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The Otairman in opening the session highlighted the current 
situation ill the United States of America where some 85 to 
90 per cent of all mining (except for coal) is done by open pit 
methods, and where some 40 per cent of the coal is mined by 
open pit. The South African industry is, of course, dominatoo 
by the deeper level undergroWld gold mines; however, with the 
aid of an extensive open-pil teclwology developed in o ther 
countries, South Afrkan companies arc continuing 10 explore 
possibilities of open-pit cxploilalioll of base mineral, coal and 
diamond deposits. Several successfu l ventures are already io 
operation at Phalabora. Optimum Colliery, Kimberley and 
elsewhere, aud South Africa is uodoubtedly beoefitting in 
this regard by drawing on the experience of othetS. 

The papers of this session were therefore particularly 
pertinellt, particularly when viewed in conjunction with those 
presented at an earlier South African conference devoted 
specifically to open pit mining. 

Two themes dominated the discussion which followed 
prescntation of the three papers at tbis session. The first 
related to the practicability of using the reported techniques 
as a tool for management, and their acceptability as such to 
mine management. TWs was, of course, not peculiar to this 
particular session, but rather tbo major point of debate over 
the entire conference. 

The second theme concerned the reliability of the initial 
drill hole data on which aoy open-pit design must necessarily 
be based. This gave added emphasis to the problem of 
practicability. for no management is likely to accept an 
elaborate pit design unless confidence can be placed in the 
ore reserve assessment. 

In noting these two features of the discussion, it should be 
remembered that all too Wee papers dealt largely with design 
and pre-planning; there was an unfortunate lack of papers 
or discussion o n the subject of controlling the day-to-day 
mining of open pits, and this is an area where the potential 
impact which can be made by the computer is even grea!er. 

In introducing his paper, Mr D. A. Phillips pointed out 
that it was concerned only with optimization, and that it 
therefore a~umed, firstly, an adequate subdivision of the 
orebody into ore blocks characterized by grade, rock type, 
structure, etc., and, secondly, an acceptable forecast of 
costs and miocral prices in order to generate a suitable profit 
matrix. However, programs dealing with these problems for 
both massive, disseminated and stratiform ore bodies arc 
available to Roan COllsolidated Mines. The method of 
optimization which ho had described had been used on a 
region split into 28000 blocks. for which the program uscd 
three hours of c.P.U. time 011 an IBM 360/40 computer. 
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The computer design had provided a three per cent improve
ment on a normal design of the same area. 

At the outset of the discussion, Mr D. Hargreaves drew 
attention io the practicaJ implementation of the optimizcd 
design, and his remarks arc quoted here verbatim: 

'An important extension to optimum pit design is the 
production of sequential production plans, based on a period 
of time or a required tonnage of ore. This requires more 
thought to be given to tbe input data aud, iu particular, to 
block dimensiOnS. For instauce, if the height of a block is 
tlw height of a bench aud lbe width of a block at least 
equivaieot to a mine hanlage road, a nd if tbe surface area 
represents a simple fraction of a standard blast size and 
machine operating radius, toon tllere is every possibility that 
computer print-out of an extraction sequence can be used as 
a mining plan wi thout further modification. It also overcomes 
the practical problem of haulage roads overlying theoretical 
excavation areas. 

A vital consideration in calculating a mining cost of a 
particular block is that its haulage cost is not always a linear 
function of its vertical position but is influenced also by its 
horizontal distance from the process plant and by the haulage 
routc it has to follow, this being influenced by the mining 
sequence. 

Theoretically, the true mining cost cannot be calculated 
until the shape of the fin al pit is known and the position of 
the final haulage road and the mining sequence determined. 
These factors Clay play an important part in equipment 
determinations. Somewhere, of course, the circle has to be 
broken and the solution may lie in assuming an initial haulage 
cost to arrive at the optimum pit design but feeding the 
calculated haulage costs back into tbe onginaJ program on 
completion of the computation of the e'ltradioo sequence. 

Possibly the most important consideration is the selling of 
the completed plan to mine management. Management may. 
often with justification, be suspicious of anything on a 
print-out sheet and, as we all know, if the mine manager is 
oppo:sed to the plan it will not work. Perhaps the best way 
to overcome tbis is by producing sequential mining pL1.ns 
from an original, maLlually compiled or manually checked 
total mine design.' 

Mr PhiUips admitted that in attempting to obtain a practical 
block size from the mining department it was usually difficult 
to tic them down to a given set of dimensions. The requirement 
was not ne«ssarily an optimum pit but rather something 
that was minenble, and several approaches were often 
necessary. 



1n a written contribution, Thys B. Johnson revealed that 
recent investigations by the U.S. Bureau of Mines indicated 
that it might be possible to devise a combination of presently
used methods of Opell pit optimization in the near future. 
He pointed out that th" moving cone, fixing base, wchs', and 
Johnson's network methods were basically tbe same, Ihe 
differences lying only in how cones were generated and how 
blocks within the cones were summed. It appeared as if a 
combination method ill which were uscd the Jlexibility of 
slope projection from the first two methods and the block
summing procedures of the last two methods would be the 
direction in which work should proceed. 

Professor A. G. Joumcl drew attention to the confideoce 
10 be placed in basic block data. Ofien the selected mining 
unit was too small to be reasonably estimated by the first, 
large-speed drill hote pattern, and then two courses were open, 
first, either the spacing had to be reduced by additional holes, 
or, second, large blocks would have to be used, employing 
another pit design. He suggested the use of geostatistical 
methods which could give the theoretical relationships 
bet'Ween the dispersions of blocks of different sizes. 
Alternatively, the ore body could be simulated by means of a 
random function constraiocd by the available grid drill hole 
data. 

lu the case of the Nchanga open pit described in the paper 
by Pronk van Hoogeveen er aI, drill holes were spaced along 
section lines 120 metres apart, demarcated by geologists. The 
maiD constraint on the block size used in this design wa.~ 
size of computer Ol'C. and the dimensions selected were 
12 metres along strike and 6 metres. in the direction of dip. 
This: pit had been nlnning for 15 years before tbe computer 
rootbod was introduced, and they were fortunate in having 
survey data to supplement the geological data. 

Mr J. R. Cutlaud said that no provision had been made in 
this program for rond design, which was in itself a fairly 
complex problem. 

Mr A. Weiss referred to Ule paper by M. R. L. Blackwell 
dealing with a mode1 of Bougainville Copper's Panguna 
ore body. which had been considered io a previous session, 
ia which a first attempt had been made at establishing 
confidence intorvals for the basic valuation data. He then 
drew a necessary distinction between the use of fairly large 
blocks for pit desilPl and the use of blocks in production 
scheduling, and was emphatic thllt the same blocks should 
not beemploycd for these two distinct purposes. ill production 
scheduling, bJast-hoJe data could be used to compile a 
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'micro-model' of the 'to-be-exposcd' ore reserve inventory, 
but it was specifically necessary that the difference between 
this inventory and the original blocks from which it was 
drawn should lie within the accepted confidence interval. 

Mr Weiss's suggestion was that the metboos detailed by 
BJackweJl could pr.ofitably be combined witb the procedures 
o utlined in the papers by PhilJips and Pronk van Hoogevee.lI, 
ct al. 

In a written contribution to the paper by R. H. Robinson 
and N. B. PreWl (neither of whom were prescnt at the 
conferencc), Milton T. Pana commented that the technique 
described by them could be applied practically to small and 
possibly to mediulll-sized ore bodies. As the size of the block 
matrix incre'dsed. computer Lime and cost might increase 
astronomically. It was consequently necessary to evaluate 
rather carefully the application of the technique to large 
deposits. He went on to suggest that the fact that the programs 
in general yielded slightly lower tonoages and higher grades 
than were indicated in minc records implied that the iuverse 
distance should be raised to a power higher than tbat used 
by the authors. 

Mr Blac1wdl described the evaluation procedure which 
had been llsed at Bougainville. This was similar to that of 
Robinson and Prenn, but differed in respect of the model of 
the ore body. Ho had not used the Lcrchs-Grossman 
algorithm to reach an optimum, but an iterative process 
wruch involved simlllating the orc body Rnd breaking it into 
a time-sequential inventory, each increment consisting in a 
prohabilistic statement of grade by cut-off intervals. The time 
taken was not excessive. 

MI Blackwell noted that the GROPE package was designed 
to give an optimum present value. If the object had been to 
obtain maximum profits as well, a certain incompatibility 
might arise between designing an optimum pit to give maximum 
profit and a miniog sequence to give maximum present value. 

Perhaps the most significant point in the session was the 
lack of response to a question raised by MI Wciss as to whether 
anybody who had used the methods which had been described 
had been able to provide management with control infor
mation, The design was, after all, an initial stagc in the whole 
mining process, albeit that it may change from time to time as 
new data became available. There was, then, some merit in a 
plea made by D. Hargreavcs towards the end of the session 
for an on·line system to handle productiou scheduling. Tlus 
is the area in wbich future effort might well be concentrated. 




