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LETTER OF TRANSMITTAL.

The Honouwrable YWilliam Sloan,
Minister Gf Aines of the Provinee of British Columira,
Victorie, B.C.

Rir---After preliminary correspondence in Januavy and February of the presen{ yean,
¥ received o letter from Mr. Wm. Fleet Robertson, dated May 18th, in which he asked whether
I could make an investigation of the feasibility of smelting your magnetife ores in eclectiric
furnaees, provided that certain information, such as the quantity, quality, and cost of the iron
ores availabie, were furnished to me. 1 replied by telegram aund letter of May 26th, offering
to undertake the investigation, and recetved a telegram from Mr, IRobertson, dated May 30th,
instructing me to proceed with the investigation.

Mr., Xtobertson’s telegram was confirmed by a letter dated June ‘)Uth from the Provineial
Secretary, informing me that I had bLeen appointed Ly His Honour the Lieutenant-Governor in
Council to earry out the investigation; my appointment dating from June &th.

Y left Montrexl on June.dth, reaching Vietoria on June 1dth, and devoted myself to the
ingquiry from that dafe until July 13th, when I left Vancouver for Montreal. This time was

spent mwostly in Vietoria and Vancouver, but fourlcen days were occupied in a visit to San-

IFrancisco and Ileroult, California, for the purpose of aseertaining the progress that had been
made in the electric sipelfing in that Joeality. I also visited Nanaimo, at your reguest, 1o
inspeet a process for the production of charcoal.

A supply of clieap electric power is an esscutial condition for the electric smeiting of iron
ores, and T made eaveful Inquiries with regard to thiz. The power companies in Vancouver
were unable, during my visif, to give me definite information on this point, but T understood
that power could probably be provided at about $15 per electrical horse-power year; a price at
which it seemed pessible that electric smelting could be undertaken commercially.

On this understanding I made a thorough investigation of the other clements of cost and
of the most cflicient methods for smelting iron ores under the conditicns existing in Brifish
Columbia, and eame fo the conclusion that cleetrie smelting wounld be possible under these
conditions. ’

On. September 10th, when my report was nearing completion, I reecived a letter informing
me that the chuarges for clectrie power would be nearly twice the figure T had assnmed in my
caleulations. This change not only alfers very greatly the cost of pig-iron obtained by clectrie
smelting, but has ecaused a radical alteration of the character of my report., TUnder this changed
condition the elecirie smeliing of iron ores by existing methols ig scarcely possible, and the
only romuining opening, unless eheaper power can. be obtained, is by developing a new process,
which has lately come lo my notice and which appears te¢ be more economical than fhe usual
methods of electrie smelting. The posslbxhtv of the electrie smeliing of iron ores in Dritish
Colunbia, using power from the present sources of, mpplv would seem fo depend on the
snceessful development of this new proeess. '

I hoLr, to submit hgrcmih the: l'eport nif my investigalion,:

o j I ]1.1\0 thc: honour to be,
‘ : ‘ Sir,
;1 ur ohedient servant,
ALFRED STANSKIELD.

M éG’f.‘le University, Montreal, N

i
f




INTRODUCTORY.

EXTRACTSE FROM CORRESPONDENCE BELATIVE TO THE
]ﬁNVESTIGA’I:ION.

. DrpArTMENT o MINES,
OFFICE OF PROVINCIAL MINERALOGIST,
. Vicrortia, B.C., May 18th, 1918,
Dy, Alfred Stansfield,
MeGill University, Montreal, P.Q.

Duar Dr STANSFIEED,—I am ingivucted by the Honourable the Minister of Mines, the
Ton, William Slean, to say that at last matters have come round so that he can sce his
way to go ahead with the investigation of the commercial foasibility of the smelting of our
magnetites in an cleetrical furnace, and he has asked me to find cut if you are still open to
engagement for such purpose this summer.

ITis idea i# that we can provide you with all requisite data as to quantity and quality of
ores available, costs of delivering same at any given polnt, all analyses of ores and fluxes, cost
of labour by day, efc., fuel, quality, and costs.

On this data, so provided you, you could base your caleulations and conclusions, and your
résponsibility would not extend baek of the data so provided.

You would further not be required to go into the question of market. It seems fo me that
this would g;reatly lessen the work expected of yon and your responsibility, taking much less fime.

If you are still open to make investigation, I would be obliged if you would telegraph the
Minister or myseclf to that effect. . . . It would, of course, be very desirable that you came
out here and looked over the ground for yourself and indicated to us in advance just the data
you would require to be provided with. o
I am,

Yours very truly,

(Bigned.) Wi, Freer RonERISoxN,
Provineial Mineralogist.

DEPARTMEXT 0F METALLURGY,
MoGiry, UNIVERsTTY, May 26th, 1918,
William IMleet Roberison, Ksq., ’
Provinciel Mineralogist, Victorie, B.C,

DeAR Mr. Roperrgon,—I am much obliged for your letter of the 15th, whiel reached me on
Saturday morning, the 25th. . . . I cousider that on the basis outlined in your letter T conid
make a satisfactory report to the Government on the feasibility of smelting the Britigh Columbia
magncetites In clectrieal furnaees.,

T expect to he in New York on June 1st, but I could leave Montreal for the West on the
3vd, and suppose that I should go in the first place fo Vietoria to confer with yourself and others
having information bearing on the 'suh]eet to eollect all the information available at that point
and perhaps to visit some probable locfmon for the smoltm

I have been making inguiries with regqrd {o the progross of the cIectllc Smeltmg of iron
ores by the Noble Electric Steel Company at Hewultj California, and learn that this has been
given up and that the plant is now uscd for the- pw&uctmn of forrp alloys. . I'am informed that
the smelting of iron ores in California has never; been commercially successful, due to unsatis-
factory commercial conditions. In view of this, Jt ‘ll}peﬂl‘a to me that most,valuable information
could be gained if the Government could oblain pormhsmn for me to visit and ingpect the plant,
and to discuss with the management (he reasons w 1110]1 led fo their “ant or SUCCEsS.

Ina ”enel‘al way I can state in advance:—' | ! 1

¢1.y It is vnlikely that the clectric furnace can be operated in British Columbia, under
pormal conditions, in cempetition with the blast-furnace for thie prodaction of fohnage iron.
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(2.} Conditionally on there heing available a sufficient amount of cheap electric power, pure
iron ore and charcoal, & moderate output of high-grade iron could probably be made at a profit
under normal conditions. B ‘

(3.} Under present prices il is pbsSible that ordinary grades of iren could be made at a profit.

It may therefore be that a plant could be started to produce the various grades of iron needed

‘at present, and that later, when the price of iron comes down again, the whole production could

Le put into speecial-quality irou.’
-I may add that I have learned recently of a new process which may have an important effect
on the electric smelting of iron ores,
’ 1 remain,
Yours very truly,
(Signed.) ALFRED STANSFIELD.

AN ACCOUNT OF THE INVIESTIGATION.

On my arrvival in Vietoria on June 10th, T was met by Mr. W, Fleet Robertson, and on the
following day I had an interview with yourself with regard to the scope of the investigation.

While in Vietoria Mr, RRobertson and Mr. William Brewer furnished me with information for
my veport, chiefly with regard to the amount and nature of the available deposits of iron ore,
and the prohable cost of mining these ores and shipping them to a point at which a smelter
could be located. 3. Robertsen also obtained for me a memorandwm from the Department of
Labour with regard to the supply, nature, and cost of labour in British Columbia. I have
copsulted Mr. Robertson with regard to the greater pars of the investigation, and he has assisted
me throughout in obtaining the information néeded for my report.

With respect to the supply of electrical power, I had interviews with Mr. J, . Halls,
Mr. Eastman, and other officials of the British Columbia Iflectrie Railway Company in Vietoria,
and later, in Vancouver, with Mr. George Kidd, General Manager of this company, and Mr. R. I,
Hayward, General Manager of the Western Blectric Power Company of Canada, T also met
Mr, J. M. Savage and Mr. Thomas Grabkam, of the Canadian Collieries, fimited, with regard to

- electric power at Comox. Before leaving the Coast T consulted Mr. William Young, Comptroller

of Water Rights, and-Mr. H. K. Dutcher, of Vancouver, with regard to undeveloped water-powers
of British Columbis and the cost of obtaining from them a supply of electric power for smelting.

In Vancouver I inet My, Giles, General Manager of the Vancouver Fngineering Works, and
Aiscussed with him the requirements of the district in respeet of pig-iron and steel. I attended
a meeting of the Vancouver Melal Trades Association, and met Mr. A. B. Wecks, General Manager
of the Canadian North-west Steel Company, Mr. G. G. Bushby, and Mr. J, Hart, the Secretary
of the Metal Trades Association. I called upor: and corresponded with Mr. Nichol Thompson
with regard to the supply of iron ores and coal and the local markets for pig-irom and steel.
I had an interview with Mr. Murray, of Messrs. Fvans, Coleman & Iivansg, in regard to the
consumption and price of pig-iron and steel in Vancouver and distriet.

I met Mr. R. F. Tudhope, Mr. G. R. Grant, and Mr. Renton, of fhe Turnbuil & Tudbope
Iingineering Syndicate, and visited their plant at IPort Moody, where pig-iron was beiﬁg made
from steel serap in an electric furnace. 1 obtained from these gentlemen valuable information
in regard to the operation of clectric furnaces in the distriet, and have also corresponded with
Mr. Turnbuil on this subject. ’ ’

With a view {o obtaining a supply of chareoal, I had inferviews with Dr. J. IR. Davidson,
of the University of British Columbia, and visited with him a Vancowver sawmill and the
charcoal plant of the Klectrie ‘Turpentine Syndicate. I also inferviewed Mr. Walter Fhomas
and lis partner in Vancouver in regard to his processes for making charcoal, and visifed, with
Mr, Thomas and Mr. Brewer, the experimental plant at Nanaime, where My, Thomas's process
for coking coals has been tested. 1 also consulted Mr. Tudhope, M1y, Grant, and Mr. Herbert
Carmichael in regard to the prodnction of charcoal. While in Victoria I called on Mr. L. B.
Beale, of the Forestry Department, with reference to the supply of timber for chareoal-making,
and since refurning to Montreal I have obtained information and other assistance from PDr. Bates,
Siuperintendent of the Forest PProducts Y.ahoratories, and have myself prepared -some <charcoal
from a sample of Douglas fir. -
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I visited San Francigco in order to meet thie Noble Ilectric Steel Company. I saw Mr. H. I1.
Noble, the President, and also dMre, W, L Irench, the Vice-President, swith whom I visited the
company's plant at Heroult, in Shasta County. While In San I'rancisco 1 wet My, J. W. Beckman
and My, . K. Lipden, of the Beekwman & Linden Iingineering Corporation, and visited an eleciric-
smelting plant at Bay Point, California, which has been erected and operated by that corporation
for the Pacific Electro Metuls Company. 3Messrs, Beckman and Ldnden have supplied me with
an estimate of the cost of constiueting and operating a similar plant arranged for the electric
smelting of iron oves, ’ )

The B. 1. Thane Construction Company, of San Francisco, have made a very extensive
investigation of ihe supplies of iron ore and coking-coal on the I'acific Coast with a view to the
establishment of a large iron and steel plant. Mr. Thane and Mr. It 13, Hyder very generously
put at my disposal a iarge amount of nformatien on this subject, T am also indebied 1o MMy
T, A, Ltickard. Bditer of the Uining ond Scieniific Press, and to Dr. T. II. Duscliak, of the
Tnited States Bureaw of Mines, svhont I met in Berkeley, Californis, and to My, W. van Winkle,
of San Fraucisce, for important help in my inquiry. While at Hevoult 1 met Dr. Trood and
Mr, W, A, Darrah and learned of their work on the reduction of iron ores,

My, R 3. Stewart, of Vancouver, helped me in regard to the enginecring aspects of the
report and furnished me with cerlain cost data in rvespeck to the construction of an electric
smelting plant in British Columbia. I amn judebted to Professor ¥ I lodge, of the University
of British Coiumbia, and to My 18, Al Hagean, Rditor of the Fagincering and Mining Record,
for assistance in my inguiry.

Tn San Franciseo T met My, Davis and Mr, M, H, Selmapp, of the General Electric Company.
In Vancouver I met My, FL TPim, Mavager of the Vancouver oflice of the Canadian General

- Eleetrie Company, and I have corresponded with their head ofiice in regard to cleetrical
equipment. '

I wish fo express my indebtedness to all the genitlemen named above as well as to some
others whe have helped me in obtaining the very varied lines of inforwation that ave cssential
Tor the preparation of even a preliminary report on go complex and diffienlt a subjeet.

MAter concluding my investigation on the Coast, T left Vancouver oa July 13th, arriving in
Montreal on the 18th.  Since that time I have been occupied with {he preparation of my veport,

While in Iritish Columbia E endeavoured to obtain from the power companics some definite
assurance wilh regard (o the price at which power could be supplied to an eleciric-smelting
plant. I was net, however, until Se])teznl)ér 19Lk, when my report was nearing compietion, that
I received a letter eontaining the terms on which power could be obtained,

INTRODUCTION TO THI REPORT.

The object of this investigation aud report is to determine the commercial feasibility of
smelting cleetrieally the magnetite ores of British Columbia,

TFor this purpose I obtained information with regard to the supply of iren ores, clectrical
power, charconl, Inbour, and other necessaries.

Larly in the investigation it appearad that cleciric power might be obiained at such a price
that clectric smelting by the methods now In use would be commereially possible. I therefore
i];ﬁ!S!'i_«;ﬂfQ:l and diseussed cavefuily the iype of furnace and design of plant ihat wounld best
il the Tocal requirements. and prepared estimates for the cost of such a plant and of malking
Ilig€i1'011 on a scale determined Ty the pfc;s'ent requirements of the Province, Il:‘ NOW  Appears
‘Ef'lillt ‘elecirie power cannot, at present, e obtained at prices thai will permif of the use of the
nsual electric smelting nethods; but T an presenting the resulis of my investigation along these
lines because they are nceded to show tlat $he process deseribed would te Loo costly wilh power
at this lgher price, and becauvse it is poSsible that, in the fubure, power may be available at a
lower price. which would then permif of éperations being undertaken.

In view of the very high price asked for electric power, [ have paid special attention to a
new procexs for producing electric furnace iron which offers possibilities of a decided economy

cas compared with standard methods. I have presented the available informalion and made
egtimates of the cost at which iron 1uay possibiy be smelted by fhesce mesns,
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The whole investigation is necessarily very extensive, and it is a matter of some difficulty
even fo present the resulis in a clear and simple manner, especially as each conclusion arvived
at is dependent onr a number of factors which eannot be stated@ in a few words, and many of
which are liable to change. The information obtained is set forth and discussed in detail in a
number of Appendices; while the conclusions arrived af are presenied as concisely as possible
in the following report.




ELECTRIC SMELTING OF IRON ORE.

This has passed the experimenial stage and is i opération conumercially on a large scale
in Sweden and elsewhere, The product of this operation is a special quality of high-grade iron
which commands a higher priee than ordinary blast-furnace iron, and the cost of production
is in general too high to allow of competition at equal prices with the blast-furnace product.
Carbenaceous material is needed, even in electric furnaces, for reducing the iron ore to metal,
and for this purpose charcoal is preferalle and is generaily used. The electric furnace that has
been adopted for the commercial smelting of pig-iron is that of Messrs, ilectro-Metals, Limited,
of Sweden, which may De regarded as the standard. The pig-iron normally produced from (hig
furnace, although wunusually pure and commanding a high price, is a white or low-silicon iron,
unsuitable for use in the iren-foundry, The officials of the Swedish eompany consider that a
foundry iron ean be made by these furnaces, though at a somewhat higher cost, but T have no
evidence that this Lias been accomplished in regular commercial practice, and the Noble Fleetric
Steel Company, which smelted iron ores electricaliy for several years at IHerouit, in California,
was obliged to adopt a different type of furnace for the producticn of foundry iron.. I consider,
however, that the Ylectro-Metals furnace could be used for this purpose because any low-silicon
iron could be made suitable for foundry use by additions of ferro-silicon; but considerations
whick will deterntine the hest fype of furnace for use in British Columbia are given Iater in
the report.

FACILITIES FOR ELECTRIC SMELTING IN BRITIZH COLUMBIA,

;The essential conditions for the ejectrie smelting of iron ores on a commercial scale are;
A supply of high-grade ores at a reasonable price, an ample supply of cheap electric power, a
supply of charcoal or other fuel at a moderate price, & supply of labour at a moderate price,
a suitable lecation for the smelting plant, and a suflicienf market for the resulfing iron at a
rather high price. The situation in British Columbia may be considered under these scpalate
heads as follows :(— :

Tron O=mES.

The information furnished o me by your oflicials shows that the iron-ore deposits of the
Province have not been opened up to any extent, but that it is safe o assume that adequate
sapplies of ore of reasomable richness and purity can be obtained at easily accessible points,
These ores are chiefiy magnetites, and on this account are undesirable for use in the blast-furnace
except in admixture with other ores; magnetites are, however, quite suifable for treatment in
the electric furnace. It appears that the ores are not of very high grade, but that a supply may
be expected to contain from 50 to 53 per cent. of iron. The ores are practically frec from phos-
pherus and titunium, and the proportion of sulphur can probably be kept as Iow as 0.1 per cent.
The ores under consideration are also practically free from copper, Your officials estimate that
a supply of 53,600 tons per annum of ore of this grade can be delivered at a suiiable smelicr-site
at a cost, under present conditions, of about $4 per net ton, which would he made up as follows 1—

MANInE (i e e et e 5150 to §2.00
Loading or iramming ...... ... .c.uoeiaeans e L. A5 to 25
Freight (by water) ............. e iae e aaa. L0 to 160
Unloading ... iiiiviiiaeii iy 23 cents

Royalty 10 OWNOT® L. i iaiasarcmaae i iann e 50 cents

e .. $3.96 to $4.10
satisfiedl that these ores can be smelted
ron;  For the procuction of one long tony

® IUsing a royalty; in this estimafe removes, the need pf considering the purchase of an iron-mine.

T Long and Short Toens-—Tlg-lron is sold by .the! lohg or gross ton of 2,246 lb. not only in England
and Canada, bnt in fhd United Stales, and Iibave <onlormed with this custom in my report, 'The
supplies needed for smelllhg, such ak iron eore,; charcoal, 'doal, and coke, are sold in British Columbia
by the short or nef ton of 2,000 1b., :and the use of this 'idual system has neeessarily complicated the
ealcnlntions in this roport. The situation is further eomplicated because, in Government reports, pig-iren
is estimated by the short ton, and in regard to pig--iron guetations iIn British Columbia it is sometimes
difficnlt to say which ton is intended. In sweden a more consistent system s followed, as the pig-irom
and all the necessary supplies are measured by the metrie ton of 1,000 kilograms, or 2,204 Ib. This ton,
which may be assumed in all statements of the Bleetro-Metals Company of that country, can he taken
wilhout serious crror to be the same as the long town. :

y Total cost at smelter atheenas
) TFrom the information at my disposal, I fe
electrically for the 51)1'odueti0n of a high~g1jade‘pig
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of pig-iron about 2 net tons of 55-per-cent. ore would he needed, so that the ove would cost §8
per long ton of pig-iron. In view of the somewhat low grade of the ore, the cost of smelting
per ton of product will be rather igher than is uwsual with the Swedish orves, but this may
perhaps be remedied by the use of magnefie conrcentration.

N EreE¢TrIc TPOwWBR.

British Columbia is well provided with water-powers, and many of {hese can be devcloped
cheaply for the use of electric-smelting and similar industries. Cowmpetent engineers have
assured me that some of these powers in accessible locations can be developed at such a cost
as to yield a continuous electrical horse-power for smelting at a cost of $10 per annum. This
figare is not muech higher than obtains in Siveden, aud if a dependable supply of power can be
secured at this rate it seems almost certain that an electric-smelting industry can be undertaken
profitahly. The consumption of power, under conditions obtainiig in British Columbia, would be
between 0.4 and 0.5 of a horse-power year per ton of iron produced; so that the cost for power
should be between $4 and §5 per lopg ton of pig-iron. Some 8,000 or H,000 horse-power would be
needed for a daily production of 80 tons of pig-iromn.

In view of the desirability of producing pig-iron at the earliest 'possi-'ble time, and of the
dgifficulty and expense attending the development of water-powers under present conditions, it is
highly- desirable, if not imperative, that an electric-smelting industry- shall be supplied, in the
first place, from powers that are aiready developed. The British Columbia Electric Railway
Company has surplus power which might be employed for this purpose, and I gathered from
the officials of this company that they could possibly supply such powélf at $15 per horse-power
vear, a charge which appeared to me to be the highest that the industry could support. TUnder
fhese conditions the cost for power per ton of pig-iron would be between $6 and $7.50.

Sinece returning to Montreal X have received a letter, dated September 12th, from the general
manager of this company, informing me that conditions have changed sinee my visif, and that
they would now have to charge higher rates. They w ould be willing to make short-term coniracts
for from 2,000 kw. fo 310,000 kw. of electric power in Vancouver District for restricted serviee
during the peak-load periods at a vate of 0.5 cent per kilowatt-hour. This charge would amount '
in effect to at Jeast $27.80¢ per horse-power year and would represent & charge of from ¥11 to
814 per ton of iron, They would also offer 2,000 kw. of power on Vancouver Island af $15 per
Lorse-power year for a short term and subject to peak-load resiriction. The proposed charge in
vancouver is, 1 believe, aitogether too high to allow of the commercial production of pig-iron
by present methods, except perhaps on a small scale as a temporary operation to, take advaniage
of the present high price of pig-iron. The supply on. V:anouwu Island, besides its uncertainty,
is toe small to permii of profitable operation.

CHARCOAL ARD (‘OKT‘ ror R¥pUCTION.

Tor the electric smelting of iron ores a supply of carhonaccous material is needed for
reducing the iron ore to metal. Ior this purpose charceal is generally used, altbough colke is
ciyployed to sone extent.- Charcoal is preferable to_coke on account of its greater purity, as a
higher grade of pig-iron can be obtained by its use. The use of charceal is more satisfactory
also from an operating point of view, and the consmmption of powor is greater when coke is
employed; a proportion of coke can, however, be used without difficulty in admixture with
charcogl. The consumption of chareoal varies with the grade of iron required, and the type
of furnace employed, from about 0.4 to 0.5 net tons of charcoal per long ton of pig-iron, so that
20 or 25 tons of charcoal would e needed daily for an output of 50 tons of pig.

Tn the Coast districts of British Columbia there is an abundant supply of timber from which
charcoal can be made seitabie for use in electric smelting. At present there is no considerabie
chat coal industry, and the small quantities now obtainable cost as much as $30 per fon, a figure
which would be prohibitive for the electric smeltnw of irorx ores, In \10\\' however, of the large
amount of waste wood produced at some of the large sawmills, it appears reasonable to suppose
that'a well-designed charring plant can be erected that would utilize this waste material and ‘
deliver charcoal to 'th_e smelter at a cost of from $6 to $8 per net ton; estimated on the following

bhasis :—
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a1, cofds of Douglas fir millbwaste ........ s e e, §230
Cost of charring, less returng for by-produets ........ e 250
Carriage of ¢harcoal to smelter ... ....covivvian e ey 1 GO

Total L...e.... e e e e . $6 00

The charge per ton of iron would thus be between § 72,40 tmd et

With regard to the method to be employed, it may be stated Iriefiy that the Douglas
fir, which wonld probably constitute the staple supply for charcoal-making, does not furnish
Ly-products of suitabie quality and quantity to warr ant the use of elgborate methods for their
recovery. Charcoal should therefore e made in Jarge kilns, or in some applianee which might
be devised to ehar the wood-waste with the minimum amount ¢f hand-labour; in either case a
partial recovery of hy-products conld be made at a moderate expense.

It does not appear that coke can be produced from Dritish Columbia coals at a price that
would he as low as that of charcoal; and unless the coke was decidedly the cheaper per ton it
would be more economical to use charcoal. Coke breeze, however, can probably be obtained fon
a very nominal charge, and can be u%d in achmvhue with charceal in cases where exireme
purity of the pig-iron is not desired.

- LiABouUR,

The Depariment of Labonr has furnished me with a statcment of the supply, nature, and
cosl of Inbour in Britigh Columbia, from which it appears that labourers are fairly plentiful
and reeeive nearly $4 a day, and that most skilled men are gearcee at aboul $6 a day. The cost
of labour per ton of product will depend very largely on the size anc ouniput of the plant and
the nature of its equipment; but it appears that in a fully equipped piant making about 50 tons
of pig-ivon daily, Lesides sfeel and ferro-alloys, the cost of labour might be from $4 to §5 per ‘ton
of fron; althomgl in the initial stages the Iabour cost would certainly be higher, perhaps in
the ordev of %7 per ton of iron. The manner in which fhese figures ave arrived at is stated
in the Appendices, ’

LOCATION FOR SMRLTING PLANT.

A plant for the electric smeltivg of iron ores shouid be convenienfly situated with respect
to the supplies of ore, charcoal, and other requirenients; it should also permit of cheap delivery
of the iron and other products to market. The plant must be placed as close -as Is convenjent
to the source of electric power, so as to lesgen the cost of trausmission, When a satisfactory
supply of power has been gecured, it will doubtiess be possible to obtain a smelter-site within a
reasonable distance of the power-station and located on tide-water, so as to provide for cheap
delivery of supplies and products. A plant located near & centre of population, such as Vaun-
couver, would have advantages with respect to labour and general supplies and nearness {0
markets, bhut the provision of an adequate and cheap supply of electric power, iron ore, and
charcoal should be the determining consideration, ‘

MARKET Fog 1'76-IROXN.

For the purpose of this repoert.l have: limited my investigation to the market in British
Clolumbin itself, though a moderate e,\port mall\ct may e developed later. The present con-
sumption of pig-iron is only about 10 tons daily, hut;it appears that the consumption has heen
sorionsly limited by the e\trmnelv bizh pncex oy, rnhn and {hat if a supply of iron becomes
available at a moderale price o consumptmu of 20 or ,30 tong may he expeeted, This amount is
too small to permit of econommal O]}erat:on, and 1 would thercfore recommend, if & suitable
supply of clectric power can be obtame(f thai a p]dl;ll, be constructed fo produce, say, 25 tons
daily of foundyry iron fox sale duﬁ a f\u-thei" 25 or 30} tons of low-silicen iron for conversion into
steel. I have net investiga ted the market for f;teel (in any detail, but apparently a sufficient -
market for this preduct couwld he found. :

‘The prices of foundry uon in, \’.ancom'er ]1‘1\'0 vaued recently from about $60 to %80 per
long tou. Before the war the prme wnk Al’ound‘?i 58 3 Tt seems unlikely that the price for good
foundry iron will fall much {mio\\ és%ﬁ a log ton duxlng the next lfew years. In most localities
electrie sinelting depends for ‘its comimercinl possibility on obtaining for its product & higher
price than that of ordinary foundry iron. 1 find that at present there is scarcely any demand
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‘7 in Brmsh Columbia for sueh special grades of ircw, but there can be no douht that they wiil be

needed in the future, as the iron and steel industry develops.

P Foreicy COMPETITION,

The market prices already 1llenfioned ag obtaining in British Columbia are based on the
present sources of supply from Kastern points in Canada and the United States. It Is possible
that an iron blast-furnace plant may be established on the Pacific Coast of the United States,
and the effect of this on the market in British Columbia must be coﬁsiqered. It appears that
pig-iron could be made in such a plant at a cost of about $25 per long ton under present
conditions. The dity on pig-iron entering Canada from the States is $2.80 per long ton plus
714 per cent. ad valorem, which at a sale priee of $30 per ton would amount to $2.25 per long’
ton, or a total charge of abeut $5. This duty, together with the freight charge and the Canadian
bounty, would place the electric-furnace iron, if made with §15 power, on an equality with
imported blast-furnace iron. This would not hold, however, in the case of iron imported for
war-work, as this is duty free, and after the war the duty of 714 per cent. ad valorem will no
doubt be removéd. In this connection it may be added that a large iron and steel plant can
searcely be built until some years after the war, so that an electric-furnace plant, if constructed
promptly, wonld command the market for a number of years. TUltimately, blast-furnace iron
may be expected to take a part at least of the market for common grades of iron, bul the electric
furnace should always be able to command a small market for its higher grade of iron.

ARRANGEMENT WITH THE DoMIXION GOVERNMENT,

A deputation from Bri(ish Columbia went to Ottawa eally in the present year, seeking for
aid to develop an iron industry in British Columbia, In answer to their request, the Dominion
Government undertook for a period of years to purchase, if necessary, at market prices, the
whole output of a plant making pig-iron in British Columbia. Your Department was unable at
the time of my visii to give me the exact text and meaning of the urrangcement, but was fo
obtain further information from Oitawa. This agreement will no doubt apply equally to electric- =~
furnace iron, but it does not appear to me that it is likely to help matters materially, for the
foilowmv reasons i—

. {1.) The offer is obviously of no use if the price referred to is that ¢btaining in Eastern
Canada. ag iron counld nof be mwade at that price.

(2.} If the price intended is the local price in British Columbia, we are met with the
difficulty that the Government’s ability fo carry out the undertaking would be limited to the
local @demand for iron, as it would be impdssible for it to buy expensive iron in British Columbia
and ship it to lower-priced markets elsewhere. We are thus limited to the natural market for
iron and steel in British Columbia and to possibilities for exportation on a small scale.

BoUunTiEs AND TAXES.

The Provineial Government has offered a bounty of §3 per net ton of pig-iron made in British
Columbia from local ores, and, on the other hand, imposes a tax of 3714 cents per net ton of iren
ore mined. The combined efféct of these measures will be a payment of about $2.60 per gross
ton of pig-iron; a source of income which will be of some importance, and may sometimes malke
the difference hetween operating at a loss and at a profit. '

TYPE OF FURNACE T0 USE FOR ELECTRIC IRON-SMELTING,

A point of considerablé importance to this investigation is the determination of the most
suitable type of electric furnace. 'This is important not only for the guidance of those who may
undertake the establishment of an electrie-smelting plant in British Colurmabia, but also in order
to arvive at reasonably accurate figures for the cost of the plant and the cost per ton of the.
products. In outline the'situation is substantially as follows :—

(1) In Sweden the firm of Llectro-Metals (of Ladvika and London) has developed a type

-of electric-smelting furnance which has proved very satisfactory for the production of low-silicon

pig-iron from the Swedish ores. There are now seventeen of these furnaces at work in Sweden,
ranging in size from 2,000 kw. to 5,000 kw. and a few in Norway, Switzerland, and Japan.
This is, as far as T am aware, the only type of eleciric furnace that has ever atfained commercial
suceess in the production of pig-iron from iron ores. :
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The furnace is cireular in plan and is provided with a tall stack, in which the ore is pre-
heated and partially reduced before it enters the smelting-chamber, This reduction of the ore
is aided by a mechanical circulation of the furnace gases. which are withdrawn from the top of
the shaft, freed from dust, and then blown through tuyeres into the smelting-chamber above the
ore. The gascs heecome heated at this point, and passing up the shafi they heat and reduce
the ore. The cireulation of the gases also serves to cool and protect the arch of the smelting-
chamber, but, on the other hand, it increases glightly the consumption of the electrodes.

On account of these special features the Blectro-Metalg furnace uses somewhat less charcoal
than a simpler type of furnace, a difference of, say, one-tenth ton per ton of pig-iron, and it is
Believed to nse less power. The saving in charcball ig probably more'than offset by the need of a
better quality of chareoal, which is rendered necessary by the use of a tall shaft. It must be
noted, however, that the ysual product of the Electro-Metals furnace is a white pig-iron suitable
for chilled castings or for sfeel-making, while the need in British Columbia would be largely fora
foundry iron. There does not appear to he any evidence that the Swedish furnaces have been
used regularly for the produetion of foundry iron, and there seems to be some doubt regarding
their suitability for this purpose,

{2.) An independent development of electri¢ iron-smeiting took place at ¥eroulf, Shasta
County, California, where a deposil of very pure magnetite has been smelted electrieally by the
Noble Electric Sleel Company for the production of foundry iron. Operations were starfed in
1807 by the late Dr. Heroult, who built a simple rectangnlar turnace having an avehed roof, and
ore-chutes in which the charge could be preheated. As this furnace did not prove satisfactory,
a shaft-furnace of the Swedish type was tried. This was also unsatisfactory, and the manage-
ment reverted to the rectangular type with arched reof and with charging-chutes, in which,
however, the ore was not prebeated. 10 was claimed at ithe time (1913) that success had been
obinined with this furnace, but nothing further was published about it, and I find that its use
was discontinued about four years ago. The plant is at present employed solely for the produe-
tion of ferro-alloys, because the price now charged for eleciric power, the cost of charcoal, and
the cost of transportation are all so high as to render impossible the commercial production of
pig-iron. I am of the opinion that we cannot accept the work at Heroult ag an argument for
or against the type of furnace that was used there. N

(3.} Anofher furnace of the closed rectangular type was devised by Ilelfenstein for the
production of ealcium carbide and ferro-silicon. A Helfenstein furnace for smelting iron ores
was being fried at Domnarfvef, in Sweden, at the time of my visit in 1914, At that time the
management was unwilling to give any information about its operation. An account published
a year or two later stated that this furnace was working satisfactorily, but Messrs. Electro-Melals
now inform me that “ the furnace was found quite uscless and has been pulled out.”

{4.) Tor the production of ferro-silicon, ferro-manganese, and ealcium carbide a simple
reetangular epen-topped furnace has heen developed, and is in use at many places. In this
furnace ne attempt s made to preheat the ore.-and the gases produced in the furnace csecape
and are lost, besides creating a nuisance by burning above the furnace. On the other hand,
the furnace ig easy to build, simple to operate, and is probably not far inferior to the Swedish
furnaee in commerclal efficiency. T am not awaré {hat this furnaee has heen uged commercially
- for making pig iron, but there can be no doul# that pig iron of any desived variety cauld be made
- in it. “The Beckman and Linden Engineering Cmpomt)on of S8an Francisco, who arg using it for
ferro-manganese, comlder that it would be pleferablc fo the Swedigh fmnaco for making pig
iron, and that it w onl ije hr.tie if any 111fer1or in ‘point of economy.

Conclusions.— (1.} ilf a ‘permanent smelting plant were being evected, the Swedish type of
furnace would be selected because it i more ecanomlcal than any other at present in use, and
ig the onty one that! has heen employed commclclaliy

(2.)y It a temporary plant is contemplated, it may hbe better to install the open-pit furnace,
on account of its t:nml]el first cost and the ease with which it could be converted to other uses.

(3) Informaiion shiould be obiained with regard to-{he iron-orp reduction process of Trood
and Darrah, as this may prove superior to any dlrect smelting process. If this progess is likely
to be available, it will borbest in the meantime toiuse a &.mzple plﬁ-fmnave 1.1‘Lher than to install
the more elaborate Swedish furnace.

Further particulars in regard to the two types of furnace will be found in 'Appendix VIII.
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COST OF PRODUCTION,

In order to arrive at an approximate estimate of the cost of sme]{‘.ing iron ores, it is necessary,
in the first place, to decide upon the scale of operation. In view of the local market and other
considerations, which I discuss elsewhere, I suggest the following equipment as being suitable
for an electrie-smelting plant in British Columbia, plOVlle“‘ that .the usunal electric-smelting
methods are adopted :(— ’

OUTLINE OF PLANT.

One electric-smelting furnace of 8,000 kw., making daily about 25 tons of foundry iron for - -
sale. . : -
" One electric-smelting furnace of 8,000 kw. making about 30 tons of low-silicon iron for
conversion into steel, ' ‘
Three electric furnaces of 300 kw. each, making together about 3 tons of ferro-alloys.
Two electrie steel furnaces of 1,500 kw, each, making together aboui 50 tons of steel,
Steel foundry and rolling-mill using 50 tons of steel daily. :

CosT oF PLANT.

The-design and cost of such a plant is discussed in the Appendix. As, however, it would be
very difficult to use so complicated a plant as a basis for estimating cost of making pig-iron,
I shall eonsider for this purpose o plant of about equal size devoted entirely to the production
of foundry iron. In so doing I am making the assumption, which will not be very far wrong,
that the cost of making pig-iron in the simple plant will afford a fairly correct idea of the cost
of making it in the complex plant, outlined above, which would be suited to the local requirements,

The simple plani, assumed for purposes of caleulatton only, weuld consist of three ejectric-
smelting furnaces of 3,000 kw. each, producing altogether about S0 tons of pig-iron daily.

The cost of such a plant and of smeiting iron in it will depend on the type of furnace
‘employed. The most economical furnace, as far as my information goes, is that of the Electro-
Metals Company, and I give in the first place an estimate based upon its use.

.An electrie iron-smelting plant of this type, containing three 3,000 kw. furnaces, would cost
from -$350,000 to $400,000 to erect in British Columbia (details are given in the Appendix), and
shouid have a production of 27,000 long tons of foundry iron per apnum.

3

Cost oF ELECTRIC SMELTING.

The cost of makmff % long ton of foundry pig-iron Jn such a plant would be estimated as
follows, assuining. that power can be obtained at $15 per “horse- po“ el year :—

Smelting in Swedish Furnace with §15 Power. ‘ -
Ironore, 2 nret tons at $d ... i i e $ 800
Electriec power, 0.45 horse-power year at $1o ......................... 6 75
Charcoal, 0.4 net tons at 88 ... ..ottt i i it e i e RN 3 20
Ilectrodes, 15 1b. at S CelES .. it it tir i nan e s 120
Repairs and maintenance ........... e e 100,
17 5 4 50
O Y 1<) 1) A AR 2 00
. Interest, 6 per cent. on total eapital, and depreciation, 10 per cent. on
COSE OF DIATHE o uvtvtatiant i eeareete i eaaneans DU 2 60
Royalty to Electro-Metals Company ........... e Ve 50
B4 0% U $20 75

1f power could be obtained at $10 per horse—power veal the charge for this item would be
$4.50 and the total cost of a ton of pig-iron would be $27.50.

If power were to cost 0.5 cent per kilowatt-hour, the charge for-power would be about
$12.50 and the total cost of a ton of pig-iron would be $35.50.

In regard to these figures, it should be stated that the Electro-Metals furnace is a somewhat
-elaborate apphduce, and that a plant with furnaces of this {ype should not e constrmicted unless
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a permanent supply of cheap power can be assurcd. This is not so much because of the cost
of construction, which may not be muech more per ton of yeaviy product than that of a plant
with the simplest type of furnaee, but because the furnaee, and the building containing it, are
entirvely specialized, and would be of 1o use for any other parpoge. If for any reason it should
he decided to erect a plant with an éxpensive or a temporary source of power, it would be
desirable te arrange for a plant of the type in use for making ferro-alloys, as the furnace, and
plant generally, could readily be converted to other purposes if at any time it hecame inadvisable
to make pig-iron. With this simpler type of furnace the cost of making pig-iron would probably
be about $5 higher per ton than the above estimates; thus the cost of a ton of pig-iron would
be §35 per ton if power costs $15 per- horse-power year, and would be more than $40 per ton
with power costing 0.5 cent per kilowatf-hour. ’
The following table will give an idea of the distribution of costs under these conditions :—

Smelting in Slmple IMurnece with 0.5-cont Power.

Tron ore, 2 toms at $4 Per t01l .ttt iar i e e e $ 800
Electric power, 0.5 horse-power year at $27.80 ... ... . ... o L. 13 90
Charcoal, 0.5 ton at $6 per tonx .. .... Y 3 00
Hlectrodes, 20 1b, a5 § COnts Pl DOUNA + .o vvernrrnrneerrranrrernernss 160
Repairs and maintelaliee ..o e ot ittt e et e e 1 06
73T - 600
IPlant and general offiee eXPENSES & vt i i i i i e e 4 00
Tnterest and depreciatlon ... i i 3 00

01 $40 50

The prices obtained for pig-iron in Brifish Celumbia during the lasf year or two have been
considerably higher than thig, but it does not scem safe to epunt on a price of more than about
835 a ton during the next few years, o that making iron under these conditions would appear
to e out of the question. :

MAGNETIC CONCENTRATION OF IRON ORES,

As 1he cost of smelting iron ore is greater per ton of the product with poor oves than with
rich ores, and as the ores in Dritish Columbia are only expected fo contain 50 to 53 per cent.
of iron, with about 23 to 30 per cent. of gangue, it is worth considering whether it will pay to
concenirate the ore preoparatory fo'smelizing.

Until adequate samples of the ores have been obtained, analysed, and submitted to magnetic
conceniration, it is impossible to dizeuss this subjeet except in general ferms.

(1.3 If the ore is of sueh a nature that after hreaking dou"n tn a sixe of ahout 1 inch the
ore can be concentrated magnelically so as to reject o large part of the gangue, it will usaally
pay to do thig before sinelting,

(2.) If the ore is so firmly grained that it is necessary to crush it to a sand before magnetic
dressing, there will be invelved the cost of the fine crushing and algo the cost of briquetting or
sinfering the concentrates to make them suitable for smelting,

(3.) In the case of an ore that does not contain over 50 per cenf. of iren, if the ore lends
itgelf readily {o magnetic concentration so that very fine grinding is unnecessary and a clean
separation can bho obtained, the saving in the cost of smeiting will probatly pay for the cost of
erushing, magnetic dregsing, and sintering with sawdust on o Dwight-TLloyd machine. The ore
will ineidentally be fmproved by the removal of phosphorus and sulphur, and will be left in o
condition more favourable for simeliing. -

{4.} If preliminary reduction of the ore is employed, the ore will have to be crushed to a
coarse powder, and magnetic concentration will then form an essential step in the process; being
applied either Gefore o1 after the reducing operation.

AUXIITATRYY INDUSTRIES,

On account of the limited market for pig-ivon in British Columbia, it will e impossible fo

conduet &t a profit a plant producing nothing but pig-iron. By including iv the plant tbe produc-

tion of steel and ferro-alloys the plant will be more likely to pay.
2



L8 . ] BurEau or MIxNEs. . ' 1919

STERY.

In view of the small size of the industry, it will be out of the question to atfempt to roll
large plates for ship-building or large structural sections or rails, but small sections and bars of
stractural steel can be rolled, besides bars of cast steel for drills and similar purpoqes Steel
will also be needed for the production of steel castings.

The steel ean e melted in an open-hearth or an electric gteel furnace, using,-as stock, steel
serap and white pig-iron from the electric-smeiting furnace. If it 1y desived o charge the
pig-iron in the molten state, so a8 fo sdve the cost of remelting, a “ mixer” will be needed to
keep the iren molten until it is needed. As the iron ore is Iow in phosphorus, the iron will be of
“Besgemer ™ quality and an acid-lined furnace will be satisfaciory for steel-making. A small
rolling-mill and a stcel-foundry will form necessary adjuncts of the pl.ani Tfarther particulars
are given in Appendix XTIIL,

' : FERRO-ALLOYS.

The production of these alleys would form a simple and profitable part of the work of such
a plant. The alloys that would probably be made are fello-mau anese, ferro-chrome, and ferro-
silicon. The essential ingredients of these are mangarese ore, chrome ore, quarts, scrap-iron
or iron ore, and charcoal or coke, All these are available, and these alloys can be made in the
small 300-kw. single-phase furnaces mentioned in the design, Information with regard to the
supply of manganese and chrome ores and thic methods and costs of making ferre-alloys will be
found in Appendix XTII.

A NEW METIOD O0F PRODUCING ELECTRIC-FURNACE IROXN,

It has been pointed oul that an electric-smelting industry must depend for the present on
electrie power furnished by the power companies of British Columbia. It has also been stated

that the company best able to supply power has asked so high a price that the commercial

production of pig-iron hy eleetrie smelting seems o he impossible, Tnder these conditions it
would appear that nothing can be done except to wait for cheaper power or to make a little
pig-iron as ‘a part of some more remunerative operation.

There is, however, in view at the present time the possibility of an entirely different method,
which may possibly enalfle iron and steel of electric-furnace quality to be produced at a decidedly
lower cost than that of direct smelting in the electric furnace. According to this method, the iron
ore would be crushed to a coarse powder, the gangue removed by magnetic concenfration, and
the nearly pure iron mineral exposed to reducing gases or carbenaceous reducing materials, at
moderate furnace femperatures, until the graing of iron ore are converted into grains of metallie
jron. ‘This grain metal can then be meited in el¢etrie furnaces, with suitable additions, for the
production of both pigiiron and steel. The electric power nceded for the final melting of the
metailic powder would be less than one-third of that required for smelting the iron ore by existing
metheds, and it seems quite possible that the preliminary reduction of the ore, using waste wood
or other cheap fuel, can be clfecied so cheaply that there will be a substantial saving on the whole
process. It will also be noticed that one operation, the conversion of pig-iron into steel, will be
avoided by the hew process.

This, new process was referred to in my letter of May 26th to Mr, W. Fleet Robertson.
I had at that time applicd to the Advisory Research Council.for funds to assist me in investi-
gating the reduction of iron ores, but I have not as-yet been able to begin experiments.

During my visit to California I heard of the work of Dr. Frood and My, Darrah along
similar Iines, and I met these gentlemen at Heroult, where I saw in operation a small plant for
the reduction of magnetite orve to metaliic iron. X am not at liberiy fo give full particnlars of
their process, but can state that it consists substantially in heating the ccarsely powdered
magnetite with charcoal or other carbonaccous reducing material to a temperature of 800° C,
for about three hours. In the smali plant the heat was supplied electriecally, which was more

convenient and also permifted of more accarate measurement, but on the large scale it is probable

that fuel-heat would be cmployed. T have veceived from Dr. Darrah data in regard to the
operation, and I have modificd these to suit conditions in British Columbia. Tt will be seen thaf,
even if electrical heaf is wsed for reduction and inelting, there should be a decided economy as
compared with the direct smelfing process,
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Cost of One Ton of Reduced Iron (In @ Plant malking 700 Tons daily).

Ore, 22 1oms at 84 ..o e i 3880
Charcoal, 44 ton at $0 . et e 2 90
Power for Lieating. 1,380 kilowait-hours at 15 cenf ...vvvivnevnn. ... . 690
Crushing materials, At 50 coenls por ton ....oov vt iinan.. e 110
Handling materials, at 30 cents per ton ......... e e 110
Labour and supervision ............ P fes 85
Interest and depreciation ou an investment of $20,000 ............ . 25

Tofal ....... e e e e oo 82100

The operation of converting this metallic powder inic foundry pig-iron would have fo be
worked out experimentally, but I believe, with clectric power costing 14 cent per unit, and with
other supplics at the rates assumed in this respect, that the cost of this operation would be
about 310 per ton of pig-iron. The final cost of a ton of jron would therefore be £31, even using
high-priced power; and if this figure can he substantiated, it becomes clear thaf an electric-iron
industry can be started in Dritish Columbia under present conditions. I am of the opinion, also,
that the clectrieal power used for reducing the ore can be replaced by 34 ton of coal or shuilar
fuel, or even by waste wood. If this can be done, the charge for heat may be reduced to $2
or §3, and the cost per ton of metallie powder to $16 or £17, ¢ that a ten of foundry pig-iron
produced by this process should cost only $26 or §$27.

If it is found possible in practice even to approach these estimates, it will be clear that
an clectric-ivon indusiry ean be undertaken immediately in British Columbia and in seme other
parts ot Canada, and that the plants that arc now employved for {he clectric smelting of iron
ores may lhave fo be remodolled. T must repeat, however, that althiongh the resulis indicated
appear to me to be very probable, I have net as vet cnough nformation to speale with entirve
certainly, and further experimental work must be undertaken before it would be safe to proceed
to the erection of a plant.

The metallic powder ean he made into steel cqually easily by melting in electric furnaces,
and stect ingots should be preduced at a cost only a litile higher than that of foundry iron—
say, at about §30 per ton.  This would render possible a large steel industry in British Columbia,

GENERAT: CONSIDERATIONS,

In view of the abnormal prices of products and supplies and the high cost and uncertainty
of lahour, it is almost lwpossible at the present time to arvive at any reliable eonclusions with
regard to the commercial side of a new industry. The high prices obfainuble for iron and steel
malke the present time appear suifable for undertaking the production of these materials, but
the increased cost of Simpli.eg and of lahour largely neutvalize this adwvantage. If it seemed
probable that pre-war prices would refurn in the course of a year or two, we might base our
calenlations on this assumption; but in view of the profound change that is faking place in
the position of lahour, it seems - unlikely thal wages will ever refurn to their oviginal level. One
effect of this will be that the prices of supplies and produefs will all reach correspondingly
higher figures. '

If clectric power could have hecu obrained iwunediately alb a veasonuble price, it appeared
reasonably safe fo undertake the cleetric production of pig-ivon by standard methods:; but if
we are dependent on developing a water-power for this purpose, the delay and the increased
uneertainty in regard to costs and prices malkes prediction aimost Linpossible. In a general way,
however, wve may assume that in the course of a few years costs and prices will again reach some
steady relationship to one another, and that thig relationship will noet be very different from what
it was before the war.

On this assumption it would scem that, after prices have once more redched a steady level,
the electrie smeiting of iron ores will occupy, conmnereially, about the same position ag before
the war, and by considering the condition in Sweden, which resembles Canada in many respects,
we ean form a fairly good judgment of the possibie development of eclectric smelting in British
Columbisa.

We may therefore expeet: with ihe present methods of electrie smelting, tual the industry
would be suecessful commerciaily, but that it would depend ultimately on the produetion of
speeial qualities of ironm and steel, and would be unable to compete with the blast-furnaece in
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the production of ordinary grades of pig-ivon. If, however, the new process for the reduction
of iron ores is found to be satisfactory, it should produce a decided improvement in the eom-
mercial status of electric smelting.

CONCLUSIONS IN REGARD TO THE ELECTRIC SMELTING OF IRON ORES
IN BRITISH COLUMBIA,

(1.) The three most essential requirements ave: Iron ore, electric power, and.charcoal or
similar material. In the Coast districts of British Columbia there is a sufficient quantity of
suitable iron ore conveniently located, water-powers available for the development of eleectrical
energy, and waste wood from sawmills for the production of charcozl. '

" {2.) Having regard to the preseni market for pig-iron and the probable price for this
material during the next few years, it appears that the iron ore, clectrie power, and charcoal
could be produced sufficiently cheaply for the commercial smelting of irom® ores in electric
furnaces.

(3.) The development of a water-power is, however, a long and .costly operation and one
which it would be highly inadvisable to undertake at the present time, For present operations,
therefore, we are dependent on the purchase of electric power from the power companies.

© (4.) It appears that one of these companies has a suflicient amount 6f unused electric power,
hut it is asking a Ei«her price for this power than the industry can bear.

(o.) In view of the original cost of development, it wounld appear that the company could
afford to offer the power at a dec1d<,dly lower price, but it should be remembered that the
company must Keep a reserve of power for other purposes, and that it cannot at present atford
to maintain this reserve by undertaking fresh development.

(6.) A new process is now being investigated by means of thch it may be possible to
produce - electrie-furnace pig-iron commercially In spite of the hizh price charged for electrie
power. .

(7.) In view of the small demand for pig-iron in British Columbia, it would be almost
essential, if a smelting plant is to be established on an economic basis, that additional products
shall be turned out. Steel for castings and small rolled sections, and ferro-alloys, such as ferro-
manganese, ferro-chrome, and ferro-silicon, could he made suitably in such a plant. These"
additional products would permit of more economical operation, would enable larger profits to
be made, and would allow the plant to continue in profitabie operation if at any time the price
of pig-iron were to fall helow the cost of produetion.

(8.} In view of the present situation it appears advisable:—

(a.) To develop one or more of the best iron-ore deposits and to make compleie tesis
of the ore: )
(b.) To reserve a suitable water-power for future development:
(e.) To establish a plant for the economic production of charcoal from mill-waste:
(d.) To investigate thie new process for the production of electric pig-iron, and if this
is found satigfactory to begin immediately to produce pig-iron; purchasing power
for this purpose wntil the water-power can be developéd. .
ALFRED STANSFIELD.
November, 1918.
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APPENDICES.

APPENDIX I. '

MARKETS FOR IRON AND STEEL.

‘This subject should be given the first consideration, as we require to know what amounts
and varieties of iron and steel can be disposed of, and at what prices they can be sold. This
information will determine the seale of {he operations, and will have a bearing on most of the
other lines of inquiry., There may be available an export as yell as a local market, but I have
limited my inguiries almost entirvely to the market in British Columbia,

Members of the Metal Trades Association, whom I met in Vancouver, and Mrv. Giles, of the
Vancouver Fngineering Works, expressed the opinion that, if pig-iron covld be produeced locally
at a reascnable figure, there would be a market for about 50 tons daily. As iron was selling at
$60 to 870 a ton, it appeared that a local iron seclling at from $50 to $40 a ton would be able to
secure a large market. Mr, Hart, the secretary of the association, tried to obtain from the
members individual statements of the amount, quality, and priee of their purchases of pig-iron,
to form & basis for my investigation; but'T have nol received any information from him.

Messrs. Bvans, Coleman & Ilvans, of Vancouver, infermed me that the consumption of
pig-iron in that distriet was only 3,000 to 4,000 tons per annum, corresponding to 10 tons daily.
In view, however, of the fact that Vancouver iron-foundries are now using about 40 per cent.
of new pig—irron and 60 per eent, of serap-ivon, whereas normally these figures would be reversed,
it appears that the ordinary demand, with iron at a more reasonable price, would be about
20 tons daily.

My, Nichol Thompson estimates the market for foundry iron in British Columbia as 16,000
tons per annum, which would be 30 tons per day; and states that in 1012 British Columbia
imported over 7,000 tons of pig-iron. These figures are said to be quite apart from the new
ship-building indusiry, which shonld lead to an expansion in the market for both iren and steel.

In underiaking the smeliing of iron ores, it must be remembered that the amount of pig-iron
used in foundries for iren casfings is fay less than the amount which is converted into steel,
and therefore, as the market for foundry iren is somewhat limited, we may suifably enlarge
the scale of operations by producing some pig-iron for steel-making. An idea of the relative
consumption of the several varieties of iron and stecl can be gained from the following table,
which was sent to me by Mr, John McLeish, of Ottawa, in reply fo an inquiry in regard to the
market in British Columbia :—

Imports of Iron end Steel Goods from Foreign Countries through Ports in British Columbie and
Alberta during Twelve Months ending March 81st, 1915,

Product. Shaanlits, Value.

BT T e - E A e, 2.841.0 $ 27,838
Ingots, billets, and £orgings .. ... vvitiin it e it 87.7 4,564
E L1 7 S 262.0 2,700
CIast-I00m PIPE « v it it tr ettt i e e e 14115 41,319
Stoel rails and conNECHIONS . . veeriviirar ottt e e 14,993.5 379,134
Angles, bars, Plates, ehe - ..ottt i i 18,3945 592,939
TESIAPIIER « v o v v e st s e e e e e e et e e e e e e e 8.217.5 621,051,
Wire rods, wire, and wire nails ... e i e 5,404.4 378076
Nails, vivets, and NUES oo ... i i i e e i e 402.0 22712
L0177 U U A 205.4 19,385
Car-wheels, anchors, and other manufacturss ..............ocivuiann 282.5 17,058
48,9820 $2,066,776

Other iron and steel products and manufactures, valued at .......... v 4,391,955
Total vaIIE vt i ineririarorerneanssiy eeet e, . $6,458,731
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The amount of steel produced from a ton of pig-iron depends to somé extent upon the process
employed; thus the Begsemor process yields something less than 1 ton of steel, while the open-
hearth process or the electric steel-furnace, using a.mixturve of pig-iron and steel scrap, may

Without attempting o analyse the steel
25 or 30 tons daily of pig-iron could be
small sieel rods and rolled 'sections, steel

produce more than 2 tons of sfeel per ton of pig-ivon.
market in any detail, it seems probable that some
converted into steel and disposed of in the form of

castings, and other steel proeducts,

The price of pig-iren in British Columbia will, in general, depend on the price in the
The following.table, supplied to
me by Mr. W. G. Dauncey, shows the cost ¢f pig-iron during the iast ten years per long ton

Bastern States, together with the freight and the import duty.

of 2,240 Ib.— :
Cost of Pig-iron quring Recent Years.
No. 1 | . 3 ; : | Low
' ’ Ressemer, Foundry, Foundry, .
Year. e, | AREE | L | W el
|
| i ‘
1908 ..o §17 33 $17 03 $15 83 $17 25 $20 25
1909 .. 17 30 17 46 16 05 17 48 19 50
1010 e 18 87 17 16 14 85 17 10 18 69
. 15 20 15 .74 * 18 62 - 15 19 17 00
D £ 1 N 3 15 04 14 96 15 77 16 75
16 56 17 16 14 98 16 39 16 55
14 59 14 00 13 41 14 15 15 61
15 25 15 85 13 49 14 46 16 31
21 20 24 00 18 74 20 67 21 00
40 68 43 62 38 01 41 06 44 25

During 1917 the prices hecame very erratie and shot up

to enormous figu

res. 'The United

Siates Government consequently regulated the price of pig-iron and that of the ore and fuel
needed for its production. Irom September, 1917, to September, 1918, a standard price of $33
was fixed for pig-iron at Birmingham; cther varieties of iron ruling at somewhat higher figures.
Thus No. 2, Philadelphia, has been sold at $34.40; Bessemer, Pittsburgh, at $36.60; and Lake
In October, 1918, these prices have been raised in

Superior (charcoal), Chicago, at $37.85.

most cases about $1.

Before the war, with Eastern prices about $15 per long ton, the price in
~would be between $25 and $30. Mw. Nichol Thompson states that during

experience he has only once geen pig-iron under $22 per ton, and that the

from $22.50 to $32.50 per short ton; that-is, $25.20 to $36.40 per Iong ton.
mentioned that Chinese pig-iron hag been imponted at & price of $19.50. This iron was brought
in as Dallast, it was ungraded, and T understand that it was of very poor guality and that some
It is possible, also, though I cannot now checlk this
point, that the price was for a short ton, corrvesponding to $21.84 per long ton,
tation from China since 1918 was in the year 1916-17, amounting to 400 tons; and in view of
the requirements of Japan, it seems unlikely that any Chinese iron will eome to British Columbia

of the buyers have been unable to use if.

in the near future.

British Columbia,

his thirty years’
price has ranged

It is frequently

The only impor-

The present price for pig-iron in the Iastern States is $33 per ton; adding to that a freight
As, however, the exportation of
iron from the United States has been prokibited, the actual price is ‘fligher than thig, and has
ranged from aboui $60, to $S0 per Iong ton.
" While it is impossible to predict the course of priceg affer the war, it seems likely, in view

of the high cost of living and the increasing powers of the sworking-clagses, that the price of
labour, and consequently the price of manufactured products, will not return again in the near
future to the pre-war fignres. If we may assume that Tastern prices of pig-iron will not fall
below $20, it will follow that the normal price of pig-iron in British Columbia will not fall below
$35, or at the lowest price §30, for a period of several years. '
The freight from Hastern iron centres to Vancouver has heen about $10 per ton, but is
higher at present. In August fhe rate from Hamilton to Vaneouver on iron and steel .was
60 cents per 100 _lb., or §18.44 per long ton. IFreight vates from American furnaces cannot be

of $15 and a daty of $5 would make $53 in British Columbia.
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obtained at prosent, as the export of pig-iron iz prohibited. The duty on pig-iron from the
States is £2.30 per long ton plug The per cent. ed vaforem, whick at present prices comes to
about £2.25 per long ton, er & tofal ¢harge of about $5 per long ton.

The 1. L. Thane Corporation place the price of pig-ivon in California as 8235 per ton bhefore
the war, being the Bastern price of $16 plus $30 freight. At present they {ake the Government
price of 533 af Birminglam pius $10 freight, or $48 a ton. They assnme that afler the war the
price will be abont $28 per ton, or an advance of §31 over pre-war prices,  They consider that the
market for iron and stee! on the Coast is at least 609,000 or 700,000 tony a year, and probably
1,000,000 tons.

Dyitish Columbia is very well sileazed for shipping manufactured products to Japan and
the Kast generally, and if pig-iron and steel could e produced cheaply we might be able to
comutand a conriderable ex'p:n:t market, DBleclrie-furnace iron will, however, be too costly fo
compete with blasi-furnace iron, even when the latter is brought long distances by water.
Wherever therve ig an iron ixdustry there will be a moderate demand fovr high-grade pig-iron,
and an electric-smeliing industry in British Columbiz will probably be able to develop a fall
market for this produet {hroughout the Jast. :

Mr, Dauncey’s table of iron prices shows that-in normal fimes there is o difference of §3
or $4 between the price of dilferent classes of pig-iron.  In August, 1913, the prices of Ilessemer
and Toundry ivouns varied from &30 fo §53, Including freight, ab most peints in Eastern Canada,
and electrie-furnace pig-iron was sold at Bastern Canadian farazces at a slandavd priee of §38,

With regard to the possibility that a blast-furnace plant may be established in the State
of Washington, and {hat it may capture the market for ireon in British Columbla, I may state
hat the B. L. Thane Company estimate the cost, under 1918 eonditions, of making iron in the
State of Washington at $22, $20, and $80, on three assumplions with regard to the cost of
supplics, Taking the middie estimate, $26, and adding the freight, say %2, and the Canadian
SAuty of £4.75; would raise the cost of iron delivered in British Colmmbia to about $33; a figure
which is about {he same as the cost of making elecivie-furnace iron with power at 815, The
Hounty offered by the Brilish Columbia Government would, appareutly, turn the scale in the
favour of the electrie produet, Affer the war the war duty of 7% per ccat. ad wglorem will no
doubt be wilhdrawn, and in general we must expect (hat a Blasi-farnace plant on the Pacific
coust would be able to take a parl at least of the market in Brigislh Columbia for the cheaper
-grades of iren, but, with the help of the Canadian duly and ihe Provincial bounty, an elecirie-
smelling plant in British Columbia should be able to relain the lecal market for the higher grades
of iron.

Information with regard to the price of pig-iron in British Columbia differs considerabiy:
Mr, Watson Griffin, Superintendent of the Commercial Intelligence Branch of the Department
of Trade and Commerce, Ofttawa, on September 4th guotes “ ole of the largest ship-building
companies on the Pacific coast™ ay sayiog: “We beg to advise thai we have been paying for
pig-iron during the last year between $65 and 75 per tou of 2,000 b This would be between
873 and $84 per long ton. On October 19th he quotes {he Tndustrial Corunissioner of Vancouver
as saying: * The prevailing prices during the past two years have been from $45 to $69 per ton,
which is the price at {he present time for ITamillon pig-iron delivered at Vancouver, The present
guantities required in British Columbia will run approximately from 7,000 to 10,600 tons per year.
I have been unable to get an estimate of the guantities that will be required in the next two or
three wears.””  Mr. Griffin subsequently asgcertained for me that these lower prices referred to
the long ton.
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APPENDIX IT.*

SUPPLIES OF IRON OLE.

There are, in easily accessible parts of British Columbia, & number of depésits of magnetite
. ore that appear to be sunitable for electric smelting. In the absence of a reguiar demand for such
ores, scarcely any of these deposits have been opened up, and it is impossibie to state with any
degree of accuracy the amount and analysis of the ore or the cost of niining it.

In view of these circumstances, it was arranged that Mr. Wm. Fleet Robertson and Mr.
Brewer would furnish me with the bhest information at their disposal with respect to the ore-
bodies, and that I would use this information as the basis of my report; it being understood
that I am not accepfing any responsibility with regard fo the accuracy of such information.
I have, however, been able to obtain some independent data, wlhich agree in general with those
furnished by the Government officials.”

- Amount of Ore needed.—As the ore may be assumed fo contain, on an average, not much
more than 50 per cent. of iron, about 2 tons of ore will be needed for each ton of pig-iron. Thus
for a production of 50 tons of pig-iron daily we must have 100 tons of ore, or 35,000 tons per
annum, A suppiy of 50,000 tons per annum for ten years, or 500,000 tons in all, would appear
adequate for the present inquiry.

Location of Depogits.—It is assumed, f01 the purpese of this report, that an electric-smelting
plant would he erected at some point on tide-water within a reascenable distance of Vancouver;-
its location being determined, among other considerations, by the need of obtaining electrie power
from the lines of an clectrie power company. It follows from this that the ore-deposits selected
for consideration should be those that are sitwated on tide-water within easy transportation
distance by water from Vancouver.

Available Ore-deposits—A. statement compﬂed by Mr. Wm. Brewer, and approved by My
Wm. Fleet Robertson, will be found in this Appendix. It confains a list of the more important
deposits of iron ore thai are likely to prove suitable for supplying an electric smelter. The
statement shows the distanee of each deposit from tide-water, the estimated amount of ore, and
the percentage of iron, sulphur, phogphorus, and insoluble in samples taken from each deposit.
It appears from the statement that there are several conveniently situated deposits, any one of
which may be expected to furnish the required amount of ore. There can be little doubt that
if two or three of these werce opened up a sufficient supply of ore of reasonable richness and
purity would be obtained.

Nature of the Ores—The ores available are almost all magnetites. Such ores are less easily
smelted in blast-furnaces than hematite ores, and 1t is usual, therefore, to provide for an admix-
ture of heematite when smelting magnetites. It is quite likely that, in electric furnaces, haematite
ores would smelt more readily than magnetites, although, as very iittle preliminary reduction of
the ore can be effected in sueh furnaces, the difference is likely to be less marked. It happens,
however, that the commercial smelting of iron ores'i,_n electric furnaces has nearly always been
carried out with magnetites, either alone or with small additions of hamatites, so that we know -
definifely that maguetite ores are suitable for electric smelting.

The ores available, while adequate in amount and convenient in location, are neither as rich .
in iron nor as free from impurities ag the magnelite ores that have been smelted in eleetrie
furnaces in Sweden or California. Many of the Swedish ores contain as much asg ¢0 per cent.
of iron, and the Californian ore has nearly 70 per cent. of iron, but the ores availablé in British
Columbia cannot he assumed {o average wiore than 50 or §5 per cent. The published analyses
-of ore samples, inchuding those contained in this Appendix, frequently show as much ag 60 per
cent. of iron, but My, Ileet Roberison is satfisfied that, if the ore-bodies arce mined in a wholesale
way, and without any attempt to pick the best-ore, it will not be safe to count on an é.verage
richness of more than 50 to 55 per cent. of irom. e informs me, however, that the gangue
aceompanying the ore is limey in charaeter, and that by taking a suitable proportion of the
rock with the ore a smelting mixture can be obtained having enough Iimestone fo be self-fluxing,
and carrying at least 50 per cent. of iron. It may be pointed out that for making a foundry iron

* map to illustrate this Appeandix and the enclosed report by Mr. Brewer has been p1cpa1ed by
Me. W’ ¥'. Robertson, and should be bound with this repozt in the ovent of Tt being printed.
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some silica is essential in the sinelting mixture; thus, at IHeroult, the ore was so pure that it
was necessaly to add quartz, Moreover, a certain amount of slag must be produced to flux off
the sulphur which is present in the ore. Greater economy wonld undoubtedly result, however,
if the smelting mixture could be made to contain as much as 60 per cent. of iron,

The Swedish ores are exceptionally pure, containing usually from 0.01 to 0.02 per cenf. each

of phesphorus and sulphur, and the ore at Heroult, in Gdliforilia, containing only 0.01 per cent.
each of phosphorus and sulphur. The available ores in British Columbia are reasonably free
from phosphorus, containing as a rule less than 0.03 per cent. of this element, so that Besscmer
.iron can be made from them,  The sulphur is, however, somewhat higher than is desirable.
Some of the ores, notably these from Texada island, contain some tenths of a per cent. up to
1 per cent. of sulphur, but it seems probable that a supply could he obiained that would not
contain more than about 0.1 per cent. of that clement. This amount of sulphur will not interfore
at ali seriously in the production of a good foundry iron, but it will render the ore less valuable
for making special grades of “ charcoal ** iron.

T'rom among the various deposits three groups have been selected—namely, those on Texada
island, Nos. 1, 2, and 3; those on Redonda island, Nos. 9 and 10; and those at Nooika sound,
Nos. 13 and 14, Mr. Brewer has prepared cstimates of the cost of mining the ore from each of
thege deposits and transporting it to a port on the east coast of Vancouver igland, or in the
neighbourhood of Vancouver. Ile finds that, including a royalty of 50 cents per ton to the owner
and miner of the ore, the cost of ore delivered at the smelter will be alout $4 per net ton. As
ahout 2 net tons of ore will be nceded for each long ton of pig-iron, the cost of the ore will be
ahout $8 per ton of pig. This is a very serious item of cost, and is fav higher than the usual
cost of ore at Kastern furnaces. In view, however, of the nature of the ore-bodies, the moderate
scale of mining and transportation, and the high cost of all operations on the Coast, it does not,
appear that any material reduetion can be expected, af any rate during the next few years.
If the ore were being mined for sale, there should be added the Provincial Government tax of
3734 cents per ton; but in the present case it appears reasonable to count this as a deduction
from the bonus of §3 per ton paid by the Government for pig-iron produczed locally from British
Columbia oves.

Irox Omrps or Brrrisin CoLUMBIA, -

(Date compiled Dy Wm. M. DBrewer, Resident Fngineer, Western Minecral Survey District,
Nanaimo, B.C., June 8th, 1918.)

The accompanying tables show :—

¥irst: "The estimated cost for mianing and transporting iron ore mined from the most
accessible properties to any established port on the cast coast of Vancouver island or at
Vancouver.

Second: The names and loeations of the varicus properties, with the distance from deep
water, algo the available tonnage, very roughly cstimated, in three < assifications—** actual,”
“probable,” and * possible” ore.. Owing fo the lack of development-work it is impossible to
measure the ore reserves with any degree of aceuracy. Where a star is piaced beside the name
of a property it indicates that it is impossille to make any cstimate of available tonmage at
present, .

Third: The nature of the ore and assay results obtained from the samples collected at
various times, together with the names of the collectors.

Bstimated Cost of Mining and Transporting Iron Ores,

Threa deposits only have been considered in the follewing table, viz.: Those Ilocated on
Texada and Redondsa islands and szt Nootka sound, ‘These are selected because, owing (o their
accessibility, together with the quantity and gquality of the core, they would be the nataral choice
as the first sources of supply.

Tewade 18land, Nos, 1, 2, 3— .

Bslimated cost of B-drifil plant .. .o o i ceeeae 85,000

Tstimated cost of fransportation .............oiiiiii e 10,000
Hslimated eost of bunkers and docks ... . 0 i 10.000



L 26 : Bureavu or Mixns, . 4 ) 1919

Estimaled Cost of Mining and Transporigtion per Ton of 2,000 LD,
' (Figuring 50,000 Tens per Annum).

,

Interest and deprecialion on installation at 20 per cent.....oovvvienn s, S0 10

Istimated cost of mining ......... T 200

. IEstimated cost of tramming . .o. it i e i 25

: Estimated cost of FICIENt oottt i e it 100

Estimated cost of mnloading ...v it i it i i, 25

$3 60

RoFalty T0 OWHEY DO TOI1 4t vnt vttt tmnetae st iee et e anantsianionsns 50

. Cost of ore at smelfing PIant . ... it $4 10
Redonda Island, Nos. 9 and 10—

Estimated cost of 3-Avill plant ... ... i e § 5,000

Estimated cost of bunkers and A0CKS .. ....oour i, 10,000

No transportation reguired.

Total estimated cost of installation ..... REE TR RTINS $15,000

Fstimated Cost of Mining and Transportation per Town of 2,000 Lb,
(iguring 50,000 Tons per Annumj}.

Interest and depreciation on installatioh at 20 per cent... .. ... ... %0 08
Bstimated cost of MINING ... 0vr et iiin e i i RN 200
Estimated cost of loading ........ ... v, et aaaaeen, i
Estimated cost of f1eighl .o v vttt i ime i, vee. 100
) Estimated cost of MNIGMAIRE v v vttt ettt aneesrrraraasanssnmrees 2%
) $3 46
RO¥aMy 10 0OWNEE DO DI « v v vr e in it cie e et vn e saevrnanaancenanes a0
Cost of ore at smelfing plant .. ... o i i i $3 96

Nootka Scund, Nos, 13 and 1f—
Bstimated cost of 3-arill plant ... ...c.vet.. feeeas P £ 5,000
Bstimated cost of tram-1ine . i i 10,000
Estimated cost of hunkeks and docks ........ e a e 10,000
L0 1 S 223,000

Bstimated Cost of Mining and Transportation p-cr Ton of 2,000 LD,
(Figuring 50,000 Tons per Annumn).

Interest and depreciation on installation at 20 per cent. ............. . 30 10
Estimated cost of mining by large quarty . ..vooi ittt ir i iienrireran. 150
Estimated cost of tranyming ... ii ittt eriaartrriians P 25
stimated cost of frelght ... oo vt i feaeeme e, 150
Estimated cost of unloading T R TR RTPER PR PO 23
$3 60

Royalty to owner per fon ........ecvvunr.- et e e 50
B3 7 N . 8410

Nore.—The estimated cost for freight is based on transportation by scows or barges from
the Texada Island and Redonda Island deposits, and by freight-steamers properly equipped for
hauling iron ore from the Nootka Sound deposits in cargoes of 500 tons and upwards.

(After consuitation with Mv, R. ¥l Stewart, Mr, Brewer has decided to increase his estimate
for a 3-drill plant to $12,600 in view of present conditions, Fhis change will only represent a few
cents per ton added to the estimated cost of mining.)




9 Gro. 5

ToLECTRIC BMELTING oF TRON Ons. 27

Names and Locations of Properties.

| . Appreximate Dis-
N¢. Name of Property. | Location. tance from Deep
! I water,
1 Prescoft . ... iaaan EPoxadin IIRRA + 0t e e e s e e et 1,000 feet.
D oiTAKEON e Wexudn 8Iand v e s About one mile,
3 1 ake Cexadn ISIART oo e e ~About 1% miles.
4 | Yron River® .....0.... "Branch of Quinsam river, cast coast of V.1 ..... 13 miles.
5 |Quinsuam Lake Iron Upper Quinsam lake, near eust const of V.I. .... 5 About 25 miles.
Syndicate :
6 | Tron Crown™ ........ Vimpkish (Klaanch) river, near Nimpkish lake, V.I. ';\1)0111;‘21 miles.
TP Kitehener® ... ... Vigwam bay, Sceymour inlet, Queen Charlottc Close.
. sound .
8§ | Alexander® ... South shore of Scymour inlet, Queen Charlotte Close.
sound .
O (Flsie® ..., West Redonda island oo ve i innreaneian. On shore.
10 | Black Warvier® ...... West Redondu island ..o i iaes On shore,
11 | Cumshewa™ .......... Louise islund of Queen Charlotte group ...o.vvvn. On shore.
12 | Tagle and Sunrise .... Woest arm of Quatsino sound, V.I ... ..ot
% | Glengarry and Storment Head bay, Nootka sound, west coast of V.I. ... 114 miles.
14 TIMdo ..........ov.... Ilead bay, Nootka sound, west coast of V.1, ... 1% miles.
15 | Western Steel® ...... Sechart, Barkley sound, west const of V.I. ...... 2 miles,
16 | Bald Lagle* ......... Sechart, Barkley sound, west coast of V.I, ...... 2 miles,
17 { Crown Prince ........ Sechart, Barkley sound, west eoast of V.I. ..., 2 miles.
18 | Sarita . ..vv i Sarvita viver, Barkley sound, west const of VI .. 114 miles.
19 | Cliftor —. ..o Tzartoos istand, Barkley sound, west coast of V.E 14 mile.
20 | Black Prinee ......... Uchucklesit harbour, west coast of V.E ......... T 15 mile.
21 | Henderson Take ...... - Henderson lake, west coast of V.I, ............. 1,000 feet to lake,
i 12 miles to
i " deep-sea harb’r.
22 YDeflance®™ ....... .. ... - Handy creek, Alberni canal, V.I ... ...vnihty, -1 mile.
23 TRose™ e Gordon river, near Port Renfrew, V.I. .......... "5 miles.
24 | Sirdar ... L Gordon river, near Port Renfrew, V.I, .....0000, 9 miles,
25 | Congueror . ... ...uiaun } Bugaboo creek, tributary of Gordon river, ncar 9 miles.
X I Port Renfrew, west eoast of V.1. .
26 : Baden Powell and Little Gordon valley, west coast of VI ..o vunt. T miles.
" IBobs '
27 . Trinee’s Iron® ........ " West arm, Quatsine sound, west coast of V.I. ... 2 miles,
28 . Britton and Monarch .. Chromium creck, tributavy of. Klinaklina river,
: flowing into Kuight inlet, mainland coast
20 North Pacific Iren Limonite (Summit) creek, tributary of Zymoetz 60 miles from
. Mines ~ river, Skeena Mining Division G.T.P. Rly.
30 Glen Irom Mine ...%..:  Cherry bluff, Kamloops lake, 12 miles west of Adjoing C.P.R.
: ) Kamloops ) . track.
31  Ralph® .............. Tast Sooke, VI o ittt ittt iianeniriannens "1 mile,
32 Darby and Joan* ..., Alberni canal ... .. i i e . 1% mile.
33 Iron Mountain and Wennedy lake, V.I. ..ot iiniiiinnenna, .18 miles.
Chiceftain .
Quantity Roughly FHstimaied.
Ac Proba 51
x| Agmm | oege | g | —
i
Tons. ‘{ Tons. Tons. Tons.
1 ... b 1,206,400 092 600 2,360,000 | MeConnell’s estimate.
2 e ] bOL607,200 1,607,200 MceConnell’s estimate.
B oo 504,000 - 504,000 | MecConnell’s estimate,
5 ..., } . 5,600,000 5,000,000 Brewer's cstimate,
T i J e cea {Nee report by George Clothier,
8 ... M.TI., Minister of Mines' Re-
pori, 1917, p. 64.)
133 ....... ;250,000 250,000 TH0,000 1,250,000 Drower's estimate.
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Quantity Roughly Estimated—Concluded.

Yo | g omgwe | g | g ey
Toms. Tons. . Tons, Tons.
14 ...... . 40,000 200,000 250,000 Brewer’s eostimate,
17 ..., 75,000 ce 200,000 275,000 Brewer's estimate,
18 ....... . 80,000 25,000 |- 55,000 Provincial Mineralogist's esti-
miate.
19 ....... ’ 3,000 5,000 25,000 33,000 | Brewer's estimate,
20 ....... 15,000 .. 15,000 30,000 Brewer’'s estimate.
21 ..., 20,000 280,000 300,000 Brewel’s estimate.
24 ..o, 94,000 e . 47,000 141,000 Brewer’s estimate.
25 L., 16,000 230,000 120,000 866,000 Brewer's cstimate.
26 ......, v 500,000 250,000 750,000 .| Brewer's estimate,
: 20 ..., - v 562,500 1,185,000 1,697,500 McKenzie's estimate. (See
' ’ Lindeman’s repert in Vol. T.,
p. 80, “Iron Ore Qccurrences
in Canada,” Can. Dept. of
Mines, 1917.)
Totals .. | 473,000 5,105,100 9,040,800 14,618,700

Nature of Ore and Assay Results. .

- No. : Naltul'e. Iron. Sulpkur. pﬁgf_,’g;‘ Ins¢luble, Remarks.
. Per Cent. | Per Cent. | Per Ceni, | Per Cent,
1 | Magnetite “lime; 66.0 Nil Trace 3.3 Average across face of adit 430
gangue ~ : feet below the highest out-
- crop.  DBrewer’s sample.
68.2 Trace e I Copper, nil; manganese, 0.08% ;
MeConnell’s sample.
64.3 0.308 e . Copper, 0.14; McConnell’s
s . sample.
55.2 0.266 s vens Copper, 014; McConnell's
sample.
G2.57 0.408 0.024 6.46 Lindeman's sampling.
58.76 0.1138 0.011 12.0 Tindeman’s sampling.
. 63.27 0.847 0.013 4.87 Copper, 0.08%; Lindcman’s
sampling,
69.85 0.6 Trace 2,95 Geol. Survey of Canada, 1886,
p. 378, .
67.01 e Trace 296 §Iulmer, Geol. Survey of Wash-
ington,
65.71 e 0.013 e Tenth Census, U.S. Represented
i - lot of 600 tons smelted at Iron-
. i dale by Puget Sound Iron Co.
2 | Magnetite “lime: [504 1.07 cea . Copper, 0.83%; McConnell's
gangue " i sample,
6448 | 1.866. 0.005 4.47 Copper,” 0.229%: magnesia,

1.13% ; lime, 1.329 ; alumina,
0.66% ; Lindeman’s sample.

3 | Magnetite “lime 58.0 . 1.8 Trace 0.5 Brewer's grab sample from
gangue ™ i . - 1 dump.
. B7.5 I 0.046 P P Copper, trace; McConnell's
; sample. .
69,4 | 001 :
5957 | 0187 0.057 8.33 ‘opper, 0.08%%; alumina,

. oo | 117%%; lime, 3.82% ; magne-
: ’ 11 sia, 105%; Lindeman’s
: ’ . ! sample.

4 | Magnetite ....... i 5645 | 0.53 0.03 70§ opper, 0.7% ; alumina, 2.07%;
lime. 3.77%; magnesia,
1.25% ; ILindeman's sample,
Property owned by Canadian
Collieries (Dunsmuir), Ltd,

59.77 ¢ 0.533 0.024 110 lindeman’s sample.

'3
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Nature of Ore and Assay Results—Coutinued.

Ne. 41 Nature. Iron, Sulphur., D]I:gfi's fnscluble. Remarlks,
—i i ;
i Per Cent. | Per Cent. ’ Per Cent, | Per Cent,
5 | Magnetite,lime,and| 586 Trace ; Trace 9.3 - Brewer’s sample from dump.
garnetite gangue | | . i
6 | Magnetite ........ 6423 0233 ' 0010 4.12 Lindeman’s sample.
$3.89 0.017 0.021 5.30 ; Copper, trace; aluminga, 1.749%;
£ lime, 0.80%; magnesia,
1.86¢%% ; Lindeman’s sample.
T | Magnetite ....... 635.5 0.5 4.6 Clothier’s sample, Minister of
. . Mines’ IReport, 1917.
8§ | Magnetite ....,.. T 60.0 0.30 011 6.37 | Alunina, 7.6%; lime, 1.8%;
°. combired water, 0.119%;
magnesia, trace; Clothier’s
* sample,
9 | Magnetite ........ 71.28 0.89 | Lindeman, Vol. IL, “ Iron Ore
i Ocenrrences in Canada,” Can.
i Dept. of Mines, 1917.
10 | Magnetite ....... e P ha «... . No samples reported.
11 | Magnetite ....... 68.0 0.01 0.008 1.2 - Time, 109 ; Minister of Mines'
Report, 1011, p. .77, and
‘ ; . Lindemar’s in  “JXron Ore
; | i Oecurrences in Canada,” Can,
i : i Dept. of Mines, 1917, p. 18.
12 iBog vl B446 0.13 0.028 232 | Lindeman’s sampling.
i | 5697 0.447 0.038 140 | Lindemaws saumpling.
13 | Magnetite lime- 56.08 0.1 Trace L6 Brewer’s sample.
stone gangue ;
; v 66.17 0.017 0.01G 6.1 Lindeman’s sample.
14  Magnetite ....... ‘ v e e vovr | No samples reported,
15 - Magnetite lime-: 50.69 0.04 (.016 12,76 } Lindeman’s sample,
stone gangue ) ‘
16 Magnetite lime-[ 5937 0.716 (.006 13.36 Lindeman’s sample.
stone gangue '
{ 60.7 Trace Trace 13.6 Brewer's sample,
17 Magnetite lime-' 544 14 LNl 21.2 Brewer's sample.
stone gangue : i
: 55.6 0.4 Trace 1.6 Brewer's sample.
| 48.4 0.7 Trace Cee Carmichael’s sample,
' i 48.06 0.623 (.006 23.22 | Lindeman’s sample.
18 Magnetite Iime- 63.8 | 0,538 Traee 4.2 ~Brewer’s sample,
| stone gangue :
| 637 . 03 Trace 3.85  Curmichael’s sample,
6089 1 076 . 0.004 3.81 Lindeman’s sample.
19 Magnetite ....... 56.2 ¢+ 1.3 : Nil 17.0 Brewer’s sample,
3.4 [ 94 0083 18.6 ¢ Carmichael’s sample.
32,09 0.23 o0.025 16,52 | Lindeman’s sample.
20  Magnetite ....... T0.2 Trace raee 1.4  Brewer's sample,
21  Magnetite ....... 50.0 0.24 Nil 22.0 ¢ Carmichael’s sample.
22 Magnetite lime-| 526 4.2 Nit 12.1 " Gold, trace; silver, 1.2 oz.; cop-
I stone gangue ' - per, 3.3%; Brewer’s sample,
‘ 66.0 Nt 3.3 RBrewer's sample.
6.8 Trace 4.8 . Brewer's sample,
23 Magnetite ....... G619 . e Hand sample reported by Car-
) i michael.
24 Magnetite .,..... 56.57 (.121 852 Lindeman’s sample.
253 . Magnetite ....... 67.09 | 0.009 4.51 Tindeman’s sample,
26 Magnetite ....... b8y 0.013 888 Fiudeman’s sample.
27 Bog 54,46 0.038 2,32 Linderman’s sampie.
L8697 0.088 140 ' Lindeman’s sample,
. B2.0 0.5 vvae | Carmichacl’s sample,
28 THwematite ....... | 478 Trace Galloway’s sample.
i 484 Trace Galloway’s sample.
} 57.0 Trace Galloway’s sample (sclected).
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Nature of Ore and Asmy Results—Concluded.

[
No. Nature, . Iren. Sulphur, p}ggfﬁs Insoluble. | Romarks.
Per Cent. | Per Cent, | Ter Cent. | Per Cent. |
Tirst four samplés by
I ; ! MeKenzie, .
29 'Limonite ........ 54.20 118 0407 1.02 ¢ Manganese, C.83; water com-
B | bined, 18.54.
1 * 5G6.01 1.52 0.016 0,83 Manganese, 0.51; water com-
. bined, 16.02.
54.32 114 0.065 1.99 Manganese. 0.39; water com-
: binad, 20.47.
52,18 1.47 0.616 1.56 i Manganese, ¢.70; wafer com-
‘ . bired, 19.61. .
5.0 1.7 Nil 2,0 ! Brewer’s sample,
0.6 0.8 Nil 1.7 ! Owner’s sample.
53.2 2.65 0.0016 1.81 | Owner's sample.
) 53.2 1.89 0.014 1.62 ! Owner’s sample.
£4.0 1.15 T0.002 1.04 Owner's sample,
30 Magnetite ....... G4.81 0.158 Trace 4,21 McEvoy’s samples, (See “ Tron
: . QOre QOccurrences in Canada,”
; 62.03 0.170 Trace 3.85 Clan, Dept. of Mines, 1917,
' ) Gi3.24 017 | Trace 4.05 m 3L)
31 'Magnetite ....... R . e e Ore carries too much copper to
I : be suitable for iren-making.
3% Magnetite ....... 50.98 .083 0.004 25.96 . Lindeman’s sample,
55.0 1.0 e 16.0 - Clarmichael’s sample.
33 Magnefite ....... 1 301 0.531 Trice bl.5 . Brewer’s sample.
. 63.07 0.043 0.018 7.64 ' Lindeman’s samplec.
. R . nT '
(End of Mr. Brewer's report.} .

IzoX Ome rFroM ITEAD Bay.

In view of the importance of 6btaining more exact information In regard {o the richness and
other characteristics of the available ore, I discussed with Mr. W. I, Robertson the possibility of
having a quantity of ore taken from one or more of the deposits, and sending large samples to
Victoria for analvsis and for tests in regard to magnetic concentration. Mr. Robertson con-
sidered that it was nol necessary to undertake this at the present time, but he instrueted Mr.
Brewer to obtain a large general sample of ore from the depogits at Nootka sound, Head hay.
In a letter from Mr. Roberison dated August 12th, 1918, and enclosing an assay certifieate dated
August 9th, he informs me that Alr. Brewer took nine samples from. various parts of the deposit,
including two near the margin, e also took a sample of the foof-wall. The nine samples were
assayed scparately for iron and were found to contain: €3 per ceutl,, 70 per cent., 67.2 per cent.,
63 per cent,; G8 per cent., 44.8 per cent, 47.8 per cent., 67.2 per cent., and G682 per cent. The
sampleg confaining 44.8 and 47.8 er cent. were taken neaf the margin of the deposit. A com-
posite sample wag made up containing equal amounts of each of the above nine samples and of
the one foot-wall gample. This composife sample was analysed and was found to contain :—

- Per Cent. ) Ter Cent,
Trom cooinveeiiiiaiiiiin 87.1 Sulphur o..oev i s Trace.
Siliea oo e 15.5 Thosphorus ....:...c.0vuun. - 005
Lime ............. e ... 08 -

The average richness of the ore itself is 46 per cent. of iron, and the averdze richness,
including the two samples near the margin, iz 61.6 per cont. Fhe composite sample contained
57.1 per cent. of iroz, from which it can be calenlated that the wall-rock would contain 16.5
per cent. of iron, If we assume thaf the samples are representative of the deposit, we learn
that the rich ore contains 60 per cent. of iron, and that a general sample, including ore near
the margin and some of the wall-roek, containg 57 per cent. of iron, We may apparently con-
clude from this that in general mining an ore of at least 55 per cent. of iron can be expected.
It appears, further, that the gangne-matter is siliceous and containg very little lime, and that
the ore is free from sulphur and below the Bessemer limit ir phosphorus. -

.
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The Head Bay deposits appear as Nos. 13 and 34 in Mr. Brewer's st buf Mr: Brewer
doeg not state from which of these properties his pregent samples were taken, or whether fhe
samples were taken from both properties. The weight of the samples is also not mentioned.
Mr. Robertson considers-that {le ahove results are higher than would be obtained from an
average shipment of ore from (his deposit, ’

NorES rroM TITE B, L. Triane CoMpaxy.

"The following notes on four deposiis of iron ore in Brilish Columbia were given me by the
B. L. Thane Company, of San Francisco, and are of value as supporting the conclusion that
there is available an adequate supply of magnetite ore. The analyses quoted indicate a higher
grade of cre than that on which I have based this report.

Terada Istand.—Deposit of magnetite owned by the Puget Sound Iron Company. The
deposit containg 1,000,000 tons and probably an additional 2,900,000 ftons. The ore is Ioaded
into ships near the mine. The ore containg:—

Ter Cent. - Teor Cent.
50 62.9 Magnesiza ..ooovvan i P 0 A5t
I T §.06 Nickel oo, 0.014
Phosphorus .......ovvvvnan. 0,016 Cobalt o, i, 0.005
Sulphur ... 0.51 Copper ovovviivin, e 033
Alamina ... oo, 1.4 Titaniam ... ... 0 i Nil.
Lime . ot 2.0 - Arsenic ... i, N3
The estimated cost (pre-war) at a 1uget Sound port was:—

Mining ... .ol e e e e e e e e e e e 50 56
Fand (ransportallon vttt i e i e i e e e, 10
Sea transportation ... ... i i e 80
Royaity .. viiviiiiinn. e e e e e e e 25
O T T2 20
D56 4T 5¢

L 01 S2 11

Or $3.18 per ton of pig-iron.

The assumed output was 200,000 tons o year for twenty years. A iram from the mine of
1.1 miles would cost $10,000; equipment and development of mine, $290,000; total, 300,000,

Cumshewe.—A deposit of magnetile on Louise island, owned by TI. K. Owens, contains
570,000 tonsg, with a probable 344,000 tons more. The ore ig loaded iite ships near the mine.
The ore containg:—

Ter Cent. ' Trer Cont.
Iron ..o 69.0 Sulphur ......... ..ol 0.020
Silien o e 7.0 Lime .oooniiiieen i, 20
Manganese ..., ..o 0.83 Titaniam ..o ..., 0.07 -
Thosphorus ... voueerenannns {008
Pre-war cost—

53 - DT PN $O 75
Tand transpOr At Ol L. i e i e e 15
Ben ransportation ... . e e i e e (3
B Do s el £ A T
D T v L 50

B¢ $2 86

Or $4.é§d per-ton of pig-iromn,

Assunmed output, 100,000 tons per annum for nine years., An aecrial tram of 1.5 miles from
mine to wharl would cost $20,000; purchase “of mine, $260,000; ecquipment and development,
$100,000; total, $320,000.
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Head Bay.—A deposit of magnetite on Vancouver island, owned by Glengarry, Canadian
Collieries (Dunsmuir), Limited, and Clarence Dawley, Clayoquot, contains 150000 tons, with
a probable 250,000 tons more. Ship from Nootka sound. It contains:—

. Per Cent. X i " Per Cent.
B 5 0} 4 R 60.0 Phosphorus .....covvevinnns 0.008
SIHCA i 8.0 Suldphur ..o 0.013
Pre-war cost:— -

51 2T $0 60
Land transportation ......... f e et r e aa e e . 10
Sea tramsportation ........ ... . i e e [+53]
ROFalty oot i e e e - 25
Fixed charges ........... Y 30
D0 1T 0 R 1 50

B v $2 T0

Or $4.27 per ton of pig-iron.
Asgumed output, 60,000 tons per annum for seven years. Would need an aerial tram of
1.5 miles from mine to wharf, costing $20,000; development and equipment, $50,000; total,
$70,000. ' -
Quinsam Lake—A deposit of magnetite owned by Joneg & Thomson, probably containg
500,000 tons. Ship from Campbell river, It contains:—

Per Cent, Per Cent.
6 GO0 Lime ..... L 1.7 .
Silica oo iii i 4.0 Phosphorug ........0000. 0.002-0.976
MANZANESE «vvvrrininrnien 0.65 Sulphur ............... 0.005-0.068
Aluming ........iiiiiian. 2.6 '
"Pre-war cosf —
B G180 $0 90
Land transpbrtation ................................................. G0
Sen transportation ... .. i 650
ROFA Y ottt e e e e e e e 25
Tixed Charges ...t i e e 212
D054 11 A 1 50
203 $4 87

Or $7.71 per ton of pig-iron.

Assumed output, G0,000 tons per annum for eight years. Needs a twenty-mile aerial tram,
costing $220,000; development, $60,000; total, $280,600.

WWith regard to the estimated cost of mining and transporting these ores, we find (exeeptmg
the last in view of the unusually heavy fixed charges) the total costs to be $2.11, §2.86, and
2270 per ton of ore. Deducting the .export duty of 50 cents, these become $L.61, $2.36, and
$2.20 per ton. Messrs. B. L. Thane consider that the 1518 costs for labour, materials, trans-
portation, and capital charges would all be doubled, thus leaving a.duty-frec cost of $2.97, $4.22,
and §4.15 per ton, or an average cost of $3.78 per ton. Remembering that these relate to outputs
of 200,000 tons, 100,000 tons, and 60,000 tons respectively, it does not appear that Mr. Brewer's

~ estimate of §4 a ton on an output of 50,000 tons is at all too high.

Norgg oN Cosr or MINING AND TRANSPORTATION,

I, Mr. W. M. Brewer in a letter dated July Sth, 1918, writes me that be has had interviews
with My, R, H, Stewart in regard to the cost of mining and with Captain Simon MackKenzie in
regard to the cost of transportation.

Mr. Stewart stated that where the iron ore would e mined by quarrying and there would
not be very much development-work and only a reasonable amount of sorting, the cost of mining

- iron ore at the deposits on Texada istand, Redonda island, and Nootka sound (Ilead Lay) should
not exceed $1 per ton, even when a quantity of only 100 tons a day was being mined. He also
said that Mr. Brewer's estimate of $5,000 for the cost of installing a 8-drill compressor plant at
any of these mines shouid he increased to about §12,000 In view of present conditions.
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Captain MacKenzie stated that M. Brewer's cstimate of $1 per ton for transporting iron
ore from Texads island or Redondz island to the neighbourhood of Vaucouver was reasonable,
provided that good dispatch were given in loading and dischiarging, and that a regular business
could be ensurcd averaging neot less than 700 tons 4 week., Iie also stated that if the ore was
only to be hauled a short distance, as, for example, from the west const of Texada island or
Redonda island to the east coast of Vanpcouver island, say in ihe neighbourheod of Tnion bay,
the charge for transportation should not exceed 50 cents or at the outside 75 cents per ton, pro-
vided that regular business, handling T00 tons a week, were established with reasonable dispatch,
say ten hours for loading and twenty-four hours for discharging carge. Captain MacKenzie
considered that Mr. Brewer’s estimate of $1.50 per ton for transporting iron ore from Nootka
sound to the neighbourheod of Vancouver would be il right under reasonably normal conditions,
although at the time of writing the transportation companies were asking abouf $8 per ton in
cargoes of 700 tons.

IL T have received from Mr. Robertson, under date of July Gth, 1918, the following memo-
randum e transportation of ore, efe, from Mr, H. L. Drummond, Manage:, North-west Lighferage
Company, Scattle. '

Iron Ore from West Coast, Vancouwver Isiand—

In loftsg of 1,000 o0 .o ov i ier et e Istimated at $1L.50 to $2 per ton.
In lots of 2,000 tons ...... et Tglimated at £1.53 per ton.

From Ove from Texada Istand {on Long Contract)—
Inlots of G000 LOMS . ouiit ittt i e ettt aeanaans 8% cenls per ton.
Imlofs of SO0 Zons ..o ii it e i it et el i 80 cents per ton.
Inlots of 3,000 2008 ... oottt e e e G5 cents per ton.

The Drummond Lighterage Company are transporting :—
Coal from Comox to Scattle at 80 conts per ton.
Joal from Nanaimo to Seattle at 75 cents per ton.
They ¢alke 1,200 tons per trip and from 15,000 to 18,600 tons per month. The eharge for
- carrying copper ore from Sidney inlet to Tacoma is from $£3.50 to $4 per ton,

Conclusions.— (1) Raising the estimate for lhe 3-drill plant fron: £5.000 to $12,000 will
increase the cost of equipping each mine by $7,000, but will only increase the cost per ton of ore
by about 3 cenfs. .

(2,) The original transportation estimafe of 1 a ton from Texada and Redonda and $1.50
a ton from Nootka sound arve supported by the above notes.

(3.) With reference to the cost of mining, My, RRobertson considers that, in view of the need
of obtaining an ore of reagonable richness, the cost of mining weuld cartainly be higher than
Mr., Stewart’s estimate of §1 per ton, and that £2 is as low as can safely be cstimated under
present conditions, We may reasonably suppose, however, that in ¢ourse of time, when the
indusiry becomes betfer cestablished, and if the ore-deposits are found to be large enough, the
cost of mining may possibly come down 1o about 1 per ton, even with the present rates of wages.

Nores ON VARIOUS IRON-ORE DRPOSITS.

1. Iron-deposit at Sarite River—I reccived fron the Hon, Wm, Sloan a lefter dated June Tth
from Ar, J. ¥. Bledsee, Manager of the Ceniral Iron Commnittee of Vancouver Island, enclosing
a note from Mr. Wm. Lorvimer, of 576 Toronto Street, Vietoria, B.C, in regard to the ircn-ore
deposit at Sarita river, Mr, Lorimer, under date of June 6th, states that this deposit has been
mined to the extent of forming a dump of ore, and suggests that gome of this orc should be sent
to the laboralory at Victoria for treatment. e offers fo sack and ship as much ore as may be
required, and would make no charge for this heyond hig expenses. This deposit is No. 18 in
Mr, Brewer's list. It is estimated to contain prebably 30,000 (ong, with a possible 25,000 tons
additional, The deposit is one mile and a half from deep water, It would certainly be of
interest to have a gnantity of this ore supplied for chemical analysis and other tests, but it wilt
be more worth while to open up some of the larger deposits which are situated close to deep
water. Morcover, the samples received from this deposit have been rather high in sulphur, as
is shown in Mr. Brewer's reportl,

H, Hitchener Growp, West Redonda Islend, and other Deposits.—Mr. Nichol Thompson, of

Vancouver, has placed at my disposal certain information respecting the iron-ore deposils in-

3 :
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British Columbia. This Includes a general synopsis of the iron-deposits in British Columbia,
and reports with regard to the Ilifchencr group, the Blsie claim, on West Redonda island, and
other claims, from which I extract the following :—

The Kitchener group (No. 7 in Mr. Brewer’s list) is located on Wigwam bay, Seymour inlet,
Queen Charlotte sound. A report by G. A. Clothier, ebruary, 1918, shows vein No. 2 to contain
65.5 per cent. iron, 4,6 per cent. insoluble, and 0.5 per eent, sulphur; and vein No. 3 to contain
G4.4 per cent. iron, 1.8 per ceut. insoluble, and 0.1 per ceni. sulphur, TFurther surface work
would be needed to prove the continuity of the ore-shoots on the surface before dismond-drilling
to prove them at depths would be justified. A sample of the Kifchener ore supplied by My,
Thompson on July 24th, 1916, was found to contain :—

Per Cent.

Peroxide of 100, ..o i e e e s 64.35 ) Iron, 64.5
Protoxide Of IPOI «vve et r e ettt et et as e ... 25.16( per cent.
Protoxide of manganese .............. e e e e 047
Aluming ..ot e e e e, 0.96
LAME i et it e ia it T r e e araa et e 1.00
T 1113 - S 3.89
£ 2 1 L O Slight traee.
Phosphorus ........ R T Slight trace,
Tn80lUDIE .ot e e e e e 4,70

B0 100.58

A report of the Elsie claim, on West Redonda island (No. 9, Mr. Brewer’s list), by Alexander
Sharp, Vancouver, QOctober, 1917, containg the following summary: “The Blsie mineral claim
‘has a well-efined magnetite-iron pre vein, fully 50 feet wide, probably extending from the east
to the west boundary, and to depth., The ore is high grade, almost free from sulphur, phosphorus,
and other impurities, Situated on tide-water, where the largest ocean-going ship can be loaded
at any tide, the mineral can be easily and cheaply mined.”

Mr. Sharp guotes the following analyses for this ore:—

Per Cent. Ter Cent.
dron cooovinn.. P 65.0 TPOIL v evier i i G61.10
Sulphur ... None, BICA tovi i s 7.31
Insoluble «.:oivuiivnevnnn.s 9.20 Lime ... . ... oo, 310
Phosphorus .........c 0 oo 0.015
Salphur ..o iiieen e 0.20

Seme 626 tons of this ore was shipped to the Oswego Iron and Steel Company's furnace in
Oregon. The average iron content was 60.8 per cent.,, and the ore was reported to work well
in the puddling-furnace.

Mr. Thompson also supplied me with reports by J. H, Scott, -of London, and W. Newman,
of Vancouver, with regard to the Shoo Fly and Nellie ¢. claims of iron ore situated near Cavdero
channel, in the Coast District of British Columbia, 120 miles north of Vancouver City. The
reports speak very favourably of the amount and nafure of the ore, but the analyses they quote
show only 50 per cent. of iron and as much as 2 per cent. of sulphur, which does not support
their statements with regard to the value of the ore. The complete analysis quoted is:—

Pexr Cent.
T errie OXIE vttt e ettt i et e e e H1.80
TEOPTOUS OXIAR + v vt e e it ittt e ca i s emr it raarnr et aa e 25.63
L 7 Y 19.50
BUIphUT v i B e e 2.10
TROSDIOLUS e e e v ee e v ee e e eeieeens e . Wil
MHEANIUII 4t ottt e nas et s e emmat st a e atne e e nn e e haas Nil. |
Water and OXFZEIL .. .ovnntit ittt 0.97
4
ST 1 Y L PPN 100,60

Three samples assayedl for sulphur showed: 1.75 per cent., 4.5 per cent., and 0_.71 per cent,
respectively. Might samples assayed for iron showed: 597 per cent., 97.5 per.cent., 54.6 per
cent., 58.8 per cent., 54 per cent., 59.3 per cent,, 51 per cent., and 53.2 per centl. respectively.
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APPENDIX III.

MAGNITIC CONCENTRATION OF IRON ORES

In smelting low-grade ores of iron, it is sometimes economical to dress ihe ore before
smelting it, in order to eliminate most of the barren roek-matter, and thus to reduce the cost
of the smeiting operalion. This prcliminary dressing is partienlarly dasivable in the electric
smelting of iron oves, on account of the small size of the furnace and the high cost of the
smelting operation. Magncetite ores of iron ave readily concentrated by means of an electric
magnet which picks out the magnetite mineral and leaves the rock. It is necessary, however,
to crush the ore suflicien{ly fine fo separate the grains of magnctite from the grains of roek,
and {he concentrate must thercfore be bnquetted or sintered into lumps, to make it fit for. the
smelting operation.

In the case of an ore containing 50 or 55 per cent. of iron, and costing 84 per ton delivered
to the furnace, it wounld searcely pay to concenirate, obtaining a product of 65 to 70 per cent. of
iron, beecause the extra cost of the gre (ns some is lost in the tailing) and the cost of the opera-
tion would about equal the cconomics to be gained in (he smelting. If, however, by mining the
ore in a more wholesale manner the cost of mining can be considerably reduced, and if the
dressing operation is carried on at the mine or loading-wharf, so that the freight is only charged
on the concentrated ore, there i a possibility of obfaining a smelting concentrate at a moderate
price. ’ . ‘
We may asgume, for example, that the ore can be mined to contain 40 per cent. of iron at
a cost of §1 per ton, where the H0-per-cent. ore cost $2 fo mine. Adding the fixed charge of
10 cents and the royally of 40 cenls (50 cents for a G0-per-cent. ore), the crude ore will cost
S$L.20 per ton. The erushing fo 80 mesh and magnetic concentration may cost 8¢ cents per ton,
making a fotal of $2.30. Supposc that 2 tons of ore yield 1 fon of a 70-per-vent. concentrate,
then the cost will he 84,60 per ton of concen{rate. To this we must add a charge of, say, $1
for sintering and £1 fer freight, making & total of $6.C0 per ton. This corresponds to $9.435 pey
ton of pig-ivon, which is $1.45 more than the cost using raw 50-per-cent. ore at §4 a ton, The
saving in the smelting process, due to the use of a richer ore, would be in fhe order of $3 a ton
of iron, thus making a zaving of about $1.53 per ton. ‘The items of cost mentlioned above have
been made lhigher than usual en aceount of the increascd cost of labour and supplies at the
present {ime,*

Messrs. Declunan and Linden in their report (Appendix XT.) claim a net saving of $3 a ton
of iron by dressing a 50-per-cent. ore up to 63 per cent, of iron. Hhey consider the G5-per-cent.
ore to cost: 1.3 tons of ore at $4=%$3.20. and ‘cost of crushing, dressing, and sintering, $1.25 per
ton of concenirate, or & total of §G.45 per ton, or $9.43 per ton of iron. In view of the loss of 11‘011
in ihe tailings, they would probably nced aboul 1.5 tons of orve, costing $G, while the Cl‘l]b]]]llé,
drossing, and sinlering will cost, at present rates, about $2, making a cost of $3 per ton of con-
contrale, or $12.30 per ton of iron. his is an increase of §4.30 over the cost of using the raw
ore, and the saving in ihe furnace operation will be $§2 or $3. Messrs, Beckman and Linden find
a gross saving of §4.79, but T believe this is an everestimate. Tn any case, cven allowing for some
crror in my own estimate, it appears that no material advantage would be gained by dressing
a 50-per-cent, ore Lo obtwin one of GH per cent.

In the Swedish practice a modevale propertion, perhaps 25 per cent. of concentrated ore,
¥slig,” is used nnbriquetied in admixture with Inmp ore, but finely erushed concentrates cannot
be used fo any great extent in the charvge.” If the preliminary reduetion process (Appendix XI11.)
is found to be practicable, tlre ore will have to De ernshed, and magnotic dressing will form an
essential part of the scheme., The metaliized powder can be melted witheut briquetting, becausc
it will be, Jargely, a simple melting operation and there will not be a great preduction of gas
in the ful'nace.

’lho foregoing fizures refer to a sho1t ton of iron instead of a long ton, but as the discussion is
comparative no serious orror has thus been introduced. .
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APPENDIX IV.

BLECIRIC POWER FOR SMELTING.

The possibility of the commercial operation of an electric-smelting plant for the production
of pig-iron from iron ore depends on an adeguate supply of eleciric power at a moederate rate.
For the electric smelting of iron ores a large amount of power is needed, the amount varying
somewhat with the richness of the ore, the grade of iron fo be produced, and the kind of furnace
employed. TUnder usual conditions the consumption of electrical power for each long toun:of
pig-iron lics between one-third and one-half of a horse-power year. For the production of
foundry iron from rather low-grade ores, and in a simple pit furnace, it will not be safe to
count on the produetion of more than 2 long tons of iron per annum for each eleetric horse-power
supplied to the works. Tor a production of 50 tons of pig-iron daily some 8,000 or 9,000 electric
horse-power will be needed, and if provision is made for the produection of ferro-alloys and the
making of steel inelectrie furpaces, some 10,000 to 15,000 horse-power must be provided.

It was recognized that such a supply could be obtained by develeping certain water-powers
on Vancouver island or on the mainland, but in view of -the neced of establishing the smelting
industry at the earliest possible date, and of the exireme difficulty and expense of new develop-
ment-work under present conditions, it was decided, if possible, to use power that was already
developed for the initial operation of the plant, and to defer until later the development of fresh
power for the permanent operation of the industry.

With this in view a letter was written from the Department of Mines fo the general mansger
of each of the power companies of British Columbia, as follows :—
’ June 4th, 1918,

Drar SirR,—Will you kindly furnish me at your very emliest convenienmce with the following
information :— . ’

Whether your company Iz in a pesition to supply electrical power, starting, say, at 15.000
electrical horse-power, in the hope of inereasing the power within a few years up to 50,000 electirical
horse-power. .

At what point could you supply it?

The cost for the same, showing how the eost is estimated.

The voltage and frequency of the electric current. .

The extent to which a constant supply can be depended on.

I desire to have this information in order to be preparcd with the statistics requisite for a
thorough investigation into the possibilities of establishing electric iron-furnaces in British Columbia,
which will be investigated by Dr. Alfred Stansfield, of Montreal, who is expected to arrive here on
the 10th inst. .

. Yours faithfully.
The following replies were reccived —-

Brrrrse ConvMpra Frectrig Rainway Co., Ltp.,
HASTINGS AND CARRALL STREETS,
Yancouver, B.C., June 10th, 1$18,
The Hon. W Sloan,
’ Minister of Mines, .
Porligment Buildings, Vietorie, B.C.
DEs® SIR? ’ ’
Power for Hieciric Furnaces.

With veference to your letter dated June 5th, enclosing questions regarding the power available
from my company’s plants for the operation of clectric-smelting furnaces, the following data may
asgist Dr. Alfred Stansfield in hig investigation of this subject:—

Qur hydro-cleetric plants are now developed to supply a greater demand for power than exists
at the present time, and a portion of this energy might be used for the operation of clectrie fyrnaces.
You give no information regarding the lead factor or power facter at which this energy could be
taken, and the amount of power whick we could supply neccssarily depends on these factors. It is
probable, however, that we could furnigh 15,000 electrical horse-power with the power-factor and
load-factor conditions wnder which electric furnaces generally operate, .

. As regards increasing the supply of power from 15,000 horse-power to 50,000 horse-power during
the next few years, our Coquitlam-Buntzer power scheme is now fnlly developed, and it would not
be possible to install additional machinery at either of our Take DBuntzen plants. We have, how-
ever, in view other water-power schemes on yhich stream-flow data is now being obtained and which
could be developed in the future as the need arises. It might alse be possible for us to purchase an
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increasing amount of enecrgy if the load conditions oxn our system warranted such action, My
company is therefore in a particularly favourable position to supply the ouergy which would be
required for & Iarge power-load, subject to great cxpansion,

Trom the point of view of power-supply, an electrie-furnace plant should be located, if possible,
in close proximity to the power-house supplying cnergy for its operation.

Qur water-power plants are located on the east shove of the Worth arm of Burrard inlet, about.
fourteen miles from the cily of Vaneouver. The North arm is almost cntirely surrounded by high
mountaing which slope steeply to the water’s edge, and theve is therefore comparatively little level
ground available on which buildings or other structurcs counld be evceted. There is, however, a small
piece of level ground, triangular in shape, and about 4 acre in extent, at the north end of our No. 1
Power-house, but whether this piece of ground would be sufficiently large I do not know. The
advantages of loeating the clectrie-furnace plant adjacent to our power-house may be summarized as
follows :—

(1) TPower could be supplied dn‘eetly from the power-house bus-bars at 2,800 volts, or possibly
at a slightly higher voltage. The use of transformers fo step up to a voltage suitable for trans-
mission wowld thus be avoided, and the construction of additienal fransmission-lines would be
unnecessary.” If power were taken at any point on our existing fransmission-lines, the voltage would
be approximately 34,600.

{2.) Two or more of our generating units could be set aside {o supply the furnaces, ‘and this
Joad could therefore be entively independent of our transmission system. In order to make a similar
arrangement for any other location of the furnace plant, the eonstruetion of a separate transmission-
line from the power-house to the furnaces would be nccessary. The operation of the furnace plant
indeprndently of the remainder of our systom would have obvious advantages, beth from the stand-
point of the comsumer and of the power company. :

{3.) A substantinl conerete wharf cquipped with a power-operated derrick is available at No, 1
Power-house. There is sufficient depth of water at this wharf to allow large scows and steamers of
fair size to tie up.

{(4.) An abundant supply of pure fresh water at a low temperature and at a pressurc of
approximately 175 Ib. per square inch is available a{ Power-house No. 1.

On account of the location of this plant, the air is clean and containg fewer impuritics t]mn
wonld be found in air nearer the city.

If the loeation at the nerth end of Power-house No. 1 does not provide sufficient area, -another
site mighi be found about half a mile nor:h of No. 1 Power-house.  The construction of a plant at
that point, however, would involve the building of a short picee of fransmission-line over very rough
counlry and the use of translormers, ete.

It is extremely difficult te reply by letter fully and satisfactorily to,vour questionnaire, but we
shall be glad to go into this matter with Dr, Btansfield on his arrival in British Columlia should
he desire to investigate the capacity of our plants,

Yours faithfully,
(Signed.) Georere Kind, )
General Banager.

WesTeRx Powszr CoMPANY OF CANADA, TIMITED,
A VANCOUVER, B.C.,, June 13th, 1918,
JTon, Wi, Sloan,

Minister of Mines, Vicloria, B.C).

DeEar 8im,—T have your communieation of June 5th, asking for information in respect to the
possibility of a considerable power-supply for electric iron-furnaces, and I must apologize for delay in
making angwer,

Western Power Company of Cunada, Limited, has now in operation in its plant at Stave Walls
three 13,000-horse-power units eapable of supplying 4 maximum demand of about 25,000 kilowatts.
Of this power the Dritish Columbia Jectric Railway Company may demand 15,000 kilowatts, and
the bakance iz neavly all taken up by the company’s other customers.

The company hag {he greater part of the machinery on hand for the installation of the fourth
13.000-horse-power unit, which can be installed when necessary af a compiratively small cost. The
turbine for this unit is, bowever, at the factery in Hurichk, Switzerland, where it was built, and
there is some question as to when it could be shipped. If this unit woere installed, Westorn Power
Company of Canada, Limited, would be in a position fe sell 7,000 .to 9,000 kilowatts more than at
present.

The company hag a sceond site lower down on the Stave river which, if developed in conjunction
avith the existing plant, could be built very cconomically, and from this site there could he produced
about 40,000 horsc- -power continuously.

There is nothing in the development of this lower site which would cause the comstruction to take
longer than usual for this class of work.

Power could be delivered from ecither of these planils at 'lnv point hetween Stave Talls and
Vanconver. The most ceonomical point of delivery, so far as power is concerned, would, however, be
at Ruskin, whick is clese to the power-gite, TIn some ways Ruskin would Be an advantageocus spot
for the establishment of an iron-smelter, buf if a point on or near DBurrard inlet were selected the
transmission-line wounld not be more than fwenty-five miles long.

TWith the above-mentioned developments a very relinble and comstant supply of power could be
depended upon, for the power plant has a storage-reservoir twenty-four squarc miles fn area and
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25 feet deep, hesides, the large snow-field and glaciers which feed the Stave river tend to give great
regularity in the annual flew, and no trouble of any kind is expcnenced in operating the plant in
winter on account of ice.

The electric current supplied by Western Power Company of Canadd, Limited, is of freguency
60 cyecles and can be supplied at 60,000 or 12,000 volts. The company has just connected up a 6-ton
electric furnace, which has been installed at the works of the Aetna Tron and Steel Company, at Port
Moody, and this furnace, which is now producing pig-iron from scrap, is operating very satlsfactorﬂy
on the 60-cycle current,

For the supply of eleciric power for smelting iron ores the question of the ““ cost of power™ is
more difficult than the question of “ quantity of supply.” All the plants in the neighbourhood of
Vancouver have been ‘designed and built for the supply of general power business, and it is a question
whether the electric-smelting furnace could pay a price for the power that would be remunerative to
the power companies.

For smelting steel the quantity of power required per ton of product is such that the stecl-makers
can pay rates which, though low, are remunerative to the power companies. The amount of power
required per ton of iron produced from the ore is, however, so¢ much greater than that requived for
merely melting iron or steel that the price of poweor for smelting would have to be very low, and it
is. difficult to see how a price that would have to be secured for smelting would be remmnerative to
the British Columbian Electric Railway Company or Western Power Company of Canada, Limited,

Western Power Company of Canada, Limited, is selling power to the British Columbia Electrie
Railway Company at a price which is cqual to three mills per kilowatt-hour, and while it would be
impossible for the company to sell more power at this low price, it might be possible to do something
in co-operation with the British Columbia Electric Railway Company.

It is difficult to preseni the whole situation in a letter, but the fnancial organization of Western
Power Company of Canads, Limited, is very simple, and its costs are shown very clearly upon its
books and monthly statements, so that it would he an easy matter to show Dr. Stansfield exactly
how the situation stands, I would very much like to have the opportunity of explaining our costs
and possibilities in an interview, either with yoursclf or with Dr. Stansfield, as my company is
interested in doing cverything possible to establish the industry of clectric smelting, and any informa-
tion which we have will be at your disposal.

I am, dear Sir,
Yours very truly,
WESTERX Power CoMPANY or CANADA, LIMITED,

(Signed.) R. I. Havywanp,
' energl Manager.

Cawapiany Corireriss (DuUNsMUIR), LiMiTeD,
Vicrorra, B.C, June 21st, 1918,
Hon, Wm. Sloan,
. Minister of Mines, Victoria, B C.

DEAR Sik~Replying to your letter of June Hth re information required re electric iron-smelting
inguiry :

‘ In reply to your gquestion No. 1 we have devcoloped on the Puntledge river about 10,000 horse-
power, composed of two units of 5000 horse-power each. One unif is about working to its capacity,
the second being kept in reserve. We would not be able to supply anything ]ike the power you
mention without adding furiher units. The plant is partly developed for another 10,000 horse-power,
which would be the toial capacity of thc plant owing to the volume of water that can be taken out
of Comox lake.

I would be glad some time at wvour convenience to discuss the power situation with you with

a view to any iron-development taking over the power plant as 4 whole and our installing individual
steam plants at each mine.
. . Yours truly,

(Bigned.) J. M. SAVACE,
General Manager.

TaE WesT KooTENAY Powsr AXD Lieur Co., Tap.,
- . Rossrann, B.C., June 12th, 1918
Hon., Wm. Sloan,
Minister of Mines, Victoria, B.C,

Dear Mgr. Stoan,—I beg to acknowledge receipt of yours of the Tth ¢ power-supply for elecirie
furaaces. .

At present our developed power is all eontracted for, and to supply 15,000 horse-power it wouald
be necegsary to extend ouy hydro-clectyic plant at Bonnington, and for your information would st’xte
that we would be able to supply up to 53,000 horge-power.

It will take some time to prepare an estimate as to the cost of devcloping the power required,
and before starting on this I would be very pleased to meet Dv. Alfred Stansfield in order to get
further information. In otBer words, if it so worked out that power could be used at the point of
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development, then we would be in a position to guote a Iowgir price than if we were called upon to
transmit at any distance, and it appears to me that if you could arrange a meeting it would plaee
me in a very much better position to cemply with yrour request.
Yours very truly,
West Kooreyay Powrs axD Ligut Co., Lrp.
(Signed.} L. G CAMPBELL,
General Manager.

Daring my visit to British Columbia T had interviews on this subjeet with Mr. George Kidd
and other offigials of the British Columbin Flectric Raflway Company; with Mr. R. F, Haywarg,
Genera! Manager of the Western Power Corapany; and with Mr. J. M, Savage, General Manager
of the Canadian Collieries, Limited. In view of the necessity of locating ile proposed plant on
or near tide-waler, it was not worth while to discuss the possibility of obtaining power from the
West Kootenay Dower Company.

“Phe information ohtained verbally from {he above-mentioned officials was subgtantially as
follows ;—

The Western Power Company have geme unused clectric power, but tais has been contracted
to the Pritish Columbia Flectric Railway Comapany. If this confrack eould be set aside, the
former company wight be able to supply a8 much as 15,000 horse-power, at a rate of, say, §15,
for a few years until it was necded for vetter-paying purposes. On the other hand, the British
Colunhia Bleetrie Itallway Company might be willing themselves to resell this block of power
for electric smelting., Altliough tlie development expenses of these companies have undoubtedly
been high, they could apparenily make a reasonable profit by the sale of power at 15, As,
however, their wsual sale price is not less than $2i, it would not pay them to tie up power at
&14 which they might be able In a year or two fo sell at §25. This argument would not hold
in normal times, becanse they could develop some of iheir reserve power €0 supply the growing
market; but at the present time it is very undesirable to have to wndertake any fresh develop-
ment, and the power eompanies naturally wish to sell theiv developed power to the Dest advanjage.

Tt may Le noted that $25 a horgc-power year probably refers to an 80-per-cent. load factor,
under which conditions the cost is substantinlly 05 cent per kilowatt-Tour. TUnder regular
working condilions an electric-smelting plant should use albout 90 per cenf. of ifs maximum
load, and %25 power would then cost about 0.43 cent per kilowatt-hour, or, conversely, 0.5-cent
power would represent nearly $30 a horse-power year.

The Frifish Colunbia Blectrie Railway Company have some nuuszd power on Vancouver
jsland, but the ameant is less than they have on the mainland, and the supply on the island is
less dependable owing fo the danger of dry sensons. .

The Canadian Collieries, Limited, have a water-power on the Puntledge rviver of which
10,000 horse-power has alveady been developed. and a further 10,000 horse-pewer is available
for development. Of the 10.000 borse-power now developed, some 5,000 horse-power is emnloved
at the mines, leaving ouly 7,600 horse-power unused, The management are considering the use
of steam-power af the mines In place of electrieal power on acconnt of itz greater reliability
and its small cost, using coal from the mine. It is therefore possible at; if they could obtain
a market for the 10,000 horse-power now developed, they might decide to make the above changeo.
1 have at present no informsation with regard to the price at which they would be willing to
sell this power. Such an arrangement would afford an immediate supply of 10,000 borse-power,
and an additional 10,000 horse-power when development-work again beeomes possible.

As it appeared that the surplus developed power of the Western I'ower Company was con-
trolied By the Rritish Columbia Rlectric Railway Company, I digeussed. the sltuation fully with
Mr. George Kidd, of the latter company, and wrote him the following letter :—

Vawcouver, 1.0, Junc 18th, 1918

Drak Mz, Kion,—I have been appeinted, as you ave aware, by the Provincial Government to
obtuin information in regard to the commercial possibility of smelting the magnetite ores of British
Columbia by moeans of cleetrieal power, and for this purpose I should be greatly obliged if you could
Turpish me with information with regard to the amount and cost of ¢lectrienl power which it would
be possible for your company fo place at the disposal of any firm underiaking such operations.

Tn the smelting of iron ore by clectrical energy, the amount of power nceded per ton of pig-iron
g somewhat high, being in the order of 04 cloctrical-lorse-power vear. and it is therefore necessary,
in order to produce pig-iron commercially, that the cost of this power ghall be as low as possible, and
shall be eonsiderably below the prices st whieh swch power ig gold for mechanical usc,
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Speaking from memory, the cost of power in Sweder, which is the only loeality in whick the
electric smelting of iron ores has hecome a commercial fact, is below $10 per elecirical-horse-power
year, but it seems reasonable to suppose that in this Province, in view of the higher price of pig-
iron and supplies generally, a somewhat higher fizure would not be out of the question, say as high’
as $15 per horse-power year., I understand that xou could not offer a figure so low as that under
ordinary commercial conditions, but only by some special arrangement, as surplus power whigh you
would not gnarantee to supply for any definite length of time.

My impression with regard to the development of such a project would be that a furdace usmg
perkaps 2,000 kw., would ﬁrst be installed, and that after the experimental stage larger furnaces
would be put in so as to use 5,000 or 6,000 korse-power, with the cxpectation of increasing the con-
samption to about 10,000 horse-power, or possibly as much as 15,000 horse-power. At the latter
figzure the production of pig-iron would be about 100 tons per day, which is, I believe, as much as
would be nceded in the near future in this loeality.

Tor the commercial smelting of jron orey electrically it will undoubtedly be deswable to locate
the plant ultimately at some point remote from 2 large eity, where the power could be developed
specially for this purpose at the cheapest rate and without any cost for {ransmission. In view,
however, of the faet that the electrie smelting of ironm ore hus not reached its final condition in
regard to details of furnace-construction, and possibly even in more fundamental respects, it seems
undesirable in the start {¢ undertake a new development of power for this purpose, and the more
satisfactory method appears to be to obtain power from your own or cther develeped system for a
period of, say, four or five years, with the iptention of obtfaining a fresh source of power and
rebuilding the plant af the end of that period.

With respect to the details of the supply, I may say that the Joad factor for electric iron-
smelting purposes has been very satisfactory, and would probably be as high as 90 per cent. after the

. initial difficultics of a new plant had been overcome. I have no definife information with respect to
the possibility of modifying the demand so as to avoid the peak-load of a distributing system, but in
my opinion thiz would be possible, so thad, for cxample, if the furnaces were using 10,000 horse-power
{he draught could be reduced to perhaps two-thirds of this amount during three or four hours of the
day during the peak-load. It would be possible, further, {0 run a larger number of furnaces during
the winter months, when your water-supply was ample, than in t‘ne summer months, when there
might be a shortage of water, but this would, of course, reduce the cutput from a given cost of

- clectrical installation. ,

The power factor of these furnaées has been fornd to be very high in Sweden, where the
supply is one of 25 eycles, but in California, using a 60-cycle supply, the power factor of the furnace
kas been found to vary from ncarly unity when the furnace is empty to as Iow as 65 per cent. when
the farnace is ready for tapping. X sbould think, héwever, that if special attention were paid to this
side of the design of furnace, it could be made to kecp the power factor above 80 per cent, at ail
times.

With respeet to the voltage of the ':upply, 1 md} point oui that in these furnaces the regula-
tion is effected by s series of taps on the primary of the service transformers, there being usually
three such transformers for cach furnace which are independently vegulufed, On aceount of thig the
transformers are of speeial desien, and the primary voltage would nef be more than about 10,000,
and preferably in the order of 2,000,

With regard to the location of an electric-smelting plant, I cannot speak at all definitely, but
as a basis for discussion it would he sa,tlsfactmy for you to take the site at Fort Moody, adjacent
to the present electrie-furnace plant,

Further, with regard to the date at which the wse of power might be expected to commence, it
will require a month or two for the completion of this report and for the Government to study it,
after which, if action were decided on immediately, T understand that in view of the difficulty of
obtaining clectrical supplies it would be necessary to allow as long as twclve months for the com-
struction of the plant, whick would thus place tho possible start of operations in the fall of 1919,

I believe that the abeve will give you the more essential facts with regard to the possible use of-
electric power.for smelting iron ores, T expect in the course of a weck or ten days to be back in
Varcouver, and will then be able to give you further information in view of the conditions which I
expect to find in California. 1 should be very glad if in the meanfime wou eould draw up some
memorandum which would give me information in régard to the price and amount of power which
might be available for this pufpose and any available particulars with regard to the eonditions of
the supply.

1 remain,
Yours very truly, N
{Bigned.) ALFRED STANSFIELD.

In view of the fundamental importance of the information asked for, T was hoping to reegive
a reply beforc leaving British Columbia, On retwruing from California early in July, I found
that no reply had been prepared, and that the street-railway strike would make it impossible
for the company to supply the information in the near future. I was therefore obliged to prepare
my report without any definite information in regard to the price at which power could be
obfained. Under the eircumstances, I made the provisional assumpflon that some 10,000 kw,
of -electrical power could be obtained at a cost of $15 per electrical-horse-power year of about
85 or 90 per cent. load factor.
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On September 19th, when my veport was nearly completed, T received the following letter
from Mr., George Kidd i(—
Brrerrsa Cornuvypra IirpeTric Rammway Co., Lap,
yvaxcouvey, B.C., Scptember 12th, 1918,
Dr. Alfred Stensfield,
Department of MWetallurgy,
Mol University, Montreal,

Drar Simm
Blectric Smelting of Iron Ores. .

With referenee to your recent visit to this Provinee and in regard to the information then
promised you respecting the supply of clectrie power available in the districis served by this company
on the mainland and Vancouver island for the purpose of smelting iron ores, I regret that there has
been unavoidable delay in submitting this data at an carlicr date.

Mainland {Vencowver and Districts).—Sinee our representatives digcussed with you the power
situation there has been a very considerable change in local eonditions, caused by contracts having
been cntered into disposing of our excess electrical epergy on o surplus-power basis. Any contracts
entered into would not, therefore, have to be made on a commercial-rate basis,

We would be willing to enter into short-term contracts fo furnish power from 2,600 to 10,000
kw. for restricted service during this company’s peak-load periods from its water-power plants at a
rate of 0.5 cent per kilowatt-hour, based on 2 power factor of 80 per cent, Should the average
monthly power factor £all below 80 per cent., then this rate of 0.5 cent por kilowatt-hour would be
increased in the ratio of 80 to the actual average monthly power factor at which the furnace is
operated. The minimum charge would be 30 cents per moenth per connceled horse- -powe, based on
the full capaecity of the furnace installation.

There are two sites on the east shore of Burrard inlet which may prove suitable for an electric
iron-ore-smelting plant,  One of these is at a distance oft half a mile north of No. 1 Power-house;
the other iz about five miles south of No. 1 Power-heuse, in the vieinity of Bidwell bay. There is no
duta available regarding the areas™of vacant land at these places, and it is impossible to say whether
sufficient level ground eould le obtained.

IMhe site half 2 mile north of No. 1 Power-house would He most suitable from the power- -supply
standpoeint, and would involve the consgtruction of only half a mile of transmission-lHue,

"the Port Moody loeation, referred to by you, would be satisfactory from a rail-transportation
point of view, and by the time an cleetric-smelting plant would be ready for operation we would
probably arrange to supply the necessary power at that point.

Vanconver Isl(t'ml (Victoria and DHsirict) —On Vancouver island we have at present an cxeess
of power of about 2,000 kw. whick we are prepared to dispose of on a surplus-power basis at $15
per clectrieal-hovse-power vear, in bloeks of nof less thun 500 kw. and the power faetor to be not
less than 80 per cent. "Uhis figure is net a commercial rate, but an experimental rate, and could
only be granted for a short-term contract, and, of course, subject to peak-load restrictions and depend-
ing upon the amount of storage-water which we may have available in our regerveirs during the dry
season.

This amount of power could not be reserved, and would only be available after the filling of all
requirements for eleetrical energy for the company’s use and those of its present and future
custemers,

In respect to available sites on the island, therce are several which may be found suitable. One
at Jordan river, near our power plant; anoiher at Brentwoed, on the Saanich peninsula, adjacent
to our steam auxiliary power plant. Other sites might be found al Sooke harbour or near Esquimalt.

Covering both the maivland and island systems, 3-phase, 060-cyele, altevnating current would be
supplisd at or near our existing transmission-lines, which are of sufficient eapacity to supply the
furnace plant; the transmission-line voltaze would be 34,600 or 11,000, depending upon the localion
oft the mainiand, and 60,000 volts on the igland.

I trust the above will generally cover the infermation desired, and should there be any further
particulars needed we shall be very glad te supply same upon hearing from you in this matter.

Yours fuithfully,
{Signed,) Grores Kipp,
General Manager.

Before leaving British Columbia I wrote the following leftor, at present unanswered, with
. a view to obtaining further information aboui the supply of power from the Canadian Collicries,
Limited :—

Yiceoris, B.C,, July Oth, 1918,
Honourable Williun Sloan,

Ainister of Mines, Victorie, B.C.

Sm,—Tn the letter to yoursell of June 21st from the Canadian Collieries with regard fo power
for cleciric smelting, Mr, Savage stafes that he might be willing o install stcam plants at cach of
his mines and to turn over the whole of {he hydro-electrie power for the purpose of iron-smeliing.
This would apparently supply 10,000 horse-power already developed, with a .mther 10,000 horse-power
now partly developed.
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Y should be giad to Iearn, for the purpose of my report, at about what price per horse-power year-
of 80 per cent. load factor he would be able to supply these blocks of 10,000 or 20,000 horse-power for
the purpose of electric iron-smelting at a point on tide-water im Comox harbour or DBaynes sound.

I regret that owing to Mr. Savage’s absence from the city I have not been able to discuss these
matters with him personally. .
I have the honour to be,

Sir,
Your obedient servant,
(Signed.) ALTFRED STANSFIELD.

With a view to the future development of the eleetric-smelting industry, I obtained informa-
tion with regard to-water-powers in British Columbia that ecould be developed for the purpose of
electric smelfing. In general, if appeared that therée was ample power available, and that some
of these powers could be developed so cheaply as to yield electric power for smelting purposes
at about $10 per continuous horse-power year. Mr. H. K. Dutcher, of Vancouver;, considere
that the following powers could be developed at aboul that eost :— ’

’ o Horse-poswer.

Campbell Tiver ......c..ovvvinen. e e e 160,000
Cheakamus river, TToWe SOUNA <. urrr it i iier e e 200,000
Stamp falls, ATBernl ...t i e e e, 40,000

Mr. William Young, Comptroller of Water Rights, Vietoria, gave me the following particulars
with regard to the Campbell River and Stamp Falls power-sites :— :

MeMorAXDUM RE CAMPRELL RIVER POWER-SITH.

The drainage area is approximately 520 square miles; no definite precipitation data are avail-
able, but the British Columbia Hydrometric Survey report a variation from 80 inches at the mouth
to 130 inches at headwaters. )

Gore & McGregor's second report proposes the erection of a dam at Irenme pool, mean water-lovel
at this place being 415 feet; the power-house to be situated on the canyon, with an assumed flood-
level of 98 feet. "The propesed elevation of the dam is 440 feet, giving 2 head of 342 feet.

A constant discharge of 2,700 c.fg. is assumed, caleulated to develop 73,000 to 80,000 horse-
power, with another G,000 horse-power by storage. This discharge is, however, too high, as the mean
over six years is 2650 cfs, with a minimum of 450 c.i.s., and one low-water period of nine weeks
below 1.000 cf.e.  On the Strathcona survey map, tracing of part of which is attached, the level of
Lower Campbell lake and McIvor lake is given as 543 feet. ' )

Stemp Falls Development—Summary of Repord by Ritchie-Agnew Power Co., Tid.

Draiage PR o uv i iie et ottt tant e ittt s 360 sq. miles.

‘Results of seven months' gaugings, continwous flow available ..2,394 cu.-sce. feet.

Hstimated run-off per square mile of drainage area .......... {3 cuesee, feet, .

Estimated storage per square mile of drainage area from short ,
mass AIASTAN ... .. e e e e 716 acre-feet.

Estimated meun annual run-ofl ... o i e e e 2,160 cu,-sec, feet.

Storage available on Great Central lake, dam 20 feet high ..... 307.200 acre-feet, or

853 acre-feets per
si. mile of drain-

age area,
Pipe-lines, three 11 feet diameter and one ¥ feet & inches
diameter ............ e e s e, 600 feet long.
Intake dam, crest length ............ .. [, 605 feet, .
Maximum height .. ... ., e 90 feet.
Mean effective Bead L ..o iiar e it i + 130 feet.
Power available based on 60 per cent, load factor, 80 per cent. '
efficiency factor .............c.. ... PN 35,000 horse-power.
Proposed installation, three units . ... oot ir et ivaasen 10,000 horse-power;
5.600 kw.
Proposed installation, one unit . ... .. ... oo i, 5,000 horse-pdwer;
. ’ ) 3.000 kw,
Transmissien-lines to Alberni, seven miles ... oviivnns L 12,000 volts.
Transmission-lines to Naunaime, sixty miles .. ... v, (6,000 volts.

The Stamp Fall§ power is estimated at 85,000 horse-power on 4 hasis of 60 per cent. load
factor. . As, however, an elecirie-smelting plant would operate at 85 per cent. or even 90 per cent.
load factor, this will only correspond to abont 24,000 horse-power or 18,000 kw, . Such a power
could be developed and utilized entively for electrie smelting, The plant could be located at or
near Port Alberni, with a seven-mile fransmission-line, and could obtain iron ores from the
deposits around Barkley sound, from Noctka sound, and from the Renfrew district. An alterna-
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tive plan would be to transmit the power about fourfeen miles to IDecp bay, on the east coast
of the island, where ores could be obtained readily fromm Fexada island and Redonda island.

The Campbell River eslimate indicates about 84,000 continuous horsc-power, or 100,000 horse-
power, at-81 per cent. load facter. his would be more than could be utilized for electric
snlelting in the near future, and it would be necessary to Gevelop it for nge in part by some ather
large consumer of ¢leetric power, An electric smelter placed on tide-water within a short distance
of the proposed power-house would be supplied with ove very readily from Redonda island, and
algo from the deposits No. 4 and No. 5 in the Quinsam Take district,

The water-power available on the Cheakamus river is ecstimated at 200,000 horse-power,
which is twice as large as the Campbell Tiver power, and would necd development in conjunction
with other power-ugers. It is not sifuated so conveniently with regard to the ore-supplies as the
powers on Vanconver island, and it may ultimately be needed for the development of Vancouver
City. '

TWilh vegard to the general cstimale that these water-powers would yield cleefric power for
smclting at akout $10 a continuous horse-power year, it will be understood that such development
would be out of the question at the present tie in view of the high cost of labour and supplics
and the diffieaity of obfaining apparaius. In view of the present unsettled state of labour, it.
is useless to try to predict how long it may e Before these costs become low enough to permit
of econoinic construction, or whether costs will ever again revert to pre-war levels., It scems
probable, howover, that within a few years afier the termination of the war, wages and costs in
seneral will arrive at some more setticd condition: and even if these are twice as high as before
the war, that will not prevent construction-worlk, as the price of commodities generaliy Will also”
be much higher than before the war and will tend {fo assume a definite refationship to the
enhanced eost of lubour and supplies.

The bearing of this consideration on the eleetric smelting of ivon ores in British Colmmbia

- may be stated as follows: DBefore the war with electric power at $10, and other costs as they
weore then, the eost of a fon of elecfric pig-iron, using the Swedish process, would be belweeil
820 and $25, leaving only & small profit, as pig-iron was selling at §245, unless a higher price could
bave licen obtained for clectric pig-iron. If, affer the war, prices were to settle down at double
the pre-war figures, electric power would cost $20 and pig-iron would bring $50, while labour
woeuld be about as high as at present. ‘I'he eost of making eleefrie pig-iron might he about $45,
leaving the same proportionate profii as before the war. The reason which makes eleetric
pig-iron making proﬁlqhie at the present time is the temporary dislocation of prices during which
the cost of pig-iron and steel has risen more rapidly than the eost of power, labour, and other
supplies.

Tn regard to the cost of power for eleetric smelting, i may be poinfed out that in developing
a power for this purpose the turbines and electrical machinery will eost less per kilowatt-hour
utilized than in the case of 4 power plani for ordinary power-users. ‘This is because {he load
from a smelting plant can be kept alrmost constant for {wenfy-four hoars daily and 365 days in
the yvear, whereas an ordinary plant has to supply a very varying load, and so the machinery
is not used to the best advantage. It follows that electrieal power for smeliing purposes can
be developed to cost eonsiderably less per kilowalt-hour than when developed for ordinary. use.

APTENDIX V. :

" ITE SUPPLY OF. GARBONACEOUS REDUCING MATERIALS,

In the eleeirie smelting of iron ores, ca.i'bonaceous material is needed for reducing the ore .
to the metallie state and for supplyiug;cm‘h(m to the pig-ivon. The amomt needed varies from
about 1 to 14 ton per ton of pig-iren produé:ed. Tror this purpose either charcoal or coke may
be used, but charcoal is prufemb]e’ on account of its greater purity—ihat is, freedom from
sulphur and ash-—and Deeause ibs physical conditicn renders it more suitable for electric-fuinace
operation. T'or the production of speeial grades of pig-ivon churecul would always be preferred,
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but for ordinary grades a good quality of coke, if obtainable at a low price, might be employed
on aceount of its smailer cost. In British Ceolumbia, however, nearly all the coals are abnormally
high in sulpbur and ashk, and the cost of coke produced from them is go high that there is no
inducement to use it instead of charcoal in a country where timber is so abundant. While,
however, charceal should be regavded as the normal supply of reducing carbon, coke can be
used to some extent in admixture with charcoal as a substitute without seriously affecting the
operafion of the furnace, and it can be used in this way in case of shortage of charcoal. )

JThere is at present no large-scale production of charcoal in Britisk Columbia, and the small
guantities now obtainable cost in the order of $30 a ton, a price which would be prohibitive for
iron-smelting. The production of 20 or 30 -tons of charcoal dally constitutes an important
industry, utilizing 50 to 70 cords of mill-waste and yiclding by-products that will meet a
part of the cost of operation. The problems involved arc many aud complicated, and before
discussing them in dotail it may be stated: (1) That the mill-waste of Douglas fir should be
guitable for the production of charcoal for electric smelting; (2) that while the lumber-mills
in and near Vancouver utilize their waste very largely, there are mills situated at more remote
points from which an adequatce supply of waste could be cbtnined at a nominal cost; (3) that
the by-products from thiz mafenrin) are not so valuable as fo make it desirable fo ireat the
wood in retorls for the recovery of turpentine, ete., regarding the charcoal as a by-product, but

.that it should be possibic to char the wood on a large scale for the production of charecoal and

still to veedver a par{ of the by-products; such a plant would be located at or near one or wmore
sawmills, and the charcoal would be transported Ly water to' the smelting plant; (4) if a

‘charcoal industry were established in suitable relationship to the Iwmber industry, charcoal

should be produced and delivered to the smelter at a cost of ahout $6 or §8 per ton, corresponding
to $3 or $4 per long fon of pig-iron.

An electric iron-smelting industry in British Coloinbia will almost certainly use charcoal,
wholly or in large part, for, the reduction of the iron ore. The estzblishment on an economical
basis of a charcoai-making 1ndust1x will therefore be essentizl to the commercial production of’
electrie pig-iron,

Merops o CITARCOAL-MAKING,

Charcoeal is used in some parts of the world for the production of “ charcoal-iron ™ in small
blast-furnaces. In general, hard woods are preferred for making this charvcoal, because the
resulting chavcond is stronger and better shle to stand the load in the furnace without crushing,
and because hard woods yield more valuable by-products in their distilldtion, which meet to a
considerable extent the cost of the operation.

For the electrie smelting of iron ores the stmncrth of the charcoal is Ie‘;s important, because
the height of the ghaftl is less, cven in the Swedish furnace, and beecauge, unlike the blast-furnace,
ne blast of air need be forced through the charge, although in the Swedish furnace therc is a
cireulation of the furnauce gascs.

In Sweden the charecoal for ciectric smelting ("lb well ag for blast- fmnaces) ig made from
soft woeod, and the charcoal-making is carried on af numerous peinis throughout the country,
using in part the waste wood from the lymbering industries.

I. Arcsenius (International Institute of Agriculture, Rome, January, 19i8) gives some
particulars of the Swedish chaveoal industry, Ile states that the raw materials used in Swedish
sawmills are soft woods, mainly Scoteh pine and sprucé. He estimates as follows the produection
and uses of charcoal in Sweden duving 1913 :—

i Bushels.
Forest wood charred in ovens ................. P $,000,000
Weod-waste eharred In DICS it ii it i e e e e 29,000,000
Waod-waste Charred I OvonS vuu e rene e e e 1,300,000
IPorest wood charred in piles (aboul) ... . oo, 75,500,000
Charcoal imported from Finland and Novrway .............ovvn. .. 3,300,000
Charcoal used in metallurgical works ........coviiiirininnvennn, 117,300,000

For rough purposes we may assume a bushel of charcoal to weigh 20 1b., so that the con-
sumption in Bweden must be over 1,000,000 tons, If this were all used in electric smelting it
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would represent a produelion of at least 2,000,000 tons of pig-iron. Actually, however, a large
proportion is still employed in charcoul blast-furnaces and in the production of wrought iron,
for which purposes the consumption of c¢harcoal per ton of iron is much larger.

I have not been able, in the time available, to obtain full particulars of Swedish chareoal-
making, but I would recommend that such information should Lic obtained before deciding on
the metbods to be used in British Columbia. ‘ -

In the Coast distriets of British Columbia the largest production of any variety of timber
is the Douglas fir. In 1917 some 676,000,000 board-feet of this wood was cut in these districts:
The Douglas fir appears to be suitable for the production of charceal, and I have, for my own
information, made a small amount of satisfactory charcoal from a samnle of this wood.,

Apart from the use of “ piles,” which we need scarvcely consider, charcoal is made in “ kilns,”
In'“retorts,” anrd in ¥ ovens.”

Kilns~—These are large brick structures bolding as much as 5 eords of wood. The heat
needed is furnished by the cowbustion, within the kilnm, of part of the volatile products and a
little of the ehareoal itgelf., A part of the by-produets can be rccovered. the loss of chareoal is
not very great, and this is probably the cheapest method of making charcoal in cases where the
hy-products are of sceondary importance. B

Retorts—Thesc are smnall, expensive to operate, and only warranted when large amounts
of valuzable by-products are obtainable.

Ovens.—These are large rvetorts. The wood to be ¢barred is contained in cars which are
run inte the ovens, and after the operation the ears, which now eontain the charcoal, are run
out and placed in large steel boxes where they can cool out of eonlaet with the air. The ovens
are heated externally by means of waste wood and the distillation gases. Ovens give a maximum
production of the- volatile by-products and the charecoal, and are largely used for charring hard
woaod.

In the charring of hard swpods, such as beech, biveh, and maple, eonsiderable amounts of
valuable by-products are chiained, These are wood-alcoliol, acetate of lime, and tar. At the
present time the value of these products is greater than that of the chareeal, and it pays to treat
such woods in ovens in order to obtain thie by-products. ‘Fhe soft woods have different distilla-
tion.produets, and it does not always pay to char them in ovens. Some of these, such as the
long-leaf pine, yield considerable amounts of turpentine, pine-oily, and tar, while the produaction
of alcobol and acetie deid is wsually too small {o pay for their tecovery. The following ig an
average yield from 1 cord of pine-wood (United States Dépariment of Agriculture, Forest Service

Cirenlar 114, 1907) :— !
Refined (arpentine . . . i i et ittt it e 7-12 gallons,
Total oils, including tar ...... ... caiul. e o a0-TH "
B T 40-60 "
L S T 23-35 bushcls.
The turpentine ig of inferior quality and the operation has often been unsuccessful
commereially.

In British Columbia the Trouglas fir is the wood that would probably be used for charcoal-
anaking.  Pests have been made on the production of turpentine and pine-oils from this timber,
and by the usge of ‘selected resinous material considerable quantities of these products have been
obtained, both by the ordinary charring process and by steam distillation—the latter being prefer-
able for the produetion of turpontine and oils. "he latter proecess has appearcd particularly
attractive because the oils have been found fo be sullable for usge in the flofation procoss.
Careful investigation has shown, hgwever, fhat the yield of these hy-products from the average
run of Douglas fir is so mueh less thaniis obtained from the southern pines that the process
holds out little hope of commereial success.  In view of this it would scem best to char the wood
in the cheapest possible manner for the production of charcoal, and either to ignore the by-
products altogether, or to save only such as could be obtained at slight additional expense,

Licference may be made to o paper on the “Destruefive Distillation of Tir Waste,” by
George M. ITunt, of the I'orest Pl'(:)dhets Taboratory of the United States Department of Agricul-
ture, Madixon, Wisconsin, The pai}e‘r denls specially with the yiclds of valuable products obtained
by the dislillation of Douglas fir. The following is the result of a scries of experiments on the
destruetive distillation of mill-waste :—
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Table I—Average Yiclds of Valualle Products per Cord of 3,800 Lb. of Douglas Fir Mill-wwste.

\ "‘ :
‘ 8¢ per |
v 80 per .
- Turpen- Oth Cent. | o Separat
. District. e it Alc(!?)Iilt(.]l. Acf,?%: o? : St Tar. | CRtor ‘ Charcoal.
. ] | - | |
|, @Gals. -] QGals Gals. Lh. ' Gals ! Gals. Lb.
Bkagit County ..... 0.8 44 3.9 ‘ 71, 107 . 163 1,072
Lake Washington .. 0.8 3.3, 37 1 8T | 124 . 152 1,025
Grays Harbour .... i 0.7 3.3 44 774 1 109 0 269 1 1,175
Hood's Canal ...... | 05 29 | 53 | 945 . 122 164 \ 1,136
Average for State, 0.7 8.5 43 ' 81 | 15 187 | 1102

The yield of turpentine and other oils is far less than is obtained from the southern pines,
and the combined valuc of the by-products is too small to warrant the use of {he expensive refort
or oven process for their recdvery. Mr. Hunt states i —

“In the destructive distillation of Douglas fir the value of the charcoal obtained will be
more than the value of all the other products combined. Good charcoal, however, can be
produced by burning in kilns and aliowing the by-products to go to waste. The simplicity of
2 charcoal-kiln and the large units which may be employed malke ity fivst cost and subsequent
operation much cheaper than the operation of a complete distilling and refining plant, and,-
unless the value of the extra products obtained at a complete plant is greater than {he additional
cost of operation, there is no advantage whatever in saving them. 7The yields obtained in these
experiments do not show that there is any advantage.”

IIe draws the following conclusions :(— -

“¢1.) The steam and cxtraction proeess is not applicable to. Douglas fir on account of the
very low ¥ield of turpentine and resin and the inferior quality of the latter.

“(2.) The utilization of Douglag fir stumps by destructive distillation is at present imprac-
ticable on secount of of low yiclds and high cost of bandling the raw material. The yields are
praciieally the ssme as from mill-waste, which can be more readily obiained and more cheaply
handled. - -

“{3.) The utilization of Douglas fr mill-waste by distillation hag not in the past proved
successful, and under present market conditions, and with the methods of distilling and refining
now in use, it is of doubtful feasibility :—

“(a.) Because the yields are, on the whole, cons1delab13 lower than those of the
southern pine and Norway pine, which are hard to distil at a profit:
_“(b.) Because the products have not been standmdl/ed aud successfully refined, and
v are hard to sell:
© “(z) Because there is only a limited market on the whole Pacific coast for wood-
distMation proguets.”

"It will be seen from Tabie I, that a cord of mlll-waste, weighing 8,800 1b. yields about
1,100 1b. of charcoal when treated in a retort. The yield in a kiln would be slightly less than
this, but it seems safe to assume that 214 cords of such waste would suffice for the production

of a net ton of charcoal.

The regular charceal-kiln is a circular buch structure holding about 50 cords of wood., It
is charged and discharged by hand, and the volatilé by-products are partly saved by being drawn
through condensers; the permanent gases being returned and- burnt in the kiln. If a battery
ofthese kilns were established at a large lumber-mill so that the waste wood ecould be delivered
mechanieally to the kilng, the prodaction of a ton of charcoal might cost:—

521/, cords 0F T wWaste At $1 L vt i e bt s $2 50

Labour and other expenses of operéltlon after deducting the value of thé
g 03 916 Rt - 2 50
Carriage of charcoal £0 Smeltel .. v .ovvrivin ot eian e, .. 100
Total ...... U $6 00

For the elecirie-smelting plant about 40 tons of charcoal would be needed daily. Each kiln
would yield 20 tons, but as the process is slow, requiring about fifteen days, some thirty kilns
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would be needed. The consumption of mill-waste would be about 160 cords daily. The jumber-
millg in Vaneouver are able to dispose of their waste as firewood in the city, but it seems reason-
ably probable that an adeguate supply could be obiained at a nominal price by locating at one or
two mills away from the city. In regard to mill-waste, it should be remembered that a large
part of this iz “siab-wood,” and this consists largely of bark, which yields an inferior charcoal.
I made some charcoal from Pouglas fiv bark and found tha{ the charcoal, although light and
weak, was eoherent, and could probably be used for eleciric smmelting in {he open-pit type of
furnace in admixture with wood ehareoal. The wood eharcoal is extremcly pure, containing
searcely any ash, but {he bark chavcoal from my experiment contained as much as 3 per cent.
of ash. This probably indicates an appreciable amount of phospho;us which would be undesir-
able when smelling for Iow-phosphorus pig-iron.

For the cconomical charring of mill-waste it scems likely that a kiln could be devised that
would allow of mechanieal charging and discharging, and thus reduec the charge for labour,
which must e the largest itemn in the cost of charceal-making. I have given sowme attention
to the design of such a kiln, but realize that numerous problems are involved, and that much
experimental work would be needed betore a full-sized kiln could be construected. The recovery
of Ly-products can be effecied very economically by the use of the Cottrell cleetrical-precipitation
process. Dr, J. G. Davidson has made a specizl study of this, and expects to continuc hig
experiments at the plant of the Electrical Turpentine Syndicate in Vancouver.

One recent process for the production of charcoal is that of W. Thomas, which depends on
fmcmrr heated distillation gasos through the charge of wood. ¥ met Mr. Thomas and: visited
his plant in Nanaimo, but he had not at thaf time any information ¢n which I conld base a
conclusion in regard fo the cost at whieh ke could make chavcoal, Messrs. MclPherson and
Tuailerton Bros. have, however, carried out a preliminary test with ihis process, and have sent
me figaves Trom which I conclude that if mifl-waste could be mpphecl at §1 a cord, charcoal
could be made at a cost of about G per net ton.

In regard to the possibility of estublishing an eleefric-smelting plant in some more remote
location, such as the Campbell tiver, und in view of the difficulty and expense of carrying so
bulky and fragile a maferial as charcoal, it might be necessary lo cut timber specially for
chareoal-making near the plant, Such timber felied, carried 1o the chareoal plani, and cut into
pieces of suifable size would be likely fo cost at least $3 a cord, and allowing 2% cords per ton
of charcoal, the wood alone would cost §7.50. Vuking the net cost of charring as $2.50, after
allowing for the value of the by-products, the final eost of a net ton of zharcoal would be $10.

Crrancoar, Consumrrion rer ToN oF I’IG-IRON,

¥or the prodnetion of pig-tron in the cleetric furnace, T estimate on a eonsumption of 0.4 net
ton in the Swedish furnace, or. 0.5 net ton in the open- -pit farnace, per gross ton of pig-iron. In
view of the statement, frequently made, that only %4 1on of charcoal is necded, I may explain
why 1he higher estimate should he aceepted. '

Tt is recognized that in the open cleéirie furnace reduction of iron oxide is effected substan-
tially by means of earbon, with the liberation of earbon moneoxide, whica burns above the charge
and is wasied, Theoretically, 1 ton of foundry )Si',, {ron will need 0259 ton of carbon for its
reduction from magnetite and” about 0.055 ton for ity (!ﬂlbllll/‘]tion, assuming it to contain
3.5 per cenl, of carbon, Tf w i1l alho need .02 tmm of caxbon for the reduction of 8 per cent.
of silicon. The combined cathon wqmrement W 111 thub be 0.33 ton per ton of pig-iren. On
account of {he well-known purity. of wood chmcoal it dsg often assumed that it contains at least
00 per eent. of carbon, and that some D38 -tom of ch coal will be suflicient per ton of pig-iron.
Actually, however, charcoul con ains from 0 to Ti De ent. of fixed carbon; the average over a
fong period in Sweden being 73 Jier cent. ; tho ha]‘lncq ng volatilo matter and moisture, and accor-
dingly some (.44 to 0.47 ton ofjcharcoal must be 1)10 de(‘l In view of the custom of weighing
iron by fhe iong ton and ch'ueoql by ihe short ton, § ppeus that Y, net ton of charcoal will
e requived, There is, indeed, a gmall ‘unount of: redluction by earhon monoxide, even in the
open farnace, but this will be ba]anu-(l by, ‘the- cmnbu%hon of charcoal at the top of the furnace
and the other mechanical Tosse; A$Sl'1ﬁiiiig that &; 91 cent of the carbon monoxide is utilized

in the open furnace and 25 per'eeit. in the ‘Svwoflish fuinace, we find that 0.4 net ton of chareoal

should be cnough in the Iatter type of furnace. Mr, Gromwall, in his estimate, quoted in my
report on “ Electrothermic Smelting of Tron Ores in Sweden,” allows 0370 melrie ton of charcoal
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per metrie ton of foundry iron, and this would be 0.414 net ton per long ton of pig-iron. Tt will
be seen, therefore, that my estimmate is supported hoth by theoretical ealeulatioms and by the
results of practice in Sweden.

I place here an account of my experimental production of charcoal from Douglas fir and
of my investigation of Mr. Thomas’s processes for the production of coke and charcoal.

Charcoel from Dougles Fir. -
(Test made at MeGill University, August, 1918.)

I was furnished by Dr. Bates, Superintendent of the Forest Products Laboratories, with
samples of wood and bark of the Douglas fir, on which thé following tests were made :—

I. Piece of Wood.—14 inches long, 6 inches wide, and 4.75 inches high. The piece was not
square, but of the section shown. Weight, 8,376 grammes; moisture, 14.74 per cent. of dry.
wood or 12.85 per cent. of moist wood.

The wood was placed in a muffle-furnace and heated slowly to a femperature of 440° C.
The operation lasted in all about seven hours, and it remained at the highest temperature for
about one hour: When cool the charcoal came out in three pieces, it having broken transversely.
The pieces put together measnred 13 x 5.5 x 4 inches, or TLG per cent. of the original voiume,
and the weight was 1,134 grammes. This i3 33.6 per cent. of the original weight, or 88.5 per cent,
of the weight of the dry wood. The charcoal was tested by heating to redness in a covered
crucible and lost 28 per cent. of its weight: as the ash is very small, this means 72 per cent. of
fixed carbon. The charcoal, while not quite as dense as bardwood chareoal, was satisfactory in
character, except that a part of the interior was soft and spongy. This was not due to a difference
in the wood itself, as this was uniform, but to the decomposition of the issuing gases, which
consolidated the outer portions of the charcoal. These denser layers varied from 0.25 to 1.5
inches in thickness, and occurred on all the surfaces. The ash in this charcoal was extremely
Iow, being only 0.1 per cent.

I, Piece of Bark—12.25 inches long, 6.75 inches wide, and 4.4 inches thiek, of the shape
shown in section. Weight, 2,500 grammes; wmoisture, 16.73 per cont. of dry bark or 14,34 per
cent, of moist bark.

The bark was placed in the mufle-furnace and heated like the wood, except that the final |
temperature was a little higher, being about 500° C. Next morning it was found that air had’
entered through cracks and had burned part of the charcoal, which was actually ignited when
taken ouf. The charcoal was in vne piece and measured 11.25'x 6.5 x 4.5 inches, or 91 per cent.
of the original volumme. It will be noticed that ‘the bark had swelled somewhat in a radial
direction while charring. The welght was 882 grammes, and it would probably have been 850
grammes if no combustion had talken place; 850 grammes would be 34.3 per cent. of the 011"1nal
bharl or 40.1 per eent. of the dried bark.

The charcoal losi 19 per cent. of its weight on 1"n1tzon o closed crucible, which would
correspond to 78 per cent. fixed carbon, allowing for the ash. The ash was 3 per cent. of the
charcoal.

The charcoal was light and weak, so that it would erush easily under a load; it was
reasonably coherent and did not ermmble very muech on handling. '

Conclusion.—The slow charriag of Douglas fir wood yields a charcoal which, though not
ag sirong and dense as hard-wood chareoal, would be quite satisfactory for use in eiectric
smelting. The charecal is extremely free from ash, from which it may be inferred that the
phosphorus will be very low. The bark yields an inferior charcoal which, however, might be
used in admixture with the wood chareoal. The high percentage of ash makes it probable that
the phogphorus wounkl also be high, and indicates that bark chareoal should probably be exeluded
in the production of specially pure low-phosphorus pig-iron.

Cowparative tests were made on the density of pieces of chaxcoal from Douglas fir and
from hard wood. The volume of each piece was determmed by surrounding it with fine sand.

The following results were obtained:— "pecific Gravity.
0.304 }

Douglas f " SO R o g
ouglas fir charcoal ) srenerresaas d onan Sﬁmean 0.88,

. 0.308
D gls fir CIL I 1 Ll
ouglas fir barlk charcoal 0.959 mean (.31

0.441

Hard-wood charcoal .......... P mean 0.46.

] 0.486 {
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T wish to express my thanks to Mr. Stokes, of the Forest Products Laboratories, who made
the moisture determinations and prepared the pieces of wood and bark for the test.

A Nore oX tar WALTER THOMAS PROCESSES FOR MAKING CAREONIZED FUEL.

At the reguest of the Honounrable Mr, William Sloan, T made a short investigation of these
processes and of the plant at Nanaimo where some of them have been fested.

In gencral, these processes are for the ﬁm‘pose of preducing coke from coal and charcoal
from wood. The general principle employed is to heat the coal or wood in a closed vessel by
passing through it liot gases obiained by distillation from the same material; these gases being
hezted in & pipe stove or a vegenerative brick stove. The distiMiation prodmets from the fuel
are cocled and treated by the Coftrell electrieal-precipitation process, thus obfaining oils and
other condensible by-progduets; the porteanent gases being then reheated and forced into the
coal or wood, as stated above; the chief advantage to be gained being the production of eertain
oils which would not ke obtained by the usual high-temperature distillation. Anether claim is
thal the passage of the distillation gases through the fuel causes the deposition of carbom, and
thus increases the vield and improves the guality of the coke or eharcoal, It is also claimed
{hat the eperation will be more rapid, as the heat is conveyed by the gascs directly into the fuel
to be freated instead of by conduetion through the walls of a retort.

Another process for, the production of eharcoal from sawdust Is carried cut in a revolving
drum, which is ieated by burning the perinanent gases from the distillation in fiues in the wallg
of the drum. The eharred product is briguetted with tar, and is heated in a carbonaccous gas
in such a way us {o produce a very dense charcoal,

1 visited the plant at Nanaimo on July 4th, 1918, in company with My, Walter Thomas and
Alr. Wi, Brewer. The plant oceupied two or three rooms in an old brewery, and consisted of
the following apparatus:—

(1.} A gistillation refort consisting of a vertical iron eylinder about 14 feet high and 5 feet
in diameter. It was lined with bricks, so that the internal diameter was about 3 feet at the
top and abeut 3 feet G inches at the bottom., The retort was intended for treating coal, which
was introduced through a door in the top, while the resuliing coke was withdrawn throngh a
lateral door near the botfom. The coal rested on a perforated iron plate level with the hottom
of this door, leaving o spaée below the plate for the removal of the produets of distillation.

{2.} A pipe sfove consisting of some iron pipes heated by a fire of wood, through which the
permanent distillatien gases passed on their way to the retort.

(3.) A condeuser consisting of some water-cooled pipes for cooling the vaporous products
of distiitation. ]

(4.) A “treater-tube” or electrical-precipitation apparatus, consisting of a vertical pine
containing centrally au insulated picce of piano-wire, \\hlch could be charged to 60,000 volfs,
for precipitating the oil and tar vapours. -

(5.) A fan ov Llower for causing the civeulation of the gases.

(6.} A series of pipes connecting the several apparatus together, and permitting by. means
of valves various changes in the circulation system.

When the plant was in operation a charge of ¢oal was placed in the retort, which was then
tightly closed. The blower was started and the pipe stove heated. The air confained in the
gystem was forced in a heated condition into the top of the retort; it passed down through the
coal and passed out at the botiom, after which it paééed through the condenser and the * treater-
tube,” and so back to the blower and again through the pipe stove 1o thie retort, As the coal
became hotter, gases would be given off, which would replace the air in the system, and thus
after a time the blower would be forcing distillation asm through the stove and retort.

The plant was not in operation at the time of my visit, but had previcusly been tried with
about 9 tons of coal from {he Nicola vallay. I understand that the charge of eoal in the retort
was about 8 tons. Difliculty was experienced in mdlxllla, the gas pass through the coal in the
retort, using a pressure on tho inlet side and a suctlon on the outlet side of about 10 inches of
water. Oilg were obtained, amounting to about GO gallong for the 9 tons of coal, and # semi-
coled smokeless fuel was obtained from the retort; but as far as could Je observed there was
mo production of permanent gas.

4 -~
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The above-mentioned test was made abeut February, 1817, and lasted for ahout five weeks.
Dr. J. R, Davidson, of the University of British Columbia in Vaucouver, installed and operated
the electrical-precipitation apparatus and supervised the whole test. I have discussed the matter
with him, and he stated that the non-production of any permanent gas was inexplicable fo him,
as there was not enough leakage to account for it, and that in view of this it was not desirable
to attempt to draw an); definite conclusions.

Speaking generally, however, I may point out that the pmco%e&, have the following draw-

" packs:—

(1.) Wheu treating coking-ceal it will be difficult to- pdbb the gas through it at all rapidly,
and the coking will consequently be extremely slow.

(2.) The eireulating gases have not a great hedt capacity, and a very mpld circulation will
ke necded to obfain even moderate rapidity of operation. 1his will be less sericus In the case
of wood than of coal, as the necessary temperature is so mueh lower, :
’ (3.) The thermal efficiency -0f the system will be small, as much of the heat produced in
the pipe stove will go up the chimney, and the fuel-corsunmption will in congeguence be high.

" (4.) The pipe stove will be costly to brild and to maintain, as the pipe will burh out rather
quickly. ’

(5.) 1t does not seem probable that the circulating gases will deposit carbon in the coke or
charcoal, as ciaimed, because they must first pass through the pipe stove, which must be at a
higher temperature than the fuel, and they are move likely to decompose and deposit carbon
in the pipe stove. It is couceivible, however, that the coke or charcoal may in some way cnuse
the depositim} of carbon in itself, even though the gas has previously Deen exposed to a higher
temperature.

A, Thomas has shown me samples of his carbonized ehavcoal, which is certainly a very
satisfactory product. Ue has not, however, as far as 1 am aware, published or patented his
method of making this dense product, dn(l I have no reason for supposing that it can be done
- economtically on & large seale, :

Tn conclusion, altheugh I amw not prepaved, on the information at my disposal, to 1(,(,01111]1@11(3.
the processes and app‘ufltus of Mr. ‘Thomag for commercial operation, I recogrize his ingenuity
as an inventor, and think it guite likely that Some of his ideas, if carefully tested and applied,
wmay prove fruitful, Since returning to Montreal I have heard from Messrs. McPherson and
Fullierton Bros., of \"aﬁcouvel', who have taken over ihe Thomas patents and have been making
some tests at the Nanaimo plant. I have recelved from them samples of chareoal made from
fir-wooed in the large retort. The operation was stated to occupy only six heurs and the ¢harcoal
appears to be of satisfactory guality. I bave alse received from them some small briguettes
made from charcoal powder by the Thomas process, They state that they ean obiain mill-waste
for a few cents per cord; and apparenfly they can make charcoal at a cost of alout §5 per ton.

SUBSTITLTES FOR CHARCOAL 1IN ELECTRIC SMELTING.

Coal and Ooke —For the purpose of this investigation T have been furnished by My, Wm.
Tleet Robertsen and others with information with regard to the supplics of coal and coke in
British Columbiz. In view of my belief that charceal will be (he main reducing agent in the
electric smelting of iron ores in this Province, I have not paid mach attention to the supply of

ather fuels. Coke can be used to some extent in admixture with eharcoal, and coal or oil would
Le needed for the operation of open-hearth and other furnaces. :

The following information with regard to the supply, analysis, and price of coﬂ and coke
was supplied by Mr. W. I, Robertson under date of June 5th, 1918:—

Vancouver Island.—Monthly coal production, 145,000 tons: price per ton, $2.50 to $3.86,
depending on grades. Monthly coke production, 3,000 tons; price, $10.25 per ton.

The coke contains 74 per cent. fixed carbon, 3 per cent. volatile matter, 23 per cent. ash, and -
1 per cent, sulphur; but under improved conditions coke could e made that would contain 84
per cent. fixed carbon, 8 per cent. volatile matter, 13 pev cent. ash, and 1 per cent, sulphur.

The £ollowing information with respeet to the Nicola Valley coal was supplied to me by
Mr. Nichol Thompson under dafe of June 10th, 1018:—
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“The Nicola Valley coal produces a superior meiallurgical coke with well-developed cell-
stracture and ample strength for iroun-furnace stacks, ¥reom Knglish coking tests the following
results were obtained —

COXRE PRODUCED N i—

From [
Raw Coal.

i
Bec-hive } Letovt
Ovens. I Ovens,

i P’er Cent.

Ier Cent. Ler Cent.

Moisture .............. e i, 3.40 1.20 1.00
Volatile matter ........ e e e 84,90 | 1.20 0.50
Fixed earbon ...ovvven. .. e e 56.70 5 84.00 91.25
Ash .o R e C5.000 - 1360, T.00
Totals ... vuivea .., - 100.00 100.00 9073
Sulphur oo 0685 0.63 0.25"

From another source in Ingland :—

“The coal gent to me and numbered 1 is a very fine coal for melailurgieal, steaming, or
domestic purposes.  Wo can take away every trace of suiphur it necessury, and it would then
remain a splended metallurgical coke, supposing you had a steel plant in British Columbia.
I should imagine that this No. 1 sample is about ilie highest-grade coal you have in Canada,
ang it shonld be used as a superior coal wiien British Columbia has commenced steel production.
In ofher words, it is o coal which will find higher values as British Columbia develops. The
other ceal, main coal and numbered 2, seam 1, carried 38 and 40 per cent. volatile matter, and
are excellent for oil and motor-spirvit production, and for the produclion also of an excellent
cole cither for ordinary houselwold fuel or for mefallurgical work., The oil exiracted from the
conl would depend entirvely on the grade of coal which you wished to produce, The coal could
be distilled to destrnction or any staded guantity of hydrecarbons could he left in the coke.
I enecloge you a sheet showing the product from 3 fon of Nicolu Valley coal obtained from a
by-product oven. There s no question as 1o the success of the bhy-product coke-ovens, as
ovidenced by the faet thatl the entire coal predact of Gerinany previons fo the war was made
inle coke <o that the produects might he saved.”

AMr, Thompson gave me further information with regard fo the chemical hy-products obtain-
abie in the coking of the Nicola coul, hut it dves not seenm suitable 1o digeuss these in the present
report. )

Gas-retort Residue—"The electric-smelting plant at Bay Point, San rancisco, employs, for
redncing reagent in the production of ferro-alloys & carbonaceous residuc produaced in the manu-
tacture of Muminating-gas freom oil.  This material is practically ash-free, it contains about 70
por cent. of fixed carben, and is obininable at & rominal price of abont $4 a ton. 1t is not. very
saligfactory physically, but in view of the searcity of eharvcoal and coke in {hat loeality the
management have been obliged to use this residue and have overcome the difficulties altending
ifs use.

Coamperison of Coke and Charcoel—"The comparailive values of ihese as reduecing materials
depend in the firs{ place on their fixed-carbon conteni, Thus, if charconl containg 73 per cent.
of fixed carbon and coke & per cent., the c¢dke would appear to be the more valuable. The
remainder of the charcoal, however, is vo]:ztiljf} matfer and moisture, whicelr is driven off harm-
lessly in the furnzce, while the coke would ceniain some 138 per cent. of ash, which has to be
melted, and will usually necessitate the addit}?on of a flux, The sulphur in the coke also will
need fiuxing, in addition to lowering the puri \} of the regulting pig-ivon. It follows, from these
and other considerations, (hat charcoal is sq?ne\\'lnnt more valuable than coke as a reducing
reagent, | Referring to Mr., Gronwall’s esrjnm-tg‘ in my Swedish repord, {he following figures show
(he relalive congsmuption of fuel and of (:e]eclri:c power for 1,000 kilograms of pig-iron, according
a8 charceal ot coke are caoployed - — ; :

Using CHARCOAL OF 73 | Using Coxn o 83
Pur CEXT. CARBOXN. I'er CExT. CARBOXN.

Kilos Tuel. | JLI. Year. * Kilos Fuel :

ILP. Year.

White pig-iton «.......... e 0340 ] 03T 310 ' 039
Grey pig-iron ...l N N 370 0.40 ' 400 | 042
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It will be ciear from this table that not only is there a larger consumption of coke than of
charcoal per ton of iron, but the power consumption is larger with coke.

In localities wheve coke ig of good quality, cheap, and abundant, while charcoal is expensive
and scarce, it may be worth while to use coke on account of its greater cheapness. In British
Columbia, however, it appears thaf charceal should be made at a cost of $6 to $8 a ton, while
coke would cost about $10 a ton. As long as these conditions Iast there can be little doubt that
charcoal will be preferable as a reducing agent in electric smelling.

APPENDIX VI.

ELRCTRODES,

Electrodes are needed in most electric furnaces for conducting the electrie cnrrent into the
furnace: They should be good conductors of electricity and poeor conductors of heat, and they
should be strong and capable of withstanding high temperatures. Rlecirodes are nsually made
of some form of carbon, and their wear in the furnace, from exposure {o air or to other oxidiz- '
ing materials, constifute a scrious source of expense. The cheapest kind of clectrodes are
“carbon” electrodes, which are made of some form of carbon, such as crushed anthracite coal,
bonded together with pitch, and baked. * Graphitized” clecirodes are obtained by heating
carbon electrodes to a very high temperature in an electric furnace. The process converts the
amorphous carbon of the electrode into graphitic carbon, whkich is a much betier conducior of
electricity, and is superior in some other respects, Graphitized electrodes cost about three times
a8 much per pound as carbon electrodes, and the latter are therefore more generally used in
electric smelting.

The electrodes used in the Swedish furnaces at the time of my visit in 1914 were 24 inches
in diameter and 4 or 5 feet long. They were provided with threaded ends, so that fresh lengths
could be added as the electrodes wore away. They were of amorphous carbon and cost about
4 cents per pound, The consumption of electrodes, when making white pig-iron from high-class
ores, was gbout 10 to 15 1b. per ton of pig-iron; thus costing about 50 eents per ton of product.
In melting lower-grade ores for foundry iron the consumption might be from 15 to 20 1b.; at
present prieces in British Columbia this wouid mean about $1.50 per ton of pig. A furnace of
3,000 kw. uses six of these 24-inch electrodes..

At Bay Point, California, the 8,000-kw. open-pit furnace, smelting femo -manganese, uses three
24-inch carbon eleciredes. The consumption is 100 1b. per ton of ferro-manganese, and Beckman
and Linden expect that in using this furnace for making pig-iron the consumption would be 20 1b,
per ton.

Tt will be noticed that the Swedish furnaces have twice as many electrodes as the Californian
furnace. The size and number of the Swedish electrodes are in agreement with the generally
accepted formule of Dr. Hering, and it scems likely, thevefore, that the Californian furnace
should have more electrodes if it iz to-be used for iron-smelting, Beckman and Linden de not
agree with this'suggestion, and, of course, these points must ultimately rest on practical demon-
stration, but it must be remembered that they have not as yet applied. their fype of furnace tfo
smelting iron ores.

At Heroult, Cahfomla a 3,000- Lw ferro-manganese furnace is furnished with four 12-inch
graphitized electrodes, which would be about the same in effect as the three 24-inch carbon
electrodes at the Bay Point plant. Judging by the consumption of elecfrodes at this point, it
appears that it would be preferable to use carbon electrodes, and I understand that this change
will Le made.

Under ordinary conditions carbon electrodes cost 3 or 4 cents per pound, but at the present
time the price in the Bast is about 8 cents and on the Pacific coast nearly 10 cenis. "In view
of the expense of shipping electrodes across the continent it is desirable to make electrodes
locally, but this should not be undertaken until the smelting plant is in good running-order,
hecanse the manufacture of electrodes is not easy, “and the use of poor electrodes might delay,
seriously, the operation of the plani. Messrs. Beckman and Linden have put up an electrode
plant at the Bay Point plant, and they are trying to make electrodes from the earbon residune,
" ivhich they uge as reducing material in the furnaces. They prepared for me the following
estimates of the cost of plant and of making elecirodes:—
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300-ton-per-month Blectrode Plant.

Baking-kilng complete, including all harning apparatus ............. $ 20,000
ITydraulic press. (500 tons .per month, GOO-{on pressure) ............ G,000
MiNers (WO ottt e e 6,000
S 1 5,600
Calciner comPlete L. s 40,000
Building ecomplete ... .ot i, S 25,000
Crane ...... PN 8,000
Conveying equipnient and elevafors ... .o ir i iii it iiea 2,600
Crushing and screening apparafis ... ir ot e iarne e 3,000
B O 1 T T ' 1,000
Taols, chains, efe, ..ooovenn... e e LOG0
] F118, L)OO
Contingeneies, TO Der Cont, ..ot e i e, 11,850
. - q§13{) 350
Beckman & Iinden Kngineering Corporation fee ... i, 15,000
S 7 $145,350

Cost of making 2,000 LD. of Fleclrodes.
Anthracite coal, caleined, crushed, and sized ..ol iia.. $20 00
I’itch at $20 per ton put Into eleetrodes ... ... . o i i c. 600
Baking fuel, pound per pound ratio ... .. ... ... i e el 4 BO
Labour, 50 €conts par DOUE ... viveenvnaeinan e 1295
Operating superintendence .......... PPt 1 8h
Supplies ........ e e e e e e e e 1060
Maintenance .......... e ey e e e 200
Dlant office OXPONSC Lottt iae e et ie i s %
Main offlee OXDEIEE .ottt i ae ettt e e e e 4 00
% e $51 85

Cost per pound, $0.0258
Lhe fron-smelling plant under eensideration for Dritish Columbia was to have two 3,000-kw,
furnaces making pig-iron and three 300-kw. furnaces making ferro-alloys., The consumption of
clecirodes in these furnaces would amount to 1,000 or 1,500 1b. daily, or about 20 or 25 tons
per month. This is less than one-tenth of the output of the plant described above, and the cost
of making electrodes in a smaller plant would necessarily be somewhat higher, say 3 or 4 cents
per pound.

APPENDIX VIL

THE SUPPLY O LABOUR

Although a supply of con‘fpetent 1abou1 % essenfi‘ii to the success of any industrial ander-
taking, and although the Valmtlons in- the wages tliat must be paid may mean the difference
between profit and loss, it is unpossmiv for mo at lhe present {ime to puf forward any really
reliable information with regs x‘rd to libour. C()I‘ldlilonb‘ in British Columbia.

The Department of Labour in Victoria has fmmched me, through Hfr. W, Fleet Roberlson,
with a statement of the sup ly, natmm and cost 0[ Tabour iun the Coast Distriet of British
Ciolumbia; this statement is added in bé'following | ipages. It will be secen that there is a fair
supply of labourers at nearly $4 a day, and that mos;L skilled men are scarce nt about $6 a day.
The eost of labour per fon of 1ron depends very much on the gize and output of the plant. Thus,

_at the figures mentioned, in a,‘ fully equlpped plang m'u\mv 50 or G0 tons of pig-iron, and steel
and ferro-alloys ag well, the cost of 1ab01u might be: $4 or $5 per ton of iron, but if only one or
two furnaces were operating thie lakiour cost might be about §7 per ton of iron. .

While electrie furnaces offer difficuliies and dangers of their own, it appears to me that a

well-established electric-smelting plant, such as those I saw in Sweden, presents far less difficulty
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and discomfort to the workman than the average blast-furnace plant, and that the management
should experience less d‘xﬁicu]iy in keeping a good crew of men.

On page 34 of my Swedish report it is stated that at Ilagfors three 3.000-horse-power
furnaces are operated by fifty men, working eight hours daily, at a wage of about 12 cents
per hour. At this rate, with bonuses and the higher rates of foremen, the cost would amount
to about 80 cents a ton of pig-iron. In a plant of three 3,000%kw. furnaces in British Columbia
fifty men might bhe asswmed to cost: Thirty at $4 and twenty at $6, or $240 a day. With an
average output of 73 tons daily of foundry iron this would mean $8.20 per ton., A plant of this
size would probably need a few additional men, say ten or Cwelve, which would increase the
charge for iabour te about $4 a ton. ) .

Messrs, Beckman and Linden have given me a list of the men nceded daily for one 3,000-kw,
furnace of the open-pit type. I have added to these the rates of pay, estimated with the aid of
the attached memorandum :—

Dhaily Labour for One 3,000-kw. Pit Furnace.

One furnace foreman ab 88 ..ot e i e L& 800

- Mhwvelve furnacemen at 5 ... e e ¢ 00
One chief electtician at $6 ..ot ittt i e e e G 00
Three sub-station operators at & ................... P, 15 00
Three mechanics at $6 ... i, e 18 00
Six mixingmen at B L 24 30
Six metal-handlers at S84 . e e 24 Q0
Two locomotive-crane men A S5 & .. e i e e e e 10 00
Total o i e $165 00

With an output of 25 tons per day this would mean £G.60 per ton of irou, which agrees with
Beckman and Linden's estiimate in Appendices X. and XX, This charge is unduly high, because
they figured on a gingle furnace only. A plant having three furnaces would only need about twice
as many men as a plant with one furnace, so that the cost.for labour would be about $4.40
per ton. . . ’

" MEMORANDUM FROM DEPARTMEXT 0F LABOUR, VICcroria, B.C., Juxe 10rm, 1918,
Supply, Nature, and Cost of Lubouwr, Uowst District of British Columbie, such as wonld be
required ot Plant for Electric Rmelling of Iron. .

ho(l%{.\)l\.}tr;m};g;{g.xn TPrEsExr CONDITIONS.
Wages per Day of Supply Plentiful Wages per Day of
Light Hoeurs, or Scearce. Liight ITours.
Engineers, Ist .. vvuriiievnnrer e | About $15 less than Qoarea e $225 per month of
. at prescat e 26 working-days.
Engineers, 2@ «.voviiiiiiiiiairea.- cae Searee ......a. ... $165 per month of
26 working-days.
AMachinists +oveiervnrrerieaaniiiiaas $4.00 per day ... Secarce ..., $6.00 per day.
Machinists’ helpers ..........c.vo.as 250 per day ... |Scarce ........... 4.50 per day.
’ : (Not quite sure)
Boller-makers . ovvenevrirenennnrn.s $4.50 per day ... iSeavce .o...... .. 6.00 per day.
Boiler-mukers’ helpers .............. 325 per day ... |Scarce ........... 4,30 per day.
Blacksmiths . viiinie v 4.50 per day ...| No great supply..| 6.00 per day.
Blacksmiths helpers .......oiev-vian 3.25 per day ... |[No great supply..| 4.50 per day.
Plumbers and pipedfitters ............ 5.00 per day ... |Secavee ..., ....... 6.00 per day.
Plumbers’ and pipe-fitters’ helpers ....| 3.25 per day ... |Scarce ........... 4.00 per day.
Painters ...vveevnnnnernanistnrannnn 4,00 per day ... No great supply..| 5.50 per day.
Tlectrical workers ... vneaer vl 500 per day ... | Very scarce ...... 8.00 per day.
Idlectrical workers’ helpers .......... ;o 3.50 per day ... | Very mearce ......; 4.00 per day.
Operators of electrie, steam, or air| 4.50 per day ...I1Scarce ........... 6.60 per day.
winches and donkeys i
Engineers in charge of boilers -..... . 4.00 per day .., |Scarce ........... | 550 per day.
{Not quite sure {
Labotrers oo vs s e e e v $3.00 per day ... | Supply fair ...... 3.85 per day.
Shect-metal workers ............0.... Fair .......0.... 6.60 per day.’
Coppersmiths ,......... ... ... ... s e Fair ...ovievnnn. 6.60 per day.
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APPENDIX VIIL

TYPLE OF YURNACE T0 USH FOR BLICTRIC SMELTING,

The furnaces that have been in commercial use, or that seen suitabie for the electric smelting
of iron orcs, arc:—
(1.) The Flectrie-Metals furnger used in Sweden ;
{2.) The Helfenstein furnace iried in Sweden.
(3.} The Noble Eleetrie Stecl Company’s furnace nsed at ITeroult, California; and
(4.} The 3-phase epen-pit furnace used for ferro-alloys. ~
The simplest of these is No. 4, the open-pit Turnace.  This Curnace has no roof or cover and
has three elcelrodes, which ave supported from above and are surrounded with the material to
be smelted.  fhe main objection to this furnace is that heat and gases ascape from the furnace
and are Jost, besides creating a nuisance, As far as I am aware, this furnace has 1ot been used
comnmercinily for smetting iron orves. Nos, 2 apd 3 are ke No. 4, except that the top of the
furnace is closed in, thus lesgening 1he loss of heat and enabling the gases fo be drawn away
through flues and used elsewhere for heating. Both these furnaces Liave been used on 4 com-
mercial scale, but full pavticulavs of their operalion are not available. Ne. 1 ig more claborate
than the others and resembles an jron bvast-furnace with an enlarged hearth, In this type, not
only is the tfurnace closed fo relain the heat and the gas from the smeltivg charge, but the gases
are made to pass up a shaft, so as to heat and reduce the ivon ore; heing, indeed, retnrned again
to the furnace for this parpose after escaping at fhe top. This furnace has been in successful
commercial use for a nmnber of years in Sweden, and soime are now being huilt in ofher counlries.
In this Appendix I give references to o number of degcriptions of these farnaces, and
compare the available data with regayid to their operalion.

I, FumoTRO-MRTALS FURNACE.

An ilusipated account of the furnace awnd plant at Trollhatian, eniifled © Recent FProgress
in Elecirical Iron-smelting in. Sweden,” is given by 1. D, Roberison in Amer. Electrochem. Soc.,
1011, Vol XX, page 375. IFull illustrated reports of the work at Trollhattan by J. 4. Lefiler,
It Odelberg, and I, Nystrom are given in Swedish in the Jern-fontorels Anneler Tor 1011, 1912,
and 1918, " Translations of parts of these appeared in fron and Coal Tvades Revigw, June Oth
and IGih and November 10th, 1911, and dMay 2nd, 1913, Vel. 86, page 744, Articles entifled
¥ Klectric Iron Smelting ” by Jens Orton-Boving appeaved in the fanadion Erginecr, Docember
I18th, 1913, Yol, XXV, page 77, and in fror Age, May 21st, 1914, Vol 93, page 12069, The
Swedish and olher fnrnaces for the clectric smelting of iron ores are described in my book,
“Phe Mlectric Furnaee,” 19034 edition, pages 174-211, and in my report on “ Rleetrothermic
Sinelling of 1ron Ores in Sweden,” Oltawa, 1915,

The follwing account of the Swedish furnace and process is from & memoraudum by J. O.
Boving dated July, 1915 :— i

“ Reduetion of fron Ore. .

“he methods and processes for obtaining pig;i1'o11 by electrie reduetion have mainly Leen
worked out and put to commercial uge i Sweden, but in a smaller degree the United States of
Amerien and Canada hiave contributed fowards the experience gnined. (Experiinenis have also
been earried out in France and in Switzerland, hul o connmereial results have matured so ‘ffu')
The reason for this is fairly obvious, as. the development is hased on the following c,ll'dmal
conditions: Presence of cleap wqtm-power angl suitable c¢harcoal.

“ Sweden's. iron trade bas been based.on the production of high-class charcoal pig since the
carliest days of cstablished industry, and It is chiefly on account of the high quality thus
preduced Sweden became famous for thede produets. '

» Betore the new processes of making sfeel in open-hearth and Besscmer Lonv(‘ztcrs Were
known, Sweden conunanded high prices for Lwer irop. but prices fell with the development of
newer methods, and Sweden had to seck othoz- ways I order to cheapen the cost of produetion
and at the same fime mamiain the que 1111\' Such means were fonnd in ihe electrice reduaciion
farpace,  Sweden has an abundance of cieap water-power, and there are few countries in the
world that have taken sueh beneficial advantage of it
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“The first electric-reduction furnaces were established in 1907. Now a great number of
them are working and giving splendid results, as will be seen below. 1

“In Russia there are large districts where the conditions are similar to those in Sweden,
and 1 am strongly of the opinion that developments could as profitably be made in the Trals,
and maybe also in the Caucasus, The iron industry is already woll established in the Urals.
The ore is good. There is an abundance of water-power which wounld be easy to harness, and
the supply of wood for charcoal is practically unlimited.

“ As mentioned above, the development of eleetrie reducing has bheen most marked dunng
the last few years In Sweden. Af present some fourteen high furnaces are in operation, and
the fotal output 1ep1esems about 140,000 tons of pig-iren per annum. This pig is of the highest
quality that ean be made, and it commands, therefore, high prices. It is mostly used in Sweden
for producing high-grade steel, but a certain amount is also sold to the Sheffield marlket.

“There are, further, many more installations contemplated, and it is safe to say that
wherever {heve is cheap water-power the old blast-furnaee will be replaced by electrie producers.
Generaly speaking, it holds good that wherever 1 horse-power per annum can be produced cheaper
than the cost of 2 tons of charcoal or coke (depending upon the clags of iron {o he made) xt is
a commercially successful undertaking o substitute electrie heat for fuel-heat.

“The system of furnace which is used throughout Sweden is that patented by Ilectro-Metals,
Limited,

“ It will be seen that the furnace consists of two principal parts—the furnaee-shaft and the
hearth or crucible. The shaft, which is of similar design to an eordinary blast-furnace shaft
(but, of course, without any blast-tuyeres), is supported independently on an iron’ framework
or on heavy girders resting on the walls of the furnace-house. It consists of a shell of steel
plates and is lined with firebrick. Tt is provided with a closed furnace-top, the charging-bell of
which is raised or Iowered by means of an electric motor and winding-dvum. The hearth, which
ig situated immediately below the shaft, is so constructed that when it is expanded by the heat
the central hole in the arch which covers it fits clogsely around the neck of the shaft.

“The hearth also consists of a strong shell of steel plates lined with refractory material and
is covered by an arch, the weight of which may be supported entirely on the circular lining of
the hearth, or elge partly in this manner and paltly by iron straps riveted to the shell of the

shaft,

“The clectrodes are preferably of circular section and provided with screw-joints for joining
up end to end. They pass through the arch of the crucible at a slight inclination from the
vertical. Water-cooled stutling-boxes with ashestos packing are provided to prevent leakage
of gas around the electrodes. The electrodes project into the heavth through the' free space
between the roof and the charge, which on descending into the hearth falls at an angle from
the lower end of the shaft. The electric current is supplied to the electrodes through bronze
contacts, Only carbon electrodes have, so far,been used owing to the high costs of graphite
electrodes.

. “The Electro-Metals fumaces are generally provided with an arrangement for gag-circulation,
the gas being drawn by means of a fan from a gas outlet at the upper end of the shaft and
forced through a number of nozzles into the free space between the roof of the crucible and the
descending charge, The object of this gas-cireulation is twofoid-—viz., to prevent overheating of
the roof of the erucible and to facilitate the reduction process in the shaff. As regavds the latter
object, it is evident that the gas which becomes highly heated in the crucible assisis in conveying
heat to the charge in the shaft, thus extending the reduction zone and rendering it more eifectiv_e
through the increased volume of gas passing through.

“In this manner the percentage of CO, in the furnace ms can be kept higher than if no
gas-circulation were used, and it is evident that this indicates a reduction in the fuel-consumption.

“The. furnaces are placed in the central bay. On one side gl the electrical gear is placed—-
transformers, switches, regulators, etc.—and this part is isolated from the metaliurgical part.
The power is derived from a hydro-electric plant nine miles and a hall away, which power-
gtation belongs fo the company. The voltage of the lixie is 32,000 volis and is reduced to low
pressure by transformer and adjusted by reguiators to between 50 to 100 voits, as required.

“ Tach furnace bas six electrodes, cylindrical in shape, and arranged to be used continuously
without waste by using a screw-joint.
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. “The pouring-bay is {fitted with clectric overhead travellers, as well as trolly-tracks for
transporting iror and slag., The iron can either be poured fo pig or conveyed in ladles to the
Bessemer and open-hearth furnaces, The slag is run into block moulds and makes excellent
building-stone.

“The erushing-room is at the end of the furnace building. There are three crushers of the
ordinary jaw iype. There is a railway-track outside, and the daily requirements are supplied
in the trucks, so that there is no need for large storing-bins. One of the crushers is fairly large,
with wide enough jaw-space for the biggest lumps, and the ore passes from this crusher to {he
smaller ones, and thence by a bucket elevator to a belt-conveyor above the charging-platform, so
that the raw material may beé unloaded where reguired. There is a small ore-store, but this
only containg some Imited reserve amounts of the various kinds of ores used. The charcoal is
transported from the stores by 4 ropeway. .

“Ibree different kinds of pig-iron have been produced;—

(1.) Iig-iron for open-hearth treatment.
(2.) Pig-iron for Lanecashire {reatment.
{3.) Tig-iren for Dessemer treatment.

“The quality which is desired from the open-hearthr pig is semi-spiegel and contains:
- 8i, 0.40 to 0.60 per eent.; Mn, 0.30 to 0.50 per cent.; P, 0.011 to 0.018 per cent.; S, 0.015 per cont.

“Tt will be seen that it is more economical to produce spiegel iron in the electric furnace,
and arrangements have been made to alter the-open-hearth furnacces so as {o usc spiegel iron
only.

“ It has been assumed in various quarters that it would probably I)e diffieult to malnt‘un a
congtant produet in an clectric furnace. Experience has proved, on the contrary, that a much
mora coustani product is obtained from the elecirie furnace than from the old blast-furnace.
One reason for this is that there is such a large receiver or collecting-hasin in the lower parg
of the clectrie furnace {hat it acls as a regulator on the quality.

“The Lancashire pig required is quite white and has the following analysis: 8i, 6.20 to
0.30 per cent.; Mo, 0.20 to 0.30 per cent.; I, 0.011 to 0.018 per cent.; 8, 0.015 to 0.020 per cont.

© Y During the early operation of the plant in question there was a “endeney for the sulphur
to be unduly high, but this was remed LOd by malking the slao more basic whenever the furnace
was run for Lancashire pig.

“The analysis of Bessemer pig used was as follows: 8i, 1.00 to 1.40 per cont Mn, 2.50 to
8.00 per cent.; P, 0.015 {o 0.019 per cent.; 8, 0.005 per cent.

“Fxcellent Dessomer has repeatedly Deen made of this pig. The ecarly attempts were not
good, but it was soon found that Si and Mn had to be inereased. Tt had been assumed that
the amount would be normal, but apparently the lower temperature of the electro-Bessemer pig
a8 compared with ordinary Bessemer pig from blaspfurnaces neecssitates a higher content.

“ Genernl experience points to the fellowing results: 1§ is cheaper {0 make spiegel than
grey pig, beeause: (1) Morce current cen be put through the furnace; (2) the eurrent consump-
tion is lower (per fon of product); (3) thuos the produetidn is higher; (4) the clectrode
congumption is lower; (5) the repair cosils are lower.

“It may further be stafed that rich charges give better (economic) results than poor cones.
The quality of the pig however, is not influenced by the percentage of iron contents of the ore.

“Jor gome time past the gas, from the furnaces has been used as fuel in the open-hearth
furnaces, and it is estimated tlmt the value of the gas ig from 2 to 8 smlhng% (50 to 75 cents)
per ton of pig-iron produced. | .

“TFinally, regarding the mﬁuence of the electllc pw ‘on the ﬁmshed steel, experience has
shown that the change tends. to make better steel ths applies both to Bessemer and soft and
hard open-hearth steels. . :% : S

“The steel.produced at wafors iz of the hzghest qunhty and is ]1}"1111],‘, used for locomotive-
boner tubes, pizno-wires, and 111"‘]'1«1‘.91181011 wu'es genelally :

“Tn Sweden, gencrally, the electl e 1educt10n of 11911 ore is regarded as revolutionizing thv;
industry, and preparations zlm

eing - made f01 Lonstructmg millg of eonsxdemblo capaeity.
Recent experience has shown' thati’larffe electrodes can be used at the <ame time as the curvent
intensity on the cleetrodes is increasel. Large furnaces will therefore be designed, and soms
of those now building have 2 capacity of 8,000 horse-power each,
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“The general experience has been that the handling of the electricreduction furnace is
considerably simpler than an ordinary blast-furnace. More even quality is obtained without so
carveful watching. The quality ean be changed easily, and the various grades from grey pig to
spiegel-can be obtained by simple manipuiation. Less attention and less labour are required.”

During the present investigation I have been in correspondence with Messrs., Electro-Metals,
Limited, 56 Kingsway, London, W.C. 2, and reproduce the following extracts from two of their
letters :— . -

Letéer frome J. O, Boving, June 28th, 1918.

“We have received your kind letter of the 5th inst., with regavd to electric reduction of
iron ore in Canada. It was exceedingly pleasant reading to the writer personally, who has for
many years bheen: in touch with varfous parties in Canada and could never understand why the
electric reduction had not made any progress in a country where the conditions are so singularly
~ suitable for the development of this industry. . . . -

“Since you were in Sweden very great developments have taken place, and this has, of
course, been especially accentuated Ly the swar, when importation of coke has been diffieult, and
therefore the power existing in the country has been of greater value than -ordinarily for eleetro-
thermical operations.

“You will probably remember most of the planis you visited in Sweden, lmt we ghall here
- recapitulate what has been done a8 far as we arve acguainted up to now.

“rPhere are two furnaces ai Trollhattan—1the original one and another of 3,000 kw. capaeity.

“There are five at Hagfors—tie two original ounes and three later of 4,000 kw. eapacity.

“There are three at Dommarfvet (the ITelfenstein furnace was found guite uscless and has
been pulled outy—one of 7,000, onc of 8.000, and one of 2000 kw, capacity—and there are two
more building of 3.000 kw. eapacity. .

“There is one at Soderfors of 5,000 kw.; one at Ljusne of 3,000 kw,; fwo at Porjus of
3,000 kw.; and three at Talea of 3,000 kw. ‘

“Some have been built in Norway, two in Switzerland, and two or three in Japan.

“The most important plant we have tackled is, however, the onc in the Aosta valley, North-
west corner of Alpine, Ttaly. Here we are creeting for the firm of Ansaldo & Co. {the largest
armament firm of Italy) a reduection plant consisting of six units cach of 3,000 kw. capaeity.
Two of these furnaces will ke run on charecal and four on coke. Half of the fumaces are huilt

“here and the half to our drawings in Italy.

“We are going to work oul a vevised estimaic of ihe cost of this plant as applied to
Canadian conditions and send along as soon ag possible. This will give you a good idea of
what you could look forward to. We shall also give you data regarding power-consumption,
electrodes, 1abour, chareoal, and other supplies.

“ Whilst we write you about reduction-furnaces, we think it is only right that we should
inform you about the most remarkable developments which have been achieved with ounr steel-
furnaces. N

“The electrie steel-furnace is undoubtedly the easiest appamLus existing to-day for melting
steel and purifying it afterwards. The great flexibility of the eleetric heat and the possibility
of applying it at the right point makes the removal of Impurities, such as phosphorus and
sulphur, and further cowplete deoxidation -a very easy matter, and steel-makers in Furope are
now unanimounsly of the opinion that as scon ag the war is over electric furnaces will e installed
by all large steel-mills, even for ordinary grades of steel. The process will he that whilst open-
hearth furnaces and Bessemer converters will be maintained, these will ~only be used for taking
the steel a certain part on the way towards perfection, and the final touch up will be made in
the electric furnace. Treating molten steel in the electrie furnace and refining it from impurities
requires for a large unit between 80 and 100 kilowatt-hours per ton. This consumption is not
prohibitive even under conditions such as arve prevailing in this' eountry, where power under
ordinary econditions is available al a price of alouf one-third of a penny (0.7 cent). DBut it ig
a remarlkable fact that even now during.the war, when price for power ranges from 1 to 2 cents
per unit, certain manufacturers, such as Brown-Bayley, Tladfield’s, Cammell-Taird, and the
Partington Steel Works, find it profitable to use our electric furnaces for treating ordinary
carhon steel, starting from the cold. . ¥t should Dbe, of course, remembered that this ean only
be done in fairly large furnaces having & capacity of at least 5 tong, beeause the current eon-
sumption increases very rapidly for small unifs, Thus, whereas a 1-ton furnace requires ahout
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1,200 unity for meltide and refiming 1 ion 6f serap, a B-ton furnace only requires about 730 units
for the same work, and a 10-ton furnace round about G600 units,

“When we come to cousider electric furnaces receiving their power from hydro-electric
instaliations, the question comes into quite a different plane. Tn many cases It is possible to
supply the current at the rate of 0.1 cent, and the price of the total current consumption is thus
so veduced that the whole process compares very favourably with the mwost economical coal-gas-
fired open-hearth furnaces. . ’ ]

“In eonmection with Messrs. Ansaldo’s Reduction Works a lavge steel-works is also being
installed. The rieh gases from the redoction-furnaces are uwsed in the steel-werks, but there
will also Lie n hattery of ten 13-ton electric steel-furnaees, all encrgized by water-power, You
may be inlerested {o kuow that Ansaldo’s mefalluvgical engineer is Professor and Dw. Giolitti
(of carhurizing-of-stecl fame), and their steel-works are rvegarded as obtaining higher quality
resulis than any other works, ’

“On the coast of Norway there are also a number of cleetric steel-furnaces energized by
wiler-power, and these undortdknws are paying extremely well, turning out fine steel and
making uage proeiils”

Eetter from J. Bibby, September 24st, 1918,

“Phe preduction ensis given in our letter of August 19th (see Appendix N,) are for the
manufacture of white pig-lron us yvou surmise, and these are to be obiained in the large plant
at Messrs. Ansaldo’s about whieh we wrote you. ITor the manufacture of grey foundry pig-iron
in this large plant the consumpiion will l)e approximaiely 0.37 horse-power year per ton of
pig-iron, assuming that the ore contains between 63 to 70 per cent. of iron,

“Tor a plant consisiing of only one 4.000-horse-power furnaee, for instance, the consmmuption
would be from 3 to 10 per cent, highor. as the diversity facfor would be greater, Tor the case
vou mention of 9.000 tous per year you could assume a conswuption of 0.1 hovse-power year
per ton of grey iron produced from ore containing 63 per ceni. of ivon.

“4Vith referenee to the sintering mentioned on page 4 of vour letfer, it is quite n eommon
practice in Sweden to employ as much ag 30 per cent. sintered and 50 per cent. lump ore and
obtain satisfactory resnifs.

“With reference io the price of enrrent in British Colwmabiz, wo do not see why the cost
there vnder similar circumstanees shondd greatly exceed what s Leing done in Sweden, where

_cutrent is being regularly supplied at vhe cquivalent of $8 per horsepower vear. The eleetrie
suppliers mus( {ake into account the favourable nature of an clectrie-furnace load as regards
power factor and load factor. Under the eircumslaness you give of a 60-cycle supply running
one furnace. the power factor would e as high ag 0.02.

3With reference to chareoal, we are in a position fo supply drawings and gpocifications for
chureoul plants to suit any given veguirements, nnd if desired we could quote you a fee for this
work.

“We are pleased to learn that you are contemplating a new editien of your valuable book
on eleetrie fornaces, and we believe that yon will consider a deseription of our reeent develop-
ments worthy of notice. "We are therefere preparing a description of 1he various improvements
‘we have made sinee vour beok was published, and will send thig on to you in due course. These
improvemoents consist in the employment of a new ‘l’-pilmse gystem Tor small fornaces up 1o 7 tons,
and a new d-phase system for furnaces Holw ae avd 30-tons capacity. We have also made
improventents in the way of aunfomadic re"ul(ltou,,:iloatlodo ceonomize s, ete., all of which we
will give yon pariicnlars. In the mmntlme we endose vou two eleeirieal dingrams which no
doubt will be quite clear to you.

“As rogards the G-phase zmanwonwnt,‘ tlnq i pplied to our 3,000-kw. reduction-furnace.
As before, wo emnley three transformers \\lhit.h (‘dchv supply two diawmelrically opposite clectrodes,
Lut we so ¢connect the transformers that we ohmm gix independent phasss in which the relation-
ships are definitely fixed” ! ; i

In eonclusion; I may say that the E l@ch‘u \Iem}q furnace is undouniedly the most efficient
appliance that hag so far been appiied to tille c«]octl‘lc smelting of iron cres, bhut that in view of
the large consumption of power by even IUJH Y pe| of furnace it will Be unwise to pat up an
ciaborate plant of this kind anless an Ad(‘l}ll"ﬂ.e and permanent supply of electric power ean he
~obthined at . wmoderate price.
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Unfortunately, some of the earlier reports gave exaggerated ideas of the economy of elecirieal
power and charcoal that had heen obtained with these furnaces, and I myself made the mistake
of taking these reports literally when writing the 1914 edition of my book on * The Electric
Furnace.” After visiting Sweden and investigating the conditions obtaiuing there, I arrived at
more conservative figures as put forward in my 1915 report. In Mr. Bibby's letter of September
21st, quoted above, he states that with a single furnace of 4,000 horse-power producing 9,000 tons
per annum, the consumption would be “0.41 horse-power year per ton of grey iron from an ore
containing 65 per cent. of irom.” It will be obvious that from the available ores, which do not
coutain more than 55 per cent. of iron, the figure I am asswming of 0.45 horse-power yeaxr will
net he too high,

Although the Swedish furrace is more eeononncal than any other clectric ore-smelting furnace,
there still remains a considerable margin for further possible improvement, and I hope that some
process of low-temperature veduction of iron ores may be worked out which will show a decided
improvement over the Swedish process.

11, THF III:LFL\*STFN TURNACE.

The Helfenstein 1‘mnace was ouﬂmally devised for the produetion of caleinm carbide and
ferro-siticon.  (See R. Taussig, Faraday 50(21'0‘[}", V., 1910, page 254; Soe. Chem. Ind., XXXIX,,
1910, page 435; Met. and Chem, Eng, X., 1512, page 686.) A 10,000-horse-power furnace of

this type for irop-smelting was started at Dommarfyvet in May, 1913, and was in experimental

operation at the time of my visit in 1914 A more recent account appeared in Iron and Coal
Trades Review (Loudon), February 23rd, 1917, and in Met. and Chem. IEng., May 1st, 1917,
page 508, from which I have taken the following particulars :—

When charcoal was used, the consumption of power, ete., was 2,170 kilowatt-hours, 880 kg.
charcoal (70 per cent, carbon), and 5 kg. of electrodes per metric ton of pig-iron. When coke
was used, the consumption was 2,600 to 2,700 kilowatt-hours, 310 to 320 kg. of coke, and 4 kg,
of eleetrodes. The consumption of 2,170 kilowatt-hours with charcoal corresponds to 0.892 horse-
power yeal at 856 per cent, load factor. This is probably for the nroduction of white jivon from
high-grade ores, though at the time of my visit ores of 50 per cenf. iron were being smelfed.
It does not appear that the efficiéncy i any better than that of the Ilectro-Metals furnace, and
it shouid be noticed that the use of coke causes the consumpuou of a far greater amount of
electrical power.

The idea of this furnace is to increase the output and efficiency by using a far larger amount
of power in g furnace of a given size than was possible in the Ilectro-Metfals furnace. The

furnace gases were not used to reduce the ore in the furnace, but were employed for other

purposes in the plant. It is unfortunate that we have no detailed account of the cperation of

‘this furnace, or of the reasons which caused it to be akandoned.

III. Trx Nopik FURNACE. ’ ’ ;

At Hetoult, in California, electric smelting of iron ores was undertaken in 1907, and was
continued, experimentally, until about 1914, 'The first furnace was desighed by Paul Heroult,
and was a 2,000-borse-power rectangular furnace, with three vertical electrodes alternating with
four vertical chutes for supplying the ore charge. The furnace had an arched voof and the
chutes were heated by the escaping gases. The chutes became choked with the heated ore, the
roof broke down or melted, the furnace could only ke worked with an open fop, and was finally
given up. Professor D. A. Lyon experimented in 1908 with a single-phase furnace of 160 kw.,
and in 1909 put up a furnace of 1,500 kKw., substantially like the earlier Swedish type of furnace.
Work with this furnace was continued until 1911, when it was finally given up, bossibly on
account of difficulty in epntrolling the nature of the produci. The Noble Company then reverted
to the rectangular type of furnace, using four electrodes and five charging-chutes, which, however,
were not heated. A 2,000-kw. furnace was puilt in 1911, and an additional farnace of 3,000 kw.
in 1912 or 1913. The best acecount of this furnace was written by John Crawford, the plant
manager, in Met and Chem. Eng., Yuly, 1913, Vol. X1, page 383.

Mr. Crawford states that the tall-shafi furnace built in 1909 counld probably have been made
economically eflicient, but that if could not he made to respond:readily to changes in the burden,
as would be essential for making consistently high-grade foundry iron, Ife explains the necessity
in electric smelting of controlling accurately the addition of carbon in the charge, as an excess
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of carbon eannot be burnt off ag in the biast-furnace, and a deficiency results in low-grade iron.
"This difficulty of controlling the amount of carbon does not interfere with the produetion of a
low-gilicon iron—snch as ig used in Sweden—but in his expericnce if caused great difficulty n
the production of foundry iron. In view of thig the shaft-furnace was abandoned, and a 2,000-kw.
3-phase furnace of the long and narrow type was tried. This furnace had four electrodes, della-
. connected and suspended between five charging-stacks. Ile considers that this type of furnace,
which was operating in 1913, is the one Dest adapted to their needs. The second furnace of this
kind, having 3,000 kw. capacity, consisis of a rectangnlar steel shell 28 feet long and 10 feet wide,
lined with standard firebriek., This is surmounted by five charging-stacks 18 feet high, and
between the stacks the fop of the furnaece is arched over. The electrodes are of Acheson graphite,
12 inches in diameter, and enter vertically through the arch between each adjacent pair of
charging-stacks, The furnace gases are not used for prebeating or redueing the ore, but ave
led away and used under lime-kilns and charcoal-vetorts. The clectric current is supplied to
the furnace at a voltage of from 40 to €0. Tle found that eoke was less satisfactory than char-
coal in this furnace, hut that if the coke was c¢rushed a mixture of 60 per cent. coke and 40
per cent. charcoal could be used with fair efficicney. The following is an analysis of a 200-ton
lot shipped to a foundry for making sreel castings :— ’

' Ter Cent,
LT 1CT e U AU et 2.88
COMDINEd CATDOL « ittt et et et tant s aarrrtossnrsnsnenntontasastosns 0.00
Graphite CaLDOM .ot i i i i i e e 3.38
BLPIIEIL it ettt e e e e 0.028
DROSPIOTTE  © v e e e iiee i duar i aanas st aenns N 0.031

Mr. Crawford does not consider this type of furnace ag eflicient as the shaft type, but siates
that he has kept the power-consumplion as low as 2,290 kilowatt-kours per ton of pig in a
furnace of 300 Ikw. This would equal 040 horse-power year at 83 per cent. load factor. ITe
states, however, that the long and narrow type offers the possibility of building several furnace
units on to cach other, like copper blast-furnaces, and this would lessen the radiation aud elec-
trical losses and increase the efficiency. It would also enable part of the furnace to be repaired
while the remainder was still in opcration.

Sinee My, Crawford’s article scarcely anything has been pubhshcd about the Noble smelting-
furnace, but T learn that the production of pig-iron was discontinued about the year 1014,
This may not have becen caunsed by any tcchnical diffieulty, beeause the commereial situation at
Ileroult, which can never have heen very good, beeame impossible when the charge for power
was raised from $12 to $25 per horsc-power year. The:plant ig situated on the Iitt river, in
Shasta County, and is reached by an independent line of rails from Pitt Station, on the Southern
Pacific Railrond. The iron ove is about the only element of their supply which can be obtained
cheaply at the works; there is not enough timber left near the plant for charcoal-making, and
wood for this purpese has te be brought in by vail. All their general supplies and their products
have to be shipped over fwo railroads from or to San Franeiseo or other industrial cenire.

IV. Tue OrEx-2IT FURNACE.

For the production of ealcium carbide and feilo alloys a simple type of opc-\n—toppeﬂ furnace
has been developed, and this Is recommended by l\Iesqls Becl\man qnll\Lmden for the smelting
of iron ores. The 3,000-kw. farnace erected by. thls firm at Bay Point for the produetion of
fe}rm-man anese may be taken as typicai. It eonlsists of a rectangunlay: %teel hox, about 17 feet
long, 9 feet wide, and 7 feet high, suitably braded, outmde, and hnpd avound the sides with
414 inehes of firebriek. The Doltom lining is about & feet thick, composed of. blocks of carbon,
and the furnace is supported on 1)101: to permit of air- coolmg The Lop of the f\unaee is open,
and the threc clectrodes, which are of funmphous calbon hcmgoznl in sectwn 24 inches in
diameter and 7 feet long, are hung in the middle ]me of the fumace, bmu,., Spfl{i(‘(l 3 feet G inches
apart from centre to ccntle The lower onds of 'Lhe clectrodc‘s are su;«roundod and eovered by
the ore and other materials when the furnace m opemtmff ’J‘hc uppet ends of the electrodes
are held by water-cooled metdl-holders, which support the| electmdpq aL the | donect height and
supply the eleciric current to them. The hu(*htl of the elcetl’odcs ig éontm]:lcd and regualated
by automatic maehinery, w hich is degigned to heep A constant clectrieal load on the farnace.
Three-phase eleetrical power at 22,000 voits is supplied to three 1,000-kw, transformers, from
whieh the working-current, at 70 to 100 volts, is led by flexible conducters to the three electrodev
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holders. A charging-platform extends around the furnace about 3 feet below the top, and the
mixture of ore, carbon, and flux is shovelled into the furnace frem this piatform. The molten
ferro-manganese and slag are allowed to run out of the furnace periodically by means of a
spout and tapping-hole opposite the centre electrode..

There can he no guestion that charcoal pig-iron of any desired grade can e made in this-
kind of furnace, which is easily and éheaply built and repaired, and should be able to ran for
a long time without need of repair. By providing an ample supply of power the efficiency should
be satisfactory, and may be expeeted fo approach fairly closely to that of the Swedish furnace.
The charcoal-consumption will certainly be higher, but, as & poorer quality charcoal ean be
used, this need not cause any additionai expense. The power-consumption will probably be
higher; but it is impossible to speal positively on this point, because the logs in heat, due to
the open top and the absence of a stack, may be largely balanced by the greater efficiency of
a higher-powered furnace, and by the fact that stoppages for repairg will be fewer and less
prolonged, The consumnption of electrodes will probably De larger pet fon of pig-iron, because
they are somewhat exposed to the aiv, and perhaps also on account of the greater current density
used in thesc electrodes. Although, in general, the furnace has much to reecommend it as a
simple and effective means for making iron, it must be remembercd that the furnace gases are
allowed to burn above the charge; thus nof only are they wasted, but they create a serious
nuisance. It is diffienlt to avoid the conclusion thaf, in operating such a furnace for the com-
mereial production of pig-iven, the managemeni wounld ultimately be obliged to close in the
furnace-top, so as to remove the gaseg from the furnaccroom, even if the value of the gascs
were neglected. 'The furbace, so closed in, would then resemble the Illelfenstein or the Noble
furnace, alrcady deseribed. If, then, it is decided to smelt in an electric {furnace ofher than the
- Swedish type, it would be practicable to start with a simple pit furnace as used for ferro-
manganese, and to add to this, if it seems desirable, provision for retaining the heat and gascs
and supplying the charge in o more mechanical manmer.

If it Is found practicable to reduce the crushed ove to a metallic powder in some gas-fired
furnace, this powder can be meited down very si{u'p]_v and cheaply with additions of carbon and
ferro-silicon to produce foundry pig-iron. A simple electrie furnace provided with a cover will
probahly be the bhest for this purpose. ’

L&PPES DIX IX.

DESIGN AXD COSsT 01 PLANT FOR THE ELECTRIC SMELTING OF IRON ORES.
GrNERAL CONSIDERATIONS,

{1.) We have secn that i view of the limited market it is andesirable at pregent to consgider
the production of more than 20 or 30 tons of pig-iron daily for use in foundries, .

(2.) The cost of production on go sizall a scale would be very bigh, and, as there will not
e a great profit in making pig-iron, it seems doubtful whether 2 plant of that ¥ize could pay
its way mnder ordinary conditions. ‘

(3.) If, however, we include in the plant furnaces for the production of steel and ferro-
ailoys, which ean probably ke made with a greater profit, and apart from this will help to carry
the general overhead char«es there is more 1110b<11)111t\ that the plant can e made to operate
at - profit.

ILECTRO-METALS PLANT,

Messrs. Blectro-Metals, of Loadon, are installing an ivon-smelting plant for Messrs. Ansaldo
& Co. in the Aosta valley in Italy, and I have received from them the following estimate of the
cost of building o similar plant in Canada. ‘

The plant would congist of =ix electrie furnaces of the Swedish type, each using 3,000 kw.
and producing 10,000 tons of pig-iron a year. This is for the production of a low silicon or
swhite pig-iven from an ore of ahout 65 per cent. iron. The plant would consist of a Iarge furnace
building, divided lengthwise into three bays. One of these contains the transformers and other
electrical apparatus, the central bay would contain the six-electric furnaces, and the remaining
bay would be devoted to the disposal of the pig-iron and the slag. Besides thése, there would




9 Gro. 5 Eircrrie Sasrmxe or [rox Ore. L 63

be a storage-house for the charcoal, and stoves for electrodes and other supplies, with bins or
storage-space for ibe ores, ﬂuies, and pig-iron. No mention is mado of unleading piers or
wharves, or of railread-iracks, or of the land on which the works would be erecled, and it seeins
probable that further charges should be made for these.

The plant of 15,000 kw, is estimated to cost:—

Six shafts complete with eharvging-Dells and pipes . ...vo i e, $170,000
Twenty (L000 kw.) transforiners (Lwo sSparcs) ......veivverovean- 150,008
WO o e e e e e BN .. 40,000
Elevafors ............ .. et e e e PR N 15,000
Tumps and water plant ... ... e e s 40,000
Blowers, fans, and docts ...l e e 20,000
Molors ... e N . 5,000
B S it e e e e e e F00,000

Total o e e, i $340,000

This ig equal to $O per ton of yearly cufput,

TPor present eonsideration we may iake a plant, producing pig-iron alone, of half this size;
fhat is, of 95,000 kw, This would make more pig-iron than we¢ need, but would be of about the
right effective slze and expense.  Such a plant, with additional ehavges for the land, nntoading-
wharf, tracks, and volling-stoek, would .cost in the order of $350,000 to $400,000. The estimated
output for this wonld be 30,0600 tons per annum, hut this should be eorrected (1) for the cre
heing of 53 per cent. iron instead of G& per eent., whieh will prohably reduce the output from
30,000 tons to 26,6005 (2) a further corvection, in view of the production of foundry instead

of white jron, will redncee it fo 24400 {ons, or 8100 {ong for each of the three furnaces.

It is probable, however, thaf the cstimafed output of 60,0060 tons irom a six-furnaee plant
was 4 eonservative figure, and it appears reasonable to assume an average daily output per
furvace of 25 fong of foundry iron, even from the low-grade ores of Dritish Colunbia, Twenly-
five tons a day per furnace would be 0.000 tons per annum for each furnace, or 27,600 tons for
the whole plant, and [ shall hase my eileulations on this.

By way of comparison. IT.add an estimate, made for me in 1914, of the cost of building
in Canada & $,000-kw, piant of the Swedish type. The estimate was prepared by My, Assar
Gronwall, of Ludvika, in Sweden, 11 is probable that the firm have introduced some ceononiies
since the dafe of 1his estimate, but the cost of construction, cspecially in British Celgmbia, has
increasad rapidiy, and it seems likely ihat a complete plant, including land, wharf, and rolling-
stock, will eost in the order of $400,600, or $15 per yearly ton of output.

Plust of Three Flectric Furnaccs of 3.000 K. cach.

Tixcavition, levelling, railway-lracks, store-house for ore and coke or

clinreoal, foundations for buildings and furnaces ............. o 8 30,000
DBuildings—
lTouse of light iron constraclion for three furnaces ............. 0,000
Crusher-plaut house, Iaboratory, inclusive. of appliances, workshop
oy repaivs, and ‘wf()i'("l()ll‘-f‘, and v u-i]ous smaller shops. ... .. 12,000
Irurnaces— . !
Tlhree furnaeces at 4; OUC ]1{:1‘50-1)0\\‘01' w 1lh fans and gas-pipes..... 7,000
Tleetrie transformer instruments wilh ]0\\‘ fension conﬁunt(ns cee 100,000
Moulds, 1adles, tools, and msuuments T e 10,000
Travelling erane of 5 tons dapacity ... .. e 6,000
Ore-crusher, apmrﬁtua 10;‘ trnnsportm;r crushied ore (o the
. FAFRACEAOD ver vt biraene e e, B, . 7,000
Side-tracks for ndnsporf and otheyx traumpoxtnw devices ......... 7,000
Water-pipes and wa&le pmoq PP s t ..... e 35,000

])mu ings, supm\ls,lon dmm“ couslmdlon and 1111f010<-een expen-
e cove. 48000

Total ........ e e e e e e e e e, £360,000
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If the Wlectro-Metals type of furnace is used there would probably be only two of fhese
built, and the remaining power would be devoted (o the production of ferro-alloys and to steel-
malking. '

Praxt wirH OPEN-PIT KURNACKES.

I vigited in California a plant at Bay Poini, San Franciseo, and another at Xeroult, in
Shasta County, where ferro-manganese and other ferro-alloys are made ifv electric furnaces.
The largest furrace used was a rectangular open-pit furnace, using 3,000 kw. and having three
24-inch carbon electredes which are suspended in the furnace. Messrs. Beckman and Linden,
who built and operated the plant at Bay Point, consider that furnaces of this type would give
entire satisfaction for the production of pig-iron, and that such furnaces would have the added
advantage that they could be employed at any fime for the preduction of ferro-alloys. These
furnaces would undoubtedly be cheaper to build and the repairs would be less costly, but, on
the other hand, they would also cerfainly be less efficient than the Swedish furnaces.. Messrs.
Beckman and Linden prepared for me an estimate of the cost of a plant of this type, having
one 3,000-kw. furnace for the production of pig-iron and other smaller furnaces for ferro-alloys.
I have changed a few of their figures to provide for the construction of two 3,000-kw, furnaces.

7,000-kwe. Pla,?gt for Plg-iron und Ferro-alloys.

Two 3,000-kw. 3-phase furnaces, installed, including casing, clectrode-

holders, jib-cranes, regulators, and foundations .......... ... ..., -$ 30,000
Seven 1,000-kvw. single-phase, 33,000-volt primary, 60-cycle oil-insulated

and water-cooled transformers, installed, with from €0 to 120 volts

in 5-volt steps on the secondary side (one of these transformers

" is spare), at $6,500 ...... S et e PO 45,500
Tvo sots low-tension busses for 3,000-kw. furnaces, installed ........ 10,000
Two sets high-tension busses for 3,000-kw. furnaces, including oil-

swilches, switchboard, and meters ... ...t inany oo 12,000
Three 300-kw. furnaces, single-phase, installed, including casing,
electrode-holders, and regulating device ... .iviiiiiiiiiin, 10,000

TFour 300-kw, 23,000-volt primary, €0-cycle, single-phase, oil-insulated
and water-cooled transformers, installed, with a range of from 70

to 100 volts in 5-volt steps on the secondary side ........vuu..s. 10,000
Three 50-kw. single-phase, 60-cycie, 83,000 volis to 440 volts, air-cooled
" transformers, installed, with switchboard (to be used for indus-

trial purposes around PIANEY ... ..t i e e 2,000
One 25-kw. motor-generator set for reguiators, et¢, instailed ......... 2,000
Three sefs low-tension busses for 3C0-kw. furnaces ................. 1,500
Oune furnace building, Luilt entirely of reinforced conereie, including

electric travelling crane, tracks, metal-handling equipment, ete... 45,000
One transformer bhuilding, built entirely of reinforced concrete .....:.. 13,000
One shipping-store building of wood and stucco exterior finish ....... 7,00Q
One laboratory.with complete equipment .......... ...t PR T1,500

One store-room and change-room building, built of wood and exterior
stucco finish, including steel lockers, ioilets, ‘.vash-basilns, and .
ShOWET- DA S it et e e e e e 8,000

One machine-shop with equipment .. ..coiri v iiiiaireirranes 10,0600
One office DUITAING . vvt vt ire e e e iiaa st taaenannraanes 3,000
One gate-house with time-~clock and time-keeper’s office .............. 500
Railroad-tracks, industrial track, ore-bhandling equipment, water-
supply, sewerage, fénce, and industrial lighting, ete. ............ 25,000
Land, 4 aCres . oot iini i e asaree e 4,000
. $246,000
Engineering and contingencies, 20 per cent. .~ ... i eeian 49,200

Total of Beckman and Linden’s estimate ... .o ..o vivaie, $295,200.
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Brought forward . ... e e $295,200
Additional items— ‘ ‘

Dock with unloading Iocomotive, crane, efe. ................ ... 30,000

Chareon] BIOraZe oottt it i e e it it 8,000

3- to 10-ton ladles for handiing metal ....... i iinneninn. .. 6,000

Flues and STack . .o e i et e 25,000

oS5 S P $864,200

Say a total of $350,000.

In the above list I have added to- ‘\iesms Boeckman and Lmdens eslimate a few items that
should apparently be included. A dock and unioading plant would be needed for economical
operafion on a large seale, a storehouse would be needed for the charcoal, and it will probably
be desirable to use large ladles for handling the molien metal, In the plant at Bay Poiut the
furnace gases escape and burn in the furnaece-room, creating a very serious nuisance, I wounld
advise the construction of suitable flues and stack for the removal of furnaee gascs and the
collection of the dust blown out by the furnaces. These flues can be placed below the charging-
platform.

The above eslimate rvepresents the cost of 2 complete plant havicg one furnace making
foundry iron for sale, 4 second making white ivon for steel- making, and three smaller furnaces
for ferre-alloys. As, however, we are considering in the first place the cost of production of
pig-ivon alone, I have recarranged the estimate for this purpose, s0 as to represent a plant
of 9,000 kw. making feundry iron in fhree 3,000-kw, furnaces, This estimate should then be
comparable with the Swedish estimates for a 9,000-kw. plant,

Bechman and Linden’s Fstimate modificd for ¢ .5,000-1510. Plant malking Pig-irom.

(TFor details see previous estimate.)

Three 83,0000, TUIRACES ...ttt ettt it ar e ey 8 45,000
Bleven 1,000-kw., transformers (EWo SPATES) .. oiirinennvrnnn .o, 71,000
Three gets low-tension busses ....... et e 15,000
Three sets high-tension busses . ... .. e e e 18,000
Three 100-kw. fransformers, ete. ........ .. it iiaaennn. 3,000
One 25-kw, motor-generator, ele. ... ..o e 2,000
One furnace building, ete, ...ttt e 35.000
One transformer bullding ... ..ot i e e e 15,000
One BhIPPINE-SIOTE ot e e e ey 7,000
ORE LDOTATOTY vt ve e ettt et e et e aa e e e e e 7,500
[T TR0 ) e o) o | e e 8,000
One 1ACTINE-SIIOD 1vr e ittt et et e e a e e e 10,000
One ofice DU . ..ot e i e e e et 3,000
ONe Zate-NOURE ...ttt r e e 500
Railroad-tracks, ete. ..o iiniinnnanna, e e 25,000
1972 17 5,000
$270,000
Fogineering, ete, 20 per ceht. ... i e e - B4,000
Total from Beckman and Lmden 8 ﬁ“llles ................... 2324,000
Additional items— . .
I)ock, efe, ..ol S i 30,000
Chareoal storage ......ovvviven e e e e 8,000
3- to I0-ton ladles ........ ...l e G,000
Flues and StACK .. it in it ir ittt it i 25,000
5 S e $39?(]00

'lhe cmwupondmo figures, derived from the Swedish estlmate, were between $350,000 and
$400,000, but this does not mean that the Swedish furnace is the cheaper, as the estimates differ
in completeness and are based on different conditions. We may, however, conclude that a com-

i
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plete plant using 9,000 kw. for the production of pig-iron would cost about $400,000. It would
appear certain that with an equal completeness of construction the Swedish plant would he
somewhat more costly thar the ofher, and for further caleculation we may assume the cost of a
Californian plant of 9,000 kw. to be $400,000, and of an equally complete Swedish plant $450,000.
In order to obtain an independent judgment in regard to the general arrangement and cost
of an electric-smelting plant in British Columbia, I @iscussed the design with Mr. R. H. Stewart,
of Vancouver, and he contributed some general considerations in regard ¢o the design and cost
data for the general portions of the plant, exclusive of the electrical furnaces and appliances.
The design was for a plant of 20,000 horse-power (15,000 kw.) for the production of 100 tons
of iron daily and 20 fons of ferro-alloys. The plant was designed to handle daily the following
quantities :—

_ Tons
1 v S 200
Chareogl ... veeiniieriinnnnnn. e e et a e et 50
T 13 1 20
e T PO .2
MANZADESE OT€ 1 4i v i it in s e aeaa e cnne s sn o aasusotsatonenonaraesoninsnnns 20
L) i L G 10
Chrome ore -.......ooovuioiiao... e e e 10
T 3 o T 1<) 20

Although the plant-as a whole was based on & daily capacity of 100 tons of iron and 20 “tons
of ferro-alloys, the electrical and furnace equipment is only about half of this, corresponding to
a consumption of 10,000 horse-power or 7,500 kw,, and a -production of 50 tons of pig-iron and

* b tons of ferro-alloys: provision being made for extension at a later date.

The furnace building would be 59 feet wide, 30 feet high, and 150 feet long. It would
contain along one long side two 3,000-kw. open furnaces for smelting iron ore and three 300-kw.
open furnaces for ferro-alloys. On the other side of this wall would be the transformer building,
30 feet wide and 30 feet high. The supplies of ore for the furnaces would be delivered by an
elevated track in front of the furnaces and Ievel with the charging-platforms. The furnace gases
would be removed by fiues below the charging-platforms. The pig-iron could be tapped Into large
ladles and cast in sand or in i casting-machine or poured direct into a Bessemer coaverter for
steel-making., The ores and other supplies coming by water would be unioaded into storage hy
2 locomotive crane. The charcoal would need a Iarge storage-shed, perbaps 300 feet long and
90 feet wide, which would contain a month's supply, stored not more than 10 feet deep.

"The order of operations would be as follows :—

(1.) Unloading from the dock direetly into storage.

(2.) Removal from storage, using the same crane, to crushing and bamphn plant.

{3.) Removal from crushing plant to the furnace charge-bins.

(4.} Delivering from charge-bins over w ewhmf*—hoppexs to the charge-cars and thence to the
side of the furnace.

(8.) Smelting for pig-iren or ferro-alloy.

(8.} Molten pig-iron received in ladlic and- handled by crane to easting-bed or casiing-machine
or to steel-making farnace.

(7.) The slag would be received in a ladle and removed by a locomotive.

The following is based on Mr. Stewart’s estimate for the cost of buildings and general plant.
Items for the furnaces and electrical equipment have been added from Messrs., Beckman and
Linden’s estimate :—

20,000-R.p. Plant with 7,000 Kw. of Electric Furnaces and Equipmont.

Mr. Stewart's items—

T.ocomotive crane, buckets, and grab-buckets .......... IERSERRRY feev . 319,000
DOCK, BAY v vvvuenruarorssnssereciossnarsronnaasstirsssnrissaraassss 14,0007
Flectrie locomotive, cars, and equipment for handling. between the ‘

whart and the erushing plant ... .. i ns 10,000
Crushing and sampling, Sa¥ .....vivuennen. et - 17,000
Charcoal storage for one month’s sUpply -~ .. oo 8,000

Carricd FOrtard ..o iiai it e $ 64,000



9 Gmo. 5 EripcTric SMpLriNg or IroN ORE. L 67
- Brought forward ........ e i aeraes e $ 04,000
Tracks, cte, for the above-mentioned eguipment ........ e e 3,000
Lifting-magnet for steel Serap, 10 oot in ittt i v e e irnnn 1,200
Storage of MATZANCSD OTE .« o\t vun e e e iemiaaerreranneens P 3,500
Storehouse for electrodes and other supplies, including a small erane. 6,000
Six furnace chdwm"—blns including weighing-hoppers and mechamcal
Teeders i i e e, LN 9,000
Tracks, charge-cars, and locomotive, with supports for the overhead
1012 T P A ieariaeeas 10,000
Turnace building, inclading erane FUNWIY o v et ivunrnresrnensanns 25,000
Transformer DUilding ... i ettt e it ciiee i 12,000
B- 101060 1Ad1ES et e ©6,000
Flues and stacks ........ et e e e e et 25,000
20-ton crane, 50-fo0L SPAIL . ov i iii i e oo 18,000
Labhoratory and equipioent ..ot ii ittt iir e 6,000
Ofee e i i i e i e s ettty 5,000
Machine-shop and blacksmith’s shOD ..o iii it iiine e iaineranss 12,000
Wash-1ouse and ChaANGe-FOOM . out ittt er e et sianetneirrnseinass 3,000
Slag-handling equipment ... .ot i i it e e 8,000
Ttems from Messrs. Beckman and Linden—
Two 3,000-kvw. 3-phase furnaces, installed ...... e et 30,000
Seven 1,000-kw. single-phase transformers ..o oveeerrrrerrneeioenens . 48,500
« Two sels low-tension busses for 3,000-kw, fulnaces .................. 16,000
Twvo scts high-tension busses, cte,, for 3,000-kw, furnaces ............ 12,000
Three 300-kw, single-phase furnaces, ingtalled .............cooivniin, 10,000
Four 300-Jw, transformers, installed ...ttt iiiianrennnes 10,000
Three 50-kw. single-phase transformMers .o .o it iirierisrnreinnans 2,600
One 25-kw. motor-generator set for regniators ........... P 2,000
Three sets low-tension busses for 300-kvy, furnaces ....... e DU 1,500
Land, S8Y oot e e e e e e 6,000
Ingineering and contingencies, 20 per cent. on $129 000 ..o, 25,800
L0 372,000
Modifying this estimate to represent a plant of 9,000 kw. making pig-ivon only, we have:—
8,000-kwe, Plant for Pig-iron.
My, SiewarD s oIS o it i e e e e e et e E217.,000
Three 3000 K. fllIaeeS ..ttt i i i et ia e 43,000
Tleven 1,000-kw, transformers ................ SN et C 71,000
Three sets low-tension busses ..... e e s R 15,000
Three sets high-tension busses, ele, ....... IR . 18,000
Three 100-kKw. transfOTMErS . ovvnvenviinanannnes . ;3,000
One 25-kw. motbr-generators ............. P . 2,000
Laud.‘..g.. ..... P et reaene e 6,000
Dnc'v neemng, etc 20 per eent. on $1GO 000 e e e e 82,000
OB et e e $409,000

These ﬁ"ures 'Wree ‘ rLth the previous estimate of $400; 000

'

DFSIGN AND CfosT oF COMPLETE PLAV

The fm(v*o:mgf estmmles of the cost of a 9,000 k. plant for maknlg plg»uonl are for use in
calculating the cost of smelting pig-iron.  Any plaatf actually C(mstlm.te(l would bc mole complex

in nature, ag it wonld 1nclude furnaces for ferro-alloys and fofsteel malmng )
Such a )J]ant, as 11'1: alrbady been indicated, might smtablv CONERTH -m
Tywo 8,000k, furnaces making pig-iron,
Three 360-kw. furndcees making ferro-alloys.
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This plant will produce daily about 25 tonrs of foundry pig-iron and about 30 fons of white
pig-iron for steel-making, together with about 8 tons of ferro-alloys. The plant would cost in
the order of $370,000.

To malke the plant complete and self-contained, there should be added electric or other
furnaces for making steel, and a steel-foundry and rolling-mill for handling the steel so produced.

I have obtained from Mr. W. G. Dauncey approximate figures for the cost of a steel-foundry
and rolling-mill. This plant would handle in all about 50 tons of steel per day. ’

Cost of Steel Plant.

. Main foundry building, including drying-ovens, core-ovens, pits,

moulds, and a 25-ton overhead crane and runway ............ ... $ 60,000
Lean-to building for furnace-house ............ oo 12,700
Three G-fon (rated) electric furnaces .......c.coiviiiiiii e, 75,000
Transformers and clectrical equipment for three furnaces ....... oo 54,000
One 9-inch rolling-mill, including building, one continuous heating-

. furnace, and three reheating-furnaces .......c. ... 125,000
Total ......... N e e e £326,700

Only two of the electric furnaces would be in operation at any one time, and they would
use between them about 3,000 Xvw.,, which would bring the fotal consmmption in the whole plant
up to about 10,000 lkw. ) :

As an alternative to the above, Mr. Dauncey recommends a steel-foundry equipped with two
ofl-burning open-hearth furnaces, specified as follows :—

Two 15-ton open-hearth cil-fired furnaces; three I5-ton ladles; one’
overhead 25-ton travelling crane; Uwenty charging-trucks and
boxes; storage oil-tarks and ali necessary small equipment for

handling 90 tons of steel per twenty-four hours ................ $145,000
Necessary buildings for the above .. ... ... v, - 85,000
TOEAl e e e e $180,000 -

Phis second estimate is for steel-foundry only, without any rvolling-mill, but, on the other
hand, it has a capacity of $0 tons of steel in place of some 30 tons provided for in the first
estimate. -

Collecting the figures together, we find for the complete plant:—

7,000-kw, electric-smelting plant for making pig-iron and.ferro-alloys. . $375,(}004
3,000-kw. eleetric gteel-foundry and rolling-mills ... L., . 325,000
Complete iron and steel plant .. ... ol $700,000

The final daily produet of this plant, after allowing for the use of pig-iror and ferre-alloys

in the plant itsalf, would be about:— ’

Tons
Foundry pig-irom ... oot e e e 25
Ferro-silicon, ferro-roanganese, and ferro-chrome ... oo 2
Bteel eastings and rolied steel ... .. e e e et e e et 50

APPENDIX X.

THE COST OF MAKING PIG-IRON.

Although the outpul of foundry iron for sale will be only 25 tons a day, a further 25 or 50
tons of pig-iron will be wade for conversion inte steel, and additional power will be used for
steel-making and the production of ferro-alloys. Instead, therefore, of calculating the cost of
producing iren in a plant of 23 tfons dally output, using some 3,000-kw., we may fairly fhgure
on a plant of three fimes this capacity, or 9,000 kw., with a production of 75 tons of foundry
iron Qaily. . .
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The main ilems of cost in the prodnction of foundry iron are:—
Iron ore of ahout 55 per cent. costing $4 per net fon.
Charcoal costing $6 to $8 per net fon.

Electric power, labour, and management,

It was understood that electric power could probably be obtained for about §15 per horse-
power year, and the following calculations were made on that assumption. It now appears that
a charge of 0.5 cent per kilowatt-hour would be made for clectric power, and a calceulation on
this basis is given towards the end of this Appendix.

The cost of labour is discussed in Appendix VII. and in the following pages; il appears to
vary from about §4 to $8 per ton of pig-iron, according to the size and nature of the plant, and
with the probable variations in wages.

The following discussion is based on the production of foundry pig-iron by the usual clectrie-
smelting methods in furnaces of the Swedish or of the open-pit type in a plant having a total
production of 70 or 80 tons daily. The cost of making electric-furnace iren by a method involving
the preliminary reduction or metallizing of the erushed ore is disenssced in Appendix XIT.

Cost wiITH THE SWEDISTT FURNACES.

I have received from Messrs. Elec‘trcrl\Ietals, of Sweden, the following estimate of the cost
of a ton of pig-iron mwade in a six-furnacce piant of §0,000 tong per year. 1 gquote this unaltered,
for interest, as showing the cost at which electrie-furnace iron can be made under exceptionally
favourable conditions —

1B toms of ore At Fh . oo i i i it et e e e $150
0.5 tor of Hme At Bl oot i e e iaee et B0
088 ton of charcoal at $6 ... ir i i e et e 2 00
10 1b. of eleclrodes At 8 Cents .. vt it i it ittt et e 50
Idlectric current at $8 per horse-PDOWEL YCAY (.ot vu vt reaneriaarinas 2 50
Repairs and mMAaintenanee .. ...ttt et e e 50 -
T T U et et 2 00
MAnAZEMETE v v v s et r e ra ey e e, 160
Tuterest and depreciation ... et i e iie e s e e 1 060
Total cost per ton of DPIg v i e e WS1L B0

In this estimate the word “ton ' prohably denotes in each casc the metric ton of 2,204 1b.,
which ig nearly the same as the gross fon of 2,240 1b,

The corresponding figures in British Columbia, in view of the higher costs of ore, power,
supplies, and labour, the smaller scale of the plant, the lower grade of the ore, and the
production of foundry irom instead of white iron, would be about as follows Tor 1 gross ton
of iron in a plant of three 3,000-kw. furnaces making 27,000 tons of iron per annum —

2 net Bong OF OFC AL $4 .ottt e e e $ 8.00
0.4 not ton of charcoal at $8 ......... e, veriia. 320
15 1b. of electrodes at S cents ... ...oiiiiiiian. ., P 120
0.45 Torse-Dower ¥ear at $15 «.virvr e annnnieinnn ST v :BiTB
Repairs anﬂ TAIEENANCE +ee vttt U e, 1700
LaDOUL o e s e e e it e e S G 3% 111

Managemeni-i e b et e 2 00,
| pelr ﬁent and depreciation 10 per cent. ..... e 2160
Icctr Metals e e P

It appears thatiby this system foundly iron can be made at a cost of about §30 pel ton.

In regard to those ﬁ ures it will be noted:—

{1.) That the eharge for ore ($8) is high, partly because. of the high cost per ton, ot Lhe are;
this cost could probibly; be reduced to about $3 per ton of ore if the iron-nining mdusuv should
in the futurce devel '1|1 & larger scale. -The charge is high, aho, he('a.uqo the ore! 1s‘10w grade,
containing about 55 per cent. of iron, so that 2 tons of ore are needsd to yield 1 ton ‘ot 1)]"'-1101]
If it were possibie to obtam a 65-per- cent ore at $3 per ton, the item of $8 for ore would be

reduced to $35. ' ) . g
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(2.) T have assumed elsewhere that charcoal could he made from mill-waste at from $6 to
$8 per ton. For the open furnace I take the lower figure of $6, but for the Swedish furnace,
which requires a better grade of charcoal, I am taking the higher ﬁgure.' I see no prospect of
a material reduction in this item. The amount charged (0.4 ton) is higher than in the previous
table, partly on account of the production of foundry iron instead of white iron, and partly
because charcoal is weighed by the short ton and pig-iron by the lorg ton, while the original
estimates are doubtless based in each easc on the melric ton. ‘

(8.} The electrode-consumption has been increased in view of the production of foundry iron,
and the price is that at which electrodes can be imported from Iastern makers. It is possible
that by making electrodes locally the cost could be reduced to 4 cents a pound, thus reducing the
item from $1.20 to 60 cents per ton of pig-iron.

(4.) The charge of $2.50 for power, estimated by the I‘loctro—\fetals Company, corresponds
with a consumption of 0.3l horse-power year per ton of iron. This figure must he raised by
about 0.05 on account of the lower grade of ore, and a further 0.05 on account of the production
of foundry iron, thus making 0.41; 045 appears to be as low a figure as it is safe to assume
under these conditions.* If in the future power could be obtained at $10 per horse-power year,
the item of $6.75 would be reduced to $4.50, effecting a saving of 82.25 per ton.

(5.} The items for Iabour, management, and maintenance have all been increased from the
Blectro-Metals estimate in view of the high cost of labour and salaries at the present time.
It does not seem likely that any material reduction in these items can he expected during the
next five or ten years.

(6.) Interest at 6 per cont. was calealated on the cost of Che pliant, $400,000, and a working
capital of $100,000; and depreciation ‘was calculated at 10 per cent. on the cost of the plant.
The output was taken at 27,000 tons per annum. Royalty to the Electro-Metals has been
assumed at 50 cents per ton, but I have no grounds for this figure.

(7.) If the ecomomies indicated in (1), (3), and (4) could all be carried out, the cost of
malking pig-iron would be reduced to about $24 per ton. Xn view of this, it would appear that
a plant making pig-iron in the Swedish furnace with $10 power should be able to continue to
operate at a profit even when prices fall considerably below their present level.

The following details of the cost of making electric-furnace iron (probably white pig-iron)
at Gellivare, in North Sweden, are contained in a report by J. A. Lefller, which appeared in the

- Iron Age, Sepiember 18th, 1917, page 605. I have changed the items from English to Canadian

money.
Cost of One (Metric) i‘on of {White) Pig-tron.

1.6 (metrie) ton of ore (50 pel‘ cent ore and 50 per cent. bnquettes)

E S o5 N R PN Lo 5438
Limestone .......... e e e e e S 16
0.4 ton of charcoal at SI2.50 .. .. i e e 5 00
0.272 kilowati-year (0.365 horse-power year at $8.50) ............ e 3 46
) Y T~ Y R 44
Repair and GPKEED ... vvtvrrr i iiaan ettt PN 88
T P P 156
Management and SUNATIES ... iirir e ein o it i 54
ROFAILY cvereeer i i e e e a4
SInKIng FUnd ... i e e e 36
Rents ..........: P 1 38
Carriage 10 TAlBA + vt vet et et i e, 116

" Total ..... U, e e $20 16

Comparing my estimate for present conditions in British Coilumbia, it will be seen:—

(1.) That we have to face an increase of $3.62 on the cost of ore.

{2.) The consumption of charcoal is taken as the same amount, but we should obtain
charcoal more cheaply, thus saving $1.80.

(3.) My power assumption is 0.085 horse-power year morc than the above, This is justified
by the lower grade of ore used and the higher grade of iron to he made. This difference, together

* A discussion of the power-consumption will be found in Appendix VIII,
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with the increased cost per year ($15 instead of §9.50), produces an increase of $3.29 in the
charge for power.

(4.} Ilectrodces cost 76 cents more on account of the greater consumptmn and the higher
price. -

(5.) Repairs and maintenance are only 12 cents more.

(6.) Royalty Is assumed at 16 cents more. )

(7.) Interest and depreciation in my estimate come to 36 éents more.tlian the charges for
sinking fund and “ ren{s ” in the Swedish estimate.

{8.) Labour and management come to $6.50 in my estimate, but only $2,10 in Sweden.
This difference of $4.40 is duc partly to the smaller scale of the proposed plant, but mainly to
thé very much higher scale of wages and salarvies now obtaining in British Columbia,

It will be seen that the inereased amount of my estimate (aboul $10 move than the Swedish
cost} is due, in about egunal proportions, to the increased charges for ore, power, and Iahour.

MAGKETIC CloNCEXTRATION OF TUE ORE.

It may be worth while fo attempt an estimate of the resnlts of concentrating the ore before
smelting it, so as o find whether any economy may be expected to result from this operation.

Assume the ove is a magnefite containing 50 per cent. of iron and costing $3 a ton at the
concentrating plant, with a further charge of $1 per fon freight to the smelter, The cost, using
the undressed orc, is $8.80 per (on of pig-iren, as 2,2.net tons of ore would be needed. The ore
is crushed {o a coarse powder at a cost of 50 cenfs a ton. Ome ton of the crushed ore will
probably ¥ield 0.6 ton of 70-per-cent. concentrate and 0.4 ton of 20-per-cent. {ailings. The con-
centrate is sintered with cheap fuel on the Dwight-Lioyd machine and the briguettes shipped to
the smelter, The cost of dressing and sintering will be about $1 per ton of the conccntmte
The cost of the product per ton of pig-iron will be:—

244 tons of ore MINed At 83 ... et e e, 5720
24 tons of ove crushed at SO Conts ..ot i e 120
1.4 tons of concentrates, dressing and sintering at $1 ....... ... a0 1 40
1.4 tons of coneenfrates, frejight at $1 .. ... .. oot 1 40
F11 26
2.2 tong of 0-per-cent. ore oL 84 L. L. e, 8 80
Increased cost due 0 DIOCESS ...t i i e $ 240

On the other side we may expect the following economies :—
235 1, of elecivodes at 8 Qentls ..o i e 20
0.08 horse-power year at B10 .. .. i i i i i i et e 1 20
Repurirs and MaINenanet v i e ae it [P 15
7 10T G5
Y €13 Py b T A A 30
Interest and depreciation .......0vveiiiiieaiaeai, e PR 40
Total ....ocvvnt. e et ey e, § 290

It dae% not appear, therefore, that & great saving could be efteeted by che'ssmg a Bl-per-cent.
‘ore nL oruqhm'r and smte1 mg were necessary, though Messys. Beckman and Linden consider that
a net} saving of nearly $.:| per ton could be effected in this way. I :my add that for thig calcula-
tion I havel assumed that the operation of sintering would remove the su Pl so completely that
it would noL De nccesqmy to fonn a slag for its removal, and also that a v. hite ivon would Le
mado and turned to foundrv iron by the addition of ferro-silicon, 5o that it wou]d not he essential
to have any silica in the flnnace charge. An alternative plan would be to use about two-thirds
of sintered concenlrates and one-third of undressed ore in-the furnaee c]m.lg.e, thus obtaining
enou«h silica for lhe pmductmn of foundry iron. i .

Uthouﬂh the abovc calculatmn shows only a small savm* by the concentmtzon of n
" 50-per-cent. iron ore, it ig possible that a more mmortant economv could Le cffoeted Dy
magnetic concentration in the manner indicated in Appendix 11i;
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PRODUCTION 0F FoUNDRY IRON,

Qn account of the fact that the Swedish furnace is generally used for the production of a
white pig-iron containing not more than about 1 per cent, of silicon, we have no exact data for
the production of foundry irow of, say. 3 per cent. of silicon in this furnace. We are satisfied,
however, that there would be a decided increase on this account in the cost for power, charcoal,
elecirodes, and maintenance, besides the general overhead, labour, and interest charges. In view
of this, it is worth while fo consider what the cost wouid he of converting white iron into foundry
iron by the addition of ferro-silicon, One fon of iron containing 1 per cent, of silicon would need

' the addition of 0.04 ton of 50-per-cent, ferro-silicon to raise its silicon content to 3 per: cent.

This ferro-silicon would cost, made in the plant, about $85 per ton; or $3.50 for the amount
needed. : .
If the pig-iron were received in a large ladle and the ferro were thrown in red-hot, there
should be ‘enough heat to effect a perfect- mixture; and as the iron is cast info pigs for sale,
and then remelied in a ecupola, any irregularity would be remedied before the final casting.
The saving in the cost of smelting through producing white iron instead of foundry iron would
about equal the cost of the ferro-silicon, and there would be the added advantage of making a
single furnace product and turning as much of this as was needed into foundry iron.
Myr. Gronwall, in his estimate made in 1914, places the difference in cost between grey and
white pig-iron as;— . '
0.03 ton of charcoal.
0.03 horse-power year.
5 1b. of electrodes,
10 cents for repairs,”
T cents for petty charges.
Under our conditions this would mean :—

Charcoal at $8 ........ e $0 24
B L0325 o . 5 45
Bleetrodes at Scents ..ot iiiiiriin i et iaaeaaaen 40
Repairs and petty charges ............. e e e 21

POLAL e e ettt ia e mt e e P $1 30

We must add, however, a proportion of the charges for labour, inanagement, and fixed charges
amounting te about 60 cents, thus bringing the whole up to $1.90. The additional expense may
casily be as much as 0.05 ton of charcoal and 0.05 horse-power year, and the increased cost
would then be about $3 a ton (everything considered), or ncarly as much as the cost of the
fervo-silicon addition. . ’

The ferro-silicon used was found to cost £3.50, buf, as it replaces an equal weight of pig-iron
costing $1, the net cost of the addition will only be $2.5¢ per ton of the resulting foundry iron.

The foregoing discussion is not intended to prove that the addition of ferro-silicon to white
iron is the best way of making foundry iron, but merely that the use of the Swedish furnace
for fourdry iron would be perfectly safe, because ferro-silicon could be added without much
additional expense if it were found impracticable to make foundry iron directly.

CosT oF SMELTING IN SIMPLE PIT I'URNACE,

_ The following is an estimate of the cost of making a ton of foundry iron in a 8,000-Jkw,
furnace of the simple pit type. This estimate has Leen preparcd by Messrs. Beckman and
Linden, depending on their commercial experience of the production of ferro-manganese in
such a furnace. As, however, they have no data with regard to the production of pig-iron,
they have accepted my fgures for the prohable consumpliion of power and charcoal in such a
furnace. These assumptions, whick are based on calculation, are that the open furnaee would
1ieed 0.30 horse-power year of electric iﬁower, which is 0.05 more than I allowed for the S_wedlish
furnace, and 0.50 ton of charceal, which is 0.1 ten more than I allowed for the Swedish furnace.

Messrs. Beckman and Linden argued, from general considerations, that the open furnace
would bLe at least as economical of power as the Swedish farnace, but were not prepared to
guaranfee such a performance. 1 do not think it will be safe to assume any better figures than
those I have given until the performance of this furnaceé has been demonstrated in commercial
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operation over a considerable period. 'The figures they give for Iabeur, general expenses, and
interest are probably too high, beeause they are considering a single 3,000-kw. furnace, while
the plant we have in view will employ about 10,000 kw. The output of the single furnace is
taken as 5,000 tons per annuul

Becicmon and Lmden s Bstimate of the Cost of One Long Ton of Foundry Pig-iron made in
Open Iurnace from o 50-per-gent. Ore*

Tron ore, 2 tons af $4 DET TOM . oer ittt ea e e i $ 800

Electrical power, 0.5 horse-power year at $15 ... oo vl e 7 50
Charcoal, 0.5 ton at $6 per ton B et 3 G0
Electrodes, 20 |b, at 10 cents per poind ... ..o iinie i 2 00 -
1 17 AN S G0
BapPlies cu i i i aat e e 1 00
Plant and general oflice @XDEnseEs . ... oiiiur i 5 00
Ingorest and depreciation, 20 per cent. on $180,000 ... ... vt 4 50
Lo SR $39 00

If we are considering this furnaee as a unit in a plant of 10,000 kw., it secis probable that
the cost of Iahour would be about $6, the general expenses §3, and the interest and depreciation
$3. With fhese changes the total cosi would e reduced to $33.50, or aboul $4 morve than my
estimate with the Swedish furnace.

Messrs., Beckman and Iinden consider that usging S0-per-cent. ore at §4 they could obtain
a 65-per-cent. concentrate at $6.45 per ton, ineluding the cost for corcentrating and sintering
of $1.25 per ton of concentrate. Using this concentrate, they estimate the following, assuming
an output of 10,000 tong per annum from a 3,000-kw, furnace :—

Bechman and Lindew's BEstimate of the Cost of Foundry Iron from 63-per-cent. Concentrate.

Tron ore, 154 £ON8 AL $6.45 DPOE TOM +vervrernenrrerrniraenenienss .. %5008
Electric power, 0.4 horse-power year at $13 ... 6 00
Charconl, 0.5 100 4t B0 oot i i i it et it e e s 300
Rleclrodes, 20 1b. at 10 cents per pound .......ccvevinrnarinyieans ‘200
7T 5 PN 6 40
B9 S 100
Plant and general oflice eXpenses vuut v iinr i rri et iiicn i 3 00
Imterest and depreciation, 20 per cent. on $140,500 ... ..ol 251

L2 S T R $36 14

This estimate shows & saving of $3 as comparcd with the cost of smelting the ul]dleSbL,(l
ore, bt T am doubtful whether so smail a degree of concentration wonld do more than barely
pay for itself. Thus, even assuming the small cost of $1.25 per ton of concentrate ta cover the
crushing of the ore, the magnetic dressing, and the sintering of the concentrate, it appeaqu that
Messts. Beckman and Tinden hiave figared on a perfeet dressing, losing no iron in the tailings,
If we assume the Iatter to contain even so little as 15 per cent. of iron, we would need 1.43 tons
of ore for each ton 'of concentrate, which with the above chargé would work out at $6.97 per ton,
or %IO,JO per-ton of iron, The difference in power-consumption of 0.10¢ horse-power year per ton
was de(‘iuced from my own figares, but is probahly rather too high; 0.075 would be a more probable
estum;e. A mistake appears to have heen made in the item for interest and deprceiation, which
can hardly bé refhiced from $450 to $2.81 by the increased richness of the ore. I believe it
wouldbe found in practice that the enrichment of the ove from 50 to 65 per cent. would not effect
any eonsiderable saving. "On’'tbe other hand, as I show clsewhere, if an ore of, say, 40-pér-cent.

could be mined decidedly move cheaply per unit of iron contents than a 50- -per-cent.- ore, a
" coneentrate of 65 per ecent. or upwards couid probably be made from this cheaper ove il such
& priceias to offexr & maferial saving. It should be added thai the whole of the foregoling | 'ﬂiscu~.-
sion dépends upon; the ease and completeness with which the ores of-British Columbm can e
concentrated. At 1)1'ese11t we have no information on this subject,

# Tt will be fourid that, making reasonable allowance for losses, the ore would have to contain about
33 por cemt. of iron in ordar that 2 net tons of it should ¥icld 1 jomg tor of pig-iron.
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-10 assume more than 35 per cent.; the price per ton of ore being the same ($4.40 per long ton
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An examination of the above estimate will show that the consumption of iron ore must be
taken as 2 long tons of §0-per-cent. ore and 1.54 long tons of 63-per-cent. concentrate respectively
per long ‘ton of pig-iron produced. 'They differ in this respect from my own estimates, which
are in shorf tons of ore per long ton of pig-iron. My estimates were made in that way because
the cost of ore, charcoal, ete., in Butlsh Columbia is guoted on the short ton, while pig-iron is
always sold by the loag ton,

- For the purpose of this report, I fuuushed Messrs. Beckman and Linden with the following
estimate of the commercial eonsamption of power and charcoal per long ton of foundry pig-iren

made in an open-pit furnace. This estimate may be regarded as too eonsewatlve, but I have no

data on which I could base & closer estimate. _ ILP. Year. é‘ﬁ;ﬂ%‘;‘?},
White charcoal iron from 63-per-cent. concentrate ......... .33 0.45
‘White charcoal iron from 50-per-cent. iron ore ............. 0.45 0.45
Grey charcoal iron from 63-per-cent. eoncentrate ........... 0,40 0.50
Grey charecoal iron from 50-per-cent. iron OT€ ....iceve.nn.. 0.50 0.50

I have no reason for doubting the general correctness of these figures, which, of course, will
vary with the size of furnace and operating conditions, but for purposes of comparison I would
alter the power-consumption assigned to items 2 and 3 so as to make them equal, Thus the
power-consumption for white charcoal iron from 50-per-cent. ore and for grey charcoal iron from
65-per-cent. concentrate would each be 0.42 or 0.43 horse-powel Tear. -

COMPARISON WITH BLAST-FURNACE METHODS.

It may be of value to compare with my estimate of the cost of making pig-ivon in the Swedish
furpace the following estimates by the B. L. Thane Company of the cost of making pig-iron in
a large blast-furbace near Puget sound at 1918 prices:—

B. L. Thane Compaeny's Estimate of the Cost per Long Ton of Blust-furnace Pig-irom.

Iron ore, 3,457 1h. at $4.40 per long 10N . ...ttt it e aeeen e § 681
Coke, 2,480 1b. at $O60 per net fOM . oo vt e e i it aann e aeaas 11 93
Limestone, 1,000 1. at $1.90 per long ton . ...veeriiiiiiirieennnannns 81
7T 00 o Y 1 50
BT 0= o 2 1.50
Capital charges ©....... e . 3 40

Total covvnanns.. e e e e %25 95

(1.} The charge for iron ore, $6.81, is less tham my estimate of §8, merely because the ore
is assumed to contain 65 per eent. of iron, whereas I have heen advised that it will not be safe

instead of $4 per short ton).

(2.} The charge for coke, $11.93, is more than the combined charges for chareoal, clectrodes,
and power, $11.15.

(3.) The capital charges are nearly the same, $3.40 and $2.50, or including the royalty, $3.10.

(4.) The eleciric-furnace estimate is higher than the other on account of the heavy charges
for labour, $4.50, and management §2, compared with the single item of $1.50 for labour inthe
blast-furnace plant. This difference is caused mainly by the difference in the seale of operations;
a coke blast-furnace turning out at least 300 tons of iron daily, while the electric furnacé would
scarcely make 30 tons.

In conclusion, there does nof appear to be any eause, other than the different size of the
furnaces, why electric-furnace iron should cost more than blast-furhace iron under the conditions
we find on the Coast, and providing that power can be obtained at $15 or less.

Thwo other estimates by the B, L. Thane Company place the consumption of coke at 2,240 1h,,
costing $7.13 per net ton of coke or $7.98 per fon of irvon, and at 2,625 1b., costifg $12.20 per net
ton of coke or $16 per ton of iron; the total cost of & ton of pig-iron coming to $22 and $30.02
respectively.

Since the above was written I have received a letter from the British Columbia Electric
Railway Company, which is reproduced in Appendix I'V., stating in effeet that they would supply
large blocks of power up to 10,000 borse-power in the neighbourhood of Vancouver for a charge
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of 0.5 cent per kilowatt-hour. 'This charge is so high as to render impossible any large-scale
production of cleetric pig-iron in the Swedish or open-pit furnace, and unless some olher method
can be devised that will need decidedly less power, all that can be done will be to make & small
amount of pig-iron duz-in'" the present period of extreme high prices. In view of the necessarily
temporary nafure of sgeh operation, it would be impossible to install & plant of Swedish furnaces,
and we can only consider the simple open-pit furnace, because, aithough it uses more power
per ton of pig-iron, it can be installed more quickly and more cheaply, and can easily be converted
to the production of ferro-alioys, or even replaced by clectric steel-making furnaces, when the
drop in the price of pig-iron shall render its production impossible.

In caleulating the cost of making iron in the simple pit furnace with power at 0.5 cent,
I must, for comparison with the previous instances, convert this figure into a charge for the
horse-power year. IFor this purpose I shall assume a load factor of 83 per cent., which provides
for stops for repairs, as well as the usual degree of irregularity of power. On this assumption
the horse-power year would cost $27.80. The ecost of making a long ton of foundry iron in a
plant of 10,000 kw, would be about as follows :—

-

Cost of One Long Ton of Foundry Iron using 0.5-cent Power.

Trom oxe, 2 tons at $L perton oovvvve it P “$ 800
Tlecirical power, 0.5 horse-power year at $27.80 .......... e 13 90
Charconl, 0.5 ton al $6 DO L0D . uivn i it iri i ianr et enanra s 300
Rleetrodes, 20 b, at 10 cents DEr POUNE . .evvrrerenrerererornrenreen. 2 00
Labour ..... et e e e e e e & 00
oD 3 5= 1 00
Plant and general office expenses ........ . i i 5 00
Interest and depreciaflon ...t it it 3 00

B 3 1 00

With so high a charge for power the operations weuld probably be on & smaller scale, and
it would be inexpedient to install as much labour-saving appliances, so that the cost would agree
more clogely with Ieckman and Linden's estimate of $39, correeted for 1he higher price of power.
This would coine to $45.40 per ton of pig-ivon. Thus it appears that uuless cheaper power ean
be obtained the cost of making eleetrie pig-ivon in British Columbia will be in the order of $40
to 845 per ton.

The Dritish Columbia Railway Company offer 2,000 low. of §15 power on Vancouver island,
Lt this does not hmprove the situation materially, because the seale of operaticns would be so
small thal the cost of a ton of iron would certainly be i excess of $40.

Tt shonid also be neted that the above offers of power carry some restrictions vwith regard
to the company’s penk-lead periods, I have no palimum;s in regavd to this, but ne douht it
wonuld further inerense the eperating cost by reducing the output from a given electrical plant
and stafi,

APPENDIX] XT.

REPORT BY MESSRS. BDC‘KEVIAV" ANRD . I';I\'I)EN.

]I\TRODUC toryY NOTL BY DR. SLANSF}I?I;D

When undertaling the present investigation I consulelc{l that it was very important to
decide-whether: the high Swedish furnace or the sm}pler pit f’umdce used at ITeroult would Le
the more: smtal‘ nc]e1 the conditions exizting in British 00?111111)3& )

I s T amlhar with the Swedish farnaces, but not with the Cahfornmn turmce, and T there-
fore visited San Frauciseo and Iergult. At San Franeiseo I ntet-Messrs, Beckman and Linden,
an engincering firm who have specialized in electric smelting and had recently erected a plant
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for the production of ferro.alloys at Bay Point. Mr. Beckman is familiar with .conditiolns in
Sweden as well ag in California, and I therefore discussed with him the design of furnace and
plant for the production of pig-iron. In spite of his knowledge of the Swedish type of eleetric
furnace, Mr. Beckman concluded that a simple pit furnace of the kind used for making ferro-
alloys would, on the whole, be betfer than the Swedish furnace for the conditions in British
Columbia. Such a furnace is substantially the same as the furnace that has been used at
Heroult, with the e¢xeception of the roof and charging-chutes. In view of Mr. Beckman’s knowl-
edge of Sweden and California and of his experience in designing, erecting, and operating the
plant at Bay Point, I asked him to prepare a design for an electric-smelting plant in British
Colymbia. The general outline of the plant was arvanged between us, and I furnished him
with the necessary data in regard to the nature and cost of the ore, chareoal, potver, and labour.
T understood that he would give an estimate for the consumption of power and charcoal per
ton of pig-iron, but Mr. Beckman finally decided to talke my figures for these items as the basm

- for his report,

I had in mind at that tlme a plant which Would contain ;:—

. Three 3,000-kw. furnaces for smelting ore.
Three 3¢0-kw. furnaces for smelting ferro-alloys.
Two 1,600-kw. furnaces for making steel.

At first, however, the building was to be large enough for two 3,000-kw, and three 300-kw.
furnaces; and only cue of the 3,000-kw. furnaces, together with the {hree 300-kw. furnaces,
were at first to be installed, Unfortunately, Mr. Beckman based his design of the plant and
his estimate of the cost of making iron on the smallest equipment considered, which was only
intended to be temporary, and on this account his estimate of the cost per ton of making pig-iron
is higher than necessary. . '

ELECTRIC PIG-IRON IN BRITISIH COLUMBIA,

RerorT BY BECEMAN AND LINpeN EN@INEERING CORPORATION, Sanx IFrawcisco, Jury, 1918.
GENERAL REMARKS,

The following report is made at the request of, and is based upon figures which have been
supplied by, Dr. Alfred Stansfield, of MeGill University, Montreal, and has reference to a
possible pig-iron industry in British Columbia. All of the conclusions reached arc based upon
and deduced from information reeeived in this manner.

LocAatioN OF PLANT,

In British Columbia there is available a eonsiderable amount of developed hydro-electric
power and alse a large amount of power which is awaiting development.” It would be considered
advisable in conneetion with this investigation to locate the proposed pig-iron plant at a place
swhere already developed power is available, and in such locality that the raw materials cssential
in this indusiry are obtzirnable with the lcast effort. We may take, for example, such a point
as Port Moody, approximately teir miles digfant from Vancouver. *This community has acecess
to the Canadian Pacific Railway and also deep-water facilities. The British Columbia IElectric
Railway Company, Limited, have transmission-lines already in Tort Moody. Port Moody has a
small electrie furnace operating for the manufaeture of other products, which wounld facilitate
the obtaining of labour to some exient for the undertaking along the lines suggested.

GeNERAL OUTLINE OF PROJECT.

It is a well-known fact that in Sweden great quantities of pig-iron are manufactured by
means of reducing iron ore In electric furnaces, utilizing charcoal as reducing agent. "The
conditions .existing in Sweden and those existing in British Columbia are very similar. It
therefore suggests itgelf that the manufacture of pig-iron in British Columbia should offer
opportunities similar to those in Sweden. The project here would be based on four units. The
first o be installed would consist of one 3,000-kw. furnace and possibly three 300-kw. single-
phase furnaces; the former furnace for the purpose of manufacturing pig-iron, and the latter
furnaces for the purpose of manufacturing ferro-alloys, such as ferro-molybdemun, ferro-chrome,
ferro-tungsten, and ofhers. The next step would be the addition of a 5,000-kw. furnace for the
manufacture of pig-iron, or it might be thought more advisable to put in a 10,000-kw, furnace
for this pﬁrpose. The difference in operation and equipment between a 3,600-kw. and a 5,000-kw.
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furnace is not very material and weuld only involye an iflerease in preduction, while the opera-
tion and equipment of a 10,006-low, furnace would he materially differexnt and a distinet devclop-
ment over a 3,000-kw, furnace., Of course, the investment on a 10,000-kw. furnace. would be
considerably greater than on a 5,000-kw. furnace, and on that account it mighi be considered
advisable to take an intermedizry step. The furnaces would be built in such a mauner that
they could easily Le adapted to manufacturing other alioys, such as ferro-silicon. The purposc
of this womid be to make the plant as flexible as possible, so that in case the price of pig-iron
went down the plant could be used economically for other purposcs.

Raw MATERIALS.

In the manufacture of pig-iron the essential raw wmaterials are:—

A. Cheap electric power.

B. Iron ore.

Reduecing agent, such as charcoal.
. Fluxing agent.
. IElactrodes. :

A, TTydro-electric Power—The amount of power necessary to produce 1 ton of pig-iron in
the eleetric fwrnace is dependent to a great extent upon the purity o7 the ores. The iron ore
which Is available for this undertaking would consume approximalely 0.3 horse-poiver per rear
per ton of pig-iron. In case the ore was econcentrated up to 65 per cent. iron content, it wonld
take 0.4 horse-power per year per ton of pig-iron. It is apparent frora the following cost data
that the power cost ig one of the lavge items, and to make suech an undertzking successful it
is essential that low power prices arve oblzinable, Tt is understood that the British Columbia
Ilectric Railway Company, Limited, has available 10,000 horse-power, ti0-cycle power, that could
Le put into service immediately., Later developments of this industry would necessitate fhe.
development of new hydro-clectric power sites in close proximity fe rav malerials.

B. Iron Org—The raw material on which the whole industry is based is the iron ore. "There
are a number of iron-ore deposits in British Columbia on the mainland, as well as on the Islands,
and it would be a question of its availability fo Port Moody which would partially govern as
to its use in this undertaking, The ore which has heen suggoested is a magnetite ore containing
lime of an average analysis of :—

Hoa

Peor Cent.
60+ S A A AN 30 (o 55 (I'e,0, 69-706%) .
131 T S 5106
o 103 4
Phosphortus ... rneneraraannss e iaa e . . 002
SUIDhUY e e e e Niseraerraeen 0.l
Caleium carbonate, etle, e e 151021

"Ehe ore is claimed {o be practically self-fluxing and would on that account net nccessitate
the use of any fluxing agent whatsoever, In a general way this ore is Jow in its iron content for
a very successful plg-iron operation. If there were some ore of higher grade available and at
a low price, it would be strongly advisable to consider these deposits in prefercunce to the iron
ore under discussion. There jz, though, a means by which thiz ore could be brought up to a
higher degree of purity, which would involve 4 concentrating plant:and the sintering of the
obtained concentrates. This would, of course, increase the cost of the ore and would give a
higher iron content of ore material to work with, which would increase the output per horse-
power yeal in the etectric furnace. It would therefore appear.that, 1f no other ore Is available,
a concentmtmg plant would be advisable,

C. Reducing Agent—In the ‘lweghslg practice where electric pig-iron is produced charcoal
is used as » reducing agent. This is obtained as a by-product from. the large lumber and timber
operations in Sweden, where pine, spruce, and fir are handled, and there is no timber operation
in Sweden of ‘any kind svhere the refuse is not furned into charcoal either in a by-product
charconl-oven or by pit-charcoaling. DBritish Columbia, as wé understand it, has. large timber
operalions, as weil as-large stands of timber, that in many cases are worthless for timber
purposes. These waste lands might he gone over and the timber turned into charcoal, as well
as by-products, such as alcohol, acetic acid, creosote-oil, and diso turpentine. The creosote-oils
are used extensively in flotation purpoeses where the metal values are separated from the ¢ Langue.
Charcoal obtalned in such a manner, either in by-product : coke-own% or in p1t charcoaling,
containg appmmmately 73 per cent. fixed carbon.
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- .

British Columbia holds in its bitumineus-coal deposits another reducing agent that under
special conditiong may be used to advantage. It is high in ash and reported to contain 50 per
cent, fixed carbon. ’ . 4

It bas also been suggested as a possibility to utilize some of the oil-wastes obtainable on the
Pacific coast as a reducing agent in making pig-iron. This material eontains piactically no ash
and ahout 70 per cent. of fixed carbon. ’

D. Fluwing Agenf.—As has been explained under the heading “Iron Ores,” the iron ore
proposed to be used in this undertaking would not need any fluxing material. Limestone, though,
as a ruleis used for this purpose, and iz available at various points accessible to Port Moody in
a purity suitable for this operaiion.

1. Blectrodes.—All cleetrie-Turnace operations for the reduction of ores are dependent on
the supply of electrodes. Electrodes are the means by which the electric eurrent is made avail-
able in the furnace. There are plants on the Iacific coast which are manufacturing electrodes,
and there are large manufaciurers of electrodes in the REast, both in Canada and the Uiited
States. If would seem as though an undertaking of this kind in British Columbia should depend
upon its electrode-supply from & Pacific Coast source, and it would be advisable to make an early
arrangement with the manufacturers there for this essential.. )

GENERAL PranT LAYOUT.

The plant would be composed of the main Turnace building, adjacent to which would be the
transformer building. The furnace building would give ample space for the furnace and the
h_ecessa-ry electrical connections, as well as the casting-floor on to which the pig-iren would be
tapped. This building would have a big elecirie travelling erane and also the necessary tracks
for the purpose of moving raw materials about and moving the finished produects. The initial
size of the building would be one which could house a 3,000-kw, furnace and three 300w,

single-phase furnaces. Buiidings, such as storehouse, laboratory, office, wash-house, ete., would

he placed at convenient points on the ground. The necessary trackage would have to be 1aid out
in the yards for the handling of all materials. and incoming and outgoing shipments. Ample
storage-space would be necessary in the yards for the storing of raw materials. There should
be approximately sixty days’ supply of iron ore in stoek, amounting to approximately 4,000 tons.
Storage-space shouid also be provided for a large tonunage of charconl. The amount that wounld
have to be kept in storage would depend upon the physical conditions surrounding the plant
and the accessibility to the charcoal-producing installations. If would be advisalle to plan for
the neecessary roof-sheds to cover two to three months’ suppiy of charcoal. In case any fluxing
agent should be needed, space should be provided for the storage of same. Blectrodes eould he
stored in suitable numabers in a small building. To handle efficiently the raw materialg and
finished product from stock-piles to dump-cars, etc., a locomotive erane would be needed.

"TYPE OF FURNACE. -

The type of electrie furnace in which pig-iron is made in Sweden has a close resemblance
to the shaff:ffirnace. The shaft carrying the burden is supported by braces, and the reduction
takes placein’d big bowl at the bottom of the shaft, into which the electrode projects. There
is a heavy s’t‘rain‘ on the strucfure in general, and the refractory roof of the furnace itself receives
very severe freatment and frequently needs rebuilding. It has been carefully considered in this
connection that it would be advisable fo try oui a simpler furnace very similar to those used in
the manufacture of ferro-silicon and ferro-manganese—a simple 3-phase open-pit furnace. By
installing this kind of a furnace and holding the Swedish shaft-furnace in reserve, if the tests -
worle out as anticipated, a saving in installation will take piace and a step forward will have
been made in the manufacture of pigdron. Tt is expected to produce in such a furnaee grey
pig-iron containing 3 to 4 per ceni. carbon, 2 to 3 per cent. silicon, 0.05 per cenf. sulphur, and
0.5 per cent. phosphorus. If the results do not come up to expectations, the furnace can readily
be adapied to manufacturing ferro-silicon or ferre-manganese and a duplication of the Swedish
furnace ean be installed. The Swedish shaft-furnaces are beyond the experimental stage, work-
ing successfully day in and day out in manufacturing white pig-iron. Some trouble has heen
encountered in manufacturing grey pig-iron in these furnaces. The white pig-iron, though, is
nsed very successfully in open-hearth furnaces and in electric steel manufacture.
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CosT OF PraNT.®
(At 1918 Prices of Apperatus end Construction.)

One 3,000-kvw. 3-phase furnace, installed, including casing, electrode-
holders, jib-cranes, regulators, and foundations ................. § 15,000
Four 1,000-kw, singile-phase, 83,000-volt primary, 60-eycle oil-insulated
and water-cooled transformers, installed, with from 60 to 120 volts
in 3-volt steps on the secondary side {one of these transformers

FE 31731 i -3 A A U 26,000
One set low-tension busses for 3,000-kw, furnace, installed ........... 3,000
One set high-tension busses for 3,000-kw. furnaee, including oil-switches,

switchboard, and mMeETerS .. ve e v e e e i 6,000
Three 300-kw. single-phase furnaces, installed, me]udm“ casm;, elec-

trode-holders, and regulating device ...t 14,000

¥our 300-Lkw, 33,000-volt primary, G0-cycle, single-phase, oil-iusulated
and  water-cooled transformetrs, installed, with a range of from
70 to 100 volts in 5-volt steps on the gecondary side ........ .. ... 10,000
Three 50-kw, single-phase, 60-cycte, 33,600 volts fo 440 volts air-cooled
transformers, installed, with switebboard (fo be used for incdustrial

purposes around plant) .. ... il e e e e 2,000
One 251w, motor-generator set for 1evulat01s, ete., installed ......... 2,000
"Three scts low-tension busses for 300-kw. furnaces ........... ...... 1,500
Once furnace building, built entirely of reinforced concxete, inzluding

electric travelling crane, fracks, metal-handling ‘equipment, ete. 35,600
One transformer building, bu1]t entirely of reinforeed conerefe ... ... 10,000
Oue shipping-store building of wood and stucco exterior finish ........ © 7,000
One laboratory with complete aquipment ......cviviieriiirernraenis 7,500

One store-room and change-room building, built of wood and exterior
siveeo finish, including sieel lockers, foilets, wash - basins, and

shower-baths ..., ... o il e 8,000
One machine-shop with equipnent ... it 10,000
One offfice DULIAILE « vt i it e it e e e cia i ien e 3,000
One gate-house with time-clock and time-keeper’s oflice ........ .. ..., 500
Railroad tracks, industrial track, ore-handiing equipment, water-supply,

gsowerage, fence, and indusirial lighting, ete, ... ... ina.., 25,000
Land, & flreS v v vt e ottt e e e 4,000

. $187.500
Iinginecring and contingencies, 20 per cent. ... i i 37,600
L0 7 3 s e Q"Q,) 000

It is well to point out that the above figures cover the cost of a plant that s buﬂt entirely
of ‘permanent cnmtmetmn Pelmanentconstructlon ﬁgule% in the ﬁrst cost ale ‘]11”'1101 than any
temporary work, of course; but due fo the great fire yisk of, femporaw ka; 18 uel as wooden
constluctwn, it is deemed more advisable to make. the larger Jmtlal mwstment 1o cut down the
ma]ntenancc\ cost of . a ‘temporary plant: '. : — |

1 The electrical equipment selected and put into. thv: G‘?le‘tt‘f‘ SIIC‘J thai, uccording to our
expeuence with ideritical design and equipment, a ])0“ er factor cai Dbe obtained on the power
companv’s line as m“‘h as from 90 o 92 per cent. T ?

Cosr oF PROD‘UC’l 10K,

Twoe sels of Iwu]'es have been made out on thp cosL of ploductmn of ng-n‘on
which is supposed to be produced is grey foundry K ark:et value of
$385 per ton at the pmnt The figures which have b wo1ked ou am based | on cxude ore and
coneentrated ore, afnummv tnat the erude ore would e obtained i oné case f01 ‘84 per ton, and
in the other case increased to $6.45 per ton by concentration, '\110“1181 set of figures is based

The pig-iron

* In this cost estimate is not included orve-concentrating and sintering plant, nor c¢harcoal plant,
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on price of crude ore at $1.50 per ton, and concentrated ore at $3.20 per ton. This iﬁcludes
the cost of conecentrating and sintering, amounting to $1.23 per tor concenirate. The power is
assumed to be delivercd at the switchboard at $15 per horsc-power year. The reducing agent—
charegeal—is assumed to be obtained af a price of $6 per ton ($6 per ton being the price for
Britishk Columbia coal), and $7 per ton the price of oil-waste carbon. In the foilowing figures
charcoal only has been taken into consideration; though the amounts of the different reducing
agents needed to reduce 1 fon of 55-per-cent. ore are as follows:—

- Ton
Chareoal containing 73 per cent. fixed carbon .............oooiiiiiiiain 05
British Columhia coal, 50 per cent. fixed carbon ........ et 0.8 "
Oil-waste carbon, 70 per cent. fixed carbon ........ ... ... ..., weren. 0.6

In producing from an orc containing 585 per cent, iron, 2 tons per horse-power year is
estimated as a safe figure upon which to hase caleulations. On ore containing 65 per cent. irom,
2.5 tons per horse-power year production is assumed a safe figure upon which to base calcula-
tions. It is evident from the above that operating with a B5-per-cent. ore in a 3,000-kw. furnace
would give an annual production of 8,000 tons of pig-iren, while the annual production obtained
in a 8,000-kw. furnace with concentrated ore would Le 10,000 tons of pig-iron. The operation
of the furnace would be contingous twenty-four hours’ operation and would be operated in three

shifts. The costs would be as follows:—

$4 per Ton Crude Ore (50 Per (ent. Iron). Ironj.
Ilectric power, 0.5 h.-p. year at §15 per Tlectric power, 0.4 h,-p. year at $15 per =~
DD FOAT ittt 50 hoep, ¥887 i i e $6 00
Tron ore, 2 tons at $4 per ton ....... 8 00 Iron ore, 1.54 tons at $6.45 per ton ... O 93
Coal, ¥4 ton charcoal at $6 .......... 3 00 Coal, ¥4 ton chavcoal at $6 .......... 3 00
Hlectrodes, 20 lb. per fon of metal pro- : Electrodes, 20 b, per ton of metal pro-
duced at 10 cents a pound ....... 2 00 duced at 10 cents a_pound ....... 2 00
Laboul +vveierinneininaneraarsannss 8 00 Labour ....... it § 40
Supplies «ceeeiriiiiiiiii i 100 Supplies ... [ 1 00
Plact and office general expense ...... 5 00 Plant and office general expenge ...... 5 00
Interest on investment and depreciation, Interest on investment and deprecia-
20 per cent. ..... e 4 50 [ e 2 81
Total ...oov...-. T $39 00 Total oo, $36 14
Total Preduction, 8,000 Tons Pig-iron. Taotal Production, 10,000 Tons Pig-iron.
Grogs earnings at $35 per ton ....., $280,000 Gross earnings at $35 per ton ...... $350,000
Cost to manufacture-at $39 ......... 312,000 Cost to manufacture at $36.14 ...... 361,400
Deficit ....... e, $32,000 DeBAE vveriiiiiainnrinns $11,400
Crude Ore at $1.50 Concentraoied Ore at $3.20
Llectric power, 0.5 h.-p. year at $15 per Tlectric power, 0.4 h.-p. yvear at $15 per
heD. Fear oo, §7 50 BBy FORT tvii it iii i $6 00
Iron ore, 2 tons at $1.50 per ton ..... . 300 Iron ove, 1.54 tons at $3.20 per ton ... 4 93
Coal, ¥ ton charcoal at $6 ........ . 8500 Coal, 15 ton charcoal at $6 .......... 3 00
Tlectrodes, 20 1b. per ton of metal pro- .. Electrodes, 20 1b. per ton of metal pro-
duced at 10 cents a prand ....... 2 00 duced at 10 cents 2 pound ....... 2 00
77170 £ 8 00 Labour o eei i e 6 40
Supplies ..o e i 1 00 B3 1] 03 AT N 100
Plant and office. general expense ...... 5 00 Plant and office general expense ... ... 5 00 .
Interest on investment and depreciztion, Interest on investment and depreciation, i
20 per cemb. . 4 50 20 per cent. . ...iiiih i 2 81
Total ovu..... [P 334 00 ) $31 14
Total Production, 8,000 Tons Pig-iron. Total Production, 10,000 Tons Pig-iron.
Gross earnings at $35. per ton ... .. $280,000 Gross earnings at $35 per ton ...... $350,000
Cost to manufacture at $34 ........ 272,000 Cost to manufaclure at $31.34 ...... 311,400
Net Profit vvevvuiein.... $8,000 Net profit ....iiiiiiiaan.. $36,600

$6.45 per Ton Conecentrated Ore (05 Per Cent.

It is from these figures very apparent that it would be impossible to go into the pig-iron
manufacture using unconeentrated ores; while operating with concentrated ores.at $3.20 shows

a reasonable return.
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FLECTRIC STEEL-FURNACE,

Tt would seen: as a logienl arrangewent in counection with the pig-iton furnace to establish
an electric steel-furnace, in which special steel wilt be manufactured. ‘There is no possibility
ai the present time for an iron industry on the Pacific coast to compete ywith Mastern production

of heavy sfecl material. There is a field here legilimate .and profitahle to manufacture special
shapes of Light volled metal, as well as steel castings, With all the minfing indusiries going on
in the West and with the ship-huilding industries growing out here at a race, there is an urgent
need for special alloy steel and special eleetric steel castings. The raw wmaterials for the alloy
steel are available on the Pacifie coast and could he readily smelted ang put into steel products.
The material which ecmes out of the pig-iron furnace would be earried in a ladle in a molten
condition to the steel-furnace, and in such a manner cut down the melting cost and refining cost
of the finished steel product. It is certain that better financial suecess would be made by
installing an electric steel-furnace in conjunetion with fhe pig-iron manufacture and a rolling-
mill {han b¥ operaling {he plant exclusively on pig-iron.
FERMO-ALLGY IMURNACES. ™
The three 300-kw. furnaces can be used for the manmfacturc of alloys which could easily

be used in the production of steel. The operation of these furnaces could be earried on easily
in conjunction with the large 3,000-kw. farnace.
CONCLUSIONS,

The foregoing report shows the following :—

(1.) That conditions in British Cohunbia lend themselves well to the mavufacture of pig-
iron under speeial eonditions.

(2.) That the suceessful manufacture of pig-ivon in British Columbia is dependent upon a
low-priced iron ore.

(8.) That British Columbia holds b\ virtue of its large supply of timber and its deposits of
bituminous coal two reducing agents suitable for the manufacture of pig-iron.

(4. That cheap hydro-electric power delivered at a figure not higher than $15 per horse-
power year is essential. .

(5.) That the eoncenirating and sintering of coneentrates before the ore is used in the
furnace is esgential in the manufacture of pig-iron from British Columbia ove.

(6.) That a steel industry in conjuuction with the pig-ivon furnace and alloy-furnaces is a
more advantageons undertaking than a pig-iron industry exclusively.

Brewyrax & LIKDEN KNGINEERING (ORPORATION.

; (Signed.) J. W. Becxarax, President.
COST OF MANUTFACTURING IPBRRO-SILICOX, .

(Appendiy to DBechman & Linden's feport.)
In the foregeing report reference is made to the possibility of utilizing the furnace suggested
there for the mapufacture of ferro- silicon. The following figures would indicate the cost of
producing 1 ton of metal and the returns which would be obtamed —

Dower at $15 per horse-power. year ......, 00
Quagrtz, 2,400 1b. at $3.60 per fon ......... 20
Coal, 1,210 Ib. at §6 per ton ... ... S 63
~ Turnings, 1,300 Ib. at $10 per ton .. a0
Eleetrodes, 60 1b. per ton 0'[‘ meldl at 10 cents per md 6 00
Tabour .uoeviien... e . feer e 16 00

Supphe% e : c e 7 O . 100

Fotal ...... .:...i..] . ..{. .. ; F i, B6T T
The total output of this plant o ould lu; Abou ( o, of oO-pvr -cent, feno silicon per year,
aud, assuming that 50-per-ceuty feryo- ﬂh 0] T tcm the net profit would he :—
Gross earnings at ‘i«luO pey tol L. Ll oo L. $600,000

Cost to manufacture at $67.91 per ton ......... e e e 270,840

Net profit ..o e $3"91(;0

.
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APT'ENDIX XII. :

A NEW METIIOD OF PRODUCING ELECTRIC-FURNACE IRON.

The operation of smelting an ore of iron for pig-iron includes two distinet steps, which are,
however, carried out in the same furnace and to some extent simultaneously.’

The first step is one of reduction, in which the ore, consisting largely of oxide of iron, is
converted into metallic iron by means of carbon or carbonacecus gases. The second step is one
of fusion, in which the metallie iron, aiready formed, is melted and becomes pig-iron. The gangue
of the ore, together with the flux, is also melted and forms slag.* ‘The first step can be carried
out at a moderate temperature of, say, 700° or 800° C,, while the second step needs a very high
temperature, say, 1,400° or 1,500° C. _Although the first step can be effected at a lower tempera-
ture than the seecond, it consumes about twice as much heat, measured in calories or kilowatt-
hours, and it is this. large requirement of heat that renders so costly the electrie smelting of
iron ores. ‘That this is.practically true will be made clear when I mention that a ton of steel
can be melted in an electric furnace by means of 600 or 700 kilowatt-hours, whereas abous 2,500
kilowjatt—hours are needed to produce a ton of pigiron from the ore.

In the electric furnace both steps of the smelting operation are carried out more or Iess
simultaneously, and at a high temperature; and this causes waste of heat and unnecessary
expense, particularly as the heat is derived from costly electrical cnergy. The smelting opera-
tion produces a large amount ‘of hot carbonaceous gases, which in a simple electric furnace
escape and burn above the charge. These gases may be utilized for heating and reducing the
ore, and the Swedish furnace is provided with a large shaft for this purpose. A careful analysis
shows, bowever, that the most efficient furnace of this type is decidedly inefficient from an
economic point of view; and we are led to counsider whether hetter results can be obtained in
somé other way. ) '

I have thought, for a long time, that greaier economy could he obtained by separating the
two stages of the smelling process and carrying them out in geparate furnaces. The ore, crushed
to a coarge powder, would be reduced to the metallic econdition by means of ¢arbon in one furnace
using fuel-heat, and the metallic powder would then he melted electrically. It appears that in
this way a pig-iron of eleetrie-furnace quality ceuld be obtained more cheaply than by direct
electric smelting. .

Until recently I had no-experimental evidence in regard fo the preliminary reduction of the
ore, and had intended to undertake.a series of experiments for this purpose; but during the
last few months I have obtained information with regard to this point, which malkes it seem
probable that the process can be carrvied out practically, and that a decided economy will be
gained by its use. . .

The possibilities of the process will be made clear by the following numerical discussion:—

The reduction of maguetite by carbon will probably follow the equation: FeO,--3C—=
3 Fe + 2 CO + (0. This requires 115,600 calories for the reduction of 1 kilogram moleeular
weight of magnetite, or 686 ealories per kilogram of iron. This correspondg, if eleetrical heat
is nsed, to 800 kilowatt-hours per metric ton of metallie iron.

The heat required to melt 1 ton of cast iron would be (theoretically) about 304 kilowait-
. hours, but for the production of foundry pig-iron there would be needed an additional 175
kilowatt-hours for-the production of silicon, or a total of 475 kilowatt-hours for the melting

operation. Thus in round numbers there will be needed :— Kw. Hrs.
For reducing the iron ore to ) S00
Converting this into foundry pig-iron ............ i i 500
LA 037 1 U 1,300

It will be notieed that I have made no specific allowance for ‘melting the slag. This is
because the gangue will be practically eliminated by magnetic treatment before fusion, and
thus there will be scarcely any slag to melt.

* Actually the sccond stage is more complicated than I have indicated, as the irom in fusion absorbs
carbon and silicon to form pig-iron, the silicon itsell being derived from {he silica in the ore.
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. In electrie furnaces a working efficiency of at least TO0 per cent. can usually be obiained,
and therefore we find as the actual operating charges for the two stages:—

) Kw. Hrs.
For redueing the iron ore to moetal ... i 1,140
TPor redueing silicon and melting the iron ... i i ie i ren, 710
TOEAL oo e s, PO 1,850

The total power requirement shows a decided ceonomy when compared with the 2,500
kilowatt-hours that would be needed for the direct smelting of the ore, even after making
allowance for the cost of crushing, magnetic {reatment, and double handling of the material.
The first or reducing stage can. however, be carried out by means of fuel-heal insfead of elec-
trieal heat without detracting from the purity of the product. The operation would have tp be
carried ouf in some kind of a mufile-furnaee, as the reduced metal must be protected from the
air and from furnace gases, and the efficiency of the heating fuel would consequenily be very
low. As, however, cheap fuel, sueh as waste wood, can be employed, this will not cause any
serious expense, The henf theoretically needed for the reduction of the iron ore iz 686,000
calories per metiric ton-of iron; allowing 25 per cent. efliciency, this would mean 2,744,000
calories, whick would be furnished by 0.4 ton of n low grade of ecoal. It would appear safe,
therefore, to allow for this purpose ¥ ton of local coal or an equivalent amount of waste wood.

Dy, Trood and Mr. W. A. Darrah have carried out a scries of experiments at Heroult, in
California, on the reduction of pure magnefite ore to mefallic iron. The work has been done
in a small furnpce making a few pounds per hour of reduced iron. Mhis furnace was heated
electrieally, and in this way an exact defermination could be made of the heat that was supplied
to it. 'Fhere was under construction at the time of my visit a large furnace for the reduction
of ore which was to e heated by means of fuel. Since my visit Mr. Darrah has been made
superintendent of the plant, and this has no doubt inferfered with the progress of the experi-
ments. Ile has, however, written me {he following letter with regard {o the cost of operating
the Trood-Darrah proeess. I assume that the power-consumption used in this estimate is deduced
from their small-scale experiments, and that the other expenses refor to a plant making 100 tons
of metallic iron daily. :

“ Nonre Erwcernie Stem CoMPANY,
Herovrt, S11asTa Couxty, Car., October 23vd, 1918,

“ Regarding the questions whieh you have raised, I have to advise as follows :—

“(1.) We have made a very substantial success in reducing magnetite-iron ores to meial by
heating to a moderate temperature with carbonaceous reducing agents. -

“{2.) Reduction begins in the neighbourhood of 700° C., buf in order to carry the reaction
to ecompleteness, as well as to minimize the time required, we find it expedient to operate at
approximately 800° C. '

“(3.) For a perfect reduction of particles the size of coarse sand, with the magnetite ore
that we ave using we find that three ours are required. 'The time will vary considerably with
the different grades of ore, different reducing agents, and different temperatures. Iowdered
charcoal is the most satisfactory reducing agent, hut, of course, is not the only successful onc. .

“(4,) Total cost per ton of iron product, making ample allowance for power, fuel, ete.,
about $19. ’

“The costs are divided as follows :—

Total Cost

Ttem, [ Cost mer Ton. Quantily required. per Toun of

; ! ‘ S - ‘ Iren.
Power for drying and reduction ..... [ 3 cent per kilowatt-hour | 1,200 kilowatt-hours $6 00
Charcoal «...ovvivnnns byl $25 per ton a70 h. 7 10
Ore vovviviiee s et [ $3 per ton 2,760 1b. 4 3o
Crushing materials ....nv..ihoaens 50 cents per ton e 69
Wandling materials ...... 50 cents per ton e co
Labour and supervision | . T, 50
Interest and Depreciation, 10

Investment
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“The above cost may appear rather high, depending upon your leeal conditions. It is, of
course, a direct result of the price of such materials as reducing agents and iron ore, which
you will note total considerably over H0 per cent. of the.entire cost, The power cost, you will
note, is less than one-third of the total eost.

“Dr. Trood and I consider it guite feasmle to reduce the iron by our pxocess, and melt it
either electrieally or after hriquetting in an open-heartn furnace. It is then perfectly feasible -
to make cither pig-iron or steel, as the market may demand.”

With regard to Mr. Darrab’s estimate, I may state :—

(1.) Assuming the ore to contain 67.8 per cent. of iron (published analysis}, 2,760 lb. of
ore would only yield about 1,870 1b. of metallic ivon. It would appear from this that the estimate
does not refer to a ton of pure iron, but to a 2,000-1b. ton of an impure iron product containing
about 93 per cent. of iron. As this is ahout the percentage in foundry pig-iron, we need ouly
inerease the estimate by alout 13 per cent. to provide for the change from the short fon to the
long tom and for the mechanical losses in the various operations.

(2.) Mr, Darrab’s estimate of 1,200 kilowatt-hours, if increased by 135 per eent., would give
1,380 kilowatt-hours, whereas my estimate, based on ecalculation, was 1,200 kilowatt-hours. We
shounld for the present take the larger figure, which increases the cost Ly 90 cenfs.

(3.) The estimate of 570 1b, of charcoal, increased by 15 per cent,, comes to G55 1b. This
figure is supported by calculation froin the equation I gave above, and I am estlimating on a
-consumption of L5 net ton of charcoal; the cost of this in British Columbia will be only about $2.

(4.) The remaining items of cost must be increased by about 50 per cent. on aceount of
the larger amount of ove to be handled. Apart from fhis, I eannot check them in any detail,
but suppose that they would be rather higher under British Columbian conditions. The charges
seem to-be very small, but it should be remembered that the operation will be continuous and:
. mechanical throughout; there will be no hard labour required, and the cost for labour, superini-
tendence, and maintenance of plant should be small.

The following estimate of the cost of making 1 long ton of metallie ivon in the form
" of powder by the Treood-Darrah process bas heen prepared in view of conditions in British
C‘olumbla —

C'ost of One Long Ton of Metallic Iaon, wusing Hlectrical Heat ot 14 Cent per Kilowett-howr.

Ore, 2.2 008 A Fd .o i e e e e e $8 80
Charcoal, 15 1om at B8 .. ..t i i it e i e e e 2 00
Power for heating, 1,880 kilowatt-hours at 16 eent ....oovvrrerevnrn... 6 80
Crushing materials at 50 cents per O . ...t innriinnn, 110
Handling materials at 50 cents per o1 ... o ieeini ... 110
Labolr and SuDelviSion ... .o ettt et e i e e e e 85
Interest and deprecialion .. o. ittt ietittet e e st e e 25

Total ..o, N, §21 00

In this estimate I have taken 2.2 tons of ore instead of 2 tons in order to cover the loss in
magnetic concentration which would form the first step in the process.

If fuel ean be usged for heating in this operation the cost will he further reduced; thus the
heat should be obtainable by the use in gas-producers of 1% ton of low-quality coal costing, say,
$4 per ton, The cost of heat would thus Dbe $2, or at the outside $2.50, and the total cost of the
iron $16 or $17 per ton.

With regard to these figures, I iust state clearly that, although I have full confidence in
Mr. Darral's statements, yet the operation of the process must be demonstrated on a working
seale and its applieability to British Columbian ores must be shown before a commereial enter-
prise can be undertaken.

I should also state that I believe that foundry pig-ivon ¢an be obtained, conveniently and
economically, by melting the iron powder with fluxes in an electrie furnace. It will be necessary,
however, to ¢confirm this point experimentally, and alse fo ascertain whether the sulphur origin-
ally present in the ore will be removed sufliciently well by the proposed process.

The following estimate wiil zive some idea of the cost of 1 ton of foundry iron obtamed by
meltlng the reduced powder in an electric furnace:—
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Cost of One Long Ton of Foundry Pig-iron.

Iteduced metailic powder ..... e et e. 31T 0D
Ilectric power, 750 kilowati-hours at ¥ cent ..o i, 3175
Chareoal, ¥/, ton at $6 ............... e G0
FEleetrodes, T 1b. af 834 cents oo it inininns 40
Fluxes and SupPles ... e ir ittt ienctnraaerirenssnanasans P D3
075 7 aeae. 200
\Ianagemont....' ......... e, e eraae s, 100
Inferest and overhead charfrcs e e e, 1 B0

L+ 5 227 00

Another favourable feature of the uductmn process is that the inetallic powder c¢an be
melied in cleetrie furnaees for the production of steel without the need of first turning it into
pig-iron, In this way one step of the usual process is climinated and eleciyie-furnace steel may
be produced al very reasonable figares. '

RepucTioNy oF Ikex 03k Y IHYDROGEN.

Ag having a bearing on the above precdess, T add o brief account of the reduction of iron ores
by means of hydregen. My, A, T, Stuart, of Toerontfo, invenied an improved form of apparatus
for the production of hydrogen and oxygeun by the electrolysis.of water. In trying fo find uses
for the hydrogen, hie discovered that iron ores are reduced te melal by means of hydrogen at
so low a temperaturve as 700° C. 1he process is very convenient, heeause the hydrogén can Le
passed again and again through the oreesso that the gas is })ei-fcet])' utilized. Sueh a process,
however, would only be possible if hydrogen could he obtained extraordinarily cheaply, To
produce it by electrolysis would need unusually cheap electric power, and the ore could be
smelted directly with less power than weuld be needed to make the hydrogen and to carry out
the reduction with its uid. “Che only condition under which . the process could Le employed
would e if ithere were avaliable daring off-peak periods of a power plant large amounts of
direci-current power, which could he obtained at a very low priec, and if, in addition, there
wag o satisfactory markel for the electrolytic oxyecen, o that the hydrogen might be regarvded
as a by-product. I must add, also. that Mr. Stuarf’s experiments were nade on hrematite ores,
and it is Iikely that magnetites may nol Le redueed so casily or at so low a temperature. One
feature of the process which may prove impor tant is that the hydroegen used to reduce the iron
also serves to remove from it phosphorus and sulphur in a gasecous form.

STEEL DIRECT ¥FROM THE ORE,
(A Process deseritied Dy K. T, Snyder.)

1 conelude this Appendix with an extract froem a paper on “ Steel Direct from the Ore)
which was sent 1o me yecentiy by Mr. I, B Snyder, of Chieago, {he inventor of the Snyder
eleetrie steel-farnace. T quote Mr. Suyder, as I consider that his account is of inferest in
connection with the present investigation, Lut I do not endorse his Hroeess or assume any
responsibility for his slatements:—-

“To expose suflicient surface for rapid reduction the ore is crushed to 4 or 1% mdl in
diameter. From an ore-storage bin if is fed info a cylindrical kiln in which the ove is dried
and heated to 700° C, under oxidizing eondition. The sulphur contents of the ore will be
“substantially climinated in this prcliminary roasting. At 700° . the ore falls inte a reducing-
Kiln, in which if is exposcd to the aetion of carhon-monoxide gas, which reduces the iren oxide
to metallie iron sponge. Fhis iron :spbnge is eonveyed withoul exposure to air, and while still
‘hot, to an air-light eleetvie furnace) The reducing earhon-monoxide gas is generaled in a gas-
producer from powderced coal givilig:a hot gas low in earbon gdioxidz., At the part of the
reducing-kiln where the iron ore ent(‘,rs. this gas leaves the kiln with abeut the same composition
as the gas leaving the topy of a hlast-i'ulnfic(‘ IPart of this gas passes into the roasting-kiln,
where it is burned with air from a ffan to furnish the heat required to raise the ore fo 700° C.
before it enlers the reducing-kiln, §The balanee of the gas from the redueing-kiln is burned
under a boiler, and with the steam the neeessary power is produced for the eleetrie-smelting
farnace. By 2 fortunate coincidenee the amount of gas a\'aﬂable is scmewhat more than the
amount needed by the elecirie furnace.
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“This arrangement of equipment meets the three fundawmental difficulties of the earlier
attempts to make steel direct from ore, and retains the great commercial advantages of the
direct method. By the use of fine ore in rotating-kilns, which both exposc the ore to the acting
gases and at the same time convey it, the dificulty of getting the iron sponge out and irapping
the gas is made easy by the low pressure required to pass the gases through the kilng, The
electric furnace melts the sponge without oxidation and eliminates the second difficulty. The
use of a preheating-kiln which is separate from the reducing-kiln makes it possible to remove
the reducing gases from contact with the ore before the gas is cooled to a femperature at which
carbon-deposition beging, and furnishes a sponge that is practicailsi free from carbon and ready
to meit direct to- steel. As the reduction is entirely by carbon-monoxide gas, no solid earbon
coming in contact with the ore, the silica, phosphorus, and {itaninum in the ore are not reduced,
but remain in their original form and are melted in the slag in the electric furnace, substantially
none of them entering the steel.

“ Compared with the direct method of smelting iron ore with Llectrzelty the kiln method.
with eleetrie-furnace finishing, hag the” advantage of a much lower electric-power consumption.
The kiln method uses 600 kilowait-hours per ton of sfeel produced for all power purposes. The
direet electric smelting uses 2,000 Kilowatt-hours for the electrie smelting producing pig-iron,
and 500 kilowatt-hours for the eleetric-furnace operation of changing the electric pig-iron to steel.
‘When the weight of the electrodes for the pig-iron furnace are taken into account, and the fact
that the kiln method uses charcoal from twigs and leaves, the total average of timber required
for both methods is approxiroately the same. A production of 25 tons per day requires 1,000 k.
of power plant for the direct-steel method, and 3,000 kw. for the eleciric pig-iron methed. The
difference in.the investiment cost for power-plant constructlon ig 50 per cent. greater than the
total cost of the kiln plant, exclusive of its power plant If water for power is available without
cost, the burden of the investment cost renders the electrlc pig-iron method non-commercial in
comparison with the direct-steel method.

“The economic advantages of this method are:—

“(1.} The use of iron ores of inferior composition. Sulphur is eliminated in the preliminary
roasting. Silica, phosphorus, and titanium enter the slag.

“(2.) The use of fuel of inferior guatity. "As the fuel is burned in a producer in powdered
form, raw coal, coke, or charccal may be used. Sulphur in the fuel enters the reducing gas as
sulphur-monoxide gas, which is without action on the iron at the tefuperatures used. Powdered
fuels are in reliable use with ash as high as 20 per cent.

“(3.) The production of steel of electrie-furnace guality, This is substantially bhigher in
tensile strength, elastic limit, percentage of elongation, and resistance to shock than is Bessemer

" or open-hearth steel of the gsame analysis.
~*“{4.} The recovery of a high percentage of the iron in the orve. Praectically all the iron in
the ore passes info the steel, as the electric-furnace meiting makes it possible and the production
of good steel makes it necessary to produce a slag substantially free from iron. With the
present hlast-furnace, open-hearth or Besgemer combination, from 10 to 13 per cent. of the iron
in the ore is lost in the slags produced.
T #(5,) Existing methods use about 1 ton of coke in the blast-furnace per ton of pig-irom.
Thig coke requires for its production 124 tons of raw coal. ‘To turn this ton of pig-iron into
steel requires an additional 14 fon of raw coal burnt in gas-producers. This is a total consump-
tion of 2 tons of raw coal per ton of steel produced. The direct method, including the gas for
electriec power and for roasting, requires 1 ton of raw fuel. As the fuel is used powdered, if
charcoal-is made the small twigs and the leaves may be carbonized ag well as the Iarger pieces,
substantially doubling the steel produced per acre of timber.
“(6.). The capital investment, including electric-power plant, iz about two-thirds that of the
blast-furnace, open-hearth combmatlon for the same output.
“(%.) The production cost per ton of steel ingots is about 80 p01 cent. of the older praetlce
“(8.) Plants for small production are practical with the direct-steel method, cutputs as low
ag 25 tons per day being efficient.
#(9.) Production may he stopped or started in a few hours if necessary to meet market
or traffic conditions, without plant deterioration, and without the production of considerable
gquantities of lower-quality product.
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“(10.) As the equipment ig low, the entire plant may be traversed by travelling crancs
making repairs rapid and low in cost. This latter is also aided by th general low temperatures
of operation. ‘

“(11.) As the operation is mostly mechanical, the amount of labcur required iz small
Skilled labour reguived only for supervision.

“(12,) As the gas-pressure used is Jow and no large gquantity of molten material is held
at a time, the safety of operation is materially greater than with the blast-furnazce and open
hearth.” -

APPLENDIX XITT.

AUXILIARY INDUSTRILS,

In view of the limited market for foundry pig-ivon in DBritish Columbia, it will be egsential
to make other products, so as to increase the output of the plant. IFor this purpose an additional
output of low-gilicen pig-iron ean he made, and this can be melted swith steel scrap for the
production of stecl. TIFerro-alloys, sueh as ferro-silicon, forro-manganese, angd ferro-chrome, can
also be made in an eleciric-smelting plant. These auxiliary industries not only increasc the
general output of the plant, thus reducing, proportionately, the overhead charges, but are them-
selves likely fo yield a higher profit than the production of pig-iron. The production of ferro-
manganecse and ferre-chrome in the electric furnace depends upon a supply of ores of manganese
and of chromium. Quariz is vequired for the production of ferro-silicon.

- Ferro-alioys.

Ores of Mangancse and Chromiwm.-—] have heen furnished Ly Mr. W. T. Robertson with
the following information, which indieates that there would be a sullicient supply of ores of
these metals of a grade suitable for the preduction in electric furnaces of ferro-manganese and
ferro-chrome. Quartz for the production of ferro-silicon can slse be obtained.

The Curle Manganese Group.
Report by A, 61 Tangley, Besident Enginecr, Revelstole, June, 1018,
Report of Asseys by the Provinciel Government Assayer,

| - w 1 ; N

Sample, Doseription, !.\quganese.‘ Iron. 11]?1](1;1)'?-5. ! Sulphur, | Insoluble.
; Ter Cent. | Per Cent. | Per Cent, , Ter Cent. Per Cent.
11675 ! Mangancse ore sacked for shipmeant. . 845 '
11676 General sample, dumps, ore for yxhip- 370 i
ment )
11677 General sample, dumps, ove for ship 36.7
ment ' :
11678 . General sample ore in-place, No, 2 39.0 2.7 . 'Fraces (.13 0.35
+ deposit Lo P i
11679 - Sample high-grade, No. 1 deposit....| & 495 | ee
CI168¢ Overburden rejeet ..., ... ! 172 i ce
i 0.7 | 22.6

. :1:1681 ; Iron oxide underlying

s ‘ | (8igned.) D, . WHITTAKER,
Repord mé- ﬁu Qn'eidép%isié ?:);r,r 3Ir. Langley.

“TThe property, consisting of ten: cléﬂms, is 'éitj‘.uatqd at a distance of seven miles from Kaslo
and adjoins the Kaslo & Nakusp hm:nchj liie of the Canadian Pacific Railway.
“TThe group was staked by A. Curle, of Kaslo, in 1917, and although the ore is freely exposed
" along the old Kaslo-Slocan wago11-1'4a(11 it 'escfap.eq attention for years, due no doubt to the lack
of knowledze of the characier and commercial valueé of the deposit. In February, 1918, the
property was bonded Ly the original cwners, A. J. Curle and A, G, TLarson, to Col. ¥, B, Millard,
of ‘Spokane. '
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“ Seventeen men are now employed and considerable progress has been made during the last
month in developing and winning the ore.

“ Character of the Ore—The ore chiefly cans1sts of the soft black or brown oudes which
may be classified as ywad manganese, while concretzondry psilomelane, theugh in evidence, is less
frequent in occurrence,

“ Ore OQecurrence—At the No, 1 deposit the ove founs a Dblanket deposit over the surface of
the flat, the average thickness of which is hard fo arrive at, for its distribution is unever and
Jrregulay, hut can safely be taken as not excecding 6 inches,

“TFrom where the hill rises above the flat and for about 30 feet up the gentle slope, the ore,

© which occurs underlying a few inches of -soil, shows about an average thickness of 114 feet and

appears to be of higher grade than that on the flat.

“ At the No. 2 deposit the oecurrence is similar to that of the No. 1, but appears to be more
uniform and to contain a greater tonnage.

“I'his deposit has nei heen mined: yet, and its area is less definitely outlined than that of
the other. In an isolated patch at.about 120 feel east of this deposit a small surface cut shows
a 2-foot thickness of high-grade ore dipping-glightly ‘under a covering of about 8 feet surface
wash ; at this point a nice tonnage may be developed, but no work has been done to determine
itg extent, P

“ Geology.—Underlying the manganese-deposit, a layer of about G inches of soft material
stained with oxide of iron is encomntered, and under thig a greenish clay containing pebbles and
boulders of what is known locally as the Kaslo green gchist. No attempt has been made t:o sink
through the clay, which forms the floer of the deposit,  Judging by the rock-exposures along the
railway-cutting, the whole area is underlain by schists and slates, which have a dip of 53 degrees
and a sfrike of N. 10° W. :

“ Opigin of the Depasit.—-’.l“hejn‘imary deposit of manganese probably owed its origin to
deep-seated springs ariging from a body of intrusive magma. These waters deposited theiy
burden of lime, iron, manganese, and silica in veins and veinlets of the country-rock. During
subsequent erosion and oxidation the manganese has been collected Ly surface waters and
redeposited on the benches and gentle stopes of the hillside. '

“The iron, being precipitated first from solution, forms the lower layer of the deposit,
while the lime may have beeu an important factor in. bringing about the precipitatiou of the
manganese. '

“’hat "this secondary. deposit is of fairly recent origin is demonstrated by the fact that
it overlies glacial drift. The ealcareous sinter which is invariably with the manganese, and
generally overlying it, ne doubt owes its origin to deep-seafed springs,-of which there are still
a few active ones in the vicinity.

“ Mining.—The ore being soft is easily mined by pick and shovel, but great care has to
be exercised n obiaining & grade suitable for shipment, and a certain amount of sorting is
NeCessary. ’

“On acconnt of the difficulty in getting cars, no ore had been shipped up to the time of my
visit, | It was the intention of ihe owners 1o ship to Chieago.

“ Prices—The prices which were recenily fixed in the United States ran ge from 86 cenis to
$1.30 per unit for ove containing from 33 to 54 per cent, melaliic mdnganese. (Refer,: Iing. &
Miuiing Journal, June 8th, page 1063.) Treight rate to Chicago, $11.20 per ton. '

* Samples—No. 11675, taken from 00 sacks for shipment; Nos. 11676 and 11677, general
grab sample of all dumps of ore, containing 130 tons; No. 11678, sumple taken from a number
of test-holes on No. 2 deposit; No, 11679, sample acrogs 15-inch width of high-grade ore, No. 1
deposit; No. 11680, sample of ovemurdon reject; No. 11681, sample of oxidized material under-
lyinig manganese, '

w mstimaele of Available Ore for Shipment—listimates of ore in- phlce are based on the
assumption that 40 cubie feet equal 1 ton.

. Tons..
Total ore in No. 1 deposit ........ R e e e 730
Less extracted oo e e e e 160
5T
Total ore in No. 2 deposit oo i oas . . e P . 41
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“0On aecount of the irregularity of the deposit and the ungystematie way in which it has
beent prospected, the extimate is partly based on the amount that has been extracted from various
areas, and where (he deposit ghowed regularity, upon the cubic content.

¥ Conelusion.—3c¢ far the only bodies discovered that might be considered of commmmal
importance arc the Nog. 1 and 2 deposits as shown on the plan, and although there are manganese
indications in pateles outlying these areas, at the present time there is not enough exposcd to
allow one to make an estimate of the possible ore which may or may nof exist under a covering
of surface wusl, but the indications do not encourage one fo believe {hat {here is any large
quantity. .
“(Signed.) A. G, LANGLEY,

“ Resident Fngineer.”

Mangenese Ore from Dickic's Clatm, Cowichan Lake.
Samples taken by Mr. Turner, August, 1918.

Report of Assays by the Provincial Government Assayer,

Sample. Manganese. J Ingcluble. Phosphoru's.
: Por Cent, / L'er Cent, l
No. 1, 4 feet oouveen i e iaeee s 18.3 66.3 i None.
No, 2, 6 feet ........... e e e 55.0 ! 11.0 | None,
No, 8, dfeet ..., e e e e aa 32.8 : 45.1 : None.
Socond 1enS «..iviiin e PR . e ‘ 37.0 | 23.0 " - Nene, -
(SBigned.) D I8 WINITTAKER.
Mr. W, F. Rtobertson writes:— ' “ Augast 14ih, 1918,

1 encloge assay certificate of a manganese-deposit within a mile of the Canadian Pacific
Railway and Canadian Northern Railway by wire fram, showing over G feet of 53-per-cent. Mn.
ore carrying 11 per cent, 8i0.,, wilh 4 fect of lower-grade orc on onc side and 16 feet on the
other. TL looks as if we could guarantee 30 tons a day of hest grade within sixty days, and
possibly up to 100 tong.”

Deposils of Chrome-tron Ore.
Teeport on Deposit at Scottic Creck by RV, Thomson, Resident Sngincer, Kamloos,
May 10th, 1818.

Sample L1762 ... ..... e 225 per cent. Cr.0,; and 27.2 per cent. silica.
Sample 110G ... 0 oo 24.8 per cent, Cr.O; and 35.0 por cent. silica.

11 Bample from Scotlie Creck supplicd by Provincial Mineralogist, July, 1518—-

No 1, 12074 L 40.5 per cent. Cr,0, or 28.5 per cent. clirominm.
Noo 2, 02070 .o 42.5 per cent. Cr.0, or 29.5 per ¢ent. chromian.
No.oB, E20T6 L. e 208 per cent. Cr,0; or 17.0 per cent, chromiom.,

\Ir Rtobertgon informed me that there was an ample supply of this ore.

111, Sample from Juno C'I(Lffm, Big Sheep Creck, supplied by P. B. Precland, Resident
Ingincer, Qrand Forks, July, 1918 -

Sample 11471 .. ... ... .. ... 36.0 per cent. Cr.O, or 24.6 per cent. ehrominm.
PropUucrTioN oF FERRD-ALLOYS IN TI1k ILECTRIC FURNACK,

Fhe following notes on the technical requirements and the cost of making ferro-manganese,
fervo-chiveininm, and ferro-silicon arve based on informafion given me 3y Messrs, Beckman and
Linden, I have, however, been able to compare {(heir figures fov the consumption of ore, clectrie
power, and electrodes in some cases wirh those given in a valuable paper by 1. M. Keeney, “ The
Alanufacture of Ferro-alloys in the Flectrie Iurnace,” which was presented at the September,
1918, mecting of the American Institute of Mining Enginecers. . Beckman and Linden’s figures
refer in mosgt cages fo the operation of a 3,000-kw., furnace, and I have therefore made some
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1

allowance for increased consumption of power, labour, ete, involved in the proposed use of a
Jurnace of only 300 kw.

FERRO-MANGANESE. ;

This is made by smelting in an electric furnace a mixture of manganese ore, steel turnings,

lime rock, coke, and charcoal. For the production of a long ton of 80-per-cent. ferro-manganese

from an ore containing 43 per cent. of manganese the following amounts would be neceded, using

b, |
MANGANESE OTC . ovv v tannriaranssnrtaansanstssananranssss 4,700
Steel turnings ... it it e e s e 300
Lime TOCK vvvvvivrenvirnnas P 1,040
Colze and charcoal .............. e e 1,400
(B, and L. give petroleum €OKe ......vvviinnrieanarerrnnanns 1,125)
Blectrodes oo viniiniiie e it taaai i [P 100
POWer . iaininai it e eee i 0.8 horsge-power year.

A small single-phase furnace of 300 kw. would turn out about 500 tons per annum, or 1%
tons per day, which would be as much as could be utilized locally.

The following estimate of the cost of 1 long ton of 80-per-cent. ferro-manganese is based on
information supplied by Messrs. Beckman and Linden :—

Manganese ore, 4,700 1b, at $25 pernet ton ... oLl L., E 5880
Steel turnings,’ 300 Tb. at F10 per Sross O ... e r it niannans 1 30
Lime rock, 1,040 Tb. at $3.50 DEr ek tOIL « v . vvutarreriiiaeneranasnnns 1 89
Coke and eharcoal, 1,400 1b. at 8 per net ton oo vveeivnenr e inenn 560
Hlectrodss, 100 Ih. at 7 cents per pound .....vvevrrnnrieennn.- PR 700
Power, 0.8 horse-power yvear at 815 por horse-power year ............ 12 00
172 2o 1 8 00
Maintenance ............. e e e e et a e e 5 00
E 110157 T 1 50
Plant, general eXpense ... ii i e et et 8 00
Office, general eXPeRSE . .....ceuviirinuernseiorrestaranacsaesinann 6 00

B - ) e $110 Qo

R. M Keeney states that the power-consumption varies from 4,000 kitowatt-hours per ]0n<>’
ton in a 3,000-kw. furnace to 7,000 kilowatt-hours per long tonm in a 1,000-kw. furnace, which
would correspond to 0.72 and 1.27 horse-power years respectively at 85 per cent, load factor.
FHe also states that the electrode-comsumption is high, ranging from 150 to 250 Ib. per long ton
of the product when using amorphous carbon electrodes. -These-results were obtained when
smelting ores of about 39 per cent. of manganese, and with a consumption of about 1,300 1b. of
“ ooal ” per gross ton of product, and about 8 net tons of the 39-per-cent, ore; the recovery being
about 75 per cent.

Trom other sources I learn that the regular practice iir a ferro-alloy furnace of 1,500- v,
over & considerable period has been as follows per gross ton of 80- -per-cent, ferro-manganese:—

2.5 net tons of 40-per-cent. ore, costing 80 cents per unit.
720 ib, coke at $5 per net ton.
" 720 1b. charcoal at $20 per net ton.
65 1b. graphite electrodes at 12 cents per pound.
0.66 to 0.85 horse-power year of 85 per cent.load factor.

The ores available in British Columbia appear from the foregoing reports to contain about
40 per cent. manganese, and comparing the various figures given above, I conciude that in a
300-Icw. Turnace 1 long ton of 80-per-cent. ferre would need about the following :—

40-per-cent. manganese ore, 2.7 net tons.

Colze and charcoal, 1,400 b, .

Electric power of 85 per cent. load faétor, 0.9 horse-power year.
Carbon electrodes, 150 1h.

Lime rock, 1500 lb.

Steel turnings, 300 1b,
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An estimate of the cost of 1 long ton of 80-per-cent. ferro-manganese based on these figures

would be as follows :— .

Cost of mahmq One Long Ton of 80-per-cent. Perro-manganese 1with $15 Poiver

' in & 300-Bw. Furnoce.

40-per-cent, manganese ore, 2.7 net tons at $25 . ... i il $ 67 50
Steel turnings, 300 1b. at $I0 Der Sross tOM oo vne i i s 130
Lime rock, 1,500 1b, at 83 per neb 100 .o i 2 25
Coke and charcoal, 1400 1b. at $3 Der NEL 40N -« ovvren e s e enrennn... 5 G0
Klectrodes, 150 1b. at 7 cents per pound ........ et s 10 50
Elcetrie power, 009 horse-power year at 15 ... ... . i i 13 50
D711 45 . 8 00
By ol L 5 00
302231 2 00
Plant, genernl oX oS i i i e e ettt et 3o
Office, ZONETAL EXDENRC .+ ottt rar st aneertoasetniaarnerasnaness 6 00
L0 2 $124 65

I ike power were to cost 0.5 cent per kilowatt-hour, the chayge for this item would
0.9 horse-power year {(0.85 L.F.) at 82790 . ........... e raa e $ 25 00
Angd the final figure for the ot .. .o e e e i vt e 136 15

SILICO-MANGANESE.

be:—

*

In steel-making it is usually necessary to add ferro-manganese amd ferrvo-silicon to obtain

a sound product,
economical lo reduce this to silicon instcad of sglagging it off with lime:
“silico-gpiegel ' containing both manganese and silicon.

As manganese ores usually carry a considerable amount of silica, it Is
thus obtaining a
The following eslimate, based on

infermation from Messrs. Beckman and Tidnden, gives the cost of a long ton of silico-gpiegel

containing 18 per cent. silicon, 40 per ceni. mangancse, and 3 per cent..
containg 42 per cent. manganese and costs $23 per net fon.

carbon.,

Cost of malking One Long Ton of Silico-spicgel with $15 Power in @ Lorge Furnace.

Manganese ore, 2,140 1b, at §23 por net ton

Silica rock, 400 1b. at $E per nat ton ... i i e .
Joke and chareozl, 1,200 1. at §8 per net tonj ........................
Htecl turnings, 050 b, at $11 per gross tOn ..o vr it e s
Tower, 0.8 horse-power year af 18 ... i i i e ey
Tlectrodes, 60 1h. at 7 conts per pound ... eeaiiiia ey
7238701
Muaintenance ...oovvvieennininn Y
Plant, goneril eXDeISE tu . v et sttt et a et a ey,
Office,

general expense ..., e e e e

The ore

1 havevno figures available to oompau w1fh tlus, but mcmasmg it propoenvtionally with that
for ferro-manganese, on account of tho sma]l isize of the fmnace, would gwe a total of about

B85 pcr tou with $15 po\vet 01 S‘Ja pe1 on w1Lh 0.5- cenL power.

composu,iqn e

I
i

|
|

Aluminium

Carbon

The follopwing is the
and Linden’s figures:—

estimated cost of making 1 ]ong ton of 11115 alloy, based on Beckman'

Per Cent.
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Cost of making One Long Ton of High-grade Silico-mangenese with $15 Power
in Large Furnace.

Manganese ore, 3,200 Ih. at 825 per et ton oo i i $40 0O
Steel turnings, 440 1. at $10 per gross fon ... ... .l i s, 200
Silica rock, 880 1. at S4 per net ton ... i e e e 80
Coke and charcoal, 1,800 Ib. at 8 pernet ton ... i, T 20
Rlectrodes, 100 1, af 7 ¢ents per POUNA o .ooovvniineinir e inian, ST 00
Power, (.8 horse-power ycﬂr_a't 3 I 12 ¢0
72 7 800
BN B 1= T o Lt S 5 G0
R 15 83 T 150
Plant, genertl expense .o i i i e 3 00
Office, Zeneral CXPENSE .. v vt et eartonaennroneeensenetiaraanenanas G 00

B N §62 50

Increasing this total to correspond with the use of a small furnace, we 0et with $Io power ¢
about $100 per ton, and \uth 0.5-cent power about §710 per t(m

FERRO-CHROMIIM,

The following estimate, bazed on the Il“llT'OS of Peckman and Linden, is f01 the production

of an alloy of the following conipoésition :— Ter Cent.

L0 03 o 1 .5 N e e e ae e G5

5 P 28

Carboml «vvvvevriiee ey R e 5
Silicon .......... B e e e 1

The ore is agsumed fo contain— Per Cont. .

L 1 4 1 s 31 (Cr0s, 45 per cent.)
Iron ..... et e e e i a e e [ 12

Silica ....... e e e e ey 12
Magnesia................: .................................. 16

Cost of malking One Long Ton of Ferro-chromiuwm icith $15 Power in Large Furnace.

Chrome ore, 4550 1l at 830 pernet fon ..ot ia i i § 86 50
Steel furnings, 100 1b. at $33 per gross ton ..ot cii i a0
Colke and charcoal, 1.200 b, at $S pernet ton ... vvv i 4 80
Power, 1.2 horse-power years (085 LB af $15 ... v iiiiiinninas 18 00
lectrodes, 100 1b. at 7 cenis per pound ... e e T 00
072 1 12 00
Maintenfnee ... i i i s e 3 00
T 25 1 O 200
Plant, goneral eXPeISE ... v e et aeeaeey e etaaentttaeeasseiaassnans 10 00
Office, general eXPOISE . .o ver it ir e i e e G 00

'.L‘ohl .................................................. L. $150 S0

In a recent paper (Seplombm 1918) R. M. Keeney discusses very fu]ls the production of
forro- chromium, and the following notes are based on his paper: IFerro-chromimmn can be made
of varying earbon contents, usually between 4 and 8§ per cenl. I chrome ores are smelted with
an abundance of carbon, the recovery of chromium is'good, being 00 or 94 per cent, of the amount
in the ore, but the ferro will contain about 8 per cent. of carbon. If, on the other hand, the
supply of carbon is restrieted so as to keep the carbon below 6 per cent., {he recovery of the
chromium will_he poor, ‘about 70 or 76 per cent. The recovery depends partly on the richness
of the ore, and when this is Lelow 40 per cent. Cr.0;, the recovery is low.

American ores from California and Oregon are reported fo countain as a rule from 40 to 43
per cent, Cr;0,. The ores from Scotly creek, in British- Columbia, appear to have in some cases
40 per cent. of Cr.0;, and therefore to be rather poorer than the American oves. In making
¢5-per-cent, ferro-chrome tliere wounld be needed per long ton of the product :—
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Tror aw S-pevr-cent. carbon product at 90-per-cent, recovery.... .. 3,730 b, of ore.
For a d-per-cent. earbon produei: at 70-per-cent. recovery....... 7380 Ib. of ore.

The power figurces of Beckman and Linden are based on the statemnent (hat cach pound of
ferro-chromium ueceds 3 kilewatt-hours or its production. 'Thig may be correct with high-grade
ores amd In large furnaces. In Keeney’s experiments, using furuaces of about 200 kw., the
power-consumption was about 3.4 or 8.5 kilowatt-hours per pound, and this at 85 per cent. load
factor corresponds te 1.4 horse-power years, ' }

Beckman and Linden in their origival estimate state that 1,100 1b. of pefroleum ¢oke would
e needed per long fon of the product, and I converted this inte 1,200 Th. of coke and charcoal.
Keeney used coke in his experiments, and the amount varied from 0.5 fo 0.75 1. per pound of
ferro, Taking 0.6 1h. as a mean value, we find the consumption fo be 1,344 1b. per long ton of
the produet. ’

For the production of ferro-chromium in a small furnace of 300 kw. it will be safer to take
the more conservative figures of Keeney, and wsing, as before, the remaining items from Beckman
and Linden, which I have already inereased a little on zceount of the smaller scale of operation,
we obtain the following estimafe :— '

Cost of Production of One Long Ton of 65-per-cent. Ferro-chromium acilh about 6 per Cent,
Carbon from an Ore of 40 por Ceut, Cr.0; in @ Furnace of 800 K,

Chrome ore, 6,000 1b. at $36 per net ton ..... e e, $108 90
Steel turnings, 160 1b. at $11 per gross tO0 . ..o oo 50
Colke, 1,350 1, at $8 per Net 1o ..ot e i e e et e r e vrnns 5 40
Tower, 1.4 horse-power years at $13 per horse-power Year ... 21 00
Electrodes, 100 1b, af 7 ecents per pound - ... vvnv i iir i e, T 00
Fabour ......oiiiiiiianiiia., e, 1200
MAalntenance ... e e e 500
T3 7 L S PRI R 2 00
Plant, general eXpense ......viierirnnanannns N 10 00
Oflice, general eXpense ......... T 6 00
O A ottt it it i b e et e a e {176 90
If the power cost 0.5 eent per kilowatt-hour, the charge for this item would be:—
T,A00 kilowatt-hours al 05 cent ..ot i ie i it e i % 38 50
And the final cost per ton of ferro would be oot et 194. 40

IFERRO-SILICOK,

The following estimate i given by Messrs. Beckman and Liden for the cost of making
1 ton of the S0-per-cent. ferro-silicon, The oufput of a 300-kw. single-phase furnace wouald be
400 tons per annum, or 1 ton daily.

Cost of inaking One Ton of o0-per-ceat, Pervo-silicon with §15 Power in ¢ Large Furnace.

Tower, 1 horse-power year at $I15 ..o o i e $15 00
Quartz 2,400 1. at $350 per net ton ...l 4 20
Coke, 1,200 1. at $8 per net ton ..... e et 4 80
Turnings, 1,500 b, at ST0 pernet ton ... ..o i e T 50
Electrodes, GO 1, at Teents perpound ... v i i i it 4 20
Labour ... i A 16 00
Supples ..oiien i e e e e 150
Plant and office, general uxp:ense; ..... , ............................... 5 00
Interest and. depreciation, 20 per} cent% ............. e 10 00

Total oo L $68 20

If power were to cost 0.5 cent per l{i;lqwai'%t-hom’, the power itemn would be $27.80, and the
whole cost $81. v i : |
Prices 0F FERRO-ATLOTSE.
For comparison with the figures of costs given above, I add the present and the preswar
prices of some ferro-alloys. -
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Ferro-mangonese.—Before the war (December, 1913) the 80-per-cent. alloy sold at about
$50 per long ton in the Wastern States. Its present price (Qctober, 1918) is $250 for the
T0-per-cent. alloy, with a charge of $3.50 per unit from that basis; thus the 80-per-cent. alloy
would bring $285 per ton, which ig nearly six times its price before the war. DBefore the war a
spiegel (low-dlade ferro-manganese) countaining 20 per cent. of manganese was worth §25 a ton;
at present a 16- -per-cent. spicgel JS worth 3:75 a ton, and a 20-per-cent. sp1ewe1 would be worth
about $90 a ton. ‘

The price of ferro-mangancse in British Columbia fnust_be about $2O a ton higher than the
ahove figures, so that iff 80-per-cent. ferrc-manganese could be made at $150 a ton there would
be 2 very good profit at present prices. On the other hand, the business would be impossible
if prices were to return to their original Ievel, unless in the meantime very important economies
could be effected in the cost of supplies and other operating expenses.

Ferro-silicon.—Before the way (December, 1913) the price of 50-per-cent. ferro-silicon was
$73 a ton, the 10-per-cent, alloy was $21, the 11-per-cent. alloy was $22, and the 12-per-cent. alloy
$23. At the present (Qctober, 1918) 50-per-cent. ferro-silicon is quoted at $160 per ton, the
O-per-cent. alloy is $55, the 10-per-cent. alloy is $57, and the 11-per-cent. alloy is $60 a ton. If
the 50-per-cent. alloy can be made in British Columbia at anything like the estimated cost of
$70 per tom, its manufacture should afford a good profit at present prices, and with reasonable
economies should remain profitable even when prices have fallen considerably.

It will be remembered, of counrse, that the present market for these alloys in British Columbia
is very limited, being less than a ton of each alloy daily. Omne reason for making ferro-alloys
will be to supply them to the steel-making department of the planf, w hich otherwise would have
to buy these alloys at excessive prices, and as the steel industry develops the outside market
for the alloys will increase.

The design and cost of the plant and furnaces for making ferro- fxlloys have been cons1dered
in other narts of this report.

STEEL-MAI{ING.

In order to be able to make pig-iron on as large a scale as possible, and alse with a view
Lo combining more profitable industries with that of iron-smelting, it is desirable to introduce
into the electrie-smnelting plant furnaces and other appliances for making steel. The general
scheme suggested is that about 25 tons of foundry iron should be produced daily for sale fo
iron-foundries, and a further 25 or 30 tons of white pig-iron should be made for conversion into
steel in the same plant or elsewhere. The steel would probably he made in small open-hearth
furnaces heated by oil, or in electric furnaces of the Meroult type. Together with 30 tons of
pig-iron, about 60 tons of steel scrap could be used if desirable, thus yielding about 85 tons of
steel daily., This could be used in part for making steel castings, and the remainder could be
rolled into rods and hars of small sectidén in a small relling-mill. The manufacture and the use
of stee'llare* too well khown to require any discussion in this report, and it would be impossible
for me to treat the subject adeguately‘in the. space and time at my disposal. A rough estimate
of the cost of a steel plant has been given in Appendix IX,, and I may add the following estimate,
made by Lyon and Keeney in 1915, for the cost of electrie steel-making in the Western States
_(Trans. Amer. Electrochem. 8oc., 1915, XXVIII.,, page 158) :—

Cost of Production of One Long Ton of Steel in the Flectric Furnece in the Western States,

1.1 tons of serap at 15 Der L0I . oo vttt it st i $16 50
Blag Materials ...t i it e e 100
D O 0 3 L o A 100
800 kilowatt-hours af 0.20 conts . ... it it il i i e 1 60
Labour ................ e e e 2 50
Maintenance and TeDRITS - vttt it er s ronrinriansreerressiraisosss 2 40
20 Ib. of electrodes At B CONLE .. vuv et it ot e et en e PRI 1.00
Amortization and depreciation at Spercent.each ... ... ... ... . ..., 1 50
Interest at 6 Per CORT, ..o iv il in it i e e i e et 90
L3 =7 N 100
Royalty ........ e e e e e 50
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The present cost of making steel in British Columbia will be considerably higher than this
estimate, on account of the higher cost of supplies and operation.

The present price (Oclober, 1318) of steel Dbillets in the Eastern States is about $50 per
gross ton, which might correspond with about $70 in British Columbia. The price in Deecember,
1913, was 320 to $22 in the Bastern States. There would, however, be ro attempt, under normal
conditions, to compete with heavy struefural material, and there are many purposes for which
steel can be .made at a profit, under present conditions in Britigsh C¢lumbia, even in electric
furnaces using power at 0.5 cent per kilowatt-hour.

. VICTORIA, B.C.: ~
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