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) 1% This paper sets out some of the faetors to be sonsidcred whem
investigating the tcehnical and ceonomise foasidbility of a small
iron and stecl industry,

2. The moin points omphasised arc -
(2) that the choice of & direct reduetion proeeas is not simple
and that ceoh casc must be treated strietly on its merite;
(v) shat thc success of & projected iron and steol industry docs i
not depend solely upon the avoilability of rov materials and ;
teehniques for proeessing them;

(o) that to ensurc success it is ncocssary to eonsider the
sombined offcets »f teshnology and numernus ceonomie and
soeicl factors such as sise of market, labour skills,
$ransport faeilitics and mo 9n,
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Ncﬁ Zea.land is o small country consisting of two mejor Islands, the North
Island and Scuth lslcond, The totel arca is cpproximetely 110,000 squarc
milosy the population is 2,300,000, Up will this year, Hew Zeelend
imported all its iron and stecl wequirements, ppproximatcly 350,000 tons
oer yuir. Last yoar o smel! merchant bar nill using lncai scrap arisings
(abrut 50,00C - 60,C00 tons pew yeer) hus commenced aperations,

On the west cargd of *he Anpth [eland there are extonsive deposits nf
titoniso=nus jroasunés walch sontein the mneral litenomagnetite

(Fe conwat F(% - 58%, 110, 8%) . #hile New Zecland hes very limited
supplics % low sulprur eokiug coals, it hes «xtensive supplies of sube
bituminous or lignitc eouds. ‘

For over ¢ hundred yeors scvercl ettempts were made to expioit these
deposits; but they ail feildd bLeewusc of the difficultics caused by the
fincly subdivided neture of the ore end the prescnee «f the titenium

(the ~re eonteins 57-36% Fo, 8% TiOz).

1n 1960 the How Zenlead Government established a Government Compeny, the
Now Zoolund Stecl Investigating Company, tn inveatigote the teohnieal e d
economic fousibility cad desirebility of e Now Zeoland iron and steel
industrv,

the Company wes eontrolled by a Boord of Dircetors, thice ~f whom wevre
Government ~fficials, the other three being prominent businessmen, Mis
joint cffort of Gov.ornment end privaote enterprise working wgether for the
antinne) 4o ¢ wns frune ty be o very happy ond cffcetive arrongement, Baeh
group brought 1o the tesk an outlank anu eaperaence not polleued by the
~ulier, the anthors hove little doubt thet the goaerally favoursble
recepdion givin by the Govornment and the peaple of Now Zoaland to the
Compiny's revwert is ia ny sincll measurc due tr the frot thot the report
was unruipously reeomacaded by both Govermment offieiels ond highly
ropuleble ond snccessful huginessmen, '

The Compeny proic its tosk <own ante the main problemsy-

Ae  to Sco if odequeve resesves of the sppropriete raw meterials vere
avaiinbl

b, to weecrtein 1€ there woere processos capeble of redueing the npe

enmmoveinlly;
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¢, 17 she cimswers 1o The wwo quesliursf ancve vere ratisfactory, to
dvside if en iron end rte:l industry wouid he econonisnlly feasible ond
desirable,
The Uampuny believcd thet eniseiny orgarizations i New Lealand were
competiert 4. ag-uin wae rvrilehiilty ek whe wvrv vaterials,  The standard
menancs 07 coo agienl moenwsisscres, gocrhy.les 1 1 copenting {particularly
magnetic sur Cysl, 3l IJ', resing cad howas ocaelysis and wo ep overe
pdephnd ard el pod Do Dettaas S PETTS LR
Roanase Mov Zenlnrs ot rory wnal) mesenves of 1nr-gul-saur Lking coels
and alsn becnvse of Hhe siscuism sonuad of She d1e, the ccnventionel blast
frenae: enudd Tot de wvsed.
Teicle in 1240 hed shows that direet eold eharge saclting in an elertrio
furneae wonla no® Lo cconomie deeaunse tie elcrt icaty consumption of sbout
2,500 WWh oo vertl cors mbout $15:00 per ton of pip 1ron,
fenac som3 7Towm o aiveeh redvetion wrosess, thit 33, 0 JTOCCES other than
biass iurnace ox divect onld charge elactric smeliing, wvould be regquired
Becat. o New Zealand bad ne expericnce of adreet reduetion procesacs, it

was oulckly docided tuot the ses vises of erasvléants would b: required,
To aosisi in the ~hoiee of coaeulvants, vhree criteria wore established:.
a, the conauldact ruab of coryze, L2 t. ol vicnily ermcient awd hovs hod
er.pgr-i'encc ip the ficle ol divest reduetion,
b, o3 far cr posmitly the eonsultuab chovdd be frea a7 Gochnisal i
oy fincnciol intcrest f1oauy ageeific dirent ud Leticn Prosesss

e, +het co far ce pozilble She cn;u:v:"b';r.'b 22 ir Lis cwn oraonization

p11 the neeorsary uosiedge, chkills e cque prient Cor the nurpole of tho %
enquiv’, T e Toit Loes Shiz retuivomens world nelie for quicker ana
ensiew 0,-\ Lot Lol DERReen s o Tney ant 1 evanuitart.

Detailes sivdy by the avrpany ord aty rcnaviions, Wi Dattelle youworiol

Inghd rvke 2ot W R TOE TR T; RUATRINN# APA VIR IOV E G B St lipeet evauctdion

proscoces which wacnad seffistensiy wesd Qoveloped Por moseldl. use in Nev
J e BN AT M em T E ST e S . o reww
Zouland_. To wes vy spaced Sha’s fay Smponscs ova Ane the pra.csser should

Cemonetrore coe cepakilition oF thele peoc.as uming rav roteriale sont Jrom

New GLevinad, wate 4o bainid 4 be ohgemt ard evalweved iy representativos
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of the Battlle wiemorial Inmtitute and of the investigating company, Before
the trials commenced, the cuthors visited Japan vhere they were permitted
to examine the only commercial pla.ts currently processing titunomagnetit,e
ironsands similar to our own,

13, While the authors cannot claim to be experts in any perticular process,
they have had the opportunity of examining closely the operation of six
commercial plonts using direct reduction processcs, five of the plants
being in Japan and one in Sweden, These six plants between them used
four different types of process; the Krupp-Benn process, the Wiberg
gaseous reduction process, cold churge electric pig-iron smelting and
direct reduction processes using some combination of rotary kiln and
electric pig-iron furnace. In addition, along with representatives from
the Battclle Memorial Institute, they obmerved pilot plant trialg by six
different processes using New /eerland ironsends and coals, From this
experience, supplemented by many profitable discussions with experts in
severnl different ¢ountries, they venture to make the following observations,

14, Some direct reduction processes produce molten pig-iron (e,g, Strategio
Udy or Elkam); others such as R-H produce sponge iron (or its equivalent)
wvith or without some attempt to separate the gangue from the metallic iron
before the steel-making proceas (u-ually an electriec arc furnace)., The
steel-mnking process is usually morc expensive when sponge~iron (or its
equivelent), rather than molten pigeiron, is used ag the charge to the
stcel furnace, Hence, if on: wishes to compcore the economies of sponge~-
iron process with those of o hot-metal Process for use in an integrated
steel plant, one must toke the cost compoarimon down to the billet or ingot
stuge, ond not Just compare the cost of production of metallic iron,

13, Neither the investigating company nor the Battelle wemorinl Institute
is aware of any successful commereial process which can reduce
titwmiferous ore comparable to New Zealand materinl by galedul reduetion,
Yhile there is no doubt thot it ja technically feasible to reduce ironsands
by & gamcous process, the authors beljeve that, judging from the time
taken to develop varfous direet reduction proceeses, it is likely to take

several years! detefled investigetion to prove the technien) feasibility
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of using o natural ges process for reducing New Zealand ironsand and to
determine whether or not such a process would be commercially competitive,
For example, there is even o notable inek of detailed information on the
thermodynamics and kinetics of the Co-Hz—titunomagnetite reactions,

The authors are satisfied that the choice of a direct reduction proecess

is not simple and that each case must be treated strictly on its merits.
In other words, tnere is no single answer whiech can be expected to cover
ell possible situetions, It is most unlikely that just one process will
be the perfect answer to your problem or so superior that other processes
can be ruled out without further detailed investigation.

In our own case, we originally believed that there were six procesaes
wvhich seemed more or less equally suitable for our conditions, But it
required pilot plant tricls to show conclusively thet one had not yet been
sufficiently developed for commercinl operation, while two others in faet
required more coking coal than would be aveileble from domestic production,
The fact that a process is operating successfully in some other country
using row materials very similar to Your own is no guarantee that that
process is the best for your own conditions, Such items ns the cost of
labour, electricity, transport, interest on capital ete, might be a0
different in the two countries that some other process could be more
economie in your case,

Because of the limitations of time and money, all the proecess proprietor
can 4o in a normal type of pilot plent trial is to demonstrate the technical
feasibility of his process and from the remults of the trinl and his general
experience to give some rensonably firm estimate of the production costs
for commercinl operation, It is most unlikely that the trinl will be

able to determine optimum operating conditions., These limitntions lead

to at least rour important practical considerations,

a. In making the choice of process, it is not sufficient to econsider
only the estimated costs that the process proprietor has given ns a result
of the trial. It is necessary to see that the scole=up effects from pilot
plant operation to full scale operation have been reasonably ealculated,

neither too optimistically nor too conservatively
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21,

b, Some judgment should be made as to the extent to which one can expect
to improve the performance of a particular process after some operational
experience, For example, if in onc process triel acceptable results were
obtained quickly, while in another process trial, equally acceptable
results were obtained only ofter considerable difficulty, one would

tend to select the first process,

¢, Because it is most unlikely that pilot plont trials will provide
optimum operating conditions for your own specific circumstances, You
will have to determine these for yourself once your plant is in operation,
should you wish to have os efficient industry as possible, This task will
require the services of people well trained and skilled in metallurgy and
operational research and possibly other disciplines as well,

d., The royelties or licencc fees for some processes are based on well=
establishcd patent rights, others are bascd on 'know=how' and experience
which cannot be patented., In the lotter case, particularly, it is necessary
to know well in advance whaot conditions of secrecy and technical security
the process proprietor might wish to impose upon your operntions, For this
reason, the authors would not favour the choice of a process subjeet to
royalty or licence fces, unless it had a morked advantage over proocesses
not subject to such conditions,

Apert from direct pig-iron electric smelting, there ore at lease five
processes either commerecinlly processing titanomognetite-ironsands or
demonstrably capable of commercial operation, They all have one common
feature, the use of o rotary kiln, In one of them, the vhole process is
carried out in the kiln; in another the reduction wos originally ocarried
out entirely in the kilm, but the process proprietors are now considering
the possibility of enlarging the scope of their process by various
combinations of kiln preereduction followed by finnl smelting in an
electric furnnce, The other three all use a combination of rotary kila
ond electric furnace, Fundamentnlly similar, they eaeh try to do the same
thing in somewhat different ways,

In these three similar processes, the major variations aro, as only to

be expeeted, relatively fcw, The major difference is whether the ironsamd

is fecd into the furnace in ita originel, finely subdivided form or after
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it has been agglomerated, either by pelletizing or some form of sintering.
Agglomeration in one form or anothcr has certain advantoges end disadvantages.
LI Agglomeration is another step in the process and costs money,.

b. Offsctting this cost is the fuet thot agglomeration usually gives o
better chance of ochieving = higher degree of pre-reduction in the rotary
kiln without running into the difficulties cnused by sticking or ringing

of the charge in the kiln which, if serious, leads to considerable
meintenance costs and can involve the stoppage of the kiln,

C. Beoousc of the possihility of achieving higher pre-rcduction
satisfactorily in the kiln, agglomeration can leoad to economiocs in the

use of electric power in the electric pig-iron furnaces,

d, iMost experts believe thet agglomerction leads to ensier and more
flexible operation of the electric furnace,

It is possible to feed raw sand into the kiln and, by very careful regulation
of the temperature in the reduction zone, to ensure that the charge reduces
and agglomerates in the kiln without ringing or sticking before it is
disoharged into the electric furnace, The authors believe that this
process, though practicable, is so delicate thot it should be attémpted
only by & master,

Speaking generally, the outhors would say that if one wants ease and
flexibility of operation and ¢ high degree of pre-reduction and hence low

i A B

elcctric power consumption, processes using some typc of agglomeration
are to be preferred, But the finnl decimion depends on thc relative
prices of carbor nnd eleotricity and also to o morked extent on the §
reactivities of the coal and ore. The reactivity of thc ore and the coal ;
oan be most important in the success of n direct reduction proecess, For

o given size of kiin cnd slectric furnoce, the higher the reactivities of

the raw materials, the higher the output per unit time and hence, nll

" other things being equnl, the cheaper the product, and conversely,

In our study no allowance was mode for ony pessible recovery of titanium
or vanadium in the iron or stcel slegs, os the inforinction available about

the profitebility of attempting to recover these two possiblo by-products

wes inconolusive, The percentage of vonadium in the ironsaond is ahout
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0.,4%, It would bc difficult to raisc the percentage of T102 in the slog
to more than 50%,

"25, It is nccessary to streoss most emphoticelly thot the success of a possible
iron und stecl industry does nnt copend only upon the availobility of
appropriate raw matcrials and techniques cepcble of ﬁroceasing them,

1 iinny other Pactors must be cerefully considered, some of which ocres=
a., Costs of tronsport of raw matcrials to the plent site and the cost
of distributing the finished products to the market place, These costs
have n mojor influcnce on the choice of the orc cnd coal deposits to be
used, and on the choice of plantbsite. Under Nev Zealand conditions
these éosta could amount to zbout$l5 per ton of finished product,
b, The size¢ of market and renge of products to be produced,
¢, The aveilobility of local lobour ond its produetivity,
a, The nvnilobility nnd priee of capitel,

€. The permissiblc range of the selling prices of the finished produets,
f, The optimum sizc of the plant or, perhaps, of the industry,

8 The supply and training of the necessoary managerial and technicanl {
1 staff,

h, The necessity, if any, for the provision of housing ond other social

services such as schools or hospitals,

i, The availability ond pricc of land suitable for present needs and

sufficient for reasonable future c¢xpension,
j. The need to obascrve publié health regulations regarding air or water
pollution, |
k., Thc availebility of adequate watcr supplies,
This list docs not cxhoust all the possible factors to be considered,
As one or two exampics will show, the chaonces of success depend upon a
13 complex interaction of technieal, cconomic ond sociel frctors.

26, Considcr first the influence of tronsport costs on the choice of deposit,
New Zcaland has severnl titaniferous ironsand deposits suitoble for an
industry, They are casily mined by chcap open=cngt methods and the
upgrading of the ore by megnetic seporators can be done relatively cheaply
ond cesily, Yhen mining, bencefieiation and transport costs uré all

considered together, it turns out thot in Now Zenlond o deposit containing -
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only 10% iron is much more attractive than onother one contrining 25%
iron, The second richer deposit is in an isolated, relntively
inaccessible location and its utilisation would require the estoblishment
of n amall township and the provision of expensive transport facilitics
and other services,

Another exemple of the transport problem was the necessity tc deeids
whether the industry should be in the North or South Islond. Until the

New Zealand Government decided to instzll & entle to trensriit clectrie

_ power from the South Tslend to the North Island, it was thougat that

~ there might not be sufficient rescrves of low=cost elactiicity in the

North Island to safeguard the futurc expension of an iron and stecl
industry. It wos originally believed that the cost of transporting the
ore from the North Islond to the South ﬁy ore=carriers coild offset the
cost of bringing thc finished products back to the North Island which
accounts for about 70% of the Now Zealand market for stecel products,

But cercful calculation using linear programming techniques showed thot
this vropositicn was not nearly as economicel ns originally belicved and
thet, to overcome the transport costs, clectric power would have had to
be supplied in the éouth Islond at on impossibly low price.

In considering the size o2 morket, it is nol sufficicnt tc consider just
the totcl demend for steel, The following pcints must also be examineds-—
o, The demand for vorious types of steel product§ and *heir size renges
or other significant characteristics; for eiumple, the demand for pipe
of sizes up to four inches in dinmeter, four to nine inchce in Aiamet~r
and over nine inchec, The sizec of tﬁe pinc to be manufactured has con—
siderable influence on the price of thé oipe mill to be insinlled,

b, The likely rate of growih of dumend, 1n our own casc, rfter
exnmining the trends ovor the last ferty yearas nnd tukirg inte account
future possibilitier nf general industrini expansion in New Zeoaland, we
believe thot the domand for mosil stecl products 1n Mew Lecland will rise
ot o rate of at lenst 4% per &ear. It rust to noted, however, that various

types of products will have different rates of growth of domand, plates ond

sheets having the highest and pipes the lowest under New ’“enland conditions,
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30,

31.

32.

6. While the rate of growth of demand can be safely assumed to be not

leas than 4% per year, some account should be token of possible fluoctuations
of demand from year to Yeer. 1In our studies we assumed that the actual
demand in any partieular year could fall with cquel probability within o
range of 50,000 tons above or below the trend volue, Becouse of thege
fluctuations, as well os for other reasons, it is necessary to hgve o
reasonably onccurate estimate of the break=even point of the proposed rlant,
d. liuch attention wes given to the possiblc export of iron and steel
products to earn oversces exchange and also to achieve cconomics of seale,
However, becausc of uncertainties in the world market and bocause of
conflicting opinions given to the investigating company, it was decided.

not to toke exports into 2ecount, )

The productivity of the loeel lobour foree Plays o very important part

in the production costs of an iron snd steel industry, as many studies

have shown, there arc very real differcnces in output ver man-hour between
industries of the some type in different countrics, 'hen these studies

vere being made, New 4ealand had no operational expericnee from which we
could determine the productivity of locanl industry,

To obtain realistie figures for operation in New Zeolond, comparisons

were made of labour productivitics of such existing industries os the
menufacture of cement, fertiliser and Pulp and paper as found in New

Zealand and other countrics,

It must be remenbered thot the reasons for these differences in Productivity
ore rarcly simplce in their totality, They result from o complex interaction
of menageriol akiii nnd foresight, traditions of 1abour relationships, the
methods f wege negotiontions, the genernl level of cducetion, attitudes
towards investment apd the desire or nced to keep ehreast of technologioul
innovation nnd other soejinl institutional factors,

The availability of capital ond its price, both loan and cquity, ean impome
limitations in planning ond implomentntion. For example, detailed

calculations shoyw that the production of gheot ond plate in Now Zealand
by means of currently availabie mills would at bost be very marginal for

at least another ten ycors, Byt ¢ven if this were not the cese, Now
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tooland would find 1t very diffiocult to raisc the initial eapitoal for a
fully=intcgrated industry makins o very wide range of products., Beecouse
of this ond the diffieulty of finding nll the nccesscry moncgericl and
technical staff that would be required from the beginning, production of
iron nnd stecl in New iccland for the next twelve yeors or so will be
restrictcd to the possibilitics of pig-iron for foundrics, light and
medium structurcls, roils, wirc rod, smaller sizes of pipe, merchont bar
ond such like. Turthermore, tic restriction in rongc makes for less
probloms in the initinl stages,

In order to cssess profitebility, it is ncccesary to kmow or to nssees as
accurately os possiblc the price ot which the virious products enn be sold,
Boeruse New Zcalond hos had to import ~11 her own iron ond steel requiro=-
ments, eétimntel of the roturn from gross sclca were buscd on the average
londed costs (c.i.f,) of stecl products from Great Britnin ond Australia
ovor the last dhrec yeonrs, these two countrics being our tro.ditiq_no.l
suppliers for more than 70% of our needs, The investigrting company
rocommended to the Government vnat the industry should be assurcd of the
domestic market for its produete for an fniticl period of, say seven yoars
ond thercafter should be given ndequete proteetion agninst dunping.

Due attention having been given to the problems listed in parcgrophs 23-31,
one con prooccd to caloulete the optimum size of plant. It would tnke far
too much space to go into the methods of ecleulatinn but on cxoellentd
scoount of the theory ( which wos modificd to suit our requircments) has
been given, for example, by Picrrc .nssé (3§),

It turned out in our casc that the optimum size of plont would be nbout
270,000 tons costing cbout $61,000,000 ond that i% would rcench maximm
capacity after 7 to 8 years' operation. But it wns further notiecd that
by ecareful d{_uip the whole plont need not be built <A onec, « smaller
plont costing about $38,300,00C could be designed to producc about 130,000
tons a year of a morec limjtoed ronge of products, Ctudics showed that the
oxponsion ecould be financed lorgely from retoined profits and depreeictiom
after distribution of 30 per cent of tax poid profit, but it must be moted

(1)

Massé, Pierre, WM. Firet Edition, Prentice
Hall, Inc; New Joersey (1962
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such that the enviscged expansion is both hohnlully and flnmully
practienble, 4l ecloulations were deliberately conscrvetive,

36, It is onc thing, however, ¢o Preparce plone; it jq cnother thing ¢o
implemcnt thom neeording to ¢xpectation, The Investipnting company
believes that if the eorrcet initic] dicimions heve been made, the two
of the most importont foctors soverning the Long=term health and cffieiency
of "n iron and stec? industry, pertieulnrly in - dcwlnging country, aprc
the qurlity ang skill of the wholc manngerizl ond exceutive staff nnd
the amount of rescore’ ang development that g industry is preparcd to '
wndcrtake,

3. as for oy Newv iccland {s conecrncd, remcarey ond develonment will bo
csscnti~! from ¢ beginning if the industry ig ¢o flourish, for 4 New
dealand frop and ste. industry 41, be, t, « sur-rising vrtent, o unfquu
industry, Sonc of th p, o8ons for thig arc:e
8e ot premont the Jopencse are the only people Processing irons ndg
comncreinlly,

b ironsnnd eonecntrates ip Jepan and New «coland arc very similar,

in som¢ enscs almogt ldontlcr..l, but othor New iealand row materinls,
mrtlcul:-.rly eonl, are quite dlffuront.

o, the proecssing o ironsands jp Japan is sacll part of p large
intcgrnt d industry obtcining most of its stoc) ofther fronm blastefurnage
produetion oy serop,  Becruse e situation ip New Zealand will be the

“Xeet appomite, s ome of the Janancsc techniques ond developmensg vill mo¢
be auitabi, for Now ., clend,

38, Exporicne. in othor countrice, o,z Swe den pnd Conodn, ahows Quitc slcarly
» thet by Judieions rescereh npgd development quitc amal) companios (by world
stondardy) ean develoy pey, nroecance opd tochniques tpproprint. to their

own clrmmtrmetn. thue enabling them ¢, compete profitably wgninet muelh
larger ‘Trenisntiona,
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3, This does not meon thot » Nev walhind industry will not depend to o large
extent upon rescorch nd dovolopment dome: fn otlicr ecuntrice, It simply
mcans that with ¢ rescorch ond developmeont nrogromee »f her own, she will

not heve the scehnieal peoplc abic to wasces thi prtoenticl volue of overs

soas developments, to see what modifiections are reguired t- adapt them
to New Zealand eonditicns and to take advantoge of them o quickly us
possibl:, These renaons npply to all progressive stocl conmpenics, lorge
ond amall,

40, The invistigeting conpuiny reecommended thet - New Lealand steel industry
should devote chout 1 por cort of s~les to rescarch and dovelopment,

41, Por n coumtry like Moy Zecaland with no group of people uxpiricmeed {m She
iron and stccl industry, the problcm of st~ff sclietinn ~nd steff treining
at nll jevels s ¢ o rious onc, In the fnitirl st .ges, mach relicnec will
have to be ploecd on the scrviecs f consultants, but it is highly dosireblo
that somc ~f thc locul people, from she point i view of stoff training
and dovolopmunt, ore cblc to work elnacly with the eonsultants, In this
reapeet we owe n oeonsidirnbic debt of grrtitude clready to the Battolle
ilomorial fnstivat,,

42, Cthc. consultonts will hove $0 b cngrged to design ond supervise $he
creetion of the plant ond beeause of the loel of expurivnecd neople, She
fiavestigrting eonpuny helieves that v nencpewent controet should be arranged
for about the first throoe yeors of $he operation of the plant,

43, In ‘cdor to obtain suitably traincd staff us soon o possible the
fnvestignting company Liclicves {1t to be ossuntin]l thet while the plunt is
being dusigmed nnd vreeted, scluetcd key techmienl und manogeriol staff
should b scat for triining in ther eountrics, This troining enuld be
sompletod in timc to cnable them ¢ roturn te New Zonland to work with
the managoment eontruetors from tiic sturt of the sperationa cnd tu take
over $he while operation of the nlant {n o Jow yonrs,

44, It is w1l known, of coursc, that © suell steel {ndustry in o small eoumtey
is wsuelly nt an ceonomic disndvontoge, in the Now woenland cusv, howover,
there are $hroc vury important ndvantigcs whioh offsvt $his hamdicap,
ne New JZealnnd is situnted 1260 mfles fron her nonrest stoel supplioer,
Auatralia, 411 other stuc)l supplicrs, both notual rmd posontial, are
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soveral thousand af)es Wway. Thus, there is o sonnideredis saviag ia
trameport costs,
.  The ore cam be very eheaply mined fros the surfece and the

domand for steel) are 31l within 73 mfles of oRe amother, Onee agada
Wis meams, thet Sompared vith meet steel industries, there is aa
Wusuaily favouredie losation of preu Saterials and market,
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