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COPPER SMELTING INDUSTRIES

oF

CANADA.

INTRODTUCTORY.

" This report presents an historical review of the development of the
copper smelting industries of Canada, and includes descriptions of the
plents that are now in operation. The first chapter is devoted to the
historical freatment of the development of the copper smelting industries
wishin the limits of the various provinces of the Dominion of Canada.
Each of the next six chapters is devoted to the description of some one of
the individual plants which were in operation (or were ready to operate)
at the close of the year 1912. Thus the bulletin presents s fairly complete
statement of the status of this industry in Canada at that date.

‘It is hoped that the description, of the various.plants, and the general
account of their present. practice which accompanies each plant des-
cribed, will be found fairly complete. It is, however, obviously impossible
to pregent a statement in minute detail of either equipment or practice.
In somé instances, local practices, which it appeared to the author might
be of more than local interest, have been briefly described. For'the most
part the custom of very freely interchanging idess, which commonly
prevails among smelter men in America, results in the speedy spreading
of a knowledge of new improvements invented, or discovered in any one
plant; and most technical men are conversant with these improvements
long before they could learn of them through the medium of a report like
‘this. The period of time which necegsarily elapses between the Wntmg,
and the publieation and distribution of government reports, is usually
too long to make them an important medium for the distribution of new
knowledge in an old and well established industry. A report such as this,
‘however, will serve several useful purposes: (1) it forms a record of the
status of the industry at the time it was prepared; (2) it will serve to
disseminate through foreign countries a knowledge of our industrial progress
aleng the lines discussed; (3) it will offer to our home people the oppor-
tunity of acquiring.a more comprehensive knowledge of those industries

35783—23 1
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the magnitude and extent of which are little realized or appreciated, and
(4) it may possibly be found useful to parties who are contemplating invest-
ments in the development of similar industries in other sections of the
country.

The following descriptions have been complled by the author from
data obtained by personal visits to the various plants in question, and
also frora many articles published in the technical press. Every operating
plant has been visited on at least two occasions. The final revision of
the descriptive portions of the manuscript of this report was made at the
plants described, during the months of November and December, 1912
The author is greatly indebted to the managements and to the principal
technical officers of the various operating plants in Canada for the invariable
courtesy which he has received at their hands; for the freedom with which
he has been permitted to inspect their plants; and for their willingness
to provide him with. practically all the data for which he applied. In
nearly every case he has had’the most unusual advantage of having his
manuseript revised at each plant by one of the principal technical officers
at that plant. :

.~ The art of copper smelting is now a well known and well established
industry. It is probable that more than 95 per cent of the metallurgical
methods, appliances, and machinery employed at any one plant were
evolved from the ideas of many investigators working at many different
places. . Only a very small percentage of the ideas involved in the construc-
.tion and operation of any one plant are attributable strictly to local talént.
The day has long since passed- when the efficiency of any copper smelting
plant, and its superiority to its fellows depends, except in rare instances,
upon thz careful guarding of its operating sectets. This conception. is now
so well recognized in the American copper industry that, practically, no cop-
per smelting plant is ciosed to technical men who present proper credentials
when applying for admission. -‘The management of nearly all the larger
industrfal plants recognize that free interchamge of ideas is of mutual
advantage. In preparing this report every effort has been made to avoid
introducing any deseriptions of processes or methods which are considered
business secrets by the operators. To make assurance doubly sure every
chapter has been submitted to the executive staff of the works concerned
for revision. The author is pleased to be able to state that while numerous
small additions and corrections were added, no important sections were
deleted in this revision..

A ciscussion of the general principles and practice of copper smelting
and refining does not come within the scope of this report. The subject
is too broad and too intricate, and there are already many valuable works
on this subject prepared by abler and more experienced writers. Nearly
all technical men actively engaged in these industries in Cansada, have ready
access to these works when they require them. '

3

Chapter VIII is devoted to the discussion of several miscellaneous
matters that seemed german to this report, but which could not well be
teken up in the preceding chapters. One of these presents comparative
data relative to the comstruction of the various water-jacketed smelting
furnaces used in Canada; another relates to the use of basic lined

‘converters.

This report iz to be followed by a companion volume, descriptive of
the copper mines -and mining methods in Canada. In the next volume,
deseriptions of several important electric installations which supply power
to both mines and smelters will be included. It was not considered advisable
to include them in the present publication.

The aathor wishes to express his appreciation of the courtesies which
he. has received from the managements and pnnclpa.l technical officers’

_of mearly all the important copper smelting plants in the United States
which he visited for the purpose of making himself conversant with current

practice. He is also indebted to the manutacturers of certain types of
machinery, both for courtesies extended when certain of their' plants were
visited and for drawings from 'Whlch some of the plates and figures in
this report were prepared.

Reference should also be made to the courtesy of Mr. W. J. Carpenter,
photographer, of Vancouver, who provided the original pictures from which
Plates II1, IV, and V were prepared, and to Mr.J. A. Macdonald, photo-
grapher, of Sudbury, who provided the original picture from which Plate
IT was prepared. '

Other individual acknowledgments are made in the text.



CHAPTER L

DEVELOPMENT OF THE COPPER SMELTING INDUSTRY.

Discoveries of cOpper ores in commercial quantities have, from time
to time, been made in regions of Canada more or less remote from the
settled distriets and lines of transportation. ‘With the development of
the counfry, these localities have become more ‘and more accessible, and
it has fcllowed that deposits of a grade so low that in early days they were
valueless can now be operated at a profit. Be a deposit either remote or
easily aocessible, except in rare instances, it is always desirable to employ
some method of concenfration whereby tra.nsporta.tlon charges will accrue
only on shipments of the more wvaluable portion of the ore. The various
attempts that have been made to accomplish this, since the beginning
of copper mining in Canada, have always had in view the purpose to recover
the valuable constituents of the ore and make them commercially available
at the lowest possible cost. In reviewing the history'of the development
of copper mining in Canada, we find that in nearly every centre where

copper ores were diseovered, various attempts were made fo reduce the
copper t0 the form most convenient for transportation. Thus, smelting

or lixiviation processes were introduced at many different times and at
many different centres. In only a very few instances were those.plants
operated for any length of time. Usually either the process was a failure
or the supply of ore was not adequate.

The first copper smelting cperations attempted in Canada were those
of the MMontreal Mining Company &t the Bruce Mines near the end of the
year 1848. The President of the Company, the late Honourable James
Ferrier, brought a copper refiner and three furnace men from Wales.
The first engine house was erected and the machinery installed in the
autumn of that year. The firebricks for use in these furnaces were
brought from England by sail boat to Montreal, snd thence transhipped
by boat up the St. Lawrence and through the Great Lakes to Bruce Minies.
I have seen it stated that these bricks cost about twenty-five cents each
laid down at the mines. The furnace no doubt was of the reverberatory
type as used at Swansea for many years., No description of this first plant
is-available. The operations were not successful and the smelter was
destroyed by fire a year or so later—probably in 1850. In later years,
the slag mside was sorted over, and the richer portion was shipped to
England. Analyses made on portions of this slag, still on the ground in
1906, showed & copper content of about 2 per cent.! -

L H. J. Carnegie Williams, Trans. Can: Min. Inst., Vol. X, 1907, p. 149.
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During the next fifty years, we find that other plants were started at
meny points. As these plants were usually quite independent of each
other, it has been found convenient to group those of each province by
themselves; rather than fo describe them chronologically. '

It may be moted that the progress of development of the copper
smelting industry in Cana.da has kept pace with developments elsewhere.
It will be found that not a féw of the improvements in practice, now widely
used, were first worked out a.nd perfected by smelter men working in
Cana,dla,n plants.

_The firat large rectangular copper smelting furnace on the American
continent was built at Eustis, Quebec, on’ the site of the presert coneen-

trating mill, ThlS furnace was a.ppromma,tely 10 feet in length and 4 feet

ie. width at the tuyéres.!

Canada at present possesses two of the finest and most complete smelt-
ing plants in the world. Plans are under way for doubling the capacity
of one of these plants. T'wo modern and fully equipped plants, each of
about 2,000 tons capacity per day, are now under construction, and will
probably commence operations some time in 1913. A third new plant is
also under advisement for the Sudbury region, but it will probably be
three or four years before it is in full operation, The original plant of the
Canadian Copper Company began operations in 1888, This plant has
been rebuilt several fimes, but it may be said to have been in continuous
operation for twenty-five years, and it is accordingly the oldest plant in
Canada. The ore reserves of the properties tributary to this plant are go
enormous that it will probably be in operation in some form or other more
than 100 years hence..

MARITIME PROVINCES.

The copper mining industry has always languished in the Maritime
Provinces. Small deposits of cupriferous ores have been exploited from time
to time, but no large deposit has ever been developed. Séveral attempts
have also been made to recover the copper from its ores. The first of these
appears to have been that of the Copper Crown Mining Company, who
owned a number of prospects in Cumberland and Colchester counties,
Nova Scotia. This Company was erecting reduction works a short d1s~
tance east of the town of Pletou, Nova Scotia, in 1899, and the works
appear to have been completed in 1900. In addition to a power plant,
engines, and blowers, they were equipped with a hand operated roasting
furnace, two small reverberatories, and a water-jacketed ‘blagt furnace.
The principal dimensions of this furnace were as follows: size at tuydres,
36 X 60"; hearth area, 15 square feet; centre of tuydres tofeed floor,
8-9"; centre of tuyéres to tapping floor, 5-2"'; height of jackets, lower

' Personal letier, W. E. C. Eustis. -
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108", upper, 27"; centre of tuysres to lower line of bosh, 6”; centre.of

tuyeres to upper line of bosh, 70”; centre of tuyeres to lower edge of
jackets, 30-5"; bosh 67/ W‘J.d'bh of lower side jackets 60"; tuyéres, 12 in
numbsar, each 4/ in dla.meter and placed 12" between centres having a
total Luyére area of 125-7 square inches.! It is probable that thls_ furnace
was ir. operation for a short time in 1901 on ores obtained from the district.
I havenot been able to recover any record showing the output of the furnace.
The plant lay idle until 1907, in’ which year it was in operation for several
months. Several hundred tons of ore from Newfoundland comprising
one schooner load, together with a smdll amount of siliceous ore from a
New Brunswick mine, were treated at this time. Shortly aiterwards,
the plant appears to have been dismantled. ' 7
The report of the Nova Scotia Department of Miries for 1902* refers
to the operations of the Munro-Thompson Ore Reduction Co., near West-
ville in Cumberland county. It is stated that a leaching pla.nt was under
construction. This plant was to consist of two units of four tanks each,
arranged in series, ome above the other; one roaster has already been
“built and a smelter building was under construction. At that time it
was expected that this plant would be ready for operation in 1203." In
1903 the name of the Company was changed to the Cumberland Copper
Company, but we find no further reference to the operation of the plant.
The Intercolonjal Copper Company, which owned claims. near Dor-
chester, New Brunswick, was erecting an extensive plant in 1899 and

1900. This pla.nt is said to have cost in the neighbourhood of $600,000..

. The ore found in this locality is a coarse grit or conglomerate in which
small veing and masses of chalcocite occur in association with carbonaceous
matter. ‘The percentage of copper in the ore, as seen on the old dumps,
appears very low. It was proposed to crush the entire output, and
subject it to a roasting process. The roasted ore was to be treated with
acids and the copper was to be recovered from solution by an electrolytic
process. Boon after the completion of the plant, the manager died, and
no further work appears to have been done. About 1909 the property
-was leased by the North American Reduction Company, of which Clarence
Rogers® was secretary,

In October of this year, partles were eperating an experimental plant.
here, frying out a sintering process. The plant in use consisted.of a small’
uprlgkt furnace, 3 feet square in cross section, and about 6 feet in height,
the top running to a straight stack. One- 6” tuyére entered the furnace
from the back, at a point about 2-5 feet from the base; on the opposite
side was a door. A sliding grate, operated by cams, was placed a short
distance above the base of the furnace. On one side, about 5 feet ahove

! Peters, Practice of Copper Srelting, p. 146—7.
2E. 70. -
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the base, & square feed trough connected with an automatic feeder leading
from a mixing trough. The experiments are said to have been sucvessful,
Lut no details of the process are available, and no further operations appear

“to have followed these experiments.

Mention should also be made of the fact that about 1891, plans were
prepared by Dr. E. D. Peters, Jr., for an extensive smelting plant to be
erected, near Watson point, on the North Arm of Sydney harbour.. The
chief supply of ore for this smelfer was to be derived from the mine at.
Coxheath., A plot of ground, some 20 acres in area, lying between the
Cameron road and the water front, and traversed by the Intercolonial

-railway, was selected as the sife. This location was eonvenient for receiving
fuel from the Cape Breton coal fields by either rail or water; it is about

6 miles from the mines, which were to be connected with it by rail. The
plant was never construct.ed

In 1902, the Colonial Copper Company was organized to explolt
the native copper deposits in the vicinity of Cap d’Or, on the north side
of the Bay of Fundy. Apparently it was planned to dress the ores, and
to smelt the concentrate on the ground. A dressing plant was erected
on a hill, high above the water supply, and appears to have been operated
experimentally for .a time. The smelter was not erected.

A small Water—]acketed matting furnace was erected at the Freeze
mine, in the township of Ireland, 8 miles south of Elgin, N.B. The capa-

oity of this furnace was 25-30 tons of ore per day: matte made in the furnace

was cast into pigs and carted to the railway for shipment. The date of
the operations at this locality has not been ascertained, but it was probably
about 1904 or 1905 since no mention of this mine iz made by Dr. Ells in
nis bulletin on the Copper Ores of Nova Scotia, New Brunswick, and Quebec,
published in 1904,

QUEBEC.

Lennozville Smelter—Discoveries of copper ores were made at several
places in the Province of Quebec prior to 1860, and some ore was mined
and shipped to Wales. One of these discoveries was that of the Ascot
mine, by the late Thomas McCaw of Montreal. This property was .
prospected for some years by the owner, and in 1863 was sold fo the Sher-
brooke Mining and Smelting Company, a United States corporation.
This organization also owned the Suffield and Hepburn mines. These
operators erected a smelting plant near Lennoxville, Quebec, about 1864
—at least they were operating a plant at that date. Mr. John MeCaw of
Bherbrocke informs meé! that in 1862 his father Thomas McCaw, and
Walter Bhanly erected twe brick furnaces at Lemnoxville to reduce the
Ascot ming ore o & 50-55 per cent matte. He states that they also smelted

! Personal letter to the author, 1913.
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a large quantity of ore from the Acton mine, the Ascot ore being used
as a flux. The plant closed about 1865, owing to the drop in price of copper
and the imposition of a heavy import duty on matte by the United States
Government. .

Aaams Smelter—About 1866 s furnace was.erected by the late Captain
R. C. Adams about a mile west of the site of the present concentrating
mill at the Eustis mine. The ores for this plant were obtained from the
Hartford mine about a mile and a half away.

Dr. James Douglas states' that -these operators were using a small
brick furnace with a capacity of ‘about 10 tons of ore per day. The length
of a campaign, to his recollection, was about 10 days, after which the
furnaces had to be blown out and repaired.

Up to June, 1869, about 20,000 tons of ore had been smelted to 40 per.
cent regulus on the spot. This regulus was probably shipped to Bergen-
port, New Jersey, for further treatment. At about this time Captain
Adams, anxzious to conserve the sulphur, started a small sulphuric acid
works rear St. John, Quebec. There was, at that time, no market for
the acid and the operations were soon abandoned. For the short time the
plant was in operation, the copper was recovered from the cinder by Dr.
James Douglas, using the Hunt and Douglas method.- '

Huntingdon Leaching Works.—Copper ore was first discovered at the
Huntingdon mine (lot 8, con. VIII, Bolton) in August, 1865. In 1871

.the min2 was bought by 2 Glasgow corporation operating under the title
of the Huntingdon Copper and Sulphur Co., Mr. John Rudda, of Cornwall,
being local superinténdent.  The ore mined was shipped in part to Wales
and in part to the United States. In 18721 plant was erected for recovering
the copper by the Henderson process. In brief the method of treatment
consisted in roasting the ore on shelf burners to drive off most of the sulphur.
The caleined ore was then recrushed, mixed with common salt, and recal-
cined. The product from these caleiners was placed in vats and treated
‘with hof water and dilute sulphuric acid, the latter being prepared on the
ground. The solution thus obtained was drained off into other vats
containing serap iron, in which the copper was recovered as cement copper.
Many. tons of this precipitate containing 65-75 per cent copper are said
to have been produced and shipped. In 1873 this plant was destroyed by
fire with aloss of about $75,000. ' Tt was afterwards partly rebuilt and mining
was carried on in a desultory fashion for several years more. The Company
finally ceased operations in 1883. Some years later, in 1888, the property
was reorened by the Nichols Chemical Company, and operated for a
short time. - It is probable that this firm erected a small brick smelting
furnace about three-fourths -of a mile south of the mine. *An old slag
pile and one sow, consisting largely of metallic iron, are still to be seen on

1 Personal letter to the author, 1913.
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the ground, and tesﬁify to-smelting operations. No other record appears
been preserved. i
° ha(‘)‘;:‘ord walter.—ln 1877 the Otford Nickel and Copper Company
made an attempt to opén a nickel mine on lot 6 of concession XTI
of the township ‘of Orford, the ore being millerite in a gangue of chrom_e
garnet, calcite, and actinolite. A small brick fu:_cnace erected at tl_ns
time was in use experimentally for a very short time. No commereial
i ent followed, '
'develEo'tpx;‘,lis Smeltere.—This same corporation, later reorganized as the
Orford Copper and Sulphur Company, commenf:ed'operations 111 1879 on
lot 2, concession IX, of the township of Ascot, h_a,vmg leased the number 5, or
Hartford shaft, of the Canadian Copper and Sulphur Company. T.hls
ehaft at that time had a depth of about 500 feet.. The ore body on which
git had been sunk had an inclination towards the southeast, and had passed
outside the boundaries of the lot on which the shaft collar was. 10ca.1‘:ed.
Mr. Eustis, who was actively connected with the Orford company, w:‘n;,ilas
as follows with reference to the early operations of this Company! “'I
began my operations at Capelton, having at that time a lease of the old
Secotch Company’s mine and plant. A battery of pyrites burners was
used; the cinder resulting from this was smelted in a blast.furnace, and
some of the resulting copper was refined into ingot at that pom’n.. I regret
that I have not the data before me to.state just how long op?ra.tlons were
continued there, but probably not much after 1880. .Smeltmg was con-
tinued at this point until the new smelting plant was 1:?11311', at Fustis where
the present concentrating mill stands: It may be of interest to state tl_la,t
at Capelton was built, I believe, the first large rectfa.ngula.r copper smeltm.g
furnace on the American continent. I believe this furnace Was approsi-
mately 10 feet long and 4 feet wide at the tuyéres.. It was built in abput
two weeks a8 an experiment. It was provided w_if.h two' taphples and I
believe was operated with twe No. 9 Sturtevant-fans, or tl:_telr eqiluva,len’.ﬁ. I
remember distinctly to-day, Mr. John L. Thompson, who was in charge of
operations, running down to the office and telling me that the double falephant
was in operation, and to come up quick and see it. "I‘o my a.st_qgmhment,
I'found,' on arriving, two streams of slag and metal rolling from thlui furn_ace,
each of which locked ss big as my leg. Tt was a most surprising sight
at that time” o
“The plant at Eustis consisted of a battery of pyrite burners aJla(-i two
or more smelting furnaces, similar to the ones deseribed a,b?ve. This was
.operated for a few years, but we very soon got into trouble with the farmers
over the smoke that was thrown out by the burners, The copper contents
of the ores also diminished, and a market for the sulphur h:_a.ving developed,
smelting 'opera.tions at.this point were discontinued. This plant has now

! Personal letter to the author, 1913.
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been entirely removed and a large concentrating mill built in its place.”
From other sources it is learned that the roasting ovens had a capacity of
.about 1,200 tons per month, and the two cupola furnaces subsequently
erected at Bustis a capacity of about 2,000 toms per month. The smelt-
ing plant was operated until about 1890. - Since-that date nearly all the
‘ore has been shipped to United States. points, the sulphur being utilized
for acid making and the copper being afterwards recovered from the cinder.

Capelion. Smeller—The mines at Capelton were -acquired - from the

original owner, Mr. George Capel, by a Montreal company in 1863. Soon-

thereafter they passed into the hands of Johi Taylor and Sons, of London,
England. The Taylors installed a plant to treat the ore by the Henderson
process, but.this did not give satisfaction, and the mine was closed. It
subsequently changed hands several times and was finally purchased
by G. H. Nichols and Company about 1885. -In the vear 1887 the chemical
works at Capelton were first constructed after designs by J. B. ¥. Herres-
choff. Eventually a fifty ton Herreschoff water-jacketed -furnace was
erected at the works to treat the cinder. residues from the acid plant.
A small amount of custom ore was also treated at this plant from time
to time. The furnace was only operated intermittently for some years
before the mines were finally closed in 1907. _

Haryey Hill Concentrators and Smelter.—The copper deposits at Harvey
Hill in the township of Leeds have been the subject of investigation by
several different corporations since their discovery some time prior to 1850.
The FEnglish and Canadian Mining Company, which was organized in
1858, erected a dressing floor after the oldest English models, using hand
jigs and disregarding all labour saving dppliances. The water supply
was variable and inadequate, being derived from hillside reservoirs.!
This Company got into financial difficulties, and was bought out by a
Canadian company. The purchasers planned to erect a better dressing
plant on the Palmer river about a mile from the mine. This plan was,
however, abandoried in favour of the leaching method of Welply and Storer.
This method, according to Dr. Douglas, “was based on sound chemical
principies but was carried out by ‘the adoption of as many mechanical
complications as perverse human ingenuity could devise to frustrate
success. Pulverized charcoal was added to the ore to ereate an intense
heat in & shaft furnace where a most moderate heat was required. Storing
pulverized charcoal in & room lined with canton flannel is ag dangerous as
storing lighted matches, and the mill, when it mysteriously caught fire,
exploded rather than burned up, before the process had really had a fair
trial.” This was about the year 1866.

Work was suspecded until 1870 when Dr. James Douglas, Sr., leased
the property from the proprietors. The engine and} boiler had been saved

! See Farly Copper Mining in _‘ﬁhe Province of Quebec, by James Douglas. Jour. Can
-Min. Inst., Vol. XIII, page 254.
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from the fire and a good concentrating plint, provided with Rittenger
jigas and designed on his general plans, replaced the Whelply and Storer
leaching method: In 1872 the property was taken over by the Consolidated
Copper Company- of Canada. This Company ‘expended most of its
capital in barren exploitation, and eventually went into liquidation in
1879.

. The property fna.ssed into the possession of a New York company.
In 1882 this Company employed three men for about 10 months in unwater-
ing one of the shafts with a windlass ‘and bucket. Apparently the mine
was examined at that time but no other work was done.
 In 1888 the Excelsior Copper Company was qrganized to take over the
property. They cleaned the shafts of water, repaired the timbering and
tuildings, and otherwise prepared for operating. They are said to have
erected a crushing and concentrating plant, remains of which are still to
be seen. They also put in a small blast furnace in which a considerable

“amount of ore, some of which was recovered from the old waste dumps,

was reduced to matte. Coke for this purpose was brought from Nov.a,
Seotia, limestone was procured at Dudswell, Quebec, and some magnetic
iron ore was brought from McVeity’s mine near Kinpears Mills, Quebec.
Tke plant was in operation in 1891, but appeats to have closed down in the
following year. The operations were not extensive and no record of the
output is available. The expenses incident to theimportation of coke and
fluxes must have been. too high to render the venture a profitable one.

Subsequently the property passed under the control of the Copper-
field Mining and Milling Company, of ‘which the late Dr. James Reed
appears to have been the chief owner, A small amount of work was done
in subsequent years and some. ore was shipped. The mine was closed
about 1899 and has been idle ever since. _

Acton Smelter.—In the summer of 1909 a small 40 ton water-jacketed
furnace was erected by Pierre Tetrault at the old Acton.mine, 101:..-3'2,
concession. III, township of Acton. This furnace is circular in section,
50" in diameter at the tuyéres, and- is provided with eight tuyéres. The
purpose in view was the recovery of the copper 'f}'O’m t]:_t'e waste du?nps
.of the old Acton mine. The rock associated with the cdpper ore is a
dolomitic limestone, containing approximately 87 per cent calc¢ium carbor-
ate and 10 per cent magnesium carborate, with about 1-6 per cent insoluble
material, the balance being chiefly oxides of iron and alumina. There
Is also a stall amount of copper, probably-less than one per cent. No
provision appears to have been. made for concentrating the ore, or for
procuring siliceous ores. So far as I am aware, there has been no produc
ticn.
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Brucg Mines-—~The first copper smelting operations attempted in
Canada were those of the Montreal Mining Company, at Bruce Mines
in Ontario. The Bruce Mines location wag purchased in 1847, In 1848
the late Honourable James Ferrier, president of the Company, brought a
coppsr refiner and three furnace men from Wales. ' The Company also im-
ported the bricks and machinery for constructing the plant. -These supplies
were sent t0 Montreal by sailing vessels and were thence transhipped up
the 84. Lawrence river and through the Great Lakes to Bruce. It is said
that the bricks for the furnaces cost-about twenty-five cents each delivered
at the plant. The first engine house was erected and the machinery

was installed in the autumn of- 18481 The furnace, no doubt, was of--

the reverberatory type as used at-Bwansea for many years. No description
of the first plant is available. The operations were not successful and the
smelter was destroyed by fire a year or so later—probably in 1850, In

later years the slig was sorted over.and the riecher portion was shipped:

to Ergland. Analyses made on portions of the slag, still on the ground in
1906, showed a copper content of about 2 per cent.

- Wellington Leaching Plant.—The Bruce location and the adjoining
Welliagton location passed into the control of the West Canada Company.
Abou} 1860 they erected a crushing and dressing works, which was in
operation, with some interruptions, until about 1875. About 1869 or 1870
the Company erected roasting furnaces and other appliances at the Welling-
ton mines for the purpose of extracting the copper by a roasting and leaching
method, probably the Henderson process. 'They also smelted all the
precipitate from the reduction works, and parts of the sulphide. The
experiments were not successful, probably in part because of the high
price of salt and the difficulty of procuring scrap iron. This plant was
in operation only during 1871-73.2

Ontario Smelting Works.—The discovery of the copper nickel - deposits
of the Sudbury region resulted in many attempts to treat these ores.?
The first smelting plant installed in this district was that of the Canadian
Copper Company, The first furnace was a 100 ton Hesfreschoff furnace,
erected at the old, or East smelter under the direction of Dr. E. D. Peters,
Jr.,in 1888. This furnace was blown in on December 24, 1888. The

! Consult ‘The Bruce Mines,’ by H. J. Carnegie Williams, Trans. Can. Min, Inat.,
Vol. X, 1907. ‘
? Compare Report of the Royal Commission, Ontario, 1800, page 403, .
# See réports on Nickel and Copper Deposite of the Budbury Mining District,
Dr; A, E. Barlow, C.G.8. 1904. . '
Dr. A. P. Coleman, 0.B.M. XIV, part III, and The Nickel Industry, published by
Mines Branch, Ottawa, 1913. ’
Data compiled from these reports, from the Bureau of Mines reports, Ontario, and
from other gources,
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plant has been rebuilt several times in the last twenty-five years and
is still in operation. It is described in chapter II of this report.

+ Murray Smelter—The next plant erected in the Sudbury district was
that of H. H. Vivian and Company at the Murray mine 3-5 miles west
of Sudbury, on lot 11, concession V, McKim township. The plant con-
sisted of two Herreschoff furnaces of about 80 tons capacity each. The
first furnace was blown in near the end of September, 1890, using ore which
had been heap roasted. " The practice at that time was to produce a low

_grade blast furnace matte (Ni 9-4 per cent; Cu 4-7 per cent=14-1 per
“cent) to reduce the slag losses, This matte was subsequently blown in a

converter to a 75 per cent matte (Ni 49 per cent; Cu 26 per cent). The
Vivians installed a Manhés converter.for bessemerizing their furnace mattes;
this converter,.the first of its kind used in America, was installed in 1891,
The mining and smelting operations were continued, with some minor inter-
ruptions, from 1889 to 1894, when the works were finally closed. The
sraelter was again operated between August, 1896, and January, 1897, in
producing matte from about, 6,000 tons of ore -which had . been mined by
the Vivians. The matte was sold and shipped to Joseph Wharton,
Camden, N.J,

Recently a new ore body has been diseovered in the old Murray property
by diamond drilling. It is said to contain over 5,000,000 tons of ore
averaging fairly high in copper-nickel, but also containing considerable
excess of silica. It is probable that a new smelting plant will be erected
to treat this ore and ores from other mines owned by the same corporation.

Blezard Smelter—The Dominion Mineral Company, owning the
Blezard mine, lot 4, concession IV, Blezard township, erected a single

Herreschoff furnace of about 140 tons capacity in 1890. The matte produced

contained about 27-5 per cent 'nicl_iel and 12-5 copper. It was marketed
without convérting, The Blezard mine was closed in 1893 , but the furnace
was kept in operation’ until 1895, chiefly on ore from the Worthington
mine.

Drury Smelter—In 1891 the Drury Nickel Company purchased
the Chicago or Travers mine on lot 3, concession V, township of Drury,
about 5 miles north of Worthington station en the Sault Ste. Marie
branch of the Canadian Pacific railway. Mining operations were begun
in February, 1891. - They also erected a 60 ton water-jacketed furnace
and -established roast yards. In addition to the furnace the plant com-
prised three converters, two blowers, one double cylinder air compressor,
one 45 H.P. engine, two 85 I.P. boilers, and two steam pumps. About
3,500 tons of ore were treated before it closed down in 1892. The following
year, after nearly a year’s idleness, some additional mining and smelting
operations were undertaken for a short time. In May, 1896, the Trill
Nickel Mining and Manufacturing Company took over the property and
resumed both mining and smeiting. ‘Their operations ceased in July 1897.
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Mount Nickel -Smelter.—The Great Lakes Copper Company, in
October 1899, purchased the Mount Nickel mine on lots 5 and 6, concession
IT, Blazard township, and also the Trill mine, on lots 9 and 10, of concessions
IIT ard IV, Trill township. In 1900 they erected smelting works, on the
design of Anton Graf of Vienna, where it was proposed to produce a high
grade matte from green ore at one operation. The furnace house, 40
X 36’ in sres, contained two batteries of 5 furnsices each, the capacity
of each furnace being 1,500 pounds of ore. The furnaces were to be fired
by gas using also a small quantity of charcoal in the charge. The gas was
to be produced by -a more or less secret process from some of the.more
volatile distillates of crude petroleum. The gasometer provided in the gas
house is said to have had a capacity of only 120 cubic feet. Air blast was
to be supplied to the furnaces by two 14" Sturtevant blowers. The proress.
did not prove satisfactory and all operations ceased in May, 1901.

Mond Nickel . Company’s Smelters—The Mond Nickel Company
began operations in 1899. Their first smelter was erected in 1900 by
Hiram W. Hixon. The site chosen was at Victoria Mines, close to the
Canadian Pacific, Sault Ste. Marie branch, about 22 miles west of Sudbury,
on. the north half of ot 8, concession IT, Denison township. The furnaces
were first blown in early in 1901. This plant, with some minor interripptions,
has'been in continuoys operation ever since. In 1912 the Company began
the erection of a new plant at Coniston, about 7 miles east of Sudbury,
on the mein line of the Canadian Pacifie railway. This plant will probably
be ready for operation in July 1913, when the old plant at Victoria Mines
will be closed down. The plants at Victoria Mines and Coniston are
described in chapter III of this report.

Worthington Refinery.—The Hoepfner Refining Company of Hamilton
erected & refining plant near Worthington station on the Canadian Pacific,
Bault Bte. Marie branch, in 1889. This plant was designed for the electro-
lytic refining of nickel and copper. The process was not successful and the
works were taken over by the Nickel Copper Company of Hamilton. Early
in 1901 they erected a gelf-roasting plant designed to recover nickel and
copper by the Frash process. 'This venture also did not prove a commereial
success, and the plant was closed before the end of the year.

~ Gertrude Smelter~—The Lake Superior Power Company hegan opera-
tioms at the Gertrude mine, south half of lots 3, 4, and 5, zoncession I,
Creighton township, in 1901. Roast yards were prepared and a 150-ton
Herreschoff furnace was erected. This plant was completed in June, 1902,
and afterwards ran steadily throughout the year. Work was suspended
in November, 1902. It had been planned to erect a converter plant at
Sault Bte. Marie, but the general suspension of the Company’s numerous
activities at this time appears to have caused these plans to be abandoned.
The matte produced at this plant contained about 29 per cent nickel-
copper, there being about twice as much nickel as copper.
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Eldorado Smelter—The only copper smelting plant that has been
erected in eastern Ontario is that of the Medina Gold Mining Company
of Syracuse. 'The furnace is a water-jacketed ciipola, 48” in diameter
at the tuyéres, manufactured by the Allis -Chalmers Company. It is
provided vsfith a-3-ton forehearth of the ordinary type from which the
metter was tapped at intervals. The overflowing slag was received in

‘unlined settling pots which were handled on small trucks. The charging

floor is 12 feet above the matte floor. The furnace was blown in June 25
1906, and was operated intermittently for some months. The ore conta.ineoi
4-10 per cent of copper and was smelted without roasting; lmestone
and quartz were charged with the ore to form slag. 'The following is an -
analysig of one lot of ore somewhat higher in copper, than the average!:
Cu,16-40 per cent; Fe 24.90 per cent ;8 28:54 pér cent; Fe,05 17-70 per
cert; CaO 1-00 per cent; MgO 2-12 per cent; Si0, 5-58 per cent; undeter-
mined 3-76 per cent. The average charge consisted of ore 750 Ibs, - coke
130 1lbs.; low grade matte 110 lbs. ; silica 135 lbs.; slag 175 Ibs. ’ The
first matte produced varied from 15 per cent to 25 per cent copper: This
was raised to 4045 per cent matte by a second smelting. The plant,
weis 1ot operated in 1907 and has been idle ‘ever since. '

Thessalon Smelier—In the summer of 1907 the Algomsa Custom
Smelting and Refining Company erected a small rev.erberatory furnace
at Thessalon on the shores of Lake Huron and about 1-5 miles from the
railway. The furnace was built of brick; the hearth had an area of
12" x 22/ approximately. There. were three operating doors, and
a tuatte outlet on one side and a slag outlet on the other. It was evidently
intended to granulate the slag. The furnace was to be fired with producer
gas furnished by a Nedell plant. ‘The plant installed consisted of two
pots 10 feet dia.mete:;' and 15 feeét high and 8CCessory apparatus.

" Eight ore bins were provided, into which ore could be dumped directly
from railway cars, running on a track carried above the bins on a trestle.
It was evidently the intention to install two jaw érushers on the feed
flocr below the digcharge chutes of the bins,

The plant was provided with a.large boiler, bricked in, an engine
for driving the power shafting, and a smaller engine for operating s lighting
dynamo,

) There was also a Fairbanks car scale in the ore yard, a wagon scale
in the coal yard, and a smaller scale on the charging floor,

A .derriek, using clam shell buckets, was provided at the docks for
unlo:.md;ng coal. The coal was distributed to storage Hea.ps by small cars
funang on'an elevated track. The coal yard lies nearly 100 yards from
the producer house. ‘Apparently coal was to be carried to the producer
plant\ by wagons, being first loaded by hand, and then hauled completely

' 0. B. M., 1807, XVI, part 1, p. 76.
35783--3



18
ERY

around the house to a mast and boom derrick. Here it was elevated in
buckets to the charging floor level and run into the feed hoppers of the
producers. _

The buildings on the ground are the ore bins, a smelter house, a pro-
ducer house, an engine house, and an office building containing office,
draughting room, chemical laboratory, and assay room. There were also
three dwelling houses. s ' o

The smelting mixture used in the experimental work appears to have
consisted of siliceous ore from the Herminia mine, limestone, and red
iron ore; the latter seems to be rather siliceous. So far a3 could be learned’
the results obtained were not satisfactory. From the appearance of the
furnace it is inferred that a freeze up took place soon after it was blown
in, and the slag then formed was not cleared away.

BRITISH COLUMBIA.

‘Revelstoke Smelter—The Kootenay Smelting and Trading Company
erected a custom sampling and smelting works at Revelstoke in 1889.
The plant was situated a ghort distance below.the town of Revelstoke
and convenient to the river to facilitate the unloading of ores and other
freight from the river steamers. The sampling works had a capacity of
100 tons per day, and the smelting furnace about 60 tons. No further
details appear to be available. There does not seem to have been a sufficient
supply of ores in prospect, and the plant does not appear to have ever’
prodused either copper matte or lead bullion commercially. :

Golden Smelter,—A small smelting furnace.appears to have been erected
on Hospital creek near the town of Golden; in the year 1890. The next
reference -to this plant that I have been able to find, occurs in the report
of the Provincial Mireralogist, for 1903. He states that the Labourer’s

Co-operative Gold, Silver, and Copper Mining Company, Limited, owned

the-Good Luck group of eight claims on the south fork of Canyon and
MacLean creeks. In this year about 100 tons of ore were packed down from
the claims to Golden for trial in the Company’s own smelter, No results
from this test are available; the smelter does not appear to have been
operated commercially. .

 The furnace was a rectangular water-jacketed cupola, 38" X 78" at
the tuyéres, having a rated capacity of about 65 tons per day. The lower
water-jackets” rested on a cast-iron sole plate; the upper  jackets were

suspended from I beams carried on 4 columns. The upper portion of

the furhace was of boiler plate and brick, FElectric power t0 operate the
plant ‘was obtained from a water fall on Hospital creek, about 2 miles
above the works. . _

Hqll- Mines Smelter.—The first important eopper smelting plaat to
be ererted in British Columbia was that of the Hall Mines,; Limited, which
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was built in'the year 1896, under the direction of Paul Johnson. The Coms-
pany had been organized in England in 1895, as the Hall Mines, Limited,
to operate the Silver King group of claims on Toad mountain neé;r Nelson’
B:C. A Hallidie rope tramway 4-5 miles in length, Having, & descent o%
4,500 feet, was constructed to convey ore from the mine to the smelter
The first furnace, having a ‘capacity of 160 tons per day, was blown in on:
January 14, 1896. A second furnace, designed by Mr. J ohnson, was blown
in on September 5, 1896. This furnace had a daily ca,p;a.city of over 275

tons of charge g,nd was' at that time probably the largest of its kind in

the world.’ )

I-n 1897 the smaller furnace was provided with a crucible. and some
experimental work was done on lead ores, the result of Whi(;h was the
fes‘;abhshment of a custom business in lead émeltihg. Two roast-
111% heartPs, 16" - x50 each, and two reverberatory furnaces
18" X 17 each, were also added to the equipment. These lattezj-
were used for refining copper matte to 98 per.cent copper; the blister copper
thus produced was sent to the Balbach refinery at Newark, N.J.

- In_1900 the ore from the Silver King mine began to show :ieterioration
in quality and decrease in quantity and it was decided to prosecute extensive
development work at the mine. To proctire additional capital the Company
was reorganized as the Hall Mining and Smelting Company, Limited
The production of copper ores being small the large furnace was altered:
to make it suitable for lead smelting, ‘and the small furnace was uged for
treating the Bilver King ores. Two years later the Silver King mine
ceaged to be operated by the Company and operations were confined to
custo{n work on lead ores. Meanwhile the mine was leaged by a former
superintendent, who succeeded in extracting a very considerable tonnage
from the upper levels. Some of this was sent to Trail for treatment, and
the_ be_mla,nce was treated at the Hall Mines smelter. In the ten ’year
penot-i up to December 31, 1906, this mine produced 200,466 tons of ore
carrying 4,257,963 ounces of silver and 13,948,178 pounds of copper, the
aversge being 21 ounces of silver and 3-5 per cent copper per ton., In
1907 shipments were 2,279 tons of ore, containing 28,330 cunces of silver
and 159,613 pounds of copper. Nearly the whole of thig output was
treatad a_.t the Hall Mines smelter. In 1905 it was decided to modernize
the smelter; the plant was overhauled and some additions were made to
T,he equipment for treating lead ores. The roasting equipment proved
madequate, but the Company’s finances did not admit of further expendi-
tures at-that time. Eventually, a final clean-up was made and the plant
went out of commission in September,-1907.

During the height of .its operations, this Company purchased ores
from‘ the Slocan, Lardeau, and East Kootenay districts, as well as from
the Jerritory tributary to the Nelson and Fort Sheppard railway. During

the %;a.r 1905, ore supplies were drawn from 125 different mines: in 1908
78.—33% ’
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these supplies came from 127 different properties. The majority of these
were silver-lead producers. :
Number 1 blast furnace was taken down in 1907. The valuable

portiors of the plant were sold, following the shut-down. The buildings

were destroyed by fire on September 2, 1911. = . .

Nruimber 1 furndce at the Hall Mines smelter was erected in 1895
and was blown in on January 14 the following year.! It was a water-
jacketed furnace, 42" X 100" at the tuyéres. The feed floor was 17 feet
above the matte floor, and 13/-4"" above the tuyéres. The lower water-jackets
were each 4’-6' in height; they were suspended frem I beams by legs and
hangers. There were 12 tuyéres, 6 on each side, each 3" in diameter. The
original hearth was built of brick on a solid foundation. This foundation
was later replaced by a movable crucible, built within a steel plate frar-e,
21" high, and resting upon a strongly braced cast-iron bottom. Pipes,
2" in diameter, t carry cooling water, were laid above the cast-iron sole
plate and tightly rammed in fireclay. On this a layer of firebricks was
laid on end, the bottom of the erucible coming to within about 3’ of the
water-jacketed tapping-hale. The crucible was mounted on jack screws
having a 6 play, and the whole was carried on a strong truck running on

rails laid lengthwise beneath the furnace, and extending each way. . The -

track in front was covered with iron plates, that at the back carried a

duplicate hearth, thus permitting a quick replacement, when necessary..

The forebearth, 5 feet square, 2’-6" in depth, was mounted on a truck,
and was lined with red brick. Slag ran from the furnace into the fore-
hearth and thence into a large wheeled slag pot, which trapped a small
amount of matte; thence it dropped from a long iron spout into an iron

lined water box, 4 feet below, where it encountered a strong stream of

water by which it was granulated and washed away to the slag dump.

Matte from the forehearth was run along an 8 ft. solid iron gutter

to a series of moulds mounted on a carriage, 18" wide and 12'-8"" long.
Each mould held 220 pounds of matte.

Number 2 furnace was erected from plans by Paul Johnson, and was
blown in on Beptember 5, 1896. It had a tuyére area of 44" X 1447,
The lower jackets were 5-6'" in height, and at the level of the tops of these
jackets the furnace cross section had an srea of 64" X 144, At the level
of the feed floor, 12/-6" above the crucible, the section area was 72" X 160”.
There were eight tuyéres, each with thimbles, 4-75" in diameter, on
each side. -A side tap hole and an end tap hole were provided, the latter
being the only one used, however. This furnace had a capacity of about
275 tons of charge per day. _ N

" The dust chamber was built of brick resting on a stone foundation.
It was 175 feet in length, 8 feet in width, and 10 feet high. The ‘stack

! Abstract, Report Provincial Mineralogist, 1896, Bulletin 3, pp. 80-82.

19

Was built of red brick, resting on a granite foundation; the top was 177
feet above the base, and nearly 200 feet above the furnaces.

The refinery, as at first constructed, was a building 60’ X 100,
containing a hand-operated calcining furnace, 16" X 50’ , using wood
fuel, and a reverberatory smelting furnace, 13’ X 17. Both furnaces
were built on slag  foundations. They had an independent stack
65 feet in height. Subsequently, an additional furnace of each type was
ingtalled. .In 1901 a straight line double hearth mechanical roasting
furnace was constructed, apparently displacing” the two older calciners.
In 1905 a three decked Merton caleiner, 9’ X 35 , was introduced
‘for freating lead ores. L ,

w The engine room was supplied with 'the necessary boiler and engine
equipment. Root blowers were used for the- blast furnaces, a number
6 blower supplying air at 20 ounces pressure to number 1 furnace.

The sampling plant was installed in a two story building, 40
X 60’ in area. For matte sampling, a Blake crusher, 15" X 207, and
Cornish rolls, 15" X 30", were used for crushing. Ore passed through a
Fraser Chalmers, 10" X 18/ crusher, and thence to rolls also 10" > 18",

The following are typical analyses of Silver King ores, as treated in
number 1 furnace during the first year of its operation?.

TABLE 1.

Silver King Ore, Analyses, 1896.

1 2 3. 4
Tnsol......ooiontiiinns .| L 48400 40-60 40-50 4650
O DO e 32-30 20.70 3370
Sl e | 370 4-39 3-00 3-00
ALOioiiii i G287 (M| 1280 .. |l
Ferr it | 618 6:92 T 8.01 812
MuQ.........ooovienn ., | 10-97 9-11 6-80 8-30
Cal...ooevniinnn. .. .| 6.0 10-50 7-20 5-70
MgO............... PR 1-04 8:56 | e,
CUeenviiiiii i, .. 508 5-59 4-40 4-30
Ageooiiii 35-05 oz  30-00 0z.* 2208 0z.* 3200 oz.*

' In smelting, about 109 of lifnestone was added to the chafge. This
limestone was a very pure crystalline limestone, brought to the works on

scdvzs from & point on Kootenay lake, 9 miles above Kaslo. The slags
* *Per ton.

! Analyges given Bull. 3, B.C. Minister of Mines’ Report, 1898, p. 82.
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produced wére very acid. The following are typical analyses: SiOs,
41-449%,: A1,0; 15-25%; Fe, 7-10%; MnO, 8-10%; CaO, 11-14%;
‘Ag, 7-9 ounces per ton; Cu, 0-025-0-0359,. The mattes contained 45-50%,
copper, and 175-310 ounces of silver per ton. A typical matte analysis
was: Cu, 43-00%,; Ye, 19-7%; S, 23-6%; As, .0-06%; 8b, 0-50%;
Mn, 4-90%; Zn, 1-5%; Ag, 1-0%; Au, trace (or 0-12 oz. per ton)..The
flue dust assays showed: Insol. 33-9%,; C, 7-8%; Cu, 6-12%; As, 3-2%;
Sb, 2:9%; Fex0, 10-3%; Ca0, 4-7%; MgO, 5- 8%, AlOs, 1-9%;
8, 9-52%; ZnO, 3-1%; Mn, trace; Ag, 37-6 ounces pcr ton. -

"~ In describing the practice in 1897 with the large furnace, Hedley gives
the following analyses: 1the ore was chalecopyrite, bornite, tefrahedrite,
with a variable.gangue. An average analysis gave: SlOz, 33%; FeO,
9-5%; MnO, 8%; Ca0, 7%; MgO, 4%; AliOs, 16%; Cu, 4%; S, 8- 2%,
the hmestone contamed 109, §i0.. -The slag produced a.veraged 8i0s,
43%,; Ca0, 15%; TFeO, 129,; MnO, 9%; AlsOs, 18%,. In the two
months’ run that was being described they averaged 0-3459, Cu and 1-15
ounces of silver per.ton. The matte produced during the 60 day period,
Sept. 5 to Nov. 5, 1806, wag 1,029 tons, averaging 49%, Cu, wet assay.
The concentration was about 14-25 parts of charge into one of matte;
at times a concentration of 20-1 was attained. During this 60 day period,
14,676 (ong of charge, of which 1,687 tona were barren flux, chiefly lime-
stone, were gmelted. The coke varied 14-5-16 of the charge, according
to the quality of the coke and the amount of 8 in the charge.

In 1898, when using custom ores, notably War Eagle ore, which at
that time made 209, of ‘the charge, the grade of the matte fell to 25%.
This matte was crushed and rossted, and after grouting with quicklime
was recharged to produce a 50% matte for the reverberatory refinery.?.

The practice in refining was to calcine one-half of the matte produced.

The first reverberatory was then charged with about 8,000 pounds “of
calcined; and 8,000 pounds of raw matte, and 1,200-1,500 pounds of quartz
or silicedus material. In 12 .hours this Would tap a good bed of white
metal (about 759, copper) and form a slag containing 1-1-5%, copper,

which was returned to the blast furnace. The white metal was then.

erushed 'and a portion of it calcined. The second reverberatory was then
charged with 32,000 pounds of calcined and 8,000 pounds of raw white
metal, with 600-800 pounds siliceous material. With t_he furnace in good
condition and all things favourable, this would produce about 15 tons
of eoppar in anode form in 24 hours. This anode copper averaged 97-98%
copper and carried 300-800 ounces of silver and 5-30 ounces of gold per,
ton, according to the ore treated. The slag from the second reverberatory,
carrying 12-16%, copper, with some silver and gold, was charged to the

! “Eng. and Min. Jour,” 1897, Dec. 11.’
" Hedley in report of Minister-of Mines for B.C., 1888, p. 1087,
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first reverberatory or to the blast furnace, it being particularly desirable
in the latter under certain conditions. The anode copper was shipped
to the Balbach Smelting and Refining Company at Newark, New Jersey.
In later years, reverberatory furnace refining was discontinued and furnace
matte was shipped to the Granby Company at Grand Forks for treatment
in the Bessemer converters.

Trasl Smelier—The British Oolumbla. Smelting and Refining Com-
pany, Limited, commenced the construction of the works at Trail about
QOctober 10, 1895, The promoter and principal owner was F. August
Heinze. The ﬁrst furnace was fired in February, 1896; towards the end
of July five furnaces were in operation. The main building was 31_0’
X 60, and it covered the power plant as well as the furnaces. The
plant originally installed consisted of four reverberatories and one blast
furnace. .The reverberatories each had a hearth area of 14/ % 22’
and a capacity of about 40 tons of charge per 24 hours. The cha.rge
consisted of roasted and green ore, slag, and limestone. The fuel used
was wood, though some coal was also employed; this latter was brought
from Anthracite, on the Canadian Pacific Railway main:line, to Revelstoke
and Arrowhead by rail, and thence by scows down the Arrow lakes and
Columbia river to the smelter at Trail, where it was raised 160 feet up an
ineline by & small steam hoist and delivered to the storage pile. The furnace
was a 40" cireular water-jacketed blast furnace, having six 3" tuyéres. The
feed floor was placed 12 feet above the matte floor. This furnace had a

" capacity of 45-55 tons of raw ore per 24 hours. The coke used was

brought from Fairhaven, Wa.shmgton and .contained 20-249, ash. A
small amount of limestone was added to the charge in smelting. The
following is an analysis of slag obtained in 1896: 8i0., 42-46%; FeO,
12-199%; AlQs 14-199%,; MgO, 4-69,'. At this time ore was brought
to the smelter from Rossland over a tramway. :

In 1896, a new 200 ton water-jacketed blast furnace was installed.
This furnace was 38" X .120" at the tuyéres. The jackets were.5-6" in
height; there were fourteen 6’ tuydres with thimbled of smaller size for
experimenting. The feed floor was 14 feet above the matte floor,

On March 1, 1898, the Canadian Pacific railway took over the
smelter at Trail. Since that time the plant has been remodelled several
times. . .

The practice in 1898 was to stall or heap roast the ore, followed by smelt-
ing in a water-jacketed blast furnacé. The resulting low grade maftes
were crushed and roasted in Briickner eylinders and again smelted. The
high grade matte was shipped to the United States.

In 1901 the plant censisted of 3 copper blast furnaces, 3 lead blast
furnaces, 1 softening furnace, 2 O'Hara roasters, 6 Briickner roasters,

! Carlyle in Bulletin 2, p. 19, Report Minister of Mines, B.C., 1896.
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10 hand roasters for lead ores, 24 roasting stalls, 2 lime-kilns, and 2 briquet-
ting plants. There were also 2 sampling mills with a total capacity of
about 1,200 tons of ore per day.

Thls smelter is still in operation and a more detailed descnptmn of
the present plant is given in Chapter IV of .this report. .

Northport Smelier.—Mention should be made of the fact that in 1897
the Lz Roi Mining Company erected a smelting plant at Northport, in
the State of Washington, to tréat the ores from the Le Roi mine of Rossland.
Since this plant was not located in Canada, it is not described.

Vian Anda Smelter.—In 1898 the Van Anda Copper and Gold Company
began the erection of a smelting plant at Van Anda, Texada island, to
treat rich. copper ores derived from the Copper Queen, Cornell, and other
mines in the vicinity, .The plant was erected under the direction of Mr.
Thomas Kiddie. The first furnace was a 42" copper-lined cupola furnace,
having a daily capacity of about 50 tons of charge. The charging platform
wag 11 feet above the floor. The track platform, in which ore was brought
to the furnace, was 5 feet above the charging platform. The furnace was

‘connected with the dust chamber by a goose neck, 36 in diameter. The’

dust chamber was a brick structure, 30 feet in length, 10 feet in width,
and 7 feét in height, fitted with one large iron door in the end, and three
side doors, to facilitate cleaning. - _

. Power was supplied by an 80 H.P. tubular boiler. There was also a
40 H.P. steam engine and the necessary feed water pump. Air-for the
blast was supplied. by two Connersville blowers, with 14” dlscha.rge
cooling water was supplied by a 4" X 8/ Jeansviille pump. .

A wharf 400 feet in length, having 23 feet of water at its end at low
water, was built in front of the works. A wagon road econnected the mines

and smelter. The nature of the ground was such that an inclined tramway
and - hoist were requ_u'ed to connect the mine road with the upper levels

of the smelting works. These levels, in turn; were connected with the
roasting. yards and limestone quarry by a trestle. Three bins for ore and
dumpage for 1,000 tons of coke were provided at the head of the inclined
Aramway: .

The sampling works were located at right angles to the ore blns
They were equipped with a 12" X 14" Blake crusher, delivering to an
automatic sampler.. The sample passed a pair of 24" rolls, and finally
through a grinder. .

- The ores treated were a mixture of chalcopyrite and bornite, in a
somevwhat siliceous gangue. The practice was to roast in open heaps
and then to smelt in the blast furnace. The limestone used as & flux was
obtained from a nearby quarry. '

The furnace was first put in blast on July 15, 1899. During the next

5% months, it treated about 5,000 tons of  ore, and 450 tons of matte
were shipped to an eastern refinery.
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In 1900 & new 75 ton furnace was erected. The plant wag operated

_periodically for the next two years, and appears to have finally closed in

1903.
Granby Smelter.—The smelting works of the Granby Consolidated

Mining, Smelting, and Powser Company, Limited, are located at. Grand

Forks, British Columbis. Gradmg for the works was begun in Qctober

1898, and construction commenced immediately thereafter. The plant

was completed in August, 1900, and the first furnace was blown in during

. the latter part of that month; the second furnace was blown in in. Qctober

of the same year. The plant has been enlarged and improved several
tines during the succeeding years. - A detailed description of the plant
is given in chapter V of this report.

Greenwood Smelter—The British Columbia Copper Company com-
menced preparations for their smelter plant at Anaconda, near Greenwood,
in October, 1898. The plant was built under the superintendence of the'
designer, Paul Johnson, and was completed towards the erid of the year
1¢00. The first furnace was a water-jacketed stack furnace, 42" X 150"
at the tuyéres. There were ten 3-5” tuyéres on each side. It was blown
in on February 18, 1901. From February 18 to December 31,
1801, this furnace smelted 117,077 tons of ore from which were produced
3,714 tons of matte, assaying 45-609 eopper, 2—6 ounces of gold, and 10-300

-ounces of silver. These ores were Motherlode and Boundary ores, and

some gold-quartz ores, containing 80909, 810, utilizing the basic character
of the Motherlode ore. The largest tonnage was in December, when
13,008 tons of ore were smelted, giving a month’s average of 422-5 tons
per 24 hours. On January 10, 1902, this furnace smelted 459 tons of
ore. Johnson gives the following as typical ore analyses:—

TABLE II.
Analyses of Motherlode Ores, 1901.

Ore rich in | Ore rich in

iron. lime. Sulphur ore.
L 2.8 %, 2.2 9, 2-7 %
A e ..o 0411 oz 0-09 oz. 0-15 oz,
A .| 058 oz 0-48-0z. 0-43 oz.
6.y | 287 9 8529 29.8 %
Fused silicg, ........ ..... e AN 16.9 9, 29-2 9, 245 %
Trom. . oo e e 32.7 9, 14.7 9% | 17.5 9
3 S U 56 ¢ 19.8 9 16-0 9
Bulphur. . . e e 3.7

% 5.3 % 13.7 %

. The Motherlode ores were found to be exceptionally free from arsenic
and sntimony.
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The following are some slag analyses obtained during the first year
of operation of this furnace:—

TABLE I,

Analyses of Slags, Greenwood Smelter, 1900-1902.

1900 1901 1901 1802
Nov. 7. Apr. 1. CoJuly 7. Jan. 10,
B0 .voni it e 42.7 o | 338 % 30-9.9" 37:8 9.
Fe........ LLEEE 211 % 25-4 %, 325 % 24.5 %,
CaO..ocovcunnnnn o e 20-0 % 25-7 % | .16-8 % 20:9 %
L O 0:33% 0-25% . 0:449%, 0-35%,
Cuinmatte...... .. ......... 44.009; | 49.009% 63-009% | 49-009%,
Tons ore smelted. ... ......... 393 402 . 399 459

The amount of coke used was 11-5-129 of the weight of the ore.
The blast pressure was 14 ounces; the ore column gave the best results
when maintained between 7-8 feet.

A second furnace was erected about 1902. A bessemerizing plant.

was installed in 1904. The plant was entirely remodelled in 1907. The
“works are still in operation, and a detailed descnptlon of the present plant
is given in chapter VI of this report.

Crofion Smelter.—The smelter at Crofton, on Osborne bay, on the
east coast of Vancouver island, was built by the Northwestern S;neitfmg
and Refining Company in 1901. It was originally constructed to treat
ores from the Lenora and other properties on Vancouver island. A narrow
gauge railway connected the mines with the smelter. Ore bins, 1,600 tons
eapacity, and a crushing and sampling mill were provided. The sample
mill delivered to the furnace bins, from which ore was transferred to the
furnace in hand barrows. The power plant included three 200 H.P.
boilers, and one 500 H.P., 18" X 42”. Corliss engine. The smelting plant
comprised one 450-ton water-]acketed furnaee, one 65-ton water-jacketed
cupola, and & Bessemer converter. There was also a Garrettson furnsace,
which was designed to smelt and convert in practically one operation.
The capacity of the plant was 400-500 tons of ore per day, and provision
was made for further expansion, when necessary. The main flue was
200 feet in Jength and 12 feet in width, and was provided with an expansion
chamber. The brick stack was 12 feet in diameter and 125 feet in height.
The plant was completed in 1902, but lay idle for some years through
lack of ore,
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In 1905 it was acquired by the Britannia Copper Syndicate, who
utilized it to smelt ore from the Brtannia mine and from the Mount Andrew

mine on Prince. of Wales island. Ore was brought to the smelter dock

in barges; it was unloaded by 10 ton grab-buckets, operated by two donkey
engines, and loaded into bottom dump cars. Loaded cars. were hauled
by a 30-ton saddle-tank locomotive, over a narrow gauge track, to the
main ore bins. From these bins the ore was drawn to the sample mill
and thence to the furnace bins.

‘The Corliss engine operated a 70 X.W. generator, which supplied
current for motors and for lighting, and the two Connersville blowers
that supplied air to the furnaces.

The sample mill wag equipped with: Blake crushers and rolls; Vezin,
and Snyder samplers were both used. It was operated by an electric
motor. '

"The large blast furnace was 44" X 160" at the tuyéres, and was used
for smelting ores. The Garrettson furnace was originally designed to
smelt and convert in practically one operation. It was built in Vicioria,
and was provided with copper jackets, of which 14 were placed on each
side and three at each end. It was swrrounded by a wind box, and there
were, twenty-six 1- 75" tuyéres on each side. The crucible was also provided
with tuyéres, 1" ih diameter, for delivering air at high pressure. The opera-
tion of this furnace as a smelter and converter combined was not satisfactory,
and it was altered to adapt it to the requirements of ordinary smelting
practice. The small 36" water-jacketed cupola, was used occasionally
for remeltmg matte or for smelting ore.

" The converter plant comprised one stand and four shells. The shells
were 84" X 120 bowls, having a eapacity of 15 tons of copper from 45%
matte per 24 hours. Selected siliceous ores from the Britannia mine were
uszd for lining. The converter, and several elevators, were operated by
hydraulic power under 225 pounds pressure, supplied by a Smith-Vaile
pressure pump.

The following are given by Hedley as typical analyses of materials
used at this smelfer in 1907:—

L Mining and Metallurgical ;[ndustriés of Ca.ﬁa.da., Mines Branch publication No. 24,
p. 231
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TABLE IV.

Analyses of Materials Smelted at Crofton Smelter, 1907.

Britannia, Moaunt ngoes;u-lo?e, Typical
Qre. Andrew ore. ha.rb(:n;z'. slag.

L 3-009%, 2:80% ...
BiOzcvei e 56-009, 15-00%, 2-5% 44.0%
Fe.ooo oo i 15-00% 44-00% ... ...l 27-0%
Cal..evrii i e, ) 5:00% |[........:... 14:0%
B, 16-009%, T00% |- o e
n.............. e e 200% |oeeiei e
AlOa.. ..., e arenaan 2-50%, 6:00% |.. ..o e
Ag (perton).............. (40 oz. 0800z |. ..ooooii]e e
Au . 0.-05 oz 0-020z | oo i e

The typlca,l matte produced normally containéd 45%, eopper.

The slag was granulated and flushed to the dump.” Furnace matte
was tepped into a converter ladle and. charged into the converter.

The plant was closed about 1908 and has since been dismantled.

Boundary Falls Smelter—The Standard. Pyritic Smelting Company
began the erection of a smelting plant at ‘Boundary Falls, about 3
miles below Greenwood, in 1900. The plant was coropleted early in 1901,
and wag soon afterwardé taken over by the Montreal and Boston Copper

Company, without ever having been used by its original owners. . It was.

operated for some years by the new owners, with occasional interruptions,
their operations ceasing on May 20, 1905. Towards the end of this year
it passed under the control of the D0m1n1on Copper Company, by whom it
was intermittently operated until 1908. This Company was thrown into
receivership near the end of the year 1908, and the properties were
sold - under foreclosure on June 4, 1809. It was reorganized as
the New Dominion Copper Company, . incorporated June 9, 1909'; this
latter Company acquired both the smelter and mining lands of the old
organization. They rebuilt the power plant of the old smelter,
which had been burned in 1908, but they do not appear to have operated
the smelter. Ores from their mines were, in 1910 and subsequent years,
shlpped {0, the smelter of the British Columbla. Copper Company. The
plant has sinee been dismantled.

The original plant included three Water-]a.cketed blast furnaces,
40" X 176" at the tuyeres, with a nominal capacity of 300 tons per 24

-hours. - The Dominion Copper Compsny installed three Conmnersville.
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blowers, a No. 7 and a No. 7%, each direct-connected to a 75 H.P. Erie

“engine, and a No. 8, direct-connected to a 125 H.P, Frie engine. Subse-
‘quently, when electrlc power became available, motors were installed,

current being obtained from the power lines of the Kootenay Power and
Light Company. _ .

In 1907 the Dominion Copper Company replaced one of the smaller
blast furnaces with & larger furnace of about 600 tons capacity per 24 houra.
This furnace had a tuyére area of 46" X 255", and was provided with 25
tuyéres on either side. Air, at 18- ounces pressure, was supplied by a No. 9.
Connersville blower driven by two 100 H.P. motors.

The smaller furnaces had room for an ore column of only about 6 feet
above the tuyéres. The new furnace had a higher stack and an available
ore column of 10 feet. This furnace was also equipped with the Girous
top for heating the blast. This device was used for two weeks, soon after
the furnace was mstalled and by its means the temperature of the blast
was raised to 100° C. The behaviour of the furnace was not-satisfactory,
and hot blast was discontinued. Further experimentation was planned,
but does not appear to have been carried out. ’

The.plant was provided with a sample mill equipped with a Gates
crusher, a Vezin sampler cutting one-tenth, rolls and a sec¢ond Vezin cut-
ting one-tenth, and rolls. The product from the. last set of rolls was
quartered on the sampling fioor and further reduced in the bucking room.

Ore was brought to the plant in ra;llway cars and delivered to receiving
bins of 1,500 tons capacity. From these bins it passed a 36" X 40’ Farrel
crusher, dehvermg to an elevator, which in turn delivered to & belt conveyer
which distributed to a system of 16 storage bins, each 10’ X 347;
having a total capacity of about 4,500 tons. There were also coke storage
bins.

The dust flue, built of stone and brick, was 200 feet in length and the
stack was 9’-6" in diameter and 112 feet in height.

Ore was charged from side-dumping cars delivering to an inclined
plate provided with swinging baffle plates within the furnace. These.cars
were hauled by 3-ton electric locomotives.

The slag was received in ordinary - settlers, inside dlmensmns 10’
X 12" X 3 for the large furnace, and 7 X & X 3 for the
two smaller furnaces. FEach furnace was also provided with a smaller
secondary settler. From the emall settlers the slag followed to slag cars, the
bowls of which had a capacity of about 45. cubic feet and held 4 tons.
A 12-ton Davenport locomotive was used for hauling these to the dump.

Matte was tapped by launder into shallow cast-iron moulds. It was

sent to the British Columbia Copper Company’s plant at Greenwood for

converting. The matte carried about 45-509, copper.
Tyee Smelter.—The Tyee Gopper Company erected a smelting plant

.8t Ladysmith, Vancouver island, in 1902, the plant being built under the
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superintendence of Mr. Thomas Kiddie. The original equipment consisted
of one 150-ton water-jacketed blast furnace, together with a complete

sempling plant, storage bins, power plant, and ‘extensive roast yards..

Subsequently an additional furnace was added.. Although the plant is
not in actusal operation at the time of writing, it is expected that it will be
working again within a short time. As the plant is one of the most im-
portant on the Pacific coast, and as it is still-complete and ready for oper-
ation, a more detailéd description is given in chapter VII of this report. .

Kamloops Smelter—The Kamloops Mines, Limited, who were oper-
ating the Iron Mask mine, near Kamloops, B.C., installed a smal. water-
jacketed blast furnace in 1904. This furnace was 36" in diameter, with
an 8 ft. shaft, and a bell-hopper feed. There were three jackets, each 6
feet in height and provided with two 3/ tuyéres, six in all. Air was furn-
ished by 2 small Root blower, Provision was made for heating the blast
by passing it through a large pipe, which completely encireled the down-
comer for the waste gases from the furnace. This downcomer was carried
horizontally from the chamber at the top of the furnace to the stack,
some 25-30 feet distant. A centrifugal suction fan was used to
maintain a draft. The futnace was in blast for a short time. It is said to
have had a capacity of about 50 tons of ore per day, in addition te fluxes.
Tn all, about 2,644 tons of ore, containing about 5%, of copper, were treated
in this furnace during the time it was in operation.

Anderson 04l Smelier~—Mention should also be made of the experi-

mental work of the Dominion Qil Smelting Company, of Vancouver. In

1910 they erected an experimental oil-burning furnace in the building of
the old smelting works at Van Anda, Texada island. This furnace was
based on the patents of James J. Anderson. As the result of a series of
experimental runs, the original construction was remodelled. The plan
and section of the remodelled furnace are shown in the adjoining sketches
(Figures 1 and 2} and will serve to give a general idea of its construction.
The furnace is essentially ‘a reverberatory furnace. with a shaft-furnace
stack snperimposed above the distal end. Further details will be found
“in Canadian Patent Number 104553, ‘

_An experimental run was made under the supervision of Mr. Thomas
Kiddie, M.E., of Vancouver, in July, 1911, Mr. Kiddie reports that the
cost of il consumed should apprommate 30 to 35 cents per ton of ore
smelted and he estimates the saving of labour cost at the furnace at 9 cents
per ton of ore smelted. The cost of oil per barrel is not stated; it would
probably be around 85 cents.
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As a result of this run, Mr. Kiddie made several recommendations
with regdrd to remodelling the furnace. After being remodelled a.long
these ‘lines, a fuel cost of 33-6 cents per ton was attained, Mr. W. C.

Scale of Feet
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Tra. 1. .g\nderson oil hurning copper blast furnace.
Vertical section throug_h shaft and burner.

. Thomas, metallurgist, of Vancouver, being in charge. This run took place

in November, 1911. 8o far as I have been able to ascertain, no further

experiments have béen made.!

1See Report of the Bureau of Mines, British Columbia, 1911, pp. 198.
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CHAPTER II.

CANADIAN COPPER COMPANY.

INCORPORATION.—Incorporated January 6, 1886, under the laws of the State of Ohjo.
Licensed to operate in Canada by special Act of Parlinment.  Authorized capital,
$2,500,000 in shares of $100 each. All issued. President, John Lawson, Copper CIiff,
Ontario; Vice-President, B. G. Slaughter, Copper Chff Becretary-Treasurer, Jameés

" L. Ast.ley, 43 Exchange Place, New York; Metallwgml Engineer, D. H. Browne,
Copper Cliff; Chief Engineer, G. E. Sylvester, Copper Cliff; General Superintendent,
J. L. Agnew, Copper Cliff; Assistant to the President, A. D. Miles, Copper CLiff;
Superintendent of Mines, .T C. Nichols, Copper Cliff; Superiniendent of Smeb:e'r,
William Kent. Head Office, 109 Superior St., Cleveland, Ohio, U.B.A; Mine and
Smelter Office, Copper Cliff, Ontario. This Company is controlled by the International
Nickel Compa.ny of New Jersey, through ownership of practically the entire capital
gtock. .

.Geneml.—This Company is the largest producer of nickel ores in the
world, and is also an important copper producer. The Company owns large
areas of mineral lands in the Sudbury -district, Ontario, and holds
mining leases on additional areas. It also owns the Alexo mine on Iot 1,
concession ITT, township of Dundonaild, in the Porcupine Mining D1v1510n
Ths principal mines operated by the Company are the Copper Cliff (now
idle), Number 2 mine (now idle), Creighton, Crean Hill, Stobie (now idle).
Extensive development work is now under way, preparatory to Teopening
the old Number 3 mine, now the Frood, on which one of the largest ore
bodies of nickeliferous pyrrhotite yet discovered has been located and
preved by diamond drilling. A quartz quarry at Dill, about 15 miles south-
east of Copper, Cliff, supplies silica for use in the converters, there being
no available siliceous copper ores. The Company owns and operates the
Ontario Smelting Works at Copper Cliff. This smeltery is equipped with
six 50”7 X 204" water-jacketed blast furnaces, of about 400 tons capacity
each; two Steptoe reverberatory furnaces, hearths 19’ X 112/, coal dust

'ﬁred for treating flue dust and fine ore; four Wedge roasting furnaces,

each with 7 hearths and 22-6" in dJ.ameter the converter plant consists
of & stands and 5 shells, bessemer basie converters of speclal design. These
basic converters are each 372" in length and 10’ in diameter; the
shells are operated by hydraulic machinery, oil being used in place of Wa.ter
The Company also owns and operates a small silver smelter, treating
ores from the Cobalt distriet, Ontario. ‘
. The other possessions of the Company include sbout 20 miles of
standard gauge railway and operating equlpment and a hydro-electric
installation at High Falls, on the Spanish river. The latter plant is oper-

ated by a subsidiary corporation, the Huronian Power Company-.
aR7R2_A
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ONTARIO SMELTING WORKS.!

Location.—The smelting works are located at Copper Ciiff, Ontario,
about 4-5 miles west of Sudbury, on the ‘“Soo” branch of the Canadian
Pacific railway. _

Historical.—The first blast furnace was installed at the old, or East
smealter, in 1888, under the direction of Dr. . D. Peters, Jr., and was blown
in on December 24 of that yvear. This furnace wag s 100-ton, Herreschof.
A second furnace installed in the same building was blown in on September
4 of the following year. These furnaces were operated for some time
on ore obtained from the Copper Cliff, Stobie, and Evans mines. ' Later,
ore was received from Number 2 mine and from the Frood. The opening
of the Creighton mine in 1901 and the increa,éec_l supply of ore led to the
addition of three other furnaces between the years 1900-1902. The first
bezsemer plant was commenced in 1891 and completed in January of
the following year.

In 1899, during the superintendence of James McArthur, the West
smelter was erected near Number 2 mine. This smelter at first contained
only four furnaces; soon afterwards four additional furnaces were .added.
The old or East smelter suspended operations in 1902

In 1900 the Ontario Smelting Works were erected by the Orford Copper
Company, a company closely associated with the Canadian Copper Com-
pany and ome of the corporations included in the amalgamation in 1902
by which the International Nickel Company took over the interests of a
number of other minor corporations. The first site of the Ontario Smelting

Works was a shorl distance ‘west of the Copper Cliff mine, nearly a mile-

from the West smelter. This plant was erected at the time of the adoption
of a new method of increasing the grade of the matte, bessemer converters
hawng hitherto been used for this purpose. In this plant low-grade matte
was ground in a ball mill and roasted in long calcining furnaces of the Brown
type and then resmelted in brick cupolas to a matte contammg 5-89,
of iron and approximately 75% of copper and nickel.

* In 1902 the International Nickel Company was organized under the
laws of .the State of New Jersey to take over the interests of a number
of mining companies and smelter companies owning properties in. Canada,
United States, Great Britain, and New Caledonia. This amalgamation
included the properties of the Canadian Copper Company, the Orford
Copper Company, the Anglo-American Iron Company, the Vermilion
Mining Company, the American Nickel Works, the Nickel Corporation,

! The author is particularly indebted to Mr. D. H. Browne for information and asgist-
"ance when this chapter was being prepared. The drawings have been prepared from plans
supplied through the courtesy of the Vice-President, Mr. B. G. Slauglter, and Mr. Browne:
The plaies are from photographs by J. A. MeDonald, of Sudbury; Plate II has been copy-
righted by Mr. McDonald, and is published by permission.
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Limited, and the Société Minidre Calédonienne. This corporation operates
ite Ca.nadw, 1 business under the charter and title of the Canadian Copper
Company.".

In the mea.nt1me, the new method of raising the grade of the matte
proving unsatisfactory, it was decided to build a new smelter, incorporating
a number of improvements—the result of the experience gained in the
earlier operations. A site was selected on .a hillside, about half a mile
frcm thé now old West smelter, not far from the original ast smelter,

.but on higher ground, These works were:completed in 1904. During

tha period of construction, both the West smelter and the Ontario Smeltihg
Works were badly damaged by fire, greatly interfering with the work.
For- a period of six months preceding the completion of the new works,
the smelter of the Mond Nickel Company ‘at Vietoria Mines was leased
and used for bessemerizing low grade matte, pending the completion of
the converter plant at the new smelter. The new plant contained two
blast furnaces of ‘about 400 tons capacity each. In 1905 it was again
eniarged to a ca,pamty of five 400-ton furnaces, and the converter plant
was installed in a separate building. This converter plant consisted of
10 stands and shells, Allis-Chalmers type, 8 X 10/, using s giliceous
lining, capacity about 5-7 tons of bessemer matte w1thout relining, according
to the grade of furnace matte charged into the converter. -After conducting
a series of experiments, these converters were discarded -in 1911 and 5
basic lined converters, a modified form of the Peirce and- Smith basic
converter, were installed. The new converters have proven very satis-
factory and the operation of converting has been much simplified by the
change. ,

. In 1911 work was begun on the-construction of two Steptoe rever-
beratory furnaces, hearth area 19 X 112" each. These furnaces
are fired with coal dust blast: the first one was blown in near the end of
December, 1911; the second in 1912.

In 1912 a new blast furnace and the foundation for a third rever-
beratory furnace were added to the smelting equipment. Four standard
seven hearth Wedge roasting furnaces, each 22'—6" in diameter, were also
under construction late in the autumn. All the new plant will probably be
in operation early in the present year (1913).

General Statement of Equipment.—This plant, as at présent constituted,
is zonsidered to be the most complete and up-to-date’ plant of its kind
in the world. The equipment includes six water-jacketed blast furnaces,
five 50" X 204", and one 507 X 240", five basic converter stands and ﬁve
shells, 10’ X 372", hydraulically operated with oil ‘instead of water.
There are two coal dust fired Mc¢Dougall reverberatories, hearth ares of
each is 19’ X 112’; and four Wedge roasting furnaces. The mechanical
and construction departments are equipped to handle any work that

-may be required at the plant. The shops include & foundry, car and

carpenter shops, machine shop, boiler shop, pattern shep, and storage.
35788—41
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There are also a number of warehouses. The power is electric, & .trans-

former station being located at the works. An auxiliary steam plant is.

installed for emergencies. There are extensive roast yards sbout half a
mile from the smelter and large storage bins at the smelter, above the
level of the charging floor. Transportation is provided by standard
gauge railway tracks on several levels, and by electric haulage lines on %he
charging floor level and on the converter floor level.

Swmelter -Site.—The site of the present smelter was chosen after very
careful contour surveys had been made of all available ground. The
nature of the ground made it necessary to design the plant for the most
efficient handling of supplies and products on a site where the difference
in elovation would be 67 feet between the tops of the storage bins and yard
grade. Provision has also to be made for a slag dump. A reference to
the accompanying Plate IT and to the ground plan (Figure 3) will show the
general arrangement of the plant. The storage bins, dust chamber, stack,
sampling building, and laboratory are all built on solid rock; the furnace
building, the reverberatory plant, the steam power house, and the electrical
sub-station are partly on rock, and partly on built ground. - The other
buildings, chiefly shops and warehouses, are on built ground, made by
pouring slag to a depth of 7-20, as the nature of the topography required..
~ Ore Bins.—The ore bins on the side hill- above the furnace building,
parallel to it, and 200 feet distant, are of massive timber construction,
with bents resting on masonry footings at 6 ft. centres. These bins are
700 feet in length, 85 feet outside width, 30 feet inside width, and 32 feet
in height. They are subdivided into pockets of different lengths, accord-
ing to the material and quantity to be handled. They earry two standard:
gauge tracks at 15 ft. centres. - They are covered with a runming shed,
sheeted and roofed with - ashestos lumber, and hgive a continuous
louvre ventilator, The total storage capacity is about 400,000 cubic feet.
The bin bottoms are double hoppered, with curved bin gates every 6 feet,
directly over the charging tracks. These gates are a patented type,
convex on the under side and hand-operated by gesr cranks. Beneath
the bins, on the level of the charging floor, run the two pa.ra.llel tra.cks
36’ gauge and 15 ft. centres, on which t.he charge frains are operated
These bins receive ore from the roast yard, green ore from the mines,
slag and scrap from the furnaces and converters; coal, coke, quartz, clay,

and [imestone.

~ At one end of the bing is a set of 3—ton suspender frack scales, one on
each track. The beams and the office for the weigh clerk. are placed
between the tracks. A similar pair of scales are also installed near the centre
of the bins. Beside the scales are small open bins, holding ore or other
material for adJustmg the components of the charge.
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Ground plan,"Cnpper Cliff plant, Canadian Copper Company.
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At the new reverberatory building, about 400 yards east of the main
plant, storage bins of 7, 500 tons capacity, for holding ore, flux, and coal,
have been installed.

Furnace Bmldmg.— The blast furnace building is 86 feet wide and
418 feet long, with a lean-to, 30 feet wide and 280 feet long, on the south
side. It lies parallel to the ore bins and about 200 feet away. One side
wall is built of brick, with heavy pilasters, which carry one track -of the
crane runway; arch doorways, 8 feet wide, are placed in this wall at 20 ft,
cenires. The balance of the building is of steel construction. In each space
between the furnaces a section of the roof, 12 feet in width, is raised 2 feet
above the general level, to provide for ventilation. The roof is covered
with reinforced concrete tile. A monitor, enclosed with louvres, is also
carried up 8 feet above the main roof around each furnace.

The furnace floor is 10 feet abqve the slag floor and 20 feet wide,
The raised portion consists of massive.’ :masonry walls, which form the
foundations for the furnaces and settlers ‘and for the columns which carry
the charge floor and crane runway. The space between these walls is

filled with concrete, and the whole is also floored over with concrete. The.

conzrete flooring is carried out over the matte floor on steel columns to a
‘width of about 9 feet. This forms a continuous tapping platform and
furnace runway. The charging floor is 35 feet above the matte and
slag floors and 25 feet above the furnace floor., This floor is 30 feet in
width and is built of reinforced concrete, carried on heavy steel framing;
the sides are sheeted up to theroof, forming a separate enclosure.

The raised furnace floor divides the furnace building longitudinally
intc three sections. At the back of the building is the slag floor, 33 feet
wids, served by two standard gauge tracks. In front is the matte floor,
also 33 feet wide, and served by two 50-ton 5-motor Morgan -electric
cranes, 32'—10" span and 20-ton capacity. The motors are variable speed
induction motors. A standard gauge track enters the building at the
west end, on the matte floor, and runs for a distance of about 80 feet.

Converter Building.—The converter building lies parallel to the furnace
building and about 60 feet away. Itis of steel construction throughout,
with special bracing to carry the heavy travelling cranes. The main
building 'is 60 feet wide, 522 feet long, and measures 47 feet from the
floor to the roof trusses. On one side is a lean-to, 30 feet wide and 392
feet. long. . A monitor, 24 feet wide and 8 feet high, built with louvres for
veniilation, runs’ the entire length of the building .except at the end
bays. The roofing is of reinforced.concrete tile, the .sheathing is gal-
‘vanized corrugated iron over the main part of the building covering the
converters; at the relining end the greater protection against cold is given
by a sheathing of cement plaster on metal.

This building contains two departments, one for drying quartz and
rock fluxes, and one for blowing the five basic converters.

Prate V1.

Blast furnace flue, Canadian Copper Co., Copper Cliff, Ont.
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Chazging floor, blast furnace plant, Canadian Copﬁer Co., Copper CLff, Ont.
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Settlers inthe blast furnace building, Canadian Cooper Co., Copper CIiff, Ont.
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Interior blast furnsce building, matte side, Canadian Copper Co., Copper Cliff, Ont.
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Interior of matte shed, Canadian Copper Co., Copper CLff, Ont.
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The blowing end of the building is provided with a crane way of
55/-8" span. It is served by two 50-ton, 5-motor, Morgan electric cranes,
equipped. with variable speed induction motors. The motor speeds on
thess cranes are a little faster than the motor speeds of the cranes in the
furnace building. The main hoist on each of .these cranes is capable of
lifting at the rate of 18 feet per minute; the auxiliary hoist at 36 feet per
minute, and ‘the bridge travel is at the rate of 200 feet per minute.

Reverberatory Building.—This building houses the reverberatory
furnaces and the coal crushing plant. It is. located about . one-fourth
mile east of the main plant, on the side of g hill. Back-of the building
the storage bing are served by the high level railway line. The slag and
‘matte cars enter the building at yard level, through tunnels in the found-
ation. The site for the building was prepared by clearing the rock on the
side hill and then building forward a platform of poured slag. Concrete
retaining walls were built in such away as to leave space for three tunnels
to enter the slag foundations at the vard level, one between the two
original furnaces, and one at either side. A light trestle, about 14 feet in
height, was built, leading over the foundations, and from this slag was
poured between the retaining walls.  In thig way a solid block of slag,
abous 12" thick, was formed benesth each furnace. On this foundation
the furnaces were built as described below. This foundation was extended
to provide for the third furnace, the construction of which was started in
1912,

Electric Sub-station.—This building is 92 feet in" width and 224 feet in
length. The foundations, walls, and floors are of concrete construction;
the roof is of hollow book tile, covered with tar and gravel. The roof
trusses are of steel and are carried on three rows of columns, two rows
built into the opposite parallel conérete walls of the building, and one
row cown the middle.. Two parallel runways for two 10-ton hand-power
craneg are carried from end to end of the building on the walls and on
-the middle row of columns.

This building is the main distributing station of the Company’s
electric system. It supplies motors, in the building itself and elsewhere,
kaving a total capacity of over 8,000 H.P.; in addition, power for the
arc and ineandescent lighting in the two smelters, the shops, offices, and
in the town of Copper Cliff is sent out from this station.

Most of the circuits in the furnace and converter: buildings are placed
underground . in fibre conduits laid in cement. The other circuits are
earried on aerial lines, _

The transformer rooms and high tension switch tower are arranged
‘along one side of the building, and separated by fireproof walls.

~* The equipment housed in this building is as follows: four banks
of transformers, three to a bank; each transformer baving a capacity of
667 K. W..35,000/2,400 volts; one bank of three transformers, each 175

ARTQe_ =
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K.W. 2,400 / 575 volts. These latter supply the current for the majority
of the motors outside the building, which operate at 550 volts. There
is also an 8-panel switchboard and a storage battery.

The engine room of this building containg the principal blowing
engires, a large fire pump, and two small generators. The blowing engines
are described under that heading on page 43; the fire pump is describ~d
in connexion with the water service and fire protection system.

Direct current for operating the electric locomotives that are used
on the charging floor is generated by two 40 K.W. Allis-Chalmers Bulloek
moter generator sets. The motor is operated by an alternating current
at 550 volts, 40 amperes; the generator delivers direct current at 250
volte and 100, amperes. One 30 K.W. motor generator set taking current
at 550 volts, 40 amperes, and delivering direct current at 250 volts, 90
amperes, when running at 1,200 r.p.m. is also available.

One 100 XK.W. frequency changer, changing the 25 cycle current from.
the transformers to a 60 cycle current for use in the arc lamps, is placed
in this building. About 55 enclosed arc lamps are used for lighting the
buildings and smelter yard, and 25 are supplied to the town of Copper
Cliff for street lighting. ,

A complete system of electric signals, with gongs and coloured lights,
conneets this building with the furnace floor and the converter pulpits.
By this means the operation of the various blowing engines can be quickly
adjusted to meet changed requirements.

The sub-station building is heated by air, which is blown over hot
steam coils by a motor driven fan and distributed to the rooms through
ducts and floor registers.

Sample Mill—The sample mill is ‘a three-story building, 30" X 48,

placed near the east end of the furnace building. The upper floor is
on & level with the charging floor, with which it is connected by a track
tangent to the curve at this end of the belt line charging tracks, and carried
te the mill on a trestle. : ‘ ,

In the building there are 24 wooden bing, with the tops on the level
of the charging floor, to which cars can be hauled by an electric locomotive
and dumped directly. These bins discharge through chutes to the crusher
floor. 'The ore is received in small cars and trammed to the crushers as
required.

The ore is received from the mines or roast yards in train load lots.
A 200 pound sample is taken from each car of a frain and the whole lot is
sarrpled together. The sample passes through a Gates gyratory erusher,
30" size D, which crushes to 0-5" size, A Sturtevant sampler cuts one-
tensh, which it delivers into a sample box; the discards pass to a bin.
The sample subsequently passes & 3" X 6" Blake: crusher, breaking to
0-25" and thence over a riffle sampler cutting one-half. This sample
is rassed to a 3" X 7" Dodge crusher and thence to a Jones riffle cutting
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one-half. The final sample is then sent to the bucking room where it is
treated in laboratory pulverizers. |

All discards pass to a common bin'at the bottom of the building; from
this bin they are loaded into regular furnace charging cars and hoisted-
to the charging floor by an electrie elevator at the end of the building.
This elevator is also used for lifting to the erushing floor any samples that
may arrive on the yard level. -

. Power to operate the plant is supplied by motors; 2 15 H.P. motor
is used for the crushers and elevator, a 5 f1.P. motor op erates the smaller
‘machines.

- Laboratory.—This building is of concrete, brick, and steel construction,
with a roof of book tile carried on steel trusses. The building is only.one
story in height, but there is a 9 ft. basement; it covers an area of
34 X 79

The principal room is the analysis room on the main floor, 32' X 40’
This room is open to the roof and is ventilated by means of electric
fans set in bull’s-eye windows in each gable. The hood is of down-
draft construction, with top light, and is made with concrete base, and iron
and glass sides and top; draft is supplied by a suction fan in the basement.
Electric hot plates are used, the temperature being controlled by a rheostat
in which plugs are inserted. Either acetylene gas or gasoline gas can
be uged in Bunsen burners where a heating flame is required.

A parrow hallway at either end of the main working room geparates
the other smaller rooms, of which there are four, two at each end .of the
building, from the main laboratory. Each of these four rooms measures
13" % 18. At one end are an assay ‘TOOM snd a sulphuretted
hydrogen room; at the other a balance room and the office of the chief
cherist. The balance room contains a heavy bench, set on concrete piers,
which run down to bed-rock. There is space for five balances on the bench,
and the room is lighted from the north.

+ * The basement is provided with a separate entrance from the outside.
It contains & large storage room for acids, etc., a small room for private
rescarch, a storage room for glassware, a large photographic dark room
with two sinks ard eight lockers for photographic work, and a heating
system similar to that installed in the electric sub-station.

Other Buildings.—There are a number of other buildings, located in
cloge proximity to the smelter, housing the various departments. Al
far as possible fireproof construction has been used throughout. A
feature of some interest is the special form of reinforced comcrete tiling,
made at the works, which is used for roofing all new structures. This is
the so-called Bonanza roofing of the American Cement Tile Company.

These buildings include the old steam power plant building,
100’ X 160’; car and carpenter shop, 60’ X 154'; machine shop, 72’ X 154/;
foundry, 36’ X 98'; pattern storage, 30/ X 84': boiler shop, 60' X 98';
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warehouse, 60" X 150°. They are all built of concrefe, steel, and brick
with cement tile roofing. ' ’

_ The Va,rlqus_a shops are very completely equipped with the most modern
tools and machinery for handling almost all the repair and construction
work needed around the plant.

The warehouse at the smelfer is -the central warechouse building
which serves as the main distributing point for supplies for the va.rious"
p1m1ts and mines. The building is 60 X 150/, and contains two stories
and -a. basement. It is built of conerete, brick, and steel, and the
roo? is made of concrete tile. The floors are of reinforced 'doncretie designed
to carry a load of 300 and 150 pounds per sguare foot for the main and
upper floors respectively. A railway track runs parallel to the building at
the edge of the unloading platform, which is 20 feet wide and 150 feet
in length. A 3-1_;011 electric elevator serves all three floors.

 The purchasing office, metallurgist’s office, and the eléctrical repair
shop are also located in this building. '

-Po'wer.—The power employed at the works is electric, received from
the lm'es of the Huronian Power Company, a.'subsid:"la.ry corporation with
extensive plant at High Falls, on the Spanish river. - This plant is described
on page 58, of this report. Power is transferred to the transformer house
‘gt the smelter at 35,000 volts; it-is stepped down to 2,200 volts for use in
the heavier motors, and to 550 volts for use in mo#t of the motors outside
the smelter sub-station. The motor Eeqmifn]:ae:nf, is described in conmexion
with the installations in the various departments. ‘

When tl_le present plant was first constructed, hydro-electric power
WaE noF :.a,va}lable, and & steam plant was installed. ‘The various éhops
had their individual steam equipments, and for the first two years the smelter
was operated by steam generated power. This plant has been kept in
good condition as a reserve. One boiler is kept under steam, banked in
suminer, and supplies steam heat to the various buildings in the vicinity
In winter.

, The steam power house is a brick building with masonry foundations
190 X 160". The roof is of the hollow book tile, made at the;
WOI‘.kS, coverefi with plastic slate and supported by steel trusses. The
engine room ig separated from the boiler room by a longitudinal brick
fire wall, which runs through the middle of the building. The floors
are of reinforced concrete,

The boiler room was originally equipped with four pairs of Altman-

Taylor water tube boilers, 400 HL.P. each, each boiler being provided with

a Bnow feed pump; there are also feed water heaters, a hot well pump, &
dry Vacuum pump, 8" X 16", running at 120 r.p.m., and an Alberger ba.;o—
I{letnc cox?denser, 24" in diameter, with a 34 fi. head. The boiler room
also contains a 1,000 gallon Blake underwriter pump, a 700 gallon duplef:
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furnace feed pump, and a cross compound, 18 X 11 X 18" Rand air
compressor. A purifying plant, which handles all the water for the smel-
ter and for the locomotive water tank, is also installed here.

Since the erection of the reverberatory furnace plant,two pairs of the
Altman-Taylor water tube boilers have been moved to the reverberatory
furnace building, where one pair has been installed in the flue at the fron?
end of each of the first two furnaces erected. These boilers are, at present,
developing steam which is used for general heating around the plant, but
eventually this steam will be used for power for the furnace pumps, etc.
.The other two pairs are still in the power house building, and will be held
in reserve for spare steam blowing engines, steam pumps, and air-compres-
‘sor. They are also used for heating some of the buildings at the plant.

The engifie-room equipment includes two cross-compound Nordberg--
Corliss blowing engines for the furnaces, steam cylinders 13" X 25" and 42"
stroke, duplex air cylinders 57"/ XX 42", capacity 236 cubic feet of free-air
per minute, or 20,000 cubic feet of air at 85T.p.m. Air is delivered at
60 ounces pressure. In the same room are also placed the following

"machines, all electricaily driven:— ' )

Ons 300 cubic ft. Connersville blower Na, 2007, driven by two
Allis-Chalmers-Bullock 225 H.P. variable speed motors, with 14 ropes, 13"
diameter, Tinglish system This machine has a capacity of 30,000 eubic feet
of free air per minute.

Onz 400 cubic ft. Connersville ‘blower, No. 3457, driven by two
Allis-Chalmers-Bullock 300 H.P. motors. This engine delivers 44,000
cubic feet of free air per minute, at the maximaum speed of 110 r.p.m.

Onz cross-compound Nordberg blowing -engine for the converters,
steam cylinders 15" X 30" and 42" stroke, duplex air cylinders 40" X 42
capacity 120 cubic feet of free. air per revolution, or 10,000, cubic feet per
minute at a speed of 85 r.p.m. Air is delivered at 15 pounds pressure.” -

Haulage and Distributing System.—The roast yards and smelter plant
are served by the Company’s own railway line. At the smelter a high
11ne about 67 teet above the yards, serves the smelter ore bins and the
reverberatory furnace plant. Standard gauge tracks are also- laid
througkout the yards, connecting Wlth the smelter, converter building,
various shops, and the warehouse.

There are two standard 100-ton track scales ingtalled, one at the rosgst
yard, and the other in the main yard near the shops. Both are housed;

‘the latter being within the building that also contains the transportation-

offices.

The charging floor is served by a. 36" gauge track laid with 56 pound
rails and copper bonded throughout. The centre line of the smelter bins is
parallel to the longer axis of the furnace building and about 200 feet from it.
Two parallel tracks are carried under the bins and also through the furnacé
building; in the latter, one track pasges on either side of the furnaces. At
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each end these tracks are joined by semi-circular ‘curves, forming two
complete ovals. Buitable cross-overs are also provided at convenient
points. A tangent to the-east curve connects with the sampling building.
These tracks are covered with a light wooden shed between the buildings;
for a considerable distance parallel to the furnace glag track, they are
garried on a trestle resting on 14 [t. masonry piers, to lessen ‘the danger
from fire owing to the slopping over of hot slag. This trestle also carries,
upder the charge tracks, coal pockets with chutes, which discharge in
front of the boilers in the steam power house. There are also two coaling
pockets for locomotives. ‘

Furnace charging trains are operated on these belt lines, running'
always in the same direction. Rach frain consists of & string of sevén or
eight side roll-dump cars. These cars -are about 6 feet in length over all,
being of the same length as the charge doors of the furnaces and the centre to
centre spacing of bins gates. Each car weighs about 1,500 pounds and holds
about 3,000 pounds of ore. These charging trains are also used to supply
the coal pockets of the power plant before mentioned as being located in
the trestles beneath the level of the charging floor. Charge trains are
handled by 5-ton electric locomotives, Canadian General Electric manu-
facturs, 1,200 pounds drawhar pull, at 6 miles per hour, taking current at
950 volts by trolley from an overhead line, _

The slag floor is served by two standard gauge tracks at the back of
the furnace building. Standard gauge tracks are also laid in three tunnels
which lead through the reverberatory furnace building.” These tracks
connect with the converter building and a.locomotive is used to haul
10-ton. pots between the two parts of the plant.

A track is also laid between the furnace building and the converter
building, on which a small iron truck is operated by a rope and an air-
driver. winch. This truck is used to convey pots of furnace matte fo
the ccnverters while still molten.

Blowing Equipment—The blowing equipment, with the exception of
the machines already noted as being placed in the old steam power house,
ig loceted in the electric substation, which has recently been enlarged to
asccommodate it. It consists of the following ‘machines and plant:—

Two Nordberg radial valve duplex blowing engines, stroke 42', piston
diameter 70", delivering 320 cubic fect of free air each revolution, are
installed. The maximum capacity of each machine is 24,000 cubic feet of

_free air per minute when running at 75 r.p.m.; the air is delivered at 50

ounces pressure. Each engine ig provided with automatic gravity oiling
systein, automatic revolution counter,” and automatic pressuré gauge.
These machines are each operated by a rope drive, on the English system,
and are connected with separate motors; fourteen ropes, 1-5” in diameter,
are usad for each drive. The motors are Allis-Chalmers-Bullock induction
motors, one being of 600 IL.P. and one of 500 H.P. These motors take the
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current at 2,200 volts, and are each fitted with special ¢ontrollers for chang-
ing the poles and giving three speeds. At the present time each of the blow-
ing engines is connected to one or more blast furnaces by a 48" blast pipe
which is carried to the furnace building on steel trestles. Two of these
pipes are carried through the building to the steam power plant, where
they are connected to the blowing engines of that portion of the plant
which is placed in that building,. '

When work under progress is completed, there will be two more
Conmersville blowers, capacity 400 cubic feet of air per revolution, similar
to the one at present installed in the steam power house. These machines
will be driveir by one 600 H.P. and one 500 H.P. motor respectively, these
motors having been taken from two Nordberg radial valve blowers that have
been dismantled. It is the intention to replace the other two Nordbergs
by two more Connérsville blowers of the same type as those already
installed. It is to be noted that eath of these Connersville blowers is
driven by a single motor, belt connected, the other-impeller on each machine
receiving its power through gears.

All these blowing engines will eventually discharge their air into a
common 6 ft. blast pipe connected by a nipple and valve to each of the’
blagt furnaces. This pipe is under congtruction at present; furnaces Nos.
1, 2, 3, and 6 now take their air from it; the other two will he able to do
so within a short time,

To summarize the furnace blowing equipment—there are at the present
time, two Nordberg electrically driven blowers, two Nordberg steam driven
blowers, one 300-ft. Connersville -blower, and one 400-ft. Connersville
blower. The arrangement in the near future will consist of two steam
driven Nordbergs, five 400-ft. Connersville blowers, and one 300-ft.
Connergville.

The air for the converter plant is supplied by one Nordberg blowing
engine and two Allis-Chalmers engines. The Nordberg is a duplex Corliss
valve type, 36" stroke, piston diameter 40”. It is run at 100 r.p.m., and
delivers 10,200 cubic feet of free air per minute at a pressure of 12 pounds;
it is driven by a 500 IL.P. Allis-Chalmers constant speed induction motor
runaing at 375 r.p.m. A rope drive of 16 ropes 15" diameter is used. The
Allis-Chalmers engines have a 60/ stroke, piston diameter 48", and run at
70 r.p.m., delivering 20,700 cubic feet of free, air per minute at 12 pounds
prezsure. The motors are Allis-Chalmers-Bullock, 1,200 H.P. constant
speed induction motors running at 375 r.p.m. Forty-two ropes 1-5'
diarneter are used on each drive. ' All engines are equipped with automatic
unloading devices, gravity oiling systems, automatic revolution counters,
and automatic pressure gauges. They deliver to a common receiver, from
which a 36" blast pipe, carried on a steel trestle, conducts the air to the con-
verter building:
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Air for power and other purposes throughout the plant is supplied by
onz cross-compound 100-pound air compressor made by Laidlaw, Dunn-
Gordon Comapany. This machine has a 24" stroke, and the high and low
pressure cylinders are respeétively 157 and 24’ in diameter. Its capacity
is 1,500 cubic feet of free air per minute. It is direct connected to an Allis-
Chalmers-Bullock induction motor, 300 H. P. capacity, rumnming at 120
r.p.m. The air from this machine is piped to every part of the plant and
‘ig used for various purposes, such as blowing out motors, driving winches
and hoists, operating air tools in the several shops, and as an air blast for
warming the basic converters with a fuel oil lame.

‘All the blowing engines receive their air directly from the outside sub-
station building, through a large cold-air duct in the basement ; all the
intake valves connect with this duct.

Flue System and Stacks—The down-take from each furnace is 8 feut
in diameter and is lined with 4 of firebrick for the first 20 feet. It
inclines at 30° in a straight line from the furnace to the dust chamber,
.passing above the slag tracks.

The dusi chamber is of the balloon type, 20 feet in diameter, 34 feet
in height, and 500 feet in length. Itis built of ;" steel plate, and is
carried on steel columns at 15 ft. centres, and is provided with expansion
joints every 60 feet. The only lining is placed opposite each downtake
opening and covers a section about 12 feet square. Hoppers and doors
for removing flue dust are placed every 6 feet; these discharge the dust
into cars operated on a track running the length of the fiue.

* The stack is 210 teet in height and 15 feet inside diameter at the top.
The base is 24 feet square, .of granite magonry, with a circular lining of
firebrick. The upper 150 feet of the stack is circular and is built of
.periorated radial stack brick. An independent steel stack, 12 feet in
dismeter at the base, 9 feet in diameter at the top, 125 feel in height,
stands just outside the converter building. The hoods over the converter
are connected with this stack by a steel flue.

At the reverberafory furnaces a cross flue, 6 X 9, which is
covered by cramps, passes directly behind the furnaces. This flue is 70
feet in length and leads to the main flue or dust chamber. The main flue
ls a brick chamber without baffle walls) 15/ X 19’ and 177 feet in
length, which connects with the stack. The stack is built of Custodis
radial brick. It is 17'-2’" in diameter af the bottom, 154" in diameter at
the top, and is 200 feet in height. Practically no dust collects in the flue.

Ore, Coke, Flures.—The ores smelted at this plant are derived almost
entirely from the Company’s own mines: Only very oécasionally are
small lots of custom ore received.

Connelsville coke is used for the blast furnaces, and Pennsylvania soft
coal is used in the reverberatories. The latter is frst pulverized in the
coal crushing plant installed elose to the reverberatory furnace building,
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Quartz is obtained from the Company’s own quarry at Dill, about 15
miles southeast of the smelter. Occasionally a small supply is received
in the form ¢f custom ores.

A small quantity of limestone is occasionally required. This is
obiained from the Fiborn (Miehigan) quarries of the Union Carbide Com-
pany, not far from Sault Ste. Marie, Mich.

Flye Dust—From time to time attempts were made to briquette or
siniter the flue dust from the furnaces; these attempts were not successful,
either through failure of the method, or because the high cost made them
prohibitive. * The flue dust was, therefore, allowed to accumulate in large
dumps, to be utilized later in reverberatory furnaces. These furnaces were
installed in 1811, and the accumulstions of flue dust and fine ore from the
wines (under ¥/ diameter) are now being treated in the reverberatory plant.

Woter System and Pumping Plant.—The general water supply is
obiained by gravity from two small lakes situated about 3,000 feet north-
west of the smelter, A heavy concrete dam was constructed at their
outlet, forming a reservoir of very considerable area. A 16" cast-iron main
leads from this reservoir directly to the smelter. Other smaller mains
supply the shops and the town of Copper Cliff. 7 !

At the Turnaces the jacket water overflows into two continuous cast-
iron launders, one on either side of the furnaces, sloping both ways from the
middle furnace. It flows from these launders through 20’/ drains fo an
opzn cooling reservoir. As the water supply is limited, and as the furnaces
alone require about 1,000 gallons per minute each, it is necessary to pump
most of this water back to the furnaces from the cooling reservoirs. . For
this service three pumps are installed at the reservoir. Two of these are
8" pumps of 1,500 gallons capacity, and one is a 14" pump, of 5,000 gallons
capacity. All are single stage turbine pumps, each direct connected to a
constant speed induction motor. These pumps all discharge through an
18" flanged cast-iron pipe into a reinforced concrete tank, 25 feet in
dismeter, and 32 feet high, placed on the hill back of the smelter. Dupli-
cate ecast-iron maing, connected to this fank, run on either side of the
furnaces just below the charge floor. The tank is also connected to the
smelter supply main, the static head of the latter being just balanced in
the tank. This adjustment gives a very steady pressure on the furnaces,
the head being about 28 feet ahove the tops of the jackets.

For fire protection purposes a series of dry fire lines are laid around the
smelter buildings; hydrants and hose houses are located at frequent inter-
vals. - A closed cireuit electric fire alarm system with conveniently located
signal stations is alse installed. X

The main pump for this system is located in the electric sub-station.
It is a 6", 4-stage turbine fire pump, of 1,000 gallons capacity. It is direct
connected to a 225 H. P. alternating current induction motor. In the
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gteam power plant is located 2 Blake underwriter’s fire pump, capable of
delivering 1,000 gallons per minute,

Blast Furnaces.—There aresix rectangular water-Jacketed blast furnaces :
five of these are 50 X 204, and one is 50’ X 240" at the tujéres. The
height from the hearth plate to the charging level is 19" ; and the smaller
size is rated at 400 tons per day each. The furnaces are placed in line at
616" centres, with their longer axes parallel to the length of the building.
Each furnace is supported on a concrete pedestal rising 30" above the solid
concrete furnace floor. The four water-jacket hearth plates are supported
on jacks resting on this pedestal. There are three tiers of water-jackets,
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Fra. 5. BSection showing arrangement of cooling pipes
In east iron furnace jackets as used by the
Canadian Copper Co., Copper Cliff, Ont.

T,he 10.w3r or tuyére jackets being 4’-7" in height, tke middle jackets are 4 feet
in ’hmght, and.the upper jackets 6’-4", the total height of the jackets being
14'-11”.  These two lower tiers of jackets are special cast-iron ‘jackets;

..made in the works, having 125" water circulating pipes cast into an other-

wise solid slab with stiffening flanges (Figure5). The thickness of the jacket,:

.18 3-25", the width at the flange is 8-25", the flanges are cast about 1-25"

thick. 'I_‘h(.a jacket is stayed by a cast-iron web running up the middle of the
Pl_&te, and is also thickened at the corners. The side flanges are slotted for
two holts; tie-bolt lugs are also cast on the jackets. The outside legs of the
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pipe for. conveying cooling water are centred about 3-5” from the sides of
the jacket and 4-5" from the ends. In the tuyére jacket the tuyére opening
is 6 in diameter and is centred 9’ from the top of the jacket. The open-
ings of the cooling water pipes in this jacket are placed 16-5"" below the top
of the jecket. In the earlier furnaces the jackets in the lower tier were
ordinary tuyére jackets, 8-4" in height and with four tuydres to a jacket.
In the present furnaces each of these jackets has been replaced by a set of
four cast-iron jackets. This type of jacket costs $35 and $30 each respect-
ively for a tuyére section and a top section, or a total cost of $130 for a set
of four gzctioms. The cost is about half as much as for the single plate
jacket originally used and the life of the jackets is four or five times as long.
The upper jackets are of the ordinary plate type, and 50" in width.

The supporting frame is of heavy steel construction, the charge deck
of cast-iron plates. The hood above the furnaces is formed by building
18" firebrick walls into a skeleton of very heavy structural steel. The end
walls unite in a catenary arch to form a roof, the top of the arch being 33 feet
above the charging level, making the total height of the furnace 58 feet
above the tapping platform. The side walls are vertical and in one of them
is the downtake opening, with its centre 27 feet above the charge floor.

The down-take, as already noted, is 8 feet in diameter, is built of " boiler’

plate, and is lined with 4” of firebrick for the first 20 feet. The charge
doors are now operated by counter weights in place of air-lifts.

The principal data with reference to the construction of these furnaces
are giver.in Table XV, chapter VIII, page 146.

~ The crucible bed is made of rammed chrome ‘bats.” It is made about

13" deep, but never retains that thickness gs it is eaten out by the matte.

The side tap is notched out of one of the middle tuyére jackets on the
crane side, It is filled with a water cooled cast-iron side tap jacket 10’
X 24", The slag spout is 2 special cast-iron ‘water cooled spout of local
design. Both the spout and opening in the tap jacket are lined with chrome
brick.

The settlers are placed immediately in front of the furnaces. They

are oval in form 160", X 19/-6 and 5'-6"in height, and are made of "/

boiler plate. Théy are lined with two rows of chrome brick laid end to end.-

The slag spout and the tap hole of each settler are diametrically opposite,
the furnace spout discharging into the settler between them. - The settlers
are also fitted with cast-iron water cooled spouts lined with c¢hrome brick.

The slag spouts of the settlers discharge into 25-ton slag pots carried
on standard gauge trucks and running in the cut back of the furnaces.
These pcts are sectional, with four side pieces and a separate bottom piece.
"The pots are poured by reans of a rack and worm gear carried on the truck.
Small east-iron catch pots, operated by hand winches, are used to receive
the slag streams while the big slag pots are being shunted, in trains of six
pots, to the slag dump. ‘
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Matte from the settlers is tapped into 10-ton clay-lined castironpots
gtapding on the maite floor. These pots are-placed by the travelling
cranes; when full they are lifted upon low transfer trucks and hauled
across the yard to the converter building by a small compressed air winch
operating a small drum on which a haulage rope iz wound.

Reverberatory Furnaces—Two reverberatory furnaces designed to burn
pulvpnzed coal were installed during the year 1911. The first of these
was blown in-at the end of December, 1911, the second in March, 1912,
The foundation for a third was laid in 1912, but the furnace has not been
Gompleted

"These furnaces are of the Steptoe type and each has a hearth ares of
19 feet X 112 feet, As already noted in describing the reverberatory furnace
puilding, the foundation for each furnace was made by pouring slag between
concrete retaining walls, giving a solid block of slag about 10 feet ixi thickness.
On this foundation the side walls of the furnace, 27 in thickness, were built
to a height of 10 feet. Slag was poured inside these walls to form a furnace
bottom about 2 feet in thickness. The side wall is built of chrome and silica
brick, to a thickness of 18", the former kind being used near the eoal dust
burners, and the roof rests on thiz wall. Inside thig wall, a flashwall 9
thick is built of magnesite brick; this wall is brought up close to the roof,
but it does not support it. The roof is 20 thick for the first 35 feet near
the coal burners, and 15" thick for the rest of the way; it is built of fire-
brick. The spring of the roof arch is 19", or a 2’/ rise to each foot of width.
The extreme height ingide is 6 feet. Thehearth of the furnace wasformed by
evening up the poured slag bottom with concrete so as to provide an
inverted areh with a spring of 12”. On this form one layer of firebrick,
2:5" thick, was laid flat.” Upon this 9" of magnesite brick was laid to-form
the bottom of the hearth. This latter brick was laid in a mixtire of

ground magnesite and linseed oil. Expansion strips of wood were placed

between every six courses; the expansion allowed was 3 fo the foot.

The tap hole is placed at the side about 18 feet from the inlet end of
the hearth; it is placed high enough to retain 12" of matte in the hearth,
so tkat the bottom will always be protected by a pool of matte.

Slag is removed at either side of the furnace where the sidewalls com-
menee to narrow in, about 11 feet from the front of the furnace.

The space at the front of the furnace, ususally occupied by the slag

V_door slopes up gradually from the hearth to form a straight outlet for
the products of combustion. The area of the throat is about 27 square

feet. The gases meet no obstacles whatever, but pass straight into the

-crogs-flue, 6’ X 9, which is covered by cramps.

Two sets of charging bins are provided at the fire end of the furnace.
Each bin has five hoppers discharging through the roof by slide gates.
These bins are used t6 drop flue dust, ore fines, and other pulverized material
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into the furnaces. Openings are provided along each sgide of the roof for
fettling.

Hot converter slag is also charged into the furnace by a side door
through a special chute on & carriage. This slag is brought from the
convertar building to the reverberatory furnace in 10-ton pots hauled
by & locomotive which enters the tunnel betweem the furnaces. The
reverberatory cranes pick up these slag pots through openings in the roof
of the tunnel and discharge them into the furnace.

These reverberatory furnaces are fired by coal dust blast burners.
Coal for this purpose is brought to the works in 50-ton cars and dropped
into storage bins in the high line trestle. From these bins it passes through
a special coal erusher, which breaks to 0-5" size, to a conveyer belt. This
belt discharges into a bin in the grinding room. A screw conveyer -drives
the coal from this bin into a Ruggles-Coles hot gas dryer, and thence into
the boot of an elevator. The coal is elevated to bing on the floor above.
From these bins it is fed into two Raymond impact pulverizers. These
grind the coal to a very fine powder, most of which will pass & 200-mesh
sereen. This pulverized coal is sucked up by a fan into & separator at the
top of the building. Here screw conveyers pass it info the reverberatory
furnace building, dropping it into bins above the ends of the furnaces.
In front of each furnace, five variable speed screw conveyers, each 4/
in diamefer, deliver the coal into five corresponding burners, each con-
veyer dropping its coal dust in front of a nozzle which carries air from a
fan. The air blast sends the coal into the furnace in the form of a cloud
or gprav of dust which burns just like fuel oil. Each burner can be run
independently and the amounts of coal dust or air can be varied at will.

Mr. Browne states further that the system of firing is quite satisfactory
and that, with the charge put in through the bins, it is expected that this
method of firing will prove much cheaper than burning the coal on a
grate. There is no loss of fuel efficiency, and all the carbon in the coal is
consumed. The ash has offered no difficulty whatever, and the Leat of the
furnace is maintained uniform. _

Conyerters—The old plant contained silica lined converters, 10 stands
and 10 shells, 84" X 126”. These were replaced in 1911 by the present
equipment of basic lined converters.!

The new plant consists of five stands and shells of basic lined converters.
Each of these shells is a cylindrical steel drum, 37'-2 in length and 10 feet
in diamster, outside measurement. The stack opening in the roof for the
escape of gas is placed.in the middle of the top of the eylinder, instead of
at one end, as in the Peirce-Smith basic converters at the Garfield plant.
There are two openings with spouts in the front wall opposite to but above

! Resent improvements and sdditions to the smelting plant of the Canadian Copper
Company, by David H. Browne, Trans. Canadian. Mining Institute, Vol. XV, 1912,
p. 115. The description given is an abstract.

Pratem X1,

Interior of reverberatory furnace building, Canadian Copper Co., Copper Cliff, Ont.,
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the tuyére line from which slag or matte can be poured. There are 44
tuyéres, each 13"/ in diameter, and 77 apart; no tuysres are placed directly
under the stack for a distance of 5 feet.

‘The lining is special magnesite brick. The bottom lining is 247
‘thick, the back or tuyére wall is 18" thick, the front 15 thiek, and the
roof is & 12’ arch of silica brick. The tuyére bricks are 24" thick.

The shell is carried on four ring tracks, 12 feet in diameter, and placed
one at each end and one on either side of the central stack. These tracks
rest on roller bearings mounted on cast-iror bed plates beneath the converter.
The shell is turned by means of two wire ropes each of which takes a one-
half turn around it, one on either side of the stack. These ropes are
led to a hydraulic piston working in a horizontal cylinder and having a
stroke of 9 feet. L

As ordinary hydraulic equipment would not be suitable in the climate
of northern Ontario, oil is used for rotating the eonverter shells. This
is moved in the cylinders by air pressure. - Two oil tanks are provided,
one for regular use and one for emergency. Fach of these is made of
" steel boiler plate and is 4 feet in diameter and 15 fect in height. A
small amount of oil is pumped into these tanks and the space above the
oil is filled with air at 75 pounds pressure. An electrically driven pressure
pump now forces more oil into the cylinders, compressing the air to 300
pounds pressure, at which point the pump stops automatically. When it
is desired to turn down a converter a controlling valve is opened on the
converter platform; this allows the oil to pass from one side of the hydraulie
.cylinder to the other, moving the piston, and so, by means of the rope
tackle, turning the converter as desired. In this operation the air in the
tank above the oil expands and the pressure decreases; when it has fallen to
200 pounds the oil pump automatically starts pumping oil into the tank
until the pressure again reaches 300 pounds.

As the entire plant is operated by electric power, it is evident that
if the power went off the line for any reason the converter blower would
stop blowing air into the tuyéres. If the air stopped the matte would
run back through the tuyéres unless they were turned, the ordinary mechan-
ism for turning them being also dependent on electric power. To avoid
this danger, a spare tank is provided in which oil is kept under 300 pounds
pressure.  This spare tank is connected to an hydraulic eylinder by a
valve which is kept closed by a solenocid brake. After the power goes off a
blower engine will keep turning over and delivering air for perhaps 15 or
20 seconds owing to the momentum of the fly wheel; this affords time for
the solenoid brake to operate. The brake is actuated by electric power,
and the moment the power goes off the brake drops, opening the valve
and admitting oil to the proper side of the cylinder to turn the converter
down. This device is absolutely automatic and entirely separate from the
turning device regularly used, and has proved quite satisfactory.’
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Metallurgical Practice. Roasting.-—The metallurgical treatment of
the ores received from the Company’s mines begins at the roast yards.
These yards are located north of the smelter, on slightly higher ground.
"The site selected was a somewhat flat swampy area, which has been evened
up and given a gentle slope from which drains rapidly remove surface
water. The yard is served by a number of spur line tracks of standard
gauge which traverse the length of the yvard and divide it into a number
of sections.

~ The ore is roasted for the purpose of oxidizing the iron and to remove
as much of the sulphur as possible without involving undue losses in the
furnace slag. If the oxidation of the iron is insufficient the matte made
in the furnaces will contain so much iron that its retreatment is too costly;
¢n the other hand, if too much sulphur is expelled with a too thorough
oxidation, undue losses will occur in the furnace slags. )

Open heap roasting as practised at Copper Cliff is an old, simple,
cheap, and very effective method of treatment for the accomplishment of
the purpose desired. The roast piles differ in size according to the rapidity
of roast required; these sizes vary from 30’ X 40" or 36’ X 40’ to
50" X 100°. Small heaps will contain from 800 to 1,000 tons and
can be roasted in about 90 days. Large heaps will contain .as much
as 3,000 tons and will require from 6 to 9 months to roast properly. The
most satisfactory product is obtained by the long time roasts. The
practice is to keep about.six months stock of roasted ore in the yards
ready for the smelter.

The wood used to form the base of a new rosast heapis dry split wood,
either hard or soft, spruce, pine, cedar, birch. The piles are made of the

rea desired and from 207-24" in height. ‘Around the ends and edges
the sticks are piled crossed; the interior is covered with sticks laid parallel
to each other and in & position similar to shingles on & roof, being in-
clined at an angle of about 30°. About one cord of wood is required for
every 25 tons of ore in a heap.

The ore arrives at the yards in 50 ton cars, and it has already been
crushed to pass a 4" grizsly. “Each ear is run out to the place required
and light planks are laid from the car to the heap. A shovel and barrow
gang of about 10 men then transfers the ore to the pile. The coarse ore
is piled above the wood. to a depth of 5-6 feet, or more, according to
the size of heap desired; this.is topped with 8-12" of fines; the tops of
the piles are built with a top slope of about 1 foot in 15 feet, presumably for
drainage purposes. '

When the pile is completed, it is fired and allowed to burn slowly,
being carefully watched not-only until it is fairly alight, but afterwards
to make the roast as uniform as possible. When the roast is completed
and the pile has cooled off ‘sufficiently, the heaps are blasted to loosen the
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ore. 'The roasted ore is loaded by a Bucyrus steam shovel into E?O ton
pottom-dump steel railway cars to be transferred to the'smelter_' bins.

All ore entering the roast yards is weighed in at Clara Belle junction,
north of the yards, All roasted ore is weighed out on a weigh scale at the
foot of the yards and about one-third of a mile from the smelter.

Blast Furnace Practice—Four trains of 8 cars each are used on the
cbarging floor. The cars are loaded at the bins; the lqad is weighed and
adjusted at the most convenient scales and the train is then run to the
furnaces. An ordinary charge consists of 500-2,000 pounds of qua,r!;z,
10,000 pounds of roast ore, 3,000 pounds of green ore from Crean hill,
and 3,000-4,000 pounds of converter slag and scrap, a total of 16,500~
1¢,000 pounds. The coke per cent of the charge varies between 109,
and 12%. The charge varies somewhat inasmuch as the ore froyzn the
Creighton mine is deficient in silica. Occasionally a small quantity of
lirae is required to flux Crean Hill ores. On an average the furnaces are
charged about three times per hour.. The charge column in the furnace
is maintained at abaut 13 feet; the blast pressure used is 30-35 ounces. The
total quantity of blast required is about 1,313 tons of air per furnace, per
24 hours, the equivalent of about 22,600 cubic feet per minute.!l "

Slag flows from the furnace into the settlers in a continuous strea-m.
The overflow slag from the settler passes out of the slag spout at one side
of the settler and is led in a cast-iron trough to the back of the tap plat-
form, whers it discharges into waiting pots in the slag track. Slag trucks
ar2 hauled to the dump by a steam engine. .

Matte is tapped from the settlers on the side opposite the slag spout.
It is drawn off into matte ladles in 5-7 ton lots. The matte crane lifts
the loaded pot upon & small lorry. The lorry is then ha.ul.ed aceross the
yard 60 feet to the converter building. Two tracks are provided for these
matte transfer trucks.
 (reen ore from the Creighton mine, as it arrives at the roast yards, has
the following composition: B, 23-75; Cu, 1-46; Ni, 4-35; FeS, 35-69;
FeQ, 4-40; 5i0,, 18-80; Ca0, 2-00; MgO, 1-5; A1203,_4-5, _

A typical roast will eliminate sulphur and oxidize the iron, and the

.roasted ores will contain approximately 129%-16% of sulphur.

Reverberatory Furnaces.—The materials charged to the reverberat(?ry
furnaces consist, at present, of green fines, which have been accumulatm.g
for many years, flue dust, and hot converter slag. Reverberatory slag is
removed in 25 ten pots on standard gauge tracks, laid in front of the
furnaces and below the levels of the hearths. These pots are shunted
to the slag dump by a steam engine.

! At 32°F. and 29-92" bar,
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Reverberatory furnace matte is drawn off into the same pots in which
the converter slag was brought to the furnace. It is then hauled by the
locomotive to the converter building and charged into the converter.

The composition of the reverberatory charge varies considerably
owing to the nature of mixture used. After the four Wedge roasters, now
being installed, are in operation there will be less variation. At Present,
the slags from these furnaces contain about 31%, 8i0,, 45%, FeO, and 0-6%,
Cu, Ni. The matte contains 25-279, copper-nickel.

Converters.—The converters receive matte both from theblastfurnaces
end from the reverberatory furnaces. _

The eficiency of these basics for the service required may be judged
from the data given below, which have been kindly supplied by Mr. Browne.

A converter installed in 1911 was operated from May 31 to Sept-
ember 17 without relining. During this period, 3_,802 tons of bessemer
matte, containing 809, copper-nickel, were produced. There was charged
to the converter 11-147 tons of furnace matte, confaining 28799, copper-
nickel, and 9,207,420 pounds of iron. To this was added 2,770 tons of
quartz, 909, 8i0,, and 2,076 tons of rock. This rock was footwall rock
from the Creighton mine, and contained 2%, copper-nickel, 11:5%, iron,
409, silica, 11% alumina, 7%, calcium oxide, and 49, magnesium oxide.
There were also 377 tons of serap added to the charges. During this period
the blast was on for 1,428 hours in an elapsed period of 2,618 hours, or for
54-55%, of the operating time. The converter made 3,802 tons of bessemer
matie and 11,642 tons of slag in that period. -

The slag analysis showed the following composition: Cu, 0-659%;
Mi, 1-65%; Fe, 49-05%; 8, 1-30%; 8i0s, 28-80%,; Al,0s, 1.35%,; CaQ,
1%; Mg0, 1-39.

The experience gained in the operation of these converters, since their
installation in 1911, has resulted in a great increase in the output obtained
before patching or relining becomes necessary. One converter, relined in

-tae summer of 1912, Iasted for 194 days, and treated 20,560 tons of matte
which contained 9,600 tons of iron. During this peried 5,122 tons. of
quartz, 3,568 tons of Creighton rock, and 676 tons of scrap were charged.
The ‘matte charged contained 23-55% of copper-nickel. The Creighton
rock, charged during June, 1912, had the following analysis: Cu, 0-95%;
Ni, 1-05%; Fe, 13-85%; 8, 5-32%: Si0,, 47-60%; Al0s, 12-49%,; Ca0,
4-829,; MgO, 5-329%,.

Near the end of September, 1912, there was one converter that was
siill In good condition which had a record output of over 6,000 tons of bes-
samer matte. It was expected that an output of over 7,000 tons would
be obtained before repairs became necessary.

In contrast with the results obtained with these basic converters it
may be noted-that with the acid converters one lining would last for about
eight hours blowing time on a 369 matte, and would produce 7 tons of

Prati Aly

Pouring slag, Canadian Copper Co., Copper Cliff, Ont.
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ﬁmShed bessemer matte, containing 809, copper-nickel. On u 30%, matte
ons lining was good for 5-3 tons of bessemer matte. Each shell consumed
about 3,000 cubic feet of air per minute at 9-11 pounds pressure, practically
g Axed amount. With a 369, furnace matte about 65 minutes blowing
time was required to produce a tor of 809, bessemer matte, while with a
30% furnace matte 110 minutes were required. With the acid converters
g large amount of serap is thrown out around the stack, which has to be
cleaned up and returned to the converter. This will amount to about the
game quantity per blowing hour, regardless of the grade of matte. With
lower grade mattes the blowing time increases and the production of the
converter decreases.

The basic converters have been found to work very efficiently and
msake almost no scrap. " The blowing time per ton of finished bessemer
matte is greatly reduced, and the cost of lining per ton of matte produced is
considerably less than when acid converters are used. The conirast
besween the two types of converters is further shown by the following
tabler—

TasLe V

Contrast Between Basic and Acid Converting on Copper-Nickel

Mattes,
Tong flux | Tons furnace matte Tons Cu-Ni | Lo of Cu-Ni
. . A charged per |by slag andslop
Converter per ton of | per ton Besgsemer 4
fype irop removed| matte produced ton B. matte | per ton of B.
Tpe- " ~ produced. -matte.*
Acid............... 1.31 4:66 27389 CulNi 1-28 0-48 tons,
Basic......... P 0-91 4-13 22-589; Culii 0-93 0-13 tons.

* One ton Bessemer matte containg 0-8 tons of copper-nickel.

After the matte in the converters has been blown sufficiently to elim-
inate nearly all the iron it contains, it is poured into a pot, which is shifted
by a locomotive to the casting moulds along one side of the converter

“building. Here it is poured into moulds, each about 25 feet in length

and 6 feet in width, forming a cake of these dimensions and about 4/ in
thickness. After cooling, the slabs of matte are broken up and leaded into
I_'&ilwa.y cars for shipment to the refinery.

- Converter slag, under the present practice, is sent to the reverberatory
furnace building and is charged into the furnaces.
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HYDRO-ELECTRIC‘__ PLANT.

The plant which supplies eleetric power for operating all the mines
and the smelter is located at High Falls on the Spanish river, about 4
miles north of Nairn station, on the Soo branch of the Canadian Pacific
railway, and 23 miles west of Sudbury. Tt is connected with the main

line by a spur line from Turbine station. The plant was built during

the years 1904-5.

At the site selected the Spanish river fows in two channels around s
high and rocky island, about 2,000 feet in length and 900 feet in width.
The fall is about 65 feet; the island rises about 75 feet above the river level.
A largeforebay was cut out on one side of the island and two dams were
erected in the channels, gaining a total effective head of 85 feet. These
dams are of conerete construction and rest on solid rock. As much lumber.
1s floated down this river, log slides and booms had also to be provided.

Water for the generators is conveyed from the bulkhead dam to the
power house at the foot of the falls by three 9 ft. steel penstocks for the
generators and one 3 ft. penstock for the exciters.. Provision is made
for the installation of a fourth 9 ft. penstock, when required.

The penstbcks, bulkhead gates, and sereens are housed. The forma-
tion of ice in the tubes in the winter is effectually prevented by the use of
small amounts of current at critical points. No trouble has been. caused
by frazil ice, the nearest rapids being 6 miles upstream from the power house.

. The power house is a brick structure resting on a concrete substructure.
The roof trusses are steel, the roof covering is of 2 X 4/ lumber, laid on
edge, and sheeted with galvaiized iron. The main building is 55 feet in
width, and 106 feet in length; an extension along one side is 16 feet in
width; at one end there is a wing, 33’ X 30’. The main building
contains space for four generators, three of which are now installed. The
16 ft. extension contains the transformer rooms and the switch-tower;
these are separated from the main room by fireproof brick walls and steel
doors. The end annex contains a warehouse, workshop, and heating plant.
The building is heated by hot air forced over steam coils by a Sturtevant fan.

Hydranilic Plani.—There are three- turbines of the twin type,! to
drive the generators, and two smaller ones to drive the exciters. Provision
has been made for the installation of fourth turbine, as soon as it is
required.

The generator turbines are designed for a' maximum speed of 375
r.p.m. under a head of 85 teet; water enters the turbines at a maximum
speed of 7-2 feet per second. They are provided with two 34" bronsze
runners in a single case. They are of 3,550 H.P. each.

! I. P. Morris Company, Philadelphia.

Canadian Copper Company's power plant, High Falls, on Spanish River.
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| The exciter turbines are of the same design as the larger machineg,
put of smoaller éapacity. These small turbines are both served by the 3 ft.
anstock. .

_There is also a 5”, two stage, 500 gallon tuirbine pump, driven by a
50 HL.P. direct current motor, operated from one of the exciters. The pump
guetion is connected o the peastocks.

Blectric Equipment.-—Each generator turbine is direct connected to.a
2,000 K.-W. Crocker-Wheeler generator. The current produced is 3 phase,
25 cyele, 2,400 volts. '

The exciters are also each direct connected to an exciter turbine.
Each machine is 200- K'W. (275 K.W.) capacity.. ' -
I - Transformer Plant.—There is one set of three -transformers for each
| generator, three sets in all. Each of these is & 2,400-35,000 volt, 667 XK. W.

transformer. ‘

Other Equipment-—The power house also contains a Westinghouse
atr ecmpressor, ‘which furnishes air for cleaning purposes-and for.handling
oil by: air pressure. A Whitney crane is installed in the building above the
machinery. The Sturtevant blower belonging to the heating system is
also placed here. )

The operator’s bench board occupies a central slevated position in
front of the switch tower, giving a full view of the generator room and the
switching operations in the tower. All switches are distantly controlled
and are electrically operated, there being no current above 125 volts on
the bench board. _ . _ L

Pronsmission Line.-—The main transmission line is about 30 miles in
length. It runs from the power house at High Falls to the Copper Cliff
sub-station, for the most part over its own right of way, which parallels
the Canadian Pacific Railway line for ‘about 29 miles ; this right of way is
cleared 1o its full width, 100 feet. The wires are carried on a double cedar
pole line, the pairs of poles being placed at 8 ft. centres and bolted to s
common cross arm; the poles are spaced 120 feet apart. -

There are two independent 3-phase circuits strung with No. 1, hard
drawn, bare, copper wire; the wires are hung 4 feet apart, and the nedrest

- wirea of adjacent circuits are also 4 feet apart. One cireuit is transposed,
the other is straight. _ :

" Lightning arresters of the horn type, Allis-Chalmers-Bullock construe-

-tion, are provided outside the power-house, and at the sub-stations at

- Copper Cliff, Creighton, Crean Hill, and Frood. ‘

- A télephone line is carried on a short cross-arm, 6 feet below the main

- Cross-srm; the wires of this line are transposed every fifth pole. The line
runs directly between the power house switchboards and the switchboards
a the smelter sub-station; it gives perfect service. A second telephone
. Tine, carried for the most part on poles of the Canadian Pacific Rail-
| Way’s telegraph system, connects the terminal stations with the central
35783—71
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telephone office at Copper Cliff, and with Crean Hill and Creighton mines,
and other points between. '
Sub-stations.—The principal sub-station is that already described,
Jocated in the smelter yard dat Copper Cliff. There- are other smaller
sub-stations at the Crean Hill, Creighton, Number Two, and Frood mines,

Prate XVII

Interior of substation at Clopper Cliff, Ont.
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CHAPTER III.
MOND NICKEL COMPANY, LIMITED.

Inconeorarion.—Incorporated September 20, 1900, under the laws of Great Britain.
. Operating in the Province of Optario under license. Capital, £600,000, increased to
£850,000 in 1908. - Capital consists of 100,000 shares in cumulative 79, preference
stock, in £5 shares = £500,000; 300,000 common stock in shares of £1 each = £300,000,
and 50,000 shares deferred stock in shares of £1 each = £50,000. All the capital is-
izsued. .

- Chairman, Sir Alfred Mond, M.P.; Generul Muanager, Bernhard Mohr, London, -
England; Secretary, Robert Mathias, London, England; Canadian Manager, C. V.
Corliss, Coniston, Ontario; Mines Superiniendeni, Oliver Hall, Coniston, Ontario;
Smelter Superintendent, John Robertson, Coniston, Ontario; ' Head Office, 39 Victoria
St., London, 8.W., England; Mine and Smelier Office, Coniston, Ontario. .

Location.—The Company owns about 4,500 acres of mining lands, in
fee simple, and controls about 2,500 acres under lease, a total of *7,000
acres in- all, situated in the townships of Blezard, Denison, Snyder, and
Garzon, Budbury district, Ontario; additional areas have also been acquired.
recently. The ores mined are deposits of nickeliferous pyrrhotites contain-
ing some chalcopyrite, and occurring in norite ; they contain about 2- 39,
nickel and 1-75 9% of copper in addition to small amounts of gold, silver,
platinum, and palladium. For many years the prinecipal property was
the Victoria mine, first opened about 1899. Two ore bodies, about 160
feet apart, ocourred on this property. They lay with their longer hori-
zontal axes almost on an east and west line, and had a uniform dip of about
75° towards the east. Development work was by diamond drilling, followed
by shaft sinking and the runming of levels. The main shaft is a 3-com-
partment shaft, 800 feet in depth, 4’ X 12’ inside the timbers; ten
levels have been driven from this shaft to reach the ore body. '

The other important mine which has supplied ore for a number of
years is the Garson. There are two ore bodies at this mine, about 100
feet apart, and the development and mining have been through a 500 ft.
shaft.

Extensive diamond drill work, based on the results of magnetic surveys, -
hag shown the existence of a largé body of ore on property belonging to
‘this Company, adjacent to the Frood mine, lot 6, concession VI, township
of McKim. Preparations are now being made to mine this ore body on
a large scale. ) 7

The Company also owned and operated a smelter at Vigtoria Mines,
Ontario, on the Soo branch of the Canadian Pacific railway, about 2 miles
from the Vietoria mine, and 22 miles west of Sudbury. "This plant was
working at the time of writing, but it is expected that operations will
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ceage at this point about midsummer of 1913. The Company has b.een
erecting & modern and fully equipped plant at Coniston, about 7 miles
east of Sudbury, which is now nearly ready for operation. The new plant
iz more conveniently situated with respect to railway transportation and
the future ore supply. Descriptions of both the old and the new works
are included in the present report.. These-descriptions are b-a.sed.-upon
several published articles and upon data obtained by a personal v1s_it 1':0
the two plants. The new plant was not completed at the date of the writer’s
lagt visit to the locality in September, 1912.

The ore supplied for the old plant was conveyed to the roast yar{is
and thence to the smelter over a Bleichert aerial tram line, 11,000 feet in
length. Ore from the Garson mine was brought about 31 miles in 50 t_‘.on
bottom dump steel railway cars to Victoria Mines; from here a pprtwn—
was senf to the roast yards over the tram line and the balance wext directly
to the furnaces. '

Ore supplies for the new smelter will be derived chiefly from the Garson
and the Frood mines, a portion of the ore body of the latter being on the
propeity of this Company. The haulagé distance to the new roast yar_ds,
about 2 mile and a quarter from the smelter, will be 10 and 12 miles
regpectively, chiefly over the Canadian Northern railway.

Power for the Victoria mine and smelter was furnished by a._hyd.ro—..
_electric plant, owned by the Company, and located at Wabagishik falls

on the Vermilion river, in Lorne township, and about 8 miles from Victoria-

Mines. Power for the Garson mine was procured from.the lines of the
Wahnapitae Power Company; whose two power plants are located on the
Wanapitei river not far from Coniston. The new smelter is to be oper-
ated by Wanapitel power. _

Historical.—In the year 1899 the Company began operationsin the
Sudbury district by extensive stripping and other development work: at
the Victoria mine. This work included the building of roads, the prepara-
tion of & roast yard and otheér preliminary work. In 1900 the sm.elt.er
was erected on ifs present site, under the supervision of Hiram W. Hixon.
The Bleichert tram line, 11,000 feet inlength, was installed by the Trenton
Iron Company of New Jersey to connect the mine, roast yards, and smelter.
The furnaces were first blown in early in 1901. The mine and sme}ter
“were closed down in December; 1902, and were not again in operation,
except for a few months in the summer of 1903, until near the end of 1904.
Since that date the plant has been in comtinuous operation, with only
slight interruptions. The first' furnaces were 44" X 120" at the. tuyéres;
in 1908 the plant was remodelled and the size of the furnaces was increased
to 44 X 180",

In 1911 the site for a new smelting plant was selected at a point about -

2 miles from Romford Junetion on the Canadian Pacific railway,_ con-
veniently located, both with respect to two transcontinental railway
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lines and to the principal mines owned by the Company. - A new modern

smelting plant has been erected on this site, and it is expected that.it will

be teady for operation in July, 1913. Two blast furnaces, 50" X 240", .
have been erected and space for a third is provided.. Two Peirce-Smith

basic converters 10°-0" X 25-10" are also installed. All the auxiliary

equipment necessary has been provided. _

VICTORIA MINES PLANT.

This plant will cease operation before this report is in pi'int._ It has,
however, served its purpose well and has been an important factor in the
development ‘of the copper-nickel industry of the Sudbury district. A
brief description of the equipment and the method of operation ig of interest
and may -also be of future value as. a matter of record.

General Statement of Equipment.—The plant as it Jid_w stands is equipped
with two water-jacketed blast furnaces, 44" X 180/ ', each eapable of treat-
ing 400-450 tons of ore charge per day, under present practice. The con--
verter building is equipped with two electric operated converter stands, and 6
shells, each ‘84" X 126", and a 30 ton, three-motor, Morgan travelling

_crane. Power is electric, supplied by the Company’s plant at Wabagishik-

falls on the Vermilion river; a boiler plant is held in reserve at the smelter.
The blower plant ineludes two Connersville blowers, and a Nordberg com-
pressor for the converter air. The buildings include office and laboratory,
engine. house,' well equipped shops, club-house, boarding houses, and
about 40 detached dwellings. ‘ _ '
Bleichert Tram Line.— This tram line is 11,000 feet in length and runs
from the Victoria mine to the smelter. Tt is equipped with loading termi-
nals at the mine, at the roast yards, and at the‘smelter_, and with discharging
stations at the roast yards and smelter, The buckets each hold sbout
700 pounds and travel the 2 miles from the mine to the smelter at such
& rate as to deliver about 100 loads per hour. The roast yards are located
between the mine and the smelter and about half s mile from the latter,
Ore from the Garson mine is delivered into tram bins near thé smelter by
Cenadian Pacific Railway ore cars; this ore ig then raised by a small skip
to charging bins on the tram line, whence it is conveyed to bins at the
roasi yard. The tram line also carries Victoria fine ore to the roagt
yards, roast ore to the smelter, and waste rock from the Victoria mine
to the dump. The operation of this tram line is such that each bucket

is idle for only a very short portion of the entire round trip from Victoria
mine o smelter and return. . - ‘

* The power plant at Victoria Mines was destroyed by fire on the dﬁy before it was
to be closed down for removal to Coniston
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The difference in elevation between the mine and smelter is only about
160 feet. - Owing to the heavy duties required of the tram this fall is
not sufficient to operate it, and. additional driving power was furnished
by 30 HL.P. motor installed st the Jower end. . '

Flue System and Stacks.——The downtakes of the blast furnaces lead to
a steel dust flue with continuous V bottom. Slides are provided on either
gide at about 4 ft. centres, for the removal of fue dust. The main stack is
of steel plate and is about 115 feet in height. The lower part of the stack,
about 24 feet in height, is shaped as a truncated cone, the upper portion
is cylindrical, - - The converter flues connect with the main stack.

Buildings.—The smelter building is a steel frame structure, covered
with corrugated iron sheeting. The electrical sub-station, in which the
power plant was also placed, was & wooden trussed brick building with
concrete floors, 50" X 90’ the roof was composite, being covered with
corrugated steel on the outside and lined with matched pine. The
various shops were housed in wooden structures.

Coke, Fluzes, Silica.—The coke used in the furnaces comes from
Peénnsylvania. It is shipped by water to- Algoma Mills, 73 miles west of
Victoria Mines, where it is loaded into box cars, or coke cars, and hauled
to the smelter by the Canadian Pacific railway. The freight charges,
amount to about $5.60 per ton on coke that costs $1.10 per ton at the ovens.

1imestone, which forms about 497, of the furnace charge, is obtained
from the Fiborn quarries in Michigan. '

For converter lining$ the siliceous ore from Bruce Mines, Ontario, is
used. This ore corsists largely of quartz carrying about 3% copper in the
form of chalcopyrite; the ore is bauled 121 miles over the Canadian Pacific
railway. When an. additional supply of quartz is required, it is obtained
from a local quarry not far from the smelter:

Blast Furnaces——The two furnaces are each 44" X 180'" at the tuyéres.
They are mounted on concrete foundations at an elevation of 6 feet above
the converter floor. "The superstructure is of structural steel above the
charging floor; the hood, stack, and downtake leading to the flue are of steel
plate (Plate XVIII). They are water-jacketed steel furnaces with brick
tops, and cast-iron sole plateé 2"/ thick. . Their capacity is 400-450 tons of
ore charge per 24 hours for each furnace, under the present method of
operation.

The furnaces as originally constructed each consisted of two tiers of
water-jackets, three jackets on each side to each tier. The upper tier has
now been replaced by brick; the inside brickwork is of firebrick, the outside
of common brick. The furnaces are charged from the side, the charge
doors being operated with 2 pneumatic lift. The charging floor is 14 feet
above the tapping floor. The furnaces are provided with special water-
cooled cast-iron spouts, each provided with only one set of water pipes.
The spouts are lined with chrome brick and similar brick is also used at the

Prarme XVIIL

Rectangular water-jacketed co 4
I pper blast furnace.
Nickel Co., 1909, Victoria Mines amelter (A. C. Co.)}

Original type used by the Mond
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‘tap holes. The crueible is built within a plate steel box, and is carried by
the sole plate. Chrome brick laid in magnesite cement is used for this; the
magnesite cement is mixed with magnesium sulphate water.

_ The settlers are circular, each 12 feet in diameter and 4 feet in depth.

Converlers.—There are two electrically operated converter stands and

“six Allis-Chalmers improved, 84" X 126" shells. The stands are operated
from s pulpit by individual controllers and air valves. The convertér
shells and 5-ton cast steel matte ladles are handled by one 30-ton 3-motor
Morgan travelling erane. '

Lining for the converters is prepared by a 7" X 10" Blake crusher, and
two 6 ft. Chilian mills direct connected to a 30 H.P. direct current motor.

Blower Plant.—Air for the blast furnacesis supphed by two Cennersville
blowers, each having a capacity of 15 340 cubic feet of air per minute at 40
ounces pressure, running at 130 r. p. m. Each of these is belt-connected
to a 200 H.P. constant speed motor; taking current at 550 volts, and running
at 580 r.p.m. The air pressure at the furnaces is about 38 cunces. Air
from the blowers is delivered to a common receiver, and conducted to the
bustle pipes of the furnaces. Bustle pipes run along each side of each
furnace and across one end. . '

Air for the converters is supplied by a Nordberg duplex air-compressor,
capacity 6,000 cubic feet of free air per minute, compressed to 12 pounds
pressure, at 82 r.p.m. The low pressure cylinder is 34" in diameter, the
stroke 42”7. The fiywheel is 18 feet in diameter and is grooved for 18 ropes
each 1-25" in diameter. This machine ig driven by a constant speed 315
H.P. induction motor running at 345 r.p.m., receiving current at 550.volts.
This blowing engine is fitted' with mechanical inlet Corliss valves and
poppet discharge, and is regulated by the air pressure from the réceiver
through floating levers to the governor, this controlling the cut-off on the
Coﬂlss inlet-valves.

" Flue Dust.—Flue dust is dra.wn from the flue through the slide doors into.
a barrow. It is wetted and fed to the furnace from hand barrows.

Smelting Practice. Roasting.—About two-thirds of the ore treated is
firs: sent to the roast yards, about half a mile from the smelter and north
of Victoria Mines station. Gréen ore is received at the tramway unloading
station in the roast yards and dumped in a pile. Here it is shovelled into
buckets and hoisted to the level of the staging that is built over the roast

_yards, and is Joaded into end-dumping hand lorries, holding about 1,000
pounds each, which are pushed by hand to the roast piles. Hach roast
pile, when completed contains about 3,000 tons of ore and covers an area
of 40' X-150'; the piles are built in a row, with the longer axes
parallel, and about 10 feet between piles. To build a new pile a light pole
staging is erected over the roast bed, and rails are laid in this staging to
accommodate the lorries. A bed of dry wood, about 3 feet in depth, care-
fully and properly piled, is then laid as a base for the proposed roast pile.
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Upon this wood ore iz piled, to a depth of about 10 feet. A fop dressing
of 8-10"" of fine ore is then spread over the top of the pile and down the
sides and ends. The rails and stringers of the staging are then removed,
the poles being left standing in the pile. The wood of the pile is then
ignited; the whole pile will be alight in about four days. The pile is care-
“fully watched, blow holes are stopped whenever they appear, and the roast
continues for about 100 days, by which time about half the sulphur has been
burned out, the green ore containing about 20% of sulpbur, at the start.

After cooling, the roast heaps are loogened up by blasting. The
roasted ore is shovelled by hand into cars and hauled by a horse to the aerial
tramway. Here it is hoisted by a skip and dumped into the loading bins.
Three men are requireﬂ at the hoist in the roast yards; two men are required
on each lorry; about 15 men in all are employed in these yards. The average
output of the yards per day is, approximately, 475 tons of roasted ore, when
the plant is operating at full capacity. -~ )

All ore from the Victoria mine is weighed into the roast yards at the
mine; that from the Garson mine is weighed st the smelter before being
sent to the yards. = All roasted ore is weighed out of the yards.

Smelting.—At the smelter, ore, coke, and fluxes are al] stored in bins
placed with their discharge -chutes above the level of the charging floor,
so that the charge barrows can be run beneath them. The furnaces are
charged by hand lorries holding about 800 pounds each. The ore charge
consists of two parts roasted ore to one part of green ore; the coke makes
up about 8% of the whole charge. ‘A typical charge will congist of about
1,200 pounds of roasted ore, 600 pounds of green ore, 300 pounds of scrap
and slag, including 75 pounds of limestone, and 250 pounds of coke.

* The practice is to granulate the furnace slag, which is then flushed out
to the edge of the dump.

Converting.—The furnace matte, containing sbout 339, copper and
nickel, is collected in the settlers, which are tapped at intervals. From
“the settlers furnace matte is run into pots, which are lifted by the travelling
crane and charged directly into the converters. Matte from No. 1 con~
verter is blown up to about 609, copper-nickel. It is then skimmed and
the slag is sent to the furnace settler while still hot and liquid. The matte
from converter Number 1 is then charged to converter Number 2, and
blown. to about 809 copper-nickel. The slag from this converter also goes
to the furnace settler, and the matté is run into a pot, from which it is
poured. on. a matte bed to cool. There are four of these matte beds, each
¢ X '15’." Tt is customary to draw matte frem the settlers at the
same time as converter slag is being poured, thus preventing the over-
loading of the granulating streams.

The final Bessemer inatte produced contains about 38% copper and
429, nickel, and about 169, iron, the balance being sulphur and.other
impurities. It is broken up on the beds, put info barrels, and shipped to

the Mond Company’s refining works at Swansea, Wales.
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CONISTON FLANT.

The site for the new plant at Coniston was chosen only after very
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The general layout of the plant and the railway approaches are shown
on the accompanying plan (Figure 9):

The roast yards are located about three-fourths of a mile from the
smelter, to the southeast, on the other gide of the ridge at whose foot the
smelter is placed. They-are connected directly with the Canadian Northern
railway and the Canadian Pacific railway, and are also connected with
the smelter by a spur line belonging to the Company.

A new townsite has been selected and laid out, north of the Canadian
Pacific line and about one mile from the smelter. Coniston will be g
model town provided with every modern convenience.

General Stotement of Equipment.—The main smelter building has
a concrete substructure resting on bed-rock, and a structural steel super-
_structure. In this building are placed two new modern water-jacketed
blast furnaces, 50" X 240" -and two Peirce-Smith basic converters, 10°-0”
X 25-10"”. Provision' has been made for an additional blast furnace
which will be added when required. The power building is located on
the hill above the smelter. The ore bins are placed beyond this and a
rock house stands southeast of the smelter and over the lower tracks,
A semi-ciréular track leads from beneath 'the ore bins to the charging
floor of the smelter building. It is carried over the slag tracks on steel
trestles resting on concrete piers.

‘Receiving Ores—As shown on the plan (Figure 9) spur lines have

been built connecting both the Canadian Pacific and the Canadian Northern
railways with the roast yards, the smelter yards, and the smelter ore bins.
Ores from the mines to the north will come into the roast yards over the
tracks of the Canadian Northern railway and can be delivered direetly
to the yards, or shunted over the Company’s spur line to the smelter bins.
Ores from the west will be diverted to the Mond Nickel Company’s spur
line at Coniston station, and can be run either to the smelter bins or to the
roast vards. Ore from the rosst yards can also be conveyed over the
spur line to the smelter bins on the high line above the smelter.
- - Power.—Power to operate the plant is entirely electric and will be
obtained from the power lines of the Wahnapitae Power Company. This
corporation has two power stations on the Wanapitei river not far from
Coniston. .

Buildings.~-The main smelter building is of steel construction with
a concrete substructure, 90’ X-360’, resting upon solid rock; there
is a monitor on the roof running the length of the building. A lean-to shed,
217 X 240’, on the northwest side, houses the converter plant; a
similar lean-to on the southeast, about 80’ X 210’, covers the slag
track and the main flue (Plate XIX). .

- A glag cuf on the southeast side is prov1ded with a standard gauge
track. The tapping floor is 14 feet higher, and the charging floor 24'-2. 5"
above this. The furnace platform is 24 feet in width and 210 feet in
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Coniston plant in course of erection. Mond Nickel Co., Coniston, Ont,
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A. General view of the completed plant at Coniston. Note the curved line of trestles
earrying the tracks that run under the ore bins and on the charging floor level.

B. Charging floor, showing top of a furmage.



Prare XXI.

B. Converter in operation, Coniston plant.
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length. The matte floor on the northwest side is 10 feet below the level
of the furnace floor and about .56 feet in width.

The power house, built on the hill southeast of the ainelter, is 8 brick
and stesl structure with concrete foundation and a tile roof.

Flue System and Stacks.—The main fiue is rectangular in cross-section
10" X 15°, built of sheet steel. It leads to a. dust chamber 30’
X 50/, huilt of stack brick, which connects with the base of the stack.
The main stack rests on bed-rock; .the lower 25 feet of the stack is
square in section and is built of red brick, the upper cylindrical
portion, about 16 feet in diameter, is built of Custodis stack brick.
The height is about 175 feet. ‘ ‘

The main flue is provided with 27 hoppers, placed at 7-5 ft. centres,
in sets of two, between the main bents of the supporting structural steel
work. There are also four large hoppers placed between the main
fiue and the brick dust chamber. The bottom of the dust chamber is
fitted writh 6 rows of steel hoppers, 9 to a row, the distance from centre
to centre being 56’’. Each hopper is provided with a circular discharge
gate 13" in diameter, closed by a lever operated slide. The hopper chutes.
beneath the dust chamber deliver to a eommon space g0 arranged that
the flue dust can be run into a V-shaped auxiliary hopper of sheet steel
hanging above a standard gauge track in the slag cut. Six chutes deliver
from this hopper to & car placed beneath. '

Blowing Equipment.—In the power building founda.tmns had been
laid fcr three Connersville blowers and two Nordbergs. The blowers
at the Victoria Mines plant were to be transferred to the new- plant and
one new Connersville and one Nordberg were to be added.. Data with
respect to the capacity of these blowers are given on page 65.

Blast Furnaces.—Thete are -two Allis-Chalmers rectangular water-

. jacketed copper blast furnaces, 50" X 240", each furnace being provided
-with a brick lined steel crucible and a brick top -above the single tier of
jackets. The height of the furnace is 32'-2-5” to the base of the hood;
the hcod measures .12/-6/, giving a total height of 44’-8.5”. A goose
neck, 7-6" in diameter, connects each furnace with the main flue, and a
straight stack, closed by a damper, rises 15 feet above the hood.

Each furnace is carried on structural steel columns, the jackets being
hung from I beams. The crucible rests on threerows of nine supporting
columns each 5 feet in height. It conmsists of a rectangular steel frame
about 6 feet in width, 21’9 in length, and 25" in depth, made of I beams;
the sole plate is of cast-iron in four séctions. This crucible box ig lined with
chrome brick around the sides, ends, and bottom, reducing the internal
width to 4/-2”,

Above the crucible there is a single tier of water-jackets, eight on each
side, each 8/-2" in height. The width of the furnace is 42" at the tuyéres,
at the top of the water-jackets it is 5’-9".
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F1e. 10. Copper blast furnace, 1912. Mond Nickel Co. Vertical longitudinal section {A.C.Co.)
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Tig. 1l. Copper blast furnace, 1912, Mond Nickel Co:

o




72

=—==—"30)
] |4 :
m B [
! L]
= L]
i
n
]
L -
i
]
n
-
i )
1L I
[~ | []
ol | -
[ n
I
=N
U
- il
e g
(]
" .
1 .
IHH - =] B
ﬂ..h_ >l |auarTeER SEC. @@
£ reos
by )
L1 [
..t L
. -n =2
Y b !
o P! o
- [ [
Lo |
[~ “ [
P e
- [
R
. ) F=n R -
ALEEE : by k747
. = S
13 "HoLes
— i By PR . ,
. QUARTER sEcTIoN (BY(E) Ee T

Fig. 12. Copper blast furnace, 1912, Mond Nickel Co.  Horizontal
transverse quarter sections. {A. C. Co.)

Puare XXIL

Peirce-Smith basie copper converter, Coniston plant, Mond Nickel Co.
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‘The throat of the furnace above the water-jackets is built of ordinary
brick and lined with firebrick, forming a jacket 12" in thickness, the top
being 3’-7" below the. charging floor, The space between the charging
floor and the top of the brickwork is bridged by inclined apron plates.

At the ends of the firnace the brickwork is carried to the top ot the
furnace 8 feet above the charging floor. The charge doors along the sides
of the furnace are operated by counter weights. -Other data with respect
to these furnaces are given in Table XV, chapter VIII. See also Figures 10,
11, and 12!

The setflers are about 15 feet in diameter. They are placed beside
the furnaces and discharge matte and slag from opposite sides.

The furnaces are placed parallel to the length of the building and may
be charged from either side.. Space has been provided for three, but only
two are being installed at the present time. )

Converters.—The converters installed in the new plant are of the
Peirce-Smith type of basic converter with shells 10’0’/ in diameter and
25-10"” in length. Two have been mstalled in the building (Figures
13-16, and Plate XXII).

The lining of each shell consists of 16" silica brick and 9" magnesite
brick at the bottom, and 9” magnesite brick at the top. At the tuyéres
gpecial 18" magnesite brick is .employed. i

RKach shell is provided with 30 tuyéres placed 14 on one side of the
stack and 16 on the other, none coming directly below it.

"The blowing stack is 3'-7" in diameter, but the lining reduces the free
space to 2°-9”. It is placed near the median riding track, its centre being
117-2" from the end of the shell opposite the bustle pipe. The: pouring
spous; is placed 7/<7-5” from the same end and about 77° of arc below the
stack.

. The ends of the shell serve as annular tracks upon which it may be
rotated, and a, third riding track placed 7-5" to one side of the middle
of the length of the shell has also been provided. The tracks rest on xollers
carried on cast-iron bearing plates, bolted to a concrete foundation.

The shells are turned by steel ropes, pulled by & sliding gear operated
by an electric motor and a worm screw, with an 8 ft. stroke.

The converter floor is served by two 50 ton Whiting cranes.

WABAGISHIE POWER PLANT.?

The hydro-electric plant belonging to the ‘Company is located at
Wabagishik falls, on the Vermilion river, about 8-5 miles from Vietoria
Mines sta.tion on the Canadian Pacific ra.ilwa.y

r From drawings supplied by the courtesy of the A]]Js-Chalmers Company, Chma.go
? Based won & description by Grant B. Shipley, pubhahed in ‘Industrial Progress,
Mareh, 1910.
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The power house is a concrete block structure, 46’ X 90’. It is
equipped with an overhead travelling crane of sufficient capacity to lift the
heaviest single piece of the turbine unit.

The steel pipe line leading from the dam to the power house is 450 feet
in length, and 8 feet in diameter.

The main turbine is of the horizontal twin type, with a pair of cast-
iron runners secured to the main shaft, all enclosed in a steel housing
arranged so that the water enters parallel to the shaft; and discharges
into a common draft chest. The top part of the housing is made in remov-
able sections to facilifate quick inspection of all internal parts. The
regulating gates consist of two sets of movable guide vanes, operated
between two rings moved by short links and regulating rings that are
cormected to the regulating shafts by rods and levers.

The machine is governed by an hydra,uhc cylinder with piston connected
by rods to the gates and operated by a geared pump and pressure
cylinder. This pressure cylinder is provided with a fly ball governor,
driven by belt from the main shaft, by which oil, under pressure, is
admitted to either end of the oil cylinders, as required.

The turbine is designed to operate with 500 cubic feet of water per
second under & 50 ft. head, when running 300 revolutions per minute at )
“power factor of 80%. It is direct connected to a 1,200 K.W. 60 cycle,
3 phase 2,200 volt, alternatmg current generator, T}:us machine, when
Tunning under load, generates from 800 to 1,300 K.W., the latter being
the peak load when the mine hoist is suddenly thrown into action.

The exciter unit consists of one single horizontal shaft turbine, mounted
in a ¢ast-iron casing, with regulating gate made up of guide vanes pivoted
on pins between two heads, and operated by means of a split regulating
ring on the front head, connected by links to the governor. The generator
is direct connectéd to the shaft, and is a 60 K.W., 120 volt machine. It
i designed to operate on 27 cubic feet of water per second, at 50 ft. head,
when running 875 r.p.m.

The switchboard apparatus at this power plant consists of one panel
for control of the exciter, one panel for eontrol of the generator, and one
line panel provided with 16,500 volt lightning arrester and accessories.

The generator voltage is 2,200. This is stepped up to- 16,5600 volts
for transmission over the power lines. The transformer equipment at the
power house consists of one bank of transformers (three) of 800 K.W.
capacity each. Power is transmitted over a line of No. 6 copper wire.

The smelter sub-station was equipped with three 350 K. W., cil insul-
ated, water cooled transformers, which stepped the power down from
15,000 to 600 volts.

The Victoria mine sub-station is equipped with three 200 X.W. trans-
formers, 15,000 to 600 volts.
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CHAPTER IV.

THE CONSOLIDATED MINING AND SMELTING COMPANY
OF CANADA; LIMITED

INCORPORATION —Organized in 1905 as the Canadian Consolidated Mines, Limited. Name
changed in 1906 to the présent title, Authorized capital, $7.500,000, shares $100 par,
issued $5,805,200. President, :W. D.. Matthews, Toronto; Vice-President, George
Sum.uer, Montreal; General Manager, R. H. Stewart, Trail, B.C.; Assistant General
Mariager, 8. G. Blaylock, Trail, B.C.; Mining Engineer, John M Turnbull, Trail,
R.C.; Superintendent Rossland Mines, M 153 "‘Purcell Rossland, B.C.; Superiniendent
de Smelter, J. . Buchanan, Trail, B.C.; Metalliorgist, M. H. Su]hvan Fiscal year
ends June 30. Annual meeting, Tuesda.y in September.

This corporation carries on the general business of mining, smelting,
and refining gold, silver, copper, and lead ores; it also purchases the ores
of these metals from other producers.

The subjoined article is deseriptive of that portion of the works at
Trail whose principal function is the smelting of ores conta.mmg copper,
and the production of copper matte. In addition to the copper smelting

department, the works at Trail 1nclude a complete lead smelting depart-

ment and & lead refinery. There is also a roasting department whose
chief function at present is to treat lead sulphide ores; ores which contain
gopper ‘and which require roasting, and some copper mattes are occasionally
treated-in some of the roasters as circumstances require. Descriptions
of the lead smelting and lead refining plant have not been included because
they are not german to the subject in hand. The description given is
based on personal visits to the plant and on published articles quoted in
the text. The author is also ‘indebted to the general manager, Mr. R
H. Stewart; to the assistant general manager, Mr. 8. G. Blaylock; to
the superintendent of the smelter, Mr: J. Buchanan, and to the metal-
lurgist, Mr. M. H. Sullivan. The two latter gentlemen were kind enough
{0 revise the first draft of the téxt and to supply many details. Reference
should also be made to an article by Mr. J. M. Turnbull, published in
‘Mines and Minerals,’ September, 1910, pp. 121-125, entitled ‘Trail
Smelter and Lead Refinery,’ and to'an article by Mr. Buchanan, read
before the Western Branch of the Canadian Mining Institute on Séptember
18, 1912, entitled’ ‘Copper Smelting Department of the Trail ° Smelter,’
a, copy. of which, in manuscript form, was kmdly placed at the disposal
of the writer By its author.

COPPER SMELTING PLANT AT TRAIL.

~ Location.—The Trail smelter and refineries are located at:'Trail in
“the West Kootenay district, British Columbia. -~ A branch line of the
Canadian Pacific railway affords rail connexion with the principal mining

Prare XRIVL

Birdseye view of the Trail plant, Consolidated Mining and Smelting Co., Trail, B.C.
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caraps of southern British Columbia, and with the Crowsnest Pass coal
field. The smelter is located on the corner of & river bench in the Colurabia
-River valley, at the mouth of Trail creek. The gide and frontal slopes of
this bench are steep and its top stands about 200 feet above the Columbia
river. The location makes it advantageous to handle ore and slag by
gravity, and comparatively little mechanical elevating is required.

The lead refinery is located on the same bench farther up stream;
beyend this, and overlooking the Celumbia river, are the houses of a number
of the Company’s officials.

The town of Trail is built below the smelter on the flood-plain of
Trail creek beside the Columbia river. _

Historical. — The site was first selected by Mr. F. A, Heinze of the
Montana Ore Purchasing Company, and a small smelting plant to treat
the Le Roi and other Rossland ores was established here in 1896. Rever-
beratory furnaces were first erected, but, these preoving unsatisfactory,
they were replaced by blast furnaces, the total capacity being about 200
tons per day. The plant was purchased by the Canadian Pacific railway
in 1898; it was transferred to the present owners in 1906. Lead furnaces
were Installed in 1899, and the lead refinery, using the Betts patent electro-
lytic process, was erected in 1902. Changes and enlargements have been
almost eontinuous and have resulted in some inherited disadvantages of
arrangement. Some recent changes have been made, resulting in an
increase in efficiency and economy, and the plant as a whole is both modern
and efficient.

The general appearance of the plant is pictured in Plate XXIII. In the
centre foregrotind is seen the Canadian Pacific Railway station at Smelter
Junetion, and the tracks leading to the orebins and yards. The brick build-
ing to theright of this is the assay office. Farther totheright are the several
shops; still farther over on the edge of the bench is the blast furnace building
with the slag dumps lying below the bench. The flue rising from this
building is connected with the lead furnaces. The tall flue behind the shops
belongs to the copper blast furnaces and to the roasting plant. In front
of this flue is the old sample mill, while the roasting furnaces and the
Huutington-Heberlein plant are located in the buildings back of it. To
the right of the sample mill is the blower room followed by the matte plant
adjscent to the end of the blast furnace building. Ore bins and storage
piles of coke lie to the left of the roaster buildings. The lead refinery is
seen. at the extreme left of the plate, and the residences of some of the
principal officials of the Company lie back of this along the edge of the
bench overlooking the Columbia river.

The panoramsa view shown in Plate III, made from a picture by
Carpenter,! in 1906, gives a better view of the site upon which the works

1303 Ha.stiﬁgs St., Vancouver.
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are located. While there have been many changes in the internal arrange-
ments of the plant since the picture was taken, the essential features, so
far as external appesrances are concerned, are still the same; the slag piles
seen on the left of the works and reaching towards the-town of Trail are,
however, very much larger. The lower of the two stacks belongs to the
lead furnaces; the downcombers of the copper furnaces show clearly
behind this stack; the main stack occupies almost the middle of the picture
of the works; the long building in the foreground containg the roasting
department; and coke storage piles are seen to the right of this. The
lead refinery is shown near the right hand edge of the plate.

General Statement of Equipment.—The general equipment of the plant
includes railway yards with 3 miles of sidings, railway scales, ore bunkers,
storage yards with a capacity of 30,000 tons, two sumpling mills, five
large copper blast furnaces, two lead blast furnaces, with seven rotary
blowers, two O’Hara furnaces, two Dwight-Lloyd roasters, seven Hunt-
ington-Heberlein furnaces, and 36 converters, an electrolytic lead refinery,
briquetting plant, assay office, machine, carpenter, and boiler shops,
togather with a large amount of smaller machinery and equipment, includ-
ing an extensive installation of pumps, hydrants,” and hoge for fire
protection. o

. Electric Power.—Electric power is used throughout the works. It is’

recsived from the power plants of the West Kootenay Power and Light
Company at Bonnington Falls. It is transmitted over the same 3-phase
60 cycle, 20,000 volt lines that run to Rossland, being stepped down at
Trail to 550 volts. The Trail sub-station is owned by the Consolidated
Mining and Smelting Corhpany of Canada, Limited. The equipment of
this station consists of two banks (six) of transformers, 150 K.W. each,
16,500/575 volts, oil insulated, natural cooled, manufactured by the
Wagner Electric Company; and one bank (three) of transformers, 1,250
EK.W. each, 16,500_/ 575 volts, oil insulated, water cooled, manufactured
by the Westinghouse Company. All switchboard apparafus, including
lightning arresters, are by the Canadian General Electric Company.

_ The smelter proper has motors installed, having a combined capacity
of 1,800 H.P.; the electrolytic lead refinery requires about 1,100 H.P.
The total horse-power requirements of the plant are thus about 2,900 H.P.

Receiving Ores.— Ore is received in railway cars. These are weighed
over a 100 ton Fairbanks recording scale; thence run over the proper bins
and dumped. Ore is drawn from the bins to the proper sampling mill,
of which there are two. The bulk of the copper and low grade ores is
handled in the large mill; the other mill handles lead and dry ores and
-concentrates.

Sample Mill Equipment, for Copper Ores.—The receiving bins have a
capacity of 1,700 tons; three of them deliver directly to a No. 8 MeCully
gyratory crusher, 150 tons eapacity per hour; the remainder deliver to the

-
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‘same crusher over a 36" pan copveyer driven by a 20 HLP. motor. The
crusher delivers into the boot of a 33" manganese steel link belt bucket
elevator, which lifts the ore to the top of the mill, where it is discharged
over a 76" Vezin sampler which cuts out 109 of the whole. The Teject
passes to the mill bins, and the sample passes through a No. 4 MeCully
crusher which breaks to 4’/ size. A 48" Vezin cuts out 209, which passes
to a 7" X 107 Blake crusher (to 2') discharging into a 9" bucket elevator.
The sample ig again elevated to a 36" Vezin cutting 25%, which passes to
a 14”7 X 30’ rolls (to 1”"), and thence to a second 36" Vezin which sends 109,
to 147 X 24" rolls (to 3'') and thence to the quartering floor. One two-
thousandths of the original sample is thus delivered to the quartering floor
where it is put through a 9 X 20" sample grinder and quartered down by
hand or in Jones riffles; it is then sent to the bucking room. Part of the
final sample goes to the assay office, and part is kept as a check until
gettlement is made for the shipment. All rejeets are deviated to bins,
whence the ore is conveyed by electric haulage to its destination—either to
the charge bins for copper furnaces, or to the beds for roasters, or to the lead
furnaces. It is hauled to its destination in trains by a Jefirey electric trolley
locomotive (Figure 17).

The mill is designed so that all sampling can be done on one shift with
resultant economy, and more efficient supervision. If is now being arranged
to handle lead and dry ores as well as copper and low grade ores.

The number 8 MeCully crusher is driven by a 100 H.P. motor, and
tha balance of the mill by a 50 H.P. motor.

Haulage and Distributing System.—A higb-line trestle, carrying 18"
gauge tracks, runs through the sample mills, and branch trestles from this
line run to the storage yards, lead beds, ete.

The second haulage line is located 20 feet below this. It runs below all
ths sample mill bing and into a tunnel under the coke and storage yards.
The ore and coke are drawn through chutes directly into cars, and run over
the furnace charge bins, which have a capacity of 4,000 tons. These
haulage lines are connected by a pair of balanced elevators.

The third line, 25 feet lower, is on the level of the feed-floor of the
copper blast furnaces. It runs under all the furnace charge bins and has

_branches connecting it with the ground floor of the roasting and briguet

plants. Each copper furnace has a track oh either side on which the
charge trains are run alternately.

Jeffrey electric trolley locomotives are used throughout the works for
haulage purposes. Twelve are in service, seven of which are of 1,000
pounds draw-bar pull, and five 1,600 pounds. Two additional 10 ton
motors have recently been added, chiefly for hauling anode ears from the
lead smelter to the refinery.- ) e
. The charge cars are.of the swivel side dump type, are built of sheet
steel, and have a capacity of 1,000 pounds. - )
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The direct current required for the trolley lines is generated by two
motor-driven, 100 K.W. generators. The current is supplied at 550 volts.
An auxiliary or reserve set of 85 K.W. is also installed to prevent the serious
complicatioris which would follow a break in the haulage service.
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Me. Cully crusher, No.8
Bucke?t elevator 337

quin sampler, ?"6"”
(cur 187%)

seject i ’ Sample
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(Cur 20%)
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4 3y
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Rolls, 14 "% 24"
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Tig.17. Sample mill flow shest, Consolidated Minins and Smelling
Co., Trail, B.C _
A railway spur, on & trestle 12 feet above the high line, delivers coke to
the storage yard. Usually about 6,000 tons of coke are kept on hand fo
provide against contingencies at the coal mines. This trestle extends
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over the bins which deliver ore from their chutes directly into the mouth of
the large sample mill erusher. .

Buildings.—All furnaces and machinery are housed in steel frame,
galvanized iron sheeted structures. The blast furnace building is 225 feet
in length, 70 feet in width, and 70 feet in height. The shops and the assay
office are of stone and brick; the office building is of wooden construction.
The trestle work and all bins are of wood.

Flue System and Stacks—An extensive system of brick and metal flues
is installed connecting with two brick stacks, one for the copper and one
for the lead furnaces. The copper furnace stack is 185 feet in height, and
hag an internal area of 144 square feet.

Shops.—The property is provided with machine, boiler, blacksmith,
and carpenter shops, all sufficiently equipped to handle all ordinary repair
and construction work connected with thé works. _

~ Ores, Coke, and Fluzes—The ore supply for this plantis drawn from
the East and West Kootenay and the Boundary districts of British Colum-
bia, with some siliceous gold ores from. the State of Washington.

Rossland camp, 11 miles distant by rail, supplies about 4,000 tons of
ore per week, averaging about 1% copper, $9-$12 per ton in gold,
with 459 silica and 7-8% sulphur chiefly in the form of pyrrhotite. Most
of this ore comes from the Centre Star-LeRoi group of mines in Rossland.
At present only = small quantity of ore is received from the Boundary
district. * Formerly (1910) from 2,000-4,000 touns per week of self fluxing
ore, running about 1-3% copper and $1.50 in gold and silver, were obtained
from the Snowshoe mine near Phoenix, which this Company was operating
under lease. Under favourable conditions of the copper market it is probable
that the Company will mine and ship ore from its own properties—the
Phoenix-Amalgamated group—in this camp, according to the demands of
tha smelter. The haulage distance is 110 miles.

. The largest and steadiest supply of lead ore comes from the Bullivan
mine in East Kootenay, controlled by the Consolidated Company. Ore
comes from the Standard and Monarch mines and some ore is still
obtained from the St. Eugene.

The balance of the ores received at the smelter comes from a large and
variable number of smaller shippers and includes high and low grade copper
ores, galena ores and concentrates, gold quartz ores, and gold mill concen-
trates, with some dry silver and gold ores. ' '

Coke comes from the Hosmer Mines, Limited, near Fernie, B.C., a
distance of 249 miles. The plants require about 225 tons per day.

Limestone for fluxing purposes is obtained from the Company’s quarry
at Fife, 68 miles by rail from Trail. About 225 tons per day are required
and the costs are $1 per ton. In addition to being used for flux, a small
quantity is burned and used as a briquet binder. No other barren. flux
is used except a small quantity of serap iron as occasion may require.
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Assay Office—The building? is of stone and bricls,— 68’10 X 35'-10",
the main floor being occupied by a furnace room, 30 ><’21' ; t‘:'vo 'ba,la.r_me
rooms 12 X 15’; parting room 12’ % 9; laboratory 15’ x 24’; bucking
room 207 X 21'; office 10" X 12/, and & small store room. The basemnent
is used as a store, and here is also placed a 5 ELP. induction motor -for
driving the mills, ete., in the bucking room, and 2 generator supplying

electrolytic work. _

0‘11'1'8’;1];: Ofll‘lrx};ce rgom, which is the main department, o.ccuples- a space
adjacent to, and near the centre of the south wall, and is co.vered. bly a
gable roof to give extra height, set at right 'a_ngles to the main ‘f)ulldmg.
This gable is extended 15 feet beyond the main wall of the building, pro-
viding a space 15 by 30 feet, for the stoking room. - The furnfa,ce room 18
walled in with brick, plastered, open to the roof and w.e]l ventilated, light
being obtained through windows set in. the walls and in the roof.

The muffie furnaces, four in pumber, are geb behind the south wall
of the room, the front of the furnaces being flush with the wall. The
furnaces are built for the combustion of long flame coal, and tht_e mufiles
used measure 24”7 X 15”7 X 7 17 and are capable of accommodating forty

. crucibles. -
. g%h: draught is supplied by & stack 5 feet square at the base, qnd 4.=0 feet
high, to which are also connected the various hoods_t.hroqghout th.e building.

Tn front of the furnaces a copcrete floor is laid, half the W"ld-.'bh of the
room, and running its entire length, and on’this Irt?sts the pou'rlng” ta‘n?li,
the top of which consists of an iron plate, 127 X 2 in area, a_md is 1 thick.
Under this are placed the buckets for used qruclblefa, sconﬁ_ers, ete. f

Running parallel to the pouring table, with an 1ntt‘3rvexl1};ag space ©
4 feet, is & work beneh 14" X 5'. This is covered with & sheet lzes.d,
and a space in the centre 2’ X 10’ is occupied by the flux bins, provided
with well fitting lids, to prevent salting from dust. '

At one end of the room, the slagging, or breaking down t?.ble is pl_a,ced,
in the centre of which is & trough, which - communicates with a guitable
bin by mesans of a chute, for the removal of waste. At the other end are
cupboards, for the gtoring of crucibles, etc... . -

The stoking room behind the furnaces is also open to-the roof an
ventilated, the brick foor being covered by ' sheel iron plates. :’I‘l_le co?.l
bins are placed outside, and are accessible by means of three .openings 0
the stoke room wall, on the floor level. N

With. the exception of the four walls of the furnace room, the parbitions
throughout the entire ‘building are of glass, giving & Txaximun amount
of light. . ‘

The furnace room communicates with the two balande roOIDS, the
parting room on the morth side, and the bucking room on the east, by

: 1]—)eseriptidn ‘supplied by J. ‘Buchanan to 1907 Edif.ion Mining and Metallurgical
Industries of Canads. ..o o.. 00 o - S
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means of glass panelled doors; and access is gained to a small store room,
for beakers, chemicals, etc., through & door on the west side.

The tables in the balince rooms are set on conerete plers, free from
walls and floor, and are topped with plate glass, backed with black paint.
There are four balances, a Keller and an Ainsworth for gold, another Ains-
worth for silver assays, and a Becker for analytical work. In this room is
placed the clectrolytic plating cabinet, the bus bars, and all counexions—
whish are of aluminiur—-the current for deposition being supplied by a group
of storage batteries, which are in turn charged by the generator in the
basement.

The office adjoins this room on the east, and is equipped with a writing
table, degk, chairs, and a bookease containing a valuable reference library.

The other balance room contains three analytical balances, and is
provided with a large cabinet, the bottom half being fitted with drawers,
etc., for storing the pulp samples of the different mine shipments. These
samples have to be kept six months before going to the waste bins. The
top bhalf is fitted with a glads front, and is used as a eupboard for glass
apparatus of various descriptions. _

Adjoining this room is the laboratory, which though a little too gmall,
- for the amount of work accomplished, is thoroughly equipped for all kinds
of wet determinations; besides complete apparatus for gas and coal analysis.
The work bench runs around three sides of the room, and is covered with
31" sheet lead, the hood occupying the major part of the other gide. The
centre of the room is occupied by & beaker stand and two sinks.

The hood is of brick, with concrete hearth and glass front, and is
cormected with the furnace stack, which provides a first rate draught
and keeps the room very free from fumes of all kinds. It is divided into
two compartments, one being used exclusively for sulphuretted hydrogen,
the heat being supplied by four electric plates (three heat) in each depart-
ment. These plates are connected to the 110 volt cireuit. '

In the winter the distilled water used is condensed from the steam
used for heating the building; an electric still serving the purpose in the
summer. This water is stored in tanks sbove the work tables, heated
by an electric coil, and conveyed to the benches by means of small rubber
hose, fitted on the end with a small nozzle and pincheock, serving the
purpose of the old time wash bottle. A seres of filter pumps are installed
for the rapid filtration of gelatinous silica, ete.

The more staple of the standard solutions used in volumetric work: are
stored upstsirs in carboys, and conducted by mesans of glass tubing and
three-way cocks to burettes on the titrating table.  This room is well

llighted by eight windows 6 and .7 feet in height by 2-5 feet in width.

The parting room is situated between the two balarce rooms, and is
provided with electric heating plates, enclosed in a suitable hood for carrying
off the fumes. The storage batteries are also placed in a cupboard in this
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room, together with a sink and glass topped table, on which the acid bottles
are kept.

Not the Jeast importsnt of the different departments is the bucking
room, where all the various samples of ore are prepared for the chemist
and assayer. The equipment includes a combined jaws and rolls, two
grinding mills, a set of rolls, and one Braun’s dise pulverizer, which reduces
the actual buckmg to a minimum. These are all driven by the 5 H. P.
motor loeated in the -basement.

The room is also fitted with two sheet iron drying-ovens, heated by
electric radiators, and in the centre are placed four bucking tables.

Being connected with a ‘smelter ha.ndlmg both lead and copper ores,
and producing refined lead, s11ver gold, and antimony, the variety of the
work ig manifestly large, a,nd is ha.ndled by a staff of five chemists and two
sample buckers. ‘

Copper Blast Furnidces.—The plant is equipped with five copper blast
furnaces of the following sizes and capacities:—

No. L. Tuyére dimensions, 210” X 42”, 350 tons daily.

No.2.  « t 420" % 427, 00«
No. 3. ¢ ¢ 3607 x 42", 650 “
No. 4. I I3 420" % 50" 875 <
No. &. a “ 264" X 42”,-460 ¢

These furnaces are of the modern American sectional water-jacketed

type—the jackets extending from the bottom plate to the feed floor. The.

principal features of their construction are given in the table of furnace
data, No. XV, Chapter VIII, p. 146.!

These furnaces are provided with wrought iron, water-cooled, trap
spouts. The nose of each spout is further protected by a water-cooled
copper pipe which runs around its edge. These copper nozzles are made of
copper plate " and § ’ thick respectively, on the lower and upper sides.

" Two Water-]acketed forehearths are used for each furnace, the second
catchmg only from 0-25 to 0-50 per cent of the matte.

"When in operation each furnace requires. a motorman, a feeder, and a
loader on the feed floor; on the settler floor a furnace man and a pot puller
are required, while a thlrd man attends to the spouts on two furhaces. "

At the present time furnace Numper 1 is used for the pyritic smelting
of matte. TFurnaces Numbers 1 and 5 are provided with two heavy rails
which run down the middle of the furnace on the charge floor level.
Bottom dumping charge cars can be run into the furnace to. dump
into the centre; the feed of these two furnaces is thus either from either side
or from the centre as the operator chooses.

1Number 1 furnace was altered in February, 1912, to 120" X 42", to be used for
making high grade mafte; it wis later extended to its present length of 210" Number

4 furnace is being extended from -300"' to 4207, and widened to 50”. Other changes
are also. in progress.
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2

P

e

L,

f{,;{_

/ s




87

Number 2 furnace, which has been extended to 35 feet in length and
rebuilt, is also provided with a car track down the middle. This track is
protecied by two 5 water pipes which run beneath the rails for their
entire length, and is supported by four water pipes, 4" in diameter, which
run across the furnace.! The hood is a brick arch. The feed is by bottom
dump cars which are run down the eentre. Eventually it is intended to
place side rails in the furnace similar to those used in the Granby plant,
and to provide the cars with small side wheels from which they will be
suspended while in the furnace. Number 4 furnace is being rebuilt. It
will be similar to Number 2, but the jackets will only be half the width
of those in the other furnaces.

-Roasting Plant.—The roasting department contains the following
equipment: two Allen-O’Hara roasters used for roasting Sullivan ore,
formerly used also for roasting low grade mattes; two Dmght—Lloyd
roasters used on lead .ores, and for sintering copper concentrates ; thirty-six
circular Huntington-Heberlein roasting furnaces used on lead ores; thirty-
gix lead converters, used on lead sulphides.

Allen-O'Hara Roasters.—There are two furnaces of this type in opera-
tion at the works. The dimensions of the hearths are respectively 9" X 95
and 12 X 97’

The Allen-O’Hara roasting furnace consists of two hearths, built one
above the other, over which rabbles are drawn by a pair of endless chains.
The chains run, one on either side of the hearth proper, in a longitudinal
channel provided for this purpose and do not come in actual contact with
the roasting ore. Af fixed points on the chains are fastened rabble bars
which stretch across the hearth between the chains, there being six such
bars to each hearth. The rabble blades are shaped somewhat like small
ploughshares, and are set on the rabble bars, the vanes on each half of any
given bar being turned in opposite directions to equalize the tendency of
the ploughs to work towards the sides of the hearth.

The rabble chaing are carried on sprocket wheels located in pairs at
opposite ends of the furnace, one set of wheels acting as the drivers. The
weight of the rabble bars and ploughs is carried on small carriages which
run. on rails laid in the longitudinal channels before-mentioned as lying
begide the hearths for their entire length. To allow the rabbles to pass
from cne hearth to the other, the latier are closed at their ends by hinged
doors of sheet iron, go arranged that they operate automatically, opening
when a rabble is leaving or entering a hearth, and closing affer it has
passed. The chain is supported at mid-intervals between the rabble
carriages, by small auxiliary carriages which also run on the rails. The
guide rails on which the carriages run are carried some distance beyond the
end of the furnace to permit the chains and rabbles to partially cool off each

1A new type of water-cooled rail, made in the. works by shaping a 6% water pipe
under the steam hammer, is being tried in this furnace {(September).
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time after passing thrcugh the hearths. Each rabble bar completes a
révolution in about 3-75 minutes,

" The ploughs on adjacent bars are so arranged that the ore on the hearths
is alternately turned towards the centre and towards the sides, and at the
same time it is moved along the liearth a short distance in the direction in
which the rabbles are fravelling. Ore is fed to the upper hearth from i
above; through hoppers, it advances along this hearth to its distant end
where it drops through an opening and is then moved along the lower
hearth in the opposite direction to the discharge point.

Fallets

Wind
b

i 2]

Saction through machine.

Pallets — [

K

Along the sides of the furnace are built six fire boxes, 2 4+ 1 for the £ =
upper hearth, and 1 4+ 2 for the lower hearth. The fuel used in these fire 'gg H
boxes i3 coal. oL g

to fan °

Air is admitted to the hearths through dampers in special doors pro-

4

Suction pip

vided for this purpose along the sides of the furnace. 5
Dwight-Lloyd Roasters.—Two Dwight-Lloyd blast-roasting machines £ i
of the straight line type are installed for roasting certain lead ores. They § = B
have also been used for sintering flue dust and for treating copper matte E =
and while not at present used for either of these purposes, it has been s !

thought advisable to include a deseription of the installation.?

The Dwight-Lloyd sintering machine of the straight line type (Figure
18) consists of “a structural ‘steel frame supporting a feeding hopper, an f
igniting-furnace, a suction-box;, and a pair of endless track eircuits to
accommodate a frain of small truck-like elements called pallets, which in i
combination, form practically an endless conveyer, with the continuity
broken at one place in the circuit. Each pallet is provided with four wheels
which engage with the tracks or guides at all parts of the cireuit, except
when the pallet slides on its planed bottom over the planed top of the
guction-box, thus making an air-tight joint. A pair of cast-steel sprocket-
wheels, turning inside of concentric guide-rails, lift the train of pallets from
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the lower to the upper track by engaging their teeth with the roller-wheels, E'E
and laupch each pallet in a horizontal path under the feed-hopper and %
1gmt1ng—fuma,ce and over the suction-box. In a train of pallets in action '13 %
all the joints are kept closed and air-tight by the pallets being pushed from TR

behind. At the beginning and: the end of the track formed by the planed
‘top of the suction-box, there is a planed ‘dead-plate’ over which the pallets
must glide; it serves to prevent any leakage of air. After a pallet passes
over the suction-box and terminal dead plate, its wheels engage the ends of b "
the circular discharge-guides. These are adjusted with the view of raising

, Pallets

' Bee ‘Recent Progress in Blast-Roasting, H. O. Hofman, Trans. A.I.M. E., Vol
XLI, pp. 755=-763 (1910).

‘The Sintering of Fine Iron-Bearing Materials, James Gayley, Bull. A IM.E.
No. 56, Aug., 1911, pp- 631-641.

The description given here is la:r'gely adapted from Prof. Hofmen’s article mentloned E—

7N

above, 4 5_

Fig. 18. Straightline Dwight-Lloyd blast roasting machine (after Hofman.)

Note.—The machines at Trail are provided with'gas burners instead of _t]ﬁg ignition {urnace, and ouve machine has an additional hopper behind the one

Side elevation.

ghown in the diagram.
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the pallet about 0-5" vertically and thus automatically prying up the cake
of sinter and freeing it from the grate-slots, A “breaking-roller” prevents
the prying. action from extending too far back, and tends to form a line of
fracture., ~This roller, however, is not essential in all cases. On reaching
the curve of the guides the pallets cne by one drop into the guides, each
strikes the pallet which has preceded it and, at the same time, discharges
its load of sinter-cake, and shakes free the slots of the grates, The force of
the blow can be regulated by the gap left in the train of pallets at-this point.

The weight of the train keeps the pallets fed down to the lower teeth of the.

sprocket-wheels.

The igniter used with the Trail machines uses gasoline for fuel and it
is placed 2" above the bed of ore fo be roasted.! The original igniter was
a small coal-burning furnace built of files, having a grate area of 10" X
42", and burning about 650 pounds of cosal in 24 hours. The flame, after
passing over the fire-bridge, was deflected downward upon the ore by a
brick curtain whick could be raised and lowered, and was then drawn
upward by the natural draft of a small stack or bleeder. The feed of this
coal burner gave a good deal of trouble because of the down draft due to
the suction fan, and the back feed. For this reason gasoline has been
substituted with more satisfactory results. At present on Sullivan. lead
ore, about one gallon of gasoline is required per ton of ore roasted.

Each of the machines at Trail is supplied with two suetion boxes on top,
each 11 feet in length and 42" in width, which gives for the grates, an
effective hearth area of 77 square feet; this is the true measure of the
capacity of the machines.

The pallets measure 42" in width and 24" in length.

The power delivered te the machine has its speed-factor reduced by
passing through & train of gear-wheels, the last of which engages the
internal gear-teeth cast in the large sprocket-wheels, and actuates the train
of pallets. The drive ig by two cone pulleys by means of which the speed
may be varied to suit the mixture being roasted.

. The complete cycle of operations is as follows:—

A pallet being pushed onward tangentially from the top of the
sprocket-wheels, passes under the feed-hopper, where it takes its load in
the form of a continuous even layer of charge, say 4" thick, passes next
under the ignition-furnace, where the top surface is kindled, and at the
same tima comes within the influence of the downward-moving currents
of air, induced by the suction-draft; these carry the gintering action
progressively downward until it reaches the grates. The roast-sintering
operation is complete, the cake is discharged by dropping into the
discharge-guides, the pallet crowds its way back to the sprocket-wheels,
is slowly raised to the upper tracks, and begins & new ecycle.

A burner using producer gas has since been substituted, and is opera.tii]g satisfactorily.
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The suction blowers employed for the Trail machines are Siroceo blowers,
Number 110, built by the American Blower Company, driven by. a 50
H.P.-Canadian General Electrie motor, running at 850 r.p.m. A 20 H.P..
motor is required to drive each machine, including the elevator, feed belts,
conveysr belts; mixer, and gasoline pump.

The furnaces as installed at Trail have proved to be poor roasters and
of low capacity. To obtain good results. the maximum size of particle
should be about /. Changes in the method of firing have already been
introdveced with increased efficiency. At the time of the writer's last
vigit to the plant, an additional feed hopper was being placed back of the
old" hopper, so that this machine would kave two.! The rear hopper was
to be used for feeding coarser ore low in sulphur, to a thickness of -about
half an inch, in an attempt to keep the grates clean, trouble having been
experienced with their clogging. A new type of grate, with movable
interlocking -bars; has also been -designed. These bars are intended to
overcome the clogging of the grates, as experienced in the old herringhone
type of pallet grate, on the original machines.

The machines at Trail are classed as Type E, 42" X 264", Therate of
travel of the pallets can be varied; with the Sullivan ores it was 2 feet in 5
minutes., The largest size of particle permissible for good work has been
found to be "’; the tonnage obtained with each machine was only 45, while
between 75 and 100 is said to be the rating for machines of this type.
The sintered material contained 5% of sulphur against 239, in the unroasted
ore. One gallon of gasoline was reguired for each ton of ore roasted.
About 18 H.P. was required to drive the machine and 50 H.P. to operate
the suction fan; two men per shift attended each. machine.

Biower Plant—The blower plant consists of eight rotary blowers

.operated by individual motors. The three older are Connersgville blowers,

while all the athers are of the Root type. The largest blower delivers
83,000 cubic, feet of free air per minute at a pressure of 36 ounces ‘and
consuraes 350 H.P.; a new Root blower, size No. 10, recently installed,
delivers 200 cubic feet of free air per minute running at 570 r.p.m. and
requirés two 150 HL.P. motors to operate. The total power required for
the blower plant is 1,500 horse-power. ~ All blowers deliver to a common
receiver for distribution to the blast furnaces (including the lead furnaces).
Usually only the four larger blowers are in use.

The air at the blast furnaces is used at a pressure of 32-34 ounces.

Matte Plant.—The matte crushing plant is located next the blast
furnace building at the north end. It is provided with a 10" X 21" Blake
jew crusher and a pan conveyer that discharges into three upright steel
storags bins. '

This hopper is now in place, but at present: (Septembef) is not being, used.
35783—10%
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Briguetting Plant.—The flue dust is collected in a brick lue 10° X 20’ in
section, and 750 feet in length and delivered to & pugmill where it is mixed
with 5% burned lime as a binder,. The mixture is then briquetted in a
Chisholm Boyd and White disec briquetting: machine, the briquets being
collected in & car and sent to a furnace bin and thence recharged into the
low grade furnaces.

Smelting Praclice. —The present practice is to smelt the raw gold-
copper ores to a low grade first matte, which carries a variable amount of
copper—about 109,

Rossland orés, which form the bulk of the supply, are charged directly.
They require about 30%, of good limestone as flux, and about 169, of Crows-
nest coke per ton of ore charged. The ore column in these furnaces is
maintained at 8 feet' above the tuyéres.

In the low grade furnaces the charge is varied according to the ore,
giving a slag of the following proximate analysis: silica (8i0,) 40—459%;

ferrous oxide (FeQ) 14-18%; calcium oxide (Ca0) 18-22-0%; magnesium

oxide (MgQ) 1.5-30%; aluminium oxide (A1:0s) 14-0-16-5%; sulphur
s trace; copper 0-15%, with trifling amounts of gold and silver. "The
slag is granulated and sluiced to the dump, an ample supply of water for
this purpose, under a 140 ft. head, being obtained from several mountain
creeks, . '

The first matte, running about 109, copper, 27%, sulphur, and 50%,
iron, is cooled and crushed and is subsequently treated in Number 1
furnace by pyritic smelting methods. The former practice was to granulate
the matte and then to roast it in the O’Hara furnaces and subsequently
in lead converters to about 1-3%, sulphur. This roasted matte was then
smelted in the high-grade furnace with a self-fluxing ore and an ore low
in sulphur, producing & matte running about 429, copper.

The present method of treating. high grade matte was adopted after
considerable. experimentation, the furnace used for the purpose, No. 1,
having been modified first by reducing its size to one-half, and later by
removing the ends of the hood and providing heavy rails along the middle
of the furnace, whereby it can be charged along the centre with bottom
dump cars. This method of charging appears to be necessary to prevent
the rather fine siliceous ore used from erusting along the sides of the furnace.

In operating this furnace, two charge cars are used and the charge,
which is divided equally between the two, consists of 4,200 pounds of matte,
2,000 pounds of siliceous ore, 13-5%, limestone. TFour per cent of coke
is also fed to the furnace by shovelling. The charge, other than the coke,
is weighed into the cars, matte first, then ore with the limestone on top.
If the furnace showa signs of crusting, the matte is weighed on top of the
ore for a time, thereby throwing more matte along the sides, which invari-
ably has the desired effeet of cutting out the crust.

Prare XKV,

Stock piles, Consolidated Mining and Bmelting Co., Trail, B.C.
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The matte is concentrated twice in this furnace, the first product
running from 15%-209, copper, equivalent to a concentration of 2.5
to 3 into 1. This matte is returned to the furnace and smelted with enough
low grade matfe to produce a 409429, copper matte in the second
concentration. :

The high grade matte is tapped into 1.5 ton Kilker matte cars, cooled
and hauled by electric trolley locomotive to the crushing plant. The pans
of the matte car dump directly into a 10" X 21" Blake crusher which delivers
to a pan conveyer that discharges info three steel bins. From these bins
the matte is drawn into ‘V’ shaped ears, running on o 36" gauge track,
and hauled to the charge bins or shipped to Tacoma according to grade.

The high grade slag from the pyritic furnace Tuns sbout 38- -4207,
siliea {8i0.); '40-449, ferrous iron (FeO); 10-13%, calcium oxide (Ca0);-
and 3-49, aluminium trioxide (A1:0s), with 0-35% copper and 0-04 ounce
of gold. This slag is added to each charge of the lead blast furnaces to keep
the charge open, and a portion of the gold is recovered in the lead refinery.

Fire Protection.—W ater for fire protectldn purposes is.carried a distance
of 12 miles through a 20" wooden stave pipe from Stony, Rock, and Murphy
creeks. An auxiliary supply of water, which is impure and hence to be
used only in cases of emergency, can be obtained from Trail creek through
a flume three-fourths of a mile in length. Both these lines lead to 2
reservoir 24’ X 18’ X 10’. From the reservoir two steel - maing respec-
tively 22" and 16" in diameter, are laid to the smelter; an 8 pipe
line is laid throughout the plang, and & branch line runs to the refinery.
The natural pressure is about 40 pounds per square inch, but a cenfrifugal
pump driven by a 150 H.P. motar, direct connected, in connexion with the
main system, is kept always ready for emergencies. This pump is capable
of giving a pressure of 140 pounds and can supply five lines of 24’ hose at this
pressure. A similar pump is installed at the refinery. A three stage
McDougall turbine pump has also been installed on an incline platform,
which can be kept at the level of the Columbia river. This pump i driven
by an Allis-Chalmers Bullock 300 H.P. motor, 1 , 130 r.p.m., taking current
at 550 velts. The system includes 20 hydrants, 15 alarm boxes, with bells-
and secondary circuit in series, with relays; 8 bells are placed at prominent
places and are tested every morning, The alarm system on the main circuit
is run by 24 gravity batteries. A fire alarm sets the fire pumps in action
automatically. ‘ ’

Labeur Conditions.—About 550 men are .employed in the smelter and
refinery, and in the shops and yards. Data are not available to the writer
as to the number employed only on the copper smelting portion of the
business. Eight hour shifts are worked by the furnace crews, smelter
yardmen; roasters, and refinery employees. Nine hour shifts are worked by
the mechanies and labourers,
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Markets.~—High grade copper mafte is sent to the smelter at Tacoma,
Washington, to be refined. Fine silver is sold to the Canadian and United
States mints and fine gold is sold to the United States Assay Office at
Seattle. Much of the fine silver is shipped to the Orient. Lead is largely
sold in Canada.
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CHAPTER V.

THE GRANBY CONSOLIDATED MINING, SMELTING, AND
POWER COMPANY, LIMITED.

INCORPORATION.—IHGOI‘pOI:ated March 29,1901, by special Act of the Parliament of British
"Clolumbia. Authorized eapital, 1,500,000 shares of $10, changed in 1906, to 150,000
of 3100 each. Issued - 149,985-15 ~shares =$14,998,515. President, William H.
Nichols, New York; Vice-President and General Manager, Jay P. Graves, Spokane,
Washington; Assistant General Manager, T. M. Sylvester, Spokane, Washington ;
Treasurer, George W. Wooster, Grand Forks, B.C.; Secretary, Northrup Fowler, 52
Broadway, New York; Mines Superintendent, O. B. Smith, Jr., Phoenix, B.C.;
Smelier Superintendent, Wakely A. Williams, Grand Forks, B.C.; Assiglant Mine
Superiniendent, C. M. Campbell, Phoenix, B.C.; Assistant Mine Superintendent af
Hidden Creek, H, J. C. Macdonald. Head Office, Grand Forks, B.C.; Branch Office,
783-52 Broadway, New York; Mine Office, Phoenix, B.C. Fiscal year closes June
30; annual meeting, first Tuesday in October.

The Granby Consolidated own 1,100 acres of mineral lands in the
Phoenix camp of the Yale mining division, and 61 acres of land, containing
» limestone quarry niear Grand Forks, all being in British Columbia. Their
property ownerghip includes one hundred town lots in. Phoenix and Grand
Forks. They also own a large smelter site about a mile from Grand Forks.
Ths ownership of all the capital stock of the Hidden Creek Mining Company
gives the Granby Company virtual ownership of considerable areas of
mineral lands, a smelter site, and the townsite of Anyox ab Granby bay,
on Observatory inlet, about 310 miles from Prince Rupert. They also
own about 5,000 shares of Crow’s Nest Pass Coal Company’s stock.

The following description relates chiefly fo ‘the smelting plant at
Grand Forks. Plans for a new smelter of 2,000 tons daily capacity, to
be erected at Anyox, the new townsite on Granby bay, Observatory inlet,
are completed and the plant is in course of erection. It is expected that
the works will be in a condition.to operate in November or December of
this year (1918). Through the courtesy of the Traylor Engineering and
Manufacturing Company, it has been possible to include a brief description
of the new furnaces and converters that are being built for the Anyox
plent. The mining properties and mining methods are to be described
in the separate report on the copper mining industry of Canada.

GRANBY SMELTER, GRAND FORKS, BRITISH COLUMBIA.!

Location. — This smeltery is located about three-fourths of a mile
from the town of Grand Forks, Grand Forks mining division, British'

1'Ceneral Report on the Smelter of the Granby Consolidated Mining, Smelting and
Power Company, Limited, August 1, 1910, by W. A. Willisms, published in the Annual
Report of this corporation for the year ending June 30, 1910. {(See foolnote next page.}



96 S ———— arimal — e

Colimbia. Tt is situated in the valley of the North Fork of the Kettle river

on a bench standing about 100 feet above the river level. This location . '
is about 24 miles from the mines at Phoenix, the chief sourcs of th3 ore , _ - .

supply, and about 3,000 feet below it. The works are gerved by both the
Canadisn Pacific and Great Northern railways. )

Historical.—The plant was built primarily to reduce the ores froo
the Company’s own mines at Phoenix. . The original plant, consisting
of two furnaces, 44" X 160" at the tuydres, with water power and dam
was built in the years 1899 and 1900 and blown in August 21, 1900. These
furnaces were hand charged from a car extending their whole length and
feeding from the side. The capacity was 700 tons pér day. The slag was . L e
granulated, and the matte containing 509,—60%, copper was shipped to the . e
refineries of the Nichols Chemical Company near New York., 'The operation : e

of this plant was so successful that plans for two similar furnaces and a ‘ i e
converter plant were prepared. These furnaces, Numbers 3 and 4, and 0:"! Haerse e

three converter stands, 72" X 100", were installed and in operation in 1902. 1 _ A o

At this time additional power was obtained under contraet from the Cascade T e

Power Company, operating on the main branch of ‘the Kettle river, 10
miles below Cascade, B.C. Blister copper 999 pure was consigned to
New York; converter slag was returned to the blast fuma;cgsl PR
~ In the year 1904 furnaces Numbers 5 and 6, similar to the others, were e SR
added. At this time the system of end charging, designed by Mr- A. W. S
Hodges, the then local manager, was introduced, changing from hand s
feed to mechanical feed. '
In 1905 furnaces Numbers 7 and 8, 48" X 213" at the tuydres, were
-erected. These furnaces were designed to make a higher grade- matte
than was ordinerily obtained in the earlier furnaces. The bosh was
increased -and carried directly to the bottom of the furnace, the width at the
tuyéres was increased and the tuydres of the new furnaces were' 3-5" in .
diameéter, set at 8-%%' centres, instead of 5" tuyéres set at 17.75"
centrés, as on the old furnaces. By the enld of 1906 all the furnaces were
enlarged to-this size. . At this time the capacity of the plant was 3,000-
3,500 tons of Granby ore per day. Additional power was obtained from
the Bonnington Falls power plant. In this year the Great Northern rail-

way was built info both mines and smelter. No further enlargements SeadeotFeet e
took place until 1909. O A s S —t—

‘Recent Developments at thé Granby Smelter,’ by Frank E. Lathe, Journal of the
Capadian Mining Institute, Vol. XIII, 1910, pp. 273-287. '

‘Handling Three Thousand Tons of Ore per day at the Granby Mines and Smelter,
Phoenix and Grand Forks, B.C." by A. B. W. Hodges, Journal of the Canadian Mining
Institute, Vol. XI, 1908, pp. 407—414. ) ’

. The author is indebted to Mr. George 'W. Wooster for personsal assistance in rbvising
the manuscript of this report, and to Messrs. W. A. Williams, W. B. Bishop, and Frank
E. Lathe for many courtesies during his visits to’ the works at Grand Forks.
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Puates XXVI

Birdeeye view of the Granby smelter, Granby Mining snd Bmelting Co., Grand Forks, B.C.
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In 1909 5'x of the furnaces were enlarged to 260", and Numbers 7 and 8
to 266-5' in length, and were all made 4 feet deeper, increasing the ore
eolunm from 9 feet to 13 feet. Two of the old converter stands were- also
taker. out and three 84" X 126" electrically operated converters installed in
their place. These new furnaces have & capacity of 4,000-4,500 tons of
Granby ore per day with cleaner slag and less fuel. The actual tonnage
treated averages less than 4,000 tons per day. The converter capacity is
100,000 pounds of copper per day.

During the period of expansion of the blast furnace and converter
departments of the work, the other departments tributary to these were
correspondingly enlarged by the addition of new equipment. The storage
bin capacity was increased from 1,000 tons in 1900 to 9,000 tons of ore
and 7,000 tons of coke in 1907; new rotary blowers and blowing engines
were added; a new steel flue dust chamber with mechanical dust econveyer
in part replaced the old brick ‘chamber; the slag dump had become so
large that it became necessary to substitute a haulage system; the early
wooden buildings were replaced by steel, or gteel and brick structures;
additional power was procured from the Bonnington Falls plants.

A general view of the works, as they appeared in 1912, is shown in
Plate XXVI. The slag dumps are promirent in the foreground. - On-
the left of the picture is seen the stack erected in 1905, and in front of this
the newly-erected slag distributing plant. This latter has been somewhat
modified since the picture was taken, and another inelined unit has been
built leading towards the right. A little $o the left of the centre of the
picture the downcombers of the cight blast furnaces are readily distin-
guishable. The panorama view (Plate IV) taken in 1906 gives a better
ides of the general appearancé of the works from the exterior. On the
left 'of the centre the tops of the stacks of the furnaces are visible above
the ridge of the furnace building; the building to the right of this isthe
converter building; several of the shops are seen to the left in front of the
bass of the 1905 stack. The appearance of the immediate foreground
has changed considerably gince the picture was taken, the slag dumps.
having become larger, and the new distributer being erected upon the old
glag piles. On the right of the picture a portion of the transformer house
is visible towards the rear, and in front of this, facing the eamera, is the
assay office.

The general layout of the works is shown in plan in Figure 19.

General Statemeni of Equipment.—The plant, as it now stands, consists
of 8 blast furnaces, six 48" X 260", and two 44" X 266 -5 and a-converter
equipment of three electrically operated converter stands, g4 X 126"
with 10 shells. The blower department is fully equipped to supply both
blast furnzees and converters. Ample storage capacity for ore and coke

1 Carpenter, Vancouver.
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is provided; an efficient haulage system snd o new plant for distributing
and disposing the slag have been installed. The works are served by shops
fully provided with tools for making all necesgary repairs and for executing
designs of new equipment.  There is a small power plant, a pumping and

fire- protection system, a sample mill, and an asday laboratory. The plant

a8 a whole is capable of handling 4,000-4,500 tons of Granby ore per
day, and of producing 50 tons of copper. It is well laid out, is easily
operated, and on the whole is provided with good machinery and good
buildings,

Power.—The power used in operating the works is wholly electric:
The Company’s own power plant on the North Fork of the Kettle river is

capable of generating about 400 H.P., the balance of the power needed is’

obtained from the lines of the West Kootenay Power and Light Company.
The Company’s power dam is loeated about 2 mile above the smelter.

This is a rock filled crib dam, 12" X 127 timber; it is 65 feet in length,”

127 feet in width, and 26 feet in height. It backs the water to form a lake
of 600 acres. The 9 X 11’ flume leading to the power house is
5,600 feet in length, and has a fall of 0.03 feet per 100 feet. Tt delivers
water to the wheels under a 45 ft. head.

.Fhe power house is a wooden structure, 22’ X 168’ , Placed about
100 feet lower than the smelter and 1,000 feet away. The installation
includes three 180 K.W. alternating current generalors, each direct con-
1ected to two 16” American turbine wheels, generating current at 440 volts;
one 180 K.W. alternating current generator, similarly econnected, generating
current at 2,200 volts for transmission to Grand Forks; and one 22-5 K.W.
direct current generator, direct connected to a 10" turbine wheel, generatirig
current at 125 volts for excitation and lighting. There is also a 13" turbine
wheel driving two 40 H.P. triplex pumps. All the switchboards and meters
necessary for this plant are also placed here.

Power from the Number 2 plant of the West Kootenay Power and
Light’ Company reaches the transformer station at Grand Forks over two
3-phase, 60 cycle, 60,000 volt lines. At this station it is stepped down to
440 wvolts, the voltage for which all-the motors in the works are designed.
The transformer station for these lines is equipped with two banks (four
transformers) 1,250 K.W. each, 60,000/440 volts, oil insulated, water
cooled transformers, manufactured by the Canadian Westinghouse Com-
pany. All switehboard apparatus, motor operated oil break Switches,
Lightning arresters, etc., are manufactured by the Canadian General
Electric Company.. When this installation is complete there will be two
banks (six transformers) 1,250 K;W. each, 60,000/440 volt, oil insulated
water-cocled transformers. '

-The Number 3 power plant is connected with two 3-phase 60 cycle,
22,000 volt lines to the Grand Forks sub-station. The equipment at this

PLawe KXVIL,

Interior of No. 1 blower building, Granby smelter, Gral_ld Forks, B.C.
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sub-station consists of one bank (three transformers) 312-5 K.W. each,
20,000/500 volt transformers, oil insulated, natural eooled, together with
its switechboard apparatus, Westinghouse manufacture.

Power for use in the works may be taken from either plant,

Receiving Ores.-—Ores are received over the lines of the Canadian Pacifie

and Great Northern railways. Each has its own yard, but the yards are
connected by cross-overs. A switch erigine is maintained jointly by both
roads to handle all ore, coke, and freight passing through either yard.
. A scale house between the yards and the ore and coke bins is so placed
that the scales are easily accessible to both yards and bins. This house
covers one 36 ft. and one 50 ft. 80-ton track scales. All cars are weighed
in and empties are weighed out. These scales are inspected Ly a Dominion
Government inspector every three months.

The ore bins are located on a terrace east of the main works and as a
higher elevation. The ore cars are run from the yards to track over the
bins. There are five sets of storage bins, built of wood, parallel to each
other and 756 feet in length; they are built high enough for the charge cars
to pass beneath to be loaded by gravity. The dimensions and ecapacity
of thase bins are given in the following table:—

TABLE VI.
Ore Bins at Granby Smelter.

No.1Ore bins 20 feet high, 17feet wide, bottom slope 45°

No. 2 Coke “ 2bfeet % 17feet ¢ “  flat

No, 3 Ore “ 25feet ¢ 20feet ¢ “  glope 45°
No. 4 Coke “ 25feet ¢ 20feet ¢ “  flat

No. 5 Ore “ 25feet ¢ 20feet « “  slope 45°

The bottoms of the bins are made of two thicknesses of 2” plank.
It will be noted that the coke bins are arranged alternately with the ore bins 1
‘the loading chutes from parallel sets of ore and coke bins open to the same
line ¢f track greatly facilitating the loading of the charge cars. The capa-
city ‘of the ore bins is 12,000 tons; in sddition there are bins holding 5,300
tons at the sample mill, giving a total ore storage capacity of 17,300 tomns.
The coke bins are of 7,000 tons capacity; yard storage of an additional
12,000 tons of eoke is algo provided.

. Sample  Mill—The metal content of the ore is very uniform and
very careful sampling is not required. The practiee is to send about one
car in ten to the sample mill bins; this is recrushed and sampled automat-
ieally in 1,000 ton lots. There are two Snyder Automatic sampling mills,
built of wood, placed 85 feet from the receiving ore bunkers. Number 1
mill, 64’ X 50, has a bunker capacity of 500 tons and samples

35783—114%



100

only Granby ore and the less siliceous ores. Two additional sets of stora-ge
bins, used chiefly for storing custom ores, are also provided near the mill.
The fiow sheet of the mill sampling custom ores is shown in Figure 20.
The equipment of the other mill is similar.

Samp/e mrif bins

Gates crusher, No. 5
(fa 3" s.r.'le)

Buckef elevator
(#o fap of mil)}

Snyder sampler, 6¢"
(cut o)

A

Reject Sample

Blake crusher, 8'x I5*
(70 y/2" 82xe)

Snyder Sampler, 42':
{cut t/20)
A,

Reject Sample

Efevatar Raolis, 10°x 1&*

‘ J ( foJf'mze)

Snycar sampler, 227

{ aur 4420}
Rejact Sample
Elevator Elevator
. S Rolls, 10"x id"

Qiarterng floar
(cut to 20 ibs)

¥
Ore bins Bucking roam

Assayer

Fia. 20. Flow sheet of s;a.mp]e mill No. 1, Granby Consolidated
) Mining and Smelting Co.

Granby ores being very uniform are left as coarse as is consistent with
accurate sampling; siliceous ores, some of which are required for converter
linings; are crushed to less than half inch size. In both mills the first crusher
is & Gates gyratory crusher reducing the ore to 3 size; it is then elevated
to the top of its respective mill, From this point the treatment is different
exeeph that Snyder samples cutting cne-twentieth are uysed in both mills.
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Granby ore is cut at the top of the mill, the discards and all subsequent
discards pass to storage bins and thence directly-into charge cars; the sample
passes to a Blake crusher which reduces to 0-5” size. The sample then
successively passes a Snyder sampler, rolls set at 0-125" , & third Snyder,
and thence to the quartering floor, from which a 20 pound sample is gent to
the bucking room.

In the siliceous ore mill where the ore requires to be finely erushed,
two separate operations take place. The sample first cut passes to a
suorage bin that receives the whole initial sample from a ghipment. The
discards pass over a half-inch grizzly to a crusher and 2 sets of rolls, reducing
to half inch size, all the crushed ore being then elevated to receiving bing,

‘the samplers being idle meanwhile.!

‘When the first discards have been treated and stored the chute of the
sample bin is opened and the sample undergoes a similar treatment and
is cut after each reduction in size; the sample from the last roll is split
on a 1" riffle and then quartered by hand. The mill has & capacity of 40
tons per hour.

Haylage and Distributing System.—A system of tram ear trucks, 20/
gauge and 30 pound rails with cross over switches, is laid on the charging
floor level; these tracks run beneath the bins, the chutes of which are
placed 6 feet above this level, and lead to, the furnaces. - )

The charging cars are designed specially for feeding the furnaces from
theend. The form and construction of these ears can be seen by a reference

“to the accompanying figures (Plate XXIX and Fig. 21). _As shown in

end view these cars are divided longitudinally into wedge-shaped sections,
each closed by a side door which is hinged at the top: the wedge-shaped
ridge which covers the truck of the car serves to spread the charge in the
proper place along each side of the furnace. LA transverse partition
further divides the car into four compartments. = The- cars are provided
with two sets of wheels. The lower or truck set are for ordinary locomotion
over the charging floor tracks; the upper set, one wheel béing placed near
the corner of each car, engage in pairs with heavy rails set in the inside of
the furnaces in the walls, and carry the load while the cars are in the
furnace. The rails on the charging floor end at the mouth of the furnace,
but s a car leaves the floor rails the hanger wheels engage with the sloping
ends of the furnace rails and so the car passes into the furnace. When
the cars are completely inside of the furnace the feeder by means of a Tong
hook, ingerted at @ (Fig. 21 C) pulls the release arm b. This in turn raises
rod ¢ and lifts gate arm d over centre unlocking the side doors, and the
weight of the load then opens the doors, permitting the charge to drop into
the furnace. ./ The gate arms are shown. closed in Figure 21 B and open in
! Bince the adoption of basic linings for the acid shells of the converter plant, it is
probable that some changes have been made in the crushing: Data as to thé practice .
are not available at going to press.
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20"

Fra. 21. Charge car, Granby Consolidated Mining and Smelting Co.

Puare XEIR

Charging ears, Granby smelter, Grand Forks, B.C.



0Qld slag pot, Granby smelter, Grand Forks, B.C.



Slag elevator at Granby smelter, Grand Forks, B.C,
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Figure 21 C at d. To facilitate discharging, the locks of the cars are
chsined together so that they will dump simultaneously. A train can be
backed into a furnace, discharged, and pulled in 10-20 seconds. The
hoppers .are closed after the frain of cars is withdrawn from the furnace.

A charging train consists of three charge cars (whose combined -
length is just equal to the length of a furnace) and a 30 H.P. ‘Westinghouse
electric locomotive for hauling; one train serves two furnaces. ‘

A slag haulage system was installed at the plant and was in use for a
number of years. Bach furnace was served by six slag cars (Plate XXX)
44 cubie feet capacity each, three being used on each side of the small
setfler. These cars were handled by 14-ton Davenport steam locomotives,
cylinders 9" "% 14", one engine handling slag cars from two furnaces six
cars at a trip. Six engines and 52 slag cars were required for this service.
This system was discontinued in 1911, when a special equipment for dis-
tributing granulated slag was installed (Plate XXXI). This system was
subsequently modified by discontinuing the use of the transverse distri
buting belt carried on the high trestles, shown in the plate, and a new type
of distributor was designed. A second unit with the ineline rising to the
oprosite direction to that shown in the plate has recently been installed.

Granulated slag is now delivered to special drainage bins; the hoppers
of these bins discharge to a belt 30" in width, running under the bins and
extending for 40 feet beyond them on each side. This belt can be driven
in either direction to feed the belt on either incline. The conveyer to the
north, the one shown in the plate, lifts the slag up an 18° incline to a height
of 120 feet above the older dumps, where it delivers to a distributing
car described below.. The new conveyer to tie south has an inclination
of 18° 26, and runs over 36" pulleys set 817 feet ceritre to centre; the
top is only 60 feet above the old dumps. Special distributor cars receive
the slag at the tops of the respective inclines, and deposit it where required
-within a limited radius. The car on the older incline is 40 feet in length,
and carries a 24" belt. The car can be made to extend forward 20 feet in
front of the rails. It is pushed forward, as required, by a jack having a
maxdimum. extension of 3 feet; it is held in place when discharging by
being clamped at the heel to the 56 pound rails on which it runs; the
car may also be swung from side to side as required. The belt is longer
than the car and extends below it to a'tightener. As the car is projected
forward new sections will be built in at the rear. 'The newer car on the
south incline is similar to that on the north, except that it carries a 307 belt.

By distributing the slag in this way the granulated slag will be spread
over the present dumps to a depth of over 100 feet. The capacity of the
north incline is about 5,000 tons of slag per day, or about 3 tons per
minute. The capacity of the south incline is somewhat larger.

Flue System, Stacks.—The eight furnaces are each provided with uptakes
6 feet in diameter, with dampers, which can be raised if needed; these
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are seldom used. They are also provided with 6 ft. downta.kes—__lvea,ding-_to
an overhead steel flue-dust chamber paralleling the furnace building.
This flue is 12 -feet above the feed floor, it is 13 feet wide, 15 feet high,
313'-7" long; it is built of 3"/ and 5’/ steel plate. It has 28 hoppers in the
bottom in which the flue dust collects, ‘The dust is discharged through
9" openings into a trough kept clean by a wire rope drag conveyer.
-One end of the steel chamber connects to a brick flue 100 X 15
X 448" leading to a brick stack 13 feet in diameter and 153 feet high.
The other end also connects with a brick dust chamber, 10’ X 10’
X 340', leading to a square. brick stack, 11’ X 11’ X 153’. The
converters are connected by downtakes with this latter flue. A
partition in the main steel flue prevents an undue amount of furnace gases
passing to either stack. The brick flues or chambers are provided on
either side with hand doors at 6 ft. centres, through which the flue dust
can be raked out. )

Burldings.—The principal buildings on the property are of fireproof
construetion, steel, or brick and steel. The ore bins, the sample mill, and
the various shops of the mechanical department are of wood. The furnace
building is of steel, with roof and sides of corrugated iron, 71 feet wide,
289 feet in length, and’ provided with a leanto 9-5 feet wide and 12 feet
In height., It contains eight rectangular water-jacketed blast furnaces,
each placed with its longer horizontal axis’at right angles to the longer
axis of the building. The average distance, centre to centre, of the fur-
naces is 36 feet; the height from furnace floor to feed floor is 18 feet.

The converter building lies end to end with the furnace building;
it is of steel construction with corrugated iron roof and sides. The main
building is 42 feet wide and 240 feet in length; the east leanto is 23 fect
wide, and the west leanto 32 feet in width.

There are two buildings for housing the blowers. Number 1 lies north
of the furnace building; it is a steel building with brick walls, a concrete
floor, and corrugated iron roof, 57°-0" X 128'-9". The main blowing engine
building is placed back of the converter building. Tt is of steel, with brick
walls, conerete floor, and corrugated iron roof. The main building is
55'-4" X 212/-9"; it is provided with an L 41'-2” X 73'-0".

Shops.—The mechanical department of the plant includes the following
buildings: machine shop, boiler shop, blacksmith shop, engine roundhouse,
store room, and electrician’s workshop.  All are of wooden construction H
on the whole they have been found too small for the needs of the plant,

The machine shop is 27" X 97'. It contains a planer, 30” X
32", with a 9 ft. table; one lathe 16" swing, 5 ft. centres ; one lathe 32"
swing, 12 f$. centres; one MeCabe double spindle lathe, 26! and 48" swing,
12 ft. centres; one milling machine capable of milling 14'" gears; one Bick-
ford radial drill press 5 ft. swing arm, 24 speeds, Universal table; one No. 4
drill press; Curtis and Curtis pipe cutter cuts pipe from 215" to 12" ; one
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bolt: cutter; one small pipe machine; two power hack saws; one hydraulic
wheel press 40 tons pressure. _

The boiler shop is 40’ X 50’. It contains a Whiting punch,
No. 6, 1 hole through 2 steel plate; air tools such as rippers and
hammers; one power shears for cutting steel plates; one set 5 ft. rolls; one
set pneumatic clamps. ' _

The blacksmith shop, 28" X 45°, contains onme 1100 pound
Bement-Niles steam hammer and all the necessary tools and forges. -

The roundhouse, 28" X 36, holds two engines at a fime and
has repair pits under each track. i

The electrician’s workshop, 15" X 24’, has a lathe for rewind-
ng.armatures, and other necessary equipment.

There are also several storage houses including an iron house,
30" X 50’, and a jacket, pipe, and store room, 24’ X 120'.

The warehouse stands isolated from the other buildings, its dimensions
are 50’ X 70°. . ‘ .

The carpenter shop, 3¢’ X 47, is equipped with planers, stickers,
handsaw, a wood lathe, and other necessary machinery and tools.

Oré and Coke.—As already indicated, the chief source of the ores
ireated at this smelter is the Phoenix camp of the Boundary distriet,
24 miles from the smelter. ' ,

A small quantity of siliceous custom ores is also purchased. Much
of this comes from the Snowstorm mine in Washington.

Coke is received from Fernie and Michel in the Crowsnest Pass
noal-fields. It comes partly in box cars having four long slots in the bottom, .
for dumping; most of the supply comes in 40 ton steel .coke-racks which
dump cutwards. g :

Clay for use in lining converters is received from Hendrix Cut, Wash-
ington. It is dumped into the end bins near the converters.. The clay
oins have a eapacity of 500 tons, and the discharge at the end.

Blower Plant—Blower engine room Number 1, north of the furnace
building, is equipped with the following Connersville blowers:—

One.....No. 10, 30,000 cubic feet of free air per minute.

Four.... “ 8, 52,000 “ T

Three... *“ 7, 37,500 . #

In the main' blower engine room, in the L there are four more Number
10 Connersville blowers, 30,000 cubic feet capacity each. The total
capacity of the blowing engines is 239,500 cubic feet of free air per minute.
All the blowers deliver to a common receiver, consisting of two 60’ pipes
at the back of the furnaces. Connexion with the tuyéres at each furnace -
is made by bustle pipes. - All blowers' are-belt driven from Westinghouse
alternating current motors. The No. 10 blowers are each driven by two
150 H.P. Canadian Westinghouse, 580 r.p.m., motors, belt connected at
each end, running the blower at 100 r.p.m. and supplying 300 cubic feet of
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air per revolution. The No, 8 blowers are driven by one 100 H.P. motor
for each blower, running the blower at 130 r.p.m. and delivering 100 cubic
feet of air per revolution. The No. 7 blowers are also driven by individual
100 H.P. motors running the blower at 155 r.p.m. and delivering 80 cubic
feet of air per revolution (Plate XXVII). . .

The building also contains one 12”7 X 18" Rand, Class E compressor,
supplying air at 80 pounds pressure for pneumatic tools in the shops.

A brick and steel room within blower building Number 1 contains the
22,000 volt transformers and switchboards which are connected with the
Cascade power plant for use in emergency: They include an air-cooled
set of 1000 H.P. and an oil-cooled set of 800 H.P.

Blower engine building Number 2 containg the following equipment
in addition to the four Connersville blowers located in the L—

One 36" X 36" Nordberg blowing engine, capacity 3700 cubic feet of
free air per minute; one 34’ X 34 X 36" Allis-Chalmers duplex engine
supplying 6,000 cubic feet per minute, when running 81 r.p.m.; one 40" X
40" X 42" Nordberg duplex engine, 10,000 cubic feet per minute, giving
a total capacity of 19,700 cubic feet per minute.. All are belt driven from
Westinghouse alternating current motors, of 200, 300, and 500 H.P. each
respectively. This plant is of ample capacity to operate all three converter
stands simultaneously using air at 12 pounds pressire. .

Air for the tampers, when silica linings were used, was supplied at 80
pounds pressure, by one 12" % 18 Rand Class E compressor. -

A motor generatorsetis installed to operate the cranes, tilt the converters,
and run the charge system. The motor ig a 200 H.P., alternating current
motor,running at 850 r.p.m.; it is direct connected to two 85 K. W. generators,
running at 750 r.p.m. and supplying current at 220 volts.

. An hydraulic triplex plunger pump, 6" X 10", driven by a Westinghouse
30 H.P. running -at 850 r.p.m., supplying water at 250 pounds pressure,
is also located in this building. This plant is used for operating the slag
casting machine and the wheel press in-the shops when the high pressure
line is in trouble. _

Copper Blast Furnaces—The plant is equipped with six furnaces,
44" X 260" having 45" tuydres, 18" centres, and 12" bosh, and two fur-
naces 48" X 2663, 35" tuyéres, 8" centres, 12" bosh. These furnaces are
served by two 12 water mains and two 60" blast mains, directly behind
and running the entire length of .the building in' front of the furnaces.
There are two 10 ton Morgan Engineering Company’s cranes installed,
one being kept in reserve. Each crane has three direct current motors,
and is used for handling all heavy material and to deliver matte to the
converters. (See Plates XXVIII and XXXII ; both views facing north,
and Figure 22.)

“The furnaces are numbered in order beginning at the north end.
Furfiaces Numbers 1 and 8 are three jackets high, the others two; furnaces
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Grand Forks plant.
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Numbers 5 and 6 have 60 small tuyéres, while the others have 30 tuyéres
of the larger size. On furnaces 5 and 6 the upper jackets are placed ver*tma.l

while the lower jackets, which are straight, are set at an angle from the'

vertical; the upper jackets on the other furnaces are also vertical, but the
lower ]a,ckets are boshed.

The portions of these furnaces above the water-jackets are built of
brick, ordinary red brick being used outside, and firebrick inside for those
parts which are exposed to greater heat. The brickwork is bound with
56 pound rails, I beams and buckstays are used to hold the jackets in
position.

The jackets are of riveted steel, fire plates 14", air plates 3. The
circulating water enters the upper jackets and flows thence to the lower
jackets; all the jackets have deflectors to throw the cold water to the
bottom. About 2,000 gallons per minute are required by the eight furnaces,
which is equivalent to 3 gallons per minute per square foot of hearth ares,
Water enters at a temperature of 85°-50° F, and issues at 140° F.

Each’ furna.ce is' provided with & water cooled trap spout; the trap
is 5""-5-5", _

There are two settlers for each furnace (Plate XX VIII). The one next

the furna,ce, which receives the continuous flow.of matte and slag, is rectang-
ular in section, 72" X 90" with rounded corners, and 36" deep. . It
is surrounded by &.continuous 2 water—;a,cket the inner pla.te g the
outer 3 steel. The removable bed plate is of cast-iron 2 in thickness.
To prepare a settler for use a course of firebriek is laid in the bottom; then
both bottom and sides are lined with the quartz- clay cement matena.l
used for lining the converters.! The life of a settler depends upon the
rate at which it fills with metallics; when the bottom "becomes high
enough to materially decrease the capacity of a settler it is replaced by
one newly lined. The metallics are then removed from the former and
broken up with a heavy ball weight.
" The second settler s similar to the first, but smaller, 48’/ X 60’ and re-
ceives the slag overflow from the latter. The slag overflow from this
settler discharges into granulating water and is washed to the dralmng bins,
whence it passes to the slag elevator. A third small settler is sometimes
introduced between this second settler and the granulating stream.
Recently some experiments have been'made in introducing as many as
six seftlers in a string. The additional saving ha.s barely paid the cost of
the operations.

Converter Plant.—The converter equipment consists of 3 converter
stands, electrically operated by 25 H.P. mctors, and 10 shells, 84" X 126",
by the Power and Mining Machinery Compa.ny There are also trucks

carrying moulds for metallie copper, and a slag-casting machine and con-
veyer (Plate XXXII),

'A lining of one course of red brick and one course of firebrick is also used.

Interior of the converter building, Granby emelter, Grand Forks, B.C.
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During the summer of 1912 experiments were made in lining the acid
shells with a basic lining and the relining plant wsas not in use. The
relining equipment, which was still in place, included three Allis-Chalmers
seli discharge mortar mills, twb 7 £t. pans, and one 6.5 ft. pan: The shells
were tamped with air rammers. All machinery wag driven by a 75 H.P.
mctor. When acid lined converters were used the practice was to line
with chrome brick placing some magnesite brick around the fuyéres;
inside this was placed a 2 ft. layer of siliceous ore cemented with clay and
weil tamped; silica brick was used on the caps, '

The converter building is supplied with a 40 ton four mditor Morgan
Enginecring Company crane, 42 ft. 8pan, which runs the entire length of the
building, and is used for shifting converter shells, handling matte, charging
converters, ete. '

Briquetting Plant.—The greater part of the flue dust is collected in the
stezl dust chamber, whence it is discharged through 9 openings into
a trough kept clean by a rope drag conveyer. The attendance of ane man
for part of a day is needed to eontrol the flow of dust from the hoppers; all
other movements are automatic. Dust from the brick chambers at either
end of the flue is drawn out by hand through the side openings into bartows,
and conveyed to the briquetting mill, At this mill all the dust is dumped
into a receiving bin from which it is drawn by an automatic feeder to a
mixer, It is moistened thoroughly, no binder being necessary, and then
passes to & Number 2 White briquetting machine which has a capacity
of about 50 tons per 24 hours, or 4,000 briquets per hour. The maching.
delivers the briquets to a belt conveyer which transfers them. to charge
cars; they are recharged without drying.

Smelting Praclice-—Coke and ore are charged separately into the
furnaces. A train of three cars is run under the bins by the electric loco-
motive, and receives a charge of 1% fons of coke ; after weighing this
is charged into the furnaces by backing the train through the end door
of the furnace and dumping the cars .when the entire train i within the
furnace. The train then returns to the bins for the ore charge; the cars
are filled to their capacity, 10 tons per train, and are then weighed, run
into the furnace, and dumped as before. The former custom was to load
the coke into the bottom of the car with the ore on top and to dump the
two simultaneously; practice has shown, however, that a more even
distribution of both constituents of the charge is obtained when they are
charged separately, Ore is charged at intervals of 20-30 minutes,

As already noted Phoenix ores are of very uniform composition,
carrying 1-2-1-6% of copper. An average analysis would show approxi-
mately the following composition, SiO., 35%; FeO, 183%; Ca0, 17%;
AlsDs, 8%; MgO, 8%. The iron is present as a silicate chiefly, uneom-
‘bined with oxides and sulphides, while nearly all the lime and magnesia
occur a8 carbonates. Chaleonvrite i the connerhaomine winaral  awd
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it also carries gold and silver. About 659, of the sulphur in the ore is
burned off—the concentration being approximately 32.1. A typical
slag would show the following analysis: 8i0, 456%,; FeO, 15%,; CaO0, 22%,;
MgO, 3-8%; AlQs, 79%; copper 0-22%,. The matte will average about
359%, copper, 10-15 ounces of silver, and 1.-6-2-6 ounces of gold
per ton.

There is a constant flow of matte and slag from each furnace
to the setilers; these being arranged either two or three in a string,
one large and one or two small. The furnace slag from the last
settler is discharged into granulating water, which sweeps it down into the
drainage bing, whence it passes to a belt leading to the distributor. The
matte ig tapped at intervals into 5 ton pots in which it is conveyed to the
converter building,.

Matte pots are received by the 40 ton erane in the converter building
and charged into the converters. There is no definite quantity of matte
per charge as the converters are seldom run to their capacity. The blast
is used at about 12 pounds per square inch. Converter copper carries
9959969, copper, 25-37 ounces of silver, 4-6-5 ounces of gold per ton.
The impurities shown by an average analysis were as follows: Fe, 0-179%,;
8, 0-11%,; As, 0:0149%,; 8b, 0-008%; 8e and Fe, 0-012%, ; Ni and Co,
0-123%,; Zn, 0-0049; Pb and Bi, none.

" Converter copper is run into moulds carried on a fruck. These trucks
are 16 feet in length and run on 44’ gauge tracks, and there are 3 trucks to
a stand; each truck carries 8 moulds 33" X 24// outside dimensions, forming
a continuous row from ear to car. When a converter is ready to pour, a
train of these cars is drawn underneath this converter by a wire rope operat-
ed by a'motor driven drum. The converter is turned over and the pouring
begins when the lagt mould iz under the lip; the copper iz poured in a
continucus stream, the train being pulled forward as the moulds are filled.
A bar of cast copper from one of these moulds weighs about 220 pounds.
The bars are cobbled, removed, trimmed, and loaded directly into cars for

‘shipment. .

The converter slag is poured into pots holding about 3 tons. These
are picked up by the crane and set. in a tilting frame above the slag con-
veyer., The frame is then tilted by hydraulic power and the slag pours
into the moulds of 'a conveyer that carries it up an inclined plane under
water sprays, which cool it. The conveyer durops into a bin from which
the slag can be drawn into steel railway cars. The converter slag is trans-
ferred to the charging bins and thence to the blast furnaces as part of the
charge. This conveyer is driven by a 5 H.P. motor at a speed of 20 feet
per minute. It handles about 100 tons of converter slag per 24 hours.
This slag contains up to 409, 8i0,, and varying amounts of copper; the
balanece is principally iron oxide,
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Pumping Plant gnd Water System.—The pumps at the power house are
located 1,000 feet from the smelter and:100 feet below it. The equipment
consigts of six Smith-Vaile 8 K 10" triplex plunger pumps, 550 gallons per
minute each against 200 ft. head. Two of these are belt driven by 13" water
wheels, the other four are belt driven from four 40 HL.P. motors. Their com-
bined capacity is 4,740,000 gallons per 24 hours. From the header at the
pumps four mains, 12”7, 10", 8/, and 7", lead to the smelter and to pressure
tanks on the hills above the works; mains through the yards are 8 and 4"
The tanks are three in number, one of steel holds 77,000 gallons, one of
wood holds 90,000 gallons; the third is a small wooden tank receiving water
from a small creek above the works; this water is used for drinking and
domestic purposes; the overflow goes to the large steel tank. The pressure
at the pumps is 100 pounds, and at the works about 45 pounds. 'Water
mains o0 the furnace floor and feed floor are 4; 17 hydrants are so placed
that three streams of water ean be placed on any building. At each
hydrant is placed a small hose house having 150 feet of hose and a nozzle.
Hose houses and hydrants are inspected weekly.

Labour.—The men employed are both union and non-union; and nearly
every nationality of the white races is represented. The furnace and
converter departments have a general foreman with shift, bosses under
him; each of the other departments has its own foreman. BShifts are eight
houss each; wages vary from $2.50 per day for labourers to $5.30 per day for
shirt bosses.

COMPARATIVE STATEMENTS.
TABLE VII.

Granby Ore Tonnage, Metal Recovery.

METALs RECOVERED PER | Cost per
Dry tons TON. ton exclu-
Period. shipped. : - give of
Cu.lb. | Ag. oz | Au. oz E‘ﬁi f;tgﬁ
Aug. 20, 1900—June 30, 1901....... 172,258 | 31-40 | 0-4406 | 0.1003 4-77
Year ending June 30, 1902......... 296,162 | 27-23 | 0-2852 | 0.0803. 4-08
o “ 1903......... 200,133 | 24.58 | 0-2772 | 0-0717 3-75
“ “ A904,........ 514,387 | 22.87 | 0-2619 | 0-0608 3.35
“ “ 1905........, 551,304 | 24-68 | 0-2688-( 0-0599 314
“ w 1906. .... ~. .| 796,528 | 24.30 | 0.3107 | 0-0513 2-87
t # 1907......... 644,549 | 24.43 | 0-3038 | 0.0503 3:28
o “« 1908......... 865,030 23-42 | 0.-2865 | 0-04564 3-11
w « 1909......... 963,510 | 21.-00 | 0-2730 | 0-0435 2-85
“ “ 1910......... 1,178,853 18-70 | 0-2281 | 0-0370 2-50
& “ 1911......:... 957,200  17-73 | 0-2150 | 0.0340 2-50
& " 912, ..., ... 723,024 | 18-01 | 0-2100 | 0.0352 2.47
Mial fomn l7 axo a2e | |
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TABLE VIII.

All Material Smelted to Date at Granby Smelter.

) Granby | Forseign Foreign Total,
Period. ore. ore. matte.

Tons. Tons. Tons Tons.
To June 30, 1901.................... .. 169,087, | 7,832 |.......... 176,919
Year ending June 80, 1902. .. ... ..., 203,645 4,454 3,001 301,100
Z € 1908...... . 289,583 |  7-6601 6,223 303,497
u “ 1904, .., 516,059 | 38,182 4,200 | 556,531
“ “1905.... ... 550,738 | 89,382 |.......... 590,120
s @ 1906. 796,188 | 28,158 |.......... 832,346
N N 1807, .. ...... 649,022 | 16,893 1.......... 665,015
« “« 1908, ..., 858,432 | 24,179 |.......... £82,611
“« y 1909, .......... 064,780 | 10,044 ... ....... 084,733
« L 1910.. .......... 1,175,548 | 21,820 |.......... 1,197,377
« “ 1911............. 059,563 | 24,783 |.......... 984,346
“ 912, ..., 721,729 | 17,800 |.......... 739,519
Totals to June 30, 21912............. 7,944,383 257,127 13,514 | 8,215,014

TABLE IX.
All Metals Produced to Date at Granby Smelter.

Period. Au. oz - Ag. oz. Cu. lbs.
ToJune 30, 190L................... .0 'o... 8,871 34,990 5,435,955
Year ending June 80, 1902...... . ....... 30,786 274,511 10,836,851
' . i 1908...... .. ....... 35,121 277,574 12,551,758
& “ 1904. . . .o 54,403 275, 935 16,020,986
“ s 1905.. . ..o, 45,980 215,449 14,224,692
N “ 1906, ~l 50,020 316,947 19,939,004
u 8 1907. 32,738 201,337 16,410,576
“ “ 1908. 40,068 300,204 21,092,288
= “ 1909... . ... 45,760 835,520 21;901, 528
o # 1910, 48,752 356,746 22,754,899
“ w 1911, ...... e 41,797 343,178 .| 17,858,860
« i 1912 .......... 33,932 225,305 18,237,121
Totals to June 30, 1912................ 468,318 8,157,696 | 192,984,518
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10 Jate at Granby Smeiter. /

Granby | Foreign | Foreign

. Total.
ore. ore. matte.
Tons. Tons. Tons. Tons.
169,087, 7,832 |[.......... 176,919

203,645 4,454 3,001 301,100
289,583 7-691 6,223 303,407

516,069 | 36,182 4,290 | 556,531
550,738 | 89,382 |[.......... 590,120
796,188 | 36,158 |.......... 832,346
649,022 | 16,893 |.......... 665,915
858,432 | 24,179 |.......... 882,611
| 964,789 1 10,044 |.......... 984,733
1,175,648 | 21,820 |.......... 1,197,377
959,568 | 24,783 |.......... . 984,346
| 721,729 | 17,800 |.......... 739,519
- 1 ’ 2 ] r ) L B
7,944,383 | 257,127 | 13,514 | 8,215,014 L . ' . 17 !Lﬁ
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longitudinal section.

ini i .) Vertical
“F16 23. Copper blast furnace, Anyox plant, Granby Consolidated Mining and Smelting Company (T. E. M. Co.) Vertical

35783—p. 112.



113

ANYOX PLANT, ANYOX, B.C.

Location.—This plant is being erected to smelt the ores from the
Hidden Creek mines near Granby bay, on Observatory inlet, about 110
miles northeasgt of Prince Rupert.

General Statemeni.—The plant at Anyox will consist of three rectan-
gular water-jacketed blast furnaces, 50’ X 360", and three basic eonverters,
Great Falls type, each 12 feet in diameter. The accompanying plates and
figures have been prepared from material supplied through the courtesy
of the Traylor Engineering and Manufacturing Company, who are building
the furnaces and converters. The plates represent the appearance of the
furnaces as set up at the works before shipment.

Blast Furnoces.—Eaeh furnace meagures 50’ X 860" at the tuydres.
The height from tapping floor to charging floor is 26’4'; the sole plates
gtand 4 feet above the tapping floor, and the top of the upper tier of jackets
is 17'-2" above the gole plates, the lower jackets being 10'—6" in height,
and the upper jackets 6’8", There are six jackets, each 54 in width,
and one tap hole jacket, 36" in width, on each side of each furnace, the
larger jackets being provided with 5§ tuyére openings, and the narrow
jacket with 3. The tuyére openings are of an improved form, the steel
thimble being fused to the fire sheet, and forming a smooth joint. The
outer end of the thimble projects through the air sheet, and is beaded in
place. The upper tier consists of 6 jackels on each side, each 60’ in
width (Figures 23, 24, Plates XXXIII and XXXIV). o

The sole plates are of iron cast around coiled pipe, through which
cooling water can be circulated. They are carried on 24 pedestals, each
3-8 in height, the sole plate being 4/’ thick, with 2" flanges.

"The jackets are connected together by bolts and brackets'in the usual
manner, To prevent bulging, a jacket binder frame is built around the
furnace, between the corner columns. Cast steel spacing rods extend
from this frame to each jacket, fitting into sockets that are rivéted to the
jacket. These binder rods fit over the I beams with a hook connexion,
and wedges driven in behind the binder frame make a very rigid fastening.
Thie type of construction makes it possible to easily remove or replace a
jacket without disturbing the binder frames. The simple removal of the
wedges releases the binders on any individual jacket without disturbing
the others, oo

Bach blowpipe leading from the bustle pipe to a tuyére opeming is
fitted with a ball and socket joint, which is placed below the blast gate.
This allows the blow-pipe, together with the tuyére casting, to be swung
down clear of the furnsce when it is necessary to remove or replace a
jacket. The tuyére casting is released from the jacket by removing two
hook bolts. '
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The upper tier of jackets is supported from the mantle frame in such
a vay that the lower jackets may be removed without disturbing them.

The breast jackets are consiructed of iron cast around wrought iron
pipes for carrying the cooling water.

The furnaces are a.rra,nged to be charged from. either side, and the
cherging doors are operated by counterweights.

" The furnaces are designed in such a way that the mantle frames are
connected together, forming one eontinuous mantle for the three furnaces.
The sole plates extend beyond the end jackets so that the furnaces may
be exterided at any time. The three furnaces are placed with two 15 ft.
speces between the middle and the end furnaces. Eventually this space
may bé filled, making one furnace 120 feet in length, in place.of three,
each 30 feet in length.

The hoods are built of brick, with straight sides, and semi-circular
top, stayed with structural steel and tie rods. The crown stands 167"
above the charging floor, the arched top being built. with a 5-3" radius.
The steel downcomber, 9 feet in diameter, leaves the middle of a leng
side of the furnace at an angle of 45°.

Converters—The converter equipment includes three of the. Great
Falls type of converters, each 12 feet in diameter and 17'-7" in height.
They are each provided with 13 tuyéres, 2" in diameter, in place of the
25-30, 1-5” in diameter, used on the standard Peirce-Smith converter
(Flgures 25-28).

The tuyéres are placed with their axes at right angles to the axis of
the shell so that they blow directly into the converter.

Each tuydre pipe projects into the converter, and is connected with
the tuyére casting by a special coupling so designed that it may be screwed
off the back of the tuyére and the casting removed without interfering
with the tuydre pipes. The tuyére pipes have individual fuyéres, with
thz Shelby improved tuyére valve; a projection in the middle of the
valve comes into contact with the point of the barring fod; this projection
is made high enough to enable the bar to clear the seat of the valve.

The converters are each turned by 50 H.P. electric motors through
worm gears. The equipment is designed to operate the converter through
about 235°, or nine-tenths of a revolution in one minute.
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CHAPTER VI.

BRITISH COLUMBIA -COPPER COMPANY, LIMITED..

INcORPORATION.—Inecorporated in 1898 under the laws of West Virginia, operating in
British Columbis under licenss as an extra provineial company. Capital stock
guthorized,600,000 shares par value $5 each=%$3,000,000; issued 591,709 shares=
32,058,545, President, Newman Erb, New York; Vice-Presidents, Charles TI. Burke,
New Yorl, and C. A. Starbuck, New York; -Secrelary-Treasurer, R. H. Eggleston,
New York; General Manager, Oscar Tachmond, Greenwood, B.C.; Consulling
Engineer, J. . McAllister, 60 Wall 8t.,, New York; Mining Engineer and Geologist,
Froderick Keffer, Greenwood; Smelter Superintendeni, W. L. Bell, Greenwood.
General Offices, 31 Nassau St., New York; Mine and Smelier Office, Greenwood, B.C.
TFiscal year ends November 30. Annual meeting held second Tuesday in February.

This Company carries on the general business of mining and smelting
copper and gold ores; it is’also a purchaser of custom ores. If owns a
large area of mining lands in southern British Columbia, the principal
mine being the Motherlode, near Deadwood, and 4 miles from Green-
wood. Through the ownership of 63% of the stock of the Dominion
Copper Company, it has acquired large interests in a number of other
claims, particularly in the district around Phoenix. The smelting plant
at Greenwood, B.C., belongs to this corporation. .

The principal mines, and the mining methods of this Company, will
be described in the Report on the Copper Mining Industries of Canada.
The following ‘description deals only with the copper smelting plant at
Greenwood. .

GREENWOOD SMELTER.!

Focation.—The smelting plant of the British Columbia Copper
Comgpany is located about half a mile south of the town of Greenwood in
the Boundary distriet of British Columbia. The works are erected upon
terraces near the southern extremity of an intervalley spur formed by the
junction of Copper creek with Boundary ereek. The site has proved an
excellent one for the purpose; the works are terraced throughout, which
greatly facilitates the handling of ores and products.

1 Desaription based on personal notes and on ' Greenwood Copper Smelting Works,’
by. J. E. McAllister, Engineering and Mining Journal, Vol. XCI, May 20, 1911, pp.
1011-1015.

The author is also indebted to the members of the staff at Greenwood for many
courtesies when this report was being prepared. Mr. F. Keffer and Mr. W. J. Bell were
kind enough to read the preliminary manuseript of this chapter. Mr. Bell also placed a
copy of his paper 'Deseription of the Copper Smelter of the B. C. Copper Co.’ at the
writer’s disposal.
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Higtorieal.—The erection of a smelter on this site was begun in 1900;
the first furnace, designed to smelt 250 tons per day, was blown in on Feb-
rugry 18, 1901, and smelted on the average 360 tons per day. The
plant was gradually enlarged and finally in 1907 it was remodelled with an
increase to a capacity of 1,700 tons per day. The total time between the
blowing out of the old furnaces and the blowing in of the new plant was a
few days less than five months. The plant was again enlarged in 1910 fo
its present capacity of 2,200 tons per day.

General Stotement—The ore treated at this plant is derived almost
entirely from the Company’s own mines; a small amount of custom ore is
also obtained from neighbouring mines. The principal mine is the Mother-
lode, 4 miles distant, and connected directly with the smelter by a spur line
of the C. and W. branch of the Canadian Pacific railway. The distance
to the Rawhide is 17 miles, to the Oro Denoro and Emma group 10 miles; to
the Wellington. camp group 18 miles. The Lone Star group is 9 miles
awey, 5 by aerial tram, 4 by rail. The Napoleon group is 60 miles away,
on the Great Northern. Coke supplies are obtained from the International
Coel and Coke Company, with mines at the Crowsnest pass, over the line
of the Canadian Pacific railway.

The works are laid out in terraced plan. The power required is obtained
from the Bonnington Falls power plants, through the Greenwood transformer.
station. The smeltery is fully equipped with ore storage bins, sample mill,
blast furnace plant, eonverter plant, briquetting plant for flue dust, machine,
blacksmith, and carpenter shops, power house, and an efficient water supply
for all purposes. About 125-130 men are employed at the works.

The general appearance of the works, as seen from a short distance
gouth of them, is shown in Plate XXXV. The slag piles form the well
developed terrace in the immediate foreground, and the works are seen in
the rear. The pancrama view shown in Plate V, is a closer view of the works
as they were in 1906.! On the left of the picture the converter building
is prominent by reason of its corroded roof; behind this the down-combers
of the three furnaces are visible beneath the roof of the furnace building.
The buildings on the right are the power houses, while the main flue leading
to the main stack on the hill i3 clearly shown in the background.

Electric Power.—Power is transmitted to Greenwood from No. 2 power
house at Boundary Falls by two 3-phase 60 eycle 60,000 volt lines. Ilere the
current is stepped down to 2,200 volts for use at the smelter and at the mines.
The Cascade plant, which is a 22,000 volt plant, is so arranged that auxiliary
gervice can be supplied to Greenwood, and other points, if nedessary.

The Greenwood sub-station is owned by the West Kootenay Power
and Light Company. It is equipped with one bank (three transformers)
1,250 K. W. each, 60,000/2,200 volts, oil insulated, water cooled,

1 By W. J. Carpenter, of Vancouver,.
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Westinghouse manufacture. All switchboard apparatus, motor operated
oil-break switches, storage battery set, lightning arresters, etc., were man-
ufactured by the Canadian General Electric. When this installation is
coraplete there will be two banks (six transformers), 1,250 K. W. each
60,000/2,200 volts, oil insulated, water cooled.

- |
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L

G The total capacity of the motors installed at the mines and smelter is
about 3,800 HL.P.; about 1,600 H.P is required at the smelter, the balance
at the mines,

The power house is in two adjolning sections. Section A contains
the switchboard, 3 motor generator sets, converter blowing engine, high
pressure air compressor and hydraulic accumulator; section B contains
the blast furnace blowers.

The switchboard, located in section A of the power house, congists of
line and feeder panels, upon which are mounted measuring instruments
for both alternating and direct currents, and the recording wattmeter
which registers the entire power consumption.
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L

- Direct current for operating the travelling crane and the slag and
charging railways is generated by 3 di.tl'ect—connected motor geferators,
cna of 75 K.W., one of 100 K.\W., and the third of 150 K.W. capacity.

Recetving Ores ond Supplies.—A spur of the Canadian Pacific railway
runs to the yards; the yard lines enter the works on three different levels
by nine spurs. The upper level delivers all ore that requires sampling to
a series of bins under the sidings; the intermediate level delivers coke, and
all ore that has been sempled before arrival to other bins; the lowest level
is used to deliver supplies, to remove the converter slag, and to ship the
blister copper.
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The accompanying diagrams (Figures 29 and 30)! show the arrangement
‘of the plant both in plan and section. On the intermediate level a_set of
109 ton self-registering track scales is placed, and all incoming material can
be weighed. On this level there are five spurs diverging from the incoming
track which has previously passed across the weighing scales. One of these
is for the purpose of transferring material which has passed through the
sample mill to the smelting bins; the other four are for delivering ore, coke,
and converter slag, there being two lines of bunkers with two tracks running
ths length of each.

The high level storage bins have a capacity of 2,000 tons of ore. The
ors bins served by the intermediate level are of 12,000 tons capacity, and

it
X
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¥1q. 80. Fection through reduction werks at Greenwood. British Coluﬁahia Copper Company, Greenwood, B.C.

the coke bins hold 3,000 tons.

1 From a drawing supplied by the late General Manager,

ST
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. The difference in level between the upper and intermediate railway
levels is 48 feet.

. The tracks on the lowest level are 61 feet below the intermediate rail-
way level; these tracks pasg between the converter building and the repair
shops ard warehouses to facilitate the unloading of supplies and the ship-
ping of the blister .copper. To unload heavy material a gantry crane,
which crosses this lower spur, is provided.

Sample Mill—The sample mill building is three stories high and 65
feet X 79 feet in area. The sample mill bin discharges by chutes info a
Farrell-Bacon crusher, 36" X 24", driven by a 100 IIP. Allis-Chalmers-
Bullock variable-speed, 2,200 volt motor, with countershaft and belt drive.
The crushed ore passes to the sampling mill by a 30" belt copveyer, 225
feet in length, driven from the line shaft in the mill. This conveyer
delivers into a bucket sampler cutting 113%. This bucket sampler
consists of two steel boxes 2'—6" X 2'-6'" X 2'-10”, attached to double
sprocket chains and moving around three sides of an inverted isosceles
triangle.: The sprockets are driven from the line shaft by a bevel gear.
This device takes the entire stream of ore from the belt-conveyer at regular
intervals; the rejects, about 883% of the total quantity delivered to fhe
belt, pags to another belt conveyer {24’ belt), thence to a standard 50 ton
dump car which is switched to the stock bins. The boxes of the sampler,
as they reach the end of the horizontal drive, deliver to a No. 5 Gates
erusher. The further course of the sample through the mill is shown on
the accompanying flow sheet (Figure 31). With custom ores the first cut
is omitted and the entire stream is delivered to the No. 5 gyratory crusher
and a 209 cut taken.

The sample mill is designed with sufficient flexibility to give samples
of approximately uniform size for hend quartering irrespective of the
original quantity passed through the mill. This is accomplished, when
handling. small lots, by cutting out one of the units of the sampling mill.
The amount left for hand sampling is 1/5434th part of the original
quantity; mill lots of low grade ores up to 3,500 tons in weight are sometimes
carried to one final sample.

The entire mill is operated from a line shaft driven by a 100 H. P,
550 volt induction motor, the low voltage being used on account of the
dusty atmosphere of the mill. The two reject conveyers are driven by
15 H.P. and 10 H.P,, 550 volt motors. The bucking room is provided
with a 5 H.P. motor, The mill has a eapacity of 2,000 tons in 16 hours
and requires a total of 11 men for operating the two shifts, but it has
never been necessary to operate to capacity.

! Bee Engineering and Mining Journal, Dec. 25, 1909, p. 1282, and Feb. 12, 1910, p
358, <
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Haulage and Distributing System.—The main section of the smelting
cre bunkers consists of 18 bins in two lines, each bin having a capacity
of 600 tons of ore. In addition there are 2 bins at the extreme south end

Sqmp/e mill bins
Farrell-Blake crusher, 16% 36"
Belt conreyor, 30"x 225"

Bucket sampler
{ Cuts /.5%)

1
Raject GD?J;DIQ
Balf can Vep;ar Cales erusher No.5

(20 “ser 116 tong)
dohnsan sampler, #8"
{(Cuts 20%)

Peject Sample
Galtes crusher, No. 2
.

Johnson sampler, 40
{cuvts 202)

Aeject | Sample
Elevator
Gales crusher, No.O
Vakason sampler, 24"
Reject Sample
Rolls, 10w 8"

Johnson sampler 24"

ﬁ'e_ﬂeef Fample

o

4 . Quartering floor

,
Belt conveyor, 28"
d‘. amp/e grinder

A
80 Fon du.m,o car Bucking roam

Stock bins Assayar

Fie. 31, Bample mill low sheet, British Columbia Copper Co., Greenwood, B.C.

baving & total capacity of 400 tons of coke. An extension section has 12
kins of the same size as the main seetion, and at its extreme north end is a coke
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storage bin of 800 tons capacity. The total capacity of these bunkers
amounts to 12,000 tons of ore and 3,000 tons of coke. All coke beyond
this amount is stored in stock piles. Three of the bins of the main section
are subdivided into two equal compartments and one into four equal
compartments, to afford storage for small lots of ore and for converter
sglag.

Under the bunkers, 31 feet below the level of the intermediate line of
railway -tracks, are four parallel electric tramway lines, 36" gauge, each
line being provided with three sets of automatic pla.tform scales, located
at regular intervals on the tangent which passes under the ore bunkers.
The four lines converge at each end to a semi-circle of double track ending
in two parallel lines which pass, one on each side of ‘the blast furnaces.
The entire system thus forms two flat-sided ellipses, one inside the other;
switching arrangements are provided at both ends to permit the charging
trains to run from either track to the other.

Three 7-5 ton electric locomotives are used on these lines for hauling
the charging trains, and other purposes; s fourth locomotive is held in
reserve. The current operating the locomotives is used at 220 volts.

The charging cars, 26 in number, are hopper shaped, side dump cars,
55 cubic feet capacity. When discharging the body is releagsed by a foot
trip placed underneath the car.

- In operation there is a charging train to each blast furnace, 8 cars
to a train for the larger furnaces, and 6 for the smaller; each frain carries
an equal number of cars of coke and eharge. The charge trains make a
complete circuit, receiving from any part of the bin system, coke, stock-pile
or briquettes, and for discharging they can pass on either side of the three
blast furnaces. A train crew consists of a motorman and two loaders, 3
in all.

A tram line which runs through a cut in the cupola building back
of the furnaces leads out to the slag dump. One 35 ton electric locomotive,
and & pair of 15 ton locomotives, coupled to act as a unit, are used on this
line to haul the slag trucks.

Flue System and Stack.—From each furnace a sheet stesl downtake
7 feet in diameter, in the form of an inverted V, links with the dust flue
across the cut in which the slag tram operates. The dust chamber forms
the opposite side of this cut; it is a flue, 180 square feet in cross section
and 200 fzet in length. It conducts the flue gases to an expansion chamber
550 square feet in crogs- section in which the flue dust is collected; the
flue passes onward at an oblique angle as it ascends on the natural rise of
the ground a distance of about 500 feet to a brick stack 121 feet in height
and 12 feet inside diameter, The height from the top of the stack to the
feed floor is 197 feet. .

Buildings.—All buildings at the smeltery are of steel. The cupola
building 60" X 150’ contains the three blast furnaces; the converter
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building adjoining measures 44 feet X 150 feet, the power house 40 feet X
81 feet. The approximate dimensions of the other buildings. on the
property can be determined from fhe accompanying plan. An office and
assay laboratory, and several residences for officers of the Company,
located east of the works, are not shown on the plan.

Shops.—The works are provided with fully equipped machine shop,
blacksmith shop, and carpenter shop. The machine shop equipment
includes a lathe, planer, large and small radial arm drill press, pipé machine,
bolt eutter, a 1-5 ton air hammer, splitting shear, punch, and 5 ft. rolls.

Assay Office—The assay office is. fully equipped to handle all types
of ore received at the smelter, as well as slags, mattes, and blister copper.

Copper Blast Furnaces.—There are three water-jacketed blast furnaces
in the cupols building. Originally these furnaces were 48" X 240" at the
tuyéres; the capacity was recently increased about one-third by widening
the two end furnaces to 517 and lengthening them to 3607,

The furnaces are each erected on a concrete bage, about 4 feet above
the converter floor, and 8 feet above the track for slag cars. They are
placed longitudinally, and in charging the side dumping cars used at the
plant discharge to an inclined plate against baffle plates. The length -of
the cars is such that three {or four) can be discharged simultaneously
throughout the length of the furnace; coke is supplied separately by
three (or four) cars.

The end furnaces are each 51" X 360" at the tuyéres, being 9 jackets
in length; the middle furnace is 51" X 240" at the tuyéres, being 6 jackets
in length. The furnaces have 15 feet of available ore colurom, from
tuyéres to feed floor, 12-13 feet of this are used. The dimensions and
other principal features of the construction of these furnaces are shown
in the table of furnace dats given in chapter VIII, page 146 (See Plates
XXXVI and XXXVII).

The bustle pipe on each furnace is carried completely around the
furnace, tending to equalize the air pressure at the -tuyéres.

The furnace doors are operated by compressed air at 85 pounds fur-
nished by a two-stage duplex compressor, belted to a 50 H.P., 550 volt
motor. -

For the purpose of distributing the charges properly, each furnace
is provided with two lines of hanging baffle plates which swing from he.avy
4" hydraulic piping, supported upon the feed floor level by the end castings
of the furnace. The material from the charge cars is discharged against
the apron plates and by these is deflected against the suspended baffle
plates; these swing inward, their weight causing them to move gradually
and producing a satisfactory distribution of the charge in the furnace.

The furnaces are each provided with two water-jacketed trapped spouts,
with a water-cooled copper lip, one at either end of 4 furnace, and may be
‘tapped at either or both ends as required.
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Eetween each pair of furnaces a large square settler, 106" in width,
18" in length, and 46" in depth, lined with chrome brick, is placed to
receive the matte and slag. These have a holding capacity of 20-25
tons of matte. Slag overflows to a 25 ton pot on a standard gauge carriage.

During the interval of changing the slag pots, a small ladle operated by
hand intercepts the stream.

Matte is tapped directly to 5 ton ladles handled by a travelling crane
on the opposite side to the slag railway.

Converter Equipment.—The converter floor is abreast of and about 4
feet Iower than the blast furnace floor. It contains 2 converter stands
and 5 extra converter shells, 7 shells in all, each 84’ X 126”. Iydraulic
power is used for tilting (Plates XXXVIII and XXXIX). '

The converters are usually lined with siliceous gold ores, from the
Repuklic mine, Washington, or from the Snowstorm mine in Idsho, the
latter containing 809 silica. This ore is mixed with local clay as a binder,
a firebrick lining béing placed next the shell on the tuyére side. The ore
for the silica lining i crushed to 1”-cubes in the sample mill, ground ‘and

mixed in & 6 ft. Carlin silica mill, belted to a 40 H.P. motor, and it is
tamped by pneumatic rammers.

- The plant is served by a Niles electric four motor travelling ‘crane;
the main hoist of this crane is 40 tons capacity, the auxiliary hoist 10 tons
capacity. _ ' '

The converter plant has a capacity of 40 —50 tons of 359, matte per

24 hours, the production being about. 1,000,000 pounds of blist

er copper
Jper month. ‘

Blower Plant.—Each furnace is supplied with an individual Number
10 Root blower of 300 cubic feet capacity per revolution, operated at 85
r.p.m. Each blower is belt driven by a 300 H.P. type C Westinghouse
squirrel-cage induction motor, the belts being 40" wide. The blowers
are designed to deliver their rated capacity at any pressure up to 40 ounces,
Blast st 22 ounces is piped directly from each of the three blowers to its
respective furnace. At the point where the blast pipes leave the power
house they, enter a header with a valve system which permits the interchange
of blowers to the different blast furnaces, when necessary. The pipes
are 43’' in diameter.

The converters are supplied with air at 8—10 pounds per square
inch pressure by one side of a Nordberg cross-compound single stage com-
pressor having an air cylinder 40" diameter, stroke 42" capacity 5,000
cubic f2et per minute. The engine was designed for steam, but it is now
driven with rope drive, by a 300 H.P. Canadian General Electric variable
speed induction motor. This machine has foundations, driving wheel,

and erank shaft arranged for the addition of the other side whenever necess-
ity requires.

Tusre XENL,

Interior of the blast furnace building. slag side, British Columbin Copper Co., Greenwood, B.C.
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Interior of the blast furnace building, matte side, British Columbia Copper Co., Greenwood, B.C.



Acid copper converters, British Columhbia Copper Co., Greenwood, B.C.



Prare XXXIX,

[ alisl o A

An electri_c operated silica lined copper converter. (A. C. Co.)
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A compound duplex Canadian Rand compressor of 340 cubic feet
capacity, belt-driven by a 51 H.P. induction motor, running at 150 r.p an.,,
supplies air at 75 pounds pressure, for operating the tampers used in hmng
the converters. It is also used for operating the blast-furnace charging
doors and pneumatie tools.

Hydraulic Accumulator.—A triplex plunger pump, 5 diameter, 8"
stroke, 60 r.p.m., capacity 120 gallons per minute at 200 pounds Dressure,
belted to a 20 H.P. motor, operates the Gould hydraulic aecumulator
that is used for operating the converters. The ram of this accumulator
is 24" in diameter, the stroke is 10 feet,

Briguetting Plant.—The blagt furnace flue dust is briquetted in a White
press having a capacity of 5 tons per hour. This machine is a 3-plunger
press, driven by a 40 H.P, motor. About 1-5% of the material delivered
to the blast-furnace charge is collected as flue dust. This contains enough
caleite to constitute a lime-bond for the briquettes so that it is not
necessary to add any material. The dust from the flue passes automa-
tically through a mixer where the requisite quantity of water is added.
The briquettes are delivered from the machine on trays where they are
permitted to dry for 24 hours. They are then charged back to the blast
furnaces.

Water System.—A concrete reservoir, 150,000 gallons capacity, holds
a reserve supply of water at a head of 144 feet above the converter floor.
This reservoir is served by a two-stage turbine pump, direct connected to
100 Z.P. induction motors, and located on Boundary creek. The furnace
water is supplied by a pump driven by a 50 H.P. motor. Thess motors
are operated directly from the Power Company’s pole line and are inde-
pendent of the Copper Company’s powerhouse switchboard, in order to
ensure protection from fire.

Overflow and seepage from Copper creek are conserved in a pound
into which the jacket water of the furnaces also flows when reqmred When
it is necessary to conserve the jacket water and use it over again, this pond
serves as a cooling pond. A pair of 60,000 gallon service tanks and one
of 100,000 gallons are used to receive the jacket water pumped from the
pond. Three direct-connected Byron-Jackson centrifugal pumps, each of
1000 gallons per minute capacity, operated respectively by one 50 H.P.,
two 40 H.P. induction motors, are used for this purpose. A 14 main
connects- these pumps with the service tanks. The blast furnaces require
about 4,000 gallons per minute.

The piping of the water system is arranged in independent cireuits
28 an added protection against fire and also to permit of the shutting off
of any section for repairs. Twenty-two hydl_ja.nts and numerous valves
serve for fire protection. ' ) _

Smelting Practice.—Blast Furnaces.—The height of the charge in the
furnaces is maintained at 13 feet. The ore is of such a nature that it deerep-
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itates readily upon heating, this permitting eoarser crushing (to about 8
than would othefwise be necessary. The ore from the different mines is
mixed in the charging cars to form a rapidly smelting mixture, the furpace
capacity being about 6-176 tons per square foot of hearth area per 24 hours,
or 2100 tons per day for the three furnaces. With favourable ore and
furnace conditions a duty of 7-5 tons per 24 hours has been attained, but
this is too fast running for the settlers and breast jackets, and especially
for loading the charge traing, and is not desirable.

A charging train makes up its charge at the bunkers by running under
the bing, loading in the first constituents and weighing on the nearest scale,
then adding the next and weighing on the next scale, and so on until the
charge is complete; it then backs under the coke bins to receive the coke
charge. When loaded it goes forward under the bins and around by the
semi-circular loop to the feed floor tracks passing to either side of the
furnaces as desired. At the furnaces the coke charges, which are 12-14%,
of the ore charges, are first dumped, followed by the ore charges, the size
of the laiter being from 15,000 to 20,000 pounds, or 5,000 pounds per car.
The average copper cortent of the f_urna.ce charge would be from 1.1, to
1-3% in the form of chalcopyrite, carrying also from $1.10 to $1.20 in
gold and silver. Iron occurs in the ores as pyrite and magnetite; there
is also a little pyrrhotite; lime oceurs as calcite. A deficiency in sulphur
has to be supplied; at present this is obtained from the Company’s Napoleon
mine, the ore from which is pyrrhotite. To smelt the charge, from 129
to 14% of coke, carrying 22-25%, of ash, is required.

The following are approximate average analyses of the principal ores
received at the smelter:—

1

TABLE X.

Ore Analyses, B.C. Copper Co., Smelter.

& Au.
Mine. Siliea, | Tron Lime | Alumina! Sulphur | Copper | and

% % % % | % % Ag.

6-0 2.0

12-0 22-0 1.2 1.00
Rawhide......,..... . 36-0 11-0 190 | ...... 3-0 1.3 0-90
Napoleon. ......... .| 80:0 | 33.0 70 ... 1.0 e
Lone Btar...........| 65-0 1-5 4.0 |........ 05 |oooeidonnii.
Emmal............ 15-0 | 43.0

12:0 {....... 14 | 125] o.r0

» 1 Not at present operated.
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An effort is made to maintain a slag of an analysis, in its chief con-
gtituents, of 810, 43-469,; FeO, 19-27%,; Ca0, 21-289%;; Al.0; 9%.
The matte produced has a 35-45%, copper tenor. Since the ores carry
only 1.195-1.3% copper it will be seen that a very low matte fall is
obtained, necessitating very careful work in order fo maintain rapid
smelting and to prevent the building of large incrustations of chilléd mate-
rial in the furnace.

In operating the furnaces Motherlode and Rawhlde ores are charged
abcut equally, and Napoleon is added to the charge as required to regulate
the grade of matte. The low matte fall, taken together with the sudden
and considerable charges in the ore analyses, and the presence of magnetite
in zonsiderable but varying quantities, nedessitates careful observation of
furnace conditions.

The searcity of sulphur makes a low sulphur elimination necessary.
The blast pressire is maintained between 16 and 24 ounces according to
conditions. This and the percentage of fuel in the charge are carefully
regulated to keep oxidation to the lowest possible limits.

The following table gives the p1'1n01pa,1 data with respect to the
operation of these furnaces:—

TABLE XI.

Operating Data, B.C. Copper Co., Smelting Furnaces.

Charge, in tons per sq. {t. hearth Men in 8-howr shift........... 20
ares in 24 hours,........ . 6.2 Maftte 9, of charge............ 2-0
Cu%incharge .............. 0-81.2 % 67 of copper......... .. 40
5% i« R, ., 1.6-35 %  Bpecific gravity......... [
S %bumntoff............. . 80 Slag 9% of Si0g..cvuveennn ... 4346
Coke 9% of charge............. 12.0-14-0 % of Fe (Mn} O....... . 1927
& of agh. . ... .......... 22-25 % of Ca (Mg) O........ 21-28
Blest, eubic feet per min..<..... 25,000 Gpof ALOs.. ... ... 6- 9
¥ temperature............. Atmosphere. % of Clleverrreevinnen... 0-2-0-25
Cooling water for jackets, gallons Specific gravity.........c...o... 3-2

per hour (3 furnaces)...... 4,000

The blast furnace slag overflows from the settlers into slag cars. The
slag trucks used are oval trucks of the type of cinder car used at iron and
steel works; each truck has a capacity of 250 cubic feet of molten slag
or about 25 tons. The slag trucks are hauled, one at a time, to the slag dump
by 35.ton electric locomotives. Each slag truck is provided with a 16
H.P. motor, mounted on its frame, which furnishes the power to tilt the
slag pot on the car frame, in order to discharge the molten slag. The
tilting motors are operated from a controller located in the locomotive
¢cab, and the current is transmitted to these tilting motors from the trolley
wire by, extension cables coupled between the locomotive and slag trucks.
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These trucks are designed with an especially steep angle dump of 47°, to
enable the bowls to clear themselves of the shell of slag when tilted to the
extreme limit of the worm gear. '
Converters.—Matte is tapped from the settlers into 5 ton ladles which
are movad by the travelling crane to the converters. In the event of

difficulty in tapping matte, which may arise through lack of attention to.

the tapping bar in the settler, and because of the low matte fall, the frozen
matte is fused by an electric arc formed by applying a carbon rod carrying
& cwrrent at 110 volts. This rod is about 30" in length when new, and 17
in diameter.

Converter slag is received in ladles and poured into sand beds on the
ground. When sufficiently cool it is lifted to a grizzly on top of steel
rallway dump cars, through which it breaks readily into the cars. These
cars when loaded are transferred to the ore bunkers and the converter slag
is discharged into a bin for re-charging to the blast furnaces.

The converter gases are taken off separately from those of the blast
furnaces to prevent the high grade converter flue dust entering the long

last furnace flue. The converter flue discharges the gases into an expan-
sion chamber 281 squard feet in cross section, in which the dust is collected ;
the gases pass onward to a steel stack 78" in diameter and about 75 feetin
height. The converter flue dust is returned to the converters and is fed
into the molfen charge. _

The air blast at the converters is used at 8-10 pounds pressure to the
square inch. .

Two charges -of blister copper are made from each lining.

The blister copper is cast into slabs which are weighed and sampled
and loaded into railway cars at the lower spur.

Labowr.—QOpen shop is the policy of the smelter. To operate the plant
at its present capacity, the following fores is required per 24 hours:
superintendents and warehouse clerks, 4; shift bosses, 5; sampling mill,
11; blast furnaces and briquette mill, 61; converting department, 15;
powerhouse; 3; mechanical and electrical force, 12 ; slag dump and general
labour, 9; total, 120. The plantis thus treating approximately 20 tons of
ore per cay to each employee, including superintendents and foremen.
The sample mill staff, and the men engaged around the furnaces and

converters work 8 hour shifts; the major portion of the other labour works
9 hour shifts.
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CHAPTER VII.

THE TYEE COPPER COMPANY, LIMITED.

1xcorrorATION.—Organized April 4, 1900, in London, England. Licensed by the British
Columbia Government as an extra provineial Company. Authorized capital, 180,000
ghares £1 par value; issued, 180,000 shares. Chairman, Thomas Headland Wilson,
London, England; Secretary, William Gardner, London, England; General Manager,
W. J. Watson, Victoria, B.C. Tiscal year ends April 30. Head Office, 45 Leadenhall
St., London, B.C. Works Office, Ladysmith, Vancouver island, B.C. -

This Company was organized in 1900 to carry on the business of
raining and smelting copper ores in British Columbia. They own _about
1,247 acres of land on Vancouver island, including 800 acres of timber
lands, 342 acres of mineral claims, the smelter sife at Ladysmith, and a
terminal railway yard. The principal property of the Company for many
years wag the Tyee mine on. Mount Sicker, 50 miles from Vietoria and 11
miles northwest of Duncan station on the Esquimalt and Nanaimo
railway; this mine, however, was closed in 1907. - -

The principal property of the Company at the present time is the
smelting works at Ladysmith. Between 1907 and the winter of 1.911
this plant was operated as a custom smelter. Since then it has been idle,
but everything has been kept in first class condition so that a new.st.a.rt
could be made at any time; for this reason it has been considéred advisable
to include a description of the plant. Since the complefion of this report
word has ecome that arrangments have been made to re-open the plant
at Ladysmith to treat ores from the Ptarmigan Mines, Limited, V.I.

LADYSMITH SMELTING WOREKS.!

Location—The smelting plant belonging to this Company, known
ag the Ladysmith Smelting Works, is located at- Oyster harbour, on the
east coast of Vancouver island, about 58 miles north of Victoria. The
site is located near the head of navigation on a well protected natural
harbour; it has a water front of 3,000 feet; and an area of 45 acres. The
ground riges from thé harbour in a series of terraces, and advantage has
been taken of this to arrange the plant to handle supplies and products
largely by gravity.

Historical.—The first smelter on this location was designed and erected
for the Company by Mr. Thomas Kiddie. This was a single furnace plant,

t The author is indebted to Mr. W. J. Watson for assistance in revising the ﬁrs_t dra.-ft
of this manuseript describing the Ladysmith smelter. Additional references are given in
the text.
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which was first blown in December, 1902, The plant was considerably
improved and enlarged in 1907-8 to meet changed conditions; it was
further remodelled and practically rebuilt in 1909-10.

General Statement of Egquipment.—The general squipment includes
railway yards, railway scales and automatic scales for weighing train
carloads, ore bins of 7,000 tons capacity, with yards affording any addi-
tional storage space required. The smelting plant comprises two large

copper biast furnaces and auxiliary equipment, including 2 Connersville’

blowers and an Ingersoll-SBergeant air-compresgor. There is a sgpecial
mixing plant for handling fine ore, concentrates, and flue dust. The
buildings include a sample mill, an assay office, machine, earpenter, and
blacksmith shops, all of which are equipped to handle most of the repairs
and minor construetion work required around the plant. Fire protection
is providad by a system of water lines, hydrants, and a pump. The efficient
ore handling system includes special unloading docks with electric operated
unloading machinery and an ineline trestle leading to the ore bins (Figure 32).

Powsr.—The power required for the plant is supplied by 4 return
tubular boilers—two 80 H.P., one.100 ILP., and one 120 H.P. The
engine room contains a high speed Corliss engine 150 H.P., which is con-
nected to an Allis-Chalmers-Bullock 100 K. W. direct current generator.

This supplies power to the dock hoists and to the electric locomotive on:

the tram line. As an alternative for supplying power to the hoists or
locomotive alone there is a 35 K.W. direct-current turbine. A Connersville
blower, having a capacity of 8,000 cubic feet of free air per minute at a
pressure of 32 ounces is connected by a rope drive with s Reliance-Corliss

100 H.P. engine. A second Connersville blower, delivering 14,000 eubic

feet of free air per minute, is driven by a high pressure Corliss engine of
150 H.P. capacity, 12" and 23" cylinders, 30" stroke. o

The sample mill is operated by a 75 H.P. slide valve steam engine.

Becewving Ores.—Ore arriving by sea is received at the Company’s
dock on the water front. Upon this dock are two storage bins, one fixed
and having a capacity of 300 tons, the other movable, being mounted on
railway irucks running-on tracks, and having a capacity of 100 tons
(See Plate XL). This smaller bin can be moved the whole length of
the dock; this arrangement makes it possible to quickly adjust the
bins to unload simultaneously from any two hatches of a vessel. Both
bins are equipped with electric hoists and movable arms; the latter can
be projected to any required length by a small winch. The hoisting
cables pass through a special trolly, the design of Mr. W. J. Watson,
which operates without jar or strain when the hoist changes from the
vertical to the horizontal motion. The ore is hoisted in sheet steel buckets,
about 1,000 pounds capacity each, at the rate of 20-30 tons per hour
per hoist, dependent upon the nature of the ore, and the rate of shovelling
of the losders.
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A. Unloading bunkers.

B. Drum hood erected over a copper blast furnace
Ladysmith smelter, Tyes Copper Co
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The wharf bins are built with a row of posts down the middle and
loading chutes on. either side to facilitate the loading of the trains of ears
which convey the ore to the smelter bins (Plate XLI A).

The dock itself is 40 feet in width and 210 feet in length; it is con-
nected with the smelter bins by an imcline nearly 1,000 feet in length.
Ore from the dock bins is conveyed up the incline to the storage bins in

‘trains of 5 cars each. These cars are side-dumping, of wooden construction,

and hold about 2 tons each. Three trains are used; while one train is being
weighed and its load discharged, the second is descending the incline and
ths third is being loaded at the dock. ~ The arrangement of the tracks and
double row of ore chutes at these bins enables the train of empties to be
run into place for loading, while the other train is being loaded and the
third train is at the top discharging its load. Operating in this way, the
plant can handle about 1,000 tons per 10 hour shift.

The loaded trains are hauled up the incline by a steam hoist; at the top
of the incline an electric locomotive runs the train upon the 40 ft. weighing
platform of a Fairbanks automatic scale. This seale, which has a self

‘registering beam, weighs all five cars at the same time. After weighing,

onz car or more of each train, as required, is switched to the sample mill
bins which feed directly into the sample mill crusher. The other cars
are run over the storage bins and dumped.

Ore arriving in railway cars from Vancouver Island poinis or
over Canadian Pacific Railway mainland lines, via the car ferry, is switched
to the ore yard where there are bins of 1000 tons capacity. When additional
stcrage is required, ore is stock-piled in the yards; for this purpose several
hundred feet of trestling running over the storage yards have been provided.

There are in all 4 sets of ore bins having a capacity of 7,000 tons, in
addition to the yard facilities.

Sample Mill and Equipment—The sample mill building is a wooden
structure 29’ X 34’ and 70 feet in height. A No. 4 Gates gyratory
crusher of a capacity of 30 tons per hour is located in & pit 14 feet in depth.
The ore is fed directly to this crusher and is broken to pass a 2" ring. The
crusher discharges into the boot of an elevator; this elevator raises the ore
to a bin in the top of the mill from which it passes downward suecessively
through a 48" Snyder disc sampler cutting %, a 10" X 7" Gates crusher
(tc 4) a 36" Snyder sampler cutting %, two pairs of rolls, both 20" X
12", and thence into a steel barrow with a covered top (See Flow Sheet,
Figure 33). The sample is wheeled into the finishing room where it is
quartered down, sheet iron erosses being used. The final sample, weighing
about 120 pounds, is ground through a small rotary crusher and then
through a Braun disc pulverizer. Ordinary low grade copper ores are pass-
ed through a 100 mesh sieve; the pulp of high grade ores is passed through
8 150 mesh sieve. Ore for sampling. is cut up into lots of about 200 tons
each.

35783—15
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The proportion of any shipment that is sent through the mill depends
upon its richness and uniformity. In some cages all the ore is sent through;
in others the quantity will vary, being usually % or 35. As already
noted in describing the methods of receiving ore, every fifth car hoisted
up the incline is usually switched to the sample mill bins, the balance
going to the storage bins. The discards are elevated into a special discard
bin from which they are loaded into 2-ton cars and transferred to the bin
containing the original shipment.

Sample mill bins

Gates crusher, No4
(crushing to 2'5crees)

Elevaror

Snyder disc 'sa_mp/er, £3"

(cuts i) .
A
I
Reject Samole
Gates crusher, 107"
{crushing o 3/ "scraen)
Snyder disc sampler
(cuts w5)
P
Heject Sample
Ralls, 20°x 12"
Rolis, 20" /2"
+
discard elevalor Covered barrow
. 3
Discard bin Quariering floor

(Cu?‘ {/4)

Two Fom cars

i Smalf rotary crusher
Smelter bins

Brauns Jdise pulverizer
Sreve (/00 and /50 mesh)

Assaygr

Fra. 83. Sample mill fow sheet, Tyee Copper Co., Ladysmith, B.C,

F

Haulage and Distributing System.—The . Esquimalt and Nanaimo
railway, now operated by the Canadian Pacific Railway Company, connects
directly with the yards by a spur line. Standard gauge tracks are laid
in the yards past the principal shops, and also upon several hundred feet
of trestle work extending over the storage bins and stock piles.
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A tram line track runs from the wharf up the incline to the weighing
scales. This line also extends on trestles over the tops of the smelter bins
and to the sample mill bin. The incline is operated with a steam hoist.
The level portion of the line is operated by an electric locomotive.

Orn the charging floor steel hand barrows are used. These have a
capacity of about 1000 pounds each.

The location of the ore bins and other bins, for storing ores and fluxes,
with respect to the charging ‘floor, is shown on the accompanying general
plan of the works (Figure 32).

Flue System and Stacks.—A rectangular dust flue, 8’ X 11’ in
section, and 165 feet in length, built with brick sides and an arched
corrugated iron top, leads to the stack. Small doors are provided along
each side of the flue, at the base, for raking out the dust. Along each side,
below the level of the doors, is a water-tight concrete trough, 1 foot deep and
3 fest wide, into which the dust is raked and in which it is puddled with
water to be returned to the furnaces.

The stack is circular in section and is built of brick, 90 feet in height
and 7 feet in diameter.

Buildings—The furnace building, 56" X 81’, is of wooden con:
struction with a corrugated irom roof. The boiler and engine plants
are housed in similar buildings adjacent. The other buildings upon the
property are of wood. The office and assay laboratory are located in a
separate building a short distance from the main works. )

Shops.—The works are provided with shops equipped to carry out all
necegsary repairs or to eonstruct new equipment when not too heavy.

Ore Supplies—The plant was originally constructed to handle ore
frora the Tyee mine on Mount Sicker, in the Somenos district, B.C. This
property has, however, been idle since 1907. During the last few years the
smelter has been freating custom ores received from many points on the
Pacific coast—from as far north as Valdes, Alasks, and as far south as Peru;
shipments have even been received from Korea. The plant is located at
X s’cra.teglc point for securing cheap freights on ore in beth directions.
The main traffic northbound along the coast consists of provisions,
machinery, and drygoods. There is a shortage of return freights, which
makes it possible fo obtain special rates for ore cargoes southbound. Ore
ean be carried from SBkagway to Ladysmith, about 1000 miles, in bulk
for $1.50 per ton. '

Ladysmith is also the shipp_ing point for the Wellington Collieries,
of the Canadian Collieries, Limited, and a considerable quantity of lumber
is also shipped from this or adjacent points on Vancouver island. South-
bound vessels in the coal and lumber trades have to come back in ballast
unless return cargoes can be obtained. This results in low back rates to
Ladysmith on bulk eargoes of ore. A rate of $4 per ton has been secured

from South American ports.
35783 —15%
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Coke is obtained from the Canadian Collieries, Limited, It is made
in beehive ovens at the Wellington collieries, a few miles west of Ladysmith,
and is delivered at the works in hopper—bottomed cars. These cars dump
over a pit in which runs an elevator belt carrying iron steps. This belt
elevates the coke as fast as it is discharged from the cars, to a height of
about 40 feet, where it is distributed over a pile adjacent to the charging
floor of the furnaces; movable chutes are used to distribute the coke evenly
over the pile. 'The elevator is operated by a 15 K. W. shant-wound direet
current motor.

Limestone when required for flux is obtained from Tod inlet and also
by rail from Shawnigan lake, 22 miles distant. As a rule fluxes are not
required.

Assay Office—The agsay office is fully equipped to bhandle all ores,
slags, and matte treated at the works.

Copper Blast Furnaces.—There are two Allis-Chalmers water-jacketed
furnaces installed in the plant. Number 1, the smaller furnace, has tuyére
dimensions 42" % 120, is boshed, and has a capacity of about 275 tons
of ore per day: this furnace has smelted as much as 330 tons per day, when
rinning on & smooth mixture. Air for this furnace is supplied by the smaller
Connersville blower at a pressure between 24 and 30 ounces. .There are
14 tuyére openings, inside diameter 6”, 7 on each side (Figures 34 and
35.)

The larger furnace is built without bosh, tuyére dimensions 48" X
160”7, The jackets are 9-9" in height, the width at the base iz 42" and
at the top 62”; the end jackets are vertical and 160’/ apart. This furnace
has a capacity of about 400 tons of ore per day. Air is supplied by the
larger Conmnersville blower at a pressure of 32 ounces. There are 22
tuyére openings, inside diameter 5-5"'. Further data are given in Tahble
XV, chapter VIII, page 146,

" With both furnaces ir operatmn, the works have a capacity of about
20,000 tons per month.

Kach furnace is provided with a forchearth of special design, invented
by Mr. W. J. Watson. The Watson settler is constructed to provide for a
continuous flow.of matte as well as slag, to obviate the necessity of tapping
at intervals. This is accomplished by an adaptation of the old Orford
type of settler, to a water-jacketed receiver of larger size than formerly
used (Figure 36 and Plate XTLII),

The mette compartment is also placed outside the main settler, making
it possible to remove thig for repairs without shutting down the furnace,
ordinary tapping jackets, one on each gide, being prov1ded for use in such
an emergency.

The accompanying drawing, from pla.ns supplied by Mr. Watson,
makes clear the construction of the settler for the small furnace. The

settler proper is 4 feet wide and 12 feet long; the matte compartment is 2.
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Fic. 34, Copper blast furnace, Tyee Copper Co.

Vertical longitudinal section. {(A. C. Co.)
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feet square and is lined with 8’/ firebrick. The opening between the settler
and the matte pocket is 24" X 22”, but in operation this space, except for
a connecting channel 6" square, at the bottom, is filled with chrome brick.
The level of the matte is.controlled by adjusting the height of the slag
outlet; to increase the flow of matte a ball of clay is pressed into the slag
spouat, to reduce it the outlet is opened up. If a sufficient amount of matte
is'being made, the flow will be continuous; if not, it can be operated at
intervals of an hour or so. As far as possible, the depth of matte in the
gettler-is maintained at 107 '

The newer settler for the larger furnace is 62" in width, 14 feet in
length, and 4'-6" in depth, having a water space of 3"; the fire plate is
made of §// boiler plate, while 1 plate is used for the air plate. _

It has been found that with this settler a much cleaner slag is obtained;
a tapper is not needed on any shift, the element of danger to the men, of
being burned when fapping, is removed, and there is a reduction in the
wesr and tear on the matte pots, since the stream of molten matte does
not strike the side of the pot as in the tapping of the ordinary settler.

Another feature of special interest in the construction of the larger
furnace is the use of a large cylindrical drum, 12 feet in diameter, made of
boiler plate, that is placed above the feed doors of.the furnace as a hood.
One end of the drum is connected with the dust chamber by a ‘goose neck’
which leaves the drum at the top. The function of this drum-hood is to
return as much of the dust as possible directly to the furnace; the large
cross section offered by the drum to the esecaping furnace gases momen-
tarily checks their velocity and causes nearly 409 of the dust which they
are carrying in suspension to be returned directly to the furnace (Plate
X1I, B) | |

Smelting Practice.m—This plant is operated almost wholly on custom
ores derived from many sources. As might be expected no uniform system
of treatment can be followed for any great length of time, the practice
having to be varied to suit varied conditions. The ores received are
usually ores of copper—chaleopyrite chiefly, bornite “or other sulphides
oceasionally, and more. rarely carbonates or oxides. These ores usually
carry gold and silver, and sometimes zinc. The gangue matter consists
of quartz, iron (as magnetite or pyrite), and some alumina. At one time
there was a considerable smount of barium sulpbate in the gangue,
presenting a very difficult smelting problem that was successfully met by
the then Smelter Superintendent, Mr. Thomas Kiddie, Small lots of
silizeous gold ores are also received and smelted.

The copper recovery waries considerably but probably averages 80
pounds per ton. The copper losses in the slags are close to 0-39;. The

1 Consult “Tyee Copper Smelting,” E. Jacobs, B.C. Mining Record, 1904, p. 343 ;
Trans. A.I.M.E., Vol. ZZXXVI, pp. lkxxi-lxxxiil; “Smelting Practice of the Tyee Copper
Company,” Geo. W. Maynard, Eng. and Min. Jour., Vol. LXXXVIIL, 1909, pp. 905-908.
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slag analysis is very variable, depending on the available stock of ore;
during the past year, 1911, the silica ranged between 40 and 469, while
barium oxide, once a prominent constituent, was entirely absent.

The following sets of typical analyses of ore, slags, and mattes,
representative of theyear1906, were furnished to Maynard,! by Mr. Watson,
who took charge of the smelting works in September, 1905.

TABLE XTI.

Tyee Ore Analysis.

No. 1. No. 2.
L0 R e . '4.369%, 4-39%,
Ag...... .. e e e 2.60 oz. 2-85 oz.
AU.... . Wead TR e L 0-13 oz. 0-14 oz.
| T e SR e« T e 11-709%, 10-70%,
8i0g....... . ... - ey 13-40%, 12-70%,
BaS0,.... . . . 38-60% 42-10%,
/¢ T i 8.00%, 8-029;,

TABLE XTII.

Slag Composition, Tyee Smelter.

JFrom smelting Tyee ore No. 1 with 119 carbonate ore

Cu, G .. 0-83%
Ag...... ... .| 0-12 0z,
Au., . ... .. e .+ Trace.

FeO. .o .| 17-70%,
BiOuw....oooo.. L AR . L. 34-709%
BaO....... ; 5 . .1 28509,
Cal....... . ! s S 1
AlQs...... . R . o 82 9
Zn0....... : Ham L ViusTr L. Be109%,

10p cit, p. 908. These a.nalyses a8 quoted here were subsequently revised for the
author by Mr. Watson. Bome errors in the original publication have been corrected.
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Low grade matte, made from a low-grade barytic ore carrying an
excess of silica and over 10% zine, fluxed limestone gave the following
analysis: CusS, 33.34%,; ¥eS, 25.45%,; BaS, 15.83; ZnS, 23.539%;
8p.G., 4-232. The slag produced while making this matte, analysed:
Cu, 0-37%; FeQ, 12-21%,; 8i0s, 31-57%; BaO, 27.14%; Ca0, 14-36%,;
In0, 7-929%,; A1,0s, 6.75%; specific gravity, 3.487, a difference of 0.745.

At that time, May 1906, the practice was to smelt the Tyee ore, analysis
of which is given above, with 119, of a carbonate ore containing Cu,
3.6%; insoluble 80%; Ag, 6 oz.; Au, trace; the coke used made 12.59% of
the charge; blast pressure was 20 ounces.

The night mstte and slag made from smelting No. 2 Tyee ore with 119,
of the siliceous carbonate ore had the following composition: CusS,
50.37%,; Zn8, 16 .10%,; ¥eS, 29.139%,; BaS8, 3.58%,; and a Sp. G. 4..3846,
The flue dust analysis showed: Cu, 3.77%,; Fe, 11-77%,; 8i0,, 18.56%,;
BaS80,, 28.30%; Ca0, 1-5%; Zn, 6-79%,; MgO, trace; S (as sulphides)
5.82%; Ag,2-74 0z.; Au, 0.14 0z.

The following slag analysis, supplied by Mr. Watson, shows the
operating conditions during the year 1910: slag Cu, 0-36%; 8i04, 36 -259;

© FeO, 18-269,; Aly0s, 10-03%,; CaO, 3.47%,; MgQ, trace; BaQ, 23.70%;

Zn0, 7.409%,; giving a total of 100.489%,. The specific gravity of the slag
was 3 -66, being 0.7246 less than the gpecific gravity of the slag obtained in
former years.with Tyee No. 2 ore.

Flue Dust and Fines.—About 509, of the charge at the time of my first
visit to the plant in 1911 consisted of flue dust and fine ore, including
concentrates. The practice was to puddle the flue dust in the water-tight
conecrete troughs before-mentioned as lying beside the dust chamber,
drain it, and feed it to the furnace. In a similar way, fine concentrates
from the Britannia mill were passed through an ordinary brick pugging
mill and fed to the furnace wet. ‘

The results obtained were very satisfactory. The lumps of fine material
apparently become sintered on the outside and bound together before all the
water has time to evaporate ; the escaping steam would also render these
magges porous. The tendency to discharge an undue amount of dust into
the chamber and flues is counteracted by the special drum dust-hood over.
the top of the furnace.

Maitte for the year averages 40-43%, copper, 26 ounces of silver, and 1.3
ounces of gold. The matte is run into pots and cooled. It is then dumped
out, broken with hammers and pasged through two sets of jaw crushers, and
& single disc sampler, to obtain a sample. The crushed matte is shipped to
the smelter at Tacoms, Washington, for further treatment. (Provision
has been made to install a converting plant at the works as soon as condit-
ions warrant it.) '

The slag is granulated as it leaves the settlers and is sluiced down to
the ‘tidal flats on the Company’s property at the head of the bay. Water
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for this purpose is pumped from & reservoir whose bottom lies below high
tide level, by a direct connected Westinghouse motor and pump, by the
Dolier Engineering Company, Pittsburgh, Pa. The supply of water in the
regervoir is renewed every tide by a flume and automatic gate; this gate
opens with the rising tide but closes as soon ag it begins to ebb, thus im-
pounding & supply of water in the reservoir.
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CHAPTER VIII.

MISCELLANEQOUS SUMMARIES.
COPPER BLAST FURNACES IN CANADA.

There are 29 rectangular water-jacketed copper blast furnaces in Canada
at the present time, the majority of which are in active operation. The
total of the hearth arcas of these furnaces is 2,580 square feet. The total
rated capacity is 15,600 tons of charge per 24 hours, but the actual duty
varies considerably at the different plants, chiefly because of the marked
differences in the ores treated.

TABLE XIV,
Copper Blast Furnaces in Canada, 1913.

Rated

No. of Tuyére Hearth Ore | capacity

Operating company. fur- dimerisions. | areain | column, | (approx’y)

naces. aquare feet| in feet. | in tons of

| 2,0001bs.
Canadian Copper Company..... B 5077 204"/ 70-83 14 400
-1 5077 240" 83-33 14 550
Mond Nickel Company...\.... 2 507" 2407 83-33 ‘ 12 | 550
Consolidated Mining and 1| 427% 2107 | 61:25 8 360
Smelting Company. 1 42'7% 3601 | 105-00 8 650
@ 1 49/7% 264" | 77-00 8 460
1 42" % 4207 | 122-50 8 700
1 | 60X 420" | 145-80 8 875

Granby Consolidated Mining
and Smelting Co.— .

Grand Forks.......... 6 447 % 2665 81-41 12 500
2 48" x 280" 86.67 12 580
ANyos.............. 3 507 360°" | 125-00 12 750
British Columbia Copper Co.... 2 51*% 360’7 | 127-50 12 800
1 5117 240'7 85-00 12 500
Tyee Copper Compary......... 1 | 427x 1207 | 35-00 6 - 200
. 1 48" 180"/ 53-33 6 T30
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There are algo several small oval or circular water-jacketed furnaces
available, but none of them arein commission on copper ores at the present
time. C

In addition to the blast furnaces, there are two Steptoe type rever-
beratory furnaces in use at the plant of the Canadian Copper Company,
having a total hearth area of 4,256 square feet.

The principal dimensions of Canadian blast furnaces are exhibited in
Table XV, designed after a similar table prepared by H. B. Lowden of
Denver, Jolo., and published by Dr. Peters.! This table includes all the
‘principal. furnaces that have been erected in Canada; data with respect
to furnacsas in a few foreign plants are also included at the end of the table,

COPPER CONVERTING.

The last five years have secen the development of the basic lined copper
converter, and its adoption at nearly all of the important copper pro-
ducing plants In America. According to the Peirce-Smith Converter
Company?about 809 of the copper now produced is being converted eitherin
the Peirce-Smith type of converters or on basic lining, under license, in the
- old acid snells. 'Within the last two years, a number of plants have adopted
the upright form of shell, which is known as the Great Falls type. These
latter are now in use in the following plants: Boston and Montana plant
of the Anaconda Copper Mining Company at Great Falls, Montana; the
Greene-Cananea Consclidated Mining Company, Cananea, Mexico;
the Calumet and Arizons Mining Company, and the Copper Queen Com-
pany, at Douglas, New Mexico; Arizona Copper Company, Clifton, Arizona.;
United Verde, Jerome, Arizona; the Anyox plant of the Granby Consoli-
dated Mining and Smelting Company. According to Mathewson,! this
type of converter is easier to build and to keep in repair, and has become the
standard during the past year.

Tustrations of the Peirce-Smith type of shell have been s_hovkm in
Plates XXII and Figures 13-16. The general appearance of the Great. Falls
type is shown in Plate XLIIT, adapted from an illustration of the Power and
Mining Machinery Company. Through the courtesy of the Allis-Chalmers
Company, Figures 37, 38, and 39 have been prepared from drawings of a
standard basic converter of the Great Falls type. The modified form in
use at Anyox has already been illustrated on pages 116 and 117. ~
_ The Arizona smelters, and the smelter at Anyox have adopted the size
which is 12 feet in diameter; the height of the Arizona converters is 19 feet,
while thoze at Anyox are 17°-7"”.  Alarger shell, 20 feet in diameter, has been
developed by the Anaconda Copper Company’s experts at Great Falls. This
shell weighs 65 tons, exclusive of the bearings, and has a capacity of about
50 tons. It is reported to have been proven very satisfactory in operation.

L Practice of Copper Smelting, p. 146.
? Eng. and Min. Jour., Vol. 94, p. 48, 1912.
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Principal Dimensions

Size in Hearth | Centres of | Centres of Height
Cormpany. Location at works. Date.| inches at | ares in | -tuydres to | tuyéres to jackets
tuydres. | sq.feet.| ieed floor. tapping inches
floor.
Labourers’ Co-operative G.8. and C. Mining Co..|Golden, B.C.....o.......| 1880 | 387 X 7877 20:68 | e 2 tiem
Hall Mines, Limited. .................. [P Nelson, B.C...... i 1895 | 427/ 100"’ | 29-16 137471 3-8 lower 47
' . 1896 | 447X 14477 | 44 1287 - 4’6/ lower 5
British Columbia Smelting and Refining Co...... Trail, B.C......ooovithlt 1896 | 38//X 120" ' 31-66 00" ™ 50 lower &’
Copper Crown Mining Comﬁamyz ............... Pictou, N.8............ ...| 1800 | 36" X 60"/ 15-00 8.9 82" " 108 +
British Columbia Copper Compa.ﬁy .............. Greenwood, B.C.......... 1900 | 427" X 1807 | 4875 | ... ..o |
T 1907 | 517 % 240" | 85 15- 0"3 50" 108 +
51’7 X 360" | 127.5 15°-"8 50" 108 +°
Northwestern Smeltling and Refining Co.-........[Crofton, B.C........ o 1901 | 447X 18070 48-89 ... e
Standard Pyritic Smelting Company............ Boudidary Falls, 1}0 ceee| 1801 | 40 X178 | 4889 |
New Dominion Copper Company............... Boundary Falls, B.C......| 1807 | 487/ X 255" | 81-61 |............[.......... e,
Canada Consolidated Mining and Smelting Co...|Trail, B.C........... Do 1802 | 429 X120 | 36 e
4217 % 300°7 | B7-50 86" 56" 90"+ 3
42772847 | TT00 (..o S P
1918 | 42" 420 | 122.50 8'-6" 5.6 60"+ 3
1913 | 56" x 420" | 145.80 8- 56 90" +5i
Granby Consolidated Mining and Smelting Co. ...|Grand Forks, B.C......... 1899 | 4477 X180 | . oo
. 1805 1 487/ 32187 | ... e
1909 | 487 X 26077 | 86-66 12'-10" 5'-2" 90" 4+
. : 1909 | 4477 % 266-5] 81.41 12°-10" 521 90" -
|Anyox, B.C...yr oo vt int 1913 | 50’ X 360" | 125 184486 . g0 126"+
Canadian Copper Company .............0..... " Coi)per Cliff, Ont.......... R 507 X 201' I 70-83 | 14'-10.-5” 10°-3” 5T 48"
. 1912 | 507 X 240" 83-33 14-10-5" [ ...
Tyee Copper Company.........cocvvrrvniaenn +|Ladysmith, B.C..... FRRR ce| 42771200 | 356 - g9 581 117"
. ’ 48'' X 160" | 53-33 82" 5-8" 117"
Mond Nickel COmMPADY . ..uveernrrerannaaen.n.. Victoria Mines, Ont...... . 1808 | 44/ X 1207 | 86-67 |.....ei i ]
- 1908 | 44/ X180 | BEF | ..t e
Coniston, Onf.......ou.\s. 1918 | 5077 X 240°' | 83-33 16117 7-3-5" lower 8"
Cananes Consolidated Copper Coliiviinn.. Cananea, Mex............ 1908 | 48* x 210" | 70.00. 10-4-5" |.......... 150-75"
Mammoth Copper Mining Company...........,|Kennet, Cal.............. 1908 | 50" X 180" | 62-5 1497 58" ...
Tacoma Smelting Company. .. .. ..coovuinno.. Tacoms, Wash...........[...... 427/ %1607 | 46.67 8-11" g-10" g6+ 3
Anaconda Copper Miriing Co2, .......o...o ... Anaconda, Montahia.... ... | 1906 | 567 X 10447’] 106 190" 77 90"+ 8C
87 ft. Washoe furnace. ' e

. After Peters.
. But only 13 feet to top of jacket.

== R

. To top of jackets, 132",

. The first figure is between two jackets, the second in saine jacket.
Plate opening 6/, a thimble with 4’/ opening is used.

. The practice was to use thimbles to reduce the diameter of the tuyére opening.

7. The lower and mude
8. There are tW0 °p"m'
9, Middle lower i

10. Middlelower i
11. Two tuyéres 86
12. Lower part up %0

t eacl
o bl



V.

adian Copper Blast Furnaces..
. . .
utres of | Centres of Number . Total | Bq.inch Plate Plate
-dres fio | tuyéres to | Centres of Width of and Centre to | area of | tuyédre used, used. | Avail-
ver line | upper line | tuyéres to | Bosh, |lower side | diameter | cemtre of | tuydres | opening Width of Inside, | Qutside, able
bosh, | of bosh, |lower edge] in inches. | jacket. of tuyéres. | insq. |per sq.foot| water space. | lower, | lower, ore
inches. | in inches. | of jacket. tuyéres. inches. hearth upper. | upper. |colummn.
ares.
e e D PR 12, 8" 16.6" " 8486 2-91 e e e e
........................... 107 i 16,4.75" 18" 282.21 6-41 oo
S RS o e foonees 14,6 |......... 396 12450 -[vuveieie e
6’ 70" 30.5" B’ 60” 10, 4 127 | 125-7 838 |ioiiiii.. U DU UV IR
............................................... 20, 3-5" 15" 1925 440 oo
stralight 367 17-3.5" 407 48, 4" |12.250-25% 60319 754 4" L M A 12
stralight 36" 1/-8.5" i 40" 72, 47 [12-250.25% 904.8 709 |...... e . . 12
....................................... '|.............................................--....................---.....-.._.__....
[
....................................... R S IS e N O A S, 6
[
........................................ o, B0 e e 10
......................................... U U AU U TR IO LIS AN 8
10" 56" 347 107 g0 40, 4" 15" 502-8 5-75 | 4.25", 3-375" ¥ 'y 8
........................................ P N P PO PO PSSR R & . 8
10 56 34 10" Lagy 56, 4" 15% 704 595 | oo 8
10% 567 34 10" 307 56, & 15" 704 2 N P P 8
................................................. 5" 17757 | e e e 9
......................................... A 3.5" 8-625" ... e e 9
22" 56" T 32" 127 . 527 60, 3-5" 8-625" | 577-2 - 666 |3 4125, 4-875" - 15" i 13
22 56" 32" 12" 53" 30, 4.5 17.75" | 589-0° 7-23 [3.4125, 4.875" £, g 13
stralight 48" 11 b4 66, 4" 10-87 | 829.71 6.64 - _5” .............. .. 13
] . - ] .
stralight ST CON B o 2%-5" T 2884% | 12.75" | 851.85 4-97° |4-8",1.25"pipe.| " g 14
........................................... N T MDD RS NP FUUUIUIY R S 14
20" 83" 347 11 N'lL)te ] 14,5_5// 17 332.75 g-51 4 ) T?R‘” ':I.Eu" 6
20" 83" 347 107 . Note 10 | 22,5-57|: 14.57 | 522-89 9-08 47 va" 5" 6
R PP AU U 60" 20, 4 127 oo e e 8
..................................... 80" 2411 47 127 | 301-71 549 oo 8
7.5 907 9" 9.5" 30" | 32, 4”7 | 15 402-28 4.82 4-5" S 13
raight 115" 36~ ‘g s 36, 4.-75" 11.67" | 637-9 911 ..ol R PP I 8
....... 1247 | 4 3.25" 30" 34,3625 107 30417 | - 487 || § 8|
107 l 116" 34 10 ! 43" r!5_8-54" 22, 4 | 14.5" | 276-6 5-92 4" 12 516" o PR
. | - ——
raight 78 11 and 17 8" |84gnd90”| 150, 4" | 12to14 | 1885-0 | 1257 [..e.oooivoi oo,

. are special cast iren jackets, 2 lower and 2 m.uihle replaciag one jacket 103°/X 51/, The upper jacket is an ordinary plate jacket 767/ 51"/,
+h tuyére jacket, and 8 jackets on s side, the th end tuyéres are not used.
e, one on each side of this 34.5'7.

e on each sxde of this 58/

used.
ove bosh tapers to 6'/, upper] ackeis all have 2-5' water space. 35783—p. 148
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Vertical copper converter, Great Falls type (P. and M. M. Co.)
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TABLE XVI.

Copper Converters in Canada, 1913,

Operating company. ’ ! Stands. | Shells. | Dimensions.

Canadian Copper Company B_asic-;. .Peirce-Smith,
gpecial..... .. 5 5 1007372

Mond Nickel Company. . . . \Basic.. Peirce—Sruith,

standard.....| 2 2 [10-0” x25%10"

G:anby Consolidated Min- Cos
ing and Smelting Com-
pany: Grand Forks..|Basie. . Power and Mining

Machinery Co.,
Acid shells..... 3 - 10 847 X 126"
Anyox.......... .. .|Basic..Great Falls type.. 3 3 1207 X 59"
British Columbia Copper Co}Aeid. .AllisChalmers....| 2 5 847/ X 126"

TFive out of seven copper smelting plants in Canada are equipped
with copper converters. The converter equipment of Canadian plants
has already been described, in connexion with the descriptions of the
individual plants given in the preceding pages.

SMELTING CENTRES IN EASTERN CANADA.

At the present time, there are no copper smelters in operation in Canada
east of Coniston, Ontario. As has ‘been shown in the historical review
ir. the introductory chapter of this report, small matting furnaces have from
time to time been erected at several eastern points, and on one occasion
a plant was equipped with a large rectangular water-jacketed furnace.
Few of these attempts at operation appear to have been commercially
successful for any length of time, with the exception of some of the plants
ir. the Eastern Townships of Quebec. These latter were successfully
operated for some years when the market price of copper was high, but at
the present time, while Quebec’s copper ore production is the largest in
its history, all the ore is exported. The lack of success which appears to

1% Development of the Basic-Lined Converter for Copper Mattes,” E. P. Mathewson,
Bulletin Amer. Inst. Min. Eng., June, 1913, p. 1033:

AR7RA__IA
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have attended these various attempts at copper smelting was, doubtless,
due in individual instances to a number of contributory causes, but in every
case the prime factor has been the lack of a supply of suitable ores. Very
few ore doposits of commercial size have been diseovered in eastern Canada.
Those which have been available were worked at different times and by
independsnt operators, who did not find it to their advantage to co-operate
to found a single smelting industry. _

The question of the establishment of smelting industries at some point
in the Ezstern Tovwnships of Quebec and at somie point in eastern Nova
Bcotia has frequently arisen, and proposals with this end in view have,
on seversl oceasions, been brought forward, For this reason it has been
‘thought desirable to review the present situation with respect to each of
these localities.

Eastern Townships, Quebec.—During the year 1912, the production
of sulphur-copper ores was about 200 tons per day. Towards the close of
the year, this average output was very materially exceeded, and at the
present time the output iz probably in-excesg of 350 tons per day. These
ores contain about 409, recoverable sulphur (42%,-48%, assay) and 2-6%,
copper on the average (1-59%-5%, occasionally higher). They also
contain small amounts of gold and silver. A portion of the ore is used for
the manufacture of sulphuric acid in Canada, the cinder being subsequently
shipped to a United States smelter for recovery of the copper, gold, and silver.
So far as T am aware, the iron is not recovered, being used for matting and
glagging. The greater part of the Quebec ores is shipped directly to the
United States, where most of the sulphur is recovered, as well as the metals,
except the iron.

In addition to the producing mines, there are, in the Eastern Town-
ships of Guebee, particularly within a radius of about 50 miles from the city
of Bherbrooke, a great many points from which small quantities of copper
ores were obtained many years agn. The majority of these prospects
are prebably not of much value, but most of the work has been so unsystem-
atic that further careful prospecting is, in the opinion of the writer, desirable
in some cases. No experience or learning can ehable any one to predict
success or failure at every point, though a qualified expert, through previous
training, may be able to exclude certain localities as Iacking in indications
whieh warrant exploration. With regard to all others, he must classify them,
either as doubtful or promising. Only actual exploration will enable one
to reach a final decision as to the oceurrence or non-occurrence of a work-
able deposit.’

The establishment of a smelting industry in the Eastern Townships
is seriously ha.ndmapped by the distribution of ownership of mining proper-
ties, and the lack of co-operation among the owners. At present, the owner-
ship of the two producing mines is in the hands of separate and independent
operators. both of whom appear to be able to market all their product.
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No doubt, if they could, by co-operation, dispose of their product at a higher
profit in a nearer market, they would be willing to do so-when existing con-
tracts are fulfilled. '

The ownership of the non-producing properties, most of which fall
into the class of prospects, is widely distributed.

If the various interests of the different owners could be satisfactorily
adjusted, so that it would be possible to unite them and form a single organ-
ization, it appears to the writer that there is, in Quebec, the basis for an
important industrial development along certain lines of chemical manu-
factare. It does nof lie within the province of this report to consider the
various problems that wiould arige in preparing for the formation of such an
orgsnization, but, assuming that this unification of interests iz possible,
the-writer wishes to point out eerfain of the possibilities which appear to
him to be within the limits of practical attainment by a united corpora,tlon
but which can gearcely be realized by an individual.

The situation as it stands at present may be summed up in a few words.
There are two well developed properties which are said to have a two years
supply of ore already developed, and additional rezerves; which come within
the classification of probable ore. There are also a number of good pros-
pects, concerning whose productive capacity little is known. It is, there-
fore, certain that about 400 tons of ore per day for a period of two years
could be assured; beyond this, further exploration is first needed to increase
the known ore reserves. '

Assuming that systematic preliminary investigation shows ore reserves
which would warrant the establishment of a series -of industries based
on. this daily output of 400 tons, the possibilities in this direction may be
congidered,

The average content of the ore, for purposes of discussion, may be
assumed to be 409, of recoverable sulphur, 2%, of copper, and 58%, of
residues, which contain about one dollar’s worth of gold and silver per fon
of ore. A daily output of 400 tons of ore would then represent an avail-
able sulphur supply of 160 tons of sulphur, 8 tons of copper, $400 worth
of gold and silver, and cinder residues, which might or might not be an
asset. If the copper and precious metals are recovered by a smelfing process
the cinder residues will pass into slag and will be lost, unless the slag itself
can be utilized.. If the copper, and precious metals are recovered by a
leaching process, the iron residues will be available. These residues might
be used in an iron blast furnace, provided there are any in operation in
the district, or they can be used for the manufacture of paints. -

The utilization of the sulphur is a special problem. The supply avail-
able in these ores is much in excess of the supply required by sulphuric
acid works now established in the Province. It is probable that there is
room for.some expansion, but it is very doubtful if there will be a very much
larger market.for acid for some time to come. The only other outlet for

35783 —16%
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a large supply of sulphur is the sulphite pulp industry. There are a
number of large plants now in operation in Quebee, and several others are
also under construction. At present these plants purchase foreign sulphur;
they could obtain the requisite sulphur dioxide from native ores, if they
installed suitable roasting plants. There is, however, another alternative.

~ Experimental investigations extending over several years have resulted

in the development of the Thiogen process for the recovery of sulphur.

from sulphur dioxide, and a commercial plant is under congtruction at
the time of writing.! No data are available as to costs, but it is under-
stood that they are very moderate. It will be a matter for investigation
and experiment to determine if this process could be utilized to recover
sulphur from the Quebee ores af a profil, If so, the home market for the
sulphur content of these ores is sufficiently broad to utilize all that may
be produced from an output of 400 tons of 409, ore per day.

The ‘Thiogen process is designed to recover the sulphur from sulphur
dioxide gas, the separation being obtained In specially designed chambers
through the agency of some hydrocarbon gas, and in the presence of
calcium sulphide. The sulphur in the Quebec ores ‘could be converted
into sulphur dioxide either by direct roasting, or during the progress of
smelting operations; in the latter event, the gas produced would be
weaker, and the mechanical losses would be greater, but much of the
sulphur could be recovered by the above, or some gimilar process. The
hydrocarbon gas could be obtained from fuel oil, from a gas producer piant,
or from a by-product coke-oven plant. The calcium sulphide is made
during the operation of the process, the raw material used being gypsum
in the form of plaster of Paris, or a pure limestone could be nged.

Were smelting operations undertaken, there are two sources of fuel:
eastern Canada and Pennsylvania. The loeation of Sherbrooke, the centre
of the district, with respect to the 8t. Lawrence River route, and the railway
lines leading to the Atlantic sea-board, and to the Pennsylvania coal-
fields; is shown on. Map Number 212. The haulage distance for Pennsylvania
eoke will vary with the location of the source of supply, and will be nearly
500 miles. No data with respect to rates or to relative costs of Nova
Scotia coke and Pennsylvania coke have been.obtained. The question
of suitable fuel supply is not, however, & very difficult problem. If pyritic
smelting is adopted, only a very small coke supply would be required.

Another alternative, however, suggests itself, namely, the manufacture
of by-product coke somewhere in the vicinity of Montreal, from Nova
Scotia scft coal, brought to the works in barges, a very cheap and efficient;
means of transportation. The city of Montreal appears to offer a good
market, for fuel gas. There would also be the opportunity of establishing
chemical works in connexion with the by-product coke-ovens, and the

- 1The Thiogen Compary, 260 California 8., San Francisco.
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smelting works. Also, a portion of the gas could be utilized to recover
the sulphur from the sulphur dioxide gases from the smeltery. It is now
a well known fact, that the value of the by-products from a coking plant ig
practically sufficient to meet all the costs, including both operating and all
overhead charges, and the coke produced is practically so much extra profit.
It might also be noted that, according to a recent bulletin issued by the United
States Geological Survey, by-product ovens in the United States are selling
from 40 to 50 million cubic feet of gas a day for illuminating and domestic
purposes. Almost the entire supply of gas in some cities is derived from
by-product ovens: among the list of cities so supplied, we find Boston,
Masg.; Camden, N.J.; Indianapolis, Ind.; Baltimore, Md.; Duluth,
Minn.; South Chicago, Il.; and Milwaukee, Wis.

Any excess of coke produced in such an establishment, above that
required in the smeltery, could be easily marketed, since coke is being used
as & substitute for hard coal for various domestic uges in many cities and
towns of the Province.

The best location for a group of industries such as has been suggested
in the foregoing paragraphs can only be determined by a close study of
the ground, and a comparison of freight rates and markets. Were a
smeltery only to be established, the natural location would be in the
vicinity of the mineé, and, therefore, not far from Sherbrooke. The
surrounding country is largely given over to agriculture, which would
require that the smelter fumes be reduced to a minimum. This fact
‘alone would necessitate the introduction of methods to prevent the escape
of sulphur dioxide gas in quantity, quite apart from the fact of the value
of the gas or the sulphur which it contains.” Since the recovery of this
portion of the ores most economically implies the development of allied
industries, these also have to be taken into account in selecting a location.

The successful operation of a group of industries, which would be
developed through the establishment of a plant to reeover the various
valuable constituents of the Quebec ores, means the centralization of the
works. It also implies their location at the point most advantageous for
assembling the raw materials, and for the distribution of the various
manufactured products. The relatively low freight rates on the St.
Lawrence would suggest the desirability of locating at some point cloge
to navigable water, and also convenient for rail connmexion. The possi-
bility of disposing of the surplus gas and other products of the by-product
coke ovens in & centre of large population would appear to indicate that’
some site near Montreal would be the most desirable. . At such a point, Nova
Seotia coal for use in the by-product plant could be delivered eagily and
cheaply during the summer months; the ores from the various mines in
different parts of the Province could be assembled at the smeltery by rail;-
the surplus gas, not required in the works for power or other pUrposes,
could be sent to Montreal by pipe line, and the location on tide water
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would also facilitate the shipment of the other products of the works to
various points on the St..Lawrence, to Boston or New York, or to
Furopean points.

The substance of the suggestions in the foregoing paragraphs may be
briefly summarized as follows:—

(1.} The present outlook in the copper-su'phur mining industcy of the
Eastern Townships of Quebec is such that the question of a unification of
the various interests for mutual support and benefit appears worthy of
consideration. '

(2.) Assuming a consolidation of interests, there appears to be material
for the foundation of a series of new industries, based on the products of
these copper-sulphur producing mines.

(3.) The establishment of an allied industry to produce either gas or
coke, or both, would be necessary to facilitate the economical recovery of
all the valuable constituents in these Quebec ores. '

(4.) The products of the auxiliary establishment would in themselves
be a source of profit.

(6.) The various products of thé allied industries would be: precious
metals, ‘copper; sulphur, possibly iron oxide paints, gas, coke, ammonia,
and ammonia salts, tars, and many minor products, largely light hydro-
carbons. The production of gasolene from the tars is now also commercially
practicable.

Maritime Provinces—The gituation in the Maritime Provinges is not.

so favourable as in Quebec. The total copper production of these provinces
has been very small, and at the present time no copper ores are
being mined. There are only a very few known prospects of sufficient
promise to warrant further investigation, and until an ore supply is assired
the establishment of a smelting industry is hardly a practicable question.

On the island of Newfoundland there are a number of very promising
prospects and the development of good producing mines is a possibility
of the future.

» The fuel supply available because of the coal resources of eastern Nova
Scotia, and the shipping facilities by both rail and water offered by several
points on the island of Cape Breton make eastern Cape Breton a very
desirable place for the location of a smeltery to treat ores from the Maritime
Provinces or Newfoundland, should these become available in the future.
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CHAPTER IX.
STATISTICS OF COPPER PRODUCTION.

The reccvery of copper from its ores involves three distinet groups of
processes: (1) the mining; (2) the smelting (or hydro-metallurgical treat-
ment); (3) the refining.

The copper production of any country can be obtained by collecting
statistics frorn any one of three sources: from the mines, from the smelters,
or from the refiners, but each group should be kept separate from the others.
Each group of figures will be found to have both certain advantages and
disadvantages. The mine figures will show the tonnage of ore produced,
and its average metallic contents. Theymake no allowances for ore lost in
transit, or for copper lost in the various smelting and refining operations,
and, therefore, even when subject to certain arbitrary deductions, do not
fairly represent the amount of metal recovered, and made commercially
available from the mining operations of the country. The mine figures,
however, are the first available near the commencement of a calendar year,
and where early publication is desired, are the only ones available early
in the year.

Statistics obtained from smelter recoveries more nearly represent the
aetual amount of metal recovered from the ores treated during the year.
They are not, however, available as early in the year, as a period of about
two months vsually elapses between the time when ore is received and when
its valuable contents are recovered. The smelter recoveries for a calendar
year approximately represent the contents of the ores received for the last
two months of the preceding year and for the first ten months of the calendar
year under consideration.

. Refining returns are probably the best gauge of the actual amount of
metal made available for commercial uses. The refinery returns for a
calendar year would probably correspond with the mine output for three
months of the previous year, and for nine months of the calendar year under
consideration.

There are but two sources available from which to obtain statistics
relating to the copper production of Canada; they must be obtained either
from the producing mines or from the smelters treating Canadian ores..
There are no conper refineries in Canada, and, therefore, the third group of
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statistics is not available. With the exception of a small amount of copper
recovered as copper sulphate at Trail, all Cegnadian copper is recovered in

foreign refineries. At these refineries both foreign and domestic products

are treated together, and it is difficult to obtain accurate figures showing
the recovery from each source of supply. The mine statistics do not
accurately represent the amount of metal made ecommercially available
because the assay returns and smelter recoveries are not necessarily the
same, nor is there any established constant ratio between them. The
smelter returns are probably the best source for the most accurate statistics
with respect to- the output of Canadian copper mines. The collection of
statistics from this source is somewhat complicated by the fact that some
foreign cres are treated in Canadian smelters, and some Canadian ores are
treated in foreign smelters. Returns obtained diréctly from Canadian
smelters make it possible to make proper allowances for metal recovered
in Canada from imported ores; return from the foreign smelters treating
the great bulk of the exported Canadian ores are also available. . There is,
however, a small quantity of ore exported to foreign smelters for which no
direct return is available. In these cases the copper recovery is assumed
to be that for which payment has been made by the smelter.

Singe 1909 the statistics published by the Federal Department of Mines
have been compiled from these smelter returns and have been on a uniform
basis for the whole Dominion. The value assigned to the output has been
based on the average annual value of the refined metal on the New*York
Market, as reported by the Engineering and Mining Journal of New York.
It will be found that this valuation differs slightly from the market valua-
tions published officially by the New York Metal Exchange, but it is sup-
posed to represent more closely the average price at which actual sales take
place. It is recognized that this price does not represent actual values
returned to producers within the Dominion or to their employees. It
appears, however, to be the gnly valuation that can be uniformly applied
to all parts of the country, and the one open to least objection. All settle-
ments made for ores at the point of produetion are based on this va,lua,tion,
but uniform methods of arriving at a settlement valuation are not in use
throughout the country; also the allowance to be made for transportation, -
sroelting, refining, and other charges, differs for different localities. The
difference between the valuation on a refined metal basis and that on the
somewhat -hypothetical basis of value at the point of production, very
rarely represents an amount which is Wholly lost to Canadian industry,
since a very large percentage of the transport&tmn charges are collected
by Canadian railways. On the other hand, mining profits, which are
mcluded in the ‘pit mouth’ valuation, often go to foreign stock holders
and are as much lost to Canada as are refiners’ charges and profits.

The method of determining copper production on the basis-of smelter

P — o = —
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raturns is that which is now adopted by *“Mineral Industry” and by most
foreign Statistical Bureaus. The experience of the editors of ‘‘Mineral
Industry”’ has shown that it.is impracticable to carry back the statistical
investigation of copper prod}letron to the mouth of the mine,! and since
1909 they have taken the reports of the producers of pig copper as repres-
enting most nearly the production of the mines.

The Bureau of Statistics of the United States Geological Survey
collects copper production statistics from the mines, from the smelters,
and from the refineries, compiling in all three separate sets of data. In
the Mineral Resources of the United States for 1911, Mr. B. S.. Butler
writes as follows with respect to the mine returns: “The mines and
smelters of the large copper producers are, with few exceptions, under the
same management, and their production is thought to be reported on the
same ‘basis. In the case of mines that ship to custom smelters or have
r«nly matting furnaces and ship their matte for conversion there is likely
to be considerable discrepancy, as the mines may report a considerable
quantity that has not reached the stage of blister by the close of the year,
and is consequently not included in the smelter production, or material
that was reported by the mines in one year may be treated by the smelters
the following year. This discrepancy is more prondunced if a marked cur-
teilment of production occurg at the beginning or.at the cloge of the year,
so that there is not the balance of overlap that oceurs if the industry is
in normal condition throughout the year. A number of operators report
the copper in their ores and concentrates on the basis of assay content,
in which case it exceeds the smelter recovery from the same material by
the amount lost in smelting. Considerable copper is recovered by the
smelters from ores that are treated primarily for other metals, the copper
nontent being so low that it is-not paid for, and consequently is not always
reported by the mines.”

Statistics relating to the minera] production of Canada are collected
and compiled by the Division of Mineral Resources and Statistics. of the
Mines Branch, Department of Mines, Ottawa. The governments of the
Provinces of Neva. Scotia, Quebec, Ontario, and British Columbia have
also established provincial Bureaus of Mines whose minor duties include the
collection and publication of statistics relating to the mineral production
of each of the provinces mentioned. A review of the statistical data
relating to copper production furnished by thegse several bureaus of informa-
tion shows great diversity of method in compiling these statistics and
in the presentation of the results. It is not necessary to enter into a
discussion of the different methods employed by the provincial bureaus
in determining and valuing their copper production, because the statistics

1 Mine_ral Industry, 1908, p. 149.
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given in subsequent paragraphs of this chapter are chiefly those compiled

in the Division of Mineral Resources and Statistics of the Mines Branch
at Ottawa.

~ Prior to 1909 this bureau compiled its copper statistics from a number
of sources no two of which appear to have used the same method for primary
compilation. In the earlier years the published figures probsbly represent
the copper content cf the ore mined as determined by assays; in more
recent years allowances have been made for smelter losses. Since 1909,
as already noted, the published figures are based on smelter recoveries
and have been compiled on a uniform basis for the whole of Canada.
Statistics, showing Canada’s output of copper ores prior to 1886,
have not been compiled. The following table {(No. XVII) shows the annual
production since 1886. The basis on which this table is caleulated has
been explained in a previous paragraph. The apparent decrease shown

in 1909 is not due to diminished production, but to the new basis of calcula-
tion which was adopted in that year.
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TABLE XVII.
Annual Production of Copper, 1886-1912.,

Increase or Average
Calen- Increase or : "
CTEASE. price.
dar Lbes. decrease. Value. o i
e Lhs. % $ % pound.
$ Cs.
BEO | . et 1100
4] 3,505,000 (. .....oio]ee e 385, : ’
}gg'? 3,260,424 |(d) 244,576 6-99 366,';33 (d) 5%(8) ,';gg 153 gg 1;%2
. 27 - .
1888 5,562,864 2,302,4:4‘0 70.60 927, =
, . 36,341 9,234 0-99
1889 6,809,752 1,246,888 | 22-40 936, . .
1890 6,013,671 |(d) 796,081 11-69 . g;’é,;gg Z;g,gég Zé;? iggs
1891 9,529,401 3,515,730 | 58-46 . . , o o
, . 818,580 |(d) 408,123 33
1892 7,087,275 9,442 126 | 25-63 ' ‘ 5
' 1-| 14 09 53.220 | 6-50
8,109,856 1,029,381 | 14-40 871,8
:llggi 7,708,789 |(d) 401,087 4-94 736,922 (@) 1gg,ggg igig lg gg
' Reeh - 836,2 , : :
1895 7,771,639 62,850 0-81 ) . '
1906 | 0.88,012 ) LOLTS | 2080 1O Merron | .04 | 1120
1897 | 13,300,802 3,907,790 | 41- y ,6 s s 1508
. 2,134,980 633,820 | 42
189 17,747,136 4,446,334 | 3343 , y ) . .
s |15 s @gesont | 1504 2o | o | | o
1900 | 18,987,138 3,858,663 | 25- 5 5 , s e
. 6,008,581 3,030,659 98
igo1l | 37,827,010 | 18,889,881 | 99 78 , ) 5 11696
.58| 4,511,383 ((d) 1,585,198 | 26
1902 | 38,804,259 977,240 2-58 , , o e
: . 5,649,487 1,138,104 25-2
1903 | 42,684,454 3,880,195 | 10 00 . , . e
’ : 5,306,635 |(d) 342,852 6
1004 | 41,383,722 1(d) 1,300,732 | 3 Q5 , s i b
' .21| 7,497,860 | 2,191,025 | 4
1905 | 48,002,753 6,709,081 | 16-21 , , » ‘ B
; . 474 3,222,814 42.08
55,609,888 7,617,135 | 15-63 10,720, , . -
]iggg 56,979,205 1,369,317 2.46! 11,398,120 677,654 22 ?z ?ggg;
1908 |.63,702,873 6,723,668 | 11 780 g,‘éii,?’;i - 2,084,244 . =
1] £2,493,868 |, cooeevneeilizaens Bua,7sa ‘
oo | sl 0 | isstos | S0 Toonet | e | 40 1278
11 55,64:8,-011 (d) 441358 0-7% r ¥ ] e~ . )
1?}12 77,832,127 22,184,116 28-5‘1}I 12,71_3,548 5,831,550 | 45-85 16-341

1 The decrease is not as large as the figures _Wmlld indic?.ta because of the calcula,it:ion
of part of the 1809 production on a different basis from previous years. (See explanation
in text.)
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The average monthly prices per pound for electrolytic copper on the
New York market, and for standard copper on the London market, covering
& period of six years, are shown on Tables XVIIT and XIX.  The
average - yearly prices on the New York and London markets are

shown on Tables XX and XXI.

TABLE XVIII
Monthly Average Prices of Electrolytic Copper at New York,

Months. 1907, 1608. 1909, ‘ 1910. 1911, 1912,
1]

Cts. Cts. Cts. ' . Cta. Cts. Cta.
January. ........ 24-404 | 13.726 | 13-803 | 13-620 | 12205 | 14.094
February. . ... ... 24-869 | 12-905 | 12.949 | 13-332 | 12.256 | 14.084
March. ......... 25085 | 12.704 | 12-387 | 13-255 | 12-139 | 14.898
April............ 24224 | 12.743 | 12-563 | 12.733 | 12.019 | 15.741
May........ 24-048 | 12:508 | 12.893 | 12-505 | 11.089 | 18.031
June........ . 22-665 | 12.675 | 13-214 | 12.404 | 12-385 | 17.234
Tdy......... 20-130 | 12.702 | 12-880 | 12-215 | 12463 | 17-190
August........ .. 18-356 | 13-462 | 13-007 | 12-490 | 12.405 | 17-498
September... ... 15-565 | 13:388 | 12-870 | 12.378 | 12.201 | 17-508
October...........| 13.160 | 13-35¢ | 12.700 | 12.553 | 12.180 | 17.314
November-. . .. ... 13-391 | 14.130 | 13-125 | 12.742 | 12-616 | 17.3%6
December.. ... ... 13-163 | 14111 | 13.208 | 12-881 | 13-552 | 17.378
Yearly average © 20-004 | 13.208 | 12.082 | 12.738 | 12.a78 16-341

TABLE XIX.

Monthly Average Prices of Standard Copper at London.

Months. _ " 1907. ' 1908. 1909. 1910. 1011. 1912,

, £ | & £ £ £ £
January..... .. .. 106-739 | 62-386 .| 57.688 60-923 55-604 62-760
February. .. ... .. 107-356] 58786 61-197 59388 54.970 62-893
March.......... . 106-594 | 58.761 56.-231 59-214 | 54.704 65884
April,..... ... .. 98-625 | 58-331 57.363 57-238 54-035 70.204
May.. . ... ... 102.375 | 57.387 59.338 56-313 54.313 72-352
June........ ... 97-272 | 57.842 50-627 55-310 56368 78-259
July........... .. 95-010 | 57-989 58.556 54-194 56-670 | 76.636
August.... ... 79-679 | 60-500 59.393 | 55.733 56264 78670
September. ... 68-375 | 60.338 59-021 55-207 55:253 78.762
October.......... 60-717 | 60.139 57.551 56722 55-176 76389
November. ... ... 61.226 | 63-417 | 58.017 57634 57-253 76890
December. ... .... 60.113 | 62.043 59-908 56069 62-063 75-5186
Yearly average.| 87-007 | 59-902 58.732 | 57-054 55.973

72-942
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TABLE XX.

Yearly Average Price per Pound of Copper at New York.!

Electro-
Lake Lake Ivtic
Year. copper. Year. copper. . co)pT)er.
....... 29.950° 1887, . . ... ... 11.25
ey iy || isss 6067
1862, . ... ... ... ... 25750 1889, . ... _...... 13750
IBG63 . ... ... 32-875 1890. . .......... 15-750
1864. . ................ 46250 1891, ........... 12.875
1865.. ... oo 36250 1892, . .......... 11. 500.
1866, ... oo e 31.750 1863, ............ 10750
1867.... . ... 25.125 1864 .. .......... 9.550
1868. ... .. . e 23-625 1806, .. ... ... ... .. 10-78
1862, ..... .. ... 23-375 1896, . ............., 10-88
1870, . .. cowwiiawe b 20-625 1897, . .. 11 : 29
1871..... . . 22.625 1898, ... ... ... .. 12+03 .
872, ... . 33000 1899. ... ....... 17-61 ol
1873 . ... .S simsime. -~ 29000 1000, ..., ....... 16-52 .0
1874 .. .. 23-250 1004 . e 16-55 15 626
1875..... 22.500 1902. . 11.887 13908
1876.. 21-000 1903. . ... 13417 19893
1877...... 18625 1004: . . ..., 12.990 T
1878...... 16- 500 1805, . ..., 15.699 ey
1879...... 17-125 1906, .. ... 14. 61{; o o0
1880....... 20-125 1907. 20- 264 G
1881, ............. 18-125 1908. 13- 25 o
1882. 18-500 1609, . 13-339 e
1883, . ... . e 15-875 1910, .... 13-0 ° e
1884, ... .. 13-875 1911, .......... 1263 than
1885, .. e 11-125 1912 .. ... 16-560
1886, ... e i 11-000

1 After Mineral Industry.
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TABLE XXI,

Yearly Average Price of Copper at London.!

(Per'long ton of 2,240 poundas.}

Price in Price in

Year. pouFLds Year. pounds”

sterling,. sterling,.
1860 .......... . .. 105167 T\ 1887, 46-021
1861, ........ e - - - - 99.250 1888. ... ... .. ... ..., 81.563
1862, ........ . 7417 1889.... . 49-733
1863......... .. PRF 93 -667 890.. L. 54-263
1864, ... .., .. ... 99-867 1861, . ............. 51467
1865.... ..: ... P 02.000 1892, .. ..., 45-658
1866........ ............ 88.500 1803. '43.775
I867.... ... L. 78-000 1804, . .......... 40.367
1868....... ... ... ...l 76-417 1895......... 42979
1869:.... o .| 75-000 1898, .......... .. ..... 46-905
1870..... ’ . .| 69-583 1BG7. . ... iiereeieenn. 49-129
1871.... Ak P .| 74-500 1888, . ...... .. ... 51-829
1872. .. .| 95.-833 1899 ... oo L, 73688
1873. .. .| 91-833 1900....... . ..., 73-625
1874, . .| 86-583 1901....... .. ........... 66983
1875. e i ...| 88-000 1902, ... .. i) 52.571
1876. ..., . Lo 81750 1908...... ..., ... 58168
1877, ..., | 74750 1904, ... ...l 59-025
1878. ... ... 67-500 1905... ... ... ‘69600
1879, . ......al L. PR 62.750 1806... ... 87-425
1880 ... L. 62-729 1907 it e 87-083
1881...........  ......... 61838 1808.. ............. 60025
1882....... el 66-520 1909... .. 58863
I883......... . ......... 62.896 1910.. ...l 57158
1884, ....... ... 53-875 1911, ........... 56088
1222 .............. e I 3-350 10122 72942

..................... -083
1 i

! Based on compilations published by Metallgesellachaft, Frankfort-on-Main. Prices,
1860-1879 are for tough copper, as compiled by Messrs. Vivian, Younger, and Bond, London.

Prices 1880 to 1912 are for Standard copper.

% “Engineering and Mining Journal,” New York.

_ The production by provinces for the last four years, calculated on the
basis of the smelter returns, is shown in Table XXIT.

TA_'B_LE XXIT.

Production “by Provinces 1909-1912.
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L The apparently large decrease in British Columbis copper production in 1909 as compared with 1908.is mainly -due to the different
baais of eompilation adopted in 1909, for explanation of which see the text. The British Columbia copper production in 1909 based on copper

(See Tables XX VI and XXVIIL)

content of ores sent to smelters was 45,597,245 pounds.

3 A shipment is reported from New Brunswick.

2 Includes Novs Scotis and Yukon.
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PRODUCTION BY PROVINCES.

The copper production of each of the provinces separately, is shown
on. the three tables which follow. The total production of Nova Scotia,
New Brunswick, and the Yukon is very small, and in some years no ores
of copper were mined; no separate tables showing the production of these
districts have been compiled. ‘

QUEBEC.

Copper production from the Province of Quebec is almost wholly from
the pyritic ores of the Eastern Townships of Quebec. These ores, for the
most part, are first treated in acid works to recover the sulphur content
of the ore; the metallic contents are afterwards recovered either by a smelt-
ing or a leaching process. In the early days of mining in Quebec a consider-
able quantity of the copper ores was treated for their copper directly. Table
XXIII gives the copper production of Quebec as determined from the com-
pilations of the Dominion Statistician.

TABLE XXTII.

Quebec:—Production.

Calendar Year. Lhbs. Value. Calendar Year. Lbs. Value.

’ $ _ $
1886.......... 3,340,000 367,400 1800......... | 2,220,000 359,418
1887.......... 2,937,900 330,514 1901, ....... 1,527,442 246,178
1888........ 5,562,864 927,107 1902,...... 1,640,000 190,666

1889. ..., .. 5,815,000 | 730,813 || 1903....... 1,152,000+ 152,467
1890........ 4,710,606 | 741,920 i| 1904..... ....| 1,760,000 97,455
1801... ..., 5,401,704 | 695,460 || 1905..... e 621,243 252,752
1892....,. 4,883,480 | 564,042 || 1906.. ....... 1,981,169 381,930
1893...... 4,468,352 | 480,348 1907.. ..., 1,517,990 303,659
1894, .. .| '2,176,430 | 208,087 || 1008.  ...... 1,282,024 169,330
1895. coo.. 2,242,462 | 241,288 || 1909, . ..... 1,088,212 141,272
1896.. .......| 2,407,200 | 261,903 || 1010.  ...... 877,847 111,757
1897.. .. .0 2,474,970 | 279,494 || 1911, ... .. 2,436,190 301,503
1898. . ......] 2,100,235 | 252,658 || 1912.  ....... 3,282,910 536,346

1899.. . ... 1,682,560 | 287,404
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ONTARIO.

The copper production of Ontario has been almost wholly from the
rickel-copper ores of the Sudbury district. In the early days prior to 1880,
there was a small output of rich gulphide ores found at several points
in the western part of the Province; af present there is comparatively
little production from this class of ore. The nickel-copper ores of the
Sudbury distriet are smelted in Ontario, two large plants being now in oper-
ation. A third plant is being projected. The mattes produced at thege
smelters are all shipped to other counfries for refining, The copper pro-
duction of the Province is determined from the assay retuins made on
taese matte shipments. It is interesting to note that the “Metal Refining
EBounty Act” 1907, of the Province of Ontario, makes special provision for
the payment of a bounty on copper 959 pure metal, and on copper sulphate
produced from are mined in the Province, provided also therefining takesplace
within the Province. The clause of the Act which affects copper refiners in
Ontario is as follows: “The treasurer of the Provinee may, under the
authority of such rogulations as may from time to time be made in that
bzhalf by the Lisutenant Governor in Council, pay in each year to the
refiners of the metals or metal compounds hereinafter specified, when refined
in the Province from ores raised and mined in the Province, a bounty upon
each pound of such metal or compound so-refined as follows:-—

Class 3.—On réfined metallic copper or on refined sulphate of copper,
1-5 cent per pound on the free metallic copper or on the copper contained
ir. the sulphate of copper; or on any -copper product carrying at leagt 959
of the metallic copper, one-half cent per pound; but copper upon which a
bounty has already been paid in one form of product shall not be entitled
to any further bounty in any other form; and the'amount to be paid as
bounty on the copper products, herein mentioned, is not to exceed in all
$60,000 in any one year.” Refiners claiming the bounty must be at “all
times willing and prepared to treat custom ores purchased at current market
rates. The Act expires on April 20, 1917. : :

The Act makes no provision for the payment of bounties on the produe-
tion of natural alloys of the metals, such as monel metal, which are produced
by refining nickel-copper mattes. These mattes, which contain 80-8297
nickel-copper, are at present all exported for refining,

The copper production of Ontario since 1886, as compiled by the
Dominion Statistician, is shown in Table XXIV. o

1 The full text of the Act, which also provides for bounties on refined-nickel and nickel
oxide, cobalt and cobalt oxide, and on white arsenic, may be obtained on application to
ths Deputy Minister of Mines for Ontarjo, Toronto, Canada.

-36783—17
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TABLE XXIV.
Ontario:—Production.
Calendar Year. Lbs. Value. Calendar Year. Lbs. Value.
’ $ . 3

1886.......... 165,000 18,150 {|1900:........ .. 6,740,058 | 1,091,215
1887.......... 322,524 36,284 1901, ......... .. 8,695,831 | 1,401,507
1888 ......... Nil. Nil. 1902......... .| 7,408,202 861,278
1880...... ... 1,466,752 201,678 1903........ St 7,172,533 049,285
1800. .. .. .. 1,303,065 | 205,233 1904, ..... 4,913,594 630,070
1891. .. ...... '4,127,697 531,234 1905, ...... 8,779,259 ! 1,368,686
1892, ......... 2,203,705 | 254,538 |1906....... 10,638,231 | 2,050,838
1893. .. .. .| 3,841,504 | -391,461 |1907..... 14,104,337 | 2,821,432
1894. ... ...| 5,207,679 | 407,854 1008, . ... 15,005,171 | 1,981,883
1895. ... ...| 4,576,337 402 414 1909....: 15,746,699 | 2,044,237
1896. ... ...| 3,167,256 344,598 1910....... .+ 19,259,016 | 2,453,213
1897. .. d 8,500,652 621,023 1911.....:.... .} 17,032,263 | 2,219,297
1808, ....| 8,875,223 |1,007,539 19120, oo | 22,250,601 | 3,635,071
1899, ... ....| 5,723,324 1,007,877 .

Table XXV shows the copper production of Ontario since 1892, the
data having been compiled from the annual reports of the Ontario Bureau
of Mines. The basis of valuation is the market price.of the ¢opper in the
matte at the furnaces; How this valuation is obtained is not stated.

TABLE- XXV. .
Ontario¥Coppgr Produpinn 1892-1912,

. -",(Bu'reau of Mines Basis.)

Calen- |~ VALUE, . Calen- VaLom.
Y‘:’L‘;ﬂ . Pounds. | o | Total ;::I poFemds e Dol
" perll?. §, '_ perlb. | %
- i : lr '
1892... 3,872,000 | 5-995 | 232,135 1903 8,010,000 | 5.848 716,726
1803...| 2,862,000 ;| 4:025 115,200 1904 | 4,326,000 | 6-868 207,126

18094, .. 5,496,000 | 3.561
1805...| 4,721,000 | 3-401
1896...] 3,736,000 | 8-497
1897...| 5,500,000 | 3.637
1898...] 2,373,500 [ 3-201 .
1899...| 5,668,000 | 3-109
1900...] 6,728,000 | 4-751
1901...| 8,394,000 | 7-018
1902...] %,182,000 | §.488

195,750 || 1905
160,913 || '1906
130,660 || 1907
200,087 || -1908
268,080 4| 1909
176,237 | 1910
319,681 || 1911
589,080 || 1912
620,283

9,050,000 | 7.613 |, 688,908
12,064,000 | 7.135 | 980,813
14,606,000 | 7-151 | 1,045,511
15,122,000 | 7-083 | 1,071,140
15,866,000 | 7-103 | 1,127,015
19,260,000 | 7.134 | 1,374,103
17,932,000 | 7-144 | 1,281,118
22,232,000 | 7-111 | 1,581,062
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BRITISH COLUMBIA.

_ The production of copper in the Province of British Columbia as deter-
wmined by the Provincial Bureau of Mines, is shown in the following table:—

I ¢ ! TABLE XXVI.
British Columbia--Copper Content of Ore Shipped.
Pounds copper ' 1 Pounds c'op er
Year. contained in V?';‘;e Year. contained Ei)n Value
ore shipped. . ore shipped. ®
1804, ... .. 824,680 16,234 | ‘To0d... ... 35,710,128 | 4,578,037
1805........ 952,840 | 47,842 || 1905....... 37,692,251 5,876,222
1896, .. ... 3,818,556 190,026 || 1006 ......| 42,000,488 | 8,288 565
1807, ... 5,325,180 266,258 || 1007.... ... | 40,832,720 | 8,166,544
1898........ 7,271,678 874,781 | 1908..... .| 47,274,614 | 6,240,242
1869........ 7,722,591 -| 1,351,453 1| 1609.. .. .. | 46,597,245 | 5,918,520
1900......., 9,997,080 1,615,289 ||-1910L. .. e ‘L 38,243,934 4,871,512
1901........] 27,603,746 4,446,963 || 1911, .. ... 36,927,656 4,571,644
1902, ..., .. 29,636,057 | 3,446,673 || 1912%...0 .| 51,000,000 | 8,338,500
1903........ 34,350,921 | 4,547,535 || : B
Totals.....| 127,012,329 | 16,808,754 || Totals..... I 376,269,036 | 56,849,705

! Allowing 5 pounds of copper per ton for smelter losses.
2 Preliminary estimate. ) ’

The produetion of this Province, on the basis 'of returns reccived
from the smelter, and including an estimate of smelter recovery for the
copper ores exported, has been determined by the Dominion Statigtician,
This table includes copper in matte, in copper sulphate, and in blister copper.

. TABLE X3VIL :
British Columbia—Production of Copper 1909-1912.

(Basis of smelter retums)

Year. Pounds, Value.
$
1909, . 35,658,952 | 4,629,245.
1910......... T S 35,270,006 | 4,492,693
1911, ......... e e e e e e e 35,279,558 | ~ 4,366,198
1912, s ) 50,526,656 | 8,526 561

The produetion of British Coluﬁébiéa. by ;di'stricts, as ascertained by
the Provinecial Department of Mines, is given in Table XXVIIL.
2R7R2__171




TABLE XXVIIL

British Columbia:—Production® by Districts.

-
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% After deducting five pounds of eapper per ton of ore for slag losses.

1 Copper content of ores shipped.
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In the preceding chapters the various smelting plants in operation
in this Province are described in considerable detail. The approximate
ore shipments received by these smelters and statistics of the metallic
contents recovered from these ores are given for the several periods that
the amelters have been in operation, wherever these data are available.

CUSTOMS RETURNS.

The Department of Customs also collects statistics of the copper
which is exported or imported. The exports of copper, in ore, matte,
or scrap, are given in Table XXIX. The valuation assigned by the ex-
porters is also given in column 3, and the valuation on the basis of the
average New York Market quotation, as shown in Table XVIIL, is given in
column 4.

TABLE XXIX.

Exports of Copper in Ore, Matte, etc.

Cal- Value on || Calen- Value on
endar Lhbs. Value. |N.Y. mar-| dar Lbs. Value. |N.Y. mar-
Year ket bagis. || Year. ket bagis.

$ & L3 S

1885 1. .. 262,600 |.......... 1899 | 11,371,766 | 1,199,908 2,002,568
1886 |. .. 249,269 |.......... 1900 | 23,631,528 | 1,741,885 3,003,928
1887 |... 137,966 |.......... 1901 | 32,488,872 | 3,404,908| 5,376,908
1888 |. .. 257,260 |.......... 1902 | 26,004,498 | 2,476,516 3,101,853
1889 |. .. 168,457 |.......... 1903 | 38,364,676 | 3,873,827 5,147,380
1890 |. .. 398,497 |.......... 1904 | 38,553,282 | 4,216,2141 5,008,071
1891 ... ..... 348,104 |.......... 1905 | 40,740,861 | 5,443,873| 6,395,908
1892 |............ 277,632 ... .. ... 1906 | 42,308,538 | 7,303,366| 8,316,807
1893 4,792,201 269,160 515,161 || 1907 | 54,688,450 | 8,749,609|11 299,181
1894 | - 1,625,389 91,917 , 155,225 || 1908 | 51,136,371 | 5,934,559 6,864,546
1895 1+ 3,742,352 | 236,965 | 403,426 || 1900 | 54,447,750 5,832,246 7,268,775
1896 | 5,462,052 | 281,070 | 594,271 || 1910 | 56,064,127 5,840,553 7,427,553
1897 | 14,022,610 850,336 1,588,152 || 1911 | 55,287,710 5,467,725| 6,985,049
1898 |"11,572,381 | 840,243 (1,392,157 || 1912

| ‘

'The total values of the imports of copper, as reported by the Depart-

mant of Customs, are given in Tables XXX and XXXI. In detail these

imports comprise copper in all forms, of which the principal are crude {pigs,
ingots, blocks, and serap) bars, rods, strips, sheets or plates, tubing, and

wire.
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TABLE XXX,
Imports of Copper.
(In pigs, blocks, and bars, old and scrap).

Fiscal Year, Lbs. Value. Fiscal Year. Lbs. " Value.

$ §
1880 . ... ......... 31,900 2,130 || 1896.. ... PP 86,005 9,226
1881, ... .. ... ... 09,8001 1,157 | 1897........ ... 49,000 5,449
18821, ... ..., 20,200 1,984 | 1898........... 1,050,000 | 80,000
1883)......... 124, 500 20,273 | -1899. ... ... 1,655,600 246,740
1884, ........ 40,200 3,180 §| 1900....... 1,144,000 180,990
1885(......... ; 28,600 | | 2,016 || 1901, ., .. 951,500 | 152,274
1886(... ... .. 82, 000 6,960 || 1902. ... 1,767,200 | 325,832
1887(...... .. ... 40,100 2,607 [ 1903. .. 2,038,400 252,594
1888)...... . 32,300 2,322 1994:. e e 2,115,300 270,315
1889).... . ...... 32,300 3,288 || 1906 .. ....... 1,944,400 266,548
1880)... . ...... 112,200 11,521 || 1906........... 2,627,700 441,854
1891, .. ... 107,800 10,452 i 1907 (9.mos.)....[ 2,616,600 520,971
1892 ... . ...... 343,600 14,804 || 1908........... 3,612,400 650,597
1893.. ... 168,300 16,331 | 1909........... 2,732,300 383,441
1894(..  ....... 101,200 7,897 | 1910........... 4,690,700 617,630
1895.. ..., .. 72,062 6,770 1 1911, .. Wieeean 5,023,700 641,749
' T JRE) - S 5,542,000 699,442
Copper, old and serap or in blocks........... Duty free. 192,300 21,926
1912 | Copper in pigs or ingots........... s ....Duty free.| 5,349,700 677,516
Total...oooe 5,542,000 699,442

TABLE XXXI. <

" Imports of Manufactured Copper.
Fiseal Yzar, - Value. - Figcal Year, Vahie. Fiscal Year. Value.

$ : b $
1880............ 123,061 I} 1891, ........ 563,522 1| 1902......... 1,281,522
1881............ 159,163 || 1892.. ...... 422,870 |l 1903...... ... 1,291,635
1882, ........... 220,235 |] 1863......... 458,715 || 1004, ... ;... ' 1,181,610
1883........ | 247;141 || 1894, ... . .... 175,404 | 1905......... I 1,775,881
1884, ... .. 134,534 || 1895..... .. T 2515615 | 1806. ... ... .. ' 2,660,303
1885...... 181,469 || 1896......... 285,220 || 1907 9 mos) | 2,545,600
1886...... 219,420 | 1897.... ... - 264,587 || 1908... ...~ | 2,713,060
1887...... [ 325,365 || 1898........ . - 786,529 || 1009...... ... 2,086,205
1888...... ....| 303,459 || 1899. .. .. Sool-. 861,586 (| 1910..... .. .. 2,870,630
1889, ........... 402,216 (| 1900....7.... 1 ,090,280 | -1911:...... .. 3,742,040
1890............ 472,668 |l 1901......... 951,045 || 1912......... 4,404,723
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FOREIGN PRODUCTION.

The following tables relating to the copper industry of the United
States are of interest fo]_; comparison purposes. Tables XX XTI and XXXITT
are taken from the advance chapter of the Mineral Resources of the United
States, calendar year 1911, the latest available.

TABLE XXXITI.

Summary of Statistics of the Copper Induétry in the United States

in 1910 and 1911.

1910.

1911.

Production of copper:—
Smelter output. .. ... oL -, . .pounds.
Mine production. .. .......iiiiiii e -
Refinery production. of new copper—

Electrolytic..................... .. ... “
Lake.. ... i e “
Casting and pig........... ... “
Total domestic. . ...................... “

Total domestic and foreign..............
Total new and old copper.. .............
Total ore treated. . ..................... ghort tons.

Consumption— .
Total new copper......... .. e
Total new find old copper...... DU D
World’s production. .. .o........ ..l
Value of productibn in the United States.............

1,080,159, 509
1,088,237,432

782,171,204
291,462,084
68,260,688
1,071,804,876
1,422,039,135
1,610,000, 000
28,517,556
98,497,123
1:88°
344,435,771
708,316,543

732,400,000
941,400,000
1,903,297, 003
$137,180,257

1,097 ,282,749
1,114,764,197

893,507,764
218,185,236
59,577,803
1,101,270,803
1,433 875,026
1,648,000,000
29,904,942
29,988,235
1-825
334,607,538
786,553,208

681,753,279
895,000,000
1,95%,201,285

$137,154,092
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TABLE .XXXIII.

Production of Copper in the United States in 1910 and 1911.

(Smelter output, in pounds fine).

1910. 1911.

ABEKA. .o ey S b RS e et 4,311,026 22,314,889
Arigona......... . 297,250,538 303,202,532
Californis........ ... ... ... ... 45,760,200 35,835,651
Colorado. ..................... ... ... 9,307,497 9,791,861
Georgia............... .. .. . 724
Idsho................. . 6,877,515 4,514,116
Margland.........o... 0 - 23,555
Michigan............. 221,462,984 218,185,236
Missgouri............. .. . . e 640,411
Montans. ........ ... 283,078,473 271,814 491
Nevada........... ... ... .. .. 64,494,640 65,561,015
New Hampshire...  ............. . ... .... ... 12,400 | ... .......
New Mexico......  .._.......... ... ... 3,784,609 2,860,400
North Carolina.... ............. ... .. ... .. 181,263 13,699
Oregon..................... .. 22,022 125,043
Penngylvania. .. ... P 740,626 661,621
Philippine Islands....... 1,781 9,612
South Dakota........... 43 1,607
Tennessee...... 16,691,777 18,965,143
Texan. . ... ....... ¢esswssedsidsarnit s = 2,961 ’ . 105
Utah...... ...... 125,185,455 142,340,215
Vermont........ ... .. ... ... ... 1,935 | ............
Virginia, ...... ... 105,313 1 ............
Washington.... .............. SEme e 65,021 ", 195,503
Wyoming ... ...... ... . 217 127, 130, 409
Undistributed............ ... ........ 603,570 44 645

Total........... . 1,080,159,509 | 1,097,232,740

! Includes Missouri.
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TABLE XXXIV.

Production of Copper in 1911, Apportioned to Locality in Which
Smelted to Blister, in Pounds.

Locality. Domestic. Foreign. Total.
Arizona............................. 271,000,000 | 25,600,000 | 296,600,000
Montana................. .......... 272,700,000 . . ............ 272,700,000
TUtah and Nevada......... ......... 201,500,000 |, ............. 201,500,000
California and Washington. ......... 48,000,000 15,000,000 63,000,000
Allothers................ ......... 263,000,000 58,000,000 321,000,000

Total by domestic plants.......... 1 ,056,200,000 08,600,000 | 1,154,800,000
Total by foreign plants from domes-

tic ore and matte............... 41,000,000 |.....cooeeei ]
Grand total from domestic ores....[1,087,200,000
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TABLE XXXV. ' .
. B . f el O Hen G oM - -
Production of Copper in the United States, 1902-1911, by States . : 5 2333E3E8R 13 :?‘o
in Pounds. . = : S pEmsssE=ra e |8
. z s SHSVNSSAS ; 1F |8
State. 1902. 1903. 1004, 1905 1906 = RS S| B
. . _ 3O
Alagka... ... ..|...... 1,330,590 2,043,586 4 I 2R2RESHER ! 1]

. N AR 5 ) ) , , 900, 866 8,885,646 . $ = i i Bell=R e B = ] =] @
Arlz'zona._ ......... 119,944 944 147,648,271| 191,602,958| 226,854,461 262, 566,103 o i} 2‘ z_g%g_:@_ :;:; :_ A ]
California........ 25,038,724 17,776,756/ 28,529,023 16,607,480, 28,153,203 = P - EEEEC LR
il IR 8,422,080 4,158,368 9,506,044 9,404,830 7,427,253 |  grewdnegs L g
Idaho......... ; 227,5001 778,906 2,158,858 7,321,585 §&,578,046 3 o ® LER8 R
ﬁlch;gan ...... | 170,609,228 192,400,577, 208,309,130/ 230,287,002( 229,695 730 S — :
N:‘j:;ﬂ“:ﬁ-c;- RS 23213(3,3?11 272,555,854 208,314,804/ 314,750,582 204,701,252 & L B3R (8 2282285932838 ‘8|8

RO 014, 7,300,832' 5,368,666 5,334,102 7,009,842 g : e e = i By
Nevads.......... | 164,301 150,000 ...... .. ... 413,202 1,090,635 ORI BY 8 HZ8REREEEY 4 |F
Oregon........... oo 846615 5458 ~ g2 : LEsRmaReRT 1B &
South Daketa..... 445,663 173202 . 100.000 y 2l ,859 g); 3 g © & % @ § e ot © %
Utah............ 23,939,901 38,302,602 47,062,880 54,083.508 50,329 110 5 £
Weshington..... .. 200,297 80,758 663,604 223,328/ . 200,823 @ 2 Yuzoa g Wooanobdgood |k
Wyoming. ........ 880,228 1,023,180 3,565,620, 2,530,531 106177 - = ] 8 R8B |3 288388553883 | 2
Bastern states. .| o g 4| & B¢ € gEsEodugEsey |8
outhern states . | 13,699,047) 13,855,612 15,211,086 15,134,060 = R g ROEFEBSIS TR | @
Middle states....) |- ; 980 Ll ) g iy mweREmEse®n 8 o
Hastern states and | & o N -omT ©

unapportioned. . |......... ... . .. o K e o 5 ,

Lead desilverigers; | | oY 18:200,600 ﬁ o ? § § g E E 3 % uﬁ % § g‘ % § 3 5 % § §
and unapportnd;  1500,0000 500,000 100,000 e 8 &« TG | e cawrdd SN NG | @
1 ] D I T = o (=] oD (=] SN QUWHPANHC DR o
= SHSEAERNRSST | &
Total. ... 659,508,644 698,044,517 812,537,267 888,784,267 917,805,682 g on S EUREREYRC 2 |8

- ! T

[= 1 o

State. 1907, 1908, 1909 & 3 P
B ‘ | : 1910. 1911. | g 2B88F |2 S2REE8ES2288 |«
Alagka...........| 7,034,763] 4,438,836 4.057.142 4 3 ] e e - prgorNgRseagy c‘

X 1 ) f i . s :311,026 22,314:,389 | oS w0 w0 o I~ =13 00 o I 22 [ar - =< B
Aisona. ... 256,778,437 280,528,267| 201,110, 208| 297,250 538| 303 202 532 S F| 8 #% |¥ BEEBLBEEERSR g
California. ... . ... 33,606,602 30,643,835 53,588,708 45,760,200 35,835,651 g 2 BEgRAZIRY ¥ 1 4
Colorado..........| 13,998,496 13,043,878 11,485,631 ©.307 497 9 701 861 | g 3 : | - N
Idfa,hq ............ 9,707,299 7,256,086 7,008,132 8,877,515 '4,514,116 I ﬁ* S ool : Lol :
Michigan. ........ 219,131,503| 222,289,584| 227,005,923| 221,462, 984| 213,185,236 ' =g | A A A R :
Montana. ... 224,263,780| 252,503,651 314,858,201 283,078,473| 271814, 491 3 e N A :
New Mexico. ... 10,140,140/ 4,991,351 5,031,136 3,784,600 2,860,400 S Bl Bt S
Zg:va.da. ..... soo--| 1,008,164) 12,241,372) 53,840,281! 64,404,640 65,561,015 g | Eoooinn rgi SR
egOn........... 518,694 271,191 245,403 22,022 125,043 | ) Bl : E PR B A :
South Dakota.....|........ ... 5,471 41,088 43 1,607 | Poroogt TEG Tl igiin
Utah............ 66,418,370, 71,370,370| 101,241,114| 125,185,455 142340 215 Elgi:g Tﬁ S - T
Washington, ... ... 122,263 162,20 ’ Car = R A A - B
. ; 201 120,611 65,021] 195,503 glBi:g i imgtiioiigr
yoming. ........ 3,026,004 2,416,107  433,672) - 217.127] 130 499 S Pgd g TEciiiiiiEig
Enstern. states and ' 5 ' "’5'5, ::E' B 'Esig?” R 12*{*‘3 : 'ﬁ :
i ) . - . .= ool . H i
unapportioned. .| 22,161,967 21,513,431| 22,808,204| 18,342,350 20,358,791 ig o8 18 EE'Q ] 3§ ég - 5

= =1 o @ o ' = . J g - B

Totals. ...... 868,996,491' 942,570, 721/1,002,051,624]1,080, 150,50 0[1,007,232, 74 0 E % % 2 2 2% % % g 541 £ 2 g E 3

- - b= ] =R .
Based partly on estimates. . - g‘b(ﬁpﬁ-gs gnb,mﬁaoﬁ%’mépﬁ‘z‘ué
The exports and imports of copper from or into the United States are ° -

(@) The exports of ore, matte, and regulus are reported as a gross weight, the copper content not being stated.
(¢) Includes Austria-Hungary, 44,200,202 Ibs..

(b)-Includes bars and plates,




LAabldy AAs V1.

Imports of Copper into the United States. (a)

(In pounds).
Country. 1908. 1907. 1908. 1909. 1910. 1911,
Ore and matte—imported from:— i
British North Amerioa................ 10,329,955 12,803,069 11,187,297 9,689,820 10,034,808 12,919,644
Mexico.................. .......... 31,690,058 32,467,418 15,903,692 23,914,040 22,731,184 16,684,071
South America...................... 4,140, 589 8,790,621 13,025,814 20,987,197 19,425,233 15,305,335
Other countries.................. ... 2,874,289 5,857,679 16,365,340 | ~26,496,327 33,033,752 23,717,628
Total. ... ... 49,034,891 59,718,787 56,481,948 81,087,393 85,224,975 68,626,778
Pig and serap (4) imported from:— :

United Kingdom. ................... 22,549,321 | 925,706,852 5,434,436 | 26,527,574 | 18,640,727 9,004,461
France........ e 3,202,168 806,662 168, 506 480,191 ...
Germany........:.................. 5,803,712 6,814,338 1,451,370 1,045,647 | ..o
Other Burope. ...................... 5,649,689 5,616,261 13,359,117 27,379,175 25,411,303 28,042,257
British North Americs. 30,398,360 30,802,596 30,895,737 29,196,351 29,016,785 22,442,335
Mexico........... 85,595,359 76,741,532 43,742,993 76,119,724.| ° 84,008,907 97,115,574
Cuba............. 513,240 767,184 349,560 104,182 ..o ool
West Indies (¢).... ... .. 399,569 401,585 184,490 228 408 oL
Japan......... RS T 6,752,486 9,809, 569 8,329,896 23,830,140 18,482,089 20,030,447
Other counfries..........._ .. ..... ... 16,194,477 35,534,688 58,308,040 65,797,329 83,640,995 89,345,686
Total..oovseeo . 176,558,390 | 192,901,267 162,224,144 | 240,713,721 289,210,796 | 265,980, 760

{a) The imports reported are the copper contents of ore matte and regulus

The copper consumption of the United States as egtimated b
and the world’s production and consumption, as determined b

TABLE XXXVIIL

Consumption of Copper in the United States. (a)

- (b) Includes also bars, ingots, and plates. (¢) Includes Bermuds,

y “Mineral Industry” is shown in Table XXXVIII,
y the same authority, are shown in Table XXXIX.

— De - tion.
Year. Production. Stock—Jan. 1 Imports. Supply. Exzports. Stock—Dec. 31| Consumptio
4
1903 B | B8 | O O | e ey | 31s.ams .ty | Do0.1i1,02 | 405,007,068
""" 1375, ' 1,038 822, 6 111, 537,
1003..." .. 708,375,298 | .162,935,430 | 167,161,720 | 1,038,472, 70,11 760 | 405,597,963
) 2.205 | 1,230,119,002 | 555,638,552 378, ,103,
1904... ... 817,715,006 | 230,111,792 | 182,202, 1230, 8,876,072 | 466,108,778
: 1,204,343,008 . 548,772,403 | 132,587, ,083,
1905...... 875 241,741 | 208,376,672 | 210,724,685 | 1,204,343, 96 | 612,085,100
i 0.777 | 467,830,041 | 139,385, ,

..... 917,620,000 | 132,587,496 | 225,503,281 | 1,275,800, , 828
iggg B 1,152.747.890 |  ©,000,000 | 5,000,000 | 1,166,747,800 | 508,929,401 gg,ggg,ggg ig;,gézl;,m
1908. ... .. 1,152.895.019 | 120,000,000 ... ........ .. 1.272,895,019 | 661,876,127 12,357,266 | 488,601,623
1009.... ... 1,405,403,056 | 122,357,266 |......... 1,627,7680,322 | 082, 48,726 | 141,766,111 | 703,147,485

2.192.120 | 141,766,111 |.. ... ... ... 503,888, 316, ,030,
igig' 1'igl 938,338 | 122,030,195 |......... 1.533.068,533 | 786,553,208 | 89,454,605 | 677,960,630

{2) The statistics in the above table up to 1906 inclusive are computed _in '[1.1'_13 old way, namely, on j:h:i b;dsis oft t:;l pi:;:filizﬁzi sli; el;hf::}-
copper and the imports of copper in all forms. The stock on hand at th_e pegu-mmglggg. end of t];al ifimc; :lth: I:a:wn:n o my';m fned cop me,t o
: in transit and in process of refining. The statistics since 906 axe com :
Zhocr-ggzdcﬁq?ﬁg P::dei]::n ;cl)ur.” Julyp25, 1908. Briefly, in this method the basis is prosiuct.mn of refined copper, st?cklfgogoppzz rlnn E;:"é
rr?:rketa.ble form, a-.nd imports of refined copper. This change in method explains the erratic appearance of the figures for as p

with those of 1908.

FL1
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TABLE XT—Continued.
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The World’s 'Co_pper Production —Continued.

(5) Asreported by Henry R. Merton & Co. , previous to 1905
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(@} As reported by Henry R. Merton & Co., Ltd., of London.

as reported by the “Eng. and Min. Journ.”

, subsequently

, for which year the figure of Henry R. Merton & Co.

(&) As reported by Henry R. Merton & Co. for

1000-1902, as officially reported
d, 1900-1905, subsequently

(¢) As officially reporte

9. () As officially reported.
5 through “Eng. and Min. Journ.”

{¢) As officially reported except for 1909
“Eng. and Min. Journ,”

(d) As reported by the
1903-1907, as per Henty R. Merton & Co, for 1908 and 190

8¢ per Henry R. Merton & Co.

is used.
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‘TABLE X1I.

World’s Production of Copper. (a)

() Henry R. Merton & Co

Year. Metric Short Year. Metric Short
tons. tons. tomns. tons.
188100 166,065 183,003 || 1897. . 412,818 455,147
1882, .......covnns. 184,620 203,550 ]| 1808, 441,282 486,529
1883, ... .o ee e 202,697 223,481 | 1809. 476,194 525,021
1884, ..., e 223,884 246,840 11 1900. .. .. ....| 491,435'| 541, 561
1883.... .. e 229,315 252,828 | 1901. .. co...f 529,508 583,517
1883.... ...... ....| 220,669 243,295 1| 1902. 542,606 |- 597,951
1887.. N 226,492 ) 249,716 || 1803... .. 630,530 694,910
1883, ... . ........ 262,285 | -281,170 || 1504.... .. 693,240 | 764,758
1889.... .. ...| 265,816 292,741 || 1905.-... .. 698,931 770,221
1890..... B 274,065+ 802,166 || 1605......... . 715,510 | - ‘788,492
1891..... 280,138 308,862 1807.......... 724,120 798,205
1892.....:..... 309,113 340,808 || 1908.......... .| ‘758,065 835,623
1893..... 310,704 342,562 || 1909.-........... 854,758 042 408
1804, ., .. 330,075 363,020 ([ 1910....... IR 877,494 | -966,008
1895..... 339,994 | 374,856 | 1911.............. 880,098 970,308
1895......... . 384,493 i 423,917 . :

(a) The statistics for 1881-91 are as reported by Henry R. Merton & Co.; 1892-1910
a8 per Tha “Mineral Industry.” (b) Henry R, Merton & Co. .

An interesting table, compiled by James Douglas, was published by
the Mining and Seientific Press in 1910, showing the relative position of the
principal copper producing countries of the world in 1850 and in 1909.
This table i. republished as Table XLII.! It will be noted that in 1850 Great
Britain produced 26 -89, of the world’s supply of copper, while the United
States and Canada together produeed only 1-29,. In 1909 Great Britain
produced only 0.06%; the United States production was 56.75%; and
Canada stood seventh with a production of 2.72% of the total. Japan,
Mex co, and Newfoundland were not producers in 1850. If is probable
thet Japan at that time was includeéd with Asia, since some Japanese copper
mines have been in operation for more than a century. In 1910 the United
Btautes again stood first with a production of 56.75%, of the total world’s
production and Canada stood seventh with 2.97% of the total.

! from Mineral Industry, 1910.

3578318
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TABLE XLIL

World’s Production of Copper in 1850 and 1909 Compared. {(a)

1850. 1909,
Pounds. Per cent. Pounds. Per cent.
QGreat Britain......... .. . ..... 29,648,000 | 26-8 1,120,000 0-06
Chile..............o. . . ...... 25,060,000, 22.9 84,000,000 4-54
Russia.................. .. ...... 12,900,000 11.8 -~ 50,400,000 2-66
Austrian Empire. ., ... e 6,660,000 6-0 2,800,000 1-14
Cuba......... e 6,800,000 | 63 |...... FTUN IR
Australasia........ . ........... .. 7,000,000 6-4 98,560,000 5-22
Asig. ...l 6,000,000 | 54 [............... ..., ]
Beandinavia....... ............. 4,000, 900 3-7 25,760,000 1-35
Germany.... .. ................ 2,800,000 2-6 44,300,000 2-37
Turkey......................... 2,000,000 1.8 2,240,000 0-11
Rest of Burope.................... 2,000,000 1.8 124,544,000 658
South America (except Chile).... ... 2,400,000 2.2 52,080,000 2:75
Afriea............ ... ... 1,200,000 1-1 15,904,000 0-84
Japan......oo e 115,280,000 556
Mexico, ..o s e 125,440,000 . 6-64
Newfoundland. ................. S P P 1 4,480,000 0-23
Canada, ;. | 51,520,000 | 272
United States. ... ... . ... { 1,800,000 | 121 14 099.840,000 | 5823
109,708,000 | 100-0 1,888,768,000 100-0

(a) Compiled by James Douglas, Min. and Sci. Press, May 21, 1910,

.
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county, Ontario—by Erik N¥strom and A. v. Anrep, {Accompanying report N 0. 30.) °

Survey of Perth Peat Bog, Drummond townehip, Lanark county, Oneario —by Erik Nystrom
and A. v. Anrep. (Accompanying report No. 30.)

Burvey of Victoria Road Peat Bog, Bezley and Carden townships, Victoria county, Ontario
—by Erik Nystrom and A. v. Anrep. (Accompanying report No. 30.)

Magnetometric Survey of Irbn Crown claim at Klaanch river, Vancouver island, B.C.—by
E. Lindeman, Scale 80 fset=1 inch. (Accompanying report No. 47.) .

Magnetometric Burvey of Western Steel Iron elaim; nlt Bechart, Vancouver island, B.C.—by
E. Lindeméan. Soale 60 feet=1 inch. (Accompanying report No. 47.)

Iron Ore Occurrences, Ottawa and Pontiace countied, Quebee; 1908—by J. White and ¥rits
Cirkel. (Accompenying report No. 23.) ‘

Iron Ore Oceurrences, Argenteuil sounty, Quebee, 1908—by Fritz Cirkel. (Aecompanying
report No. 23).

Th d ) . . . . . - r
rzpl;:% Nugmzv; )Chrome Iron Ore District of Quebec—by Frits Cirkel. (Accor\:npanymg

Magnetometric Survey of the Bristol Mine, Pontiae county, Quebec—by E. Lindeman. Scale
200 feet=1inch. (Accompanying report No. 67.) )

Topogr;-stpl}ica.l Map of Bristol Mine, Pontiac county, Quebec—by E. Lindeman. Seals*200
feet=1 inch. (Accompanying report No. 67.) - .

Nore.—1. Maps marked thus * are to he found only in reports, .

2. Maps marked thus T have heen printed independently of reporis, ]iance can be pro-
cured separately by applicants, :

194,

*95.
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. Index Map uf qua. Seotia: Gypsum-—by W. F, Jennison.

. Index Map of New Brunswick: Gypsum—by W. F. Jennizon. (Acconipa'nying report No,84)
. Map of Magdalen Islands: Gypsum—by W. F, Jennizon. ‘

., Magnetometric Survey of Northeast Arm Iron Range, Lake Timagami, Nipissing distriet,

Ontario—by k. Lindeman, Seale 200 feet=1 inch. (Accompanying report No. 63.)

. Brunner Peat Bc.c::, Ontario—by A.v. Anrep.
- Komoka Peat Bog, Ontario—by A. v. Anrep. {Accompanying report No. 71.)
- Brockville Peat Bog, Ontario—by A. v. Anrep.

. Rondeau Peat Bog, Ontario—by A.v. Anrep.

. Alfrgd Peat Bog, Ontario—by A.v. Anrep.

. Alfred Peat Bog, Ontario: Main Ditch profile—by A. V.Anre_p.

]»Accompa.nying réport No, 71

. Map of Asbestos Region, Provinee'of Quebee, 1910—by Fritz Cirkel. Scale 1 mile=1 inch.

{Accompanying report No. 69.)

Map showing Cobalt, Gowganda, Shiningtree, and Porcupiné districts—by L. H. Coale, B.8ec.
(Accompanying SBummary report, 1910.) .

G%mral l\t)[a.p of Canada, showing Coal Fields. (Accompanying report No. 83—by Dr,J. B.
orter, .

8. Geuneral Map of' Conl Fields of Nova Scotia and New Brunswick. {Aeccompanying report
No. 83—by Dr. J. B. Porter.) - it :
*97. Gcnerja,l Map showing Coal Fields in Alberta, Saskatchewan, and M;aﬁitoba. (Accompanying
report No. 83—by Dr. J. B, Porter,} .
*98. General Map of Coal Fields in British Columbia. (Accompanying report No, 83—-by Dr,
J. B. Porter.) ° _
+)9, General Map of Coal Field in Yukon Territory. (Accompsnying report No. 83—by Dr.
J. B. Porter.) .
106, Geological Map of Austin Brook Iron Bearing district, Bathurst township, Gloncester
county, N.B.—by E. Lindeman, Seale 400 feet=1 ingh. (Accompanying report No. 105.)
1107. Magnetometric Survey, Vertical Intensity: Austin Brook Iron Bearing Diatrict—by E.
Lindeman, Seale 400 feet=1 inch. (Accompanying report Ne. 105.) -
®i08. Index Map 'showing Iron Bearing Area at Austin Brook—by E. Lindeman. (Accompanying
report No. 105,)
*112, Bketeh plan showing Geology of Point Mamainse, Ont.—by Professor A. C. Lane. Scale,
4,000 feet=1 inch. (Accompanying report Np. 111.)
113. Holland Peat Bog, Ontaric—by A. v. Antep. (Accompanying report No. 151.)

*116-137. Mica: Township maps, Ontaric and Qusbec—by Hugh 8. de Schmid. (Accompanying

1138
1139
1140
141

146

report No. 118.)

- Mica: Showing Loeation of Principal Mines and Oceurrences in the Quebec Mica Area—by
Hugh B. de Schmid. Bcale 3-95 miles=1 inch. (Accompanying report No, 118.)

. Mica: Bhowing Location of Principal Mmes and Qceurrences in the Ontario Mica Area—by
Hugh B. de Schmid. Seale 3-95 milea=1 inck. (Accompanying report No. 118.)

. Mica: Showing Distrii)ution' of the Prineipal Miea Occurrenses in the Dominion of Canada
by Hugh B. de Schmid. Seale 3:95 miles=1ineh. (Accompanying report No. 118.}

. Torbrook Iron Bearing District, Annapolis county, N.8.—by Howells Fréchette. Scale 400
feet=1inch. (Accompanying report No. 110.)

. Distribution of Iron Ore Sands of the Iron Ore Deposits on the North Bhore of the River and
Gulf of 8t. Lawrenece, Canada—by Geo. C, Mackenzie. Scale100miles=1 inch. {Agoom-
panying renort No. 145.) -

Norr.—1. Maps marked thus * are to be found only in reporis. )
2. Maps marked thus { have been printed independently of reports, henee can be pro-
cured scparately by applicants,
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1147, Magnetic Iron Band Deposits in Re]at.mn to Natashkwan harbour and Great Natashkwan
river, Que. (Index Map)—by G C Mackenzie, Secale 40 chains=1 inch. (Ar'uom-
panying Teporh No 145.)

1148, Nﬂtashkwan Magnetm Lron 8apd Deposits, Saguenay county, Que.—by Geo. C. Mackenzie.
Secale 1,000 feet=1 inch. {(Accompanying report No. 145.)

1152.‘ Map showing the Location of Peat Bogs in_vestiga.ted ih Qntario—by A. v. Anrep.
1153. Map Showilng the Location of Peat Bogs investigated in Manitoba—by A. v. Anrep.
1157, Lac du Bonnet Peat Bog, Manitoha—by A. v. Anrep.
f158. Tra.nsmission Peat Bog, Manitoba—by A. v._Anrep.

. (Accom-

1169. Corduroy Peat Bog, Manitoba—by A. v. Anrep. b pa.nymg
. . repor

t160. Bogg_y Creek Peat Bog, Manitoba—by A. v. Anrep. No-1581)

$161. Rice Lake Peat Bog, Manitoba—hy A. v. Anrep. i
1162, Mud Lake Peat Bog, Manitoba—by A. v. Anrep.
1163. Litter Peat Bog, Manitoba—by A. v. Anrep.

1164. Julius Peat Litter Bog, Manitoba—by A. v. Anrep.
t165. Fort Francis Peat Bog, Ontaric—by A. v. Anrep..

*166. Magnetomeiric Map of No. 3 Mine, Lot 7, Concessions V and VI, MeKim township, Sudbury
district, Ont.—by E. Lindeman. (Accompenyinsg Summary report, 1911.)

.(Aceompanying report:No. 151.)

f168. Map showing Pyx;itea Mines and Prospects in Eastern Cenada, and Their Relation to the-

United States Market—by A. W. (G, Wilson, Scale 125 miles=1 inch. (Accempanying
report No. 167.)

$171. Geological Map oi Sudbury Nickel reglon Ont.—by Prof. A. P. Goleman. Scale 1 mile=1
inch. (Accompanying report No. 170.) ’

1172. Geological Map of Vietoria Mine—by Prof. A. P. Coleman.

1173. w “  Crean Hill Mine—by Prof. A. P. Coleman. (_Ac;'rcoinpanying report No.
. . ’ 170. '

t174. “ *  Creighton Mine—by Prof. A. P. Coleman.

f175. B B sh;awing Contact of Norite and Laurentian in vicinity of Creighton mine
by Prof. A. P. Coleman. (Accompanying report No. 170.) -

$176. u w oot Coppezi?(o'}l)iﬁ offset—by Prof. A. P. Coleman. (Accompan}{i.ng.; report
No. 170. :

t177. oo “  No.3 Mine—by Prof. A. P. Coleman. (Accompanying report No. 170).

t178. o “  ghowing vieinity of Btobie and No. 3 mines—by Prof. A, P. Coleman.

(Accompanymg report No. 170.)

{186. Magnetometric Survey, Vertical Tntensity: Blairton iron mine, Belmont townslup, Peter-
borcugh county, Ontario—by E. Lindeman, 1511, Scale 200 feet=1 inch.” (Accompany-
ing report No. 184.)

1185a. Gsolcgwa.l Map, Blairton iron mine, Belmonﬁ township, Peterborough county, Onta.no—

. y E. Lindeman, 1911, Seale 200 {eef=1 inch. (Accompanying report No. 184.)

1‘186 Magnetometnc Survey, Belmont iron mine, Belmont townshlp. Peterborough county, Ont.
' —by E. Lindeman, 1911. Scale 200 feet= 1 inch. (Accompnnymg report No. 184.) -

t186a. Geological Map, Belmont iron mine, Belmont township, Peterhorough county,- Ontmo—-
by E. Lmdems.n, 1911, Seale 200 feet=1 inch. {Accompanying report No. 18 2)

Note.—1. Maps marked thus * are to be found only in reparts.
2. Maps marked thus | have been printed independently of reports, hence can be pro-
cured separately by applicants.
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187. Magnetometric Burvey, Vertical Intensity: 8t. Charles mine, Tudor township, Hugtings
cNount.y, ())ntano—by E. Lindeman, 1911. S¢ale 200 fest=1 inch. (Accompanying report
[+]

f187a. Geological Map, St. Charles mme, Tudor tuwnnhlp, Hastings gounty, Ont.arlo—by I,
Lindeman, 1911. Scale 200 feet=1 inch. (Accompa.nymg report No. 184.)

{188, Magnetometric SBurvey, Vertical Intensity: Ba.ker mine, Tudor township, Haatmgs county,
Ontario—by E. Lindeman, 1911. Seale 200 feet=1inch., (Accompanyingreport No 184.)

f188a. Genlogwa.l Map, Baker Mine, Tudor township, Hastings county, Ontario—by E. Lmdeman
1911,” Scale 200 feet=1 inch. {Accompanying report No. 1 )

189. Magnetometric Survey, Vertical Intensity: Ridge iron ore deposﬁs Wollaston township,
Hastings county, Ontarioc—by B. Lindeman, 1911. Scale 200 feet= 1 inch. (Agceompany-
ing report No. 184.)

190, Magnetometric Survey, Vertical Intensity: Coehill and Jenkins mines, Wollaston township,
Hastings county, Ontario—by E. Lindeman, 1911. Scale 200 feet= 1 inch. (Accorapany-
ing report No. 184.)

T190a. Geologlcal Map, Coehill and. Jenkins mines, Wollaston township, Hastings county, Ontario
—by E. Lmdeman 1811, * Seale 200 feet=1 inch. {Accompanying report No. 184.)

t1g1. Magnetome‘tnc Survey, Vertical Intensity: Bessemer iron ore deposits, Mayo township,
HaatmgN%cmilgzsg, Ontario—by E. Lindeman, 1911. Scale 200 feet=Llinch. (Agcompanying
report No

t191a. Geological Map, Bessemer iron ore deposits, Mayo township, Hastings county, 0nt.ar1o—~by
- B, Lindeman, 1911. Beale 200 feet=1 inch. (Accompanying-report No. 184.)

1182. Magnetometnc Burvey, Vertical-Intensity: Rankin,.Childs, and Stevens mines, Mayn town-
. ship, Hastings county, Ont.arm—by E. Lmdeman. 1911. Scale 200feet=1inch. -{Accom-
panying report No. 184.) -

§192a. Geoluglcal Map, Rankin, Childs, and Stevens mines, Mayc township, Hastings county,
Ontario—by E. Lmdeman, 1911, Heale 200 feet=1 inch. (Accompanying report Ne.184.)

1193. Magnetometnc Survey, Vertical Intensity: Kennedy property, Carlow townsh&p, Hastings
(ﬁun‘%}gz} ?nta.rw—by E. Lindeman, 1911. Scale 200 feet=1 inch. (Accompanying report
o

t193a. Geological Map, Kennedy property, Carlow township, Hastings county, Ontario—by E.
Lindeman, 1911. Scale 200 feet=1 inch. (Accompanying eport No. 184.)

1194. Magnetometric Survey, Vertical Intensity: Bow Lake iron ore gecurrences, Faraday town-
ship, Hastings county, Ontario—by E. Lindeman, 1911. Scale 200 feet=1inch. (Accom-
panying report No. 184.) ’

1204, Index Map, Magnetite oceurrences along the Central Ontario Railway—by E. Lindeman,
. 19iL. (Accompa.nylng report No. 184.)

205. Magnetometric Map, Moose Mountain iron-bearing district, Sudbury district, Ontario: De-
posite Noa. 1, 2, 3,4, 5,6, and 7—by E. Liodeman, 1812. (Accompanying report No. 266.)

2032, Geologieal Map, Moose Mountain iron-bearing district, Budbury district, Ontario. Deposits
Nus. 1, 2,3,4,5, 8, and "—by E. Lindeman. (Accompanying report No. 266.)

£203. Magnetometrie Survey of Moose Mountain iron-bearing distriet, Sudbury distriet, Ontario:
‘Northern part of Deposit No. 2—by E. Lindeman, 1912. Secale, 200 feet=1 inch. (Ac-
companying repors No."266.)

*207. Magnetometric Survey of Moose Mountain iron-bearing distriet, Sudbury distriet, Ontario:
Deposi§ Nga.ﬁ&, 9, and @a—by E. Lindeman, 1912. , Scale 200 feet =1 inch. (Accompanying
. report No. 266.)

*203. Magnetometric Survey of Moose Mountain iron-bearing district, Sudbury district, Ontario:
gepomt )No 10—by E. Lindeman, 1912. Seale 200 {feet=1 inch. (Accompanying report
o

NOTE.—I Maps marked thus * are to be found only in reports.
2. Maps marked thus t have been printed 1ndependent[y of reports, hence can be pro-_
cured separately by applicants.
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*2082. Magnetometric Survey, Moose Mountain iron-bearing district, Sudbury district, Ontario:

Eastern portion of Deposit No. 11—by E. Lindeman, 1912. Seale, 200 feet=1 inch. (Ae-
companying report No. 266.)

#208b. Magnetometrio Survey, Moose Mountain iron-bearing distriet, Sudbury district, Ontario:
" Western portion of Deposit No. 11—by E. Lindeman, 1912, Seale, 200 feet=1 inch. (Ac-
companying report No. 266.)

*208¢. General Geological Map, Mooge Mountain iron-hearing district, Sudbury distriet, Ontario—

b . Lindema..:n, 1912. Seals, 800 feet=1 inch. (Accompanying report No. 266.)

*210. Loeation of Copper Srﬁelters in Canada—by A. W. G. Wilson, Ph.D. Secale, 157-3 miles=1
inzh. (Accompanying report No. 209.)

*220. Mining Districts, Yukon—by. T. A. MacLean.. Scale 35 miles=1 inch. {Accompanying
report Na. 222.)

*221, Dawson Mining Distriot, Yukon—by T. A. MacLean. Seale 2 miles=1 inch. [(Accompany-

ing report No. 222,)
*282. Mineral Map of Canada. Seale 100 miles=1 inch. (Accompanying repert No. 230.)

7 o .
*249. Magaetométrie Survey, Caldwell and Camphbell mines, Calabogie district, Renfrew county,
Ontaric—by E. Lindeman, 1911. Seale, 200 feet=1 inch. (Accompanying report No. 254.)

*250. Magnetometric SBurvey, Black Bay or Williams Mine, Calabogie district, Renfrew coﬁnty,
%nt%o;by E. Lindeman, 1911. Seale, 200 feet=1 inch. (Accompanying report
0. 264.) ‘ !

*2§1." Magnetometric Survey, Bluff Point iron mine, Calabogie district, Renfrew county, Ontario
—by E. Lindeman, 1911. Seale, 200 feet=1 inch. (Accompanying report No, 254.)

-*252. Magnetometric Burvey, Culhane mine, Calabogie distriet, Renfrew county, Ontario—by
E. Linden_aan, 1911. Beale, 200 feet=1 inch. (Accompanying report No. 254.) 0 .

*253. Magnetometric Survey, Martel or Wilson iron mine, Calabogie district, Renfréw ‘county,
Ontario—by B, Lindernan, 1811. Bcale, 200 feet =1 inch. (Accompanying report No. 254,)

*261. Magnetometric Survey, Northeast Arm iron ra.nger, Lot 330 E.T.W. Lake Timagami, Nipig-
sing district, Ontario—by E, Nystrom, 1903, Scdle, 200 feet=1 inch.
IN THE PREGS. _

268. Map of Peat Bogs Investigated in Quebec—by A, v. Anrep, 1912.

269. Large Tea Field Peat Bog, Quebec « €
270, Small Tea Field Peat Bog, Quebec . ¢
271. Lanorie Peat Bog, Quebee = -
272, 8t. Hyacinthe l_)eat Bog, Quebec v "

273. Rividre duv Loup Peat Bog "

274. Cacouna Peat Bog ] -

275, Le Pare Peat Bog, Quebec‘ b

276, St. Denis Peat, Bog, Quebec

277. Riviére Ouelle Peat Bog, Quebeo’ - “
278. Moose Mountain Peat Bog, Quebee " "

Ad@ress all communications to—

Direcror Minss BrANCE,
DErarRTMENT OF MINES,
Bussex STREET, OTTAWA.

Note.—1. Maps marked thus * are to be found only in reports, . .
2. Maps marked thus t have been printed independently of reports, hence can be.pro-
cured separately by applicants. ' ;
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. CANADA
DEPARTMENT OF MINES

How. Lours CoprreE, Mmvisrer; R. W. Brock, DErory MinisTER;

MINES BRANCH

Eueena Hasner, Pu.D., DIRECTOR.

1.
2,

3.

4.

7.
8.
9.

110.
11,
12.

1186.
17,

t18.
t18.
120.

REPORTS AND MAPS OF ECONOMIC INTEREST
PUBLISHED EY THE
MINES BRANCH.
REPORTS.

Mining Conditions in the Klondike, Yukon. Report on.—by Eugene Haanel, Ph.D., 1902.
GrleéaotéLandslide‘a.t Frank, Alta. Report on—by R. G. McConnell and R. W. Broek, M.A.,
Investigation of the different eleetr&tﬂermic processes for the smelting of iron o \

i];gismg of steel, in operation in Hurope. Report.of Special Commilalgionibyoﬁes. %nfa;]e:l?
Rappart de la Commission nommée pour étudier les divers procédés &lectro-thermiques pour

la réduction des minerais de fer et la fabrication de I'acier employés en Europe—by Dr.
Haanel. (French Edition), 1905. .

.. On the location and examinstion of mag‘netip ore deposits by magnetometric measurements—

by Dz. Haanel, 1904. .

Liﬁ?)s&tones, and the Lime Industry of Maniioba. Preliminary Report 6n:—by J. W. Wells,

Cls; sl lancllggélales of Manitoba: Their Industrial Value. Preliminary Report on—by J. W.
ells, .

Hydraulic Cements {Raw Materials) in Manitoba: Manufacture and Uses of. Preliminary
Report on—by J.-W. Wells, 1905. ‘ '

Mica: Its Oceurrence, Exploitation, and Uses—by Fritz Cirkel, M.E., 1805, (See No. 118,
Asbestos: Its Occurrence, Exploitation, and Uses—by Frita Cirkel,.lﬂﬂﬁ. (See No. 69.)

Zine Resources of British Columbia and the Conditions affecting't.héir Exploitation. Report
of the Commission appointed to investigate—by W. R. Ingalls, 1905.

*Ezxperiments ‘made at Bault Ste. Marie, under, Government auspfces, inthe smelting of Cana-
dian iron ores by the electro-thérmic process. Final Report on—by Dr. Haanel, 1907.

Mines of the Silver-Cobalt Ores of the Cobalt district: Their Present a.ﬁt:l'Pf‘uspective QOutput.
Report on—by Dr. Haanel, 1907... .

Graphite: Its Properties, Occurrence, Refining, and Usé's'—by' Fritz Cirkel, 1907.
Peat and Lignite: Their Manufacture and Uses in Europe—by Erik Nystrom, M.E., 1808.
Tron Ore Deposits of Nova Scotia. Report on {Part I)—by Dr. J. E. Woodman.

*Afew copies of the Preliminary Report, 1006, are still available.
tPublications marked thus { are out of print.

1



i
121. Summery Report of Mines Branch, 1907-8. -

22. Iron Ore Deposits of Thunder Bay and Rainy River districts. Report on—hy I, Hille, M.E.

123. Iron Ore Deposits, along the Ottawa (Quebec side) and Gatineau rivers. Report on—by
Fritz Cirkel. -

24. General Report on the Mining and Meta.].[urg.iczla,l Industries of Canada, 1907-8,
25. The Tungsten Ores of Canada. Report on—hy Dr, T. L. Walker.
26. The Mireral Production of Canada, 1906. Annual Report on—by John McLeish, B.A.

¥

28a. Frg;e}l@t}:ﬁlslaﬁon: The Mineral Production of Canada, 1806. Annual Report on—by Johri
eLaish.

27. The Mineral Production of Canada, 1907. " Preliminary Report on-—~by John MeLeish,
127a. The Mineral Production of Canada, 1908, Preijmiﬁary Report on—by John ‘McLeish.
128. Bummary Report.of Mines Branch, 1908.
t28a. French translation: Summary Report of Mines Branch, 1508.

29. Chroms Iron Ore Deposits of the Eastern Townships. Monograph on—by Fritz Cirkel.
(Supplementary Bection: Ezperiments with Chromite at MeQill University—by Dr.

J.'B. Porter.)

30. Investigation of the Peat Bogs and Peat Fuel Industry of Canada, 1908. Bulletin No. 1—by
Erik Nystrom and A. Anrep, Peat Expert.

32. Investigation of Electric Shatt 'Fm-'na.ce. Sweden. Report on—by Dr. Haanel.
47, Tron Ore Deposits of Vencouver snd Texaddislands. Report ‘on—by Einai‘ILiﬂdeman., M.E.

155. Report on the Bituminous, or Oil-shales of New Brunswick and Ndva Scotia; also on.the
Oilshale industry of cht-land-—by Dr, R. W. Ells.

58. The Mineral Production of Canada, 1907 and 1908. Annual Repol_'t on—by John MeLeish,

' "'Nom.—-_The Jollowing preliminary bﬁlﬁeﬁﬁé were publisiie& prior o the issugnce of the
Annual Report for 1907-8. : : . :

___‘[31,,’_ Pll'c:)duc.:tion of ,gement iﬁ-Canada, 1608.
42. froducti‘on of Eron and Steel in Canada during the Calendar Years 1907 and 1908
43. Production of Chromite in Canada during the Calendar Years 1907 and 1908,
) 44..- P;-oductiqp of Asbestos in Canada during the Calendar Years 1007 and"1508.
'%45.' Piggo%:ftiuh of Coal, Co._ke, and Peat in Canads durh;g the Calendar, Years 1997 and

46. Production of Natural Gas snd Petro.eum in Canada during the iCa.lendsu-'Yeza.rs 1907
and 1908, ' oo .
5. Chemical Analyses of Speecial Economic Importance mads in the Laboratories of th'e Depart-
: ment of Mines; 1006-7-8. Réport on—by F. G, Wait, M.A., F.C.8.." (With Appendix on
téhhe CFm)nmercml Methods and Apparatus for the Analysis of Oil-shales—by H, A. Leverin,
B ) > — i < !

Schedule of Charges for Chemieal Analyses and Assaya.
[62. Mineral Production of Canada, 1909, Preliminary Rerort on—by John MeLeish.
63. Summary Report of Mines Branch, 1909,

67.. Iron Ore Deposits of the Bristol Mine, Pontiae count: , Quebec. Bulletin No. 2—by Ei
Lindeman and Geo. C. Mackensie, B.So. e SeRm e . o

188, Recent Advances in the Construction of Electrie‘ Furnaces fo-r the Production of Pig Iron,
-~ Steel, and Zine. Bulletin No. 3—by Dr. Haanel, ' T

69. Chrysotile-Asbestos: Its Occurrence, Ex loitation, Milling, and Uses. R t on—bv Frit
Cirkel. (Second Edition, enlargod.) e TR

{Publications marked fhus”T are out of print.

i

71. Investigation of the Peat Bogs and Peat Indastry of Canads, 1903-10; to which is appended
Mr. AlN. Larson’s Paper on Dr. M, Ekenberg's Wet-Carbonizing Process; from Teknick
Tidskrift, No, 12, Decerber 26, 1908—translation by Mr. A, v. Anrep, Jr.; also a transla-
tion of Lieut. Ekelund’'s Pamphlet entitled ‘A Solution of the Pent Problem,” 1909, des-
cribing the Ekelund Process for the Manufacture of Peat Powder, by Harold A. Leverin,
Ch.E. . Bulletin No. 4—by A. v. Anrep {Second Edition, enlarged),

31. French Translation: Chrysotile-Asbestos: Ite Qccurrence, Expiaita.tion, Mi.ll:ing, and Uses.
Report on—by Frits Cirkel. :

82. Magnetic Concentration Experiments. Bulletin No, —by Geo. C. Mackengie.

83. An investigation of the Coals of Canada with reference to their Economic Qhalities: as con-
ducted at MeGill University under the authority of the Dominion Government. Report
mm—by J. B, Porter, E.M., D.8¢., R. J. Durley, Ma.E., and others—

Vol. I—Coal Washing and Colking Tests. '
Vol. IT—Boiler aid Gas Producer Tests,
Vol. TIT—
Appendix I
* Coal Washing Tests and Diagramsg,
Vol. IV—
Appendiz I1 .
Boiler Tests and Diagrams.
, Vol.V— - )
Appendix I11 .~ ... '
Producer Tests and Diagrams
"ol. VI— .
Appendix IV
Coking Tests. .
Appendix V
Chemieal Tests..-

184. Gypsum Deposits of the Maritime Provinces of Canada—including the Magdalen Islands.
‘Report on—by W. F. Jennison, M.E. (S8ee No. 215.) '

£8. " The Mineral Prbducﬂon of Canada, 1009: An.nixé.l Report on—by John Mc¢Leish,

' NOTE.—Thefo'llowirig p’relémir'mry builetins 'were publish('ar:‘l p:.rior tothe issuance’of t]:eAni;'zml
Eeport for 1809, _

179. Produetion c:)f Tron &l:ld: S.‘teel- in 'Ca.nada. d.ﬁrinég the Calénéiar Year 1909.

]‘80‘.‘ Production of Coal and Coke in Canada during the Calendar Year 1909,

85. Production of Cement, Lime, Clay Products, Stone.- and other Structural Materials
" during the Calendar ¥ear 1908. s

£9, Reprint of Presidential address delivered before the American Peat Society at Ottawa, July
'25, 1910. By Dr. Haanel. | ) '

£€0. Proceedings of Conference on Ezplosives,

2. Investigation of t‘.h.e Explosives Industry in the Dominion of Canada, ]:910. Report‘o.n—by
. Capt, Arthur Desborough. (Seednd Edition.) . :

3. Molybdenum Ores of Canada. Report on—by Professor T. L. Walker, Ph.D.
100. The Building and Ornamental Stones of Canada, Vol.I. ‘Reporton—by Professor W. A. Parks.
Ph. D. _ :

160a. French translation: The Building and Ornamental Stones of Canada, Vol.I. . Report on—hy
W. A. Parks. R ’

102, Mineral Production of Canada, 1910. Preliminary Report on—by John MeLeish,.
1103. Summary Report of Mines Branch, 1910.

104£. Catalogue of Publications of Mines Branch, from 1902 to 1911; containing Table.s. of Contents
and List of Maps, efe. :

105, Austin Brook Iron-bearing distriet. Report eco—by E. Lindeman.
11

=]

. Western Portion oi Torhroék Iron Ore Deposits, Annapolis county, N.8. Bulletin No. 7—
by Howells Fréchette, M.Se. . : B

111 Diamond Drilling at Point Mamainse, Ont. Bulletiu No. 6—by A. C. Lane, Ph.D., witl
" Introductory by A. W. G. Wilson, Ph.D. -
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115. Miea: Its Occurrence, Exploitation, and Uses. HReport on—by Hugh 8. de Schmid, M.E,
142. Bummary Report of Mines Branch, 1911.

143, .The Miaeral Production of Canada, 1510, Annual Reﬁorﬁ on—hy John McLeish.

Nore.—The following preliminary Bulleting were’ published prior io the issuance of the
Annual Report for 1910. o v

T114. Production of Cement, Lime, Clay Products, Stone, and other Structural Materials
. in Canada, 1910. - .

1115. Production of Iron and Steel in Canada during the Calendar Year 1910..
T11€. Produetion of Coal and Coke in Canada during the Calendar Year 1910, .

1117, General Summary of the Miner.al Production of Canada during the Calendar
- Year 1910,

145. Ma;,(gnet_.ic Iron Sands of Natashkwan, Saguenay eounty, Que. Report on—by Geo. C. Mag-
ENZIE.

{150. The Minenﬂ Production of Canada, 1811. Preliminary Report on—by John McLeish,

151. Investigation of the Peat Bogs and Peat Industry of Canada, 1910-11. Bulletin No. 8—by
A. v. Anrep. . .

154, The Utilization of Peat Fuel for the Production of Power, being & record of experiments son-
" ducted at the Fuel Testing Station, Ottawa, 1910-11. Report on—by B. F. Haanel, B.3e.

155. French translation: The Utilization of Peat Fuel for the Production of Power, being a Record
of BE)%enm' ent.% conducted at the Fyel Testing Station, Ottawa, 1910-11. Report on—by
.F. Haanel, ' : ' :

156. French translation: The Tungstén Oresd of Cx_ma.da. Report on—by Dr. T. L. Walker.

187. Pygtf‘s?sv iln Canada: Its Occurrence, Exploitation, Dressing, and Uses. Report on—by A. W.
t. Wilson.:

170. The Nickel Industry: with Special Reference to the Sudﬁury region, Ont. Report on—by
: Professor A. P, Coleman, Ph.D, IR o o

184. Magnetite Ocourrences along the Clentral Ontario Railway. Réport on—by E. Lindeman.
196. French translation: Investigition of the Peat Bogs and Peat Industry of Canada, 1908-10; to

which is appended Mr, Alf. Larson’s paper on Dr. M. Ekenburg’s Wet-Carbonizing Process:
irom Teknisk Tidskrift, No. 12, December 26, 1905—translation by Mr. A. v. Anrep: also
a translation of Lieut. Ekelund's Pamphlet entitled *“A Solution of the Peat Problem,’” 1909,
deseribing the Ekelund Process for the Manufacture of Peat Powder, by Harold A. Leverin
Ch. E. Balletin No. +—by A. v. Anrep. (Second Edition, enlarged.) \

197. French trenslation: Molybdenum Ores of Canada. Report on—by Dr. T. L. Walker.

Nystrom, M.E., 1908.

201. The Mineral Production of Canada during the Calendar Year 1911, Annual Report on—by
Joha McLeish. ; : '

Nore.—The following preliminary Bulletins were published prior to.the issuance of the Annunl’
Report for 1811 . ' ’

198. French translation: Peat and Lignite: Their Manufacture and Uses in Europe—by Erik

181. Production of Clement, Lime, Clay Products, Stone, and other Structural Materjals
in Canada during the Calendar Year 1911. Bulletin on—by John MeLeish,

1182. Production of Tron and Steel in Canada during the Calendar Year 1911. Bulletin on
. —Dby John Mc¢Leish. T :

183. General Summary of the Mineral® Production in Canada’ during the Calendar
Year 1911. Bulletin on—hy John McLeich. , N . L.

199. Produstion. of. Copper, Gold, Lead, Nickel, 8ilver, .Zine; and other Metals of
Canada, during the Calendar Year 191i. Bulletin on—hy John McLeish,

200. The Production of Coaland Coke in Cangda dufihg the Calendar Year1811.. Bulletin
on—by John McLeish. B e
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