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U M . B
* Ls basis of the realimetion of iron ore projects the existence of & market for

the products is required. This market may be worldwide for certain iron ores, Recont £
development of ore sources and netallurgy show thati only ores rr conewntrates of high
chenieal and physicel qualities have ¢ chance to be s0ld on the world market,

Calculations of pig iron costs indiecte thet the cost edvantince of high quality
blast furnace feed genertlly cannot be balaneced by lower prices of low quality ores,

Ore exploration is deseribed expcesing the different pheses of field work
concerning surface reconnaissance end underground sanpling, naterial testing and
technical planning. The necessity of cost estimations of the propose! plants and
operations accoupanying each phase of reseech is eaphasized,

General viewpoints for the firancing and the reslization of iron ore projects
are discussed,

The role of technical consultants is pointed cut, esvecially in eonnexion with
the organisation of govermental entorprises in ison ore, Independent technicel

and economieal control should be guaranteed nlso in any ekse,
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Iron an? sicol es besie indusirizl neterisls grectly helned t. form the existent
nieture of modern indusirics, Steel eonsumpiion figures per hend crc gocd incientors
of the intustriclizetion .f ¢ ouniry,

The fijures f the ecnsumdtion in dron and steel and the important Cifferences
8t41l existing botween eountries of different eecncnie develonment stetus are known,

“hus ihe eonelusisn eap easily be drawn ihed by tn inervese »f the ircn end
steel eonsumption the desirec Progress in indusiriclizetion is indiested,

The question how to rey for sueh ar inercnse is closely ecomnected to the question
how {0 raise the necessary forei;n ourreney for importing iron cal steel produets,
Congequently the pisaibilities >f home Fesourees wnd of the own produetion of iron and
steel nre nonronehed, There exist several economie requirements however that must be
fultilled before suech o prejeet ean be realize”,

Jound eeonomie development demen's supply of incustric} Products at priees whieh
ean comnete with those «f iher ccuntrivs, Therefore 1} e:nsideration should be
eongentrated on the vroblem o what eosts & or:jeetd plant evula »roduge,

& meriet survey investignting os well inlen? esnsumntion ag export possibilities
is serviny ns bosis for the enpoei Yy letemination ena for the cevemination of PO~
~uetion cost limits, The great veriety of iron creg in grede and type still serving
&8 rew metericl for iron epo sicel nroduetion hey stimul:ted in the past many projects
which prove +., pe econoaically unfeasible in o future, ¢overned by low goss produeticn
on the besis of high srade iron ores or eincentroies,

axporiction of ipon °Fe ean therelire only be to'ger into eeceuunt if highest
qQuelity cnd low eusts of woduetion anc tronsportation tuareniee eomnetin- prices on
the world market, ) ‘

The ircn oy, orojeels realized ip develoring eountries ‘uring the past deecade
and eommencin, t. feeture pe Drices o the markes todey underlinn this trend, Cheep
oroduetion eosta by oven eost nining of hin {rede re dn eornexion with l,w trans-
portetion evsis t. suiteble herboursite Sriginated e series of large seele
exploitations ¢ ¢ “Xportoin unindustriclize. erets vhiclh beaeme up ere becomirn; in

eonsequence centr.g indusirigl cevivities, The cxanitles of Cenada, Venezuels, Pery

and Brazil, of Z.'aurytania, 1orre Lecne and Liberia mey be cited,
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Medium sized projects fin. their nlece itherv, vhere insurfieient ore quality or
tonpage reserves or Ligh orocueticn cusis wre prohibitive for me eting, the world mariets
competition, They nre destinated to serve a lceal meriev o’ costs whiel are not
significantly differen: from those of inperted produets. In i eose A less
populated countries this merket con and should possibly comprise neighbouring eruntries,

Close co=operation of arees with similur economie conditions in the Hlunning amd
roalisation of sueh projeets is by fer nore fev.oursile than naticnnl pix jeets witlout
sufficient market background,
1> linterisl boals

It hes been pointed out thet only high grude iron ores or concentrates of €0 .r
more have & chence todey to supply e wider meriei, lherefore an ore of this quality
i3 preferably required before sterting eny irou and sivel project, this stalenent,
however, is not in sccordance with the actual sractice in ox'sting plants. In Franee,
Britain, Vest Gemmany, in lussie anl in meny -iier couniries nlenls are using low
grade ores cf 30% iron, which mey be upgracded by bencfieintion end themal tlrectmeni
to 40% Fe. Recent investigations based on cal:ulaticns of evie consunmpticn end eost
tigures, however, have provel that tle tranaformetiion of suel »res into pig iron in
the blast furnace prucess is toc costly tv be belance! by cosi sdvante,cs of the ore
itself. Some examples for vrodugtion eosts are citc! in teble 1. degarcing the
difference in production costs for pig irun beiweun the cre of 29% Vo and thet of

67% Fe it is evident that per ton cf pig iron . 18 mast be sevedl by cheeper ore i{o
produce pig ir>a from both ores at the seme cosis,

This means however a necessary cost advantage f the low prede Hre which
apperently cannot be achievel as lomg as the high .rede ure is sold for ° 12«14 per tone
Therefore utmost care nust be taken not to start projeets on ore thet for all future

prohibits an economie aciivity.

The kinds of ore %o be teken intc e.nsideraticn are such whien ere eunrieched by
natursl processes elready as it is the case in meny 4fricen wnd south dnerican
deposits, derived from quartz benled irun ores aad ceeurring vitidn such horizons or
deposits believed to be ~f magmatic origin as in Northern Sweden, or noer the Pacific
coast of South and Middle Jmerice. “Mhile the worl? reserves f the first group, known
80 far can be estinmaied in the order of 25 billi,n t-ns in ell contineats, thise of

the second type reach scercely 3 billion tous.
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she single denvgits o0 4L firse eaoopory fom “fren messes L 100 aillisn tong
arc merey, while Lo o404 il Leetn? tyne Sormelly “ceur in smell lonsoes, rarely

exeeeding 10 nil1i i tyng “f re,

There exisos Yowover ¢ thir’ eriercry T ipn Sre, guartz banded irsn oreas, &
ETOUD WLICh 15 also Xnwn rs ilehiride T weernite, eontedining billicng o2 billions
A tons with iron entents i 25 & 35, et enn be enriche” by beneficiatispn pro ofs B
cesses oand is araviding g graving vereervage of the »resent ore consumpiion,
Concentrotes of thig orey s aroluecd ip Canedn, Seenlinevie, Tostern ifrice, ere
¢haracterize! by bhigh elciuienl cuelily and plter Ly Lmeration, eIvecinlly i the
fom of 2oellets, by oxecllend nhysicel sromertics, L

Irn rre therefore that iscecurring“dmh more ihaa 60% - p whieh eon be enriehed
by eloan beneficintison v eonges hes e goold ehanee to fom en cconomieal sount basd
Lore srocueti o oo irin end steel -y oven 1o be exported if the tranap:rtafiaa 8on .8
te the eenives ¢ cousunrlish arc pot nroLibitive,

le  Condueii-n - f

eomeried rnnlysig talzing, int ¢ inideretivn the 12eel requirenents of iren cre,
thie soasibilitios ¢ Seil ore cbread es well 28 Lo buy foredgn ure must be ecerried out
by exnerts, cequuinto! with 4l internetisngl ir-n <re siwuati s, Consulting .
CMPARI i cTrying oyt such surveys exist in duripe os well g in North lmeries, The
sdventoge ¢ osgen 4 report lies in {le siriet €eonaie viewninis thed ape &pplied,

The .ccossiry Laf meiion Lor suek o repert 4a 40 be supplied Preferadly by s loeal
Dlanniz atafi'f, CErising ceinomisie wha tre well femiliar with g eountryts eeoncnie
situnii.n, ‘rensyorietion eomnlitiong, 1.y, ‘ury aeterinl DTicen, a.s,0,

“ B stuty ern b eonleted within 2 40 3 nenths,  I4 fomms the basis for
further decigi . WW L oriceo ! wity & nr jeed

2. QF&: v loret . i . H serle

Ore cxp? vnii g g elwny s rimec 4o Preve quantitics- apo quzlities of cre of whieh
eertnin perts, g melly surfere LTINS are ‘moym, e o the Pred thes in elmost
21l enses surfre Te o hng undorpone alleratiopg eng thet unly Jupncsiticns exist es to
the volwae ¢ L pe 3, e, SUrDrisin: rogulig «{ inlense fieldwri gpe sbundent, Just
£33 frequont is, Lowover, (ha relucisace -7 ~lennin. g enihorities to chenge uriginel
cassunnty ns, L N N stoge o0 exaloreiion the econcmie feasibility °f & Proe
Ject, the exnlopation oy uld Mool re ¢ Uvinutusly be feconpenied by economie

= s

cPICUIRLX’LS, based olwey s g i the m 3¢ yoeun inf- meviun, and Providing the 881

bility {, 5¢ .+ srejeen SOendin useless mon

Ry serle,

Beoe Lhis is tprye fop Prcjeets in
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Complete exploreticn work includes thus as well technical ns economicnl researche.
The technical part can be groupe!l into -

investigation of the oreg

tectuiocal nlenning of mining an’ benoficiotiong

cost estinoticn of mining and benefieiation,

First, attention is Jireeted upon the dep-sit itself anl its reconnaissance,

This work of geolugiesl research nommally sterts from the surfece ond proceeds into

the depth,

Por a mediun-sized onersticn, eimed to prove reserves of ore ur coneentres in
the order of 10 to 25 million tons, to supply & mediun sized sicel plant, prolueing
200,000 to 500,000 t of steel the first investigztions emprise geologieal mepping,
based or topographicel infomation, smipling and eventually ge:physieal groundwork,

4 basic topographical infomation is required,
1f, for this information new maps heve . be estiablisl.ed, this ney be done

preferably frcn aerisl photographse. 7he aerial survey of the outers) areas can be

ccmbined with a geophysical survey which in the case of iron cre may be restricted to

i seromagneties, Geophysiesl methcds ney indicate covered .re bocies, 3uch pree

lininary infomation has to be canfimed; however, by ground investigations,

The planning steff -f this first phese should include engineers ur ge.logists
who are well scqueinted with prospecting, geclogieel napping, surfece sampling,
organisetion of geological field work, setting up of camps, Srpenivation of prospecting
teans, ete. Field lodoratories for chenical or preparation tests are normally not
required, due to the fact that relieblec laboratories cen be reached in most cases
within a ressonable time. The grest importence >f the excctness of analyses, on vhiech
all further calculations ere besed, must be stressel in this connexiun,

The administretion requires personnel, eequainted with provisional storege 1 4
supply end meterial, wath transportation facilities, ete,

Meny govermmental and privete teams have during the last decades carried out
such field work in o)l parts of the world, For many of the different brunches 5f the

asctivities specialized fims and instituticns are eveilable. This epplies for air-

borne surveys, £:-r beneficiation test und for chemical analyses, for ge logieal !
mapping and for mineralogicel examinsticms, There ere, however, from the very begine

ning personalities needeC whc understend ell these sctivities wnc are able t.

]
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¢ =ordincte rr! to Jircet them, Such generel esnsultants wh, cre os well familier

with the vesnimienl s with the teehnienl cspeets £ an underteking ean bo found in

»

consultin, wpineerin: e.nmanies,

b tion cetivities

Trmogrephien] naps are the fundument of 21l peolopiecal rud geophysical work.

Nomelly two kinls f aens nre required, One is eoneerning r wider ares, in
vhich prospeetin: is earrie? cut, Deoenddng uoon the type of deposits, this een be
any surfree between 50 pul 1,000 kmz. Large senle nans °f 1 % 10,000 ¢~
13 25,000 eon be obteined ensily fron verial oho togrephs with & high gredo of
exneiness, (Geologienl detedl manping of ore deposits requires {-pographiecl maps
Vs 1,000 to 1 ¢ 2,00C, ey ean clss be repreiuced frum nerial photographs, Often the
photogrants theuselves scrve as eheris on, vhieh llie wepping is done, Juel o=
ccdure demands however Inter top.graphicel e:rrecetizns and een be considere’ us
inbrovisatiom cnly, The ©011owing pietures show tre coriel phoetizgraphs and &
eontour map of the soue nrea, which wore nroduee] in scale 1 i 1,000 and served as
basv for geclogienl mepoing, s skown in bhe lest sieture (nicture 1a, 1b),

derinl photoprenhs enstitute the quickest ond nost nodern way to rocure
topographierl maps,  Somelines, however, it noy suy 0 use sround methods for this
DUFpose, T4 wor's with chail end eumsess s it wns done in early prospections throughe
out tie worll is not to recommend in nost erses .f iren ore prospeetion due to the
vossible nngnetie properties of the .re,

The plene-table Luwever eonstitutes o mern F top.grapshicnl mepping, by which an
area of sbout 20 mz can be exvere? ver month by & team consisting of one.surveyor
and two helpers, ‘ *

1f the nepping geolopint is ecrrying out this work himself, the combination of
topog raphy and geology is sim~lifyin  the iesik,

For greater areas nomelly on girbsrne survey is muck ehecper then tonograpkieal
ground aurveyvs,

D (i) Geplosicel rectucissonec, o Shysical Or_snecting

, inee surface v r% is normelly cheaner tioo underground exploration it should

be exten'vl es far as sossible, surieee eonditions hovever grecily liffer ceeording

to elimatic c¢:nlitisns,

S A R
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3ome pictures may illustrate this variety., Th: thin and scarce cover of soil
and pla.nts over irom ore outerops in sub-arctic climcte in Canade (picture 2), in
Norway (picture 3) s well as in the waterless Selt Renge
r of ore and rock exposures

mounteinous areas in
Mountains in Pakistan (picture 4) result in e great nunmbe
vhich enable & groat deel of mapping without trenching or nitting,

The contrery spplies for ereas with yich vegetetion where nomally prevail
weathering and more or less deep riching lateration of tle outeropping rocks,
from the Eastern part of the Congc Republie (iaicture 5) and from Thailend (picture 6)
show such conditions, .Ls support of surfoce findings geophysics and geochemistiry may
be applied, The simplesi ;eophysical method, used to outline irom ore deposits are

Applied on megnetite deposits as airborne methods they oan
By application

es may be loeated

Pictures

nagnetic measurements,
indieate erees, on which further ground work should be coneentrated.

of ground methods the borders of cuteropping but not exposed ore bodi
under a cover of overburden. '

The first gcological-rocomiumca is & task of great important for o projeet,
It requires much more experience to judge the possibilities of an ore prospect without
much exploration work undertaken than to pursue a very complete exploration progremme,
ansvering all questions by investigations, uch & programme is certainly a necessary
phase of a project, The £irst reconnaissence work, however, will prepare the necessary
decision if detailed investigations should be uadertaken or not. Of great help in the

se is the possibility to clessify a deposit after genetic view-

first reconnaissence pha
to 1 magmatic deposit

points. XLnowing if an cre outerop belongs to an itabiritic ore,
or to an oolotic ore is most important for tte conclusions concerning surface

alteraiion, characteristics of unweathered ore, possibilities of continuction of the

outerop 8.8.0. *

2b (ii4) Surfece aid upderground explozstion

To support geclogicel reconnaissance as well as
often to be undertaken to expose unweathered surfaces
This is nomelly realized by digging trenches or pits,
is available for cuch work, it is nomally earried out without such investment, in
using local labour, E
In covered areas & network

mapping, surface digging hes
of ore and bedrock,
Though modern machinery

of openings gucrantees the best way of preparing a

geological mep.
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mackines, whieh cqp be transported by two men anc which drill holes of 35 s Qiameter
into any kind of roet to be blested,
Undergroung exploration somnriges drilling, tunnelling ang sinking of shafts,
Drill holes ape the most epplied methods to gein undergrouna infomation, 4 §reat
varicty of drilling mechines are on the market, 14 Peys in any cage to ontrust the
operation of such mochinery to specialists, which &re available as teams from
specializeg e¢mpenies,

%res of 2 = 4 n diemetor oy, sufficient, Though often nore material ig Tequired o.g,
for beneficiation tests, the higher cost fop larger drill gore diameters are i no way
balanced by tp, additiona] informaticp gathered (pjctures 7 and 8),

Core drilling shourq at least rosult in 80% core Teoovery, Otherwiee the
Protection agejigt misinterprotation of the drilling resuits is not suffigient, 4
Bow nethod of eope evacuation, the wiye line drilling, ny whioh the cope is drawn
without Femoving the dril) rods has increased the drilling speed ccusidersdbly, 1In
the MISIP, Project a Nopth lmorican dri‘ning Gompeny reached an &verage of 20 per
day in depths down %o 3%0 p ij o shifts with this methoa,

hmolling is carrieq out in cases of topographical favourad)e conditionl, o
assure tonnage Teserves jip long stretched ore bodies or ¢ gain fres) material in
larger Quandities, F,» tunnels wity more than 20 m op length rai) heulage i, Toquired,

For chatt sinking down 4, 20 m primitive Reans riay be 8pplied as hang winches fop
nateriag] handling. Deeper shepiy nomally Jemand high investments and are not
advigable i the exploration phase of g Projeet,
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2b (iv) Moterigl testing

First requirenent for tofting the e f o srospeccive denosit is o very eereful
sampidng, Target of ell suapling is the eollection of repveseniative meterinl thet
can serve for ecnelyses onl tesis, If sufficient surfuce cxnosures cre exisiing a
sempling pattern may be spread over the dep osit,  Sanples, token by trenching ere very
useful, Jdpplied on layercd leposits, such trenching cught to be carried oul
perpendicularly to the bLolding, worik which requires eareful exeninelion of the
depasit's structurc, In ease of structurcless ore masses r neiwork of senpling sonoty
should ellow a statistic evaluation.

Jurfzee zliteration of ircn oro deposits may eoneern oxydation of magmevite and
alteration into hematite, oxydetion and sclution »f sulfides, linonitisetion of
gengue ninerals, >f iron carbonate. sclution of gangue minercls, J&11 these processes
are changing the chemical r.ad perily the physienl properties of the ord,

There even exist iron ores, derived from the woothering of rocks in laleritie
Cenosits. 1In all these cases the stelement of the characteristiea of the unnltered
meterial and c¢f the borderlines between ure aud roex are of utnost inpurteres. There-
fozo samples of fresh ore from unwltered parté nugt be taken, This nny be done by
drilling or by tumelling. Im both cuses it shoull be trliod to elininate neccidental
fagtors in anvlying e statlistie péitcrn f semplin,; spots, thet is of dri!? Loles or
of tunnéls. Thon the generel charseteristics cof o deposit are known, larger single
samples can be teken from one spot, es they are ncedels fur beneficiclion lests, 1%
should, however, in all eases be knuwm, for whieh Dori of o deposit sueh semnles ere
representative,

4 picture illustretes e saupling shaft in Pategonia ond its nosition ac the
deposit, Its aia was to resch wuweethure. cre (jiaiure 10),

In testing the metericl the following questions erc v bLe enswered:

chemical eumposiitions of the vre by ehemieel clyres

shysieal »roperties -f the -re as lens.iuvy, feicbility cn' 50 .0
by density tests, screeh anuiyses SeSevey ‘ypu of (Pe, stotus
of wenthering, cre end pengue ninerels, indicatisns I'or bene-
ficiation by nier-scodic amnelyses. benafreivtion projertics by
beneficiution tests, other mctellurgicnl churccteristier o
egcloneration, relucibilidy res.9.

30

Speciclized laborntiries ore oxisting for 1l ihese tesise ¥or o tosting sehedule

en’ the exvent of o tests cpplieniion n ecentrol -luiring is erlviscble,
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Teclhnicenl vlenain

2¢

Base!' on the inf.rw édon, reecive? by tTe ex 1 rovi o0 ot o leposit end by the
results of notericl tostisg e teelrnicel nlonmin, em-rises: §

orsevsses b0 obe apiliedy
meebdnes 4 be usoly
sivnat leeetison o7 aunilisey Yeei1lidiosg
neede ! Irb our 0 e wpl yedy
tinda, ,
In oeny ecsen soversl loehnier? —oasibilidice hove 1o be tezen into eccnsiderction, :

Coet enleuletions vill toetde o iho st eeotrie anlution,

Hodern dran ore level cment evi Tises neerly exelusively soen ecst mining, The
.rensons ore evicent, 1w ecats, 7 oniae o 4on of re i o sood organized mine costs
ebout 7 0,5-0,% wem o Tipect Cpemetd o eusto,  On o the ther hend unlergroun’ mining is
alwiys more eXpeasive, The eosts bowoever are hijlly Cepenlent upon loeel eonditions,

Labour e.osts ecastitute o aaay eountries wle Liglest oert of the totnl eoats,
Therey howevery, or rows Cifforenecs rro exiating, Planning wey teke into ageount a
higher sereenie, o oF hama: 1eb ur v del mecas less invesinent in nachinery, if weoges
aro as low as in neny Jtriena ond Jgien ecuntries,  5till tolsy miners noy receive in
thuse erves not nere than 0,5 »er ey while in Logtlers Joeries weoes are up to

r

v 0 per leye On lannd. nev iente, renstnells weges sh.ul! Lowever bo saticipated,
for suel tuturs coui e of inlusiry will 'vwr o suffieient ston e’ o living for
everyh oy englayed ther, .

In underground ceretins tlo officieney of (ne mon Ny vory between € end 20
t/dey in technieally ool equinpet nines, levenling upon the neth:ds eprlied end on
the possibilitics ot fere! by the Coewsit, In ty ease however undergrowsd mining
costs nt leest 2 to 3 times nooe than pen eest nining, in neny eceses < to 5 times
more,

Beneficiation of ir n ore thley is limited ¢ tws metle sy if enriclment fron low

. *
grade vre to Lih gralc o peeniretes ds cuusidere’s These methods are mecnevie

benefieintion wilk lowv iuicasity 1 nopmetite ores o vith Ligh intensity for certein

3

il

heamptite ores and (revity e neenireti Ty neredly will spirals, for eoarse greined ores

(picture 11), megmetitic © well -0 Liatitic, i erse 2 boncliecintion nlents & pilod
Ead - ‘5‘ W

onerntiong testing tho cooddnle 0ore f e D0 sit v cohacities of 5 to 20
S wlith i foraor N R i oo ey ) . C e .

/0 with diferat el oy (et 120, Seddeinti o olents erc W loeete

near dee ore lemsit b ordor o Chdnda 0 L wel “Ieis coreetion, while epplo-

meration pledis ney be s1iunto Lo

Gerbur  r nesr dhe reluetion ~lant,

e
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24 Cost estimations

Cost estimations have to cover investment costs and operai*ng coais,

It is intercsting to note that especially in the cese of investment costs the
first ealculation often govers only half of the aciual investment, DReason for this
is the feet that first estimcotions nommally tekc into account only direct costs for
p'ants end equipment, negleeting such items as finencing costs, preonroduction
interest, planning costs, icgal costs, working capilnl a,s,.o,

There are two kinds of making up cost estimetions, both of whieh are to be
pursued in serious considerctionss One is the comparison wi‘h costs of similar
nrojects, naturally providing only very erude figures bui useful for the first
eltiﬂaiea, the other onc is the ecarcful addition of co;t figures for nll phoses
end branches of on enterprisec,

It mey be of interest to nmote some general figures as tuv the investment costs
of mining projects per ton of ennunl ceapacity, For open cnst mining ineluding all
costs of equipment, construction, financing, preproduction, expenses, the inveatments,
excluding transvortation freilities over long distanee, herbour foeilities, ete,
range between . 15 aund 20 per ton of annual eanceity. Plunts, comprising
beneficiation foecilities for mugnetic or groevity separation or any combinativi »f
them require inveatments in the erder of .. 2C to | 35 per ton of annuel cupacity,

Underground investments are highly dejpendent upon the requirements of the
deposit, Vhile in open nit mining the eosts for mochinery furm the grectest portd
of the investments in underground development the openings, shaftis and tunnels
constitute o relatively importent poriion, To sink s shaft for n canacity of
500,000 t/yoar mey cost % 1500 « 2000 per m in depths down to 200 m, A sheft,
designed for 3 million tons yearly capacity is requiring .. 5000 per m down to 900 m
depth,

The resl difference in ecosts between oveneust and underpround mining exists in
opercting costs, As alrendy pointed out, direct opersnting costs in opencust mining
mey amount to O 0,5 - 0,8 per ton, lneluding cll general cosis, enpitnl cosis 0,840,

costs for mining in open pit may sum up to . 1,5 - 2,0 »er ton of ore, In undergrouvnd

mines, however, costs figures of . 5 ts 7 nmer iton of ore cre normul. ltensons nre the %
smaller mining foces, grecter percentoage of lobour necded, smaller units for drilling, i

loading ond tronsportetion and compliccied horizontel and vertie:nl hiulage,
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2 sxnluretion c st

For nediun size “xplorntions whiel rpe Leshined ¢ prove 10 to 30 million tons
uf ore the easts “epend highly unen the ting Hf Teposit whieh is 4, be investigetec,
Vhile costs of m2poing, Sf surfaoee sernling, of Tersibility Teparts end of natoerial
testine stay nope op less t'.c swre ¢ g different lerisats, the enount of drillin, 4o
be ¢mplete! bef 'Te the remlizati.n of 7 projeet m2y be eonsildered 88 econcmically
sound ig influeneimg the costs ¢- L . Teat vart,

The differeny €osts ean be es3tingte? pg £21)owsy

First phesc (Prel.ﬁni:‘]ary informatian)

Harkot analysis g4 pointed sut above ¢ © 20000 « 30 000
Topographiesl Meps 1 in 25,000 fer 50C ,‘mzz

from airborne surveys , ~ 60 000 - 80 000
Topographie maps 1 in 1,000 fop 50 e . v 30000 - 100 000
Geological mapping 20 12 T 15000 - 20 000
Sempling ang chemien] analygcs < 5000 -~ )0 000
Benefieciation tests, ampl) secle ang

rineralogieel investigation 8000 . 18 000
First foasibinigy study ineluding eoet ‘

estinations S 20 000 - 40 000

:
g
g

Segond phase (Thorough investignticn)

These costy ea. "ot be estimateq as detailcd gaa those of ¢4, firgt phase. Sueh
ta'.eto;s a8 distanee of the deposit from the hext transportation faeility, nanner of
men and matoriq] transportation, Pos#ibilitios of housing pop the field crow, drilling
equiment, wator supply, roads, pip sirips, dceks and 80 ¢n ean feen very different
eosta,

Very approximatelv it mey be estimated ihet this phase of exploration includes
fieldwork for

€5 - 2,0 i 2
.+ 48 already peinted Lut, jin OnY ecse the resylts of this work should be *valuated
in taking them into aceount iy 4 new leasibility caleulation, Thorough material

testing comprehending beneficigtiog tests, jp Becessary, lerge seale sampling of gome

It well organigzed apq carried oyt by
CXperts, a111 thig addit: 0 WOrk may b completet fup

hundr.. tons, complete th, Fequire! infomgtiog,

Vel 1o 1,0 i
. Yo o Yoot A o I - .
This dovs nt include t! Costs { p c»ﬂntructl ouf p pilot plant.
The end of i phuse is th, decisy o whother ¢, realize gh, Project or mo,
DLGET Coanrpour o, BUS eaie oa . N

meretion plenis ey be siluct,

S
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4 lyg exploitetivn jnterncliste scule
Ja 0 Jingace ng

“he poritive deeision to sterd wn ore projeet aftor promising resultis of the
enploration work, merket considerstions and cost estimations is followed by securing
the fincncing of the prajeet,

tae best wny o essure firaneing is to provide for ore sales for o sufficient
lene aeriod.  There exiat loag tera eontracts hetween iron ore enterprises and steel
Dafagees whaeh encbled the finoneing on the base of ure orices, which are cone
tirooslv ndrpled vo the requiremonts cf eapital emortisation,

in other operntions ore ecnsumers use main sharoholders and therefore financing
¥ hrnEciTes,

4.

Govermment financing is another possibility,

- -

(- nstruction begins vith issuing of tenders, The prepvaretion of the tenders
shordd b eonducted by persons who are well femiliar with the technicel detalls, on

which the cost estimations were based. . teehnienl bureau should be set up by the ore
cOiny .Y ur may be provided by a general eincultaent.
e eonstruction phase comprises in open pit mines stripping cperations, in

urcer 2owad mines cinking of shatts and eonpletion of tunnels, road eonstruction, of ten

wadlwny sonstruection a.s.0,

Underground openings reouire their time, depending upon the progress which can be
etiniwd in rhafts and tunnels, While for sheft sinking in hard roek an avernge of
30 mjmonth may be assumed, the highest efficiency in tunnclling may be 100 m per month,
thls hewaver svith total mechanization of drilling, loading and transportation,

1o sonstrmation time of an open pit operation modivm scale, may be cstimated to
reaeh 1 40 2 years for propering rnad construction, open nit buildings, maintenance
shonc, Yoading station, stoek piles a.s.o.

Luiergeound operations are highiy dependent upon thc kind of openings 45 bhe

rer.tmod before starting nroduetion. Normally 2 t: 3 years are r-quire!l, In many

c136- not lae mives themselves, but the constructi.n of transsirtuvisn ways as rail-
wonde ard hartours cre decisive £ar the e-nstruciion period,

The construeticn time tor benefieiction plenis is hiohly dependent ups « the time

it

.

vl FzTivery for wechinery and equipnert. which may wmovnt 4o one yeer for certiain

speeonlly febricated paris »f a plent,
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The starting o D€r10d is n eritieg) phise >f any project, It is the time when
the PUBESSes, worked .yt by planning ang the assumntions hede, have to Prove their
justific&tiun.

Therefore nfton the planning gng nanstructin,g institution is entrusteq with the
ore henling ooep a nlant,
Por engines an £lovshoots the Working conditiong should be quite elear bLefore
sterting Up Iarre scale “peraiion,

Jhe mogt Uneerinirtig
well the ope

sturting up bef

@ ere eristin: norielly
quelity up oany point of the ge
less subdye 1 Sunpp:

with Tespeet .,

the ore itselr, “s
DP28it a3 the ope

roek contects are aore
rsitiong uutil}

or
operaticng ppe “Pening un the deposits,

Theretore e starting up reriod ineludes more or less alweys changes which need
traine? personnel to 1, earriel oyut,
4, Orgonizet

gxplottation

There are three ficlds in whick must be workea before realimntion of & Drojeets

geolegieal Sciencey

>meﬂt.
eovered by sugh ap institutinn.

for all fields sf activity,
upon the Possibiliticg of g proje

ts, at least able t; Judge
evelomment worik,

ing in azny indutrianted
strieﬂy sraetie

should heve exper

ot and able ¢, trganize

key ore tmditionauy oXist
WOrk in devel,
ical engineer ig ¢, be

Geologiesl institutes es
eountries ghoylqg Necessarily

Ping arees with
The geolog

el aspects,
Preferre; ¢o the Scientist, |
The mogt importan, Sections .f 4 geologiec] institute with respect to the
develoment of yraw moteria) SjUrees ape i

€ chemical ang miners
equipned 1, carry al Analyses,

rtment should be

out re
The geol ogieal depg
The outfit shouje

liable aateri
headug by an eXverienced Eevlogical

Canping equi;ment,
"op sanple takin. . 4 ding Dortable drilling

gineor,
desiéfziag

machines,

’ lucte? negy - ATV a ey .
merstion plaats mey be 51funtg. ce
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In the case of areas of countries which arc rich in different minernls, o

beneficiaticon test station mey pey, which might be connected with o technical

university, :
Tc buy lerge drilling equipment or heavier machinery for exploration work nays

only in ecase of very eomprehensive programmes, ,
Sueh uquipment might be rented from specialized firms, who also may carry cut the

expleration work, :
The employment of experts by any govermnental develomment institution cannot be 7

averenphasised, In the pest many projeets in the iron and steel industry hove been

promoted for political or persomal roesons without real economical backgrounds There

should at least exist someone who is sble to judge upon the eeconomic aspeets properly,
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Fig, 1s  iepial Phatogroph,
covoring 043 k'

?opamm and g&slugy‘

of the seme apen
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Pig. 2 Iren ere horizon
Navthern Conade

Fige 3  Iron oye horizen
Northern Norwey
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Fig. 4 Iron Ore Reds
Salt Ronge, Pakistoen

Fig. 5 Primry Forost Covoring Ores,
Moniome, Congo
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Pig, 6 Bemboo Forast over Ins m,
‘ T™eilend
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Fig. 8 Dicmond Explorotion Drilling, I
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Pig.dl Conrse Groined Hemotite in Juarts,
Polished Section, onlerged 10311,

Fig. 12 Pilot Plent Yobush Iren Ope Project,
: Conodn '









