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This paper was first presented at a meeting of experts consulting on the ‘oopper ~

industry in Vienra at UNIDO headquarters, 20-24 November 1967, A
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SUMILLRY

Basod on currant morkot studics, increnscs in the productive crpanity of thoe
copper industry will be nocded to neet projectad inzrensce in world-wide consumption
brought about by accelarnted industri~liz.tion in th- developinge arees, improvement
in standards of living, and population agrowth. This dom~nd for incre~sed production
will be obtained by exponsion nnd modornization of nctive mines ~hd the developnont
of ncw mincs. Determinntion of where incronscs in production will como from, will
bo dependont upon o numbor of cconomic ~ad cngincering prercquisitos,

The UNIDO ot jactive of nccsleratod duvelopment of ¢ipvor production in the
developing countrics ecrn provide production required to ostablish ~nd nrintnin
stability in internntionnl markets.  Txponsion of production ~t existing proportics
can be m importont nltornative t2 developing production from low-grode copper
deposits,

Becouse commitnonts to <Xxpansion or developiiont of now resources are lareo
onough to have a significant impnct on the future success of nining cnterpriscs, the
reasoning for oxpandod production nust be supportod by sound rescarch aad ccononic
analysis. l‘ccurnto projeetions of nnrket conditions will providc the brsis for
propor timing. With fovourablo narket projections, objuctive ~nd systematic cvalun-
tion of the best nltorn-to or ~ltornctives will provide the brsis for decisions ~nd
how to appronch the increnscd production objective.  The chosen rlternatives must bo
compntible with short and lono—torn plaaning of the mininz entcrorisc.

Incorporation of tho most cfficicnt cquipnmont available in the cxprnsion plan
and thorcugh investigntion of cnginccring fensibility ~re nocessary to insurc

operation:] reliobility of nuw ~nd wxpanded facilitics.  Crreful ostimntion of project

costs is ncccssary to insurc incrersod production with the most desirable return on
tne investmont,

Determination of tho ultinnte potentinl ~nd the bost plan for uxploitation of
N ore roserve is ~ccomplishod through investimtion of noany mining plan varictions
and design plans covering vorying time intervals nnd production rntcs. n appronch
to orc body development ~nd minc plonning usced by Xennzcott Copper Corporation for
oveluating profit potcntinl -nd sconomic limits is prosented in this prper. This
approach, which utilized theo crleulnting power of the computer, c¢an be used by nny
mining onterprise to nssist in cvnluation of incrcnscd production alternativos ~nd
a8 & guide to long-range and short-range ninc planning.
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Introduction

l. The significant role and contributions being made by the United Nations Indus-
trial Development Organization in accelerating industrialization in developing areas
is recognized as a forward-looking imaginative aprroach conceived to improve living
standards throughout the world. Technical assistance directed to the development of
copper production through expansion of existing mining properties and opening new ones
can be an important activity of the organization., The relatively untapped resources
of the emerging natione, if developed to full potential, can provide the means for
improving the standard of living of such nations and offers the hope of a better

future for millions of people.

2, The e-onomic and engineering prerequisites for medernization and expansion of
plants in the copper industry is much broader in gcope and more general than engineer~
ing oriented papers comprising the balance of the programme, [0 single set of de-
tailed criteria can be listed and applied to all situations, Therefore, this paper
attempts to outline certain basic criteria for evaluating how, where, and when

increased production can be achieved,

3. First, the reasoning for cxpanded producticn must be supported by sound economic
analysis. Few commoditiez are more sensitive to fluctuations in supply and demand
than copper, Relatively minor economic forces can have significant influence on
international market conditions, The objectives of pro jects under consideration

must be clearly developed through careful study and evaluation of those factors which
prompt consideration of expansion, Accurate projections of market conditions will

provide the basis for determining proper timing for introducing additional production,

4, With favourable market proicctions, alternatives such as expansion of existing
production facilities versus development of new sources of production must be ob jec-
tively and systematically evaluated, The chosen expansion alternative or alterrnatives
must be compatible with shert- and long~term planning for the entire mining enterprise,
For example, mining ore bodies at a more rapid rate without planning for new sources
of production could have serious impact on the long-term objectives of an enterprise,
On the other hand, expansion of production at an operating property may be the most
logical approach to maintaining or achieving production objectives over the short

term until plamned new production sources are developed.

5. Expansion muy be prompted by the econcmics of a special situation, For example,
expansion of existing facilities can provide a logicel approach to reducing unit cost
by virtue of higher production, This could be accomplished through more extensive
utilization of capacity in existing facilities, modernization of equipment and

installation of more efficient processes, In many caces, lead time for obtaining
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increased produrtion is lower with expaneion of established properties. Likewise,
capital costs per unit of increased production are often less then costs for develop-
ment of new properti.s. In sp.cifie locations, exransion associated with moderrniza-
tion can actuelly extend the life of mining properties by reducing unit coste of
production to a point that lover pradc o e car be min:d and processed at a profit.
Complete replacement of existing facilitios mey not be the lowasst cost approach.
Likewise, additions in kind may not be the best zlternative. The best approach may
be somewhere between these two extremcs Thorough cengineering and financiel studies

fre primary prercquirites to effective decision making.

I. TCONOMIC PRTR™QUISITTS

6. Commitments to expansion or new development programmes for increeased production
mey be, in many cescs, large enough to represent th futurc success or feilure of an
enterprisc. Because of the fincncial risks involved, it is important to tl:oriushly

vv~lunt. all economic factors which can influcnce the final outcome. Some of th:

mejor economic prerecquisites for ircreasing pioduction are the following:

Capital iuvestment

7. “xpansion of production rapncity rucuires large capitel outlays. The usec of
capitel ot th. moet promicing locations rcduces riske #nd enhances th. finanecial
position of an enterprise. “he metters of thorough cconomic evaluation followed by
sound engineering become 01l the more critical when future sources of copper are
considerecd. It must be ossumed thot maior ir-reescs in production will come from
known ore reserves prescntly considercd rs submerginel in velue, or from similar
socurces yet to be fully cveoluated. The alterr~tive is oxpansion of exieting proper-
ties. The activity of such nctions os Jzpan, Great Britain and Sweden in foreign
lands stems in large part from need to resuie continuing supplies of minerals lacking
in whole or in part domestically. The UNIDO objective to accelerate developmcnt of
nev mines in the developing arcas of the world to offeet the costs of mining the
relatively low-grade copper aeposits will rssist the industry in paving the way for

exploration in rreas attractive for capital investment

Morket procections

& Few commodities arc as price sensitive to developments in various areas of the
world as copper. Developments in the mejor copper producing areas such as Chile,

the Conpo, 7rmbiz and the United ftates can have o significant influence on world
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copper markets. A multitude of factors such as labour unrest, political change and
fluctuations in economic activity, have their effect or copper price and may influ-
eénce expansion decision. On the positive side, business and economic expansion also
have their effects, Starting up a new mine or expansion of an existing property with
equivalent processing capacity involves significant expenditure, therefore, the
decision to expind production must be supported by a sound market study., [t is
reasonable to assume that significant future increases in coprer producticn will be
largely derived from development and exploitation of lower grade ore bodies and
through expansion of production at existing properties. Ob jective projections of
operating costs, selling price and business outlook are determining factors in deci-

sions related to increased production a.nd/or opening of new mining properties.

Consumption growth rate

9. Growth in consumption associated with industrialization in developing areas,
improvement in genei‘al standards of living, military usage and increases in population
may have some effect on eliminating or reducing possitble oversupply conditions of

the industry.

Production growth rate

10. The evident surplus capacity in. the futurc may be only a theoretical one.
Strikes, delays or interruptions in transportation, and potential decline in market
prices asmociated with oversupply all decrease and, at times, eliminatc the availa-
bility of this apparent surplus capacity. I[factors infiuencing the extent of expan-
sion are availability of capital, cost of capital, and operating expenses such as

labour cost, material oost and overhead.

Labour, transportation, rosouroecs and taxes

1l. In analysing the economics of a mining potential the cost of labour is g basic
faotor. It is relatively easy to cost. However, cvaluation is more than a mere
monetary matter. It should embrace the baekground of the labour force. Are workers
oompetent, do they accept authority, can they be trained, do they respect and have
aptitude for mechanical equipment? lscalation of labour costs over a period of ycars
must be considered to evaluatec profit potentinl of new or expanded mincs. New plants
must, therefore, compensate through incorporation of the most advanced technology to

assure a profitable operation over the life of the mine.

12. Availability, dependability, and costs of transportation and utilities are also
important factors in productivity. Water, electricity, gas, stcam, communications,
sanitation, waste disposal and other utilities must be carefully evaluated to deter-

mine impact on production costs. Future constraints on such items should be determined

to insure against limitations which could be determining factors in planning.
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13, Local taxes must 21so be considered in the economic evaluation of alternate
approaches to expansion. Te matter of local taxes is a complex subject which merits

separate treatment.

II. ENGINEERING PREREQUISITES

Approach to axpansion

14. Once the logic for expansion is established with the gupport of sound market
projections the approach to expansion must be developed to provide the optimum return
on the investment and optimu~ position relntive to production. If market conditions
indicate that increascd production is warranted, cconomic analyses will largely
influence where the increased production will come from. Increased production may
come from one or morc of threce sources: (a) from existing mines, (b) from known but
undeveloped ore bodies, and (o) from ore bodies ae yet undiscovered. Selection of the
best course of action involves complex annlysis of the alternatives in terms of opti~-

mum application of capital consistent with production and profit objectives.

Determination of optimun production

15. It is cssential to dctermine the optimum scale of operations. Too spall a mine
is simply not economical. In the absence of very high grade ore, 10,000 to 20,000
tpd, mines should be approached cautiously unless existing processing facilities can
be made available or new facilities of coonomic size can be provided to handle pro-
duction from a combination of mince. The sizc and shape of an ore body may not be
prime determinants of the scale of operations. Hewever, planning relative to mining
methods and rates of ore production are prerequisites to design of processing facili=-
ties.

Orc body development and mine planning

16. The determination of the ultimate potential and best exploitation of an ore
reserve is accomplished through investigotion of many mining plan variations as well
a8 to design plans covering varying time intervals and production rates. Traditional
mine planning methods have been improved through application of computer technology
to produce a more realistic calculation of ore reserves and mining plans. An approach
used by Kennecott Copper Corporation for cvaluating the profit potential and economic
limits for cxisting mines can provide the basis for dctermining which approach to use
for increased copper production at cxisting or new mines. The system was first
aoplied as an aid in determining the economic potential of underdeveloped mineral

Jeposcits.  he refined system has been modified and applied for pit-design applications
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at active mines. The techniques used arc not revolutionary but arc an expahsion of

previous pPlanning methods using the calculating power of the computer,

fcsearch and investiontion

17.  Process investigation and evaluation chould inelude evaluation of Frinary
engineering prerequisites to make proper decisions on the approach to cxpansion.
These would include mineral ownership and rights, ore reserves, orao quantities,
mining method, underground facilities, matorial handling methods and process cequip-
ment. Incorporation of the most efficient equipment available in the ¢xmansion plan
is desirable from the standpoint of operating efTiciency. Tt is advisable to uge
caution on installing or adopting new cquipment or procescoes vithout adequate inveg-
tigation and to use, if possible, prilot secale performance testinr,  Thero are many

oxamples where ma jor expendiitures for new installations have not duplicated laborg-

tory or performance tests, Thorough investigation of enginecring feazidility %o

assure operational reliability is csesentinl.

18. Ixpansion plans must be bascd on sound basic rcscarch. Thig rescarch may have

to be contracted out to reliable research orgenizations if not available internally,
In either case, the preccution of outside confirmation of recearch findings is advige
able. After determination of plans and brocesses, careful estimation of project
costs for coustruction to meet cxpansion obljcotives must be determined and related

to the economic prerequisites.  Estimetes for cite preparation, construction materials
such as concrcte, stoel work, cquipment, piping, ctec., labour man-houre, rentql equip-
ment costs, subcontroct gog Sy direct cos ©y indirecc costs and contingency would be
included in thig evaluation. Iscalation of equipment and labour costs over the
engineering and construction period can add substantially to project costs, and must

be included in the contingency.

Projcot installation

19. The sequence for procesding with construction must be planned to assure timely
completion and minimum expenditure of funds. Critical path schodules and cheek liste
arc essential tools to complement tho engineering plon., Engincering plarning must
include comprehensive evaluetion of basic factors such as site, uccess and tronsport-
ation, climate factors, ground conditions, utility availabtility, safcty hazards, cte,
Other items would include the source of construction labour, subcontructors available,
sources of rental ecquipment and sources of materizls. A check into national and
local laws for permits and licences is required before the project is undertaken.
Proper direction of engineering and construction i cedcntial to incurc that tae
increased production objeotives arc met. This direction is usually provided by a

competent project installation team with full authority and accountability for
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completion of thc mod:crnisation or expamsion within the appropriated funds, within
the scheduled time sllotment, and according to tho sngineering plan:. The project
cannot be considored complete until increased production is attained at prescribed

production cost.
- - - ) -




74.10.14





