item 14b) and varies with the rate of pulverization (item 20e); whereas the
fineness of pulverization (item 16f) is roughly about the same at all rates of
feed and pulverization. The CO, content of the flue gases (item 58a) is
uniform and indicates satisfactory combustion in the furnace at the three
rates of coal feed. The economic output (item 14d or item 48d) is slightly
higher at the lower rates of coal feed, and the percentage of the rated
capacity developed (item 64) varies almost directly with the rate of feed.

TABLE IX

British Columbia Series: Summary Comparison, ‘“Test’’ Coal B with
“Operating’ Coal A

Operating Coal, Test Coal,
. Item Coal Name.... A=7 and 16-30 B=5-29
o.
Test No. P.I. | 33-34 3-4 39-40 | 23-24 9-10 43-44
Name Rate of feed...| Low [Medium| High | Low [Medium| High
5o |Moisture in fuel as fired....per cent 3-7 3:3 1-8 23-5 235 22-9
5b [Ash in fuel as fired......,.. per cent 9:5 87 8-3 12.7 13-6 13-3
7a  |Calorific value—fuel as fired, gross
value................. B.T.U. /lb.| 13,240{ 13,470 13,700, 8,320 8,080 8,110
116 |Ash-fusion temperature or soitenmg
POIMb. .ot eienass T, 2503 2575 2593 2003 2003 2093
14b  |Weight of fuel fired per hour..... 1b. 197 392 598 198 408 598

14d  |Weight of fuel fired per 1,000 pounds
of equivalent evaporatlon ...... 1b.] 109-1 112-6 § 115-1) 169-2 ) 186-2{ 187-3

16f  |Quantity of pulverized fuel passing '
No. 200 sieve............. per cent| 67-0 60-3 69-5 57-2 52:6 41-9

20c  {Power used per ton of fuel pulver-

ized...cooviiiini kw. hr.| 57-8 36-2 30-9 77-0 43-5 32-7
20¢ |Rate of grinding, per cent of rated| .

Capacity....ocoivveiinnn., per cent] 19-7 39-2 59-8 19-8 40-8 59-8

58  [CO: content of flue gases....per cent{ 15-7 14-4 15-1 11-8 11-9 13-3
484  {Equivalent evaporation per pound of

fuel as fired.. 1b. 9:17 888 8-69 5-91 5-37 5-34
64 Percentage of rated bmler-capaclty
developed................. per cent 77 149 223 50 94 137

Summary. Coal B, referred as to the “test coal,” ranks as a free-
burning “lignitic’’ sub-bituminous coal, whereas the operating coal for
which comparative figures are given in the above table is a typical coking
bituminous coal. The total moisture content of the test coal (item 5a) is
very high; the ash content (item 5b) averages 4-4 per cent higher than that
of the operating coal; and the calorific value (item 7a) is very much lower,
being roughly only 61 per cent of that of the operating coal. The com-
paratively low ash-fusion temperature of the test coal (item 11b) is not in
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its favour; it may cause slagging trouble in some boiler settings. The
three rates of coal feed (item 14b) and pulverlza,tmn (item 20e) are almost
identical for the two coals. The power used in pulverization (item 20c)
for both fuels is higher at low rates of coal feed (item 14b); it varies with
the rate of pulverization (item 20e) and is considerably higher for the test
coal than for the operating coal, whereas the fineness of pulverization
(item 16f) is somewhat lower for the test coal at all rates of feed and pul-
verization., The CQ, content of the flue gases (item 58a) is uniform and
indicates satisfactory combustion in the furnace at the three rates of coal
feed for both fuels. The economic and developed outputs were much
lower for the test coal than for the operating coal, averaging roughly 38
per cent less. This indicates that about 1§ tons' of test coal was burned
to give the same output of steam as 1 ton of operating coal; this agrees
close]y with the relation between the calorific values of the two coa,]s show-
ing that the boiler steamed at about equal efficiency with both fuels.

TABLE X

Britisii Columbia Series: Summary Comparison, *“Test’’ Coal C
with “Operating’ Coal A

Operating Coal, Test Coal,
Item Coal Name.... —7 and 16-30 C=4.99

Test No. P.F'. | 33-34 34 3940 | 77-78 | 5-6 4142
Rate of ieed...! Low [Medium| High | Low [Medium| High

No.
Name

S5¢  |Moisture in fuel as fired....per cent| 3.7 3-3 1-8 20:0 20:3 19.7
50 |Ashinfuel as fired.......... per cent| 95 8:7 8:3 87 9.3 9-5
7a |Calorific value—fuel as fired, gross

value......coooiennen, B.T.U./lb. 13,240| 13,470| 13,700{ 9,570 9,270 9,360
116 |Ash-fusion temperature or softening

poOInt.. ..o oF 2593 2575 2593 2145 2118 2118
146 |Weight of fuel fired per hour, ..... 1b. 197 392 598 197 419 595

14d  |Weight of fuel fired per 1,000 pounds
of equivalent evaporntlon ..... 1b.| 109-1 112.6 | 115-1 | 141-6| 162-3 | 159.0

16f |Quantity of pulverized fuel passing

No. 200 sieve.............. per cent| 067-9 G0-3 G69-5 43.2 36:2 40-4
20¢  [Power used per ton of fuel pulver-

ized. . ..o i kw. hr. 57.8 36-2 30-9 67-9 39-6 33-4
20¢ [Rate of grinding, per cent of rated

CapPRCIEY. . it percent| 197 | 39-2 59-8 19.7 41.9 59-5

58a  [COq content of flue gases....per cent)  15-7 14-4 15.1 13-2 12.7 13-0
48d |Equivalent evaporation per pound of|

fuel, as fired..............