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iron ore and charcoal, a lnoderate  output of high-grade  iron  could probablr be made a t  a profit 
(2.) Conditionally on there lieing avaiiable a ~uliieicnt  anmunt of cheai, electric  porrer, pure 

under nonnai  conditions. 
(3. j Under  present  prices  it  is  possible that ordinary  grades of iron could be made at a profit. 
It lnay therefore  bethat a l ~ l a n t  could be started t o  produce  the rarious grades of iron needed 

.+t present, and that  later, !!-hen the price of iron comes doml  again,  thc \\.hole lxoduction could 
be put into  special-quality  iron. 

on the  electric  smelting of iron ores. , . . 
I may add that  I have learned  recently  of a new process XThieh may have an important  effect 

I remain, 
Y0III.S rery tru1s. 

( Si,gned. j ALFRED STANSPIELD. 

AX ACCOCFF O F  THE SST'ESTSGSTIOS. 
On NY arrival  iu  Victoria on June  lbth,  I \ras met 11s hlv. TTlu. Ncct  Robertson, and on  the 

following day I had an interrien  with Sourself with regard to  the scope of the  inrestigation. 

my report,  chieds  with  regardto  the auionnt and nature of the  avaiiable  deposits of iron ore, 
While  in  Victoria Xr. IlobcrLson and hIr. TT'iilianr Brewer  furnished  ire  with  infoxnation  for 

and  the probable  cost of mining  these ores aud shiplling  them to B point at n~llich a smelter 
eould be located. LIr. Eobcrtson also obtained for nlr  a ~nen~or:lnrluiu from .the IhDartinent of 
Labour with  regard to the Suiqlls, nature, and cost of laboi~v in British Colnmbia. I hnve 
consulted Jlr. Robertson  with regard to  the  grcater part of the  inrcstigatiou, and he has assisted 
me throughout  in  obtaining the information needed for m y  report. 

With  respect  to  the s1ti~l)lY of electricni powes. I had interl%ws  lvith Xr. J. li'. Halls, 
Xr. Eastman, and other  oficinis of the  British  Columbia IOlectric Ilnilwny  Cotnpans  in  Victoria, 

Hamvard, General  Jlanagcr of the Western Electric I'omer Comlx1ny  of Canada. I also met 
and later,  in Vancourer, v l t h  X n .  George Iiidd, General h1ananr.r of this coinpany; and Xr. R. F. 

electric porTev at Comor. Ikforc ICaYing the  Coast I comnlted M r .  TTilliam Yonng, Comptroller 
ah'. J. 31. Sarage and Blr. Thomas Grahanll of the  Cmadian  Colliiries.  Limited, r i t h  regard t o ,  

of Water Rights, al1d~Nv. €1. I$. Dutcher, of VancoumI';\~itll regard to undere1oi)ed water-~owers  
of British Columbia and the'cost of obtaining fro111 t lmu a sui,llly of electric  power  for  smelting. 

I n  Vancouver I met 11s. Giles, General Alanager of the  Vancouver 1':ngineering Tvorks, and 

a meeting of the  Valleourer  Alehi 'Trades Association. nlrd met Alr. A. J<. TTecl<s, General AIann~er 
Aiscussed \yith h i m  the  rwuirwients of the  district  in respcct of pig-iron and stccl. I attended 

of the  Canadian  Sorth-west  Steel Company, hlr. G. G. Bnshby, and Mr. J. Hart,  the  Secretary 
of the  >Ictal  Trades Association. I called upon* mid carresl~onded v i th  Mr. Siehol Thoml)snn 
with reyard to  the S L I ~ I ~ I I ?  of iroil orcs and coal ang the local mnrkets for pig-iron and steel. 
I had an interview ,\-ith Ah'. alurray, of Jlessrs. IC~ans, Cnlenmn & lCransl in rcgard to  the 
consumption and price of i)ig-irm a i d  steel  in  Vmconrer and district. 

I met Xr. R. 1.1. Tudhope, 1\11', G. R.  Grant, and Xr. Renton, of the T n n ~ h u l l  & Tudhope 
,Engineering  Syndicate, and risitc0  their plant at Port Xoody, where pig-iron was bei& nmde 
from ste'ei scrap in  an  electric furnace. I obtained  from  these  gentlemen ralnnhle infor~uation 
dn regard to  the  operation of clec1,ric furnaces in  the  district, and hare aiso corresponded v i t h  
.Jlr. Turnbull on this  subject. 

of tile  Unirelsity of Rritisll Colu~uliia~ and  visited with him a Vancolwer savr.mill and the 
V i t h  a view to  obtaining a S g p l y  of cirarcaal, I had interviews  with Dr. J. 11. Davidson, 

charcoal  plant of the I3:lcctric Turpentine Syndicate. I also interviclrcd Llr. TT'altcr 'Phomas 
and his  partner  in  T'ancou~er  in  regard  to  his processes for  making  charcoal. and vkiled,   vith 
Xr, Thomas and Mr. 13rewcr, tile  rsperin1ental Illant a t  Nanaimo. where XI. Thomas's process 
for  coking coals has heen tested. I also  consulted 311'. Turlllope, Xr, Grant, and Xr. IIerbert 
Carmicllael in reqard to  the  prodnction ,of chancoal. Tnlile  in  Victoria J ralled on Mr. I,. R. 
Beale, of the Forestry Ilepartinent,  with  reference to the  supplr of timbrr fof charcoal-making, 
and  since  returning  to alonlrcal I have obtained  illfornlatlon and other  assistance from Dr. Bates, 
S1iperintendent  of  the Vorcst 1'l'odLIctS Laialroratories, and hare  lnys~lf  Ilreparecl -some charcoal 
from a sample of Douglas fir. 

' I  

. .  
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The  whole  investigation  is  necessarily  very  extensive,  and it is a matter of some difficulty 
even  to  present  the  results  in a clear  and  simple nmnner, especially as each conclusion arrived 
at  is  dependent 011 a number of factors  which  cannot be stated  in a few  words,  and  many of 
which are  liable to  change. The  infornlation  obtained  is  set  forth  and  discussed  in  detail  in a 
number of Appendices;  while, the conclusions arrived at  arc  presented as concisely as possible 
in  the foilowinq  report. 

- 



ELECTRIC  SMELTING OF IRON ORE. 

in Sweden and elsewhere.  The  product oP this  operation is a ~qecial  quality of irigh-grade irou 
This  has  passed  the  cxperimenial  stage  and is in' operation  commercially on a large  scaic 

which comn1nnds a lligiler price than ordinary ,blast-furnace  iron, aml the  cost of grodnctian 
is In general. loo high  to  allow' of  competition at  equal prices miti1 the  blast-furnace  product. 
Carbonaceous  nlateriai i s  needed, oven i n  electric  furnaces, fol' rcciucing the  iron ore to  metal, 
and for this pu~.rposc charcoai is prefernble am1 is generally useA. The  clectric  furnace  that llas 
keen adoptcd for !?le commercia! smelting of &iron is that  of  Ncssrs. xiectro-Metals,  Limited, 
nf Sveden, which may Ije xgardetl as the  standard. The pig-iron xiorrnxily prnduced from this 
furnace, a l i l~ougl~  u ~ ~ u s u s I I y  pure and commandillg a higll price, is a wilite or lowsilicon iron, 
unsnitable for use  in tilo iroli-foundry.  The ofiicials of the  Swwlish conlpany consider  tirat FL 
foundry  iron ciw ,iic made by these  furnaces,  though a t  a sorne\r.liat higher cost, bot 1 llrrre no 
evidence that  this bas 'been aceomplislled in  regular conlnlercial pmcticc, a n d  the Xoblc Eicclric 
Stcci CompanS, vhich  snlclted iron ores electrically for s e ~ c r a l  years o.t Eeroult,  in  CaliIornia, 
was obliged to  adopt a direrent  type of furnace for the  praduction of fmnliry iron. I consicler, 
however, i i x r t  the  Eleclro-llctals furnace could be used for this pilrlmse i!ccansc any lorn-silicon 
iron c o ~ l d  be mndc  suitable for f o u l m y  IISC by additions of fcrro-silicon;  but  considerations 
XT-lrich wiil deturniine  the 'best type  of flirmce for use in British (loluml~ia are gircu later iu 
the report. 

~'IcII;I!rII$s FOIL ELECTRIC SI\IIX.TING IN BIXTISII COLUUBIA. 

$The cssent,iai conditions  for  the eieclric smcitin:: of iron ores on a eo~nn~ercial  scalc are: 
h sui>piy o f  Ikigil-grade orcs a t  a renson~tbie price, an ampie supply of chew electric po\vcv, a 
supply of charconl or other  fuei at a nrodcrate price, a supply o f  la lmw  at  a moderate priec, 
a suitable 1oc:rrion lor the  slneitlng  plant, aqd n sufficient marlwt  lor llie resulting iron a t  a . 
heads as fol1on.s :- 
rather iligll price. The  silllation i n  British Columbia may be considered unc7er lbese scpai'aie 

IRON OItES. 

The information  furnished io me by your oflicials shows that  tile iroon-ore deposils of the 

supplies of ore o f  reasonable richness and purity  can be obtained at easily accessible points. 
Province hare n o t  ,been opened up to any  extent,  but  that  it  is safe lo  assume that  adequate 

These nrcs arc chiefly magnctites,  and on  this :wxount are un(1esirablc f o r  use in  the  blast-furnace 
except in  alimisture  with  other ores; magnetites xre, howevcr, quitc E,uitable for treatment in 
the electric  furnace. I t  appears that  tile ores are not of rerr high grade, b u t  that  a s11p11ly  nay 
be expxtml to contain from 80 to 55 11cr cent. o f  iron. The ores m e  prac!i~:~lly frec froin pims- 

, phorus and t i t t r n i u r u ,  and thc proportion of sulphur call liroliahls be kept as low as 0.1. pcr cent. 
'Pho ores nndrr coimlderation are also  ilractically free frum copper. Your oiEcials estimate  that 
a supply of G0,000 tons per ilriiluln of ore of this grade call be deiivered a t  a suitable  smelter-site 
at a cost,  nuder  present  conditions, of ailout $4 pcx nct  ton,  which 1vo111d Ihe made u11 as follows :- 

BIinins . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $1.50 t o  $2.00 
Loading or trainniing ........................................ .18 to 2 5  
Frciqlit (by water) ........................................... 1.:00 to 1.80 
Unioadlilg .................................................. 25 cents 
Royaity  to .owner* .......................................... 50 cents 

." 

Total  cost at  smelter . .  <.;. . .  1 , .  ...................... $3.90 to $4.10 

electrical1~- for the  production of ,a high-grade pi&-ilwn. For tile proCuction of ono long to,* 
From tin? infannution  at my disposal, I fcCl~'SatiRiic(1 that  those ores can be smeited 
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in  British Columbia for  such  special  grades of iron, but there  can be no doubt t ha t  they mill be 
needed in the  future, as the  irdn and steel industry develops. 

FOREIGN COMPE~TTION. 

The  market  prices  already  mentioned  as  obtaining  iu  British Columbia are  based  on  the , , 
present  sources  of  supply  from  Eastern  points  in  Canada  and  the  Tjnited  States. It is possible 
that  an  iron  blast-furuace  plant  may be established on the Pacific  Coast of the TJnited States, 
and  the effect of this on the  nlarkct  in  British Columbia must be  considered. 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  duty on pieiron  entering  Canada  from  the  Statcs  is @.SO per  long  ton  plus 
7% per cent. ad valorem, which a t  a Sale price of $30 per  toll ~vould amount  to $2.26 per long 
ton, or a total charge of about $6. This  dnty,  together  with  the  freight  charge and the  Cauadian . 
bounty, would  place  the  electric-furnace  iron, if made  with $15 pon.er, on an  equality  with 
imported  blast-furnace  iron.  This  would  not  hold, however,  in the  case of iron  imported  for 
~ a r - w o r k ,  as this  is duty free, and after  the  war  the  duty of 7% per cent. ad unlorem will  no 
doubt be  removed. In  this connection it  may  be  added  that a large  iroll and  steel  plant  can 
Scarcely  be built  until some years  after  the  mar, so that  an  electric-furnace  plant,~if  constructed 
promptly, would conmaud'  the marlcet for a number of years.  Ultimately,  blast-furnace  iron 
may be expected to take a part   at   least  of the  market  for common  grades of iron,  but  the  electric 
furnace  should  always be able t.0 command n small  nlarket  for  its  higher  grade of iron. 

A ~ A X C E \ I E A T  W ~ I I  THE D o v r r r o ~  GV~EENMEXT. 

aid to develop an iron  industry  in  British Columbia. In  answer l o  thcir  request,  thc  Dominion 
A deputation  from  Britisll Oolumbia went  to Ottama early  in  the  present  year,  seeking for 

Government  undertook  for a period of ycars to  purchase,  if,  necessary, at market prices, the 
whole  output of a plant  making  pig-iron  in  British  Cohmbia.  Your  Uepartnlent  was  unable at . 

obtain  further  information  from  Ottawa.  This  agreement will 110 doubt apply  equally to electric- 
the  time of my +isit   to  give me the  exact  test  and  meaning of the  arrangcment,  but  was  to 

furnace  iron,  but it does not  appear  to  me  that i t  is likely to help  matters  luaterially,  for  the 
following reasons:- 

(1.) The'offcr  is obviously of no  use if the  price  referred to is  that  obtiining  in  Eastern 
Canada, as iron could  not be made a t   t ha t  price. 

difficulty that  the  Government's  ability to  carry  out  the  undertaliinq would be limited to the 
(2.) If  the  price  intended is the local price  in  British  Columbia,  we are  met  with  the 

local  demand  for  iron, as i t  \\'Ould.be impdssible for  it  to  buy  espensive  iron  in  British Columbia 
and  ship i t  t o  lower-priced  markets elsewhere. We  are'thus  limitcd  to  the  natural  nmrket fo1, 
iron  and steel  in  British Colunlliia and to possibilities for  exportation on a Small  scale. 

BOURTIES m n  TAXES. 1 

The  Provincial  Government  has  offered a bounty of $3 per  net  ton of pig-iron  made  in  British 
Columbia from local  ores, and, on the  other  band, ilnposes a tax of 37% cents  per net ton of iron 
ore mined. The combined effect of 'these measures  mill be a payment of about $2.00 g?r gross 

the  dillerenee  hetween  opcratillg at a loss and at a profit. 
ton of pigiron;  .a source of incoluc which will  be of Some importance, and may  sometimes  make 

TYPE OB FURNACE TO U S E ~ F O R  EEECTRIC IROX-S&iEJ,TIXG. 

suitable  type of electric  furnace.  This  is  important  not only for  the  guidance of those  who  may 
A point  of'considcrahle  importance  to  this  investigation  is  the  deterlllination of the  most 

undertake  the  establishment of an electric-smelting  plant  in  British Columbia, but also in  order 
t o  arrive at ieasonably  accurate  tigures  for  the cost of the  plant awl the  cost  per  ton of the 

(1.) In Sweden the firm of  Electso-Metals (of Lndvika an11 London)  has devcloped a type 
.of electric-smelting  funracc  vhich 1x1s p r o x d  very  satisfactory  for  the  production of low-silicon 
pig-iron  from  the  Swedish  ores.  There a re  nom seventeen of these  furnaces at work in Smeden, 
ranging  in  size from 2,OMl I m .  t o  5,000 im., and a few ill Korlvas, Switzerland,  and Japan. 
This is, as fa r   as  I an1 aware,  the only type of electric  furnace  that has ever  attained  commercial 
Suecess in  the  production of pig-iron from  iron  ores. 

' products. In outline  the.situation is substantially as foi1bws:- 
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" 

The furnace  is  circlllar  in plan an11 is  provided  with a tall  stack,  in  vhich tho ore is pre- 
heated and partially reduced before it rnters  the  smelting-chamber.  This  reduction of the ore 
is nidcd by D mechanical  circnl~tion of Ihe furnace  gases. wllicll are wiklldrawn  from  the  top of 
tile sl!aft, freed  from dust, and then blown through tuyercs into 'the smelling-chanlilrr abore tile 
ore. T11e gases bcconie heated at this  point,  and  passing up the silaft  they  heat  and  reduce 
the are. The circulation of tile gases also serves to cool and  wotect  the arch of the smclting- 
chnm11er, bnt, on the other hand,  it  incrcascs slightly the consumlltion of the  electrodes. 

On accoont of these special  features tile Eieclro-Metals ftlrnace 11ses somewhat less cllarcoal 

heiiered to  IIRC less power. The snving in charcoal  is  probably  more'than offset by the need of a 
than II simpler type of furnace, a  difference of,  say,  oneteuth  ton per ton of pig-iron, and it is 

better  quality of charcoal, which is  rendered  necessary by the use of a tall shaft. It must be . 
noled, hovcmr, that the usual product of the Electro-Xetais  furnace is a. white llig-iron suitable 
for cllilled castings or for steel-malting, vhi le   the need in British Columbia  would be largely for a 
foundry iron. 'rhcrc cloes not appear to he any evidence  that  the Smctlisll furnaccs  hare been 
used regularly for  the  ixoduction of foundry  iron, and there seems to bc some doubt regarding 
thcir  suitability far 'this purpose. 

(2.)  An iniiependent development of electric  iron-smeltirrg took Iliace a t  IIcrouit, Shasta 

Soblc Nlmtric Sleel Company for the production of foundry iron. Operations were started in 
County, California. \There a denosit of very pure magnetite has been sns?Ited electricaiiy by the 

1007 by tile intc I>r. Berouit, mho built f l  simple  rectanguiar fnrn:rce liavink an  aSclled roof, ani1 
orc~cinltcs  in  which  tile charge could be greheatecl. As this furnace Aid not ilrove satisfactory, 
a shaft-furnace of the  Swedish  type mas tried.  This mas also  ~ll isatisf~ctory,   and the manage- 
mcnt reverted io tile rectangular  type  with arched roof .and \ ~ i i l l  cho.rging-cllntcs, in mhich, 
howxrcr, tile ore \vas not grchezted.. It was claimed a t  tile time (3.933:l that  success  had been 
obtained  with  this  furnaie, bu t  nothing  further was published  about  it, and I find that   i t s  use 
r a s  Aisconti?ued nliout four  years ago. The plant  is  at  present employed  solely for  the produc- 
lion or ferro-aIIoss, because tlle  price now cliargbd lor electric pmrer, the cost of charcoai,  and 
the cost of transportation are all so high as to render impossible the commercial production of 

or against tlic type of furnace that  was used there. 
pig-iron. I am of the opinion tha t  we cannot  accept  the  rorlt at IIeroult as an argument  for 

(3.)  Anoliler furnace  of the closeil rectangular  type vas devised by IIelfenstein  for  the 
prodnction af c:rlcium carbide  and  ferro-silicon. A IIelfenstein  furnace for smelti!g iron ores 
was being tried nt Domnarfvet,  in Sweden, at  tile time of my visit i n  1914. At that  lime tire 

a y e w  or two iatcr  stateCltllat  this  furnace vas  \Torking satisfactorily,  but Messrs. Eiectro-AIetals 
management vas unwilling 'to give  any  information  about  its  operation. An account  lmblished 

now inform me that "the furnace was founil  quite llscicss and has been jruilcd out." 

rcctingular open-tomca fnrmcc has been deveiopd, and is i n  use a t  many B ~ ~ C B S .  In  this 
(4.) Far thc  production of ferro-silicon,  ferro-manganese, and ca:cium carbicle a sinqllc 

furnace no nttcnipt is made to preheat the  ore: and the gnses ilro(1occd in  the  furnace  escape 

t11c fnrnncc  is easy to build, simple to operate, and is  probably not far inferior to the  Swedish 
and arc lost, 'bcsi4es crcniing a nuisance by bllming above tllc furnace. On tile other hnnn, 

furnace  in  conmercial eillciency. 1 a m  not a\vnl'e that this furnace has been used commercially 
for malting  pi^ iron, but there can bc no  doubt  that pig iron or any  desircd  variety could be made 
in it. The Declman ani1 Linden  Engineering  Corporation of San  Francixo, who are using  it  for 

iron, and that   i t  xopld 'be little if any  illferior  in'lloint of economy. 
ferro-manganese,  consider  that it woul<;i be preferable to the Svwlisll Purlmcc for mairing gig 

furnace  \muid be selected, because i t  is lnore economic.al than any olhel' at present in use, and 
Conclu.sions.-(l.) ~ l f  n"1)ermanent  smelting  glnut wcrc bcing erected, the  Swedish  type of 

is  'the  only  one  that has been employed commercialis. 
(2.) If a temporary  plant is contemplated, it  may be better to instlrll the  optx-pit  furnace, 

on account of its sLIIAlIcr fil!st Cost and tile ease.'witll whicil i t   co~ild Le converted to  ather uses. 
( 3 . )  Infornialian  should be obtained  with  regard to ihe  iron-ore reduction process of Trood 

and I)arrah, as this  may prove supcrior to  any direct smelling process. If 1:his process is  likely 
to  bc nmiiabie,  it will be '+lest in  the meantime tojllse a Simple yit-furnac!e ratller than  to  install 
tile mbre cbabomtc fiwcdisll furnace. 

Fortiler  partielllnrs  in  regard  to the two types of furnace  will be f3nnd  in .Appendix TTIII. 
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COST O F  1'IIOIlUCTIOS. 

111 order  to  arrire  at  an  aygrosimate  estimate of the  cost of smeliing  iron  ores,  it  is  necessary, 
in  the  first illace, to  decide  upon the scale of operation. In Tien' of the  local  masltet  and,other 
considerations,  which I discuss  elsewhere, I suggest  the follo\Ying equipment as bciug  suitable 
for an electric-smelting  plant  in  British  Columbia,  providing  that  .the  usual  electric-smelting 
methods are adopted :- 

OUTLINE OF PLANT. 

One electric.smelting furnace of 3,000 lm., making  daily  about 25 tons.of  foundsy  iron  for 

One clectvic-smeltiug'furnace of 3,000 lm.,  making  about 30 tons of lowsilicon  iron  for 

Three  electric  furnaces of 300 Bw. each,  making  together  about 3 tons of ferro-alloys. ~ 

T w o  electric  steel  furnaces of 1,500 lirv. each,  making  together  about 50 ton; of steel. 
Steel  foundry and rolling-mill using 50 tons of steel dailj-. 

sale. 

eon>sersion into  steel. 

very difficult to  use so coinpliciltea a piaut as a basis  for  estimating  cost of nlaking pig-iron, 
The-design and cost of such a plant is discussed  in  the  Appendis. As, however, i t  rvould be 

I shall  consider  for  this  purgose a plant of about equal size devoted entirely  to  the  productioll 
of foundrJ-  iron. In so doing I am mxlring the  assumption,  which  will  not be very f a r  wrong, 

of maiiing it ill the  con?gles  plant,  outlined above,  which would be suited  to  the  local  requirements. 
that   the cost of making  gig-iron  in  the  simple  plant will  afford a fairly  correct  idea of the cost 

smelting  furnaces of 3,000 l w .  each, pioducing  altogether  about 80 tons of pig-iron  daily. 
The  silnple  plant,  assumed  for  pulvoses of calculatiou only, would  consist of three  electric- 

employed. The most economical furuace, as f a r  as m y  information goes, is tha t  of the  Electro- 
The cost of such a Yiant and of smeltiag  iron  in  it will degcnd on the type of f6rnace 

Xet i ls  Coninany, and I give in the  first  place an Rstinlate based upon i ts  use. 
.An  electric  iron-smelting  plant of this  Ope,  containing  three 3,000 1 s ~ .  furnaces,  would  cost 

from $350,000 to $400,000 to  erect  in  British  Columbia  (details are given  in  the  Appendix), and 
Should have a production of 2i,000 long toils of foulldry  iron  per  aniluin. 

* 
COST OF ELECTRIC SXEL'I'IXG. 

T h e  cost of making a' long  ton of foundry.  pig-iron,in  such a  1)lant would be estimated as 
follows, assuming  that power can be ohtaiued a t  $13 per horse-polrer year:- 

Slnelti%g 6% Swedish E.u?'nace with $15 Po&. 

Iron ore,2 n e t t o n s   a t 5 4  $ 5 00 
Electric p a r e r ,  0.65 hnrsedIxnver year a t  $15 ......................... 0 75 

Electrodes, 15 Ib. a t  8 cents 1 20 
Charcoal, 0.4 net tons a t  $5 3 20 

Labour 4 50 
Repairs and maintenance 1 0 0 ,  

. Xanagement ....................................................... 2 00 . .  
Interest, 6 per  ceut. on total capital,  and  depreciatiori, I0 yer  cent. on 

cost of plant .................................................. 2 GO 
Royalty  to  Electro-Xetals Conipany ................................. 50 

Total ...................................................... $20 7.5 

- .  ........................................... 

.......................................... 

......................................... 
........................................... 

............................................................ 

__ 

I f  power could  be obtained at $10 per homepower  year,  the  charge  for  this  item  would be 
$4.50 and the  total  cost of a ton of pig-iron would be $27.50. 

$12.80 and the  total cost of a ton  of pig-iron would be $35.50. 
I f  power mere to cost 0.5 cent pcr kilowatt-hour,  the  charge  for.power n.ould be about 

.elaborate  appliance, and that  a plant  with  furnaces of this  type  should  not be constrlictcd  unless 
In  regard  to  these  figures,  it  should ire stated  that  the  Electro-Xetah  furnace is a somemhat 
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STEEL. 

large  plates  for  ship-building or large structural sections or rails,  but  snmll SeetioflS and bars of 
In v iev  of the small sIZc of the industry.  it  will be out of the question to i.ttempt to roll 

structural steel can lie rollcd,  Imides bars of cast  steel foy dsills a m  similar pusgoses. Steel 
will also be needcd fos tllc  yroduction of steel Castings. 

The steel call Ile melted in an open-hearth or 2111 electric steel furnace, using, as stock, steel 
scmp  and >vlllte pig-iron from the electric-smelting  furnace. If it is  desired Lo charge the 
pig-iron in the mol ten  state, so a s  to save the cost of remeltirig, :I " miscs I'  will be needed to 
keep the irou nlolten nnlil  it   is nrcdcd. As tllc  iron  ore  is l o w  in  phosphorus,  the  iron  rill  he of 
"Rcssemer"  qualit)- a u c l  an ncicl-lined furnace  will be satisfactory  for steel-malting. .I smali 
rolllng-mill and a 6teeI-foundr)- wili form  mccssary adjuncts ,of the  lllant. Further particulars 
are given  in  Allyendis SIII. 

FmRo-.%&ors, 

a plant. Thc alloys that would Ixobably be nmde are ferPo-illallgilllesel ferro-chrome, and ferro- 
Thc production of these alloys nould form n simple aud psofltabic par t  of the  xork of such 

silicon. The cssclltial  ingredients of l bese  are m a n g a k ?  ore, chrome are, quarin, scrap-iron 
o r  iron ore, and chnrco111 or colh. All these are available, and lhesc alloys can be made in the 
small 300-Bn: single-llhasc  furnaces  mentioned  in  the  dcsign.  Information  with regard to the 
supply of manganese and chrome ores n u l  thc methods and costs of makiug ferro-allo3-s Trill be 
found  in Al&v?ndis SIII. 

.I SEW >fl?Tl~IOI) OF ,I'RODCCISG I;I,EC'L'XIC-EVRSACE IROX. 

It has bccn pointed out  tint nu electric-smelting industrr nxlst depend  for the present on 

.that the con~pm>- best ablc  to supllly yon.cr hns asked so high a price that  the commercial 
electric ~ o x c r  furnished by the p a n w  conwanies  of  British Columbia. It has also been stated 

production of I>ig-iron I!? electric  smelting seems to be imgofisihlc. TTnder these  conditions i t  

pig-iron as a part of some more  renuuierative  operation. 
would  appear that nothlnq can be done excelit to Wait for  cheaier power o r  to nlaiie a little 

which may possilily enable  iron rmd steel of electric-fmnacc  quallt,r  to be produced at a decidedly 
Thcrc is, homver, in  \4ew  nt the present  timc  thc  possibility of an  entirely  direrent method, 

lower cost than that of direct sme1,ting in tire electric  furnace. Acc6rdinn ta  this method, the iron 
ore vm1d be crushcd to 1? coarse  Iioxder,  the  gangue rcnloved 117 magnetic  conccntration, and 
the nearly  pure  irou  mineral  esposed  to  reducing gases or carbonaceous rcducing  materials, at 
moderate  furnace  tenlperatnres.  until tile grains of iron ore are comertea  into  grains of metallic 

Ilroduction of both 1iig:iron and stecl. Tire eleetPic po\Ter needed for the final melting of the 
iron. This  grain  metal can then be niclted in  electric  furniccs,  with  Suitahlr  additions,  for  the 

methods, and i t  seenls quite possible that  ,the  preliminary reduction of the ore, using m S t e  wood 
metallic porvder would lie less  than  one-third of that  requircd  for  slneltlilg the iron ore by existing 

process. It will  also be noticed that  olic operation,  the  conversion of pig-iron  into  steel, mill be 
or other cheap fuel, can be ell'ecied so cheayly  that there will ile a substnntinl  saving on the whole 

avoided by the ilew process. 
This,new  process mas reievrecl to in m y  letter  of hIny 2Gtli to XI'. TV. Fleet  Robertson. 

gating the reduction of iron ores, but I have not as'yet been able t o  begin experiments. 
I had at 'that time  applicd  to  the Akdvisofy Research Council.for funds to assist me iu  investi- 

During my visit  to  California I heard of the work of I)r. Trood and Xr. Darrah along 
similar  lines, and I met these nentierncn at  Zleroult,  where I saw in  operetion a small  plant for 
the reduction of nmguetlte ore lo  metallic  iron. I a m  not a t  lihertr  to  gire  full  particulars of 
their process, but  can state  that it consists  substantially  in  hcating the coarsely po\Tdedeved 
magnetite wit11 charcoal or other  carbonaceous  reducing materia1 to a tcmpcratnre of 800" C. 
for  about  three  hours. 111 tllc  small  i>l,ant the heat v a s  supplifd  elcclricaliy, \Thich was more 
convenient and also lieriuitred of more aecuratc lncasnrement, hut o n  tlle larW scale it  is  probable 
thit   fuel-heat would he clliploycd. I have veceired from Dr. 1~:u'mlI dilllr in regard to the 
operation. and I hare modified these to suit  conditions  in  Britislr Columbia. It n9ll be seen that, 
even if  electrical heat is used for  rcduction and inelting,  there  should be a decided econo~ny 51s 
cornpaved with the direct  smelting proccss. 
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of iron  ores  is  found  to bc  satisfactory,  it  should  produce a decided improvement  in  the com- 
the  production of ordinary grades of pig-iron. I f ,  however,  the nern process for  the  reduction 

mercial status of electric  smelting. 

COXCLUSIONS I S  IlEG-ARD.TO THE ELECTRIC SJIELTING OF IRO? ORNS 
,IK BRITISII COLUUBIA. 

similar  material. I n   t h e  C o a t  districts of British Columbia there  is a sufficient quantity of 
(1.) The  three  most  essential  requirements  ace: Iron 0re;electric  power,  and.charcoa1 or 

suitable  iron ore consenienuly located,  water-powers  nvailahle  for the development of electrical 
energy,  and  waste wood from  sammills for  the production of charcoal. 

(2.) Having rcgilrd to the  preseut  market  f ir  pig-iron irnd the  probable  price  for  this 
material  during  the  nest fern years,  it  ailpears  tllnt  the  iron  ore,  clectric  power, and charcoal 
could be produced Sufficiently cheaply  for  the commerc'ciai smelting of iron-ores  in  electric 
furnaces. 

(3.) The development of a water-porrer  is,  howerer, a long and .costly operation  and  one 
which i t  wouid be highly  inadvisable to undertake at the  present  time. Vor present  opwations, 
therefore, w e  are dependeut  on  the  purchase of electric power from  the  power companies. 

( 4 . )  It appears  that one of these  companies  has a suificient  amount of unused  electric,pomer, 
but  it.is  asking a higher  price  for  this  power  than  the  industry can bear. 

(5.) In  view of the ori@nal cost of developnient, i t  would appear  that  the  con~pany could 
afford to  offer  the  power a t  a decidedly  lower llrice, but  it  should be remembered tha t   the  
company  must Ireep a reserve of ponrci' for other pnr~oses ,  and that it cannot a t  present afford 
to  maintain  this  reserve hy undertaking  fresh  development. 

(6.) A new process  is  now  being  investigated bJ7 mcam of which it may be  possible to 
produce.electric-furnace pig-iron commercially  in  spite of the  high  price  charged  for  electric 
power. 

(7.) In view of the  small  demand  fqr pig-iron in  British Columbia, i t  would be almost 
essential,  if a smelting  Illant i s  to  be established on an  economic iiRsis,,that  additional  products 
shall be turned out.  Stecl  for  castings  and  small roiled sections, and  ferro-alloys,  such as ferro- 
manganese,  ferro-chrome,  and  ferro-silicon, Eould be made suitably  in  such a plant.  These 
additional  products n'ould Dennit of more cconomical operation, 37-ould enable  larger  profits t o  

of pig-iron were to fall lbelow the  cost of production. 
be made,  and x'ould allow the  plant to continue  in  profitable  operation if a t  any  time  the  price 

(S.) I n  view of the  present  situation  it  appears  advisable:-- 
(a , )  T o  develop one o r  more of the  best  iron-orc  deposits  and to make  complete  tests 

(U.) To  reserve 8. suitable  nxter-pover  for  future  development: 

(6.) To  investigate thc  new  process  for  the  production of electric  pig-iron,  and  if  this 
(e.) To  establisll a plant  for  the ecouomic productiou of  charcoal  from  mill-waste: 

is  found  satisfactory to begin ilnmediately  to  produce  pig-iron;  purchasing power 
for  this  purpose  until  the  water-power  can be  developed. 

of the  ore: 

ALFRED STANSFIELD. 
N o v e m k ,  I U S .  
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APPENDICES. 

APPENDIX I. 
" 

" 

AIAItKETS FOR IROS AKD STEEL. 

This subject should be given the first consideration, as me require t o  lrnom n-hat amounts 
and varieties of iron  and  steel  can be dismsed  of, aild st what prices they  can be sold. This 
infonnation mill deterlnine  the Scale o f  the operations,  and will have a Llearing on most of the 
other lines of inquiry.  There may be nvailable  an export as vel1 as a local  marltot, but I have 
limited my inquiries almost entirely  to tile ~narliet  in  British Colunlbia. 

T'ancou\w 13ngineering Works, ewressed  the  opinion that, if pig-iron cox.ld be produced locaily 
IIembers of thc  Netal Trades A~sociation, whom I mct  in Vancouver, and Mr. Giles, of the 

at a rcasoilable figure, there mould be a ~narlzet for about 50 tons ilnily. As iron \TBS selling at 
$60 to  $70 a ton, it  aplieared  that a local  iron  sciling a t  from $30 to $40 :I ton  would be able to 
Secure a large  inarlwt. Xr, T-lart, the iiecretary of the association, tried to  obtain from the 

to  form a basis  for my investigation; but I have not receive6 any illformation  from  him. 
meinhers iwlividnal statements of the antounl:, qnality, and Iiricc of their purchases o f  gig.iron, 

Nussrs. Evans, Coleman & Evans, of Yancouvcr, informed me that  tire consumption  of 
pig-iron  in  that  district \VIIS only 3.000 t o  4.000 tom per annum, corresponding to 10 tons' tlai*. 
I n  vie\,., howex%r, of the  fact  that Vancouver iron-foundries are now using  about 40 per cent. 
of new pig-iron and GO per cent. of scrw1l-il'on, n'llerens normally  these  figures mould be reversed, 

20 tons daily. 
it  agpears that the  ordinary deman(l, with iron a t  a more reasonable price, mmld be about 

Ah. .  Kichol Thompson estimates the iuarket for foinxlry iron  in  British Columbia as 10,000 
tons per aunum, which would bc 30 tons per day;  and  States  that  in :IO12 British Columbia 
imported oyer 7,000 tons of pig-iron. These  figures are said to  hc  quite  apart  from the new 
ship-building  iniluslry, which should lead to 1111 esl~ansion  in the nlnrlici f o r  both iron  and stecl. 

In undcrttllring  the  smelting of iron ores, it must be remen1bert.d that  thc  amount of pig-iron 
used i n  foundries for iron  castings  is fa r  less than  the  amount  ~vhkll  is converted into  steel, 
and tlicrerore, a s  tlxe market for foundry iron is sonrewi~nt limited, 11% may  suitably  enlarge 
thc scnlc  of  operations by producing'somc i)ig-iron for steel-making. An idea of the relative 
consnlnption of the seremi vnriztics of iron and  stecl ean bc gained  from the folloning  table, 
mhich mas scnt to me by Xr, John McI,cish, of Ottarra,  in rcply to a n  inquiry  in regard to  the 
market in  Hritish Columbia :- 
Imports of ITOX am? Steel ff'oods f rom Ful'eig?s Coust?.ics tbvough P w t s  in. British Columaia uwZ 

Al lwte  a w i n g  2'LoeZvz.e +Ionths ending Harch 31st, 1.915. 

Pig-iron ........................................................ 
Seral, .......................................................... 
Cast-iron ,,ipe ................................................... 
Ingots, billets, and forgings ....................................... 

Stccl rails and  connections ....... .; .............................. 
h g l e s ,  bnrs, slates, etc. ......................................... 
'l!in.,,i:,te ........................................................ 
Nniis. rivcts, :md nuts 
7Yirc rods, nirc. and wire nails 

Chain .......................................................... 
C;tr-wixels, anchors, and Other manufactures ....................... 

Other iron and steel products and manufactures, velncd n t  . . . . . . . . . .  
TOtlll ,.due ............................................. 

.................................... 
........................................... 
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employed;  thus the  Bessemcr  process yields something less  tb'au I. ton of steel, n-bile the open- 
The  amouut of steel produced from a ton of pig-irou depends  to Some extent uiion the  process 

hearth process or the  electric  steel-ful'nacc, ming 3 misturc of &-iron aud steel  scrap, may 
produce ,nore than 2 tons of steel  pcr  tou of yig-iron. TYitliout attempting  to  anaiyse  the  steel 
market iu any detail, i t  seems  proljahle that solile 23 or 30 tolls  daily of pig-iron could  be 

castings, and other  steel products. 
converted  into  stcel and disposed of iu  tbc  form of sniali  steel  ruds and rolled  'sections,  steel 

The  price of pig-iron in British Columbia  wili, in gcner:rl. depend  on  the price in  the 
Dastern  States,  togcther \,-it11 tile  frcight and t i c  import duty. Illlc Colloving.table,  snppiied to  
me  by Xr. TV. G. Dauncey, sh011-s the cost of pig-iron during thc  last tell years pes long ton 
of 2,240 ib.- 

1908 ................... 
1909 . . . . . . . . . . . . . . . . . .  
1911 
1910 

,1012 .................. 
1013 . . . . . . . . . . . . . . . . . .  
1914 .................. 
1916 
ID15 

1917 .................... 

.................. 

.................. 

.................. 

. . . . . . . . . . . . . . . . . .  

$17 33 
17 30 
16 87 
15 20 
15 98 

14 50 
3 6  56 

21 20 
15 25 

40 68 

_!- 

- ! 

-I- $15 a3 
16 05 
14 85 

* 13 62 
:I4 96 
14 98 
1.3 41 
13 40 
18 74 
38 01 

hot im to enormous figures. The  United During 1917 the  prices became vel's erratic and 
States  Government  conseqnently  regulated tlle price of pig-iroil and that of .the  ore  and  fuel 
needed for its Droduction. P r o m  S'cgtember, 7917, to  September, 1!118, a standard  price of $33 
was fixed for pig-iron a t  Riunriugham;  other  rarietics of iron  ruling  at mmen.hat higher  figures. 
Thus Xo. 2, Philadelphia, has been sold at $34.40; Bessemer, Fittsbnrgh, a t  $36.60; and Lake 
Superior  (charcoal), Chicago, a t  $37,85. In  October, 1916, thrse  prices  hare been raised in 
most eases about $1. 

Before  the  war,  with  Fastern  prices  about $15 per long  ton, the  price  in  British Columbia 

experience  he  has  only  once  seen pig-iron under $22 per  ton, and that. tlle price  has  ranged 
would be  between $26 aud $30. 311.. Nichol  Thomilson states  that  during  his  thirty  years' 

from $22.50 to $32.50 per short ton;   that ' i s ,  $23.20 to  $36.40 per long tou. It is frequently 
mentioned tha t  CQillese iiig-iron has beeL1 imgortcd at  a price of $19.60. This  iron vas brought 

of the  buyers  have been unable  to  use it. It is possible,  also, though I cannot now check this 
in as ballast, i t  IIW uilgraded, and I understand  that it was of very poor quality and that some 

point,  that  the  price was for a short  ton,  corresgonding  to $21.84 Ber long  ton. The only  impor- 
tation  from  China  since 1Pl.3 was  in  the  year 1916-17, amounting  to 400 tons;   and  in vicm of 
the  requirements of Japan,  it  Seem  uiilil~ely  that any  Cbinose iron vi11 come to  British  Columbia 
in  the  near  future. 

of $15 and a duty of $5 would make $53 in  British  Columbia. As, however, the  esportation of 
The  present  price  for 1)ig-iron in the  Eastern  States is $33 per ton;  adding to that  a freight 

iron  from  the  United  States  has been prohibited,  the  actuirl price is ;isher  than  this,  an8  has 
ranged  from %bout $60, to $50 per long ton. 

of the  high  cost of living ~ n d  the  increasiug  powers of the working-c1asses;that the  price of 
While  it is impossible to predict  the  course of prices  after t . 1 ~  wav, i t  seems  likely,  in  view 

..labour, and  consequently  the  griee of manufactured  Products,  will  not  return  again  in  the  near 
future  to  the  pre;mar figures. If me may assume  that  Eastern  prices  of  pig-iron  mill  not fail 
below $20, it will  follow that  thc  normal  price of pig-iron in British Columbia  will not  fall below 
$35, or at the  lowest pcice $30, Cor a period of several  years. 

higher at present.  In  August the  rate  from  Ilanlilton to  Vancouver on iron and steel 
The  freight  from  Eastern iron  centres  to  Vancouver  has beeu about $10 per ton, but is 

60 cents per 100 Jb., or $1.3.44 per  long  ton.  Freight Gates from  American furnaces  cannot be 

SI 

. . . . . .  ~~. . 
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SUPPLIES OF 1 R O S  01m. 

ore that  appear  to be suitable for elcrtric  smelting. In   the absence of a reguiar demand  for  such 
There  are,  in  easily accessi,ble parts of Britisll Cniunlbia, a number of deposits of magnetite 

ores, scarcely any of these  deposits hare  been opened upl and  it  is  impossibie to state  with any 
degree of accuracy  the  amount and analysis of the ore or the  cost of mining  it. 

Brewer mould furnish  me  with  the  best  informatiou at   their  disposal  with rcspect to the  ore- 
In view of these  circwmtances,  it was arranged  that Mr. Wm. Fleet Robertson and Mr. 

bodies, and  that  I mould use  this  information as the .basis of my report;  it  being  understood 
that  I am  not  accepting any responsibility  with regard to the accuracy of such information. 

furnished by the  Government  oficlais. 
I have, hdwevel', been a,ble to ohlaill  some  independent dal;r, which  agree ig general  with  those 

more than EO per  cent. of iron,  aboht 2 tons af ore ivill be  needed for  each ton of pig-iron. Thus 
Alnomt of Ore needed--As the  ore may be assumed  to mntai,,, on an average,  not  much 

for a production of 50 tons of ~jig-iron  daily  we  must  have 100 tons of  ore, or 35,000 tons per 
annum. A supply of .5O,ooO tons per annum'for tell years,'or ?iW,OO0 tons in all, would appear 
adqnate  for  the  present  inauiry. 

Blant mould be erected at some point on tide-mater  within a rensonailie distance of Vancouver; 
Location. of LIepositd.--lt is  assumed,  for  the purpose of this   rewrt ,   that   an electric-smelting 

from the  lines of in ciectrie  ilover cornpang. I t  follows  from  ,this  tirat  the  ore-deposits  selected 
its  location being determined, among other  considesatiolls, by the need of obtaining  electric power 

for consideration  should be those  that are situated on tide-water  vithin  easy  transportation 
distance by water from Vancouver. 

Wm. Fleet  Robertson, >rill  be found in  this Appendix. It contains a list of the more ilnportant 
Amilable Ore-degouits.-A statement compiled by Mr. Wm. Rrcmer,  and  approved by Mr. 

deposits of iron ore that  are liirely to prove suitable  for  suyplying an electric  smelter.  The 
statement Shows the  distance of each deposit  from  tide-water,  tile estirnated anmunt of ore, and . 
the  percentace of iron,  sulphnr,  ghosphorus,  and  insoluble  in  sampies  taken  fmm  each  deposit. 

which may be espected lo furnish  the  required anrount of ore.  There can be little  donbt  that 
It appears from  the  statement  that  there  are  several  conveniently  situated  deposits,  any  one of 

purity  would be obtained. 
if two or three of these  merc opened up a suficient  supply of ore of reasonable  richness  and 

Wattwe of tlre Ores.-The ores available  are  almost  all  magnetites. Such ores are less  easily 
smelted i n  #blast-furnaces  than  h:cmatite ores, and I t  is usual,  ,thcrrfore,  to  provide  for an admix- 
ture of hsmatite when smelting  nmgnetitcs. It is quite  likely  that, in electric furnaces, hsmati te  
ores  would  smelt  inore  readily  than  magnetites;  although, as very little  preliminary  reduction of 
the  ore can 'be effected in  such  furnaces,  the  difference i s  likelly to be less  marked. It happens, 
?iowvever, that   the commercial  smelting of iron ores in cicctric  rurnaces has nearly always been 
carried  out  with  magnetites,  either  alone or with slllall addilions of lizmatites,  so that we  know 
definitely tha t  magnetite  ores  are  suitable  for  elcctric  smelting. 

in iron  nor as free L1'0111 impurities as the  magnelite ores that  have been smelted in electric 
furnaces  in Swe&n or California. Nnny of the Swedish ores contain as nmcl~ as 00 per cent, 
of iron,  and  the  Californian  ore has neqrly 70 per  cent. of iron, hut the ores  arailabli  in  British 

-of ore samples, ii~cli~(ling  tliosc contained in this Aljpendiis, frequently show as nmch a s  CO per 
Columbia cannot hc assumed t o  arcrage niorc than 50 or A5 per cent. The published anaimes 

cent. of iron,  but Mr. Fleet  RQbertson is satisfied  that,  if  the  ore-bodies  arc  mincd  in B \r-liolesaie 
way, and  without x119 attelnpt  to pick tile best  ore,  it  will  not be safe to  count on an iverage 
richness of more  than 50 to 55 per cent. of iron. IIe i n f o r m  me, hovevcr, that  the  gangue 
accompanying  the ore is limey i n  chal'aetel', and  that  by txking it suitable  proyortian of the 
lock with the  ore a smelting  nlixture can be obtained  having enougli lin~estone to be self-fluxing, 
and cmrying at   least  50 per  cent. of iron. I t  may be pointed  out  timt for making a fonildry  iron 

The ores  availabie, n'hile a d q u a t e  i n  amount  and  convenient i n  16cation. are  neither as rich . 
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some silica is esscntial  in the smelting  mivture;  thus, at Ileroolt, the ore was s o  purc  that   i t  
was necessar,~ to add q u a r k  Xoreover, a certain amount OS slag must be produced to  flus oif 
the  sulphur which is  ijreseut  in  the or(!. Greater economiy \vould undoubtedly  result, however, 
if the smeltiug  niixtllre  could be made 1:o contaiu as much as GO'yer cent. of iron. 

The Swedish ores are  esceptioually pure, coutaining usual!y from 0231 to 0.02 per cent. each 
of phos~~horns and  sulpliilr,  and  the ore at  Hcrooult, in  California,  containing only 0.01 per cent. 
cach of phosphorus and sulpl~ur. The avitilaible orcs in  British Columbia are reasonably free 

iron  can be made from tliem. The sulphur is, llonrever, SOlncwbat higher than is dcsirable. 
from phosphorus, containing as a rnlc less than 0.03 per cent. of this elemcnt, so that  Bessemer 

1 per cent. of sulphur, hut  it seems pl'obable tha t  a sul>illy wnld be csbiained that  would not 
Some of the ores, notably thosr from !l:esads Islaud,  contain some tonihs of a per cent. up to 

at a11 seriously  in  the  production of a good foun(1ry Iron, but  it will render the ore less valuable 
contain Inore than about 0.1 per cent. of that element. This  aniount of sulpliur  will  not  intcrfcre 

for makiuf Sper!iill grades of " charcoal :' iron. 
Fro111 a111ong Llie larious  deposits t l m e  groups have been selected-uanleliy, thosc 011 Tesada 

Kos. 13 and 14. Mr. Iiremer has prepam3 estimates of the wst of mining the ore from each of 
island, Nos. 1, 2, and 3 ;  those on Redonda  islnnd, Nos. 9 and 10; lrnd those at Kootka sound, 

these  dcposits and transporting it to a port o n  , t l lC east coast of Vancower  island, or in the 
neighbonrhood of I'anco~ivcr. 1.1e finds  that,  including a royalty of 50 ce11,ts per ton  to  the  owner 
and niirier af thc orc, the cost of ore delivered a t  the  slnelter  will be aliollt $4 per net  tou. As 
about 2 net  tons of ore wil l  be  nceded lor each long ton of pig-iron,  tho  cast of the ore will be 
about $S 11cr ton of pig, This is a very serious iteui of cost,  and  is Pal higher  than  the  usual 
cost of ore a t  1,:astern furnaces. I n  view, Ilowever, of the  nature  of  the ore-bodies, the  moderatc 
scale of inining and tsansportatioli,  and  the  hi@ cost of ail  operations on tire Ooast, i t  does not 
appear that any nlatcrinl  reduction can bc expected, a t  any rate during tile next few years. 

37% cents per 'ton;  hut  in  the present case i t  appears reasonable  to count tliis as a deduction 
If the orc lvem being mined f o r  sale, tirere  should be added the 1'rovillcial Gorcrnnlent t a s  of 

from thc boms of $3 per ton  paid hy the  Government for pig-iron procl11:ed locally fro111 British 
Columbia orcs. 

Inos Oms 06 B I ~ I S I I  Cor,uxnrr. 
(Data compile& 0 7 ~  1Vm. M. Ilrewer, IIesirlent Zari7zeer, Western JIincral S u r w y  District, 

Nnnain~m, n.C., J ~ m e  St?&, 131s.) 

- 

Tllc  accompanying  tables shorn :- 

acccssiblc  projicrties .to any established  port  on tile cast  coast of Taircouver island or at 
Firs t :  The estimated cost for mi.olng and transporting  irou ore mined from the most 

Vancouver. 
Sccaml: The names rind locations of the various Ixopertics,  with the distmcc from d c e ~  

vatcr,  also  thc available tonnage, mry roughly estimated, in three c'nssiticatious--" actual:' 

measl1re tlre ore r?serves with any dewin of a~curRCy. T h e r e  a star is pitlccd beside the  nanx 
"prob.able," and  "possible" orr. Owing to the lack of iierelopmei~t-worlc  it is iml~ossible Lo 

present. 
of a prcqerty it indicates tlmt it is impossible to nlake any cstimate of available t&age a t  

Third: Tilc  natorc of thc ore anti assay results  obtained Iron, the sanqAes collected at 
n w i o u s  times, iogethcr with tlrc nalncs wf the collectors. 

ILM,izated Cost of jilini,tg am1 Tmnsgurtiny Iron Ores. 

Tesada and ILedonda islands and at Nootica sound. Thcsc arc scIcctct1 bemuse, owing to tllcir 
Three  t ie~iosit~ only have bee? consi(1ercd in tile Sollowillg lahie, riz.: Tllose located ou 

accessibility, logelher witil  the  quantity aud qualily of l l ~ c  om, they w n ' l c l  be the nnturai choice 
ns t l x  first sources of supply. 

Tcmadn lsla,zd, Xos, 1, 8, S- 
Estin1:lted cost of S~drill  plant ...................................... $ 5,000 
1:stilnrlted cost of tmnsportaliolc . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10,000 
ICslinmtcd cost of bunlms and docl<s ................................ 10.000 

'rota1 cstiu~.tetl cost of iustalintion ........................ $2j,000 
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E S t i m R l C I C  Cost of diinino n r ~ d  Trnn.spo?tqtio% ?lev Ton. of W O O  LO. 
(Fi!7lki.i)W 50,000 TOnS IM?' A111LlC117~). 

Interest nnd depreciation 011 instniiatiou at '20 pcr  cent.. ............... $0 10 
Estimated cost of mining ............................................ 2 00 
Estinlalcd cost of trarmuing ......................................... 25 
Estimaled cost of frcight ............................................ 1 00 
Estinated cost of un1o:lding ......................................... 2; 

__ 
$3 60 

ROSBICY to ownel: per ton ............................................ 50 

Cos1 of ore at smeltiug  plant $4 10 

Estiulaled cost of Wrili  plant ...................................... $ 5,000 
Estimated cost or hnnkers and docks ................................ 10,000 
So transportation  rewired. 

__ 
................................. 

Rco'o?idn In land ,  Am. 9 nnd 10- 

" 

Total  eslimated cos1 of instalintion ......................... $ln,000 

Estismted Cost of dlinin..q and T'rnmpo~tntion per Ton of 2,000 LO. 
(l?'.iQtkVikg 50,000 Tons no. Annt~w.). 

Interest nnii degmCialiou on imtallation at 20 per  cent.. ............... $0 00 
Estimated ,cost of ininiug ............................................ 2 00 
Estinrated cost of ioatling ........ : ................................... 12 
Estimated cost of fxiglrt ............................................ 1 00 
Estimated cbst of unloading .......................................... 26 

" 

R o ~ a l t y  to O ~ X C S  per ton 50 
$3 46 

............................................ 
" 

Cost of ore at smelting  plant ................................. $3 96 
Xoot76a Sound, h'os. 18 and 14- 

Icstimaled cost of 3-driii  plant ................ ~. .................... S 5,000 
Estimated cost of trall,-line ......................................... 30.000 
Estimated cost of 'bunkers all$ docks ................................ 10,000 

Total ...................................................... s23,000 
" 

Estimated Cost of N i d w  and Tmns11ovtation. per 7'0% of 2,000 Lb. 
(l?!ylkving 50,000 Tons per Anmum). 

Interest  and  depreciation  on  installation at 20 pes Cent. ................ $0 10 
Estimated cost of mining by large  quarry ............................. 1 60 

......................................... 
Estimated cost of freight j _ .  1 50 
Estimated cost of trammiug 25 

.............................. ........... 
Estimated  cdst of unloading I I . .  i . .  :. ...... ~. , .... i . .  ...... ~. ........ 25 

" 

$3 60 
Royalty to owner  iler  ton ............................................ 50 

Total ....................................................... $4 10 
__ 

Piom-The estimated cost for freight  is  based on transuortntion by SCOWS os barges  from 
the Tesada Island and  Redonda Island deposits, and by freight-steanicrs  properly  equipped for 
hauling  iron  ore from the  Sootka Sound rkposits in cal'goes of 500 tons  and  upwards. 

(After  consultation  with Xr. R. €1. Stewart, 511'. XreuTer has  decided to  increase  his  estimate 
for a 3-dsiil plant  to glZ,ooO in vicm o€ prcsent  conditions. 'Phis cilange  will  only represent a fern 
cents per tan  added to the  estimated cost of mining.) 



! 
j Tom.  i Tons. Tons. ~ Tons. 

1 ........ 1 ... ~ 1,3Gt3,400 X~Cmmdll's estimate. ' 2,360,000 003,600 
2 . . . . . . .  , . . .  ' 1.,607,200 

iII.l,>., Minister of )lines' Re- ... ... ....... ... ... (Reo :repor.t by Gcargo Clothier, .., s ~ ~ 

... 7 ....... ~ . . .  ... 
XcCounell's estimate. 504,000 504,000 

5 ! 

XcCanrrell's estimate. 1,GOii,200 ... ., I . . . . . . . .  . . .  
....... ... ... 5,OiO;OOO Drcwir's cstirnnte. 8,000,000 

13 ....... I 250,000 250,000 ~ 750,000 , 1,2~0,000 Rrc~\-cr's estinmtc. 
801'):. 1917, I). 61. j 



14 . . . . . . . 
17 . . . . . . . 
18 . . . . . . . 
19 
20 . . . . . . . 
24 .. :.... 
21 . . . . . . . 
25 . . . . . . . 
26 . . . . . . , 
29 . . . . . . . 

Totals . . 

~ ~- 
Actual 

Ore. ____ 
TOILS. 

75,000 
... 
... 

16,000 
3,000 

20,000 
94,000 
16,000 
... ... 

~ 

473.000 

Tons. 
50,000 

i0,ooo 

. . .  
5,000 

... 
230,000 
500,000 
562,500 

5.105.100 

200,000 
200,000 
25,000 

TOUS. 

26,000 
15,000 

250,000 
47,000 

120,000 
250,000 

1,135,000 

9.040,500 

Nature 

fagnetite " 1 i n  
:nngue" \ 

Cngnetite '' 1 i m 
gangnc" 

fagnetite " 1 i m 
gangue " 

lagnetite . . . . . 

" 

250,000 
TOILS. 

Brewer's estimate. 
Brcwer's estimate. 275,000 

55,000 Proviucinl Minernlogistk esti- 

33,000 
30,000 

300,000 

366,000 
141,000 

1,697,500 
760,000 

14,618.700 

mate. 
Brewer's estimate. 
Brewer's estimate. 
Brewer's estimate. 

Bvewcr's ostimnte. 
Brewer's estimate. 

Brewer's estimate. 
JCcICenzie's e s t i m a t e. (See  

Lindeman's report  in Vol. I., 
p. 30, " Iron Ore Occurrences 
in  Cunndn," Can. Dept. of 
Mines, 1911.) 

" 

66.0 

68.2 ~ 

64.3 

55.2 

56.76 
62.57 

63.27 

60.85 

67.91 

err.71. i 
$0.4 ~ 

1 
64.48 I 

58.0 

57.5 I 

59.57 I 
69.4 ~ 

56.45 I 

i 
! 

50.77 

Trace 

0.303 

0.266 

0.403 
0.113 
0.347 

0.6 

. . . .  

.... 

1.07 

1.866. 

1.6 

0.046 

0.01 
0.137 

0.53 

0.533 

~. _____ 

phorus. 
Phos- 

Per cent. 
Trace 

__ 

. .... 
.... 

0.024 
0.011 
0.013 

Trace 

Trace 

0.013 

.... 

.... 
0.005 

Trace 

.... 

0.057 
.... 

0.03 

0.024 

~ 

~ 

Isoluble. 
~ 

'er cent. 
3.3 

.... 

.... 

.... 
6.46 

4.37 

2.75 

2.96 

12.0 

.... 

.... 
4.47 

'0.5 

.... 

.... 
8.33 

7.0 

11.0 

Remarks. 

rerage across face of adit 430 

crop. Brewer's sample. 
feet below the  highest out- 

,pper, nil; manganese, 0.08% : 

o p p e P, 0.14 ; McConnell's 
McConnell's sample. 

samplc. 
o p p e r, 0.14 : hfcConnell's 
sample. 
ndeman's sampling. 
ndernan's sampling. 
o p p e r, 0.05'% ; Lindeman's 
sampling. 

~lmer, , Geol. Survey of Wash- 
P. 37u. 

ington. 
,nth Census, U.S. Represented 
lot of 600 tons smelted a t  Iron- 

0 p p e 4 0.3% : McConnell's 

o p p e r, ' 0.22% : magnesia. 
samplle. 

0.00% ; Iiindeman's  sample. 
1.13%  :lime,  1.32% : alumina, 

r e w  cr's grab  sample from 
dump. 
o p P c r, trace : McCanneli's 
srrmple. 

~ 1 .  survey of Canaan, 1886, 

aalc by Pugct sound IWU CO. 

v~per, 0.08% : a 1 u m i n  a, 
1.17% ; lime,  3.82% ; mngne- 
sia,  1.05% ; 1, i n  d e m  a n's 
snmp1e. 
  gel', 0.7% ; alumina, 2.07% ; 
lime. 3.77% ; m a g n e s i a, 
1.25% ; Iindeman's sample. 
Property owned by Canadinn 
Collieries (Dunsmuir),Ltd. 
ndemmr's sample. 



Per cent. 
9.3 Ure\r.ei.'s samplc from dump. 

4.12 
5.30 

4.6 

6.37 

0.80 

. . . .  
0.11 

. . . .  

. . . .  
0.00s 

. . . . . . .  
hlagnetite . . . . . . . .  60.0 . 0.30 

i 
i 

Ahgnetite . . . . . . .  71.2s i . . . .  
d 

Alagnctitc . . . . . . . . . . .  ~ . . . .  
hlngnetite ....... 66.0 0.01. 

d 
! 

samplc. 
T,iudem:m, Yol. II., "Iron Ore 

Occurrences in Canada," Can. 
I h n t .  of hlincs. 1017. .... 

1.2 

54.46 , 0.15 
~ 0.038 

56.07 0.447 0.038 
BG.0S 0.1 'IrlIee 

2.32 
1.40 
1.6 

6.1 

12.76 

13.36 

13.0 
21.2 

17.6 

. . . .  
stone gangue , 

\ G0.17 , 0.017 
14 hiagnetitc ....... ~ . . . . . . . . .  
15 hlngnetitc l i m  c -  50.G!) ' 0.04 

0.010 

0.01G 

0.000 

Trncc 
Nil 

'Jlrilce 
Tracc 
0.006 
Trme 

T~rsce 
0.004 
Xi1 

0.026 
T h e e  
Xi1  
Nil 

x i 1  - 
Tr;iCO 

. . . .  

n.os3 

.... 
0.121 
0.009 
0.013 
0.03s 

0.5 

'J!race 
Trace 

Trncc 

o.n:m 

16 Magnetite 1 i m e .  I 50.37 ' , 0.716 

1 G0.7 T h e e  

Stone gangue 

StOnC blaueue 

17 llngnetite l i m c - '  64.4 1.4 
stone gnngIle ! 

~ 55.6 
48.4 

0.4 
0.7 

: 46.06 0.G23 
I 

. 8.3,s 0.5z 

Lindemnn's sample, 

.... 
23.22 

4.2 

%i.7 , 0.3 
(iO.S9 ~ 0.70 
56.2 
.X.4 ' 0.3 

1.: 

32.09 0.23 
70.2 Trncc 

0.24 
52.6 4.2 
50.0 

3.85 
:1.s1 

17.0 
18.0 
16.62 

1.4 
22.0 
12.1 

13 Jlngnetile . . . . . . .  

6.5.8 
60.0 

2.2 
Tracc 

(i1.9 0.34 
, :, 

4.8 
3..3 

.... 
8.52 
4.51 

2.32 
1.40 

8.88 

50.57 ! :,2.75 
6i.00 ! 3.0 
5 S 3  
54.40 0.15 

2.75 

60.07 0.417 
52.0 ...... 
47.0 ~ ' N i l  
48.4 ' idNii 
.57.0 .LniCe , I  

i 

i 
i i 
- 

.... .... 

.... 

.... 



so. Nature. 

29 Limonite ........ 
~ 

30 Wxnetite 

31 . Hngnetitk ....... 
32  Magnetite ....... 
33 Magnetite- ....... 

- i  

Per ccnt, 

34.20 

.iO.01 

54.32 

52.19 

51.0 
50.6 

53.2 
53.2 

54.0 
64.81. 

62.0.3 
63.24 
. . . .  

50.08 
55.51 
110.1 
ti:1.07 

Per cent. 

1.16 

1.52 

1.14 

1.47 

1.7 
0.8 
2.65 
1.89 
1.15 
0.158 

0.170 
0.17 
. . . .  

0.os3 
1.0 
0.31 
0.013 

0.107 1.02 

0.016 0.s3 

0.065  1.99 

0.616 1.56 

x i 1  2.0 
X i 1  1.7 

0.0010 1.31. 
0.014 
0.002 

1.62 

Trace 
1.04 
4.21 

Trace 
Trace 

3.85 
4.05 

16.0 

0.016 

McEvoy's samples. (See " Iron 
Ownrr's sample. 

(End of llr. Brewer's  report.) 

Illor( ORE FRO31 HEAn BAS. 

In view of the  imporl:nlce of  obtaining ~uore cxact  information  in  rcgard lo the  richness and 
other  cliaracteristics of th?  ardilable 'ore, I discussed with Xr. TV. T'. Ilohcrtson the possibility of 
having a Quantity of ore taken from me or more of the  deposits, aud sending  large  sanlples  to 
Victoria  for  analysis an0 for tests in regard tq magnetic  conccntmtion. Mr. Robertson con- 

BreNer to  obtain a large general sample ,of ore from tlic deposits nt  Xootka sound, Head bay. 
sidered tha t   i t  w i s  not ncccssars to  undertake .this at the present time,  but he instructed Mr. 

In a letter from Mr. Ilobrrtsoli  dated August 12tl1, 1918, and. enclosing nn assay certificate  dated 
August Wh, he  informs  lne that 311'. Brcwer took nine samples from  various  parts of the deposit, 
including t v O  near the 1n:rrgin. IIe also took a sample of the foat~\\-nll. The nine salnples mere 

03 per cent., 63 per eelit., 41.8 per  cent., 47,s per csnt., 67.2 iler cent.. u n i  08.2 per Ccnt. The 
assayed  separately for iron a d  w:re formd to contain: 63 per cenl:., 70. per cent., 67.2 per cent., 

samples  containing 44,s and 47.8 IX?P cent. \\-ere talcen rrcar the  margin of the deposit. A com- 
posite  sample ma made up  coiltaillillg equal amounts of each of tlie abore nine salllglcs and of 
the  one foot-xmll sample.  This  composite  sample vas  analysed and was found to contain:- 

re rcent .  
Iron ........................ 57.1 ..................... 

Per cent. 

Silica ....................... 3.5.5 Phosphorus . . . . . . . . . . . . . . . . .  0.05 
Sulphnr Trace. 

Lime ......................... 0.6 
The axrage richness of ,i.llc ore itself i s  C 6  l)er Cent. of iron. and the avcrige richness, 
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does not slate from which nf tlresc proimties  his  prcscnt snmplcs were taken, or \Thether tllc 
The Read Ray deposits appcnr as Kos. 13 and 14 i n  3Ir. Brcwer'i fist, but Mr: Bren'er 

samples were taken from 110th propcrtif:s. The weight of the s:unples is also not mentioned. 
Xr. Ilobevtsou coirsiilers Ilrat tlw abov~: results are hi$lcr than \~'oultl be obtained from an 
average sliiplncnt nf ore from this deposit. 

SOTES m n x  'LITID: R. 1,. T I I A N X  C o x ~ a s u .  

The following notes on four deliosit.3 of iron ore in Iirilish Columbia TVCI'C gimn  me by the 
B. I,. Thane Conepany, of San Francisco, m1d arc of rnlnc as supporting the conclusion that  
there is av:lilaljle an  adequate sul)ply of inagnctitc ore. The analyses qnoted indicate a iligller 
grade of oxo ilum that on which I .have iiascrl this seport. 

TecaAa I.~'lmd."I)eposit of nrngnetiic ownccl 111- the l'uget Sound  Iron Conrliany. The 
&posit contains. 1,000,000 tons :md proklbly an additional 2,000;000 tons. The nre is loaded 
into ships near llic mine. The nre Cnntnins :- 

Iron w2.9 ....................... >ragncsia . . . . . . . . . . . . . . . . . .  0.75 
Silica ...................... 6.66 ..................... 
I'l,osr,horus 0.010 

Xiclwl 0.014 

Snlplnrr 0.5l 
Aluinina 1.4 

Coppcr 0.13 
. . . . . . . . . . . . . . . . . . .  l!itaniuln . . . . . . . . . . . . . . . . . . .  Y i l ,  

L i m e  ...................... 2.0 Arsenic .................... Sil. 

r F r  cent. Pe r  ccut. 

. . . . . . . . . . . . . . . .  ..................... c o ~  t 0.00s 
. . . . . . . . . . . . . . . . . . .  ..................... 

Tire estimated  cost (prc-\~ar) at a l'nget Sound port \vas:- 
hlining $0 5G 
L n n d  liansyortation ................................................ 10 
Sea transportation .................................................. 50 
Royalty . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2s 
Pised charges . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  20 
rispor1 dlity ........................................................ 50 

r l  Lotal ....................................................... $2 11 
Or $3.:18 per ton of pig-iron. 

3.1 miles n.ould cost $10,000; eqliilimeni anfi d ~ ~ c l n p n l e n t  of lilille, $200;000; total, p300,000. 
The assllineil output mas 200,000 toils a year for twenty years. A Ira01 J'ronl the mine of 

570,MO tons, will, a probable 344,000 tous inore. Tire o m  is loadlcd into ships  ne:^ tho mine. 
C~c~i~shc~ca.-~\  deposit of inagnetiie on Louise islancl, owned by [I. I<. O\mns,  contains 

Thc orc contains :- 

Iron 63.0 ....................... Slllpllur .................... 0.020 
Silica ...................... 7.0 ...................... 
JIRligRllesC 0.53 

Link? 2.0 
. . . . . . . . . . . . . . . .  Titaainlri . . . . . . . . . . . . . . . . . .  0.07 

T'lK's~>ll"rus ................ 'D.00S 

>lining $0 72 
I m x I  tmnsportstion ................................................ 16  
Sen transportation .................................................. 76 
I". ~ISCd c11nrges ...................................................... 71 
IGsport duty ........................................................ 50 

l'cr cent. P c r  cent. 

rre-\,,31' cost :- 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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Collieries (Dunsmuir ) ,   hn i ted ,   and  Clarence Davley, Clayo(juot, contains 150,000  tons, with 
IIead Bay.-A deposit of illagnetite  on  Vancouver island,  owned by Glengarry,  Canadian 

a probable 250,000 tons more. Ship  from Xootlra solind. It contains:- , Per ccnt. P B U  cent. 
Iron :.... .................. GO.O I'hosphorns ................. 0.005 
Silica ..................... 5.0 Sulphur ..................... 0.013 

I're-mar cost :- - 
$lining ............................................................. $0 90 
Land transportation ................................................ 10 

Royalty 25 
Sea  transportation 66 

Fired  charges ....................................................... 30 
Export  duty . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  50 

.................................................. 
............................................................ 

Total ...................................................... $2 70 
Or $4.27 pcr  ton of pig-iron. 

Assunled output, 00,000 tons  per  annum for seven  years. n'ould  need an aerial  tram of 
1.5 miles from  mine i o  wharf, costing $20,000; development and equipment, $50,000; total, 
$70,000. 

Quinsnm La7ce.-A deposit of magnetite  owned  by  Jones & Thomson,  probably  contains 
500,000 tons. Ship from Campbell river. I t  Contains:- 

Per cent. 
Iron ....................... 00.0 . . . . . . . . . . . . . . . . . .  

Per cent. 

Silica 4.0 
Lime 1.7 

...................... I'llosphorus . . . . . . . . . . . .  0.002-0.976 
Xanganese . . . . . . . . . . . . . . . . .  0.65 Sulphur ............... 0.OOZ-0.085 
Alumina . . . . . . . . . . . . . . . . . . .  2.8 

Mining .............................................................. $0 90 
Land  transportation ................................................. 60 
Sea transpnrtation .................................................. 50 
Royalty . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  23 
Fixed  charges ...................................................... 2 12 
Export  duty ........................................................ 50 

Total ....................................................... $4 87 

Pre-war cost :- 

. 

Assumed  ontput, CO,000 tons per  annun] for eight years. Needs a twenty-mile  aerial  tram, 
costing $220,000; deevellapmcnt, $60,000; total, $2SO,OOO. 

the  last in view of t h e   ~ ~ n ~ ~ s u a l l ~ '  heavy fixed charges)  the  lotal 110~1s to  bc $2.3'1, $2.66, a n d  
With'regard  to  the  estimated cost of mining  and  transporting  these  ores, we find (excepting 

$2.20 per  ton.  Xessrs. B. 1,. Thane  consider  that  the 3018 costs €or labour,  materials, trans- 
$2.70 per  ton of ore. Dcdncting  the.export  duty of 50 cents,  tilcse become $1.61, $2.3G, and 

portation,  and  capital  charges would all be  doubled, thus  leaTing  a.duty-frcc  cost of $2.97, $4.22, 
and $4.15 per  ton, or a n   a x r a g e  cost of $3.78 per ton. Itemembering  that  these  rclate to  outputs 
of 200,COO tons, 100,000 tom, and 60,000 tons  respectively, it does not  allpear  that Afr. Brewer's 
estimate of $4 a ton on an  output of 50,000 tons is at   a l l  too high. 

Or $7.71 per  ton of pig-irun. 

S W E S  o s  COST OB ;\IIPIAC AND TBASSPOIWATIOS. 

I. Xr. W. AI. Brewer in a letter  dated  July 8th, 1915, writes me that  he has had interviews 
mith Xr. R. 11. Stewart  in regard to  the cost of milling  and  with  C'al~tain Silnon I\IaclCeneie in 
regard to the  cost of transportation. 

not be very n , ~ ~ c h  aevelopmml-work and only a reasonable amount of sortiux,  the  cost of mining 
Xr. Stevart  stated  that  mherc the iron ore mould be miilcd by Quiirrgiug and  there would 

iron ore at the  deposits on Texada  island,  Redonda  island, am1 Kooti-a sound (llrad bay) Should 
not  exceed $1 per  ton, even  \vhen a qnantily of only 100 tous n dag nxs bcing mined. l i e  also 
Said that 111. Brewer's estimate of $6,000 €or the eost of iuslalling a 3-drill  compressor  plant a t  
any of these  mines shoulA  be increased  to  about $12,000 in view of present  conditions. 
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British Columbia. This includes a general  synopsis  of  the  iron-deposits in British Columbia, 
and reports  with regard to the Xitc7ben.cr $roup, the Wlsie claim, on West Rdonda island, and 
other claims, from which I er t ract   the  fOllONiug :- 

The IZitchener  group (Ko. 7 in Mr. Brewer's  list) is located on Vig\T-am  bay, Seymour  inlet, 
Queen Charlotte sound. A report by G.  A. Clothier,  Ii'ebruary,  1918, shows vein No. 2 to  contain 
65.5 per cent. iron, 4.G per  cent.  insoluble, and 0.5 per cent. sulplmr;  and vein Xo. 3 to  contain 
64.4 per  cent. iron, 1.8 per cent.  insoluble, and 0.1 per cent.  sulphur.  Further  surface work 
would be needed to  prove  the  continuity of the  ore-shoots on t he  surface  before  diamond-drilling 
to  prove them a t  depths lvould  be justified. A sample of the  Iiitchener  ore  supplied by Mr. 
Thompson  on  July 24ti1, 1916, was found to contain:- Per cent. 

Peroxide of iron-. ................................................. 64.351Iron, 64.5 
Protoxide of iron ................................................. 25.101 percent. 
Protoxide of mawanese ........................................... 0.47 
Alumina . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.96 
Lime ...... : , . . . . .  ................................................ 7.00 
Xagnesia . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3.89 
Sulphur ............................ : ............................. Slight  trace. 
Phosphorus ....................................................... Slighttrace. 
Insoluble ......................................................... 4.70 

Total 3.00.53 
__ 

.................................................... 
A report of the Blsia claim, on West nedonila i s l ~ n d  (No. 9 ,  Xr. BL'eWer's l ist) ,  by Alexallder 

SharD, Vancouver, October, 3017, contains the following  summary: "'Lhe Lmie mineral  claim 
.has a well-defined magnetite-iron ire vein, 10117 30 f'cet widc, probably estenaing  from  the Cast 
to  the \Test boundary,  and  to  depth.  The  ore is high gmdc, almost Tree fmrn  sulphur, phosphorus, 
and  other  impurities.  Situated on tide-mater,  wllerc  the  largest occan-i'oing ship call be loaded 
at any tide, the  mineral  can .be easily and clieaply  mined." 

Alr. Sharp quote? the follo~ving  analyses far this ore:- 

Iron 65.0 
Sulphur None. 

Iron 61..10 

Insoluble : 9.20 
Silica 7.31 

.. ................ l ime ...................... 3.10 
Phosphorus ................ 0.016 
Sulphur .................... 0.30 

Per ceut. Pel. cent. 
....................... ....................... 

. . . . . . . . . . . . . . . . . . .  ...................... 

Oregon. The average  iron  content was F0.S per  cent.,  and  the  ore \\.:IS rckorted to ~vol ' l~  well 
Some 626 tons of this  orc mas shipped to the Oswego Iron and Stcel Company's furnace in 

in the puddling-furnace. 
AIS. Thompson  also  supplied  me  with reports by J. >I. Scott, o f  ImKIon, an11 TV. ~ e w m a n ,  

of Vancouver, w i l l  regard  to the Shoo Flu and NeZlio C .  c l a i m  of irou ore situated  near  Cardero 

reDorts speak 7er.v famurably of the  amol~nt ann nalnre of the ore, but  the  alialyscs they Qllote 
channel, in the  Coast  District of British Columbia. 120 nliles n0rI.h of Vmlcouver City. The 

their  statements  with  regard to  the value of the ore. The  conlplete  allalysis Quoted is:- 
show  only 50 per cent. o f  iron and as  much as 2 per  cent. of sull)hhur, which docs not  support 

Ferric  oxide 51.80 
Fcrrous oxide ...................................................... 25.63 

P C P  cent. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Silica . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  19.50 
Sulphur ............................................................ 2.10 

Wate; and ox(sgen 0.97 
1itanimu X'd. 
Phosphorus . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Ni,l. 
r .  ........................................................... 

.................................................. 
\ __ 

. Total ...................................................... 100.00 
Three  samples assayed for su11111ur showed: 1.75, per cent., 4.5 11er cent., and 0.71 per cent. 

respectively. B;ight san~pies assayed for iron  showed: 59.7 PCP cent., 57.5 per,cent.. 54.6 per 
cent., 58.8 per cent., 54 per cent., 59.3 per  cent., 51 per cent., and ~ i . 2  per  cent.  respectirely. 





hPPENDIX IV. 
- 

E1,ECPILlC POWER POIL S3IIELTIKG. 

The possibility of the conimercial  operation of an electric-smelting  @ant  for  the  production 
of  pig-iron from  iron  ore depcnds on an adwuate  supply of electric povrw at a nloderate  rate. 
For the electric  smeltiug of iroc  ores a large  amount of power is needed, the  amount  varying 
somewhat  with  the  richness of the ore, the g ~ d e  of iron  to b e  produced, and the l&d of furnace 
employed. Under  usual  conditions  the consunliltion of electrical, Ilower for each  long ton of 
pig-iron  lies  between  one-third and one-hilf of a horse-power ycnr. For the  production of 
foundry iron from  rather lom-grade  ores, and in a simple  pit  furnace, it wlll no t  be  safe to 

- count on the  production of more than 2 long  tons of iron  per annnul for  each  electric  horse-pomr 
supplied  to  the \vorBs. For a production of 50 tons of pig-iron  daily some 8,000 pr 9,000 electric 
horse-power  mill be needed, and if provision is madc  for  the  produetion of fern-allop and the 

It was recognized that  such a supply'could be obtained by devcioping certaiu xvater-polTers 
making of steel  in-electric  furpaces, somc 10,000 to 15,000 horse-power must be provided. 

on Vancouver  island or on the mainland,  lint  in  view of t h e  nced of rstablishing  the  smelting 
industry at the  earlicst possible date,  and of the esl.reme  diliiculty and expense of new develop- 
ment-work  under  gresent  conditions, it v a s  decided, if possiblc, to  use p o m r  that  \vas already 

power for tllc permanent  operntion of thc  industry. 
deeveloped for  the  initial operation of the  lllant, and to  defer  until  later the development of fresh 

of each of the  power  companies of British Columbia, as follows:- 
With this in  view a letter was vri t ten from the  Department of )'lines to  the general manaser 

June 4th, 191s. 

information :- 
D E l R  sIR,-~ill you kindly furnish me a t  your very carliest convcnience With the following 

Whether your company is in a position to supply  electrical powcr, starting, say. a t  15,000 
electrical horse-power, in  the hope of increasing the power within a few rears up to 50,000 electrical 
horse-power. 

At  what point could you supply i t? 
The cost for  the same, showing  how the cost is estimated. 
The voltage and frequency of the electric  current. 
The extent  to which a constant  supply can be dcpcndecl on. 
I desire to have this  information  in order to be preparcd with  the  statistics requisite for a 

which will be investigated by  Dr. Alircd Stnnsficld, of hlontreal, who is expectcd t o  arrive here on 
thorough invest.igation into  the possibilities of establishing  electric iron-furnares in  British Columbia, 

the 10th  inst. 

The  fallowing relilies mere recciveii:- 
Yoors faithfully. 

. .  BXITISEI COGUMSU ELECTNO RAIGTVAY CO., LTD., 
HASTINOS AND CAnRaLL STREETS, 

Z'he Hon. Wna. Blonn, 
?*AiYCOUVIcR, BO., June loth, 1918. 

3finister of Mines, 
Parlianmnt Buildings, Victorin, B.C. 

DEAR SIR: 
Pozucr for  Eleotrie Fumaccs. 

TVith reference td  your letter datcd June 5 t h  enclosing questions regarding thc power avnilnblc 
from my company's plants for tho operation of clcctric~smelting furnaces, the foilmring data m.ay 
assist Dr. Alfred Stansfield in his  iavestigntion of this subject:- 

Our hydro-electric plants are now developed to  supply a greater demand for power than exists 

You give no information  regarding the load f.actor or power factor a t  which this energy could bo 
a t  the  present time, and n portion of this energy might bc used for the  owration of electric furnaces. 

taken, and the  amount of power which  we  could supply necesS:lrily depends on thcse  factors., I t  is 
probable, ho?vever, that .we could furnish 15,000  electrical house-power with  the power-factor and 
losd-factor conditions under which electric furnaces  gmerally operate. 

As regards  increasing the supply of power from 15,000 horse-power to 60,000 horsc-power during 
the next few years, our Caquitlam-Buntaen power schcmc is now fnlly developed, and it would ngt 
he possible to install additional mnchi+y a t  either of our ,I.nlre Runtaert plants. We have, how- 
ever. in view other  water-power schemes on 7r.hich streamflow data  is now being obtained and which 
could be developed in  the  future as the need arises. I t  might also be possible for us to  purchase an  
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25 feet decp; besides, the large snor&eld and glaciers which feed the  Stave  river tend to give great 

vinter on account of  ice. 
regularity in  thc annual flow, and no trouble of any kind is experienced in  operating  the  plant  in 

60 cycles and can be supplied a t  60,000 or 12,000 volts. The company has just connected up a &ton 
The electric  current supplied by  Westorn Power Company of Canadi, Limitcd, is of frequency 

electric  furnace,  which has bcen installed at the works of the hetna'lron and Steel Company, a t  Port 
Xoody, nnd this furnace,  which is now producing pig-iron from seral,, is operating very satisfactorily 
on the 60~cycle  current. 

For the supply of electric power for  smelting iron O ~ C S  the quest.ion of the  "cost of power" is 
more difficult than the question of "quantity of supply." All the plants  in  the neighbourhood  of 

whether the electric-smelting furnace could pay a price f w  the power that would be  remunerative  to 
Vancouver have been  'designed and built  for  the  supply of general power business, and i t  is a question 

the w w e r  companies. 

can pay rates which,  thoh-h low, are rcmunerntivc  to the po~vcr companies. The amount of power 
I"or smelting  steel the  quantity of DOWBI' required pcr ton of product is such that  the &I-makers 

required per ton of iron produced from the ore is, hovwer,  so much greater  than  that rcquired for 
merely melting iron or steel that the prieo of power for smelting would ham t o  be very low, and i t  
is dimcult to see how R price that would hmve to be secumd fox smelting would bc remunerative to 
the  British Columbia Electric  Railway Company or Western  Power Company of Canada, Iimitcd. 

Western  Powcr Company of Cnuada, Limitcd,' is  selling power to  the  British Columbia Electric 

impossible for tlie  coml>alrq to sell more power at this low priml i t  might be possible t o  do something 
Railway Company a t  a prim which is equal to  three  mills per kilowatt-hour, and while i t  mould h e  

in co-opemtion with  the  British Columbia Electric Rxilway Company. 

Power Company of C.anada, Limited, is very simple, and its  costs arc shown very clearly upon its 
It is dificuit  to Bresent the whole situation  in x letter, but the  financial organization of Western 

how the  sitontion  stands. I would very muell like  to llavc tile Opilortunity of erplsining o u r  Costs 
books and monthly statements, so that  it would be nil easy matter to  show Dr. Strmsfield exactly 

and possibilities in an interview, eithcr  with yourself or with Dr. Stansfield, as my company i s  
interested in doing werything possible to estxblish the  industry of clcctrie smelting, and any informn- 
tion whlch we have will bc a t  youp disposal. 

I am, d m r  ,Sir, 
Yours very truly, 

~~ 

mention without adding further  units. ~ The illant is partly devclo&d for hnotier 10,000 li6rse-pa\kcr, 
which would bc the total capacity of thc  @ant  owing  to the r o l u k c  of water  that c?n b e  taken  out 
of Comox lake. 

I would be glad some time at your convenienct: to  discuss t h e  Q O W C ~  Situation  with TOU with 
a view to any iron-development taking over thc power plant as a whole and our instldlinz individual 
steam plants a t  each mine. 

I .  

Yours truly, 
(SiKnc6.j J. X. SAYAGE, 

General Mamger. 

TIIE WEST I<OOTEXAY pO\I'ER A S D  ];IGIIT CO., IrTD., 

IIos .  wm. &an, 
I~OSXLAND, B.C., Junc  E t h ,  1018. 

illinister of I l i n e s ,  victorin, D.C. 

DEAR N E .  SLOAX,--I ,beg to  acknowledge  receillt of ~ O I I P S  of tlic 7th ?e pomw-mpply  for elcctric 
furnaces. 

At  present o m  dcvcloped power is  all contracted for. and to supply  15,000 horse-power i t  would 
be necessary to. extend ous hydro-electuic plant a t  I3onnington, and for sow information would state 
that we would h c  able to supply up to 50,000 harsc~llomcr. 

It will  take some time.to prepnre an estimate as to the cost of developing the power requircd, 

further information. In  other.words, if it so worked out  that p o m r  could bc used at the  point of 
and bcfore starting on this I would bo very pleased to meet Dr. Alfred Stansfdd  in order to  get 
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Speakiug from  memory, the  cost of power in Sweden, which is  the only locality in which the 
electric  smelting of iron orcs has become a eommrrcial'fact, is below $10 per eleotrieal-horse-polucr 
year,  but i t  seems reasonable to s111111ose that  in  this Pro\.ince, io view of the higher price of  ,pig- 
iron and supplies gencmliy, a somewha,t higher figure would not be out of the question, say as higb 
as S15 per horse-power year. I nuderstnnd thnt you could not offer B figure so low as that under 

would not guarantee ,to supply for  any definite length of timc. 
ordinary commercial conditions, but only by some SpCCi:ll ailrangemcut, as surplus power vhich you 

X y  impression with r e e n d  t o  the development of such a project would be that B fnrdace using 
perhaps 2,000 kw. would first be instniled, and tlmt  after  the csilerimentai stage larfer  furnaces 
would be put  in so as to use 5,000 or 6,000 horse-power, with the cxlmctation of increasing the con- 
sumption to   ibout  10,000 horse-power, or possibly as miich as 15,000 horse-power. At  the la'tter 
figure the prodnction of pig-iron would be about  Soi) tons per day, which  is, I believe, as much as 
would be needed in the n a r  future  in  this locality. 

For the commercial smelting of iron ores electricnlly i t  will undoubtedly be desirable to  locate 
the  plant ultimately a t  some point remote from a large city, where ,the power could be developed 
specially for this purpose a t  the cheapxt rate and  vithont  an^ cost for transmission. I n  view, 
however, of the fact  that the electric smelting of iron ore llns not reached i ts  final condition in 

endesirable in the start  to undcrt&e a new development of power for  this purpose, nud the more 
regard to  details of furnace-construction, and gossibly even in more fundamental respects, i t  seems 

sa,tisfactory method appears  to be to obtain power from your own or other developed system for a 
period of, say, four or five pars, with the intention of obtaining :I fresh SOUPCC of p o ~ e r  and 
rebuilding the  plant at the end of that period,. 

Wit11 mpeot  to  the details of the supply, I nizs say t h t  the load factor for electric iron- 
smelting purposes has bcen very satisfactory, and mould probably bc as high a8 90 ~ e r  cent.  after the 
initial diffiuulties of a new rplnnt had been overcomc. I have  no definite information with respect to 
the possibility of modifying thc demand so as to avoid the ,pcak-ioad of n distributins system, but iu 

the  drausht could be reduced to perhaps two-thirds of this'nmount doring  three or four hours of the 
my oginion this would bc gossible, so .that, for cxamoie. if the I : I I ~ I ~ C C S   ere using 10,000 h w s - p a w w  

day during the pcnk-load. I t  would be possible, filrthcr, .to run a Inrgcr number of furnaces during 
the  Iviuter  months, mhcn your water-supply x~as ample, than in the summer months, when there 

cieclricnl instalintion. 
might be n slrortage of vate?,  but  this would, of COUL'SB, reduce the output  from a given cost of 

The power factor of these furnaies has been found ,to bc very his11 in Sweden, where the 
supply is one of 25 cycles, but  in  California, using a 60-cycle supply, the power factor of the furnace 
has beon found  to vary from ncarly unity mhcn the  fnrnacc is empty to  as low as 05 per cent. ,Then. 
the  furnace is ready for tapiiug. I 'should think, hinv?ver, thnt if special attention were paid to this 
ride of the design  of furnace, it could be made to kecl) the p o ~ w  f:rcf:or above 80 per cent. at all 
times. 

With respect to  the roltnge of the supply, 1 m:ly point ont  tlmt in  thesc furnaces thc regula- 
tion is crected by a serics of tR,)s on the .primary of the servicc transformers, there being usually 
t 1 m c  such transformers for each furnace which arc indewndrutir L'egi&:lted. Orr account of this  the 
trnnsfoumers arc of special clesian, aod the primary voltnge ~vould not be more than  about 10,000, 
and preferably in the order' of 2,000, 

as a basis for  discussion it would be satisfactory for sou  to trike thc site a t  Port Moody, adjacent 
Wit11 regard to the loentian of an electric-smelting plant, I cannot spcnh at all definitely, but 

to  the present electric-furnace plant. 
Further,  with regard to the' date a t  which thc m e  of oowr  might bc expccted to commq~ce, i t  

will rewire a month or two for ,tho completion of this report and for the Government to  study it. 
after wlrich, if.action mere decided on immediatelp, I understand thnt in view of the difficulty of 
obtaining electrical snpplics it would be necessary to allolv as tong as tvclve months for  the con- 
struetion of the  plant, mhirh would thus place tho possible Stmt of operations in thc fall of 1919. 

I believo that  the above xvill give you the rn,o~e csscntial facts with regard  to  the possible use of.  
electric power.for PMdting ilon ores. I expect iu thr Cnllrsc of a week or tcn days to be back in 

expect to fi?d in California. I should be very glad i i  in  tbc meantirne you could draw up some 
V:lncouverl and mill then bc able to give yoon further  informatiou  io view of the conditions which I 

mcrnormdum which would give me information in rCcnrd to the p i c e  nnd  amount of IPOWPP which 
might be available for  this purpose and any available particulars with rcgard to the conditions of 
the supply. 

I remain, 
Yours very  truly, 

In viem of the  fundaumtai  importance of thc  infosmation asked for, I moo as hoping  to receive 
a reply  beforc  leaviug  British  Columbia. On n?tlnllnlillg from  California  early in July, I found 
that  no reply had $em pl'eilal'ed, and that  the  street-railway  strike would make i t  impossible 
for  the compally to supply the information in tile near,future. I mas thereforc  obliged  to p~epare 
my report without  any  definite  iuformation  in  regard  to  the  price at which power could De 
obtained. Cnner the  cimumstnnces, I nlilde the  llrovisional  assumption  that some 10,000 kw. 

(%End.) ALFRED STANSF&D. 

of .electrical ponx?s could he obtained a t  a cost of $15 per electrical-ho~se-pomer year of about  
85 or 90 per cent.  load factor. 

. ,  . ,  . . . ,  . .  
, .  

. .  .~ ~ . .  ~ ..... 
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I should be glad to Yearn, for the purpose of my wport, a t  about  what price per horsc-power ?cap 
of SO 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 in COI~IOOS harbour 01' Bayncs sonnd. 

matters  with him personally. 
I regret  that owing to &lr. Sav;~ge's absence from the city I have not been able to discuss t l m e  

I ham the lronour  to be, 
Sir, 

Yonr obcdicnt servant, 
(Signed.) A~ssso S~ASSFIEI.D. 

With a view to the future  de~~elopment of the  electric-smelting  industry, I obtained  informa- 
tion with  regard  tomnter-l?owers  in  British  Columbia  that  could  be  derelopd for the  purpose of 
eiectrie  smelting. In gcrrernl, i t  appeared tha t  ihcre \vas ample 1)on~ev available, and that EOUW 
of these  powers c,ould be (leveloped so clrenply as to Fieid elcctric PO\VCT for smeltiiiq  purposes 
a t   ahout  $10 per continuous h imegoner  rear. Mr. H. I<. Dutcher, of vanconvev;  considered 
that   the  following povers could be developed a t  about that  cost :- 

Campbell  ril-er 100,000 
FIOri;e-pO,"Cr. 

.................................................... 

....................................... 
Estimated mw.m annual ~ m ~ - o L  .3,100 cn.-sec. feet. 

mass  diagram ,716 acre-fcet. 

S,toragc trvnihble on Grent  Central lniw,  dam 20 feet high .... ,307,200 ncrc-feet, or 
Si3 ncrc~feet aer 

............................ 

sq. mile of drain- 
age area. 

Pipe-lincs, three 11 f w t  diameter and one 7 feet 0 inches 

Ilrtiike <la",, crest 1engt1, .(in5 feet. 
>Iasimum heiplzt ....................... ;. ............... .90 feet. 
>lean effertivc head ...................................... ,110 fcct. 
I',ower nvailn,blie base6 on GO ner cent. lond ftlctor, 80 DCL' cent. 

Proposed installation, three units .10.000lrorse-~~omcr; 

Proposed installation, one unit ............................ .3,000 lioorsu-pdwcr: 

Transmissioz~-lines to Albcmi, seven miles ................ 1 .  .12,000 rolt8. 
Transmission-lines t o  Nnn:,imo, sixty miles ................ .(iO,OO0 Volts. 

............................................. diameter 600 feet long. 
.................................. 

...................................... e&eiency factor . 3 m m  I L O ~ S ~ - P O ~ \ . ~ ~ .  

n.mo k ~ .  

m o o  kw.  

.......................... 

factor. ~ 
As, howeverl an  electi.ic-snleltil1g 1ll:mt ~ 0 ~ 1 8  0l)erate a t  S5 ncr cent. or even 90 pcr cent. 

The Stamp Falls po\~-er is estimated a t  35,000 horsse-power on a basis of 60 per cent. load 

load  factor,  this vi11 only correspond to about 24,000 horse-lioirer 01' 1S,O00 kn.. Such a pon-er 
could he developea alld utilized  entirely  for  electric  snvlting.  Tlre 1,lant could be  located at or 
near  Port  Alberni, witla n seven-mile  transmission-linc, and could obtain  iron  ores  from  the 
deposits around BarBlcy  sonnd, from Nootlra sound, and from  the  Benfrem  district. A n  altcma- 
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but for ordinary grad= a good quality of coke, if  obtaiuable a t  a low price,  might be employed 
on account of its  smaller cost. In  l3ritisll  Columbia,  however,  nearly  all 1:he coals are abnormally 
high  in  sulphur an11 ash, m d  the cost of colce prodnccd from thcm  is eo high that  there is no 
inducement to use it  instead nf charcoal  in a country n4lere  tinibcr  is so abundant.  While, 
hornever, charcoal should be regarded as the norim1 supply of reducing carbon, coke cxn he 
used to some  extent  in  adnlixturc  with charcoal as a substitute  ritllout  seriously  affecting  the 
operation of thc  furnace, and i l  cnn be used in this way in case of shortagc of charcoal. . ' 

.There  is at present x large-scale ~)roductian of charcoal i n  llrltish Columbia, and the sinall 
quantities now obtainable cost in  the  order of  $30 a ton, :l p i c e  mhich mould  be grohibitive  for 
iron-smelting. The production of 20 or 30 t o n s  of charcoal daily  constitites a? impn'tant 
industry,  utiiiaing 50 to 70 cords of mill-Tritste and s i c l d i ~ ~ g  by-products  that vi11 meet a 
part of the cost of ol)eratioii. The p~oblelns involved arc Inany auil complicatcd, and before 
d,iscussing them  in  dctail  it luay iJC stated: (1 )  That  t he   mi l l -~~~as t e  of Douglas fir should be 
suitable  for the production ok' charcoal  for  electric  smelting; (2) t.llnt while  the  lumber-mills 

points from which an  adeQuntc supply of \Taste could he obtained at a nominal cost: ( 3 )  that 
i n  and near Taucouvcr utilize  their waste very largcly,  there  are mills situated at lpore remote 

the  by-products  from  this umter&i;J are n o t  so valuable US to malm i t  desirable to  treat the 
r o o d  in  retorts  for  the rccorei'y of turpentine, ete., regarding  the c l ~ ~ r c o a l  as a by-product, but 
that i t  should be possibic to chnr the r w o d  on a large  scale for the Ilrotluction of charcoal ana 
still to  recOVer a part of the hy-l)roducts; such n plant Lwuld lie located at  or near oue or more 
sarmiilg, and the chnrcoal n'ould ire transported by Tr-iltcr t o '  the  smelting  plant; (4)  if a 
charcoal industry W E ~ C  estabiishcd in suitable relntionship to , the  1111nber industry, charcoal 
should be pcduced and delivercrl to tile sineiter a t  a cost of about $6 or SS per ton, corresponding 
to $3 or $4 per long ,toll of ]Iig-iron: 

An electric  irou-smclting  industry in British Colllinbia r i l l  n h o a t  certainly  use charcoal, 
wl~olly or in large part, for, the reduction of the  iron ore. The establishment on an economical 
basis of a charcw&l-making industry  mill  therefore be esseiitial to the  coulmercial 1)roduction of '  
electric  pig-iron. 

&IIi;i.iIOuS oi' CTl,mcOnl.-irnrtr~G. 

blast-furnaces. In general, hard voods are lirefcrrcd for inalring this  charcoal,  bmause the 
Charcoal  is used ill some ]?arts oC the r o r l d  for  the production of " charcoal-iron '' in  small 

resulting clrarconl is  stronger and better ah14 to stud tile  load ill tho furnace  vitlrout  crushing, 
and because hard woods yield 1ilore Yalmble  hy-products iii their  <lMill;ition, V'ilich meet t o  a 
considerable  extcnt  the cost of the oilellation. 

For  the electric  smelting 01 iron  ores  the  strcngth of tho clmrcoal is  less  important,  because 
the  height of the shaft  is less, w e n  in the  Svedish  furnac?, and because, 1IllliBc the  blast-furuacc, 

circulation of the furnace gases. 
no blast of a i r   med be forced 111rous11 thc  charge,  althougll i!r the  Swed/sh fui.nace Lherc is a 

soft wood, and thc  charcoal-mairing is carricd on at IIu~IlL'rous poillls throughout the country, 
In  Sweden the charcoal for clectric  smelting (as well RS for bhw-furnaces) is  made  froin 

using  in  part  the  wastc wood from the lun~bcrinq  industries. 

particulars of the  Swedish  charcoal  indnstry,  IIe  stsics Ulat ilie raw nlaterials uscd in Swedish 
E. hrosenius  (Inlcmationnl  lnstitute of Agriculture, Rome, Jnnnary, 191s) gives some 

sawmiils a re  soft xyoodsl mainly Scotcll pine mld sl?mci.. I le  cstimlte$ a s  follmn  the production 
and uses of charcoal  in Smden clinring 39JR:- BusiIeIS. 

Forest wooil charred in oT-ens .................................. S,000,000 
Wood-waste cllarrcd  in piles ................................... 20,000,000 
Wood-nxstc cliarred in orcin ................................... 1,300,000 
Forest x o a d  charred in pi!cs (about) ........................... 7~,5C0,000 
Charcoal  inlportcd froill Finland and Sorway .................... 3.300,OOO 

Charcoal used in metallurgical x.orlrs 117,300,000 
For rollgh purposes me m2p asSllnle a iiusilel of charcoal to wei$h 20 lb,, so tha t  the coll. 

smnption  in Sweden must be over 1,000,000 tons. If  this  were  all  used  in  electric  smelting it 

_ _ ~ _  
........................... 
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Table I.-Average Yields o f  Valuable Produots per Cord o f  S,SOO LO. o f  Douglas B%r &fill-zoaste. 

j 

Skagit County 0.8 1 4.4 
Lake  Washington . . , 0.8 1 3.3 
Grass Harbour .... 1 0.7 
Hood's Caial ...... 

~ 0.5 

Gals. ' Gals. Lb. ..... 

Average for State: 0.7 1 3.5 

Tlle  yield of turpentiiie and other  oils  is far less  than  is  obtained from the  southern  pines, 
and  the Combiued valuc of the by-products  is too small to  warrant tbe use of the  espensive  retort 
01' oven 1)rocess for  their recdvery. Nr. IIunt  states:- 

" I n  the  destructive  distillation of Douglas fir the  value of the charcoal  obtained will he 
more  than  the  value of all the  other products combined. Good charcoal,  however,  can be 
produced by burning  in  kilns and allo\Ting the by-products to,  go to waste. The  simplicity of 
a charcoal-kiln  and  the Parge units which may be employed malre its first cost and snbseqnent 
operation  much  cheawr  than  the  operation of a coppiete  distiliing and refining  ylant,  and, 
unless the value of thc extra products  obtained at a complcte pianl; is  greater  than the additional 
Cost of operation,  there is no aflmntage  whatever  in  saving  thcm. The yields  obtained  in  these 
experiments do not shorn that  there is any advantage." 

IIe drams  the  following  foncl~sians :- _ .  
"(1.) The  steam  and  crtraation process is  not  applicable  to  Douglas  fir on account of the 

very low iield of turpentine and resin and the  inferior  quality of the latter. 
"(2.) The  utiiimtion of Douglas,fir  stumps by destructive  distillation  is a t  present impi'ac- 

-pmcticaily the same as from m i l h n ~ t e ,  which can be inore rcadily  obtained  and inore cheaply 
ticable on account of of lorn yiclds  and hi,@ cost of handling  thc raw material.  Tlle 3-ields ilre 

handled. 

succcssful, and under  ixesent  market  conditions, and wibh thc  niethods of distilling  and refining 
" ( 3 . )  The  utilization of Douglas fir mill-waste by distillation has not in the  past  provc2 

now in use, it is of doubtful  feasibili,ty- 
"(e . )  Because  the  yields  are, on the whole, considcrabiy  lower  than  those of the 

"(0.) Because llie products  have  not been standardiaed and successfully refined, aod 

" ( c . )  Because  there  is only a limited  market on the  vbole 1':rcific coast for wood- 

1,100 Ib. of charconl  when  treated in a retort. The yield iu a kiln  \rould  be  slightly  less  than 
It will be seen from  Table I. that  a cord of mill-maste,  weighing 3,500 lb. yields  about 

this,  but  it  seems safe to  assume  that 2% cords of such waste \7~ould suliice for the  production 
of a net  ton of charcoal. 

is charged  and  discharged by hand,  and  the  volatile  by-products  are p:rrtly saved by being drawn 
The  regular  charcoal-kiln  is a circular  brick  structure  holding ahout 50 cords of wood. It 

thrpugh  condensers;  the  yermanent gases being  returned and" burnt  in  the kiln. If a battery 
of thesc  kilns were cstablishcd a t  a large  lumber-nlill so that  the  waste rvood could be delivered 
mechanically  to  the  kilns, 'the production of a ton of dlarcoal  might cost:- 

5 1 ~  cords of mill-waste at $1 ......................................... $2 50 
Labour  and  other  espenses of operation  after  deducting  the  value of the 

bg-products ...................................................... 2 50 

southem  i>ine  and  Kormay  pine,  which are hard  to  dist i l   at  a  profit: 

are  hard  to sell : 

distillation products." 

Carriage of charcoal  to  smelter ....................................... 1 00 

Total $6 00 
~, 

........................................................ 

mould yield 20 tons,  but as the  process  is slow, rwuiring  about fifteen days, some ehirty  kilns 
For the electric-smelting  plant  &bout 40 :tons of charcoal would be needed daily. Each  kiln 
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Per  metric  ton of foundry  ironl  and  this would be  0.414 net  ton per long ton o f  .pig-iron. It ndll 
be  seen,  therefore,  that UIY estimate  is  sopported  both by theoretical  calculations  and by the 
results of practice  in  Sweden. 

I place  here in account of my experimental  production of charcoal  from ~ o n g l a ~  fir and 
o f  my illvestigatioll of llr. Thomas's processes for  the  production of coke and  charcoal. 

CAalooaZ from Douglas Fir. 
(Test made at McGill Gnivcrsity,  August, 191s.) 

I mas furnished by Dr. Bates,  Superintendent of the  Forest  Products  Laboratories,  with 
samples of n'ood and bark of the  Douglas fir, on which  the  follomiIg  tests  were  made:- 

square,  but o f  the  section shown. Weight, 3,375 grammes;  moisture, 14.74 per  cent. of dr3' 
I. P4ece of TVood.-l4 inchcs long, G inches Wide, and 4.7s inches  high. The piece was not 

mood or 12.85 pcr cent. of moist \x-ood. 

The  operation  lasted in all ahout SeTen hours, and it  remained at  the  highest  temperature  for 
The nxod mas placed  iu a muffle-funlace  and  heated slowly to a temperature of 440" C. 

about  one  hour; T h e n  cool the  charcoal  came  out  in  three pieces, it  having  broken  transversely. 
The pieces  put  together  measured 13 s 5.5 s 4 inches, or 71.G per cent. of the  original volume, 
and the meight mas 1,134 grammes.  This  is 33.6 pcr cent. of the  original  weight, or 3S.5 per  cent. 
of the meight of the  dry mood. The  charcoal was tested by heating  to  redness  in a covered 
crucible  and  lost 2s per  cent. of i ts   veight;  as the  ash  is very small,  this  means 72 pee  cent. of 

character, except that a part of the interior was Soft  and S P O I I ~ Y .  This was not due to a difference 
fixed carbon. The  charcoal, while not  quite ns dense as hardwood charcoal, was satisfilctory  in 

in  the wood itself, as this mas uniform,  but  to  the decompositlon of the  issuing gases, which 
consolidated  the  outer  portions of the charcoal. These  denser  layers  varied  from 0.25 to 1.6 
inches in thickness, and  occurred on all  the  surfaces.  The ash in  this charcoal was  estremely 
iow, being only 0.1 'per cent. 

shown in  section.  Weight, 2,5U5 grammes;  moisture, X 7 3  per  ccnt. of dry  bark or 14.34 per 
I I .  Piece of Bar6.-12.?5 inches long, 6 . 7  inches  wide, and 4.4 inches  thick, of the  shape 

cent. of moist  bark. 

temperature mas a little higher, being about 500" C. Sex t  morning i t   as found  that  air had' 
The  bark was placed  in  the muine-furnacc aud  heated like  the mood, except  that the final 

entered  through cracks and had burned  part of the charcoal, which !vas actually  ignited  when 

of the  original volumc. It will he noticed  that 'the bark had swelled  somervhat  in a radial 
taken out. The  charcoal  mas  in  one  piece  and measured 11.25 x G.5 x 4.5 inches, or 91 per  cent. 

direction  while  charring.  T,hc  weight was SS2 grammes,  and  it mould probably have been- SO0 

bark or 40.1 per  cent. of the  drieil  bark. 
grammes  if  no  combustion  had  taken place; SDO grammes would  be 34.3 per cent. of the  original 

The charcoal  lost 19 per cent. of its meight  on  ignition  in closed  crucible, which n-ould 

charcoal. 
corrcspond  to 75 per  cent. Esed carbon, allowing for the ash. The  ash ?vas 3,per  cent. of the 

reasonably  coherent  and  did  not  crtnnble very much on handling. 
The charcoal was light and weak, so tha t   i t  mould crush easily  under a load: it mas 

CoxcZusion.-The slom charring of Douglas fir n v o d  yields  a  charcoal which, though  not 
as s t r ing   and  dense as hard-wood charcoal, mould be Quite  satisfactory for use  in  electric 
smelting. The  charcoal is ertuemely  free  from  ash,  from  which  it  may be inferred  that  the 

' phosphorus -1s be very lev. The bark  yields  an  inferior charcoal which, ho\vel.er, might be 
used  in admixture  with  the wood charcoal. The higli  Dercentage of  ash  makes  it  prokable  that 
the phosphorus mould also be high,  and  indicates  that  bark  charcoal  should  probably be excluded 
in  the  production of specially'pure 1ow-phoSPhoruS piZ-iron. 

from hard mood. The  volume of each piece 'vas determined by surrounding it with fine sand. 
Comparative tests mere  made on the  density of pieces of charcoal  from  Douglas  fir  and 

The folloming.resu1ts Were obtained:- Sgceifie G m d t y .  

Douglas  fir charcoal ..................................... o,3G3 lniean 0.38. 

Douglas fir bark charcoal ................................ 
Hard-wood  charcoal ...................................... 0'441 mean 0.46. 

0.394 ) 

/o.2so 0'30s 1 mean 0.31. 

1 0.4SG I 

.... 
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ICilos Btii.1. ~ 11.1'. Year. K i l o s  I-ucl. ! 1I.P. Tc;tl,. 

IVhite pig-iron . . .  , ,. . . _   . .  , . . .   . _ .  . . _ . _ _ .  . .  . ' 310 0.3i 370 ' 0.39 
~~. "___ 

Grey gi"iron , . . . . . . . . . . . . . . . . , . . . . . . . . . . . , 370 1 0.40 ' 400 I 0.42 __"__ 
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It mill be clear irom this  table  that  not on!? is .there a larger consumption  of coke than,of 
charcoal  per  ton of iron,  but  the'power  consumption  is  larger with coke. 

and scarce, i t  1nay be worth while to  use coke  on account of its  greater  chcapness. In British 
In localities  mhcre coke is of good quality,  cheap, and abundant, Rhile charcoal is expensive 

Colnnlbia, lionreT7er, it  appears that charcoal  should be  made a t  a cost of $G to $X a ton,  while 
coke mould cost  about $10 a ton. AS long as these  conditions  lnst  there can be little  doubt  that 
charcoal wili be preferable as a redlxcing agent in electric  smelting. 

-~ 

.~ 

dPPENDIS VI. 

ELDCTRODES. 
" ! 

Dlectrotles are needed  in  most  electric  furnaces  for  conducting the electric  current  into  the 
furnace;  They Should  be  good conductors of electricits and poor conductors of hcat, and they 
should be Strong and callable of \vitllstaoding high te~nper:~I.u~cs.  DlccLrodcs ase nsualiy made 
of Some form of ca~boil, and  tllcir wear in the  furnace,  from  erl~osure to air  or to other oxidie- 
ing  materials,  constitutc  a  scrions  sonrce of expense. Thc  cheapest Bind of elcctrodes are 
"carbon" electrodes. \\.hich are made of Some form of carbon, such as crusilcd anthracite coal, 
'bonded together  mith  pitch,  and baked. "Graphitiecd"  clectrodes are obtained by heating 
carbon  electrodes  to a very  high  temperature in a n  electric  fusnace.  The  process  conrerts the 
amorphous curboil Of the electrode into grapllilic CBPIIOII, wllich is a nlucll bctter eonductor oi 
electricity, and is  Superior in son18 other  respects.  Graphitized elfctroilcs cost  about thrcc times 
as much  per  pound as carbon  electrodes, and  the  latter  are  therefore  more  generally used in 
electric  smelting. 

The  electrodes used in the Swedish  furnaces a t  the time of my  visit i n  1014 were 21 inches 
in  diameter and 4 or 5 feet long. They n w c  provided  with  threaded  ends, so tha t  fresh lengths 
could be added as the electrodes \Yore away. They rere  of amorphous  carbon and cost ahout 
4  cents  per  pound.  The  consumption of electrodes, when nraliing white  pig-iron from high-class 
ores, v a s  ahout 10 to 15 lb.  per,  ton of pig-iron;  thus  costing  about 50 cents  per t on  of groduct. 
I n  melting  lower-grade ores for  foundry  iron  the  consumption  might be Trom 15 to 20 lb. ; at 
present  prices  in  British Columbia this would mean  about $1.50 per ton of pig. A furnace of 
3,000 irw. uses six of these  X-inch  electrodes. 

At  Bay  Point,  California,  the 3,000-iw. open-pit  furnace, Smelting ferro-manganese, uses three 
24-inch carbon  electrodes. The consumption is 300 lb. per  ton of ferro-manganese,  and  Declman 

per ton. 
and  Linden  expect  that in using  this  furnace  for  making  pig-iron  thc Consumption would be 20 ib. 

It will  be noticed that  the  Siwdish  furnaces hare twice as many eiectroda! as the  Californian 
furnace,  The size and  number of the  Swedish  electrodes are in  agreemcnt vith the  generally 
accepted  formuire of Dr. Heiing, and it  seems  likely,  therefore, that the Californian  furnace 
should hare  mqre electrodes if i t  i s  to be  used f o r  iron-smelting. Beckman and  Liuden do not 
agrec with  this  suggestion,  and, of course,  these  points  must  ultimately  rest on practical demon- 

smelting  iron  ores. 
stration,  but it must be reinen~bered  that  they  have  uot as yet applied  their  type of fnrnace  to 

graphitized  electrodes,  which would be about  the  same .in effect as the three 24-inch carbon 
At  Heronit,  California,  a 3,000-irw. ferro-manganese  furnace  is  furnished  with  four 12-inch 

electrodes at the  Uay Point plant.  Jndging by tile consnm1)tion of electrocles at this  point, it 
appears  tllat  it  would be prefyrable to use  carbon  clectrodes, and I understand  that this change 
will be made. 

time the price in  tlre East  is  about 5 cents  and on the Pacific co:rsi nearly 10 cents. ' I n  view 
Under  ordinary  conditions  carbon electrodes cost 3 or 1 cents  per pound, but at the  present 

of the  expense of shipping  electrodes  across  the  continent it is desirable to make electrodes 
locally, but  this Should not be undertairen  until  the  smklting  plant is in good  rullnillg-order, 
because  the  manufacture of electrodes  is  not easy;and the use  of poor electrodes  might  delay, 

plant at the Bay  Point  plant, and they  are  trying  to  make  electrodes  from  the carbon residue, 
seriously, the  operation  of  the  plant. Nessrs. Beckman  and  Lindell h a w  put  up  an  electrode 

estimates of the Cost of plant and of making  electrodes :- 
' which  they  use as reducing  mllteriai  in  tile  funlaces.  They  prepared for me the folloming 
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SOO-to~~-lio.-~,~onliL~ Zlectrode I'lnnt. 
Baking-kilns complete, including all burning  aijl)amtus . . . . . . . . . . . . .  $ 20,000 
ITydraulic in'css (500 tons  .per month, GOO-ton pressnrc) . . . . . . . . . . . .  C,000 
hIisers (two) .................................................... 8,000 

Calciner colnnlete ................................................. 40,000 
Building eonqjlete . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  25,000 
Crane ............................................................ 8,000 
Cvnveying cqniynient aud elevators ................................ 2,500 
Crushiiz and serecuing apjmrains ................................. 3,000 
I<ih~-s;md . ;. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1,000 
Tools, cluiins, etc. ................................................ 1.000 

~ll'i,500 
Contingencies, 10 per cent. ........................................ ll,S50 

I+xi:nran & I,inden Engiuecring Corporation rcc ~ S , O O O  
. .  $130.350 

lo ta l  ................................................ $14&:i30 

Moulds . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5,000 

. ~~~.~~ ... 

~ 

.................... 
,. 

cost op r1Znl;lsg %,UOO L O .  of nleclro<rles. 
Iutiiracilc coni, calcined, cruslwd, and siml ......................... $20 00 
I'itch a t  $20 1 x 9  ton  put in lo  cIcctro(1es . . . . . . . . . . . . . . . . . . . . . . . . . . .  .; . 5 00 

L ~ I I O I I ~ ,  ;;n c c n ~ s  1Ier m u r  s? 7; 
Baking fuel, po~md per pound ratio ; 4 50 

Operating s ~ ~ ~ ~ e r i n t c n d e n c e  .......................................... I. S.5 

1li~inlcn:u~cc 2 00 
So~~pl ies  1 0 0  

I'lant ollice rspcmc ................................................ 75 
Xain O ~ R C C  cxgcnse . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 00 

!I'olal ...................................................... $51 s5 

................................ . 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Cost per pourrA, $0.0258. 
T i le  iron-smelling  plnnt under consideration for llvilish Colmnbin was to  have t w o  3,MJo-ls~. 

clec1,rotles i u  lliese fmnaces ~x-ould amount  to 1,000 or 1,5W 111. &lily, or ilbout 20 or 25 tous 
ftIrnaccs making  pig-iron and three 300.8\1-. frirllacrs illalting €erro-r?lloys. Thr cunswl~ption of 

pur montlr. This is less than  one-tcuth of thc output of the plant desclibcrl above, and the cost 
of ini~king electro&s in a ~ n l a l l ~ r  nlant ~ m l d  ~~cscssazily 1)c somcwlmi. higlrcr, say 3 OP 4 ccnls 
per p""nd. 

~ 

AP1'I':Nl)IS T7I. 
" 

TIIB STJI'I'LY OD' 1ABOT;R. 

taking, and although thc variations in the wages tllnt  nluvt be Inid  may menn the  difference 
dllhorlgli a snp~)iy of co~~&etent Ial~our  is  essential to tlic success of any  industrial  under- 

between ilrofit and loss, it  is :impossibi<? for mc at +e present tirme to put foorrvnrcl RIIS really 
mlinble information with regard t o  I~bonr ,eo~ldi l ions~ ill Ilritish Columbi:~. 

!I.W Dcpnrtment of 1,aborjr i n  Vic&rla has fr~rnisl~ctl me, through Xr. V. Fleet Robertson, 
with a statement of the suptiy, uiture ,  and Cost o f  labour in tile Coast  District of Uritisll 
Coinnibin: this sintrment 'is added iil the follorring 'pages. It rvill be scen that  there is a, fa i r  
supply o f  Ial~ourers nt nearly e 4  a day, and thnt mo+ slrilled nicn arc scarce at about $6 a day. 

at ttlc figures mentioncd, in 4 ,fully eqilippcd piant  making 50 or 00 to:ls of pig-iron,  and Steel 
The cost of lallol~r gcr ton of ik'on depo?ds xwy mucQ on t 3 1 ~  size am1 output of the plant. Thus, 

and ferro-alloys ns well. the  cpst of inbnui might I q $ 4  or $5 per .toll of iron, but i f  only one or 
two furnaces were operating the labohr cost miglit be about $7 per ton of iron. 

Whilc electric furnaces olTer difficulties and dangers of their omx, it  appears  to 1ne that  R 

\yeli-establishecl electric-smelting plairt, such as those I saw in Sweclcn, presents far less difliculty 

i 
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ani1 discomfort  to  the  n~o~~1~111m~  ilran the arwage blast-fnrnnce plant, and that   the management 
Should experience less diaicults in keeping a good a:ew of 111833. 

On page 34  of nry Svredish report it is stated that at  I-lagfors three 3,000-horsc-power 
fnrnaces are  operated ,by fifty IIICU, working eight hours daily, at. a wage of about 12 cents 
per imr. At this  rate, Titi bonuses and the nighel' rates of foreiuen, the cost woula  anlount 
to  ahout SO ceuis a to11 o f  pig-iron. In a r;iant of tl~ree 3,OFO-lm. furnaces in  British Columbia 

nveraqc output of 73 tons daily of foundry iron t h i s   ~ ~ : o t ~ i d  mean $3.20 per ton. A plant of this 
fifty men might be assumed to cost: Thirty at $4 and twenty, at $6, or $9A a m y .  Witb an 

sizo nwuld probably need a few aclditional men, say ten or tn'elre, which n'ould illcrease  the 
charge for iabnnr  to about $4 a ton. 

Xessrs. Beclmran am1 Lindeu liare given nre :I iist of the men nccded  daily for one 3,000-liw. 
furnace of the.  opempit tulle. I have added to tllese the m I e s  of 118s~ estilllated  with tile ai8 of 
the  attached men~oramlnm :- 

' I M l g  LaOoiw lo? O l ~ k  .7,000-767~. Pit ParnacE. 
......................................... 

T,WR f u n i a ~ ~ ~ ~ ~ c l i  a t  ~~5 I% on 
One furnace l-orcmai1 at  $S $ 8 00 

Onc chief electrician a t  $6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6 00 
Three sub-station opcral.ors at $5 .................................. 1: 00 
Three mechanics at $6 ............................................. 1s 00 
Six mixing-men a t  54 .............................................. 24 00 
Six llletai-llanAiers at $4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  a4 00 
'T,,.O locoiuotire-crane nlCn ill $5 ..................................... 10 00 

.......................................... 

Engineers,  1st 

Engineers, 2nd ..................... 
Xnehinists ......................... 
Xnehinists' helpcrs . . . . . . . . . . . . . . . . .  
Boilrs-mskers ...................... 
Rincksrniths 
Boiler-mnkkl-s' helpers 

Blacksmiths' helpcrs ................ 
Plumbers and pipe-titters ............ 
Plumbers' ,and pipe-fitters' ilelpcr8 .... 
Paintcrs ........................... 
i3leleclrical workers .................. 
Electrical workers' ilelpars .......... 
Qpcrators of electric, steam, or ail 

. . . . . . . . . . . . . .  
......................... 

winches and donkeys 
Engineers in charge of boiiers . . . . . . .  Searc? ........... ~ 5.50 per day. 4.00 pcr dar . . .  

(Not .quite s w e )  
r,nbourcrs .......................... 

Fair . . . . . . . . . . . .  6.60 per day. ... .................... 
Fair . . . . . . . . . . . .  8.80 per day. ... Sheet-metal workers . . . . . . . . . . . . . . . .  
SUPPI? fair . . . . . .  3.85 per dag. $3.00 per des ... 

Coppersmiths I . .  I ~. 
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“ T h e  first electric-reduction  furnaces  mere  established in 1907. s o w  a great  number of 
them a r e  working  and  giving  splendid  results, as will be  seen below. 

‘I In  Russia  there are large  districts  where me conditions are  similar  to  those in S~veden, 
and I am strongly of the opinion  that  developments could as protildbly be made  in  the  Crals, 
all(1 maybe  alm in the Caucasus.  The  iron indus1:sy is alrendy  wcll  eshbIisi1ed  in  the Urals. 
The  ore  is good. There  is an abundance of water-porvcr mhicil would be easy to harness, and 
the  supply of wood for  charcoal is  practically  unlimiletl. 

“ A s  mentioned above, the  dcrelopment of electric  redlicing  has been most  marked during 
the  last  few  years  in  Sweden. At present  some  fourteen  high  furnaces are i n  operation, and 
the  total  ontpnt  represents  about 140,000 tons of pic-iron  per anlnm. This pig is of the  highest 
quality  that can be made, and i t  commands,  therefore,  high  prices. l t  is  mostly  used in Smeden 
for  Producing liigir-grade steci,  but a certain  amount is also  sold to  t.lie Shcffleld market. 

“There  are,  further,  many  more  installations contemplal:ed, and i t  is safe to  say  that  
mherever  there  is  cheap  water-power tlie old blast-furnace  mill be rcplaced by electric  producers. 
Generaly  speaking, it holds good that  wherever 1 horse-power  per annum can be produced  cheaper 
than the cost of 2 tons’of  cllarcoal  or  coke  (depending upon the class of iron  to be made) it is 
a commercially  successful  undertalcing to substitutc  electric  heat €or fuel-heat. 

“The  system of furnace wilich is used  throughout SwTden is that  patented by Islectro-Metals, 
Limited. 

“ I t  will be seen that  the  furnace  consists of two  principal  parts-the  frtmace-shaft and the 
hearth  or  crtxible.  The  shaft, n.hici1 is of similar design lo an ordinary blast-furnace  shaft 
(but, of course, without :~ny biast-tuycres),  is sunlmrted iildcpmdentlly on an i roifranicwork 

.’ or on lleavy  girders  resting on the  walls of the  f~rIlace-honse. It consists of a shell of steel 
ylates and is  lined nit11 firebrick. It is  provided with a closed furllace-top,  the  charging-bell of 
which is  raised or lowered by means of an clectric motor and rvindiny~druln. The hearth, mliich 
is Sltlialed  immediately bclolv thc shaft, is so constructcd  that when i t  is espallded by the  heat 
the  central  hole  in  tile arch which  covers it tits closely around the neck of the shaft. 

“The hearth  also  consists of a Strong shell of steel  plates  lined wit11 refractory  material and 
is covered h-j an arch,  the  weight of which  may  be supported entirely on the  circular  lining of 
the  hearth,  or  else  Bartly i n  this manner and partly by iron straps riYeted to the shell of the 
shaft. 

up end to end. They pass through  the  arch of the crucible at a slight  inclination  from  the 
“ T h e  electrodes are  preferably of circular section and provided with  scren-joints for joining 

vertical.  Water-cooied stuiiing-borcs, with  asbcstos  packi~ig are provided to  prevent  leakage . 
of gas around  thc  electrodes.  The  electrodes  project  into  the  hearth  througll the‘ free  space 
between  thc roof nnA the  charge,  which on descending into tlle  hearth  falls at an angle  from 
the  lower  end of the  shaft. ‘Jlhe elcctric  current  is  supplied  to the e l e c h d e s  through bronze 
contacts. Only carbon electrodes  havc, so far,‘been used owing to the hixh costs of graphite 
electrodes. 

“ T,he  Electro-Uctals  furnaces  are  generally  provided with an  arrangement  for  gas-circulation, 
the  gas  being  drawn by nleans of a fan from a gas outlet at the  upper  end of the  shaft  and 

descending  charge.  The  object o f  this  gBs-circulation is twofoid-vie., to  prevent  overheating of 
forced through a number of nozzles into  tile  ffee space between  the roof of the crucible and the 

. .  the roof of the crucible and to  facilitate  the  reduction Process in  the  shaft. As regards  the  latter 
object, it is  evident  that’the gas which becomes highly  heated  in  the  crucible  assists in conveying 
heat to  the charge  in  the  shaft,  thus  extending the reduction anne and relrderixlg i t  more effcctive 
thiwugh the increased  volume of gas  passing  through. 

* * I n  this manner  ,the  percentage of CO: in  tlle  furnace gas can be kept  higher  than if no 
gas-circulation  were used, and i t  is cvident  that  this  indicates a reduction in the fuel-consumption. 

transformers,  switches,  regulators, etc.-and this part is  isolated  from  the  metaliurgicai  part. 
“The furnaces  are  placed  in  the Cent& bay. On one Side all  the  electrical  Sear is placed- 

The I)ower is derived from a hydro-electric  plant  nine  miles and a half a?T-ay, which  power- 

pressure by trannsfornler alul adjusted  by  reguiators to betwveen 50 ‘to 100 volts, as required. 
station belongs to  tile company. The  voltage of the lille is 12,000 ml ts  and is  reduced to low 

“Each furnace has six electrodes,  cylindrical in shalle, and arranged to be used  continuously 
without  waste by using a screew-joint. 

II 
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power and  cliarcoal that had heell obtained  with thesc furnaces,  and I myself made the mistake 
Unfortunately, Some of the  earlier  reports gave esoggerated  ideas of the economy of electrical 

Furnace.''  After  visiting Srrcden and  inrcstigating  the  conditions  obtaiuing  there, I arrived at 
of taking  these  reports  1iterallS ?Then writing  the 1~914 edition of m y  book on " T h e  Electric 

more  conservatire figures as put foril-ard in my 1915 report.  In Xr. Bibby's letter of September 

Per  allnuin, the conslnnption  would be '* 0.41 horse-power  year per ton of grey  iron  from  an ore 
21st, quoted abovc, hc states  Illat  with a single  furnace of 4,000 horse-power producing 9,000 tolls 

coutirin more than 55 per  cent.  of  iron, the figure I am assuming of 0.43 hoke-power year will 
containing G5 pcr  cent. of iron." It mill be obvious that  from the nvailabie ores, which db not 

l w t  be too  high. 
Although  the  Swedish furcace is  more ecqnomical 1:han any  other  clectric  ore-smeltiiq  furnace, 

there Still remains a considerabic  margin  for furtiler possible improvcmcnt, and I hope that  some 
process of low-temperature  reduction of iron ores may be 'worlted out xhich wiil show a decided 
improvement ovcr the Smcdish process. 

11. TEIE I I L ? ~ ~ ~ I C S T E I ~ Y  FUUNACB. - 
fcrro-silicon. (See  R. Taussig, l["araday Society, V., 3~910, page 254; Soc. (?hem. Ind., XXSIX., 

The Helfinstein  furnace was originally devised Cor the  production of calcium  carbide and 

1910, page 436; Met. and Chcul. Eng.,, X., im2, lngc 6S6.) A 10,000-horse-power Purrace of 

operation at  the time of my visil  in 1914. A more recent  account  appeared  in Iron and Coal 
this txpe for  iron-smelting was started at  Domnarfvct. in May, 3.913, rind was in  espeaimcntal 

T ~ a d e s  noiieto .(];ondon),  February 23rd, 1917, and in Met. end Cicam. Bng.,, Xay lst, 3,917, 
Imge 509, from which I havc  taken  the  foliowing  particulars:- 

When charcoal v a s  used, t i e  cmsumption of pomer, etc., mas 2,170 kiloi~att-hours, 3S0 kg. 
cliarcoal (70 per cent. carbon), and 5 kg. of electrodcs per metric  ton  of pig-iron. When coke 
was used, the consuluptioll \vas 2,600 to 2,700 lrilo~att-hours, 310 t o  320 kg. of colcc, and 4 1%'. 

.power year at S5 per cent. load fnctor.  This is proirnbiy for  the procluetinxi of white iron from 
of clectrodes. The consumption of 2,170 liilomatt-hours  with  eharcml  corresponds to 0.302 horse- 

high-grade  ores,  though at  the  time of nly visit ores of  50 per ccnt.  iron  were bcing smelted. 
It does not appear that  the emciincy  is any better  than  that of the IClectro-Lletals furnace, and 
it should  be  noticed that the usc of coke causes the consumption of a far greater i lmonnt  of 
electrical power. 

of power  in a furnace of a given size than was possible in thc Electro-Metals furnace.  The 
The  idea of this  furnace is to incrcase  the output  and efficicncy b ~ r  using a f a r  larger  aniount 

.furnace gases  were not used  to  reduce the ore in the furn;rce, b n l :  rere employed for other 
purposes  in the plant. It is  unfortunate  that v c  have no detailed  account of the operatinn of 
this  furnace,  or of the rcasons n'hich caused  it to be abandoned. 

111. TIU: xoum Fwnruncl.;. 

A t  Iletoult,  in  California,  electric  smelting of iron ores mas undertalcen  in 1907, and \ms  
Continued, experimentally,  until about 1914. ' T h e  first furnace was designed by Paul  I-Ieroult, 

four vertical  chutes  for  supplying  the ore charge. The furnacc  had an arched roof and  the 
and was a 2,000-horse-power l'ectai1gular furnace,  with t l m e  vertical  electrodcs  alternating v i t h  

chutes  vere  heated by the  escaping gases. The  chutes  became  choked  with the heated ore, the 
roof broke down or melted, t i e   furnace  could only be lvorked with  an open  top,  and was finally 
given up. Professor D. A. Lyou  experimented  in 190s with a single-phase  furnace of 160 kw., 
and  in 1900 put UP a furnace of 1,500 Kw., substantially  like  the  earlier  Swedish  type of furnace. 
Work  vi th  this furnace vas continued  until 1911, vhen it   was finally  given up, possihly  on 
account of difficulty in c,ontrolliilg the  nature of the product.  The Noble  Company then  reverted 
to the  rectangular  type of furnace,  using f o u r  electrodes and five chargirlg-ehutes, whlch, hovever, 
mere not heated. A 2,000-lrw. furnace mas built  in 1911, and an additional  furnace of 3,000 kv.  
in 1912 or 1913. The  best  account of this  furnace 11-a~ written by John  Crawford, the plant 
manager,  in 31et. and Chmr~. Dnu., July, 1013, Vo1. SI., page 383. 

XI'. Crawford states that  the  tall-shaft furnace b11ilt in 1909 couid probahlT  have been made 
economically efficient,  but  that  it could not be made to respond,rcadil:- t o  changes in the burden, 
a s  would be essential for making  consistently high-gr'ade found&' iron. Ile esplains the necessity 
in  electric  smelting of emtrolling  accurately  the  addition of carbon  in the charge, as an excess 
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If the  Electro-Xetals tme of furnace is used there worlld probably be only t w o  of these 
built,  and  the,  relnainillg pon'cr \vould be devoted to the  production  of  lerro-alloys and to  steel- 
making. 

I'L.4XT WITH OPEN-PIT *';'aI3N.4Cl:S. 

I visited in  California a piant at Bay Point, San Francisco,  and  another at I-Ieroult, in 
Shasta  County,  where  ferro-manganese  and  other  ferro-alloys  are made ih electric furnaces. 
The  largest  fllrnace  used was a rectangulas  opewpit  fumacc,  using 3,000 im,   and  haVing three 
24-inch carbon  clectrodes  which are suspended  in  the  furnace. Messrs. RecBman and Linden, 
who built and operated  the  plant  nt Bay Point,  consider  that  furnaces of this type mould give 
entire  satisfaction  for  the  prodllction of pig-iron, and tha t  such furnaces rrould have  the  added 
rtdrantage  that  they could he enlpioyed at  my time  for the production of ferro-alloys.  These 
furnaces  would  nndoubtediy ,be cheaper  to  build  and  the  repairs  would be less costly,  but, on 
the  other hnnd, they  would also certainly be less efficieut tllan  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-lm. fnrnace Cor the procluction of pig-iron and other smaIle1' furnaces  for  fcro-ailoss. 
I have  changed a few of ,their figures to  provide  for  the  consrruclion o f  two 3,000-irw. furnaces. 

7,000-7czo. Pleat for Pig-iron and Fwo-al lous.  
TVo 3,000-lnv. :I-phase furnaces,  installed,  including  casing,  clcctrode- 

holders,  jib-craues,  regulators, and foundations . . . . . . . . . . . . . . . . .  $ 30,000 
Seven i,OOO-icw. single-nhhase, 33,000-volt ~ r tmary ,  6O~cyeie oii-insuiated 

and water-cooled transfonncrs,  imtallcd,  with iron1 C0 to 120  rolls 
in 5-volt steps on the seconaary  side  (one of these  transforlners 

lbvo  sets  low-tension busses for 3,000-lnv. furnaces,  installed 10,000 
is spare), at  $6,500 45,500 

TITO sets  high-tension  busses  for 3,000-icw. furnaces,  including oil- 
switches,  switcliboard,  and  meters ............................. 12,000 

Three  300-lw.  furnaces, Single-phase, installed,  including  casing, 

Four 300-Bw. 33,000-volt primary, CO-cycle, single-phase,  oil-insulated 
electrode-holders, and regulating  device 10,000 

and water-cooled  transformers,  installed,  Kith a range of from 70 
to 100 volts in 5-volt steps on the Secondary side . . . . . . . . . . . . . . . .  10,000 

, T h e e  50-kw. single-phase, GO-cycle, 33,000 volts  to 440 volts, air-cooled 

trial  purposes  around  piant) 2,000 
transformers,  installed,  with  switchboard  (to be used for, indus- 

Oue 28-in". motor-generator set for  regulators, etc., installed ......... 2,000 
Three  sets  lowtension  busses  for 3G0-kw. furnaces ................. 1,500 
One  furnace buiiding, built  entirely of reinforced  concrete,  including 

One  transformer  building,  built  entirely of rciwforced concrete 13,000 
electric  travelling  crane,  tracks,  metal-handling equipment, etc..  45,000 

......... 
One shipping-Store  building of wood and  stncco  esterior finish . . . . . . .  7,000 
One  1aboratory.with  complete  eauipment .................. .:. . . . . . . .  7 , 5 ~  
One  store-room and change-room  building,  built of mood and  exterior 

stucco  finish,  including  steel  lockers, l.oilets, xmll-basins,  and 
shover-baths .................................................. 8,000 

One machine-shop  with  equipment ................................. 10,000 
One oillce building ................................................ 3,000 

Railroad-tracks,  industrial  track,  ore-handling  equipment,  mater- 
One  gate-house  with time-clock and time-keeper's oliicc 500 

supply, severage,  fence,  and  industrial  lighting,  etc. ............ 25,000 
Land,4acres  ..................................................... 4,000 

........................................... 
. . . . . . . .  

......................... 

.................................. 

. 

.............. 

Engineering and contingencies, 20 per  cent. 49,200 
$246,000 

......................... 

Total of I3eckman and Linden's  estimate . . . . . . . . . . . . . . . . . . .  $296,200 

. .  
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......................................... 
Additional items- 

DI.OZL!7lLt forward $205,200 

1)ock with unloading locomotive, crane, etc. .................... 30,000 

3- to 30-ton ladles  for llandiillg metal 6,000 
Chiircoal storage 6,000 

Flues and  staeli .............................................. 25,000 

Toial .................................................... $364,200 

............................................. 
.......................... 

__ 

Say a total of $350,000. 
In the abore list I have added to Messrs. Bcclman and Linden’s eslimate a few items that 

operation on a large  scale, a storehouse  would ,be needed for the charco:LI, and i t  will  probably 
should apIlal~eutly be included. A dock and unloading  plant mould he needed for econoiuicai 

be desirable to  usc large  ladles for handling hhe moltcn metal. In  the ,plant a t  Bay I’oiut tire 
furnace gases escayc  and  bum in the fnrnace-sooml creating a very  serious nuisnnce. I ~ ~ ~ ~ u l d  
advise  thc  construction of suitable flues and  stack for the removal of furnace gases ana tile 

platform. 
collection of the dust blown out by the iunraccs. Tlresc flues can be  placed below the chargin(.- 

foui1drY i1mn for  salc, a second making  white iron for steel-malting, and three  snialler flla!races 
The nbore eslimate  represents t i le cost of a complete plant 1Iavir.g one illmace nxking 

for fC1’1’0-811VYS. As, liomerer, w e  arc vonsiclcring i n  thc first piace the cost of prodnclion of 
pig-iron  alone, I liare rcarrangcd the  estimatc for this purlMSe, so as t o  rcprcsent a piant 
of 0,000 lsv. maBing foundry  iron i n  three 3,000-kw. furnaces. This estimate sllould then be 
comparable  wilh  the S!valish estimates Jbr a 0,000-lw. plirnt. 

Brclakllm all& Linden’s x’stinmte n~o(liificd f o l  n d,000-7czo. l’lant maicing Pig-iron: 

(For dctails see lmevious estimate.) 
Three 3,000-1r~. rlzrnaces .......................................... 
Elcmn 1,000-lw. t r a n ~ i ‘ o r ~ ~ ~ c r ~  ( tvo  spares) ........................ 
lhree sets low-tension busses ...................................... 
T h x c  Scts high-tcnsiou husscs ..................................... 

OilC 25-icm. motor-generator, etc. 
lh ree  100-kw. transformers, etc. 

One furnace building, etc. .......................................... 

Onc shipping-store 
One  transformer  building 

one lilborntory ................................................... 

One ltrncliiue-shog 
One siore-i’oonl 

Onc gate-house 
One oficc builcling 

L B n ~ i .  
Itailroatl-tl’acl:s, etc. 

, I  

,> ................................... 
................................... 

......................................... 
................................................ 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . ............................................... 
................................................ 

................................................... 
.............................................. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

$ 45,000 
71,000 
15,000 
1s,000 
3,000 
2,000 

15,000 
35.000 

7,000 
7,500 

10,000 
8,000 

3,000 
GOO 

25,000 
5,000 

$270,000 
I;lugineering, etc., 20 ner cent. .............. ._  ...................... 54,000 

Total Prom Beckman  and Linden’s fiqnres $324,000 ................... 
Additional items- 

Dock, etc. .................................................... 30,000 
Charcoal storagc ............................................. 8,000 
3- t o  10-ton ladles ............................................ G,OOO 
Flues ana Stack .............................................. 2&000 

-__ 
T o w  .................................................... .$3p3,000 

$400,000, but this does not nEan that  the Smcdish furnace is the cheaper, as the  estimates differ 
The  corueapondlu~ figures, derived  fl~onl the Swedish  estimate, were betrveen r;:i50,000 and 

in completeness a id  are bascd on diffcre~it conditions. We may,  however, concludc that a c o m  
5 
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Plete  plant  using 9,000 kw. for  the  production of pig-iron \vould cost  about $4QO,ooO. .It would 
appear  certain  that  with  an  equal  comgleteness of construction  the  Swedish  plant  \v~uld be 
somewhat  more coStlY than  the  other,  and  for  further  calculation we may  assume  the cost of a 
Californian  plant of 9,ooO kw. to be $400,000, and of a n  equally complete Swedish  plant $45Ol00O. 

In order to obtain  an  independent  judgment  in  regard  to  the  general  arrangement  and cost 

Of Vancouver,  and  he  contributed Some general  considerations  in  regard to the design and  cost 
of a n  electric-smelting  plant  in  British Columbia, I discussed  the desi” with Mr. E. H. Stewart, 

data  for  the  general  portions of the  plant,  exclusive of the electrical  furnaces  and  appliances. 

of  iron  daily  and 20 tons of ferro-alloys. The  plant was designed to handle  daily  the  following 
The  design was for  a plant of 20,000 horse-power (15,000 kw.) for  the  production of.lOO tons 

quantities:- Tons. 

Iron ore . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  %lo 
Ollarcoal .............................................................. 50 
1,imestone . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  20 
Electrodes ............................................................ 2 
Manganese  ore ........................................................ 20 
Quartz . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10 
Chrbmeore ............................................ : .............. 10 
Scrap-steel ............................................................ 20 

of ferro-alloys,  the  electrical  and  furnace equipment is  only  about  half of this,  correspondins to  
Although  the  plant as a whole was based on a daily  capacity of 100 tons of iron  and 20’tons 

a consumption of 10,000 horse-powel’ or 7,300 k ~ . ,  and a production of EO tons of pig-iron and 

The  furnace  building  mould be BO feet  wide, 30 feet  high,  and 150 feet long. It would 
5 tons of ferro-ailoys:  provision being made for extension at a later  date. 

contain  along one long  side  two 3,000-kw. open furnxes   for  Smelting iron ore and  three 300-Bm. 
open furnaces for ferro-alloys. On the  other  side of this  mall  would Ee the  transformer  building, 
30 feet  wide  and 30 feet  high.  The  supplies of ore for the  furnaces  would be delivered by a n  
elevated  track  in  front of the  furnaccs  and  level n’ith the  charging-plafforills.  The  furnace  gases 
would be  removed by flues below the  chargi~g-plabfor~l~s.  The  pig-iron could be tapped  into  large 
ladles  and Cast in  sand  or  in a casting-machine or poured  direct  into a Bessemer  converter  for 
steel-making.  T,he  ores and  other  supplies  coming by ivatcr  would be unloaded  into  Storage by 

90 feet  wide, which would Contain a month’s  supply,  stored  not  more than 10 feet deep. 
a locomotive crane. The charTal  Would need a large  storage-shed, perhaps 300 feet  long  and 

The  order of operations  would be as follomS :- 
(1.) Unloading  from the dock directly  into  storage. 
(2.)  Renloval from storage,  using  the  same  crane,  to  crushiug  and scmplin:: plant. 
(3 . )  Eemoval  from  crushing  plant  to  the  furnace  charge-bins. 
(4.) Delivering from charge-bins  over \\-eighing-hoppers to the   cha rgea r s   and  thence to  the 

(6.) Molten  pig-iron ~ c e i v e d   i n  ladlc  and  handled by crane  to  casting-bed  or  casting-machine 
(5 . )  Smelting  for  pig-iron or ferro-allog-. 

(7.) The slag ~ \ ~ o u l d  be received in a ladle  and  removed by a 1ocomotive. 
The  following  is  based on Mr. Stcwart’s  esiilllate  for  the Cost of ‘buildings  and  general  plant. 

Linden’s  estimate:- 
1bms for  the  furnaces  and  electrical  equipment  haye becn adclcd from Messrs. Beclaim1  and 

side of the  furnace. 

or  to  steel-making furnace. 

20,000-h.f% Plnnt tr;itlL 7,000 Ifw. of Dlecll-ic Psrnaces alld DquiPnacnt. 

Dock, say 10,000 
1,ocomotiTe crane, buCBetS, and grab-hucltels $ 1%000 

Electric  iocomoti~~e, cars, and  equipment  for  handling.  hctmcen  the 

Nr.  Stewart’s items- 
....................... 

........................................................ 
................................. 

Crushing  and  samyli~g, say 17,000 ........................................ 
Charcoal  storage  for one  month’s supply ........................... S,OOo 

wharf  and  the CrUSlling 1,iant 10,000 

ca9-i” fo9”lcni.d .......................................... $ 64,000 
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.......................................... 
Tracks. etc., for  the above-mentioned  equipment 
Lifting-niagllet for  steel scrap. e1.c. ................................. 

IiYoaylbt for%wd $ 0 0 0  G4. 
.................... 3.500 

1. 200 
Storaqc of manganese ore ......................................... 
Storehouse  for  electrodes  and  other Supplies. including a small  crane . . 
Six  furnace eharglng-bins. including  weighing-hoppers  and  mechanical 

feeders ........................................................ 
Tracks. chnrge.cars, and 1oComotiPe. with  Supports for the overhead 

Furnace building. including cram! runway .......................... 

3-to10-tonladles 
TmnsPorincr  building 

20-ton c1.a~~. 50-foot span 
Flues  and  stacks 

Laboratory and equipment ........................................ 
Offce .............................................................. 
Xtlchine-shop  and  blacksmith's shop ............................... 
Wash-house and ehansc-room ...................................... 
Slag-hanriiinq  equipment .......................................... 

track ......................................................... 

............................................. 
................................................. 
.................................................. 

......................................... 

Itenls f lni l i  illcssrs . Iiecitnlail and.Linde n- 
Two 5.000.km . 3-phase furnaces. installed .......................... 

TWO sets  lowtension busses fe r  3.000.k~ furnaces 
Seven 1 . 0 0 0 . l ~  single-nhase transformers 

. . .................. 
Two sets   his l~- tensio~~ busses. ctc., for 3.000-is\. . iurnaces ............ 
Pour 300-1-w transformers. installed 
Three 300-irn. single-ghase  furnaces.  installed 

Thrce 50.icw . singlc-phase  transformers ............................ 
One 2 5 . k ~  . motorgcnerator  set for regulators ...................... 
Three sets low~teusion  busses for 3OO.lriv . furnaces .................. 
Lan,l. 8.1 9 ......................................................... 
Engineering and cantingmcies, 20 per  cent . on $129. 000 ............. 

. .......................... 

. ....................... 
. ............................... 

3. 500 
ti. 000 

9. 000 

25. 000 
10. 000 

12. 000 

25. 000 
e. 000 

1s. 000 
G .  000 
5. 000 

12. 000 
3. 000 
8. 000 

45. 500 
30. 000 

32. 000 
10.000 

10.000 
lOI00O 
2.  000 
2. 000 
1. 500 

2;. 800 
G;000 

"_ 
.................................................... 

XodiPying l l l i s  cstimate to represent a plant of 9. 000 l m  making  pig-iron only. e 1rave:- 
'rota1 p3i2.0~0 

. ... 
9.000-7;?c . Plfcnt fov 1'iy.iron . 

X P  . Sicwart's italns .............................................. $217. 000 
Tbrcc 3.OOO.iw . furnaces .......................................... 43. 000 
IQle~en 1.000.1~~. . transformers ....................................... 71. 000 
Three sets lowtension busses ........ : .............................. '15. 000 

Three 300.i;~  tmnsforiners ; ~ 0 0 0  3 .  
T11rce sets IJigll-teusion busses. cIc j18. OW 

One 2s-i$\v . !nolor-generators ......................................... ~ 0 0 0  2. 
Lalld .. 2 .  ........................................................... 6. 000 
Xniineering. e+., 20 rler cent . ou $160. 000 ................... : .. . . . . .  82. 000 

..................................................... IUoiirl $409. 000 

.................................. 
. ....................................... 

. .  __ 
These  figures  agree  'with  the  previous  estimate of $400. 000.'. : 

. .  

~ DITSIQN AND I:hST Or cO>IFLETE PXAST . 
Thc foonrgoilrg estimates of the cost of a 9.000-lcw . plant  for  nlaliing pig-ir?ni a x  for use in 

Cnlculating the cost of smelting pig-iron . Any plant  actually col?str&& would b b  more couq)lex 
in nature. as it u;ouid illelude furnaces  for  femo-alloys  and fof.steei.mal?in. . . 

Such a ~ l a n t ;  as I d  alreaar been indicated, might suitckblgiconl:iiti :i ~i 
! i  

Two 3.000.iiw . furnaces making pig.iron . 
Three 3 W . l ~  . furnaces making  fcrro-alloys . 

I . ,  . . . . . .  1 .  
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This  plant will  produce  daily  about 25 tons  of Coundry gig-iron  and about 30 tons of white 
pig-iron  for  steel-malting,  together  with  about 3 tons of ferro-allo~-s.  The  plant mould cost in 
the order of $370,000. 

To make the plant coulplete 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  u~ould  handle  in  ail  about 50 tons of Steel per day. 

Cost of Steel I ' h t .  

. hiain foulldry building, including  drying-orens, core-ovens, pits, 
moulds, and a 23-toil overhead crane aud ,runmay ............... $ 60,000 

Lean-to  building  for  furnace-house ................................. 12,700 
Three 6.1011 (rated)  electric  furnaca .............................. 75,000 
Transformers  and  clectrical  equipment for three  furnaces ........... 54,000 . 
One 9-inch  rolling-mill,  including  building, one continuous  heating- 

furnace,  and  three  reheatiug-furnaces .......................... 1.25,000 

Total ..................................................... W!6,700 
"_ 

Only  two of the  electric  furnaces would  be  in operation at   any one time,  and  they rvould 
use between them  about 3,000 lw., which  mould  briljg the  total consumpt,ion in  the mhole plant 
up to about 10,000 l m .  

As an aitcrnative to the nbove, BIr. Dauncey reco~nurends a stcei-foundry  equimed  mith tmo 
oil-burning ogen.hearth furnaces, specified as follows :- 

Two  15-ton open-heart11  oil-fired furnaces;  three  15-ton  ladles; one 
overhead 25-ton travelling  crane; iventy charging-trucks  and 
.boxes;  storage  oil-lanks  and a11 necessary small  equipment for 

Necessary  buildings for the  above 35,000 
haugling 90 tons of steel per tventy-four  hours $145,000 . . . . . . . . . . . . . . . .  

.................................. 

Total .. ................................................... $IS0,000 

h,and, it has a capacity  of 00 tons of steel i n  place of some 60 tons  prorided  for  in  the  first 
This secoud estimate  is  for  steel-foundry  only,  'Without any rolling-mill,  but,  on  the  other 

estimate. 
Collecting the figures  together, n'c find Cor the comlilete plant:- 

7,000-kw. electric-smelting  illant for making  gig-iron  and.ferro-alloys.. $375,000 
3,000-kw. electric  steel-fonndry  and  rolling-mills .................... 325,000 

............................. 
The final  daily product of this  piant,  after  alloming  for  the  use of pig-iron and fen'o-ailogs 

mmpletc  iron  and  steel  plant $700,000 

in  the  plant i,tself, would We about:- 
E'oundry pig-iron 25 
FerrD-silicon, ferro-manganese,  and  ferro-cliromc ......................... 2 
Steel casting;s and rolled  steel .......................................... 50 

Tolls. 
....................................................... 

APPENDIX x. 
- 

T E E  COST OD' MAI<ISG PIG-IRON. 

Although  the  output of Coundry iron  for  sale vi11 be only 25 tons a day, a further 25 or 30 
tons of  pig-iron mill  be made for conversion  into  steel, and additional  power  will be used for 

producing  iron  in a plant oC 23 tons daily  autpnt,  using some 3,000-lm., we may  fairly  figure 
steel-making  and  the  production of Cerro-alloys. Instead,  therefore, of calculating  the  cost of 

on a plant of three  timcs this capacity, or 9,000 l w . ,  with a production of 75 tons of foundry 
iron daily. 

. . . . . . . . . .  
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The  main  items of cost  in  the  prodnction of foundry  iron are:- 
Iron ore of ahout 55 per cent.  costing $4 per net  ion. 
Charcoal costing $6 to $8 per net  ton. 
Electric pomcr, labour,  and  management. 

power year, and  the following calculations mcre made on that  assnmption It now appears tha t  
It was understooil that  electric power could  probably  be,obtained for about $15 ger horsc- 

a charge bf 0.5 cent per Irilowatt-hour wonld be mado for clcctric po\wr, and a calculation on 
this  hasis is given towards  the  end of this  Appendis. 

T!he cost of iai)ouP is discImed in  Appendix VII. and i n  the follovin.: pages;  it appears to 
m r y  from about $4 to $8 per ton of pig-iron, according  to ,the size arrtl nirture o f  the plant,  and 
wit11 tllc probable variations in wages. 

The  following discussion is based on the  production o f  foundry  pig-iron  by the usnai  electric- 

ilrodnction of 70 or PO tons rlailg. The  cost of making electric-fnmace iron by a nletllod inYolviug 
smelt.ing methods  in  fnrnaces of lhe Swodislr or of the open-pit type in a plant  having a tolal 

the 1)rcIinlinary rccluction or metallizing of tile  crushed ore is discussed  in  Appendix X I .  

Cos'r \,TITI TIXE Swmolsn F'unriAcEs. 

I haYe rcccim?d froill hlessrs. IEleciro-Metals, of Sweden, the  following  estimate of the  cost 
of x ton of pig-iron m:rtle in a six-Inmacc plant of 00,000 tans POI' year. I quote  this  unaltercrl, 

faYonrablC conditiolls :- 
for  interest, as showing the w s t   a t  wi1icii electric-Curllace iron can be made  under  esccptionally 

1.5 tous Of ore a t  $1 ............................................... $ 1 5 0  

0.33 tan af clmrcoal a t  $6 2 00 
0.Z ton o f  Iiinc a t  $1. 50 

10 Ib. of electrodes at 5 cents ....................................... 50 
1~ieCtl.ic corrent a t  $S per  horsc-l~owcr ycar .......................... 2 60 
Repairs  and  rnaintenance ........................................... 50 . 
I,abour ............................................................ 2 00 
Dlanagclllcnt ........................................................ 1 00 
lnlercst  and cllrpreciation ........................................... 1 00 

............................................... 
.......................................... 

Total  cost per ton of pig ................................... Wl 50 

wirich i s  ncnrly Lhc sxmc as the gross t.otr of 2,240 lb. 
In this eslimate tile nmxl " ton"   rubab ably denotes  in each case the ]metric ton of 2,204 Ib., 

' The corrcsponcling fizures in  British Colnnlbia, i n  view of tile higlu!r costs of Ore, goner, 
supplies, and lahour, the smaller  scale of the  plant,   the  lo\~er grade Of  tile ore, and the 
production o f  fonncllry iron instead of white iron, wo~i ld  he ahollt. its follows for 1. gross ton 
of iron i n  n plmlt of three 3,000-i;w. furlmces znnliing 27,000 tons of  iron  per annum- 

2 net tolls Of ore a t  $4 ............................................. $ 8 00 
0.4 net  ton of charcoal a t  $8 ................................... :. . .  3 20 
1: lb. of clcctrodes a t  S cents ....................................... 1 20 
0.43 horse-power yem at $15 ......................................... Gi5 
Repairs an$ nxrintenance ............................................ 1 00 

MallagelrleUt ........................................................ 2 00 

Royalty to +tro-Metals ............................................ 50 

Labour ....... 1' ...................................................... 4,'50 

Interest 6 I)er cent. and  depreciation 10 per cent. ..................... 2 60 

, ;  

'2ot;rl ......................................................... $29 75 
It appears thaC.:by this  system  foundry iron can  be nlade at a cost of nbont $30 per ton. 
In re,oard to these fignrcs i t  will  be rioted:- 
(1.) That the charge for ore (8s )  is  high,  partly hccanse of the high'cost per ton;of ;he ore; 

this cost could  prohjtbly; be reduced to about $3 pcr ton  of ore if the  ironmining  inilo~try shoulil 
in  the  futuro  derel+:ol: a larger scale. , Tile charge  is high, akso, Ilecnus!? the ore'is'loy gmile, 
coutaining  about  6Cper cent. of iron, so .lbat 2 tons of ore are nkeded to yield I. ton of 1)ig-irou. 
1f it  were  possible  to  obtain a 66-per-cent. ore at $3 per ton, 111c item of $8 for ore would .be 
rerluced to $G. 

1 ,  

,. , 

. .  , . . ,  . . . . . . . . . . . . . . . . . . . . . . .  
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(2.) I have  assumed  elsewhere  that  charcoal  could be made  from  mill-waste at from $6 to 
$S pes  ton. For the opcn furnace I tlke  the  lower  Egure of $6, but  for  the  Swedish  furnace, 
which  requires a better a a d e  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  long  ton,  while  the  original 
estinlates  are  doubtless  based in each  case  on  the  metric ton. 

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

(4.) The  charge of $250 for  power,  cstiruated hy the  Elcctro-Xetals Company, corresponds 
with a consumption of 0.31 horse-power rear  per ton of iron. This  figure  must be raised by 
about 0.05 on account of the 1o>yei' grade of ore, and ,a further 0.0s on account of the  production 
of foundry  iron,  thus  making 0.41; 0.45 appears  to  he as low a fyure as i t  is safe to assume 
under  these conditions;* If  in  the  future  power conid  bc obtained at $10 per  borse-power  year, 
the  item o f  $6.76 would  be reduced  to $4.50, effecting a saviilg of $2.25 per ton. 

(5.) The  items for labour,  managemeut,  and  maiutenancc have all been increased from the 
Eleotro-Metals  estimate  in view o f  the  high  cost of labour and  salaries at the  yresent time. 

next fire or ten  rears. 
It does not seem liicely that  any  material  reduction in these  itcms can be.espected  during  the 

capital of $100,000; and  depreciation was calculated a t  10 per  cent. on the Cost  of the  plant. 
(e . )  Interest   at  6 pcr Cent. was  calculnted on the cost of LIE glnnt, $4OO,WO, and a worliing 

The  output mas taken a t  27,000 tons per  annum.  Royalty  to .the  Electro-Uetals bas been 
assumed at 50 cents  per  ton,  but I haye no grounds for this figure. 

(7.) If the economies indicated iu (l), (3) ,  and (4) could all be carried  out,  the  cost of 
making  pig-iron mould be reduced  to  about $24 per ton. I n  view of this, it would  appear  that 
a plan,t  making  pigiron  in  the  Swedish  furnace  wlth $10 power  should be able to continue to 
operate at a profit,cven  when  prices  fall  considerably bclom their  present level. 

The  followlug  details of the cost of making  electric-furnace  iron  (probably  white  pig-iron) 
at Gellivare,  in  North  Sretlen, a r e  contained  in a report by J. A .  Lemer,  which  appeared  in the 
Ivom Age, September 13tl1, 1917, page 605, I have  changed  the  itelns from English  to  Canadian 
money. 

Goat of 0x0 (Metric) 2'0% of (White) Pig-iron. 

1.F (metric)  ton of ore (50 per  cent.  ore  and 50 Pcr  cent.  briquettes) 

LimeStone. 16 .......................................................... 
0.4 ton of charcoal a t  $12.50 ....................................... 5 OD 

Electrodes 44 
0.272 lmxyatt-ycar (0.305 horse-poxes  year 5t $'3.SO) 8 46 

'ivages 1 5 F  
Repair  and uplrccp .I. 8s 

Management and  sundries .......................................... 54 
Royalty . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  34 
Sinking  fund ....................................................... SF 
Rents .......... : .................................................. 138 

....................................................... at $2.74 $ 4 as 

................. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

........................................... ... 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

carriage  to I,i,lca .................................................. 116 

Comparing my estimate  for  present  mn6itions  in Zritis11  Columbia, i t  will be  seen:- 
(1.) That  we hare  ta  face  an  increase of $3.62 on the  cost of ore. 

charcoal  more  cheaply,  thus Saving S1.80. 
(2.) The  consumpti6u  of  charcoal  is  taken a s  tile SalllC amount,  but \?-e should  obtain 

by the  lower grade of ore used and  the  higher  grade of iron (0  hc niaCe. This  difference,  together 
( 3 . )  My ~ o t ~ . c r  assumption  is 0.0% horse-power year 111orc tlian the abovc. This  is  justified 

Total ...................................................... $20 16 

~ 

* A  aiseussion O f  the pomcr-eonsumntion kil l  be fouild in Amendis T'III. 

........... 
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with  the  increascd Cost per year ($35 instead of $3.50), ilroduces a n  increase of 83.23 in  the 
charge for po\ver. 

(4.) IClectrodcs cost 7G cents moue on account of the  greater consumption and tile higher 
price. 

(6.) Iloynlty is assimcd at 10 cciits more. 
(5 . )  Rcpnirs and maintenance are only 12 cents more. 

(7.) Interest 8 1 ~ 1  dcpreciation  in 1n.s estimate come to 36 cents more.tlran  thc  charges for 
sini<ing  fund mxl " rcnls '' in  the  Svedish  estimate. 

This differe1,cc of $4.40 is  duc  partly to the  smaller  scale of thc proposacl plant, b u t  mrirrly to 
(S.) T A L I I O I ~  and mauaqement COlJll! to gci.,50 in  my  estimate,  but  only $2.10 in Swedcn. 

t l r e  very llllleh Ilighcr scale of wages and  salaries nov obtaining  in  British Coiumbia. 
It miii  bc Seen tilnt  tllc  increased  antount of my estiillate  (about $10 Inoi'e than  the Swedish 

cost)  is  <he, iu a b o u t  equal  proportions, ,to the  increased cllarges for ore, yon.er, and labour. 

X a o i r ~ ~ m  (:oXClrXTR.\'l.IoX OF TIIE ORE 

smelting  it, so as to find \rhetimr any eeonolny may be cxpected to result  from this operatiou. 
It mn.? be wortb while to  attcnlpt 811 estimate of the results of concentratjng the ore before 

Assunx the ore is a ,magmite  containing 50 per  cent. of iron and costing p3 a ton a t  thc 
concentmliug  lilant, n-it11 a further  cllarge of $1 pcr ton freight to tile smelte?. The  cost,  using 
tllt? undressed om, is SS.60 per Lou of Ili,q-iron, as 2.2.11et tons of ore monld be needed. Thc ore 

probably yield 0.F tou of 70~per-ccllt. concentrate  and 0.4 ton of 20,per-cent. tailings. 'The con- 
is  cri~shed to a Coarse powder at a cost OP 50 cents a ton. One  ton o f  the crushed ore will 

centvnte  is  sintered  with cheap fuel oil the Dwighl-I,ioyd  lllachinc and tllc  briquettes  shipped to 
the smcltcr. l!he rost of dsessing and sintering  Fill be about $1 pcr ton of the conccntratc. 
Tile cost of tlrc product per ton of pig-iron  mill be:- 

2.4 ions of ove mined nt $3 ......................................... .$ 7 20 
2.4 tons of ore <:rushed a t  50 cents ................................... 1 20 
3..1 tons of concentrates,  dressing and  sintcriug a t  $1 . . . . . . . . . . . . . . . . .  1 40 
1.4 tolls of mncentrates, freight at $1 ............................... 1 40 

$11 20 
22 tons o i  30-pcr-ccnt. ore at $4 ..................................... S SO 

Incrmsed cost due to 1~1'ocess ............................... S 2 40 
" 

On tire other  side \\e mny.cxpe~t  the following  economics:- 
2% il,. of electrodes a t  8 $eIlts ...................................... $ 20 
0.0s II"?SC-Y",,~eL sear Ut $15 ......................................... 1 20 
Jlqmirs altd maintenance ........................................... 16 
L:lbolw ............................................................ 6G 

I~ctercsl a n c l  (1cim:cixtion 40 
Xanagcment 30 

Totill s 2 !IO 

....................................................... 
. ........................................... 

" 

...................................................... 
It does n o t  ni~pcar,  thercforc,  that n great  savi~ig could  be eEeeted By dressinq a X.1~er-cent. 

ore i i  c+>ing anc~ sjntering  were  necessary, tllough ~ e s s r s .  ~ e e ~ t r u a n  and'I,in(len consicler tlmt 
a net1 sabing'ol nearlq $3 per ton could be effected in  this way. I may add that  loor this caictlla- 
tion I l l a x  issllllled that the oi1cr;ltion ;rf sintering would Pcmove the bu.:ph,har sa compieteiy that 
it  \rquld not lie ncccsmry #to form a shg for its  removal, and alsb t.lmt a x\-h;te iron would IX 
made and tx?med to iounmy iron by theaddition of ferr@silimn, so that :it mould not be essmtial 
lo   hare  any silica ill the furlrace chaw?. An alternative  plan ~ o & l  be  to'irse  about  two-tilirtls 
of sintcrcil  concenlratcr  and  one-third of nudressed  ore in the fornace cl~argc,  thus  obtaining 
eiiougll silica f u r  lire pradiietioii of foundry iron. 

50-per-cent. iron ore, i t   i s  possible that a more  important emnoin:? cdhlll lie cskcted l ~ y  
magnetic  concentratioil  in  the  manner  indicated  in  Appendix 111: 

.\itllough tile ahove ,salcnlation qllowvs only a Smail savi"$ 'by tlio ,,conceiilratio,l of 
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PRODUCTION OF SOUNORY InON. 

On  account of the  fact  that  the  Svedish  furxice  is  generally  used for the  production of a 

the Production  of'foundry  iron  of,  say. 3 ,per  cent. of silicon  in  this  furnace.  We are satisfied, 
white pig-iron containing  not  more  than  about I. pcr cent. of silicon, =.e h,ave  no  exact  data  for 

however, that  there would LE a decided  increase on this nccoynt in   the cost  for power, charcoal, 
electrodes,  and  maintenance, besides the  geueral  overliead,  labour, and interest  charges. I n  view 
Of this, it is  worth  while to consider  what  the  cost  vould be of converting  whi,te  iron  into  foundry 
iron by the aadition of ferrc-silicon,, One  ton of iron  contailling 3 pcr cent. of silicon  would 

This ferro-Silicon  mould  cost, nradc  in  the  plant,  about $S5 per ton, or $3.50 for  the  amount 
the  addition of 0.0% ton of 80-per-cent.  ferro-silicon to raise its silicon  content  to 3 per; cent. 

needed. 

should be enough heat t o  effect a pcrfcct.mixture:  and as thc iron  is  cast  into  pigs for sale, 
If the  pig-iron n'ere received  in a large  ladle  and  the Perm wcrc  thrown  in  red-hot,  there 

and  then  remelted  in a cupola, any  irregularity  would be remedied  ,before  the  final  casting. 
The  saving  in  the  cost of smelting  through  prodpcing m'hite iron  instead of foundry  iron  would 
about  equal  the  cost of the ferro-Silicon, aud there ~ o n l d  be the  added  advantage  of  making a 
Single furnace  product  and  turning as much  of  this as mas needed  into  foundry  iron. 

Mr. Gronwvall, in his estimate  made  in 1914, places  the diffcrelice in  cost  between  grey  and 
white pig-iron as :- 

0.03 horSCpxvcl' sear. 
0.03 ton of charcoal. 

5 Ib. of electrodes. 
10 cents for repairs. 
7 cents  for  petty  charges. 

Pomer at $ E  45 
Charcoalat$8 $0 24 

Electrodes a t S  cents ................................................ 40 
Repairs and petty  charges ........................................... 21 

Total . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $130 

Under our  conditions  this  would  mean :- 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

....................................................... 

~ 

We must  add, howevcr, a proportion of the charges  for  hilour,  inanagement,  and  fixed  charges 
amounting to about GO cents, thus  bringing  the  whole  up  to 81.90. The  additional  expense 1ila9 
easily be as much as 0.06 ,ton of charcoal and 0.05 horse-powr  year,  and  the  incrcased cost 
would  then be about $3 a ton  (everything  considered), or nearly  as much as the cost of the 
ferro-silicon  addition. 

costing $1, the qet cost of the  addition will  only ,be $2.50 ger  ton of the  resulting founAry iron. 
The  ferro-silicon  used  was found to  cost $3.80, but, as i t  replaces an  ecual  weight of pig-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 Slvedish furnace 

additioral  expense if it were  found  impracticable to make  foundry  iron directls'. 
for  foundry  iron  would be perfectly  safe,  because ferro-Silicon  could  be added  without much 

COST OF SUEL'SING IK SIVPLE PIT Pun~acc.  

. The  following is an  estialate of the  cost of mai<ing a ton of foundry  iron  in a 3,000-km. 
furnace of the  simple  pit type. This  estimate has been prcparcd by Xcssrs. 13ecBman and 
Linden,  'depending on their  commercial  experieice of the prolhlction of ferro-manganese  in 
such a furnace. As, hornever, they  have  no  data  with  regard  to  the  production of pig-iron, 
they have accepted my figures for tlle ProhuAle consumption of power  and  charcoal  in  such a 
furnace.  These  sssumptions,  which  are  based on calculation,  are  that the open  furnace  would 
lieed 0.50 horse-power year of electric ;owes, which is 0.05 lnore than I allowed for the  Swedish 
fumacc,  and 0.50 ton of charcoal, wbicll is 0.1 ton  more  than I allowed for the  Swedish  fumacc. 

Messrs.  Beckmarl and  Liuden  argued,  from  general  considerations,  that  the open furnace 
would bc a t  least as econolnical of pomr   a s   t hc  Smcdlsh f u n m e ,   b u t  ~ x x  not  prcparcd to 

,those I have  given  until  the  performance of this  filrliac6  has been demonstrated  in  commercial 
guarantee  such a pcrformance. I do  not  think  it  will  be  safe to  assume any better figures than 

.~ ~. . ~ ~,. .~ ... . . . . . . . . . . . .  . . . . . . . . . . .  ~ . 
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operation oTcr a considerable period. The figures they gipe for labour, gcncral cxpenses, and 
interest  arc  probably too  high, becilnsc they a rc  considering a single 3,000-kn.. furnace, \vl~ile 
the plant w e  haye  in view mill enlploy about 1.0,000 IN. The outinit of the single furnace i s  
taken as &COO tons per annum. 

Declcnlan u,nd Linmi's L'slintata of the Cost of  Otle Long To% of FotmiLr?, Pig-iron made i n  
OfJen lkzclnace f v o m  (6 BO-per-cent. Ore." 

Iron ore, 2 tons a t  $4 per  ton ...................................... $ 8 00 
I9lectrical Imver, 0.5 horse-power year at  $15 ......................... 7 50 

Electrodes, 20 Ib. a t  10 cents per pound 2 00 
Charcoal, 0.5 ton a t  $6 ~ c r  toll 3 00 

rmour  ............................................................ s 00 
Supplies ........................................................... 100 

lntezrst and deprcciation. 20 per cent. on $180,000 4 50 
Plant nnd general oilice expenses 5 00 

Total ...................................................... $39 00 

..................................... 
............................. 

.................................... 
................... 

If 17-c a rc  consirlcring this furnacc as a unit  in a lllant of 10,000 kvr., it seelns probable that 
the  cost of labour ~vould be about $6, the general espcnses $3, and the interest and degi!~iation 
$3. With these changes  the total cost. i~oold  he reduced to $33.50, 01' about $4 more than lny 
estirnate \vitll Lhe Swedish  furnace. 

a OS-11er-cent. concentrate at $0.45 per ton, including  the cost for cor.centrating and sintcring 
hlessrs. Xcclman  and Linden consider that using SO-per-cent. ore at  $4 they could obtain 

of $1.25 pcr ton of conccntratc.  Using  this  concentrate, they cstimatc the following, assuming 
an output of 10,000 tolls JJEP allnun1 f n m  n 3,000-I~w-. furnace:- 

l lcclman and 1, index'~ Gsliwatc of i7re Cost o j  PounL.!~ Iron jrom 6.j-per-eent. Concentrate. 
Iron ore, 1.51  tons at .$0.4.i per ton .................................. $ 0 03 
Elrcivic pon'cr, 0.4 horsbpomr year a t  $15 .......................... G 00 
Cliarconl, 0.5 to,, a t  $6 ............................................. 3 00 
Itlcc~rodcs, 20 ~ h .  at 10 cents pcr pound ............................. 2 00 
TIzbo~ir ............................................................ 6 40 
Snlipiics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 00 
l'lnnt and "enera1 oliice ezimaes .................................... 5 00 
lntcrcst and depreciation, 20 pcr  cent. on $140,500 . . . . . . . . . . . . . . . . . . .  2 S1 
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taken  as 2 long tons of 50-lIer-cent. ore and 1.54 long tons of 65per-ccnt.  concentrate respectively 
An examination of the  above estimate will  show  that  the  consumption of iron ore must be 

per  long .toll of pig-iron produced. 'They differ  in  this resl2ect from my own estimates,  mhich 
a re  ill short tons of ore  per long toil of pig-iron. My estimates Were made  in  that  way  because 
the Cost  of ore,  charcoal, etc., ill  British  Columbia  is  quoted  on  the  short  ton,  while pig-iron is 
always  soid by the  long ton. 

estimate of the  commercial  consumption of power and charcoal  per long ton of foundry pig-iron 
For the  purpose of this  report, I furnished &Tessrs. 'BCClCrndn and  Linden  with  the  following 

made  in  an  open-pit  furnace.  This  estimate  may be regarded as too  canseryative,  but I have no 
data  on which I could base a closer  estimate. 

White  charcoal  iron  from G5-per-cent. concentrate ......... 0.36 0.45 
White  charcoal  iron  from 50-per-cent. iron  ore ............. 0.45 0.45 
Grey charcoal  iron  from F5-per-ccnt. concentrate . . _ .   . _ _ _ .   . _  0.40 
Grey charcoal  iron  from 50-per-eent. iron ore .............. 0.50 0.50 

0.50 

vary  with  the size of furnace arid operating  conditions,  but  for  purposes of comparison I would 
I hare  no  reason  for dollbtillg the  general  correctllcss of these  figures, mhich, of course,  wiii 

alter  the porver-consumption assigned  to  items 2 and 3 so as to  make  them  equal.  Thus  the 
porver-consumption for  \vhite  cllarcoai  iron  from 50-per-cent. ore  and  for  grey  charcoal  iron  from 

1I.P. Year. $;&E$, 

-65-per-cent. concentrate  would  each be 0.42 or 0.43 horse-power  rear. 

CoirPARlSoK WITIX BLAST-EOnNACE Mmlions. 

furnace  the  following  estimates by the B. L. Thane Company of the cost of making pig-iron in  
It may be of nilue  to  compare  with my estimate of the  cost of making pig-iron in  the Smedish 

a large  blast-furnace  near  Puget  sound a t  191s prices:- 

B. L. Thane Con~pertu's Estilliate of the Cost ncr Long Ton of  Jllast-furnace Pig-ivon. 

Iron  ore, 3,487 lb. a t  $4.40 per  long  ton .............................. $ 6 S1 
Coke, 2,455 lb. a t  $0.60 per  net  ton ................................... 11 93 

Labour ............................................................ 1 5 0  
Naterials .......................................................... 1 5 0  
Capital charges ..................................................... 3 40 

Limestone, 1,000 lb. at $130  per long ton ............................ S1 

...................................................... 
(1.) The  charge  for  iron ore, $G.Sl, is less than my estimate of $S, merely  because  the ore 

to  assume  more  than 55 per ecnt.;  the  price per ton of ore being  thc  same ($4.40 per  long  ton, 
is  assumed  to  contain 65 per cent. of iron,  whereas I have been advised tha t  it mill not  be  safe 

instead of $4 per  short  ton). 
(2.) The  charge  for coke, $11.93, is  more  than  the  combined  charges  for  charcoal,  cleetrodes, 

(3.)  The  capital  charges >?'e nearly  the  same, $3.40 and $2.50, or including the  royalty, $3.10. 
(4.) The  electric-furnace  estimate  is  higher  than  the  other  on  account of the heavy  charges 

blast-furnace  plant.  This  difference i s  caused  mainly by the dif€erence  in  the scale of operations; 
for  labout, $4.50, and  lnanagemcnt $2, compared  with  the  sillglc  item of $1.50 for  labour  in-the 

a coke  blast-furnace  turning  out at   least  300 tons of iron  daily, ~ ~ l i i l e  the  electric  furnaei  wmld 
scarceig malre 30  tons. 

furnaces,  why  electric-furnace  iron  should cost more  than  blast-furnace  iron  under  the  conditions 
In conclusion, there  does  not  appear to  be ang  cause,  other  tiian  the  different size of the 

we find  on the Coast, and probiding  that  power  can be obtained at $15 or less. 
Turo other  estimates by the B. L. Thane Company place  the  consamption of coke a t  2,240 lb., 

costing $7.13 per  net  ton of coke or $7.98 per  ton of iron,  and a t  2,025 lb., costihg'S12.20 per net 

respectivelS. 
ton of coke or $16 per  ton of iron;  the  total  cost of a ton Of pig-iroll coming  to $22 and $30.02 

Since the above was written I hare  received a letter  from  the  British Columbia Elcctric 
Railway  Company,  mhich is reproduced  in  hppelldis IV., stating  in effect that  they n-ould supply 
large blocics of power up to 10,000 horse-pomer in  the  neighbourhood of Vancouver  for a ch,arge 

Total $25 95 

c and  power, $11.15. 

- -~ ~" . . . .  .......... . ............. 
. ,  
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of 0.5 cent ger kilomatt-hour. This charge  is so high as to render impossible any large-scale 
prodllction of cIcc1.ric pig-iron  in  the Swedish or open-llit furnace,.and >unless sonic other method 
can tic deviscd  that mill need decidedly  less power,  ail  thnt  can be done mill be to m;Ii<e a Slnall 
amount of pig-iron &xi& the  present  period of extreme  high prices. I n  Yiew of the necessarily 
temporary nalure of such  operation,  it \vonld be irnpossitile to  install a 68lant  of Swedish furnaces, 
a n d  we can only consider tile simple open-pit furnace, because, i l thoogh  i t  uses more po\~vcr 
iler ton of IIig.iron, it can be  installed more quickly  and inorc cheaply, and can easily tie convertecl 

drop in the price of pig-iron shall rendei' its  production impossible. 
to  the production of ferro-alloys, or e w n  r e ~ l l ~ e d  by clectric stcei-nmlclng furnilces, vhen tlic 

I n  calculating the cost of makin: irou in the  simpie  pit  furlmcr  with power a t  0.5 cent, 
I must,  for colllr)al.ison mith  the  puwious  instances,  convert this figure into a charge for the 
h o m e - ~ ~ o \ ~ e r  scitr. For this  purpose I shall assume a load  factor of S5 per cent., rllich  provides 
for stops  for  rcixlirsl as well as the usual degree of irregularity of ~)o$ver. On this  assumption 
the h o r s e ~ g o ~ x  ~ e n r  ~ o u l d  cost $2i.S0. 'l'iw cost of making a Ions ton of foundry  iron in a 
iilnnt of 10,000 I<\\-. vould be  flbont as fol1on.s:- 

Cosl of One Lo?&g 1'un of Foundrv Iron ushg O.5ceitt  Powo?. 
Iron o x ,  2 tolls a t  $4 ,,er ton ............... . ~ .  ..................... ,$ s 00 
IClcctrieal g o ~ e r ,  0.5 11orsc-power year a t  $2'i.S0 ..................... 13 90 
Chxrcoal, 0.5 ton ILL $6 per ton ..................................... 3 00 
I~:lcutro(les, 20 lb. a t  10 cents per pound ............................. 2 00 
1,abonr . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  G 00 
Su1,ulies ........................................................... 1 00 
l'innt and :encraJ oiiice expenses ................................... 5 03 
Intcrcst  and  deyreciaiion ........................................... 3 00 

" , 
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for  the  production of fcrro-aiioys at  Bay  Point. 311'. Beckman  is  familiar  with  conditiins  in 
Sweden as n-ell as in  California,  and I therefore  discussed  with  him  the  design of furnace and 
plant  for  thc  production of pig-iron. In  spite of his Bno~vledge of the  Swedish  type of electric 

. furnace, Mr. Beclman  conciuded  that a simple  pit  furnace of the Bind used  for nmlting ferro- 
alloxs would, on the rvhoie, be better  than  the  Swedish  furnace  for  the  conditions  in  British 
Columbia. Such a furnace  is  substautially  the  same as the  furnace  that  has been used a t  
Herouit,  with  the  exception of the roof and  charging-chutes. I n  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 desi,q for an electric-smelting plant in  British 

with  the  necessary  data  in  regard  to  the  nature  and  cost of the  ore,  charcoal, poiver, and labour. 
Columbia. The general outiinc of the nlmt \vas arranged hetwceu us, and I furnished  him 

ton of pig-iron, but  Hr. Ueckman finally decided  to  take  my  figures  for  these  items as the  basis 
I understood  that  he  would  give  an  estimate  for  the  consumption of power  and  charcoal per 

for  his  report. 
I had  in  mind at that;time a plant  nhich  would  contaiu:- 

Three 3,000-kw. furnaces  for  smelting  ore. 

'l'vo l,.500-kn7. furnaces  for  making steel. 
Three 300-kn7. furnaccs  for  smelting  ferro-alloys. 

At first, homerer,  the  building '%vas to be large enough  for trvo 3,000-km. and three 300-Bw. 
furnaces;  and only one of the  3,OGO-Lrm. fuxnaces,  together  with  tlle  three 300-kw. furnaces, 
were at first  to he installcd.  Unfortunatelg, Mr. Bcckman  based  his  dcsign of the  plant and 
his  estimate of the  cost of making  iron on tile  smallest eqjuigment considered,  which was only 
intended  to be temporary, and o n  t h i s  account  his  estimate of the  cost  per  ton of nlairing yig-iron 
is  higher  than  necessary. 

ELECTRIC  PIG-IROS I N  URITISEI COLDAIUIA. 

IiEPOBT BI- BxCKiiAN AND  LIXDl$X x$KQIXEICRliTQ CORPoBATlON, SBN BRANCISCO, JULY, 1918. 
GENERAL RExARrfS. 

Supplied by, Dr. Alfred  Stansfield, of XeGill  University,  Nontrcal,  and  has  reference to a 
The foliowing  report  is  made at the  requcst of, and is  based upon figures  which  have been 

possible  pig-iron industry  in  British Columbia. dl1 of the concinsiolls reached  arc  based upon 
and  deduced  from  information rcceived in  this manner. 

Loca'rroN OF PLAST. 

In British Columbia there  is  asailable a considerirhle amount of developed hydro-electric 
p o n w  and also  a  large  amount of power  which is awaiting development.' It would  he  considered 
advisable  in  connection  with  this investi@ion to  locate  the proposed pi- i ron  plant   a t  a place 
?There already developed power is  available,  and  in  such  locality  thnt  the raw materials  essential 
in  this  industry  are  obtainable  with  the least effort.  We  may  take,  for  esample,  such a point 
as Part  Moody, approsi'mately  ten  miles  distant  from Yancouver. *This  community  has access 
to the  Canadian Pacific Railway and i~lso deep-Tl-ater facilities.  Thc  British Columbia Electric 
Railway,Company,  Limited,  hare  transmission-lines  already  in  Port Xoody. Port  Moody has  a 
small  electric  furnace  operating  far  thc  marinfacture of other  products,  which mould facilitate 
the  obtainiug of labour  to Some extent for the  undertaking along the  iines Suggcsted. 

GEXEHlL OUTLIiTE OF PR0JE:CT. 

means of reducing  iron ore in electric  furnaces, utilizing ciiarco8.i as reducing  agent.  'The 
I t  is a well-hnomn fact tha t  in  S~vcdcn grcat quantities of pig-iron are  mauufaeturcd by 

conditions.existing  in Sweden and  those  esisting  in  British Columbia are very similar. It 
therefore  suggests  itself  that  the  manufacturc of pig-iron  in  Evitish  Columbia  should offer 
opportunities  ,similar t o  those ill Smden.  The  Projcct  here lvould  be based On four  miits.  The 

phase  furnaces;  the former fm'nace for  the  lmrpose of manufacturing  pigiron, and  the latter 
first  to be installed n'ouid consist of one 3,000-lw. furnace  and possihly three 300-kw. single- 

furnaces  for  the  purilose of manuf2lctUring fcrro-alloTs, such as ferro-ll~oixhrlenum,  ferro-chrome, 
ferro-tnngstcn,  and  others. T!ic next step irould be the  addition of a 5,000-km. furnace  for  the 
manufacture of pigiroq or i t  might be tiiought  more  advisable to pnt  in a 10,OOG-kw. furnace 
for this purpose. The difference  iu  operation  and  equipment between a 3,COO-kw. and a 5,000-hv. 



furnace is not very nnteriR1 aild wouid only involve au illcrcase in production, while the oilcl'a- 
tion and e(luipmeut of a 10,000.k~~. furnace mould be ~natcrially  differci~.t and a distinct dcvclog- 
ment OVCY a 3,000-lrw. furnaco. Of course,  thc  investmcnt on a 1O,O(IO-lc~v. furllace \\-auld lie 
considerably  greater  than on a 5,000-ii.~~. furnace, and on that  account  it  might be  considercd 
ac1Yisable to  take an interinediary  stcp.  The  furnaccs would De built in sllch a Ularlner th r t  
they could easily lie adapted  to  manufacturing  otller alloys, such as fcrro-silicon. The piirposc 
of this mould bc t b  make thc  plant as fiexible as possible, so that ill aasc the price of pi:-iron 
wcnt down the  plant could bc used cco~ionlicallg  for  other gurposcs. 

Raw llArm1,~I.s. 
In the manufacture of pig-iron the essential  raw  nlaterials  arc:- 

A. Cheap clcctric iJOlVcv. 
B. Irou ore. 
C. Rcducing w e n t ,  such as charcoal. 
D. E'luxing agent. 
E. 1:lectrodea. 

thc  clcclric  fnznace  is dependent to a great  extent upon tile purity 0:: the ores. The iron arc 
A .  Ir~,lli.u-elcctric l'o&er.-!Che amount of  IIon'er necessary to ilroiuce 1 ton of Pig-iron in 

which  is :lwiI:tl,lc four this  undertakinx n-oulil co1mune npproximalel). 0.5 1)orse-I)oIrCP per rea? 
pcr ton of pig-iron. In  case  thc ore nas concentrated  uy  to GS per ccnt. iron content,  it would 
take 0.4 horse-powcr per year per Lon of pig-iron. I t  is apparent fro11 the follo!riilg cost  data 
that the pomer cost is onc of the lar::c ilcllls, and to rmke such a11 iundertaking successful i t  
is csscntial  that low powor prices arc obtainable. It is un(lcrstoui1 that  the  British Colunriiia 
IClectric llailmay C o m l ~ n y ,  I,i~mitetl, h:1s arnllable 10,000 horse-l)o!Ver,  IiO-cycle ~mrner, that  could 

development of ncw l~~dro~c!eetr ic  power sites in close proximity  to ralw 1naLeri:lls. 
be put  into  serrice  imnlcdiatelr. h r t e r  der.clol)ments of this  industry woulcl necessitate ihe. 

are a number of iroil-ore d6posits in BI'itisll Colulllllia on the  mainland, as  n'eli as on tllc islands, 
U .  Irola Ola."The raw material on wilicl~ llic whole inilustry  is based is the iron ore. There 

and it vouid be a question of its  availability  to  Port Moodr vhich vould p:lriialiy govern 11s 

t o  its use in  this undertaking. The ore which  has been su(:cstcd is a magnetite ore containing 
lime of an nmragc  analysis of :- 

Iron jOIo55  (Fe,O,FQ-70%). 
Silica ................................................. 5106 
Alumina .............................................. 4 
I'hosQhoius .............................................. 0.02 
Sui1)hur ............................................... o.:i 
Calcium  carbonate, etc. ................................. 15 ro 21 

Per ccnt. 
.................................................. 

!Pile ore is Clirimed lo be mm2ticaliy Self-fluxing and would on timt ~ C C O I L L I ~  not  ncccssitnte 
the use Of any fluxing  agcnt  whataoevw. In a general 1vay this ore is ! o w  in its iron content  for 
a very successful pig-iron o1)Eration. If  there were smnc ore of hizhtr grade arailable and a t  
a Ion. Price, it  would be strongly adriscble to consider  these deposits ill prefercrrce to  the iron 
ore ulidcr discussiou. Tlleve is, thou!& a lllealls .by vhich this Orc  !:nuid be  bl.ought up to a 

obtnined  concentrates.  This would, of course,  increase  the  cost of the ore and ~vould  girc n 
higher degree of purity, which  woulll involVe a eonecntrating  plant and the  siiltcri~lg of the 

higher iron content of ore material  to nork with,  which woul,d inererse  the  output  per horse- 

a concentratiny 1)lallt n-ouI(1 be advisable. 
pomtrr year  in the eiwtric  funlace. I1 would therefore aplxar that, if no other ,ore is available, 

is  uscd as a reducing  agent.  This  is  obtained as a by-product  from. tho  large lun~ber and timber 
0. It5ducing Agen.t."Tn the Swedish practice  where  electric pigiron is  produced  charcoal 

operations i n  Sweden, There pine, spruce, and fir are handled, and thcre is no tilnbcr operation 
in Swetlcn of any kind mhere  the  ??fuse  is  not  turned  into  charco;rl  either ilr a lby-prorluct 
charconl-oven or by pit-charcoaling.  British Columbia, as we under8t;md it, 1x1s large t imlm 

pul'i)o.ses. Tllese 'waste lands might be gone over and the timber  tunled  into  cl~arcoal, as well 
operalions, as rvell as large sta-nds of timber,  that  in many eases  are wortllless for  timber 

as by-prodncts, such as alcohol, acetic acid, creosote-oil, and  .also turlje11tine. Tho creosote-oiis 
a re  used  estensively  in  flotation  purposes vhere the  metal  values  are 3qmrated from  the ~ a n g ~ e .  

contains  approximately 73 per cent. fixed casbon. 
Charcoal  obtained i n  such a manner,  either in by-product coke-on:ns or in  pit-chnrcoaling, 
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British Columbia holds  in  its  bituminous-coal  deposits  another  reducing  agent  that  under 

cent. fixed carbon. 
special  conditions mas be used  to  advantage. It is  high  in  ash  and  reported to contain 50 per 

It has  also been suggested as a possibility  to  utilize  some of the  oil-wastes  obtainable on the 

and  about 70 per  cent. of fixed carbon. 
Pacific  coast as a reducing  agent in making pig-iron. This  material  contains  Dractically no ash 

U .  RZuxCLg Agent.-& has been explained  under  the  heading  “Iron Ores,” the  iron  ore 
proposed to  be used in  this  undcrtaking  would  not  need^ any  fluxing  material.  Limestone,  though, 

a purity  suitable  for  this  operation. 
as a rule  is  used  for  this  purpose,  and is available  at  various  points  pessible  to  Port  Xoody  in 

B. Electrodes.-.kll electric-furnace  operatiom  for  the  reduction of ores  are  dependent  on 
the  supply of electrodes. Electrodes  are  tlie  means by which  the  elwtric  current is made  avail- 

and  there  are  large  manufacturers of elcctrodes in  the  East ,  both  in  Canada  and  the  Udited 
able  in  the  furnace.  There  are  plants on the  Pacific  coast which are  manufacturing  electrodes, 

States. It would seem as though  an  undertaliing of this  kind  in  British Columbia should  depend 
upon its electrodesupply  from a Pacific Coast  sourcc,  and  it  would be advisable  to  make  an  early 
arrangement  with  the  nmmfacturers  there  for  this  essential. 

GEXERAL PLANT LAYOUT. - 
The  plant  would be  composed o f  the  main  furnace  building,  adjacent  to  which  would be the 

necessnry electrical connectioils, as well as the  casting-fioor on to  which  the  pig-iron  would be 
transformer building. Thc furnace building  would  give  ,ample since for the  furnace  and the 

.for the  Purpose of moving raw  materials  about  and moving the finished  products.  The  initial 
tapped.  This  building  would  have a big electric  travelling  crane  and  also  the  necessary  tracks 

size of the  building would be one  which  could  house a 3,000-l~w.  furnace  and  three 300-kw. 
.singl-le-phase furnaces. Bulidiilgs, such as stoiehouse,  laboratory, office, wash-house,  etc., mould 

in  the  yards  for  the  handling of all  materials am3 incoming  and  outgoing  shipments. Ample 
be placed a t  convenient  points on thc ground.  The  necessary  trackage  would  have  to bc laid  but 

be  approximately Sixty  days’ supl3ly of iron  ore in stock,  amounting  to  approximately 4,000 tons. 
storage-space  would be necessary in  the  yards  for  the  storing of r a v  materials.  There  should 

Storage-space  should  also be provided  for a large  tonnage of charcoal.  The  amount  that  would 
have  to be kept  in  storage mould depend  upon  the  physical  conditions  surrounding  the  plant 
and  the  accessibility  to  the  charcoal-producing  installations. It would be advisable  to  plan  for 
the  necessary  roof-sheds  to  cover  two  to  three months’ supply of charcoal. In case  any  fluxing 

stored  in  suitable  lmmbers in a small  building. TO handle kfficiently the s a v  materials  and 
agent  should be  needed, space  should  be  provided  for the  storage  of  same.  Electrodes  could be 

finished  product  from  stock-piles  to  dump-ears, etc.,  a locomotive  crane \vould be  needed. 

TYPE VI? FunXAca 

The  tspe of electric  furnace  in  which  pig-iron is made  in  Sweden  has a close  resemblance 
to  the shaft’fii!na+ The  shaft  carrying  the  burden  is  supported by braecs,  and  the  reduction 
takes plXCe“id!ir big born1 a t   t he  bottom of tile shaft,  into  which  the  electrode  projects.  There 
is a heavy  sfrain  on  the  structure  in  gcneral,  and  the  refractory roof of the  furnace  itself  receives 
very  severe  treatment  and frequently needs  rebuilding. It has been carefully  considered  in  this 

the  manufacture of ferro-silicon  and ferro-manganese-a simple 3-phase  open-pit  furnace. Bs 
connection that   i t  would be advisable to  try  out a simpler  furnace ~ c r s  similar  to Chose used  in 

m o ~ k  out as anticipated, a saving  in installntioll will take  place  and a step  forward mill have 
installing  this lrind of a furnace  and holding the Swedish  shaft-furonce  in  reserve,  if  the  tests 

been  made  in the manufacture of pig-iron. It is ewccted to produce .in such a furnace :re? 
pig-iron containing 3 to 4 per  cent.  carbon, 2 to 3 per cent. silicon, 0.05 per  cent.  sulphur,  and 
0.5 per  cent.  phosphorus.  If  the  results  do  not  come up to  expcctations,  the  furnace  can  readily 

furnace  can be installed.  The  Swedish  shaft:furnaces  are bcyoncl the  experimental stage,  work- 
be adapted to  manufacturing  ferro-silicon or ferro-mangnnesc  and a dnplieatiou of the Swedish 

ing  successfully  day  in  and  day  out  in  mallufacturing  white pig-iron.  Some trouble  has been 
encountered in malmfacturing  grey  pig-iron  in  these  furnaces.  The  white pig-iron, though, is 
used  very  successfully in  open-hearth  furnaces  and  in  electric  steel  manufacture. 
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COST OF PIANT." 

(At 19.18 P?'icos of A p p a m t s s  aml Coasti'uctioa.) 

One 3,000-lr~.  3-phase  furnace,  installed,  including  casing, electrode- 

Pour 1,000-Bw. single-ghase, 33,000-volt primary, 60-cycle oil-iniiulated 
'holders,  jib-cranes,  regulat~irs,  and  foundatiolls $ 15,000 

nrrd \Taler-coolcd transformers,  installed,  vith  from 60 to 120 volts 
in %volt steps on the  secondary  side  (one of these  transforlncls 

One set lo\r--iension busses  for  :1,000-l~.  furnace,  installed 5,000 
is spme) 26,000 

One set high-tension busses  for :;,000-lcw. furnace, inclndin:: oil-switches, 
switchbmrd, and nletcrs ....................................... 6,OW 

Three 300-kw. single-phase  furnaces,  installed,  including casiil;:, elec- 

B'our 300-k\~. 33,000-volt primirry, GO-c~cle, single,-i>hase, oil-imulated 
trode-llolders, and regulating  device 10,000 

a n d  water-cooled transformers,  installed,  with a range of from 

Thrcc GO-lcw. single-phase, G0-cselc, 33,000 volts  to 4.i0 volts air-cooled 
TO to 100 rolts  in 5-volt steps on the  secondary si,de 10,000 

purpuses  around  plant) 2,000 
transformers,  installed,  with  switchboard (to be used for  industrial 

Oue 2.5-lrw. motor-generator  set for regulators, ete., instnlicd . . . . . . . .  2,000 
!L%ree scts low-tension busses  for 300-liw. furnaces . . . . . . . . . . . . . . . . .  1,500 
Onc furntlce  bnilding,  built  entirely of reillforced concrete,  inoluding 

One shillging-store  bnilding of wood and  stucco  exterior finis11  7,000 
Unc  transformer  building,  built  entirely of reinforced  concrcte 10,000 

One laboratory  with  complete <equipment .I.. ...................... 7,500 
One store-rdom ana change-room  building,  built of vood  an11 esterior 

stucco finish, including steel lockers,  toilets, nlasli - I!asirts, and 
shcpvcr-baths ................................................. 8,000 

One machine-shop  with  equipment ................................. 30,000 
One oilice hniiding ................................................ 3,000 

Railroad tvncks, industrial traclc, ore-llandling  eqnipinent,  ~vatos-suppIy, 
One galc-liouse  with time-clock alrd time-keeper's ollico 500 

Laml ,4  ncres 4,000 
scvrcrage, fence, and indusi:rinl lighting, elc. 25,000 

................. 

..................................................... 
. . . . . . . . . . .  

............................ 

. . . . . . . . . . . . .  

........................................ 

elrctric  travelling  cranei tr'acks, mctal-handliny  equipmcnt, etc. .. 35,000 
. . . . . . .  

. . . . . . . .  

. . . . . . . . . . . . . .  

.................... 
.................................................... 

$lS7,50O 
" 

Euginecving and contingencics, 20 per ccnt. ......................... :%',600 

Total ..................................................... $225,000 
__ 

. ,  

of .gernxtnent construction. Permanent-constructiqli  figures in  the first cost are 'highcicr than. any 
I t  is well t o  w i n t  out that the above  figures  COVI:~:  tile cost o f  x plant timi 'is +lit entirely 

tehlporilry n-ork, of course;  but due to the great,Art! Yisk of tel11porXr:i \rorl<,.;such ns wooden 
copstruction, it  is  deemed more advisable to  maice tlle.1nrger  initial invt:stment  :to cut down tile 
mi/iutcna,ncr  cost of,u ' temporary  plant.  , 

experience \Titi1 irlcliticnl design  and eUuipment, a pdNw  factor can be obtaiqed on the go\ves 
'1 Yhc clecll'icnl &u!pment  selected a'nd put  into  tllis  cstimato  is such that,  according  to oil!: 

con~y:~ny's line 2,s high as from DO to 92, per cent. . ,  

COST OF PRODUCTIOK. 

. ,  

, '  

 TU:^ scts of figu~.es haw been made out on the cost of production of pig-il!oa. The pig-iron 
which  is supposcd to be produced is grey founi1r.v PIE-iron, am1 rvouid have d ,nmrl;ct value of 
$35 11cr ton a t  thc plapt. The figures vhich  llave bein worked out arc. based '2; crude ore an11 
coi1centr;rtcd ore, a iuluing that  the crude ore moulcl lie obtaintk'iil oile case f& $4 lger ion, a n d  
in the uthcr  case  increased  to $6.45 per ton by concantration.  Aunther  set of figures is based 

" in this cost estimate is  not included ore-concentrating and sintering Dla:lt, nor cllarcoal Dlnnt, 
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on price of crude ore a t  $1.50 per ton, and  concentrated  ore  at $3.20 per ton. This  includes 
the cost of concentratiug and sintering,  amnunting  to $1.25 pcr  ton  concentrate.  The power is 
asswmed to be delivered i t  the  switchboard a t  $15 per horse-pon'er year.  The  reducink agent- 
charcoal-is assumed t o  De obtained a t  a price of $6  per  toil  ($6  yer  ton  being  the  price for  
British Columbia coal),  and $7 per ton  the  price of oil-waste  carbon. In the  following  figures 
charcoal only has been taken  into  consideration;  though  the  amounts of the  different  reducing 
agents  needed  to  reduce 1 ton of 55-per-cent. ore  are as folloms:,- 

Charcoal  containing 73 per cent. fired  carbon 0.5 
Ton. 

British Columbia coal, 50 11kr cent.  fired  carbon ......................... 0.S . 

In  Ixoducing  froin  an  orc  contailling 55 per  cent.  iron, 2 tons per  horse-pover  Sear  is 
Oil-waste  carbon, 70 per  cent.  fircd  carbon 0.6 

estimated a s  a safe figure "yon rThich to  base  calculations. On ore  containing 65 per  cent.  iron, 
2.5 tons per borse-po\ver year  production  is assninerl  a safe  figure upon which to  base  calcula- 
tions. It is  evident  from  the allow that  operating  with a 65-per-cent. ore  in a 3,000-kw. furnace 
would i ive  an  znnual production of &000 tons of pix-iron,  while  the  amlual  production  obtained 
in a 3,000-lm. furnacc  with  concentrated  ore would be 10,000 tons of pig-iron. The  operation 
of  the  fu'rnaec mould be continuous trventl--four hours' operation and mould be opcrated  in  three 
shifts.  The  costs  would  be as foilon's :- 

$6.45 per T o n  Concentrated Ore (G5 Per  Cent. 

Xlectric power, 0.6 h.-p. year a t  $15 per 

Is-on). 
IClectric power, 0.4 h.q, year at $15 per 

h.-p. year ...................... $7 50 ...................... 
Iron ore, 2 tons a t  $4 per ton S 00 Iron ore, 1.54 tom  at  $6.45 per ton I) 93 

h.-p. year $6 00 

Coal, lh ton charcoal at  $6 . . . . . . . . . .  3 00 Coal, % ton charcoal at $6 .......... 3 00 
IDieetrodes, 20 Ib. per ton of metal pro- 

auccn a t  10 Cents * pound . . . . . . .  z 00 duced at   10 cents a pound . . . . . . .  2 00 
Lahour ............................ 8 00 Labour ............................ 6 40 

........................... ............................ 
Plant and officc  general expense 5 00 
Supplies 1 00 Supplies 1 00 ...... I'iant and officc generd expense ...... 5 00 
Interest on investment and depreciation, Interest on inrestment and deprecia- 

20 per cent. ................... 4  50 tion ............................ 2 81 

Total ...................... $30 00 Total ........... _.. ......... $36 14 

........................... 

.............................. 

Si, per T O ~ L  Crude 01.0 (50 Per Cent. Ivon). 

. . . . . . .  ... 
Elcctrodcs, 20 lb. pcr ton of metal pro- 

~ __ 

Total PToduction, 8,000 Tons Pig iron .  Tat51 PwJuctim, 10,000 Tons Pigiron. 
Gross earnings a t  $35 per ton ...... $280,000 
Cost to manufacture a t  $30 ......... 312,000 

Deficit ................... $32,000 
~ 

Cmde Ore at $1.50 
Dlectric p o ~ e r ,  0.5 21.-p. rear a t  $15 per 

h:o. year ...................... S7 50 
Iron or;, 2 tons a t  $1.50 per tan ...... '3  00 
Coal, % ton charcoal a t  $6 .......... 3 00 
Electrodes, 20 lh. per ton of metal pro- 

Labour ............................ 8 00 
duced at 10 Cents a lxund . . . . . . .  2 00 

Supplies ........................... 1 00 
Pinnt and osce generxl expensc . . . . . .  5 00 
Interest an investment and depreciation, 

20 per cent. ................... 4 50 

Total ...................... $32 00 
__ 

Total Production, 8,000 Tons Pigiron. 

Gross earnings a t  $35 per ton ...... $350,000 
Cost to manufacture a t  $36.14 ...... 361,400 

Deficit ................... $11,400 
~ 

Colrcentrated ore at ss.20 
Electric p o w a ,  0.4 h.-p. year z t  $15 per 

Iron ore, 3..54 tons at $3.20 per ton 4 03 
h.-p. p a r  $8 00 

Coal, ?h ton charcoal a t   $6  .......... 3 00 
Elcctrodcs, 20 lb. per ton of metal pro- 

duced at   10 ecnts a p o m d  ....... 2 00 

.Supplies 1 00 
Lnbour 6 40 

Plant and office gcneral expense . .  ;. . .  5 00 
Intclrst on invistmcnt and depreciation, 

20 per cent. .................... 2 ~81 

Total ...................... $31 14 

...................... 
... 

............................ 
........................... 

__ 

Total Prodaction, 10,000 Tons Pigiron. 
Gross earnings a t  $33 per toon ...... $240,000 Gross earnings a t  $35 per ton ...... $350,000 
Cost to  manufacture a t  $34 ........ 272,000 Cost to  manufacture a t  $31.14 ...... 311,400 

Net profit ................ $6,000 Net profit ................ $36,600 
__ __ 

It is  from these figures very agparent that i t  would  he  impossible  to go into  the  pig-iron 

a reasonable  return. 
manufacture  using  unconcentratcd ores: mllile operating  vith cOnCentrr1tCd 0res.a.t $3.20 s h o w  
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A 3EW MlWIlOJ) OF PItODUCIXQ ELECTRIC-FURNACE  IRON. 

T h e  Qperation of smeltiilg an ore of iron for pig-iron iucluhcs t w o  distinct  steps,  vhich  are, 
honw'er, carried out  in  the same furnace and to  sonle extent simn11ineously.' 

The  first  step  is one of reduction, in  which  the  ore,  consisting  largely of oxide of iron,  is 
converted  into  nletallic  iron by means of carbon or carboriaceous g u m .  The second step  is one 
of fusion,  in  which  the  metallic  iron, aiready formed,  is  melted  and heconies  pig-iron. The  gangue 
of the ore, together  with  the flux, is also luelted n11A forms slag.* The  first  step  can ,be carried 
out at  a moderate  temyerature of, say, 700" or SOO" C., while  the second step  needs a "erg high 

ture  than  the second, it consumes  about  twice as m x h  heat,  measured  in  calories or Liilomatt- 
temperature,  say, 1,400" or 1,SOO" C. ~Althongh tlii! fimt  step can be effected at a lower  tempera- 

hours, and it  is  this.largc  requirement of heat  that  renders so costly  the  electric  smelting of 

can be melted  in  an  electric  furnace by means of GOO or 7C0 kilowatt-hours, \\%ereas about 2,500 
iron ores. That  this  is  practicaily  true will be  made  clear  when I mention that  a ton of steel 

kiloyatt-hours are needed  to  produce a ton of pigr;iron from  the ore. 

simultaneousiy, and a t  a high  temperature;  and  this causes waste of heat and unnecessary 
In the  electric  furnace both steps of the  smelting  operation  are  carricd  out  more  or  less 

expense,  particularly as the  heat  is  derived  from  costly  electrical cncrgy. The  smelting  opera- 
tiou  produces n large  amount h f  hot carbonaceons 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  witll B large  Shaft  for  this  purpose. A careful  .analysis 
shows, howeT.er, that   the most  eficient,furnace of this  type  is decidedly  inefficient from  an 

some  other way. 
economic point of ~ l en . ;   and  we  are  led to consider  whether  better  results  can be Obtained in . 

two  stages of the  smelting  proccss  and  carrying  them  out  in  separate  furnaces.  The ore, crushed 
I have  thought,  for a long time, that  greater economy could be obtained by separating  the 

to  a coarse gon'der, vould be reduced to the  metallic  condition by mcans of carbon  in one furnace 
using  fuel-heat,  and  the  metallic  powder mould then be melted  electrically. It appears  that  in 
this  way a pig-iron of electric-furnace  quality could be obtained  more  cheaply  than by direct 
electric  smelting. 

Until  recently I had 110 experimental  evidence  in  regard  to the preliminary  reduction of the 
ore,  and  had  intended t o  un<lertake.a  series of esperiments  for  this  purpose; but during  the 
last  few  months I have  obtained  information  with regard to  this  point,  which  makes it Seem 
prolmble that  the process can be  carried Out practically, and tha t  a decided  economy will be 
gained by its use. 

The possibilities of the  process  will be made  clear by the  following  numerical discussion:- 
The rednct,ion of mnguetite by carbon  will  probably follow the  equation: Fe,O,+ 3C= 

3 Fe + 2 CO + GO,. This  requires llS,COO caloriFs  for  the  reduction of 1 kilogram  molecular 

is used, to SO0 Bilaxmtt-hours  per  metric ton of metallic  iron. 
weight of magnetite, or GSB calories  per lzilogrm of iron.  This  correspond& if electrical  heat 

The  heat  required  to  melt 1 ton of cast iron would  be (theoretically)  about 300 lrilobatt- 
hours,  but  for  the  production of foundry  pig-iron  there mould be needed an  additional 175 
kilowatt-hours  for.the  production of silicon, or a total  of 47: Bilovatt-hours  for  the  melting 
operation. Thus  in round unmliers  there vi11 be needed :-- 

For  reducing  the  iron  ore  to  metal ................................... SO0 
Converting  this  into  foundrJ  pig-iiol ................................. 500 

Total ....................................................... 1,300 

Kw. Hrs. 

__ 

because  the  gangue  will  he  practically climillatecl by lllngllctic ti.eatmcnt  before  fusion, and 
It x411 be noticed  that I have lnade 110 Specific allorvance for rneltiilg the  slag.  This  is 

thus  there mill lie scarcely ally slag  to  melt. 



Tn electric  furnnees  a  working elficiency of at least 70 pcr cent. call us11~1Iy be obtained, 
and therefore \T-C find as tile actnnl  operating  charges  far  the  two  stages:-- 

For redueins  the  iron ore t o  metal 1.,140 
For  re,lucing silicon and meltiug  the  iron ............................. 710 

Total ....................................................... 1,SSO 

KW. 1rrs. 
.................................... 

." 

kilomatt-hours tliilt \Youid be needed for the  direct Snleiting of thc orc, c ~ c n  after mul~ln:: 
The  total pomcr requirenw,t shows a decider1 cconoiily vilcn CC8JI~liarCd with  the 2,500 

The first or reducing stage can. however, be carried out by llleilns of fuel-heat instcxd of elm- 
allorvaace for the cost of crushing,  .magnctic  trcatmcnt,  and  double  llandling of the mntevi;ll. 

trical heat without detmcliug from the  purity of thc  product. T l x  operation would have to be 
carried  out in some kind of a inume-furnace, as thc rc011cecl metal niu!it be protected  from  the 
air  and from furnace gases, and the eliiciency of the  hcatiny  fuel \vould consequently he vcrx 
low. As, however, cheap fuel, such a6 maste wood, can he emgloycd, this will  not cause ans 
serious expcnsc. Tlrc heat  theoreticaliy needed for  the  rcduction of the iron ore is 8SG,000 
calories per metric ton-of  iron; allowing 25 per cent.  cficicircy, thi:; would mean 2,744,000 
calories, which would be furnished by 0.4 ton of n low grade o i  coal. I t  mould appear  safe, 
therefore, to itllom for  this purpose % ton of local coal os an  cquimleni: nmount of maete mood. 

California, 011 the  reduciion of pure iuaguetite ore to metallic  iron. The ~vorlc has been done 
Dr. Trood and Xr. W. A. Shrrah i1aI.e carried out n series of cslleriments a t  ITcroult. In 

in B small furnsce maicing a few pountls per hour of reduced iron. l!his furnace w a s  heated 

t o  it. There \r-as under construction a t  the time of m y  risit  a larl'e flirnilce for  the  reduction 
eledrically,  and  in  this way an  exact datermination conld hc made of the heat  that XTas supplied 

sulxrintendent of the plant, and this has no doubt  interfered  with  tho progress of the  experi- 
of ore which mas to bc heated by means of fuel. Since nlg visit Mr. Darrilh has bccn made 

ments. IIe has, howeyer, written me the following letter  with  regard to the  cost of operating 
the  Trood-Dtlrmh process. I assume tha t  the pomer-consumption used in this  estimate is deduced 
from  ,their smnil-scale csperiments,  and  that  the other expenses rcfcr  to a glant  making 100 tons 
of metallic iron daily. 

'( YOBLE Emmnro STEEL COXPASS, 
I~EROULT, S I I A ~ T A  C o ~ r r s ,  CAI.., October 23rd, 191s. 

"Regarding the questions  which  you  have raised. I have to advise 8s foilon's :- 

heating lo a nloderatc temperature n4tIl carbonaceous reclueing agents. 
"(1.) We  ha^ made a very  Substantial success in reducing  magnetite-iron orcs to  metal by 

to completeness, as well a s  to  minimize  the  time  required, we find i t  expedient  to  ogerate at 
"(2.) Ileductiou begins in the neighbourhood of 700" C., hut in orticr  to  carry the reaction 

approxilnntely SOU' c. 
"(3.)  For n perfect  reduction of Darticles the size of coarsc smid, with  the  magnetite ore 

the  diffcrent grades of ore, different selllleing agents, and different  temperatures. Pomdered 
that TVC are using m! find that three hours are required. 'Jlhc time r i l l  vary considerably  with 

charcoal is thc most satisfactory redudng agent, but, of course, is not t:x only successful one. 
"(4 , )  Total  cost per ton of iron product, maklog ample alluifiulac  for pover, fuel, etc., 

about $19. 
" The costs are diridea as fo l lom :.F 

Item. ~. I =  cost Der Ton. 1: Qonntily L ~ C ~ I I I I ' C ~ .  ~ ~ e r  'con of 
Total cost 

.................... 
i 1rou. 

Power for drriug and rcductiqn 

50 cents ~ e r  ton Crashing mntcrinls 
Orr 

7 10 5i0 lb. $25 per ton Charcoal ............................ $8 00 1,200 l ~ i l ~ ~ ~ ~ ~ t t . l ~ o t t r s  ?& cent per kihmtt-hottr 

$3 per ton 2,7GO Ib. 4 13 .................. .... 
~ ~ a n d ~ i n g  mnteriaIs .......... L ...... 50 e a t s  per ton . . . .  
S.nbmr and supcmision ;, ... I ;  ....... .... . . . .  
Int.ercst and Drprecintion, :$20,000 

" ~~ ~~~ 

...... 
............................... 

09 
60 
50 
10 .... . . . .  

Inr~estment  
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. "The above cost nmg apllear  rather  high,  depending upon your local conditions. It is, of 

~ o u  will note  total  considerably oyer 50 per cent. of thc  entire cost. The p p e r  cost, you will 
course, a direct result of the Brice of such  materials nt: redwing  agents and iron ore, x.hich 

note, is less than  one-third of the  toti l  cost. 

either  eiectricaliy or after briquctting in an open-hearth furnace. It is thou perfectly  feasible 
"Dr. Trood and I consider  it ciuite feasible  to rednce the  iron bg our  process,  and  melt it 

to maire either pig-iron or stecl; as the  n~asket may demand.>' 
T T W h  regard to Mr. 1)armh's estimate, I way state:- 

ore would only yield about 1,870  lb. of metailic  iron. It ~ ~ o u l d  aiJpeav from  this  that the estiluate 
(I.) Assumillg the ore to  contain 67.5 per cent. of iron  (published  analysis), 2,'iFO lb. of 

docs not  refer to a ton of gure i:on, but  to n 2,000-ib. t o n  of an  impure  iron  product  containing 

incrcase  the estinmte b y  about 15 per cent. to  proride  for the change from  the  short  ton  to  thc 
about  93 ger  cent. of imn. A,s this is  al~ouC  the Dercentage in foundry  pig-iron, we need o~lly 

long ton  and  for  the  mechanical losses in the rarious  operations. 
(2.) 31r. Darrah's estinlat? of 1,2CO irilowatt-hours, if increased by 15 yer cent., \rould  give 

1,350 kiioratt-hours, n.hcreas 1u3- estimate, based on caiculiltion,  as 1,200 liilovatt-hours.  We 
should $or the present tnlre the  hrger fignrc,  which increases the cost by 00 cents. 

figure is  sulwortcd by calculation  froin  the  eauation I gave abore. and I an, estinmting,on a' 
( 3 . )  The cstilnate of 570 lb. of charcoa1,'incrensed hg 15 per ccnt., comes to 0% lb. This 

consumptioll of ?& net  ton of charcoal: the cost of this in British Colmnbia vili  be only about $2. 

the larger amount of ore to llc Ilandled. &>art from this, I cannot check them in any detail, 
(4.) The  remaining  items of cost  must  be  increased by about 50 per cent. on account of 

but suppose that they nwuld be rather higher  under  British  Columbian  conditiom.  The charges 
seem to.be \'cry small, but i t  should be remembered that  the operation  will be contilluous and 

. mechanical  throughout ; there mill  be  no hard  labour  required,  and  the cost for labour, superin- 
tendence, and ruaiiltcnance of plant  should be small. 

of pon-der by the  Trood-Darruh process has been prepared in view of  conditions in Rritish 
The  following  estimate of the cost of making 1 long  ton of metallic  iron  in  the  form 

Columbia :- 

Cost of One Low Ton of Xetallic ~TO?&, using mectvical Iieat at % Cent f ~ e r  Ki,kJwUtt-bour. 
Ore, 2.2 tons at  $4 ................................................ $ S 80 
Charcoal, Y3 ton a t $ 6  .............................................. 2 00 
Power  for  heating, 1,RSO kilo\Tatt-houls a t  % cent . . . . . . . . . . . . . . . . . . .  6 00 . 
Crushing  materials ni 50 ceuts  per ton .............................. 1 10 
llandling  materiais  at 50 cents  per  ton .............................. 1 10 
I,aboilr and supervision .......................................... 1 ,  SR 
Interest  and  deprecialion ............................................ 25 

Total $21 00 
~ 

...................................................... 
In this estimate I have taken 2.2 tons of ore instead of 3 tons in order to  cover the  loss  in 

magnetic  concentration which mwld  form the first  step  in  the process. 

heat  should be obtainable by the  use  in  gas-producers of l,4 ton of  lowquaiitg  coal  costing, say, , ' 

If fuel can be used for  heating in this  operation  the cost mill  be further  reduced;  thus  the 

$4 per ton.  The cost of lieat wxlld thus be $2, or at  the  outside S2.50, and the total cost of the 
iron $16 or $17 per  ton. 

Mr. Darrah's statelnents, yet the  operation Of the ilrocess must be demonstrated 011 a ~rorking 
V i t h  regard to these figures, I must  state clearly that,  although I have fqll confidence in 

Scale and  its  applicaliiiity to Brii:ish  Columbinn ores must he s h o ~ n  before a comniercial  enter. 
prise  can he undertaken. 

economically, by melting  the  iron powder vith  fluxes in  SUI electric  furnace. It ,Till he ~ I P C C S S I I ~ ~ ,  

1 should also state that  I believe that  fouudsy llig-iron cnn  be obtained,  courenientiy ana 

hoxvever, to confirm this point  experimentally,  and  also to xsccrtain  whether the sulphur origin. 
ally  present  in the ore will be remored snflieieniiy \\-ell bg thc lwoposcd process. 

The following eStinmte w i i l  giTe some idea of the  cost of 1 ton of foundry irou  obtailIed by 
melting the reduced llowder ill an  electric  furnace :- 

. . . . .  . .  ! 





Id 86 REREAU OB %1IIYES. 1919 
- 

“This  arrangement of equipment  meets  the  three  fundamental diBcu1ties of the  earlier 

direct method. Ry the  use of fine ore  in  rotating-kilns,  which both expose the  ore  to  the  acting 
attempts t o  make  steel  direct  from ore, and  retains  the  great  commercial  adrantages of the 

gases  and at the  same time convey it,  the  difficulty of getting  the  iron  swngc  out  and  trapping 
the  gas  is  made  easy by the low pressure  required to pass the  gases  through  the  kilns.  The 
electric  furnace  melts  the  sponge  without  oxidation  and  elimiuates  the Second diificulty. The 
use of a preheating-kiln which is  Separate  from  the reducing-liiln m a l m   i t  possible to  remove 
the  reducing  gases  from  coutact mitil the Ore before  the  gas  is cooled to  a temperature at which 
carbon-deposition  begins,  and  furnishes a s~lollge  that  is  practically  free  from  carbon  and  ready 
to  melt  direct to- steel. As the rednction  is  entirely by carbon-monoxide  gas, 110 solid  carbon 
coming  in  contact  with  the ore, the  silica,  phosphorus,  and  litanium in the  ore  are  not reduced. 
but  remain  in  their  original iorm and  are  melted  in  the  slag in the  electric  furnace,  substantially 
none of them  entering  the  steel. 

(‘ Cornoared n.ith  the  direct  method of smeltins  iron  ore  with eleetl‘icity, the  kiln  method. 
with  electric-furnace  finishing, has the-advantage of a much  IoTer electric-pomer consumption. 
The  kiln  method  uses 000 kilowatt-hours  per ton of steel produced  for all pover  purposes.  The 
direct  electric  smelting  uses 2,000 Irilor~~att-honrs  for  the  electric  smelting  producing  pig-iron, 
and 500 kilowatt-hours  for  the  clectric-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 c l ~ h i c ~ a l   f r o m  twigs  and  leaves,  the  total  avcrage of timber  required 
for ,both mcfhods  is  amrosimntely  the same. A i>roduclion of 25 tons  per  day  requires 1,000 kw. 
of power plant  for the direct-steel  method, and 3,000 lim. for the eIOCtI‘iC I)ipiron mcthod. The 

total cost of the 1 ~ 1 1 ~  plant,  esclusire of its  power  plant.  If wvater for power is available  without 
difference in. the  investment  enst  for pomer-lXant ccns$puction is 50 ~ p c r  cent. greater  than  the 

cost, the  burden of the  invistnleut  cost renders tlle  electric pig-irou method  nomcominercial  in 
comparison  with  the  direct-steel  method. 

“ T h e  economic advantages of this  method  are:- 

roasting.  Silica,  phosphorus,  and  titanium  enter  the slag. 
“(1.) The  use of iron  ores of inferior composition. Sulphur is eliminated  in  the  preliminary 

form, coni,  coke, or charcoal  may be  used. Sulphur  in  tile  fuel  enters  the  reducing  gas  as 
“(2.) The  use of fuel of inferior  quality. As the  fuel is burned  in a producer  in  powdered 

sulphur-monoxide  gas,  which  is  without  action v u  the  iron at  the  teiuperatures  used.  Powdered 
fuels are ill reliable use with  ash  as  high as 20 per  cent. 

tensile  strength,  elastic  limit,  percentage of elougatiou,  and  resistance  to  shock  tlian  is  Bessemer 
“(3.) The production of steel of electric-furnace  quality.  This  is  substantially  higber ill 

or  open-hearth  steel of the same analysis. 
“(4.)  The  recovery of a  high  pereentase of the iron  in  the ore. Practically all the  iron  in 

the  om  passes  into  the steel, as  the  electric-furnace  melting  makes  it possible and  the  production 
of good steel  makes it necessary to produce a slag  substantially  free  from  iron.  With  the 
mesent  blast-furnace,  opeil-hearth o r  Bessemer  combination,  from 10 to  1s per cent. of the  iron 
in  the  ore is lost in  the  slags produced. 

“(5.) Existing use about 1 ton of coke  in  the  blast-furnace per ton of pig-iron. 
This  coke  requires  for  its  production 1% tons of ram coal. ‘To turn  this  ton of pig-iron into 
steel  requires an  additional x, ton of raw coal  burnt  in  gas-producers.  Ilhis  is a total consump- 
tion of 2 tons of raw coal  per  ton of steel  produced.  The  direct  method,  including  the  gas  for 

charcoal’is  made  the Small twigs  and  the  leaves  may be carbonized as well as the  larger pieces, 
electric  power  and  for  roasting,  requires 1 ton of raw fuel. .As thc  fuel  is  used powdered, if 

substantially  doubling  the  steel  produced per acre of timber. 
“(6.).The  capital  investment,  including  electric-power  plant,  is  about  tmo-thirds  that of thc 

blast-furnace,  open-hearth  combination,  for  the same output. 
“(7.)  The  production  cost per ton of steel  ingots  is  about SO per cent. of the Older practice. 
“(S.) Plants  for  small  production  are  practical  with  the  direct-steel  method,  outputs as low 

a s  25 tons  per  day  beiug  eacient. 
“(9.) Production  may be Stopped 01’ started  in 5 fen’ hours if necessary  to  meet  market 

quantities of lower-quality  product. 
or  traffic  conditions,  without  Illant  deterioration,  and  vithout  the  production of considerable 

. .. 





r l  lo ta l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1,405 
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allowance  for  increased  consmnption of power,  labour,  etc.,  involved  in the proposed  use of a 
furnace of only 300 iqv. 

RERRO-NLKGABESE. 

This  is  made by smelting  in  an  electric  furnace a misture of manganese  ore,  steel  turnings, 
lime rock,  coke, and  charcoal. For the  production of a long  ton of SO-per-cent. ferro-manganese 
from. all ore Containing  43 per Cent. of manganese the following  amounts would be needed, using . Beclrman and  Linden's figures:- Lb. 

Manganese ore  ........................................... 4,700 

Lime M C k  ;. 1,040 
Steel  turnings 300 

Coke and  charcoal .......................................... 1,400 
(B.  and L. give  petroleum coke ............................. 1,125) 
Electrodes ................................................ 100 
Power ................................................... 0.S horse-pomer  year. 

A small  single-phase  furnace of 300 liw. would  turn  out  about 500 tons  per  annum, or 1% 

The folioxring estimate Of the  cost of 1 long  ton of SO-per-cent. ferro-manganese  is  based on 

............................................. 
....................................... ....... 

tons per  day,  vhich mould  be as much a s  could be  utilized  locally. 

information  supplied by Messrs. Beclinmn and Lindcn :- 
Xangawse or:, 4,700 Ib. a t  $25 per net ton ......................... .$ 55 SO 

.......................... 
Lime rock, 1,040 lb. a t  $3.50 per  net  ton 1 80 
Steel turnings, 300 lb. u t  $10 per gross ton I 30 

Coke and  charcoal,  1,400 lb. a t  $6 per  net toll ....................... 5 '60  
Electrodes, 100 Ib. at 7  cent8  per  pound ............................. 7 00 
Power, 0.8 horse-power year at $15 pcr horsc-powcr year ............ 12 00 
Labour ........................................................... 8 00 
Xaintenance ...................................................... 5 00 

Plant,generalexpense 8 00 
Supplies 1 5 0  

Office, general  expense ............................................ 6 00 

Total $110 00 

............................ 

.......................................................... 
............................................. 

~- 
..................................................... 

ton i n  a 3,000-kw. furnace to 7,000 kilowatt-hours  per  long ton in a 1,000-kw. furnace,  which 
R. M. Reeney states  that the power-consumption Varies iron1 4,000 kilowatt-hours  per 1011% 

would correspond to 0.72 and  1.27 horse-power  years  respeclively a t  S5 per  cent.  load  factor. 
Re also  states  that  the  electrqde-consumption  is  high,  ranging  from I50 to 2S0 Ib. per  long  ton 
of the  product when using  amorphous  carbon  electrodes.  These  results mere obtained  when 
smelting  ores of about 39 per  cent. of manganese,  and  with a consumption of about  1,300 Ib. of 
"coal"  per  gross  ton of product,  and  about 3 net  tons of the 39-per-cent. ore;   the recovery being 
about  75  per  cent. 

over a considerable  period has been a s  follows  per  gross  ton Of SO-per-cent. ferro-manganese:- 
From  other  sources I learn  that  the  regular  practice ill a ferro-alloy  furhace of 1,5oD-km.. 

2.5 net  tons of 40-per-cent. ore, Costing SO cents  Per  unit. 
720 ib.  coke a t  $5 per  net  ton. 
720 Ib. charcoal a t  $20 per  net  ton. 
65 lb. graphite  electrodes at  12  cents  ger pound. 
0.66 to' 0.88 horse-pover  year of S6 per cent. load  factor. 

40 per  cent.  manganese,  and  comparing  the  various  figures  given  above, I conclude that   in  a 
The  ores  available  in  British Columbia appear  fmm  the foregoing  reports  to  contain  about 

300-kw. furnace 1 long ton of Supersent.   ferro would  need  about  the  following:- 
40-per-cent. manganese ore, 2.7 net tons. 
Coke and  chhrcoal, 1,400  ib. 
Eiectric power of S5 per  cent.  load  factor, 0.9 horse-power  year. 
Carbon eiectrodes,  150 ib. 
Lime rocic, 1,500  ib. 
Steel  turnings, 300  Ib. 
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would he as f o m m  :- 
A i  cstilnate of ille cost of I long ion of SO~per-cent.  ferro-nlan,"anese based on these Egarcs 

Clist of nra6ing One Lono Ton of 80-per-cmt. Fei.vo-?nallganesc i c i tb  $19 Pozuar , in u 3 0 0 - l ~ ~ ~ .  h'wnace. 

40-i)er-ccnt. mangnnesc ore, 2.7 net  tons at $25 ...................... $ 07 50 

L i o ~ c  rock, 1,500 Ib. nt S3 pcr net ton .......... .*. ................... 2 25 
Coke and clrarcoal, 1,100 lb. a t  .$S per net ton ....................... 5 00 
Electrodes, 150 lb. a t  7 cents per pound ............................. 10 50 
Eicctric ~:ower, 0.0 horse-power  ear a t  $15 ................... .: .... 13 50 
I>:lhonr ........................................................... s 00 
3laintcnance ...................................................... 5 00 
Supplies .......................................................... 2 00 
l ' hn t ,  general cx~mlse .............................................. 3 06 
Ofice, general expense ............................................. 6 00 

Steel turnings, 300 Ib. a t  $10 pet gross ton .......................... 1 30 

..................................................... 
If ilie po~rcr \vcrc to cost 0.5 ccnt per kilovaii.how, the charge for this  item mvaid be:- 

T o l a l  $124 63 

0.9 Im'sc-imver rear (0.S5 LF.) a t  S27.70 .......................... 25 00 
A n c l  the final tigure for tlic cost ................................... 1% 15 

SILICO-DlASGABESE. 

n solind puoriuct. As ~llairganese ores ns'rially carry a considcrnble mmmt of silica, it is 
In stccl-ninliiiig i t  is usually i~eccs:;ary io acid fcrro-manganese anti fcrresilicon io obtniu 

eeonomicai l o  rellloce tllis  to  silicon instcad of slngging it oE mitil :lime: thus  obtaining a 
" silico~spiegc1 " contailiing both maiigallese and silicon. X11e following eslimnte, based on 
infornmtion from 1\1cssrs. Ihcklilan al!d Linden, gives ihe cost of a ions to11 of silica-spiegei 
colltaining 18 pcr ecni. silicon, 40 per cent. ~ n a ~ g a n e ~ e ,  and 3 per ccnt.. casiion. The ore 
contains 42 per cent. nranganssc ann costs $23 per  net ton. 

Cost of maicing One Long Ton of Silico-spiegel w i l h  $15 Power in n Lavge Pumice.  
3I:rnganese ore, 2,140 Ib. at $23 per net ton .......................... $24 ti0 

Coke nxl charcoai, 1,200 11). ai pS per nct ton 4 SO 
Silica rock, '100 11,. a t  $4 per net tor1 so 

Stcci tnniings, 3.50 ib. a t  $11 per gross ton ........................... 5 00 
r o w r ,  0.s h ~ i . s ~ ~ l i o w c r  YCLW at $15 .................................. 12 00 

Lnbonv  !3 00 
I!2ectruiicn, 60 Ib. at 7 CCLllS gcr pomld 4 rn 

b1:lirrlen:uice ....................................................... 3 00 
l ' lmt ,  sc11cm1 cxlwse .............................................. 6 00 
Oiticc, general expense .............................................. 4 00 

................................ 
........................ 

............................... 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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Cost of mniiillg One % o w  Ton of I f i g h - g m d c  Silico-??tonyanese toith 515 Po2tier 
in L ~ r y e  ZFumnce. 

Alauganese ore, 3,200 111. :rt $25 per net tou ,". . . , . . . . , . . . . . . . . . . . . . . . . . $40 00 

Silica rock, :3SO lii. at $4 per net tou . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . SO 
Steel turnings, 440 Ib. ai $10 per gross ton . . . . . . . . . . . . . ;. . _ _ .  . . . . . . . . 2 00 

Eleotrotles, 100 11). at 7 cents per ponnd . . .  . . .  .. . . .  . .  . .  . . . . . . .  . . . . .  . . 7 00 
Coke aud charcoal, 1,SOO llx at $8 per uet  ton . . . . . . . . . . . . . . . . . . . . . . . . 7 20 

I'oTver, 0.8 horse-power ,war,i t  $15 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12 00 
I.aboor . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  S U0 
>Iaintenance ....................................................... 5 UO 
Snpplirs ........................................................... 1 5 0  
Plant, geneial espcnse ..........L .. . . .  . .... . . .  . . . .  . . ... . ... . . _ .  . . _ .  . 3 00 
Once, general cspunso . . . , . , . . . . , . . , , , , . , , , . . . . . . . , . . . . . . . . . . . , . . .. G 00 

Total ..................................................... $02 50 

about $100 per ton, and with  0.5~ceut power abont SllO per Lou. 
Increasing  this total to correspond with  tile m e  of a smnll fnruacel v e  get v i th  $15 po\~cr ' 

FERRO-CEIROBII~JX. 

Tile following  estimate, bnsed on thc  figurcs of Beclman m r d  Linden, is for tlrc prodnction 
of an alloy of the following  coniwsition :- 

Chromilm .............................................................. G 5  
1rou . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2s 
Carbon ............................... ................................. 5 
Silicou . . . . . . . . . .  ...................................................... 1 

r e r  Cenl. 

The ore is aesuuml lo  contxiu-  Fer cent. 

1rou . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  32 
Chromium . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31. (C!r20,, 4jper ceut.) 

Silica ............................................... : . . . . . . .  12 
Magnesia ................................................... 1G 

Cost of n~ul~iil~g One .Long Ton  of E'er~o-cR~onriusL z v i t l b  S G  Poicer in I,arge Fwnace.  

Cirrome ore, 4,EO 11,. a t  $3G ger uet ton . . . . . . . . . . . , . . . . . . . . . . . . . . . . . $ S5 50 
Steel  turnillgs, 100 ib. a t  $31 11er gross ton . . ,  . . .   . _ .   . _ .  . . .   _ . .  :. . . _ _ .  50 
Coke and eirarcoal, 1.200 lb, at $S per net ton . . . . . . . . . . . . . . . . . . . . . . . 4 SO 
Power, 1.2 harsc-ljovcr years ( O S 5  IX.) a t  $15 ... . . .   . .  ... . .... .... 18 00 
I~:lectrodes, 100 Ib. :at 7 ceuts l~er pound . . . . ~. . . . . . . . . . . . . . . . . . . . . . . . 7 UO 
Labour ..................... :. .................................... 32 00 
MIaintenance ...................................................... 3 00 
SuyDlies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 00 
Plant, gcuerai uspcnse _ .   . .   . _ _ _ . _ _ _ .  . _ .  . . . _ .  . . . . .  . . _ .  . .. . .  . ... . . .  . . . 10 00 
Ollice, geuernl cspcIIse . . . . . . _ .  . . . .  . . . .   _ .  . . .  . . .  . . . .  . . . . .  :.. .. . . . . . .. (i 00 
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Rell.o-n"angalLese.-Before the ~var  (December,  1913)  the  SO-~er-cent.  alloy sold at   about 
$50 por long  ton  in  the  Eastern  States. Its present  price  (October, 1918) i s  $250 for  the 
70-per-cent.  alloy, v i t h  a charge of $3.50 per  unit  from  that  basis;  thus  the SO-per-cent. alloy 
would bring $2S5 per ton, il-l-bich is  nearly  six  times  its  price ,befofe the  war.  Before  the war a 
spiegel (low-grade  ferro-manganese)  contaiuing 20 per  cent. of manganese vas worth $25 a ton; 
at prescnt a is-per-cent. Spicgel is  worth $75 a ton,  and a 2O~pcr-cc1lt. spiegel  would be worth 
about $90 a ton. 

above figures, so that  if SO-per-cent. ferro-manganesc  could  be made a t  $150 a ton  there would 
The  price of ferro-mangantse  in British Columbia &ust,be about $20 a ton higher  than  the 

be 8. very good profit a t  present prices. On the  other  hand,  the  business Would  be impossible 
if prices were to  return  to  their  original level, unless  in  the  u~cantimc Yery important economies 
could be effected  in  the  cost of snllplies and other  oycrating  expense^. 

Fe1.ro-silicos.-Bcfore the  war  (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 S22, and  the 12-per-cent. alloy 
$23. At  the  present  (October, 1915) 50-per-cent. ferro-silicon  is  quoted a t  $160 per  ton,  the 
9-per-cent. alloy is $55. the 10-per-cent. alloy is $R7, and  the 11-gcr-cent. alloy i s  $60 a ton. I f  
the 50-per-cent. alloy can be mnde  in  British Columbia tit anxthing  like  the  estimated  cost of . 
$70 per  ton,  its  manufacture  should  afford a good profit at  present  prices,  and  with  reasonable 

I t  will be remembered, of course, that  the  present  market  for  these  alloys  in  British  Columbia 
economies should  remain  profitnble even when  prices  have  fallen  considerably. 

is  very  limited,  being  less  than a ton of each  alloy  daily.  One renson for  making  ferro-alloys 
mill be to  supply them t o  the  steel-making  departmeut of thc  plant, which othermise mould have 
to  buy these  alloys at escessive psiccs, and  as  the  steel  industry develops the  outside  market 
for  the alloys will increase. 

The design  and  cost of the  plant  and  fusnaces  for  making  ferro-alloys  have been considered 
in  other  parts of this.  report. 

STEEL.N*I<ING. 

In'order  to  be  able  to  make pig-iron on as large a scale as possible, and also with a v iev  

into  the  electric-smelting  plant  furnaces  and  other  appliances  for  making  steel.  The  general 
l o  combining  'more  profitable  industries  mith  that of iron-smelting.  it  is  desirable  to  intqduce 

iron-foundries,  and a further 23 or 30 tons of mhite  pig-iron  should be made  for  conversion  into 
scheme  suggested is that  about 25 tons of foundry  iron  should be produced  daily  for Sale to 

steel  in  the  same  plant or elsewhere. The steel would probably be made  in  small  open-hearth 
furnaces  heated by oil, or in  electric  furnaces of the  Ileroult  type. l!ogether mith 30 tons of 
pig-iron,  abbut 60 tons of steel  scrap could  be used  if  desirable,  thus  yielding  about S5 tons of 

rolled  into sods  and bars of small  section  in a Small rolling-mill. The  manufacture  and  the  use 
steel  daily. This could be used  in  part  for nlalting steel  castings,  and  the  remainder  could be 

of  steel  are  too me11 known  to  require  any  discussion  in  this  report,  and i t  would be  impossible 
for me to  treat  the  subject  adcguately'in  the Space and  time at my disllosal.  A rough  estimate 
of the  cost of a Steel plant  has been given in  Appendix IS., and I may add the  following  estimate, 
made by Lyon and ICeeney in Inky, for the cost of electric  steel-inaking  in  the  Western  States 

.(Trans. Ainer. Electrochem. Soe., 1915, SSVIII., page 155) :- 

Cost of P?'otlactio7~ of One Long TOIL of Steel in the nLect?'iC PtkI'nace <%.the  Westem States. 
1.1 tons of scrap  at  $15 per ton ..................................... $16 50 
Slag  materials ..................................................... 
Ferro-alloys ....................................................... 
SO0 I:ilowatt-hours a t  020 cents ..................................... 
Labour ............................................................ 
Afnintenancc and repairs ........................................... 
20 lb. of electrodes a t  5 cents ....................................... 
Amortization ;~nd degreciation a t  5 per cent. each ..................... 
Interest at  6 per  cent. . . . . . . .  .:. .................................... 
Geueral . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Royalty . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1 00 

1 60 
1 00 

2 40 
2 50 

1. 00. 
1 50 

90 
1 00 

50 
- 

Total ...................................................... $29 90 
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estimatc, on  account of the higher  cost of supplies  and  operation. 
The present  cost of making  steel  in  British Columbia will !e COuSiderably higher  than  this 

The  present  price (Oclober, 1018) of steel  billets  in  the  Eastern  States  is  about $50 per 
gross  ton, T>-llich might  correspond vith  about $70 in  British Colnnlbia. The  price  in Decembcr, 
1813, was $20 to $22 in the  Eastern  States.  There  would,  hoacvcr,  bc n n  altcmpt,  under norms11 
conditions,  to compete ndth heavy structural  material,  and  there  are u1any purposes  for  which 

furnaces using  power a t  0.5 cent per kilowatt-hour. 
steel  can be .made a t  a profit,  under  present  conditions  in  British  Cclumbia, eVen in  electric 


