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ABSTRACT

The problem of strateqgic decision making in the
matalliferous minerals industry has, to date, tended
to have been solved by a stochastic process. This
thesis describes a new approach to this problem
involving rational decision making for the orientation
of mineral exploration efforts.

The thesis is composed of two basic parts, the
first being the specific statement of the problem,
underlaying assumptions and constraints, and its
thecretical solution. The second part being an example
of the use of the theory by a hypothetical mining
company to determine the best exploration strategy,
and a review of the status of known deposits in the
light of the results of the strategy developed.

Success is defined, in general, as the excess of
reality over desire. Using this concept in
exploration, reality is expressed as a series of
grade—tonnage curves representing the sources of the
commodity. Financial desire is initially defined as an
internal rate of return, but this is then translated
to equivalent grade—-tonnage combinations and is then
also depicted as a series of grade—-tonnage curves. The
chances of exploration success are then determined by
overlaying the grade—tonnage curve af reality on that
of desire.

On the basis of this overlaying specific
deductions are made regarding the relative amount of
effort that can be rationally justified +for each
commodity. In addition, specific, attractive deposit
types are identified and minimum grade and tonnage
criteria are calculated for each deposit type within
each commodity.

Finally, these specific conclusions are combined
to form the best overall strategy for investment in
mineral exploration by a hypothetical company.
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Derivation of a General Theoretical Approach to the
Solution of the Problem of the Rational Orientation of

Exploration Efforts.



1.0 INTRODUCTION

1.1 General Review

The basic objective of the work
described in this thesis was to try to develop a
system of reasoning that would solve the problem of
how to best orient the investment of a company 1in
exploration. The 1logic system developed would be
expected to work at the strategic planning level

within the management framework.

This study then, was an examination of
strategic behaviour as exhibited by an organization.
For the purposes of this study the meaning of
"strategic behaviour" as defined by Ansoff (1) was

used, namely:

"Strategic behaviour is the process of
interaction of an organization with its environment,
accompanied by a process of changing internal’

configurations and dynamics"

Such strateqgic studies have become raoutine in
many industries; but little evidence is available to
justify the belief that formalized decision systems
are widely usedv in the mining and exploration

industries. The usual 1level of sophistication in
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decision making is exemplified by a quotation from the

CIM’s 1970 conference on Decision Making in the.

Minerals Industry (2):

"A well known geologist with long experience in
metals exploration describes a typical decision by a
firm as "let’s spend $X in the ZY area to see what’s
there”, giving no explict weight in budgeting
expenditures to expectations for mineral prospects and

mineralization”

Stermole (3) also has a comment on the state of

decision making in exploration management:

"The whims of management should not be the hasis

for reaching decisions".
Having seen the results of such a stochastic
system of decision making Stermole (4) draws the

following conclusion:

"I¥f systematic methods are not used to compare

the economic considerations of investment
alternatives, it seems evident that in certain
investment decision making situations the wrong

choices may be made from an economic viewpoint”.

From the above, it may be argued that mmuch

14



decision making in exploration management 1is based
upon stochastic ratﬁer than rational processess, with
the consequence that incorrect decisions are made. If
wrong decisions are made, it means that a less than

optimal strateqgy is being employed.

At this point it is helpful to consider the
nature of decisions themselves. The requirement for,
and quality of decisions is succintly expressed by

Thuesen (35):

"... the need +for action demands decisions in
many situations not fully covered by concrete facts.
Then decisions must often be based wupon qualitative

knowl edge"”.

Thus it is clear that decisions must be made in
order for an organization to be successfuli and, that
many of these decisions will be made in conditions of
uncertainty. The risk is the; that wrong decisions
will be made. This problem is compounded by the

linkage between decisions, as explained by Thuesen(&):

P all decisions involve choice between
alternative courses of action. We may call each course
of action a strategy, so that the task of the decision

maker is to choose bhetween a number of alternative

15



strategies".

So, incorrect individual decisions mean an
incorrect overall strategy. Moreover, the 1linkage
between decisions means that a stochastic decision

making system 1s biased towards failure.

I¥f using a stochastic decision making process
tends to produce failure, then it is desirable to use
a rational system to reverse such a tendency. However,
is such a rational system possible to construct 7?2 -
Hillier (7 concluded it should be possible to
identify a rational decision making process, provided
that:

"... the decision maker can:

1. Give a consistent preference order
for all alternatives or events of
interest, and

2. express consistent preferences for

combinations of events and stated
probabilities".

Such constraints mean that the problem must
be limited and a specific goal or set of goals stated

explicitly.

From the above examination of the nature of

decisions, it would appear that the reason for making

16



a correct decision is to achieve success. It is then,

appropriate to consider what is understood by the term .

"success". According to the Oxford Dictionary, success

is:

"accomplishment of an end aimed at”

For the purposes of this study the "end aimed at"
is defined as the maximization of the rate of return
on an investment. Having said that, comments may be
made on the relationship between strateqgic behaviour

and success. According to Pryor (8):

"The risks are spread so that the combine is not
dependent on the full success of all its ventures, nor

are its interests confined to any one mineral.”

Pragmatically, this may be translated as hedging
your bets. Thuesen (?) and (10) had some general
comments about the relationship between success and

strateqgy:
"Attention may be focused on doing worth-while
things or on doing things very well. Economic success

depends to an extent on each”,

and;

17




"... it 1is apparent that the extent of the
success of a ventufe depends upon its potentialities
tor income less the sum of the costs of finding it and
carrying it on",

therefore,

M. it appears warranted to draw the conclusion
that the outcome of an understanding 1is jointly
dependent upon the potentialities of the undertaking

itself and upon how well it is prosecuted®.

Success may therefore be defined as the relative
excess of what 1is actually possible over what is
actually required. In short, success is the excess of
reality over desire. Such a definition permits not
only the determination to be made as to whether a
strategy is successful, but also how successful. In
other words, it allows for the relative ranking of one

strategy compared to others.

Reality in geologic terms may be expressed by the
size and quality of a deposit. As was stated above,
desire in financial terms is expressed by a rate of
return. Clearly, before success could be evaluated
common modes of measurement are needed. Part of the
work of this thesis was to translate financial desire,

as expressed by a rate of return, in to geologic terms

18




of tons and grade. Once such a conversion 1is made,
both reality and desire are expressed in the same
terms and an evaluation of success may be made for a
variety of choices. The alternatives giving the
greatest success can then be put together to form a

"best" strategy.

The necessity for determining how much success is
associated with an alternative is explained by Thuesen

(11), as follows:

... many economic efforts are unfruitful for the
reason that there is not sufficient economic input to

pass the threshold of success."”,

and,

"The threshold idea should be taken in to
consideration in evaluating opportunities.”

In other words, there is a threshold which must
be passed before success results. In exploration terms
that threshold is set by financial desire. If that
desire is set too high, then failure will result from
all exploration activities. On the other hand, if it
is set too 1low, whilst it will be possible for
geologic reality to exceed desire and for success to

result; the resultant success will be below that which
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could have been achieved had the investment been made
in other, non-exploration alternatives. A method must,
therefore, be found to devise a rational decision
process which, in general terms, will answer the

following guestions:

1. Can investment in exploration be justified in
competition with aother alternatives ?

2. If so, how much of the potential investment
may be reasonably consummed by exploration ?

3. What 1is the blend of commodities, deposit

types, sizes and grades that will vyield the
most success 7

Again, part of this thesis was devoted to

devising such a method.

1.2 The Nature of Previous Work

Exploration has been carried out for
millenia, and decisions have clearly had to be made
for this process to occur. Decision Theory itself’
encompasses a whole body of scientific endeavour and
some of its techniques such as characteristic analysis
12y, decision trees (13), and probabilistic
simulation (14) have been widely used and described in
the context of mineral exploration. Papers on the
methodology of project evaluation in the mining

industry and descriptions of the techniques used

20




abound, and are typified by Brown (15), Slavich (164},

O’Hara (17), Whitney (18), Baker (19) and Rendu (20),
to name but a few. Strategic management, as a concept
has also been well developed over many years, and is

well described, in general terms by Ansoff (1).

The current methods used in investment analysis
are well described by O°Neil (21) & (22). Essentially,
they comprise cashflow analysis and the calculation of
a variety of indices such as payback, net present
value ( NPV ) and discounted cashflow rate of return (
DCFROR ). The resultant cashflows are subjectively
factored in an attempt to bias the information towards
the real world. This process is less than scientific
as 1t is not, by its very nature, independently
repeatable, and if the correct strategy is developed,
as the result of this decision process, then it is

achieved by chance.

In specific terms the items which are of interest

-

to the decision maker in exploration were summarized

by Pryor (8), as follows:

"The essential facts which will govern the

financing and operation of a prospect which survives

the exploratory stages can be summarized thus:-—

21




2. Extent and value of the deposit

b. Long term forecasts of markets for
products.

c. Economic rate of depletion

d. Terms proposed for capitalization

e. Political stability of the gqovernment
issuing title

f. Legal and Ffiscal conditions to be
observed

g. Working conditions likely to influence
exploitation”

It will be noted that not all the above criteria
are of prime interest during the initial stages of
decision making with which this thesis is concerned.
Turning to those which are of relevance, the extent
and quality of deposits has been well documented over
the vyears both in the mining press (23) and in
specific publications such as Dixon (24). The key
factors 1in classifying deposits in engineering terms
were identified by Botbol (12) some time ago, as dip
of fractures, rock type and mineral type. Using such
key factors, Botbol did, in fact, classify copper,
lead and zinc deposits. However, Botbol’s work was

limited to a specific geographic area and was not

-

expanded in to a general theory.

The 1long term forecasts of markets for products
is a subject of ongoing concern for many workers.Three
summaries of this are provided by the United States
Bureau of Mines ( USBM ) (23) & (29) and Fischman et
al. (26). Current market situations and inflation

behaviour patterns are well covered by the American
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Metal Market (27) . In terms of price forecasting,
conventional statiétical analysis as described, for
example, by Davis (28) is widely used; but no previous
examples of the application of regionalized variable
analysis, as described by David (14), have come to the

author®s attention.

The working conditions that effect exploitation
depend to a large extent on the type of exploitation
methods wused. Mining methods have been classified in
terms of support systems by Atkinson (30), but this
seems to be treating the symptoms rather than the
disease. No previous attempt to classify mining
methods 1in terms of the key factors identified by
Botbol (12) have been found by the author. Mineral
processing systems have been well classified as a

function of mineralogy by 07Hara (31).

The decision system resulting from this
study must fulfill certain requirements of engineering
economy if it is to be of use. These requirements were

summarized by Thuesen (32):
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"The functions of engineering economy are:
- determination of objectives
- determination of strategic factors and
means
. evaluation of engineering alternatives
. interpretation of economic significance

of engineering proposals
. assistance in decision making”

The question then arises of which methods are
appropriate for the evaluation of economic decisions,

Stermole (33) answers this question specifically:

"Only three methods ... consistently 1lead to
correct economic decision making for all situations.
(They) are DCFROR, net present value and net future

worth.”

In accordance with this dictum, DCFROR and NPV
are used as the basis for decision making in this

thesis.

The problem being considered is complex,{
therefore, it might be expected that the decision
system developed will be complex also. However, Rendu
(20) concluded that as far as exploration is concerned

that:

"Even very simple models will lead to acceptable

results”
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But what is "acceptable” in terms of the results
vielded ? Aristotle may be used for guidance in this

regard:

"It 1is the mark of the educated man to look +for
precision 1in each class of things just so far as the
nature of the subject admits: it is evidently foolish
to accept probable reasoning from a mathematician and

to demand from a rhetorician scientific proofs."

In other words, high precision is not required
for strategic decisions, therefore, combining the
conclusion of Rendu with the logic of Aristotle, it
may be deduced that a simple model will produce an

acceptable result.

The following paragraphs are intended to briefly

highlight potentially new ideas.

The method of classifying mining methods as a
function of geologic parameters directly, rather than
indirectly as a function of support system type
appears to be news; as does the estimate of
exploitation difficulty expressed by a hias factor. 1t

is expected that these particular concepts will be

25
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contentious; but it is hoped that they will stimulate

discussion of a rational classification system.

The 1idea that orebodies can be classified in
engineering terms by consideration of a few simple key
parameters is, of itself, not new; it was described by
Botbol (12) some time ago. However, it is believed
that the extension of this idea from the particular to
the general, and 1its integration with a re—
classification of exploitation technology to produce a

match for all deposit types is new.

The author has been unable to locate any previous
description of the concept of transforming the
internal rate of return equation and solving directly
tor the specific grade—tonnage combination that will

produce a pre—-defined DCFROR.

The concept of Commodity Source Profiles has been
partially addressed by Harris et.al., (34), but not so
named. The grade—-tonnage combinations that were
produced by that study were expressed in terms of
subjective probability tables, rather than as grade—

tonnage curves at various levels of confidence.

A mul titude of studies investigating the

sensitivity of grade and tonnage to changes in

required return have been performed over the decades.
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However, no specific reference has been found to the
concept of translating required rate of return in to-
grade—tohnage terms and of then formalizing it as a

Commodity Profitability Threshold.

Further, evidence of the prior use in the mining
industry of the definition of success illustrated by
the overlap of the Commodity Source Profile on the

Commodity Profitability Threshold, has not been found.

Hence, no published material has been found by
the author dealing explicitly with the consequential
methods described in this thesis for determining the
Chance of Suctcess in exploring for a given commadity,
or the Total Chance of Success in exploring for all
commodities, or for determining the best scheme of
allocating budgets as expressed in the Depaosit
Allocation Diagram, or determining the minimum grade-
tonnage requirements for specific deposit types within
a specific commodity based upon the interpretation of

the Deposit Allocation Diagram.

No published evidence could be found describing
the application of regionalized variable analysis to

the prediction of future commodity prices.

No previously published evidence has been found

by the author describing the weaving together of all

27




the threads mentioned above, both old and potentially
new, in to one whole, repeatable, quantified system of

reasoning.

1.5 Nature of the Thesis

In discussion of the ideas and concepts
mentioned above it became clear to the author that
this thesis was somewhat unusual for a scientific,
geologic study. Therefore, it was felt that it would
be appropriate to say something about the nature of
the study so that the reader may view the subsequent
chapters in the correct context. In writing this
preamble the author has leaned heavily on the work of
Professor Ansoff (1) and his description of strategic
thinking and scientific reasoning. The following
paragraphs on the character of complexity and the
supporting axioms are quoted, virtually intact, from
his description of his ideas on these subjects. In the
author’s opinion Professor #Ansoff has expressed
clearly and succinctly the philosophy underlying the
author’s approach to the topic of this thesis,
therefore, no apolaogy is made for the somewhat lengthy

quotations.

b ¢ This thesis ) is an exercise in the

comprehension of complexity. There are several ways to

28




achieve this goal. The "scientific method", which may
be described as an empirical heuristic which holds
that the truth or untruth of any assertion about the
real world is established only through a process of
expermental verification. This means only empirically

testable problems may be solved.”

Unfortunately, the author is not in a position of
controlling a major investment company, therefore, the
use of the scientific method to test the validity of
the propositions in this thesis is precluded.
Therefore a different philosophical approach is

needed. Rather than analysing the problem and arriving

at understanding by examination of its detailed
constituents, it 1is necessary to synthesize the
complexity from simple ideas until reality is

mirrored. According to Ansoff:

"This method was first used by Euclid some 2200
years ago, and 1is today known as complexitx‘
aggregation or complexity compression. This method is
based upon the assumption that it is possible to
identify a small number of relatively simple axioms

which have two properties:

(i) they explain complexity at the highest level
(ii) explanations of lower levels aof complexity

can be derived from the higher levels by
logical inference.

29




This theory was expanded by Chester Barnard (1),
who determined that no matter how complex a management
problem, it is usually possible to identify a small
number of ‘"strategic variables"” which determine the

essential shape of the solution.™

This thesis is written 1in the Euclidean
complexit; aggregation tradition and should be
evaluated 1in that light. Again, according to Ansoff
the criteria that should be used for that judgement

are:

" 1. Conformity to intuitative experience

2. Clarity of propositional content

3. Internal logical consistency

4. External logical consistency

5. Status of a logical scheme with:
a. widespread conformity to experience
b. no discordance with experience
c. coherence among its categorical

notions

d. methodeological consequences

Required as a starting point for complexity
compression is a statement of the basic assumptions or
axioms upon which the logic will stand. The following
section, therefore, contains suitably modified
versions of several original axioms upon which this
thesis is based. The original axioms are attributed to

the mentioned authors:

30




Whithead or Maslow’s Axiom

The behaviour of a company is motivated
by an aspiration for security and an
aspiration for achievement. Since
achievement entails risk, each company
makes a different trade—off between two
aspirations.

The vigour with which a company pursues
its aspirations is determined by the
strength of its achievement drive and
the power at its disposal.

Machiavelli’s Axiom

1. Companies seek to attain their
aspirations by influencing others to
behave in accordance with their prefer—
ences.

2. Their influence depends on the degree of
control which they possess over allowing
and/or denying others the fulfillment of
their aspirations.

Emery — Trist Axiom

The environment determines the modes and
conditions of behaviour necessary for
survival and/or achievement of organiz-—
ational aspiration.

Chandler’s Axiom

So,

The success of an organization depends
on the alignment between its behaviour
in the environment and the conditions

for success defined by the environment.

the general scene has been set, the previous
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work reviewed, some potentially new ideas highlighted
and a perspective has been given for the appraisal and
understahding of the logic. Finally, a few words of

caution before the description of the logic begins.

Noe theory, however elaborate, can completely
eliminate risk from the exploration process. However,
such a condition can not, 1logically, be allowed to
prevent the application of quantitative +thought to
minimize the inherent risk. Moreover, the reliablity
of the results obtained from the application of the
theory contained in this thesis will not exceed the
reliability of the data input to that theory.
Consequently, i¥f the mechanics of the theory do not
materially alter the reliability of the input data,
then +the theory may be regarded as useful and

preferable to a stochastic decision making process.

There are certain constraints on the basic prohlem
which become apparent, including:
. fimnancial
— level of profit
- level of investment

- level of risk
— time
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. commodity characteristics

. market characteristics

. geoclogic reality

. exploitation technology limitations

- socio—political limitations

To be useful these constraints must be measured

and classified in standard, quantitative ways, and
their effects translated into exploration target
requirements in terms of specific grade and tonnage
ranges for particular deposit types. These desires may

then be matched against real opportunity and the

chances of success in a particular scenario assessed.

The succeeding chapters will put forward an
approach to this problem, 1leading to the development

of a unified process.
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2.0 FINANCIAL CONSTRAINTS

2.1 Level of Profit

The required level 6f profit for a company
is defined for the purposes of this thesis as the
internal rate of return produced by a project on an
after tax basis when viewed from the 100% equity point
of view. This will vary depending upon the type of
project under consideration, 1it’s location, etc., and

will be set by the company at some level.

2.2 Level of Risk

Some companies are limited in the size of
investment that they can accommodate, this constraint
may well preclude certain types of exploitation
systems, particularly those requiring high initial
capital input. In turn, this restriction will limit
the type of deposit, and hence, possibly a commodity
that a given company may reasonably include in its

exploration portfolio.
2.3 Time

Time appears as a financial constraint
because of the time value of money. It is desirable
for exploration to take place in a timely manner, that
is to say neither too soon nor too late. It is clearly

poor strategy to bring on-stream a new project just as
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the market starts a protracted downturn.

Moreover, even the largest companies have a
finite amount of resources at their disposal for
exploration, so the guestion of when precisely this

activity should take place must be addressed.
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3.0 COMMODITY CHARACTERISTICS

In order to limit the problem so that it may
actually be solved, it is necessary to classify
commodities with respect to the stated goal, i.e.;
making a profit. Certain characteristics may be
regarded as beneficial to the aim of achieving that
goal, namely:

- high unit wvalue

. Common occurrence

- amenable to standard technology

- high, sustained demand

- low supply

- non — monopoly supply

- non - strategic supply

. located near consumption centers

- in an area of political stability

- low ratio of known reserves to future
demand

. majority of current supply imported

. located in an area of 1little or no
environmental or other bureaucratic rest-
riction

- other

The fact that some of the above criteria would
seem to be mutually contradictory does not preclude

them Ffrom inclusion as benefits, it merely makes

perfection difficult to achieve.

It is not enough simply to say that because
a source or deposit is located in , say, a politically
unstable area this is bad. It is necessary to
gquantify what " bad " means. This may be done by

ordinal ranking. That is a quantitative value may be
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assigned, in a qualitative way to political stability.
A very stable system may be given a value of 100, and-
a very unstable system a value of 1. Thus one may
classify political stability on a scale of 1 - 100
with regard to exploration. This logic may be applied
to other qualitative characteristics, specifically:
common occurrence, amenability, location,
environmental impact, bureaucratic impact and other.
The remaining parameters are commonly measured in
terms of percentage, and so all characteristics are

now classified on the same scale.

With all significant characteristics of a
commodity quantified it is possible to assess both the
absolute utility of a specific commodity and the
relative utilities of various commodities in terms of

satisfying the stated goal.

3.1 Basic Commodity Exploration Index

The way 1in which this may be achieved can be
outlined as follows. The significant characteristics’
are each assigned a value; these values are combined
in some standard way to produce a Basic Commodity
Exploration Index, BCEI. The significant

characteristics are:z-
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Characteristic Scalar Value

Unit value C(q1)
Abundance C(2)
Amenability C(3)
Removal C(4)
Supply C({3)
Monopoly C(6)
Strategic significance C7)
Location ca8s)
Political stability C(?)
Reserve/demand ratio C(1Q)
Import situation c(11)
Environmental impact C(12)
Bureaucratic impact C(13)
Other c(14)
BCEI = {CL C(1}+....C(n) 1/L n % 50 13

number of characteristics.

— where, n
50 is used to express BCEI on a relative basis
with respect to an "average” value of 1.0.

It was decided to express this and other
gqualitative and quantitative indices with respect to
1", an average condition, in order to convey more
meaning to the reader. In general usage it is
conventional to express departures from a norm as more
or less difficult or attractive. Therefore, if these
indices are expressed with respect to “1", then it is
possible to ascertain what a rating of, say, 1.5
means. It would mean that conditions would be one and
a half times better than normal. This technique has
the advantages of being easily translated in to
intuitive perception and, therefore, of reinforcing
the ability of the reader to modify the course of the

strategic planning process by subjective judgement and
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feedback.

The above eqﬁation defines the Basic Commodity
Exploration Index as the average value of the sum of
the component characteristics. This may not actually
be true. However, currently social science is unable
to supply a quantitative theory which 1links these
components. Faced with such a situation and needing to
produce an answer as to a commodity™s basic
desirability as an exploration target, the best theo-
retical solution is to assume that they are indepen-—
dent, random activities and, therefore, the best quan-—
titative measure of their combined significance is the
arithmetic mean of their scalar assessments. As was
mentioned in the Introduction, this clearly limits the
reliability of the results of such an analysis.

The BCEI equation also assigns equal weight to
each component. In reality this may not be true, but,
currently, no uniform, quantified method of assessing
weights exists, and so, under the same logic expounded
above, the most reasonable solutiaon is to assign’

equal, unit weights to each component.

3.2 Relative Commodity Exploration Index

This process may be repeated for each
commodity and a Basic Commodity Exploration Index
derived for each one. Commodities are real things and

exploration is a real process, therefore, BCEI must
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vield ratio type scalar values, ie: a BCEI can not
have a negative value. Given BCEI’s are ratio scalar,
and that they are measured on the same uniform scale,
they may be compared in a relative way with one
another. Conclusions also may be drawn regarding the
desirability of exploring for one commodity rather

than another.

These ideas are explicitly quantified by the
Relative Commodity Exploration Index ( RCEI ), where

RCEIl is defined as follows:—

RCEI

{L BCEI(i1)1/I[BCEI(1) + ... BCEI(n)31>

— where, n = number of commodities.

[
Il

the ith commodity.

For example, assuming the BCEIs® listed

below:—
Commodity BCE1 RCEI
Gold 0.70 0.23
Silver 0.30 0.10
Copper 0.10 0.04
Tin 0.05 0.02
Mol ybdenum 0.60 0.21
Tungsten Q.80 0.27
Lead 0.15 0.06
Zinc 0.20 0.07
Total 2.90 1.00#%

* Note: the sum of the RCEI’s must be equal to

1.00 because it repesents the total real effort
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available for exploration.

The_ RCEI* s may then be used to rank commodities
from an exploration point of view, and also to assign

budget expenditure.

For example, suppose a company had a total
exploration budget of say $50 million, the expenditure

would be best oriented as follows:—

Rank Commodity RCEI $, M
1 Tungsten Q.27 13.5
2 Gold 0.23 11.5
3 Mol ybdenum 0.21 10.5
4 Silver 0.10 3.0
5 Zinc 0.07 3.5
& Lead 0.06 3.0
7 Copper 0.04 2.0
8 Tin 0.02 1.0

1.00 50.0
Doubts about assuming a linear relationship

between RCEI and expenditure are addressed in Chapter

9, section 9.2.1.

Such an approach has the benefit of directing
effort in to the areas most likely to prove successful
in relation to their actual chances of achieving
success. By definition, this must increase the chances
of successful exploration. On the other hand, it does
not eliminate a company’s risk of failure altogether,
later in this thesis a method of determining this
chance of failure will be advanced. However, this

approach, even at this qualitative stage, does
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rationally limit the amount of expenditure that should
be channelled into exploration for any particular:
commodit?. Further, given such a ranking a company may
choose to eliminate certain commodities from its list,
because compared to others they have little potential.
This will increase the amount of effort that may be

expended in the search for less risky commodities.

Summarizing, the above approach allows a company
to allocate the correct amount of effort to a
éommodity as a direct function of the expected chance
of success in exploration for that commodity. This
permits a preliminary screening of commodities and
sets-up a rational strateqy for exploration. As this
is a quantified approach, the effects of changes to
the scalar values of the input characteristics may be
measured using both deterministic sensitivity and
probabilistic techniques to assess how, and under what
conditions , initial ideas about strategy may be

affected.
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4.0 MARKET CHARACTERISTICS

Rational exploration decisions require a
reasonable, quantified understanding of the various
commodity markets. In the same way that beneficial
characteristics could be identified for a commodity,
useful characteristics can be defined for the markets

themselves. Such a list would include:-—

- market size

. ratio of domestic market to total market
. significance of recycling
- size of tariff barrier

. bureaucratic impact

- environmental impact

- political impact

. monopoly share

- cartel impact

. potential substitutability
- alternate potential

- price - time cycle

. other

Similarly these characteristics all may be described
on a scale of 1 — 100, either on the basis of the
units in which they are actually measured, or by

subjective rating in the range "very good” to "very

bad*".

4.1 Market Exploration Index

Consequently, a measure may be derived of
the potential of a given market in terms of successful
exploration. Such a measure could be called the Market

Exploration Index, ( MEI ), and would be defined as
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follows: —

MEI = {L M{1) + ... M{H) + ... M(n) 13/ n #* 50 )

ith characteristic
number of characteristics

— where, 1
n

I

50 1is wused to produce an MEI] value
expressed relative to an “average" value of 1.0.

Once again equal weight 1is given to each

component.

It can, of course, be arqued that a "correct”
price — time cycle is of more significance than, say,
recycling. This may well be true, but, again, there is
no quantified theory for assessing the relative
significance of these market characteristics. However,
as the classification system is gquantified, the effect
of changing the relative weights on the final outcome
may easily be measured by performing a sensitivity

analysis.

For the purposes of this thesis all
characteristics have been assumed +to have equal

significance.

This approach may be repeated for a variety
of commodities and a Relative Market Index, ( RMI ),

derived as follows:—
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RMI = (L MEI({) I/L MEI(i) +... MEI(n) 13
- where, i = ith commodity
n = number of commodities.

The explorationist may now rank markets in terms
of exploration success. Moreover, by joint use of the
Relative Commodity Index and the Relative Market Index
together, he 1is able simultaneously to evaluate not
only the technical desirabilty of a commodity, but

also its market potential.

4.3 General Exploration Potential

The combination of BCEI and RMI finds
quantitative expression in the General Exploration

Potential, ( GEP ), where:-—

GEF(i) = [ RECI(i) + RMI(i)> 3

— where, i = ith commodity.

The above approach utilizes a simple linear model
and it 1s arguable how precisely it simulates reality.
The requirement for precise simulation is addressed’

later in section 2.2.1.
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5.0 GEOLOGIC REALITY

In order to dake the general problem of how to
orient exploration in a profitable way tractable, it
is necessary to limit the scope of possible geologic
scenarios to some finite number. This means that a
method of classifying geology in a way which reflects
profit potential is required. Conventional geologic
classifications were not devised with a view to

satisfying this requirement.

A new method of classification 1is therefore
needed. If geology 1is to be profitable it must be
exploited. The current range of feasible technical
solutions to the problem of exploitation is limited.
It then becomes merely necessary to determine the
characteristics of the constraining parameters 1in
exploitation technology and to apply these standards

to the classification of geology.

It will be shown later, in Chapter &6 ,that the
main characteristics needed for the classification of
geology with respect to profit are:-

. spatial location
- structure
- geometry
This type of real or hypothetical information is

available for a deposit type, even at a conceptual

level. Moreover, having classified geoclogy in terms of
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these parameters it becomes possible not only to match
a deposit to an exploitation system, but also to
decide if it is technically feasible to exploit such a

deposit; and if so, with what degree of difficulty.

The three parameters mentiqned above enable
mining systems to be matched to geology. The addition
of some real or hypothetical knowledge about the
mineralogy of the deposit, also permits a suitable

mineral processing system to be selected.

Such a classification, aids the successful
orientation of an exploration programs, because it
will identify a set of deposits which may not be
exploited by currently proven technology, irrespective
of econeomic considerations. Such deposit types are, by

definition, not candidates for exploration.
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6.0 EXPLOITATION TECHNOLOGY CLASSIFICATION

Exploitation technology is a constantly evolving
fields however, from a pragmatic point of view, the
number of ways in which a given deposit may be
exploited in a standard and reasonable manner is
limited. Splitting exploitation in Fo two sections:-—

. mining
. mineral processing.

The practical alternatives may be defined as

follows: —

. mining

— open pit systems
— natural caving systems
— artificial caving systems
— self-supporting systems
— artificially supported systems
— other
. borehole slurry mining
- in—-situ leaching
- alluvial mining

. mineral processing

- gravity concentration

- selective flotation

— basic flotation

— cyanidation

It should be noted that the system limits of the

problem have been drawn at the point when the
concentrate is loaded ready for shipment from the
mineral processing plant. The reasoning for this was
that virtually all deposits have associated with them,

some kind of concentration activity, but not all
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either have or need their own smelter and refinery. It
therefore seemed Eeasonable that the end product
should be defined as the concentrate rather than the
finished metal. This means that the value assigned to
each commodity must be its net smelter retufn rather
than the price quoted on the Londoq Metal Exchange or

any similar place.

In terms of standard mining systems the
technology classification is 1limited to currently
standard systems, therefore, the new systems such as
borehole slurry mining and in-situ leaching are
excluded from consideration in this thesis because
they have not yet attained the same status of standard

proven technology.

Similarly, for mineral processing, the list above
encompasses technology classificatioés that account
for the great majority of concentration systems.
Again, +for the purposes of this thesis, specia{_

systems which fall beyond the above defined scope will

be ignored.

6.1 Selection Logic

Having defined exploitation possiblities,
the general logic flow inherent in technology
selection 1is illustrated in Figqure 1. The basic

information needed to classify the geologic concept
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of a deposit being tested as a potential exploration
target Cpmprises-—

- ctonsolidation

. depth to base of deposit

. depth to top of deposit

- relative water table position

- rock mass fracture intensity

- orebody thickness

Such information 1is available to a geologist,

even at the hypothetical stage, because in order to
begin considering an exploration target the geologist
must have some category of deposit in mind. For these

categories the above information is known, or may be

inferred.

&.2 Consclidation

A knowledge of the absolute consolidation of
both the deposit and the overburden is needed in order
to determine the technical feasibility of applying
alluvial mining for the exploitation of the deposit.

I+ the material is well consolidated, then current

-

technology 1limits will preclude the use of alluvial
mining. By the term "consclidation”, in this context,
is meant the degree to which the material possesses
shear strength. In alluvial mining excavation of mate-
rial depends upon failure of the mass in shear due to
the action of water jet impingement or dredge bucket
impact. It 1is unreasonable to expect a geologist to

have knowledge of such engineering characteristics of
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material, therefore, the classification shown in Table

1 may be used as a basis for decision making.

From Table 1 it will be seen that alluvial mining

applies to "soft" rocks, that is material with a shear

strength below 330 psi.

precisely where to draw the line,

Naturally, it is debatable

however, suffice it

to say that the 350 psi figure is within the bounds of

currently available technology.

Table 1 CONSOLIDATION CLASSIFICATION
Rock type Class Uniaxial Friction Shear
Str. psi Angle Str. psi
1 soft 0-3500 0-10 O — 88
2 soft 0-500 10-20 88-182
3 soft 0-500 20-25 182-233
4 soft 0-500 23-30 233-289
S soft 0-500 30-35 289-350
6 very weak S00-2000 35-42 350-1800
7 very weal 500-2000 35-42 350—-1800
8 weak 2000—-4000 42-446 1800-4142
9 medium 2000-4000 42-44 1800-4142
10 strong 4000-8000 46—-35 4142—-11425
11 medium—strong 8000—-4000 46-55 4142-11425
12 strong 8000-16000 55-70 11425—up
13 very strong 16000-32000 55-90 11425~up
Rock Type Description
1. Saturated clays
2. Partially saturated clays
3. Clay gouge
4. Slick fractures
5. Disintegrated rock % sand
6. 3" — 6" blocks
7. Poorly compacted sedimentary rock
8. Poorly cemented sedimentary rock
?. 1 ft. - 2 ft. blocks, competant low density sed. rock
10. Coarse igneous rock
11. 2 ft. — 4 ft. blocks
12. Competant igneous & meta. rock & some fine grain sandst.
13. Quartzities, dense, fine grained igneous rock
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The above table was generated after reference to

Jaeger & Cook (36) and Attewell & Farmer (42).

Using the classification shown in Table 1, all
the geologist needs is some general description which
will fit in to one of the 13 categories ahove. Given
this information, not only may a start be made on
selecting appropriate mining methods, but an
assessment of the degree of mining difficulty may also

be started. This point will be amplified later.

6.3 Depth to the Base of the Deposit

Mining technology has limits to what it can
achieve. These limits are not fixed for all time, but
will move with advances in knowledge. However, all
possible deposits may not be mined. In general the
limit on mining may be regarded as depth. Today this
depth 1limit is about 10,000 feet below the surface.
For the purposes of this thesis then, 10,000 feet will
be regarded as the practical limit to exploitation and"

no deposits deeper than this will be considered.

In the case of alluvial mining, current equipment
limits preclude excavation at depths greater than
about 120 feet. This value is used in the analysis as
one test of the technical viability of alluvial

mining.
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6.4 Depth to the Top of the Deposit

The basié objective of mining is to make a
profit. In order to achieve this goal, capital and
operating costs must be minimized. Revenue will only
be generated when ore 1is produced. It is also
desirable to produce this revenue as soon as possible
after the investment of capital. Further it 1is
desirable to minimize the pre—-production development
cost within the constraints of maximizing ore grade

mined and recovery of resource achieved.

The rigorous solution of such a problem is diffi—
cult, and requires a knowledge of the depaosit that is
not available at the exploration stage. Indeed, if
such information were available, the exploration pro-
cess would not be needed. It is therefore hard to say
how a deposit should be exploited before it has even
been found. However, we need to have some general rule
that will allow for such a decision to be made in a
way that will probably be correct, because the type ofr
mining method chosen to exploit a particular deposit
will to a large extent determine its economic
viability. Therefore, in the absence of a rigorous

solution an empirical gquide is needed.

The best expression of the mining industry’s
solutions to profit making are the currently existing

mines. The most cbvious distinction that may be made
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between existing mines is whether they are open-pit or

underground operations.

In order for open pit mines to make the maximum
profit it 1is necessary to minimize the pre—-strip
volume. This volume is a function of pit geometry and
is driven by one variable, depth. Hence, in order to
maximize profit pits must minimize the distance +from

the surface to the top of the orebody.

Theoretically then all that is required 1is to
examine the data linking pre—-strip depth to subsequent
profit and to derive a general rule for determining,
at this early stage, whether a deposit will be mined
by open—-pit or underground methods. Unfortunately,
such data is not available. So we must then assume
that all pits that have been started have been
profitable. This we know is false. However, it may
reasonably be assumed that pits which have been in
production for a reasonable length of time, have been
profitable or they would not have been continued.
Examining existing long—term pits shows that about 300
feet appears to be the limiting depth to the top of
the orebody that can be tolerated by current
technology. At Twin Buttes in Arizona the pre-strip
depth was 320 feet, and the pit has never made a
profit. So maybe 300 feet is being a 1little over

generous; however, consultation with senior design
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engineers in the mining industry would seem to
indicate that 300 feet of pre—-strip depth is a
reasonable assumption for the cutoff depth between
open—-pit and underground mining, certainly for the
purposes of exploration decision making. It will,

therefore, be used in this thesis.

6.5 Relative Water Table Position

The position of the water table with respect
to the orebody is of significance in determining the
technical feasibility of alluvial mining. Clearly, if
the orebody is above the water table it becomes very

difficult to mine it with a dredge.

In the case of hydraulicing, it is not a
technical requirement that the orebody be below the
water table. Pumps could be used. It is more a ques-—
tion of efficiency. The necessary hydraulic head for
the monitors is usually developed, at least in part,
by a gravity potential as this reduces the cost. The
cost of generating high water pressure for monitoring’
is significant, as the grade of these deposits 1is
usually low. Moreover, 1if the deposit is below the
water table, the pore water pressure will reduce the
effective shear strength of the material, making it

more amenable to exploitation by alluvial methods.

So, for the purposes of this thesis, it will be

assumed that 1in order to be exploited by alluival
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methods the deposit must be below the water table.

Mining requires that the rock mass is
subjected to a set of mechanical processes. Therefore,
in order to determine which of these sets is the most
appropriate to a given geologic scenario it is
necessary to know something about the mechanical

properties of the deposit.

Mining is a large scale activity; therefore, it
is not of direct interest to know about the small
scale properties of intact rock specimens. This leads
directly to an unsolved problem, how to assign
mechanical properties to large rock volumes such as
orebodies. As the problem remains currently

intractable, a way must be found around this dilemma.

Mining is a relatively low energy activity, which
functions through the inherent discontinuities, frac-
tures and joints in the rock mass. It follows, thentﬂ
that, if a rock mass is characterized by its fracture
intensity, it should be possible to identify broad
types of mining schemes which are applicable to its
exploitation.

Using the same class descriptions as in Table 1

above, the following classification may be made:-
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Class Fracture Intensity Block Size,in.

Soft 10.00 minus sand
Very weak . 8.00 3" - 6"
Weak 6.50 1ft.— 2ft.
Medium strong 3.25 2¥t - 4f¢t.
Strong 1.70 large
VVery strong 1.00 intact

The fracture intensity list above is not on any
absolute scale, as no generally accepted scale for the
calibration of fracture intensity from the strength
point of view exists. The scale used is a qualitative
one, loosely based upon the shear strength values
given in Table 1. In terms of the mining method selec-
tion logic shown in Figure 1, highly fractured rock is
regarded as having a fracture intensity of equal to or
greater than 6.5 on the above scale. That is to say,
the deposit is composed of material having a typical

size range of 1 foot to 2 foot blocks.

Therefore, rock masses may be divided in to two
major relative classes; highly fractured and sparsely
fractured. Underground mining systems may also be
divided in to corresponding groups;i; those which relx/
upon highly fractured rock masses for their implemen-
tation, and those which require a relatively intact

rock mass.

If the ground is relatively intact, then either
it ‘must be artificially fractured in order to allow
for 1its physical removal, or use can be made of its

natural "strength” to reduce the amount of ground
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support required.

If the ground is highly fractured, then either it
must be artificially supported or use can be made of
this weakness in order to allow failure by self-—

induced caving to occur.

The final differentiation between
underground mining methods may be made by
consideration of the specific geologic concept itself,
characterized by the expected thickness of the

deposit.

In the case of those mining systems applicable to
highly fractured rock masses: natural caving, systems
such as block caving, require a certain minimum under-—
cut width before spontaneous and continuous caving can
be induced. This undercut width is a function of the
tendency to arching in the material, and will vary
according to the resistance generated in the rock mass

by internal friction.

In section 6.6 above, highly fractured rock
masses were defined in terms of the classes in Table
1, as weak, very weak and soft. The specific undercut
width depends upon the combination of rock mass
strength, depth, density and the general state of

stress. However, because mining is a real process, its
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mechanical 1limits may be applied to define a minimum

orebody thickness which will allow for access of men -

and equipment to generate the undercut. Current
practice would set this minimum dimension at about 30
metres. So, for this analysis, any deposit which is
highly +fractured and has an average thickness of
greater than 30 metres, will be regarded as a suitable
candidate for exploitation by natural caving systems.
Any deposit in this group which has an average width
of 1less than 30 metres, will be assumed to be
ekploited by artificially supported mining, such as

cut—and—fill.

For the group of deposits that are regarded as
relatively intacts ie, have fracture intensities of
less than 6.5, thickness is again the final deciding
factor in choosing between the two sets of methods,
artificial caving and self—-supporting. Self—-supporting
systems depend, largely, +for their efficiency on the
strength of the rock mass when acting like a beam
supported at each end. This, in turn, is largely a
function of the tensile strength of the rock. At this
stage of exploration planning it is hard to have any
accurate knowledge of the tensile strength of the
rock, so once again, it is necessary to adopt an
empirical solution to the problem. It would seem 1in
today’s industry that the maximum span used in self-—

supporting mining systems is about 15 metres. There-—
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fore, it will be assumed that, if a deposit in this
group has an average thickness of less than 15 metres,.
it will be exploited by self-supporting methods, such
as room—and-pillar. If the average thickness 1is
greater than 15 metres, then it will be assumed
exploited by an artificial caving system, such as sub-
level caving.

6.8 Strategic Implications of Mining Method
Selection

Using the 1logic described above, all
deposits may be classified into a set of exploitation
categories. Each category has, inherently, certain
levels of required capital investment and operating
cost. For instance, cut—and—-fill tends to be applied
to small, high grade deposits; as the deposit is small
the initial capital required will probably also be
small when compared to the capital needed to start a
block caving operation. Further, because it is an
underground operation, the chances are that the pre—
production time will be longer than for an open—pit.
It is also quite likely that the characteristics of
the deposit will be known with less precision than for
a shallower deposit; this will increase the risk asso-—
ciated with the investment. Again, as it is a small
deposit then it is likely that the amount of actual
cash generated by the operation will be relatively

esmall.
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small.

Most companies set levels of risk, payback time,
available capital and revenue requirement that may be
used to decide that deposits requiring exploitation by
artificially supported mining methods are not attrac-—
tive primary exploration targets. Such a philosaphical
approach allows for a better orientation of an explo-
ration program, as it will more nearly it the

company’s basic situation.

So it is now, conceptually, possible for a
company to decide not to seek for deposit types X, Y &
Z because they are most unlikely to be exploitable
within the company’s financial constraints. This then
provides a direct, easily understood link between the

field geologist and the company’s fundamental goal.

In order to calculate capital and operating
costs for mining it is not sufficient merely to decide
upon an appropriate mining technique. The degree of
difficulty 1likely to be encountered in implementing

that technique must also be assessed.

For standard mining technology, defined
above this assessment may be made on the basis of a

limited number of additional deposit parameters:-
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. rock strength

- deposit dip

. water conditions

. depth to the base of the deposit
. other factors

6.2.1 Rock Strength

There 1is no body of theory currently
available 1linking directly rock strength and ease of
exploitation. Therefore, it 1is necessary to rely on
inductive 1logic to produce an empirical relationship

that will quantify their interaction.

A further problem arises in assigning units
to both rock strength and the degree of mining
difficulty. One way around this problem is to rank

rock strength on some scale, for example:-—

Very weak 1 - 10
Weak 10 - 30
Medium 30 — S50
Fairly strong 30 — 65
Very strong 65 — 90

This scale may then be linked to a standard

score expressing ease of exploitation on a scale of,

-

say, 1 — 100, This is illustrated in Figure 2.

The logic behind this particular curve is as
follows. In terms of ease of exploitation stronger
rock masses make for easier mining, but, once the mass
starts to become very strong, the benefits associated
with 1increasing strength begin to accumulate at a

slower rate. Translating this to real life, as the
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rock gets stronger stability increases, but beyond a
certain point the work needed for the actual excava— -
tion of the rock pushes standard technology very clase

to its limits.

Obviously, the precision of such a relation—
ship is not high, but it does allow for a first appro-
ximation of a quantitative comparison between

different rock types to be made.

6.92.2 Deposit Dip

The dip of the deposit affects two
aspects of mining:-—

. ease of material transport
- mining loss and dilution

Using the same technique for
assigning quantitative values to a qualitative
assessment, a relationship between dip and transport
difficulty may be derived. Such a relationship i§¢

illustrated in Figure 3.

The justification of the relationship
is as follows. The best situation, from the transport
point of view, would be to have a horizontal dip,
'because then cheap, high capacity haulage systems like
beits and rail can be used. Once the dip has passed

beyond about 5 degrees, then productivity declines
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fairly rapidly. When the orebody is vertical the
situation is bad, because a high infrastructure cost
is needed to allow for the extraction of the orebody.
This adverse situation is to some extent mitigated by
the fact that gravity may be used in collecting the
broken rock in some central point faor subsequent tran-—

sport to the surface.

The worst case occurs at a dip of about
45 degrees, because this provides for the maximum
horizontal and vertical dispersion of the transport
system, but does not allow for the use of gravity for

the collection of rock.

Mining 1loss and dilution are
controlled by several poorly understood processes.
However, loss and dilution are significant factors in
determining the final profitability of a project, and

s0 some way has to be found to assess their influence.

The relative geometry and physical
characteristics of the deposit and the surrounding
rock mass are the main factors governing the amount of
loss and dilution that may be expected. Clearly small
deposits are more sensitive to the impact of waste
infiltration than large ones. Similarly, if there is a
large difference in particle size and density between

the deposit rock and the surrounding rock, percolation
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of waste into the ore may become severe under gravity

flow conditions.

The size of deposits may be typified by
the ratio of surface area to volume. The larger the
surface area the greater the opportunity for dilution
to occur. Unfortunately, the same type of deposit may
have a wide variety of shapes, and hence surface
area/volume ratios. At the strategic planning stage it
is unlikely that the shape of the target deposit will
be known. So this factor is of little use for this

type of analysis.

Dilution and loss are dynamic processes
that is to say, they take place as the result of the
relative motion of ore and waste particles under con-
ditions that may be broadly described as gravity flow.
This statement contains within it the implicit assum-—
ption that the orebody is of sufficient width to allow
for its removal by standard real equipment. The rela-
tive motion of the ore and waste is governed by the
geometry of the deposit. Since gravity flow acts dow—
nwards, it is sufficient to consider a one dimen-—
sional index of its actioni ie, dip. At the strategic
stage it is reasonable to assume some knowledge of the
deposit dip, because the exploration geologist may be
expected to have some general environment in mind when
planning an exploration program.

Any doubts about this assumption
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may be calmed once some quantitative relationship
between dip and loss/dilution has been derived. One
such relationship is suggested in Figure 4. There are
two "best" geometries in terms of loss/dilutions hori-
zontal and vertical. If the deposit is vertical only
the top will be subjected to significant dilution-—
/loss, and this will tend to take place either during
initial production or at the end of the mine life. As
the mining moves down, the top of the ore shields the
rest of the deposit from the effects of dilution. The
major dilution and loss will take place at the end of
the 1life of the mine when crown pillar robbing is
undertaken. Similarly, for a horizontal dip the major
effects of loss and dilution will be felt at the top
of the deposit. Therefore, both geometries are regar-—

ded as "good" by this analysis.

The worst geometry from the loss/dilu-
tion point of view is that which exposes the deposit
tc the maximum amount of exposure. That is dips of
around 45 degrees. This dip is then defined as "bad"
from the point of view loss/dilution. A simple first

order relationship has been assumed in this analysis

and is illustrated in Figure 4.
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6.9.3 Depth to the Base of the Deposit

The depth to the base of the deposit
clearly influences the ease with which the deposit may
be exploited. The ideal situation would be to find the
orebody lying fully exposed on the surface. The worst
possible case would be to find it 10,000 feet below

ground.

Splitting mining depths in to three catego-
ries — shallow, medium and deep — allows for a general
non—-linear relationship to be developed. Shallow depo-
sits are basically categorized as "good”, and deep
deposits as "bad", with an approximately first order
graduation between the two limits. This relationship

is illustrated in Figure 5.

6.92.4 Water Conditions

The amount of water encountered will
affect mining ease. On the one hand, high water
inflows, such as those found in Zambia or New Guinea,”
make mining almost impossible, whereas complete
absence of water, such as in some coal or uranium

mines, make equipment availablity very poor.

However, in the case of a dry mine, water
may be imported to alleviate the situation. Clearly
then some water is highly desirable but too much is

very bad. In the extreme, too much water can prevent
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mining completely, whereas too little can be overcome,

and some is just right.

This qualitative reasoning is reflected in

the relationship shown in Figure 6.

6.92.5 Other Conditions

The above relationships cover the
main factors affecting the degree of difficulty of
mining a deposit. However, there are others such as
the presence of gas, a particularly bad footwall,
etc., which will affect mining ease. Their presence is
not always assured and their impact not always major.
Individual consideration of these non—standard factors
would make the input to this analysis both
unnecessarily difficult and tedious, therefore, a
general catch—all category of "other" may be used to
compensate for these minor factors. The simple first

order of such a relationship is shown in Figure 7.
6.9.6 Bias -

The degree of mining difficulty for a
given mining method, and for a given deposit may be
called "bias". This bias is the compound expression of
the above described factors. The difficulty is now
presented as to how to combine these factors
quantitatively to produce an index of mining ease.

There is no general theoretical framework of mining to
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Fig. 7 Other Factors
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assist in this problem. The factors under
consideration are: —

. Rock strength
Transport ease

Mining loss/dilutiaon
Depth to deposit base
Water conditions

. Other conditions

COPUN-

All these factors may be assigned standard
scores, all measured to the same scale, and to the
bases of the relationships described in the preceeding

sections. Let these scores be symbolized as follows:—

Factors Standard Score
Fock strength S1
Transport 52
Loss/dilution 83
Depth sS4
Wlater 85
Other S6

In the case of open—pit mining it may be
argued that the degree of dilution and recovery of a
deposit is not determined by gravity flow, because the
waste material is being physically removed before the
ore is extracted, thus eliminating loss/dilution as &
significant factor. This being the case, the bias must
be calculated in one of two different ways depending
on whether the deposit would be exploited by surface

or underground methods.

The question still remains as to what rela-
tive significance, or weight, may be given to each of

the individual factors. The bias will affect both the
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capital and operating costs of a project. I+ mining
conditions are poor; productivity of individual equip-
ment will be low, therefore, in order to maintain a
given level of production more items of equipment will
be needed than for a good, high productivity situa-
tion. Hence, capital costs will be higher. Similarly,
under adverse conditions, operating costs will

increase.

Pragmatically, capital and operating costs
will vary within finite ranges for all sets of condi-
tions. For this type of strategic analysis, high pre-—
cision 1s not required. 1t may, therefore, be con-—
cluded that it is not necessary to agonize +or too
long on the question of the relative weights of
individual factors. As no general theory exists to
assist in the assignment of relative weights, all
factors will be given equal significance. Moreover,
bias 1is simply an expression, on average, of the
likely difficulty that might be expected in a
gqualitatively defined scenario. The following

definitions are therefore used for this analysis:-—

Underground bias 1.0/L0{S1+82+53+54+55+54) /3001

Surface bias 1.0/L (51452+53+54+546) /2501

The resulting bias will tend to increase
costs in poor conditions and decrease them in good

ones, with respect to some mean value.
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These average values of capital and opera-
ting cost may be obtained from published data, or from
an empirical approach such as that described by O”Hara

(31) or Hoskins & Green (37) or Straam (38).

6.10 Mineral Processing

The method chosen for processing ore
to produce a saleable concentrate depends upon the
mineralogy of the deposit being considered. For the
major base metals 0O’Hara’s (31) paper covers how
metallurgy may be determined and costed. Using the
empirical relationships described therein,
metallurgical recovery may be related to the average
mined grade, and resultant revenue thus calculated.
Hence, revenue and costs may be derived and thus the

economic desirability of potential targets determined.
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7-0 SOCIO — POLITICAL CLASSIFICATION

At first glance it may seem that there is little
connection between politics and geology, however,
exploration takes place in the real world, and so
potential targets must be classified in terms of socio
— political attractiveness. In many cases this may
well be the over-riding consideration. The main

factors may be summarized as follows:-—

Factor Index Symbol
Attitude of government to capitalism P1
Long term political stability P2
Short term political stability P3
Environmental impact | P4
Ecological sensitivity PS
Employment generation P&
l.and use conflict P7
Infrastructure status P8
Tax policy P ’
Royalty policy P10
Legal climate P11
Indigenocus labour skills P12
Relative social development P13

As was described in earlier sections these
factors may be assigned values on a scale of 1 - 100,
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where 100 is very good and 1 is very poor, with
respect to their impact upon a potential mining:.
complex. Thus a Socio — Political Index ( SPI ) may be
derived: -

SPI ( P(1) + P(2) + ... P(n) )/( n % 50 )

n number of characteristics

90 is used to express SPI as a value

relative to an "average" state of 1.0
This will result in an absolute number for the
deposit whose significance is not at first obvious.
So, again, a Relative Socio — Political Index, RSPI,
may be defined by considering all potential deposits
for all commodities, whose value is more descriptive.
In fact, it may be useful as a first approximation,
simply to derive a RS5PI for each country and to assume
that all deposits that lie within the borders of that
state will have the same RSPI1. Whichever assumption is

taken the RSPI is defined as follows:-—

RSPI(i) = SPI(i)/[ SPI(i) + ... SPI(n) 1

~ where: i = ith commodity

n the total number of commodities.

Thus commodities may be ranked according to their
socio — political risk, by proportionally adding

either on the basis of a deposit - by — deposit basis,
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or by adding the relative contribution made to the
potential production of a given commodity by a given

country.
Further the definition of General Exploration
Potential may be expanded to include this socio -

political component:

GEP (1)

[ RECI(i) + RMI(i) + RSPI{(i) 1

— where: 1 ith commodity

— all other terms defined as before.

Hence, a quantitative, repeatable approach to the
ranking of risk with respect to somewhat elusive
phenomena 1is now available. Consequently, general
corporate strategy can now be outlined in a broad way,

and the affects of changes in assumptions on the final

strategy may be measured. Thus giving greater
confidence to management in the decision making
process.
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8.0 PRICE CONSIDERATIONS

At ~several poihts in the preceeding argument the
question of price has been touched upon, but not
examined in any detail. The way in which price varies
has a major impact on the risk associated with making
the choice to exploit commodity "A" rather than
commodity "B". So it is clearly neceééary to establish
some way not merely to predict prices, but, more
significantly, to quantify the amount of risk
associated with the prediction. Commodities may then

be ranked according to this risk in a useful way.

Currently, there are two main ways in which price

predictions may be made:

. use of statistical techniques
such as time—series analysis and
regression.

- use of some form of qualitative ranking as

described for socio — political risk above.
There are limitations associated with both
approaches. The first alternative, normal price

forecasting, is known to be inaccurate; moreover, it
does not provide a useful measure of risk. The second
alternative may produce a correct result, but only

by chance.
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There is, however, another possibility -
geostatisties. So far, the theory of variograms and
regionalized variable analysis has been applied
largely to grade distributions. In principle, however,
there is no reason why it should not be applied to any

dependent variables, including price and time.

In the strict sense of the word, there 1is no
dependency between price and time. Price does not vary
just because time passes. FPrice varies due to the
. interplay of a whole host of factors that are
conventionally indexed to time. Therefore, it may be
deduced at this stage that, if we are treating the
symptoms rather than the disease, the precision of our
answer is likely to be low. However, as social science
is unable to provide a quantitative theory 1linking
price and time, we are obliged to fall back on
statistical approaches. The regionalized variable
technique produces the best estimator of likely grade
distributions that is currently available to us. Given
that price and time may be assumed dependent, then~™
analagously it would seem reasonable to use it to

predict future prices.

From a variogram we may obtain three significant
parameters;:; the sill, the nugget and the range. In
terms of price — time dependency, the sill provides an

estimate of the maximum error we may expect in making
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predictions — all things bteing equal. The range gives
an idea of the maximum time span beyond which we may.
not reasonably make predictions. The nuqget value
indicates how much inherent error we may expect in
even our most accurate analyses. None of this
information 1is given by conventional statistical

analysis.

The analysis being descibed in this thesis should
be regarded as a "steady - state" type of study. This
being the case it is necessary to remove the effects
of inflation from historical price data. An example of

this approach will be given later.

The significance of price predictions decreases
as time recedes in to the future; this is because of
the influence of discounting. The revenue generated
next vyear has less value than that same revenue
generated today. Therefore, the significance of the
error of estimation of future price is also decreasing

with time. The rate of discounting depends upon the

profit demanded from the project.

Suppose that variograms have been calculated

for a group of n commodity prices, and the the values
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of sill, nugget and range are known for each

commodity.

Let sill values be, S(i) maximum risk for i

nugget values, N(i) minimum risk for 1
range values, R(1i).

predicted average price value be P(i)

— where, "i" is the ith commodity.

It is +First necessary to define '"good" in
planning terms. Ideally, a price should be stable for
long periods. It should be emphasized that this is an
ideal +from a planning rather than a speculative point

of view.

The limits of price variability are given by the
sill and nugget values, in absolute terms, and may
usefully be re—expressed in terms relative to the
predicted average price. They are then expressed as
percentages in conformity with the definitions of the

other qualitative indices.

Relative G6ill, RS(i) L 1.0 — ( S(1)/P(i) )1 # 100

Relative Nugget, RN(i)

L 1.0 — ( N(1)/P(i) )1 % 100

Relative Range, RR(i) = R(i) / R’
—where, R’ = the average range over
commodities.
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Thus a Price — Time Index, faor each commodity

may be derived as follows:
PTI{(i}> = [ RS(i) + RN({i) + RR(i) 1/L 3 *® S0 1
— where: PTI(i) = relative price — time index for

commodity i.

50 expresses the PTI with respect to an
‘'average"” condition of 1.0

The relative price time index may be quantified

thus: -
RPTI(i) = PTIG)/IPTI() ... + PTI(mM1
— for commodities i to n
So, following the above procedure, the

commodities may be ranked in terms of price as
exploration alternatives. This particular ranking is
useful as it makes some quantified statements about
the future which may be checked as the exploration
effort progresses. Such feedback may be used for
subsequent modification or re—orientation of

exploration activity in such a way as to reduce risk.

The General Exploration Potential, GEP(i), may be

modified to include the RPTI(i) as follows:

GEP(i) = ( RPTI(i) + RCEI(i) + RMI(I) + RSPI(i) )

— all definitions as previously described.
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Most of the elements needed to start a
strategic analysis have now been assembled, with two
major exceptions: the expression of desire and real

possibility.

For the purposes of this argqument "desire" means
financial requirement, specifically the achievement of
a defined DCFROR. "Real possibility"” means the actual
deposits that are available for discovery and/or

acquisition.

Actual deposits are normally characterized 1in
terms of tons of ore at some grade, or grades. The
financial desire is defined in terms of DCFROR.
Clearly, in order to match the two it is necessary to

express them both in the same terms.

Bearing in mind that these actual deposits must
be found, and that this work will be carried out by-
geologists, it would seem 1logical to express the

financial constraint in terms of tons and grade.

There are two ways in which the translation of

financial units into geologic terms may be achieved:

- by conventional indirect solution
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. by direct solution — a new technique.

The conventional solution will be examined first
as this will throw light on its shortcomings, and set
the scene for the development of a new, direct

solution.

?.1 Indirect Solution

The usual way rates of return are translated
in to tons and grade is by performing a cashflow
analysis on a wide range of real or hypothetical
deposits, 1including measuring the sensitivity of a
project to changes in deposit size, grade, net smelter
return, capital cost, operating costs, and determining
the DCFROR of each resultant cashflow. These DCFROR’s
may then be contoured in a variety of ways to show the
effect of changes of each of the several variables

mentioned above.

As different types of deposit are exploited in
different ways, it is useful to categorize the results
in terms of mining method. Figure 8 illustrates, for
an open — pit copper mine, for a particular size of
125M tons, the relationship between copper price and
grade for a given rate of return. Should the size of

the deposit change, naturally , the characteristics
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will be of a somewhat different shape; and a whole
suite of such curves may be developed for various

sizes and rates of return, etc.

However, the point 1is that certain significant
information may be gained from such a relationship. I+
the price of the commodity for the life of the deposit
is defined, we may define the average in—-situ grade
that is required in the deposit in order to obtain the
required rate of return. So now, rather than setting
an exploration target as "find an open — pit copper
deposit that will achieve 15%Z DCFROR", we may say "in
order to achieve 15%Z DCFROR you must find a deposit of
copper amenable to open - pit exploitation that
contains at least 125M tons of ore at an average grade
of not less than 1.25% Cu.". This makes the life of
the explorationist a good deal easier and , hence, his

chances of success a good deal higher.

Similarly for the other standard mining methods.
The results of this are illustrated in Figure 9. Given~
a price for the commodity, the characteristic defined
in Figure 10 may be derived. This characteristic
defines the relationship between grade and tons that
will achieve some specific rate of return for a given
commodity. Deposits having a size and quality which
fall below the line on Figure 10 will not - meet the

stated +financial goal, and would not be deemed
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suitable as exploration targets. The line on Figure 10
represents a barrier which must be exceeded in order .
for a deposit to be acceptable. Therefore, this
relationship may be defined as the Commodity

Profitability Threshold, CPT.

From Figure 10, it can be seen that if a company
wishes to make a certain DCFROR, it must seek deposits
of copper having a grade greater that 1.25%4 Cu,
regardless of size. Such information is fundamental in

a rational decision making process.

2.2 Direct Solution

It is apparent from the above discussion
that a great deal of work 1is involved in a
conventional approach to the problem of translating
financial units in to geologic units. This is because
the mechanics of the indirect solution are
inefficient. In order for a rational decision makingf
theory to be viable, it must be relatively easy to
use, or its utility becomes sub—marginal. The clear

necessity is, therefore, to simplify the mechanics of

the process.

How far is it reasonable to go in simplifying the
process ? Obviously, over - simplification will

produce useless results, whereas, over - elaboration
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is already the hallmark of the conventional solution.

The decision theory being developed is
aimed at defining an exploration strategy that will

increase a company’s chances of success.

At any point in the life of a project risk is
inherent. Figure 11 illustrates the stages in the life
of a typical project in terms of risk. The general
form of the graph in Figure 11 is well known for
projects in general, and has been described by Kennedy
(40) for the mining industry in particular. At the
moment of concept, the risk of not actually putting a
mine into production that will produce an acceptable
rate of return is maximum, and total. The function of
the exploration process is to reduce that risk to a
point where a decision may be made as to whether to

turn this prospect in to an actual mine.

During the development process much detailed
engineering and construction work is carried out, and
the risk is being continuously reduced. However, even
during the actual production process there is still a
significant risk associated with the project as

uncertainty exists about precisely what grade,
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tonnage, operating conditions, price, etc. will be

encountered by the mine.

From Figure it it 1i1is clear that it is
unreasonable to 1loock for greater precision 1in the
theoretical approach to the problem than is demanded
by real life. The phase to which the theory elaborated

in this thesis applies requires a precision of between

23 - 100 %. The position of the lower boundary is
somewhat debatable, it could be argued that
exploration takes place in the S0 — 100 % range.

Hence, it may be concluded that +first order,
linear assumptions are quite adequate for the task to

be undertaken.

In conventional cashflow analysis the
DCFROR is defined as that discount rate at which the
cumulative net present value of the cashflow is zero.
Hence, for that discount rate the cumulative NPV of
the capital expenditure during the pre—-production
phase of the project is equal to the cumulative NPV of

the profit made during the production 1life of the

project.
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That i1s:

CNPV"X" Profit ... (1)

CPNV" X" Capital

discount rate

— where: X

CPNV = cumulative NPV,
Considering the terms in equation (1)
individually:
. capital — may be defined or calculated

- X — may be defined

- profit = revenue — cost ... (2)

Considering the terms in equation (2)

individually:

- cost = all cost charged to the project in
any given year.
- revenue = net revenue at the mine
calculated as follows:
Revenue = ( In—-situ grade — dilution ) *

Mining Recovery #* Price *# Tons *

Processing Recovery eeaf(3)
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Considering the items in equation 3)
individually:

. grade is known, it must fall in the range
O — 100 %

- dilution is known, again it must fall in
the range 0 — 100 %

- mining recovery is known, it too must fall
in the range of 0 — 100 Z

. processing recovery is known, 0 - 100 %

. price, or net smelter return, may be
defined in any range depending upon pre-—
dictions.

- Tons, unknown.

Hence, 1t can be seen that "tons", or deposit
size 1is the only unknown. So for a specific profit
level and for defined ranges of capital, pre—
production 1life, grade, etc., it is possible to solve

for the deposit size.

Fundamentally, the direct solution is simple;
everything but the size of the deposit is known or may
be estimated quite readily. The details of the
workings of the direct solution are given in Appendix

A.
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Caomputationally the direct solution 1i1is easy
because the iterative determination of DCFROR is not
required. Thus theAsimplicity of the direct approach
makes the derivation of a Commodity Profitability
Threshold a relatively trivial matter. In turn, this
makes the whole philosophical approach described in
this thesis not merely acaedemically\interesting, but,

practically, viable.

2.3 Price — Time Definition

In order to perform either a direct or an
indirect solution to the problem of the drivation of a
CPT a price — time forcast is needed. As stated 1in
Chapter 8 this analysis will be performed on a steady

— state basis.

For a commodity of interest a maximum time span
for the projection must first be defined. This may be
achieved either by picking some number or by using a
rule—-of—-thumb such as the one suggested by the

Northwest Mining Association (37):

LIFE 207 % [(SIZE) *%0.25]

— where: LIFE

operating life of the mine

S1ZE = size of the largest deposit of a
given commodity in tons.
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Given the operating life and adding say three
vyears +for a pre—-production period, will produce a
total, »maximum project life for that commodity which
defines the period for which a price projection is
required. This process is repeated for all commodities
of interest, and price projections may then be made

for periods which have some geologic meaning.
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Up ‘tD this pdint the arguments presented have
been oriented towards defining what it is desired to
achieve 1in geologic terms. Merely defining what is
necessary 1is not really very helpful in terms of
making a decision about exploration targets. In order
to make rational decisions it is also necessary to
define what is actually available, so that the two

sides of the problem may be balanced.

In order to compare two quantities; desire and
reality, they must first be measured in the same
units. Financial desire is now measured in terms of
grade and tons, specifically with a grade - tonnage
curve. Clearly then, genlogic reality must be

expressed in the same way.

The problem becomes to produce, for each
commadity, a characteristic curve which describes in
grade - tonnage terms the available sources of that-
commodity. Such a curve may be called a Commodity

Source Profile, CSP. This profile will, of course, be

independent of any technical or financial
contstraints.
Fortunately, grade — tonnage curves are commonly

used to describe deposits, so the construction of a
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CSP is not overly taxing.

Not all commodities occur in all grade - size
combinations of all possible deposit types, so it is
reasonable to expect fairly distinctive CSP’s for
different commodities. In order to build a CSP for a
given commodity the types of deposit in which that
commodity occurs as a primary component must first be
identified, and then grade — tonnage values assigned
to each of these types. The general shape that may be

expected in a C5P is shown in Figure 12.

The Deposit Type Numbers, DTN, represent which
particular type of deposit gives rise to the specific
commodity "X". By implication , referring to Figure 12

,"X" does not occur in DTN 2 - 10, etc.

Copper, for instance, may occur as a porphyry,
contact metamorphic or stratiform type of deposit. In
the form of a porphyry, it may average 5S00M tons E
0.30Z Cu. Such an estimate would define say point 55
in Figure 12. Obviously, grade — tonnage estimates for
a given deposit type will vary, and the way in which
this may be dealt with is described later. For the
time being establishing the concept of a CSP, and

describing it’s derivation is sufficient.
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Figure 12 COMMODITY SOURCE PROFILE
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11.0 FUNDAMENTALS OF DECISION MAKING

We have now defived, in the same units, the two
basic elements needed in decision making - reality and
desire. All that is now necessary is compare these
two, and a decision may be made as to what is a
reasonable exploration target, and hence, an overall

strategy developed.
This process is illustrated in Figure 13.

For successful exploration, or indeed any other
activity, the results which are really possible must
be equal to, or exceed, those results which are
actually desired. Plotting the CSP and CPT on the same
basis and applying this definition of success produces

the decision process shown in Figure 13.

In zone 1, desire exceeds reality, therefore, by
definition failure must ensue. Conversely, success is

assured in zone 2.

Therefore, given that a new prospect is typified
by grade and tonnage, a decision can be made
immediately as to its wutility as an exploration
proposition. Conversely, a set of characteristics may
be defined +from this graph which can be used as

minimum target constraints for all possible grade -

92



b

100

Grade %

Figure 13

DECISION PROCESS

Commodity

Desire {(CPT)

SUCCESS

uxu

Reality
i

(CSP)

)L Jn

Tons



tonnage combinations on the line bc.

In addition, the chance of being successful,
should it be decided to explore for commodity "X", is
equal to the proportion of the characteristic for
which reality exceeds desire. Referring to Figure 13,
one way in whch this may be measured is by considering
the overlap of the C5FP on the CPT. This may be

characterized as an Overlap Index, 0I. Where:

Overlap Index = bc / ac

If this evaluation is repeated for several
commodities then strategic comparisons may be made of
the likely relative chances of success of one

commodity compared with another. This process is

g

illustrated in Figure 14.

Using the information from Figure 14 the utility

of each commodity may be used as a basis for ranking.
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Commodity Overlap Index

D 0.95
A 0.40
B 0.15
c 0.10

This ranking means that exploration for commodity
"D" is more likely to produce success than exploration
for commodity "C". The next question is "how much more
likely 72?". As a common index has been used it is
possible to answer this merely by recalculating these

probabilities on a relative scale.

11.35 Relative Overlap Index

The Relative Overlap Index, RELOI, may be

defined as follows:

RELOI(Gi) = 0I(i) /7 [ OI(i) + ... + 0OI(n) 1

— where: i ith commodity

total number of commodities.

3
It

So in this example:
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Commodity Relative Overlap Index

D 0.59
A 0.25
B 0.09
c 0.07
Total 1.00

This relative ranking then provides an explicit,
quantified assessment of how much effort should be
expended in looking for each of the different
commodities under consideration, not just in terms of
the chances of finding a deposit , but in terms of
actually being successful in generating a minimum

acceptable profit form an eventual operation.

This then i1s the information that makes rational
decision making possible, because it answers directly
the question fundamental to the existance of the

organization.

This approach also has the property of not over
emphasizing the value of a specifically attractive
commodity, whilst at the same time not eliminating
commodities which "on average" do not show promise but
which do have the potential, albeit 1limited, to
produce the occasional bonanza. In other words, to
each its due, but only to the extent of its relative

promise.
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The RELOI may be used to divide an exploration
budget. For examﬁle, if a budget of $10M were
available, then a rational division of this money in

terms of RELOI would be:

Commodity RELOI Budget, %
A 0.25 2,500, 000.

B 0.09 200, 000.

C Q.07 700, 000.

D 0.59 5,700, 000.
Total 10,000, 000.

So, in principle, it may be stated that it is
worth spending $2.5M looking for commodity "A", but

only $0.7M looking for "C".

While this is better than no knowledge at all, it
still does not help the people who actually have to
find "A". The information generated so far 1is too
general, expressed in unhelpful terms and based upon”
single point estimates of the input values and
assumptions. What would really be useful would be a
refinement of this technique so that specific deposit
types at known grade and size ranges necessary for
success are identified, for expected variations in
grade, price, etc. These refinements will now be

addressed
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12.0 DEVIATION IN THE COMMODITY PROFITABILITY

THRESHOLD

To this point only single valued estimates
of input variables have been used. This has been done
deliberately in order to allow for the explanation of
concepts in a clear and simple manner . However, for
this approach to have relavance to the real world a

way to deal with uncertainty must be found.

The uncertainty arises because of lack of
knowl edge about the valugs__ of many  inputs,
éﬁeﬁi%icéli*;' ﬁapital cost, deposit grade, commodity
price, operating parameters and operating costs. In
addition, varying the financial reguirements of the
corporation will cause a redefinition of acceptable

targets.

A two step approach is taken to the solution of

these problems:

. *first, a qualitative description of the
affects of these changes.
. Ssecond, a quantitative analysis of the

changes.
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12.1 Changes in the Reguired Rate of Return

The 1initial selection of a suitable
rate of return will depend upon two factors - the
amount of risk associated with the project, and the

nature of the analysis being performed.

If the analysis is using inflated values for cost
and price, then a higher rate of return will be
demanded than if a constant value analysis is being
run. An idea of just how low a constant value rate of
return might be can.bg.Dbtained_by_cpnsideratiqn_ of

the interest rates in the West at the moment (1982).

The rate of interest for long term 1lending is
currently about 16%. 0On the other hand inflation is
running at about 14%Z. This indicates, that for a long
term project like a mine, a reasonable constant value
rate of return would be about 2%, whereas an inflated

value analysis would demand at least 167%.

The risk associated with an exploration or mining
venture is of course greater than that a bank exposes
itself to when accepting a long term loan: therefore,
this extra risk would be reflected in a higher than
minimum demanded rate of return before investment in a
mining or exploration project could be justified.

Precisely what the demanded DCFROR should be is not an
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easy matter for the company to decide. Therefore, the
decision making 1logic wused, must allow for the
analysis to be easily repeated at a variety of rates
sa that managment can find out just what the maximum
potential DCFROR will be, and to measure the effects
of changing the demanded DCFROR on the overall

strategy.

The effect of changes in the desired return is
shown in Figure 15. The shape of the graphs on Figure
15 may be generated intuitively. Clearly, higher
.profits  demand - higher grades and  tornnages;  the

converse is equally true.

It will 'be appreciated that certain
capital costs will be a function of the size of the
deposit, whereas some will depend upon the depth to
the deposit from surface. S50 a three - dimensional

plot is really needed to visualize profit changes

accurately. Such a plot is given in Figure 16.

In Figure 16 the line "AB" is not parallel to the
depth axis because increased depth will mean higher
capital costs, which in turn will require a higher

grade - tonnage combination to repay.
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Figure 15
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Figute 16 EFFECT OF CHANGES IN DEPTH ON CPT
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So far variations in only two of the constraints
-~ profit and capital - have been considered, and all
three graphic diménsions have been used. Not only
that, but a rather difficult complex graph has
resulted. It becomes, therefore, necessary to fix the
variations of these constraints in a different manner.
For the sake of clarity, profit and capital cost will
be fixed for the moment. This will eliminate the third
dimension of the graph. The resulting two dimensional
graph will represent the situation at a given profit
level and depth. Similar characteristics, of course,
could be generated »fpr ' other depth  — profit

combinations.

Variations in the net smelter return
result from two main causes — geographic location and
market wvolatility. If the deposit is in a remote
location with respect to the smelter, higher
transportation charges will accrue for the
conncentrates, which will thus reduce the net smelter
return. Obviously, any changes in the market will show

directly in the NS5R. The effects of such changes are

shown in Figure 17.

Again the derivation of Figure 17 is fairly

obvious, the 1lower the NSR, the higher must be the
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grade — tonnage combination to offset this, and vice-—

versa.

12.4 Changes in Operating Cost

Changes 1in operating cost will occur
due to increased cost of labour and supplies, changes
in royalty and taxes, and variations in actual
operating conditions themselves. The effects of these
changes are shown in Figure 18, note also in this case
that net smelter return too is fixed. So there will be
similar characteristics for each depth — profit — NSR

combination.
Considering Figure 18, higher operating costs
will have to be offset by higher grade - tonnage

combinations, and vice-versa.

12.5 Changes in Operating Parameters

These will occur because machinery may
not always perform at a constant level of efficiency
due to wear, change in ground conditions, operator
skill and so forth. The affects of such changes are
shown in Figure 19. In this case operating costs have

also been fixed.
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ON CPT

Figure 18 EFFECT OF CHANGES IN OPERATING COSTS
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Figure 19 EFFECT OF CHANGES IN OPERATING PARAMETERS ON CPT
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12.6 Net Effect
As lmay be appreciated from the
preceeding descriptions, the number of possible
combinations of all factors is large. To reduce these
to a managable number consideration must be given to
the actual decision making process itsel+f. In this
process the required profit is defined, therefore,

this element of variability is removed.

From conventional cashflow analysis it is known
that the remaining variab}e“ groups - capital,
bﬁefatiné cost, operating parameters and price -— do
not have equal impact upon the results. Their order of

impact may be listed as follows:

. net smelter return
. capital cost

- operating cost & parameters.

Considering capital cost, part of this cost is &
function of size, and part of depth, hence both become
dependant rather than independant variables. This 1is

futher explained in Appendix A.

Regarding operating parameters, mining recovery
only appears in the calculation when translating from

mineable to in-situ reserves as a linear function of
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tons. So it too becomes a dependant variable.
Moreover, +for a given mining method, applied to a.
particular deposit type, it may be assumed that the
likely mining recovery will vary within a relatively
narrow range, and hence the significance of the
uncertainty associated with the estimate of mining

recovery is small.

Processing recovery does have a relatively
dramatic affect on the CPT as it directly affects net
grade. However, for a given mineralogy it is possible
.quantitatively - to 1link processing recovery to head
grade, and thus turn it in to a debendent variable.
These linking functions are usually empirically
generated, but if the sample set is reasonably large
then the precision of these relationship should be

sufficient for the needs of this analysis.

Similarly, assuming that mining bias has been
calculated in the way outlined above, the operating#
cost and recovery for mining should also have been
estimated with sufficient accuracy for this

requirement.
For processing cost, this will also be linked to
the operating parameters via head grade and capacity,

and again empirical relationships exists that will
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turn mineral processing operating cost in to a

dependant variable.

So, of the constraints identified above, this
leaves only net smelter return as an independent
variable. Methods for determining reasonable values

for this variable were discussed in detail above.

Summarizing, the proposed approach will be
similar to the conventional sensitivity analysis
commonly carried out in conjunction with cashflow
modelling. The least significant independent yariables
ére' iﬁifiéily ‘fi¥ea; and investigation made in to
changes in the more significant variables. Once their
behaviour has been understood, the significance of
variations in the lesser variables is studied. Thus in
a sotepwize process, a full understanding of the
characteristics of the CPT of a particular commodity

is built — up.

12.7 Quantified Significance

Under the terms of fhe above argument,
N5SR or price, remains the only independent variable.
Moreaver, it 1is a variable whose value is subject to
constant change. There 1is, therefore, significant
uncertainty associated with any estimate of its

value. The easiest way to deal quantitatively with
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this uncertainty is to index it in units of standard
deviation about the mean value. Then decisions made on
the basis of results generated by variable input
price, may be taken at some known confidence level.
This allows management to plan rationally as the
uncertainty associated with a decision is known. For
the purposes of this thesis a range of +/- two

standard deviations will be used.

The CPT that will result from this approach is
illustrated in Figure 20. This profit envelope will
meet corporate goals for 97.73% of the time under

normal circumstances.

The lower limit of this envelope forms a Minimum
Confidence Boundary, MCB, which gives the minimum
grade — tonnage combinations that can be tolerated. A
function can be fitted to this line and used as a
general corporate guide to provide a simple screen for
submittals. The position of the MCB will change with

changes in demanded return and confidence levels.



Figure 20 UNCERTAINTY AND THE CPT
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In the Driginal definition of CSP, single -
point values of grade and tonnage were used to typify
deposit types. In reality such estimates are
unreliable as both the grade and tonnage of a

particular type classification will vary.

These variations will be in a finite range, and
the mode of variation will change from type to type.
Furthermore, grade - tonnage variations will not be
independant,.but will interact in some complex manner.
However, in order to determine the maximum extent of
uncertainty associated with the CSP, it 1is only
necessary to know the maximum and minimum values of
grade and tonnage bounding the ranges of variation, at
some defined confidence level. Therefore, the mean and
standard deviation of grade and tonnage ranges can be
calculated 1in the normal way, and setting confidence
at the same level as for the CPT, bounds can be drawn

at +/— two standard deviations about the mean.

The grade and tonnage will vary simultaneouély,
reflecting the degree of dependance between them, the
net result of this simultaneous wvariation can be
represented by the resultant grade tonnage probability
vector. This is illustrated in Figure 21.

This particular diagram happens to be for a
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Figure 21 VECTOR DIAGRAM FOR A SPECIFIC DEPOSIT TYPE
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probabilty range of +/— one standard deviation,
aobviously similar diagrams can be produced for any
level of confidence desired. To reflect the
simultaneous variation in grade and tonnage, the
vertex of the resultant vector is contoured, rather
than the vertices of the grade and tonnage vectors.
The result of following such a procedure for all the
deposit types for a given commodity is shown in Figure

22.

Assuming normal models, the chance of the grade
being higher than + 25D above the mean would be 2.28%,
and similarly the chance of the tonnage being greater
than + 2SD above the mean would also be 2.28%. Thus
the chance of finding a deposit that had both a grade
at + 28D above the mean and a tonnage of + 25D above
the mean, would be the product of the two
probabilites, about 0.05%Z. At one standard deviation
the same chance would be about 3%Z. Hen