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SYNOPSIS 

In an earlier paper the auUlor explore~ the consequences of pri'?C.stabi\jz~ni eff~t8, on an ind~stry-:wide ~si5, 
of various production strategies. These Ideas have now been applied to IIn 111ustrahvc case of an mdlVldual mme. 
It is shown that the turning of production and financial policies can affect financial performance over a five-year 
period by as mucll as 22 per cent. 

No generality is clsimed for the re'lul!s and th,ey would differ from m\ne to ~.ine. It is, howc.~r. asserted, that the 
resu ll3 show that lhe proper turning of prodUCUon, reserves and fi nancl!li pohcu:s are more critical determinants of 
micc performance than has been realised. 11 is a lso assencd that the methods of dynamic a nalysis are the most 
appropriate mean, for s tudying Ibis poticy-design problem. 

INTRODUCTION 

The fluctuations iu the price of copper (and other metals) 
have always been a source of concern to the mining industry. 
This ""neem has been expressed at the macro-level in 
statements of the type 'the industry should do such-and-such 
in order to stabilize prices' and at the micro-level by severe 
difficulties in attempting to organize production in such a 
way as to take advantage of, or provide defences against, 
price variatioll.S. 

Problems at both the macro- and the micro-levels ought 
to be amenable to some form of analysis providing the right 
questions can be asked in the sense that the questions have to 
be relevant to significant manageriaJ issues and h.we to be 
within the ~cope of the analytical methods available. 

Broadly, there are three classes of managerial question 
wJlich arc likely to be of interest. Put very simply they are: 

(i) Should we make this investment? 
(i i) Can we forecast the future course of prices? 

(iii) G iven that we have this industry. or this mine within 
the industry, how should we operate it to the maximum 
advantage consistent with a multitude of other con
siderations? 

The first of these questions has been studied extensively 
and there are many methods available for its solution. 
However, new mines or major extensions are opened relatively 
infrequently, particularly by individual companies. 

With regard to the second question, it is easy to show that. 
apart from the short term, the simple forecasting of price by 
statistical or other procedures is only a small part of the 
problem. The purpose of forecasting is to provide a guide for 
action. If a forecast of high prices leads 10 an increase in 
production which causes a fall in price, the assessment of the 
' accuracy' of the forecast becomes difficult. Clearly, it cannot 
be done on the basis of some sort of ratio of actual price to 
forecast price_because that would ignore the link betweeo the 
forecast and the action which led to the forecast being 'wrong'. 
The oaly way to judge a forecasting procedure is by its 
relationship to an overall system. These are complex problems, 
involving corporate policy. competitive action and many 
other matters. The matter is so involved that simple price 
forecasting may actually be misleading. 

The: third question, that is, what opemting policies should 
be fOllowed, is very important. Jt affects every mine and 
company in the industry constantly and call be: expected to 
have a major influence on performance at all levels both now 
and ill the future, because of the way in which preseot results 
influence future resources. In an earlier paper, Coyle (1970) 
discussed the effect which various industry-wide production 
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policies might have on stabilizing prices. In this paper, the 
ideas and methods of the earlier work are extended to the 
operation of an individuaL mine in the face of flucttmting 
prices. 

THE M I NE CONTROL PROBLEM 

The problem discussed in this paper is that of thc operating 
pOlicies to be followed in a mine faced with fluctuating prices 
and thc effect of alternative policies on the performance of 
the mine. The main policies are production and financial and 
these areset against various geological and physical constraints. 

The productiofl policies are of the type discussed Ill. Coyle 
(1970) and are b:lsed on wh.ether the production of the mioe 
should or should nol be adjusted to reflect price variation. 
Basically, there are three possibilities, all expressed in terms 
of the divergence of actual price from some price which is 
'normal' for that mine. The three policies are: 

Type I Ignore all price Huctuatious and always produce 
at some 'nominal' capacity. 

Type U Increase production up 10 some limit (say 20 per 
cent over nominal capacity) when price is above 
normaL and, conversely, when price is below normaL 

Type lA Increase production for above-normal prices but 
keep it at nominal capacity when price is less than 
normal. 

The financial policies relate 10 development expenditure and 
amoWlt to cutting back OD development wben cash reserves 
are low relative to some 'Ilormal' value, Clearly the polky 
can be varied and may be more or less severe. It has to be 
emphasized that this policy takes effect in the area of 
development but it is not a development policy but very 
strictly a financial control The linkages between these 
policies may be seen in Pig. 1. This diagram shows that the 
basic structure of the problem, conceived from practical 
consideratio ns. has many dosed sequences of interaction (or 
feedback loops). For e.,ample. the production rate alfects 
the cash ratio which illfhtcnces the actual development rate 
wb.ich alters the developed reserve which in turn reacts upon 
the production rate. 

The performance of a model such as this is influenced by 
its various feedback loops and is very difficult to assess in 
general terms. Jf, however. the model can be related to all 
actual system then the performance of that . system can be 
studied with Ute a id of a criterjon or performance and a 
computer simulation model. 

+Director of System Dynamics Research Group, University of 
Bradford, England. 



PERFORMANCE CRITERIA 

For the purposes of this paper a very simple criterion was 
used, namely, cumulative earnings over a five-year period. 
This quantity, referred to as CUMEARN in the computer 
model and in this paper, is simply the product of metal 
production and the price ruling at the time of delivery 
summed over a five-year period. Any other criterion could 
be used in particular circumstances or a whole range of 
criteria could be used combined in some way or assessed 
individually. The computer simulation method is a ready 
means for producing any desired information about the 
model. Similarly, contractual relationships of various types 
could easily be included in the model. 

U",ELOPEO 
."E.VES 

Fig. 1. Principal interactions ill the mine oontrol problem. 

THE DETAILED MODEL 

This section describes the more detailed model which was 
used to put some flesh onto the bones of Fig. 1. The computer 
model employs data from an actual mine, but the values have 
been altered and simplified to give a model more appropriate 
to a paper of this nature. In order to study policies for an 
actual mine it would be necessary to build a model several 
times larger than that discussed here, based on a diagram far 
more complicated than that in Fig. 1. There is no theoretical 
or practical difficulty in doing this though the work would 
be a little tedious. However, since the purpose of tins paper 
is to show that policy affects performance and that the 
interactions between policy and performance can be examined 
by dynamic simulation, a simple model will be more appro
priate. It is hoped to report a full-scale model at a later date. 

The model used, simple as it is, contains a surprising number 
of complicating factors. 

Price 

In order to filter out the effect of inflation an artificial 
price series, having the same general characteristics as the 
London Metal Exchange price behaviour, was used. The 
series is shown in Fig. 2. It is not asserted that the values are 
realistic. They merely show the general type of behaviour 
which occurs. 

Geology 

The distribution of the grade of metal in the mine is given 
in Table I. 
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Fig. 2. Price series used in the mode/. 

Grade range 
% 

0 0.49 
0.50- 0.99 
1.00-1.50 
1.51- 2.00 
2.01- 3.00 
3.01 

TABLE I 

GRADE DISTRIBUTION 

Mid-point Relative frequency 
% % 

0.25 , 
0.75 15 
1.25 70 
1.75 , 
2.50 4 
4.0 1 

This distribution is in fact too sharply 'peaked'. With a more 
realistic distribution the divergence in system performance 
would be more marked. However, this distribution fitted the 
other assumptions needed for a simplified model. 

Ore reserves 

Ore reserves in the model are held in six categories 
corresponding to the class intervals in the foregoing dis
tribution. It is assumed that developed ore will fall into the 
categories according to the given frequencies. In practice 
some selectivity in development would need to be taken into 
account. 

Development policy is taken to be that it is desired to have 
ore for two years production developed or under development. 
A desired development rate is calculated on the basis of 
replenishing the depletion caused by current production and 
making up any discrepancy between desired and actual 
reserves over a period of three months. There is a delay 
before development work is completed. 

Cut-offgrade 

The cut-off grade is calculated on the basis of current price 
and the parameters of the model have been adjusted so that 
the lowest two grades of ore are always below the cut-off 
grade. 



Production policy 

The desired production is assessed by taking nomina l 
capacity, scaling it up or down according to the policy type 
being followed and then apportioning the resultant production 
between the payable grades on the basis of their developed 
reselVes. A sman fraction (O.S per cent) of the developed 
reserves in all grades is added to desired production in order 
to reflect, rather crudely, physical problems caused by inter
mingling of ore grades. 

It is assumed that all ore mined is concentrated. 

Cash JJQ/icy 

The desired development rate is scaled up or down according 
to the cash reselVl:S available. This is shovm in Pig. 3 which 
indicates two of many conceivable policies which could be 
adopted. The normal policy shows a sharp cut-back when 
financial reserves fa ti, the mixed policy is more aggressive for 
a while but then the cut-back is more severe. Clearly, a more 
sophisticated model of fina.ocial control procedures could be 
used and experiments may be made with different types of 
financial control. 
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Physiru/ constraints 

The reaultant target production and desired development 
are compared with the corresponding maKimum capacity and, 
jf necessary, adjusted. 

SIMULATION RESULTS 

The form ofthc results from tho computer simulatlon is shown 
in Pig. 4. Basically. it is a set of graphs of the model variables. 

In this case three variables have been sclected for illustration. 
These are the developed reserves, cumulative earnings and 
net return on investment (this latter is a crude J'DCasure of 
return on the money tied up in cash and developed ore). 
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BasicaUy, this priDlooOut shows a fairly unsatisfactory 
situation. There is a steady rise in cumulative earnings to a 
value of £6 908 x 106 at week 250, but there is a steady 
decline in developed reserves. Tills is caused by attempts to 
raise production at the expense of development when prices 
are high, coupled with cut-backs in development when a period 
of depressed prices has reduced cash resources below their 
'normal' level, Generally, production was at a high level 
throughout the perjod (J1Ot highlighted 0 0 the graph) but 
there were three points when there was no production. There 
were points when the cut-off grade was high. In general, the 
system state deterioratcs over the five-year period despite 
income of nearly £7 x 1()6 so that the system's policies 
(or rather those in the model) are not very satisfactory for 
coping with fluct uating prices. 

The simulatioD experiments comprised five computer runs 
(mlluy more could be perfonned). The characteristics are 
summarized in Table H. 

TABLE 1I 

SUMMARY OF COMPUTER RUNS 

Run Production Cash Ore reserves CUMEARN 
number policy policy desired at 250 weeks 

(ye>~) (£ x JO') 

1 II Normal 2 69'l8 
2 1 Normal 2 682S 
3 lA Normal 2 6807 
4 II Normal I H8S , 1I M ixed 2 7046 

Comparison of runs Nos. I and 5 shows the effect of 
changing financial policies and comparison of runs Nos. 2 
and I shows the result of modifying production patterns. 

All rUllil show the same type of behaviour as illustrated in 
Fig. 4, with a s teadily deteriorating cash position and 
developed reselVes over Ihe five-year period. It may, thererore, 
be said that the kind of policies modelled here do not deal 
ilatisfactorily with the situation arising from sharp variations 
in price, 

However, there are differences in performance amounting 
to about 22 per cent between the best and worst but there 
are very small differences of only one or two per cent between 
the four best policies. There is, in fact, the ra ther unexpected 
result that reducing developed reservcs leads to lower overall 
performance. T he system has a much better cash performance, 
as was to be expected, but the attempt to follow a very frugal 
reserves policy leads to large reserves in the sub-economic 
grades and very small reserves irt those which are payable. 
Wben price is low, the result is that the mine is practically 
closed during most of the last year of the five-year period. 

It is interesting that Iho best performance is obtained with 
the ' mixed' eash policy described earlier. T he difference is 
small on these figures but would be larger for a mine with 
more realistic details. This seems to imply that financial 
policy is more important thao production policy, but that 
result should be treated with some caution until it can be 
confirmed with a comprehensive case study. 

C ON C LUS JONS 

This paper sets out to demonstrate that the physical and policy 
interactiollS in a mining enterprise can be modelled and that 
the effects o f policy on perl'ormance can be assessed. 

It can certainly be argued that tho proposition has been 
established. The differences in performance amount to about 
22 per cent between one plausible policy and others, which 
could be regarded to be a significant amount. A more com-
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Fig, 4. Sample computer printout. 

prehensive model with more realistic data would almost 
certainly reveal greater differences. It should also be noted 
that only some of the more obvious policies were analyzed. 
A detailed examination of the feedback loops shown in Fig. 1 
would suggest policy combinations which could be expected 
to yield improved results. In this way a very refined balance of 
policies could be achieved. It is evident that the matter is 
more complex than simply maximizing some measure of 
performance and that one would wish to do something 
about the steady and potentially serious deterioration in 
system condition revealed by Fig. 4. 

The conclusions are, therefore, that modelling the dynamics 
of a mining system presents no real mathematical or com-
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putational difficulties, that there are appreciable performance 
variations between one policy and another and that a 
comprehensive practical study is much to be desired. 
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