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THE SIGNIFICANCE COF A LIMITED NUMBER OF BCREHOLE RESULTS
IN THE EXPLORATION OF NEW SOUTH AFRICAN GOLD FIELDS

D. G. Krige, Financial Engineer
Anglo-Transvaal Consolidated Investment Co., Ltd.

BYROFPS IS

A brief review is given of the economic successes and failures of new large gold
mines opened up in South Africe on borehole evidence since the 2nd World War. An
indication is given of the variability of borehole values, of the additional confi-
dence to be gained from deflections and of some of the financial implications in-
volved, It ls shown how statistical grade estimates with confidence limits can
serve to define the risks involved in the opening up of a new gold mine in terms of
the probabilities of achieving a specified basic return on the capital to be in-
vested.

INTRODUCTION

With the opening up of some 28 new large gold mines since the last World War,
the South African Gold Mining Industry obtained a new lease of life accompanied by
an expension of production which has not yet reached its peak. These mines were
proved partly in direct extensions to the knovm field but mainly in the new Orange
Free State, Klerksdorp and Kinross fields., Without exception the gold-bearing reefs
in these fields do not outcrop and had to be located by deep drilling through over-
lying strata.

Of these 28 mining properties, one did not proceed beyond the initial shaft
sinking stage, one is dormant due to flooding, four have been amalgamated into two
lerger units, and five have not yet reached the production stage. The remaining 19

producing units on average have long lives ahead of them and have already paid back
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in dividends to shareholders a totel of $440 million, against their capital invest-
ment of $550 million. Furthermore, their present anuual dividend rate of $90 million;4
or 16% on the total share capital, is expected to increase, as some of the mines have
not yet reached the dividend-paying stage, and others are still expanding operations.
Those new mines now produce well over half of South Africa's total gold output, or
gbout 1/3rd of the free world production.

Whilst these new ventures as e whole have, therefore, undoubtedly proved to be
sound investments, all the individual mines have not been successful and this fact
Provides adequate proof of the risks involved in proceeding with exploitation on the
evidence of a small number of borehole results, particulerly in a period of cost
inflation and with a fixed price for gold.

VARIABTLITY OF BOREHOLE VALUES

The position can be illustrated by the following theoretical example of an
average mine in the most erratic sector of the three new fields mentioned, 1. e., the
nein sector of the Orange Free State field. The ten available borehole values for

the property will have the following pattern of distribution.

TABLE I
Boreholes Values - $§ per ton

1 $ 1 (could be as low as & trace).
- $ 2

3 $3

b $5

5 $7

6 $ 9

7 $12

8 $16

9 $35 4
10 $100” (could be as high as

$1,000 per ton)

-
:'
-

Average.
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It is highly significant that on average, the highest value will be some 100
times the lowest borehole value and will represent about half of the total gold con-
tent of the ten borehole cores combined. It requires no statistical knowledge to
conclude that if, by charce, the highest value in such a set of 10 values departs
from the expected value shown, the effect on the average of the 10 borehole velues
could be such as to completely swamp the effect of proportionally similar chance
veriations in the other 9 values. The arithmetic mean of such a set of values is,
therefore, frequently very unrelisble. The geometric mean of such a set of values
will, however, not be affected to the same extent. For example, & reduction of the
lowest value to 1/10th of that shown accompanied by a 10 fold increase in the highest
value, will leave the geometric mean unchanged, It is for this reason that the sta-
tlstical estimator, dealt with in detail by Dr, Sichel in his paper to this sympo-
sium, is based on the geometric mean and is preferred to the arithmetic mean;
furthermore the limits of error which accompany this estimator are indispensable in
assessing the financial implications of a new mining venture.

SIGNIFICANCE OF DEFLECTTONS:

Before discussing the main significance of the results from a small number of
boreholes an interesting aspect which may be mentioned is that of borehole deflec-
tlons, It 1s now an established practice to recover more than one reef core from
every borehole drilled to reef in order to improve the reliability of the overall
oorehole valuation. With the reef in a new mine lying at an average depth of 6,000
feet below surface, it obviously costs only a fraction of the cost (sey $50,000) of
& complete borehole to place a wedge some 80 feet above the original reef-intersec-
tion, to deflect the borehole, and to obtain a further core some distance away from

the first. This process can be repeated by placing further wedges higher up in the
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borehole until the desired number of intersections have been obtained,

There is a fairly high degree of local correlation between values from cores
within deflection areas, although the variation between such values can still be
considerable, The additional confidence gained from a deflection can therefore be
significant but will never equal that gained from an independent and systematically
spaced new borehole from surface. The position can be analysed on past results for
any field using the ususl analysis of variance technique.

Such an analysis for the Orange Free State field indicated the trends shown on
dlagrem No. 1. The additional confidence gained from a deflection has been expressed
&s a fraction of that to be gained from en additional separate borehole the result
being a measure of the 'relative merit of the deflection' as shown. Similarly the
additional cost of a deflection is shown relative to that of a complete new bore-
hole. It is clear that for the particular case shown it would on average be more
economic to deflect an existing borehole as much as five times rather than to drill
& completely new borehole. Local conditions can however influence the 'merit! curve
significantly and the position beyond say 3 deflections is, therefore, doubtful.

It appears to be the genersl practice at present to deflect every hole twice or
three times. Geological factors such as faulting not connected directly with the
valuation, may of course also dictate the policy on deflections.

FINANCIAL IMPLICATIONS.

The main significance of a borehole valuation is to provide a measure of the
risks involved in proceeding to production on the available evidence or, as an al-
ternative, to indicate the need for further drilling. The need for a proper anal-
ysis at that stage is emphasized by the amount of capital required to be raised for

the exploitation of a new South African gold mine, 1. e., say $ 3% million and the



Ql-5
deferred period of 6 yeers or more before the first dividends can be expected., 1In
view of their effects on dividends, some of the novel features of the gold mining
texation and leesing systems also call for a brief reference.

Both lease consideration and taxation payeble to the state for a new mine is on

the basis of a sliding scale of the type

<
1}
o
'
xlm\

where y is the percentage of profits payable to the state and x is the ratio (per-
cent) of profits to recovery (i. e., gross revenus). The constant 'a'! varies be-
tween 10 and 30 (for lease payments) and is currently set for taxation at 60. Lease
consideration is assessed first and is allowed as a deduction for taxation purposes,
The combined payments to the state can be expressed in a relatively simple form as a
percentage of (Profits - 6% Revenue) the percentage varying between 62 1/2% end 72%.
In practice this means that no payment at all is made unless profits exceed 6% of
turnover; above this limit the rate of payment increases rapidly as the profitability
improves with & theoreticel maximum rate of between 58 3/4% and 67 2/3% of profits
earned. This 1s shown graphically on diagram 2.

All capital expenditure (except the cost of minerasl and surface rights, share
issue expenses etc.) incurred in opening up the mine is allowed as a prior deduction
from profits for taxation and lease purposes, and in addition further deductions are
allowed for lease purposes and also in the case of new ultra deep mines. The net
effect of these provisions is that no taxation is payable until at least all capital
expenditure has been fully recovered from profits, with lease payments commencing at
an even later stage.

The division of gross income between current expenditure, payments to the State,
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and dividends to shareholders in the case of an average new large gold mine with 60
million toas of ore is illustrated on disgram No. 3 for a full range of possible
grades of ore. The variable annual earnings over the life of the mine are discounted
at various rates of interest and compared with the total capital investment to indi-
cate the rate of compound interest return on the investment, as shown on the upper |
part of diagram No. 3. From this it is clear that for a new venture to yield say an
8 p.a. C.I. return, a grade of $ 14 per ton is required whereas a 3% p.a. C.I. re-
turn will call for a grade of $ 10.50 per ton., These are termed 'flotation pay
limits' for these specified returns. These two returns represent the present average
return offered on South African gold shares on the share market and the minimum return
obteineble on any safe investment respectively,

It is interesting to note (as illustrated on diagram 3), the effect on the two
flotation pay limits of $14 and $10.5 per ton, of the payments to the State and of
tke special deduction allowed for ultra-deep mines: -

Normal position: $14 and $10.50.

With ultra-deep concession: $13.20 and $9.70.

With no payments to the State : $11.80 and $9.70.

Calculations of this type are rather laborious and are also followed in all
share valuations of existing mines. It may be of interest to mention that these
procedures are now being programmed by one of the South African mining houses for a
computer to be installed shortly. This will greatly facilitate share valuations as
wvell as financial analyses for new ventures where it is often necessary to study the. |

relative effects of a number of alternative schemes for exploitation.
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ANALYSIS CF FINANCTAL RISKS.

Accepting for purposes of illustration the two grades of $ 14 and $ 10.5 per
ton as corresponding to critical returns on an average new gold mine, the confidence
to be placed on the valuation based on a small number of borehole values can now be
assessed in its true perspective. With the ore variability at a reasonable average
level and applying the correct limits of error for the lognormel 't! estimator
(see Dr. Sichel's paper), the effective probabilities for various grade levels as
indicated by the results of from 5 to 25 boreholes on & new property, are shown in
summarised form on Diegrem No. 4, It may be mentioned that the cost of additional
drill holes will have some effect on the eventual return on the investment in view
of the additional capital expenditure incurred. For purposes of this analysis,
however, this effect can be disregerded meinly because of the insignificance of
such additional expenditure in relation to the total capital investment.

This diegram is interpreted as follows:-

A property with ten borehole values has an indicated likely grade of say,
$ 20 per ton; the probebility of this property in fact exceeding in grade $ 14 per
ton to give a return on the capital invested of at least 8% p.a. compound interest
is assessed at 91%, i. e., there is say a 10 to 1 chance in favour of the property
yielding a return in excess of 8% p.a. Similarly (on scale (ii)) there is an
assessed chance of 99% (or say 100 to 1) of the return being at least 3% p.a. With
15 boreholes instead of 10, these chances will improve to 95% and well over 99%
respectively.

In the case of a more marginal proposition indicating a grade of say $ 17 per
ton, 5 boreholes would correspond to a probability of 74% (i.e.,3 to 1) of the re-

turn actually exceeding 8% p.a., 80% (i.e.,k to 1) if the number of boreholes is
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increased to 10, and 85% if increesed to 20. The corresponding probabilities of the
return exceeding 3% p.a. will be 90% (5 boreholes), 97% (10 boreholes) and 99% plus
(20 voreholes).

The probebilities as defined here will enable the management to take decisions
on a logical basis, and to reduce the risk of a failure to a specified probability
level which it considers practical for any particular case.

This probability level cannot be specified as it will obviously vary from time
to time and from case to case depending on factors such as the state of the capital
market, the risks associated with alternative avenues of investment etc.

The nature of the curves on diagrem 4 also show clearly how the additional
confidence gained from further drilling is significant between 5 and 10 boreholes
Per property but diminishes rapidly as the number of boreholes is increased beyond

10,

t
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