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Introduction
Gold mining has been undertaken in South
Africa for more than a century. A great
proportion of that mining has been from the
Witwatersrand Basin, a geological
phenomenon, which has few parallels
throughout the world. It has produced some 47
000 tonnes of gold, mainly from underground
mines many of which have been, and in some
cases still are, truly world class gold mines.
The Joumal of The South African Institute of Mining and Metallurgy

However, the nineties has seen production
from the Basin reduce significantly from 621
tonnes in 1988 to 493 tonnes in 1997
(Figure 1). The dominance in terms of
percentage of world production has also
dropped from 79 per cent of the then free world
production in 1970 to 21 per cent of total world
production in 1997.
The reduction in South African production
has been accompanied by the increase in
prominence of gold producers based in
Australia, Canada, and the USA (ACU) with the
most impressive increase in Australia from 157
tonnes in 1988 to 311 tonnes in 1997.
The reduced production in South Africa has
been as a result of reduced profit margins
caused by both increasing working costs and a
lower real-terms gold price.
The nineties have also seen South Africa
and its mining companies move onto the world

stage and face the harsh realities of having

to

compete in all spheres of business with their
counterparts, principally in Australia, Canada
and the USA. The fundamental fight is for
investment funds. The managers of these funds
are obviously expected to optimize returns for
the investor. To compete, South Africa has to
increase the grade recovered from underground
operations and/or reduce the production costs
associated with the extraction of ore particularly
when mining goes deeper than current working

depths.
This address describes some of the
challenges facing South African gold miners if
they are to be competitive in the future world
gold market and it reviews how challenges
previously recognized have been approached.
Many of these challenges were presented to
this Institute by Or Horst Wagner in his
Presidential Address of 1986 entitled 'The
challenge of deep-level mining in South Africa'.
Twelve years on from that address experience
has conflI11led how perceptive Wagner was. The
little time he said remained to confront the
challenges to the industry, has expired.
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Current situation
Current gold production in South Africa comes from both
underground and surface sources in the ratio of 55 to 45 per
cent. The surface sources are waste dumps or tailing dams
resulting from previous underground mining. The trend
towards a greater proportion of tons milled coming from
surface sources is reflected in Figure 21. Profit margins from
underground and surface are approximately equal, however,
the increasing trend in the proportion of tonnage from
surface sources appears to indicate a reluctance to engage in
mining at depth with the high and increasing working costs.
The 55 per cent of production from underground in South
Africa is from a mean breaking depth of about 1750 metres
where the virgin rock temperature is 37.5°C and the average
temperature in which work is carried out is in the order of
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270C wet bulb. Although the average working depth is about
1750 metres, the increase in workings below 2100 metres is
evident in Figure 32 where rock temperatures are of the order
of 41°C.
The 1997 production cost (the latest available) of South
African producers was $301 per ounce compared with the
average for ACU of $233 per ounce3. These production costs
do not include capital expenditure. Figure 43 indicates how
the cost of production in South Africa has increased relative
to ACU over a seventeen-year period. The obvious advantage
for ACU is the large proportion of production coming from
open pit operations. Assuming a recovered grade of 3g/t for
surface operations the cost per tonne milled would be in the
order of $22. The average cost per tonne milled for an
underground operation in South Africa is in the order of $704
per tonne milled. The recovered grade required in South
Africa to match the ACU margins would be 9.5g/t, which,
apart from a few mines, cannot be matched. The conclusion
is that in order to survive at gold prices in the region of $300
per ounce South Africa has to reduce unit costs.
Productivity in South Africa expressed as ounces of gold
produced per man per annum was 45.97 in 1997 (Figure 55)
and shows a significant improvement of 28 per cent on the
same statistic for 1988. However comparison is not
favourable when compared with 480 in Australia, 550 in
Canada and 390 in the USA (Figure 6).
Wagner6 indicated that significant improvement in labour
productivity in South African gold mines had previously only
been brought about by a significant change in mining
technology.
The extent to which the industry has applied itself to
securing and applying technology since 1986 will be
discussed later in this address.
The Journal of The South African Institute of Mining and Metallurgy
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Future situation

depleted and more mines are forced underground to the
sulphide deposits. This would be balanced by an increase in
surface production by ACU-based companies in Africa and
South America.

The proportion of production from the Witwatersrand Basin
relative to the rest of the world, has reduced in recent times.
However, the Basin still completely dominates the current
world inventory of proved and probable reserves.
South Africa holds 52.7 per cent of the world's current
reserves, many of which are at depths greater than current
working depths. Additional gold resources of considerable
magnitude exist at depths of 4000 metres and below. The
future will therefore see South African producers face both
technical and financial challenges as they go deeper to exploit
these reserves and resources.
The financial implications of mining at these depths are
many and varied. However, the capital and operating costs of
cooling (Figure 77) illustrate the severe disadvantage South
African producers are facing unless a solution can be found
for reducing the inflow of heat to the workings. Wagner6
recognized this as a challenge in 1986 and the solutions he
suggested lay in increasing face advance thus concentrating
mining activities, and in the introduction of backfill. The
success in increasing the extent of application of backfill
since 1986 is shown in Figure 8. Although the percentage of
area mined and supported by backfill has shown a steady
increase, the percentage in 1996 remained relatively low at
approximately 8 per cent.
The proportion of surface material treated at relatively
low cost and low grades by South African producers should
reduce as the old mines that sustain the surface operations
close and are replaced by new projects. The proportion of
surface workings contributing to production from ACU
should remain at current levels. Surface production in
Australia would be expected to reduce as oxide sources are
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The challenges
If South Africa is to provide the kind of returns on
investment necessary to compete with ACU given the
scenarios above, then several challenges will have to be met
and overcome. The.challenges are discussed under four
general categories:

~
~
~
~

Legalinfrastructure
Technology
Industrial Relations
Safetyand Health.

Legal infrastructure
The one thing one can say with certainty about South African
legislation is that it is changing. Since the 1994 election the
government has felt it necessary to revamp almost all areas
of legislation with much mining related aspects at the
forefront of the changes.
The necessity for change is not questioned; however, the
timing of so many changes with their associated knock-on
effects is questionable, as they could not have come at a
worse time for an already beleaguered gold industry.
Uncertainty is one ofthe major effects. As an example, the
Minerals Policy Bill currently being formulated proposes the
transfer of the right to mine and to prospect from private
mineral right holders to the state. Without security of tenure,
foreign and local investors and the current holders of mineral
rights will have little appetite for committing the necessary
funds to long lead-time projects that are a characteristic of
the Witwatersrand mines. The development of these projects
is critical at this time if the remaining resources of the Basin
are to be exploited.
A trend arising from the many legislative changes is that
of imposing levies or punitive monetary measures on
companies in order to fund the requirements of the
legislation. For gold mining companies, the proposed
measures are coming from revenue not from profits and thus
weakening already small profit margins. Fears of long-term
investors are heightened by the inevitability of these
measures coupled with the present uncertainty of what their
quantum will be. Levies currently being proposed are those
under the Skills Development Bill and the Water Act.
Financial penalties will be incurred under the Mines Health
and Safety Act for contravention of the Act. Punitive financial
penalties are also proposed for the new Employment Equity
Act.
Levies already in place are those for health and safety
research (Simrac) and those imposed on use of liquid fuels
and electricity. Changes to environmental policy, to nuclear
and radiation policy and social policy (social plan), add
further uncertainty.
The argument is not whether all are necessary but rather
their almost simultaneous introduction using inappropriate
methods at a time when the gold industry is under severe
financial pressure. The aggregate effect of near simultaneous
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introduction to overcome ills from the past and fulfil
honourable objectives will surely be a case of curing the
disease but letting the patient die.
Mining companies in Australia, Canada and the USA are .
also under pressure from legislation. Two examples of this
are the stringent environmental requirements prior to
commencement of projects particularly in Canada and the US
and The Native Title Act in Australia. This is causing
companies to engage in lengthy and expensive legal
arguments before new projects get off the ground. However,
in both cases, costs are incurred up front in a project and do
not continue to drain the bottom line profits.

profit margins when mining below 3000 metres. To date,
Witwatersrand mines have been at the forefront in some vital
technologies necessary to mine at depth. Refrigeration,
winding systems and seismic monitoring being the three
technologies where this can be said with certainty. However
the first two remain very expensive items of both capital and
working costs.
The second requirement for eventual technology
implementation is to fund and successfully develop new
technology. If sufficient funding is not made available on an
ongoing basis, then the chances of any success in
development diminishes as the quality of research facilities
available deteriorates. The South African gold industry's
record would suggest that technology is not going to come to
the rescue of the deep miner.
The last decade has seen the Chamber of Mines Research
Organization (COMRO)devolved from the Chamber of Mines
and placed under the Council for Scientific and Industrial
Research (CSIR). The Chamber has maintained an indirect
influence over the activities of the mining research unit
(Miningtek) within CSIR.The less direct relationship between
the two, saw the mining houses, both collectively and
individually, entering into research contracts with Miningtek.
The amount spent on pure mining research for both gold
and coal peaked at about R70 million in the late 1980s. Since
that time, expenditure has declined and is estimated at less
than RI00 million in 1998, inclusive of the Sirnrac safety
research that is in the order of R40 million. The mining
research budget should be seen in the context of the Mintek
budget for mineral processing and beneficiation of R133
million in 1997/8. Added together, the total research budget
for South African mining would be in the order of R233
million or 0.23 per cent of turnover. By comparison, Inco, the
Canadian nickel company, which prides itself on leading
technology advances, spent $28 million (US dollars) or 1.18
per cent of turnover in 19978.
The introduction of a safety research program (SIMRAC)
under the auspices of the State in 1992, although admirable
in its objectives, has clouded t~e issue. The focus on safety to
the exclusion of productivity does not fully serve the needs of
an industry required to improve margins. The hypothesis has
been ignored that the introduction of productivity-enhancing
systems (that obviously includes replacing men with
machines in high-risk areas), has the biggest effect on safety
performance. Wagner6 also recognized this fact and quoted
the reduction in fatalities due to falls of ground in the British
collieries from 140 in 1955 to 3 in 1983 as hydraulic props,
hydraulic chocks and full mechanization of the working faces
were introduced.
The third requirement for technology implementation is
for transferring homegrown technology into the workplace,
the monitoring of successful technology elsewhere in the
world and where relevant, transferring it into the workplace.
To do this, the culture of the organization must first be
receptive to change and new technology. The challenge in
South Africa is to create this climate through the correct use
of graduate engineers and in particular mining engineers.
When faced with the technological challenges of mining
below 3000 metres, the attributes of the graduate must be
applied to the task. No longer can the industry afford to use
the graduate solely in pure line management where his

Technology
In an industry where the future is reliant on going deeper
than current practice and in fact deeper than man has ever
worked before, the commencement and continuing
introduction of new technology is vital.
Three things have to be achieved in order to succeed in
introducing technology. Firstly, the technology required, not
only to mine successfully, but also cost effectively at greater
depth must be identified. Secondly, this technology has to be
funded and developed rapidly. Thirdly, the homegrown
technology plus the technology being developed elsewhere in
the world has to be monitored and, where relevant,
transferred into the workplace.
On the first requirement, to identify what is required,
South Africa would seem to be out of sequence. Only now
has any real impetus been given by the recently launched
Deep Mine research initiative. Given the lead times for
technology development, it could be too late. Deep Mine is a
research programme funded jointly by industry and the State
aimed solely at mining at depth. The budget is in the order of
R70 million over a three year period.
Wagner6 identified the mechanization of stoping
operations, the reduction of the heat load via backfill and the
effective control of rockbursts as prerequisites for successful
mining at depth. Mechanization of stoping operations still
remains elusive. It has been attempted with a limited degree
of success in orebodies where mining widths allow the
introduction of trackless machines. In the more common
narrow tabular workings, the main thrust has been through
the development of the impact ripper which has not met with
wide acceptance and is in danger of being discarded.
The reduction of heat load via backfill is reflected in the
limited use of backf1l1shown in Figure 8.
Technology also has to be cost effective or more simply
put, technology has to be such that it ensures reasonable
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talents are almost completely concentrated on man
management. In the past, many graduates have left the
mines in pursuit of more intellectually challenging
employment where initiative and innovation are required and
rewarded.
The future-gold mining in the Witwatersrand Basin must,
by its very nature, be more dependent on the technical rather
than the industrial relations expert.
An average of 38 mining graduates have been produced
per annum from South African universities over the last ten
years9, a cause for concern considering that not all have gone
into the gold mining industry. This concern grows when
these statistics are compared with those of Australia (Figure 9).
In the past, mining graduates have been recruited from
Britain. This source has now dried up as the attraction of
working in South Africa and in its mines has diminished.
Mining houses have also ceased to supply bursaries to

overseas students, a sure way to send a message to the world
regarding the importance of technology and technical
expertise to the gold mining industry.
Wagner6 recognized that the introduction of technology
and mechanization would create more skilled jobs in the
mining industry and provide the basis for the establishment
of a more skilled work force.
Mechanization would also require an increase in skills in
the engineering field. The record of the industry is reflected
in Figure 10. The number of new artisans produced per tonne
mined1o for the industry has not seen any significant
increase over a ten-year period.
A more fundamental challengefacingthe industry is the
supply of schoolleavers who, firstly, can be attracted into the
industry and secondly, possess the characteristics necessary
to perform in a technologically demanding industry. The
results of an international survey11 (Figure 11) recently
completed show that the mathematics and science capabilities
developed by current school curricula in South Africa do not
compare favourably with international competitors. These are
the very capabilities so necessary in a technology and
engineering based industry such as the gold mining industry.
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This heading is used to encompass a broad range of topics.
When consideration is given to the ability of South African
gold mines to continue to compete in the world market, the
maturity of its industrial partnership with labour must be of
prime importance and contain the greatest challenge.
The growth of unionism in South African gold mines is
inevitable. The policy of apartheid, ably assisted by poor
management, has created a need by workers for an
instrument to fight for what are really basic rights, However,
the sad fact is that in the competitive countries, ACU, union
membership in general is on the decline and union
relationships have passed from one of conflict resolution to
one of co-operation for mutual benefit. The effects of this
kind of relationship are evident in the productivity indices in
terms of gold production of the various countries (Figure 6)
and in Figure 12, which illustrates how wage increases over
the last decade have not been matched by comparable
productivity improvements, It would, however, be naive to
suggest that industrial relationships are the sole reason for
the differences observed.
Future mining in the Witwatersrand Basin will, of
necessity, involve substantial investment in assets to reach
the remaining resources, Therefore, the optimum use of
assets would seem a logical objective.
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The current practice of only working of the order of 280
days of the 365 available cannot be seen to contribute to that
objective. Similarly the current legislation that limits the
hours of work for an individual on a weekly basis as opposed
to a monthly or even quarterly basis does not meet the needs
of an industry in a survival mode.
The need to move to a higher skilled workforce has
already been highlighted as a major challenge; however, the
topic of communication deserves separate mention. In 1994,
60 per cent of mineworkers were classified as functionally
illiterate. It is inconceivable that any significant productivity
improvements can be brought about if management and
workers cannot communicate at least in the same language
on a technical level.
During the legislative transformation since 1994, there
has also developed the concept of tripartite decision-making
between employers, labour and the State. This concept would
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after prolonged debate between the three parties. This often
leads to decisiolls and the resultant action being delayed to
the detriment of the ultimate decision. Tripartism in the
mining industry requires large manpower input, a
requirement which currently is stretching the capacity of all
concerned. The question is whether an industry requiring
focused attention can afford to use so much of its scarce
resources in this way.
Safety and health
The performance of the South African mining industry and in
particular the gold mining industry in safety and health was
brought very much under the spotlight by the Leon
Commission of Inquiry appointed by the Government in 1993.
The performance of the gold industry is not good when
compared with ACU. Fatality rates for metalliferous mines are
compared in Figure 13. Many arguments have been led in
defence of the rates of South African gold producers
(Figure 14) including those of the depth of operations and
the resultant rockburst problem. However, no matter what
the reasons, fatality rates such as those currently prevailing
will not be acceptable to investors in deep level mining
projects. Not only do mining projects have to be financially
viable, they have to conform to acceptable standards of safety
risk exposure.
The effective amelioration of rockbursts remains critical
to achieving these acceptable levels of risk. It is also pivotal
to successful mechanization of the stoping operations
whereby man is removed from the hazard and unaffordable
damage to expensive machinery is avoided.
The industry effort in addressing the rockburst problem
has been significant, being concentrated on understanding
the fundamentals of the behaviour of rock under dynamic
conditions. Systems developed to monitor seismic activity
and the subsequent interpretation have taken the industry to
the forefront of the science.
The enormity of the challenge to current operations that
will be going even deeper in future is illustrated in Figure 15.
It can be seen that the proportion of total fatal accidents as a
result of falls of ground and rockbursts is of the order of 50
per cent (of which rockbursts alone account for some 22 per
cent12) and shows no significant sign of improvement. one of
the possible solutions to this problem is to reduce the
percentage of orebody extraction and improve regional
stabilization. However, this begins to negate one of the
competitive advantages of the Witwatersrand Basin, namely
that of quality and quantity of reserves.
It is interesting to note that Wagner6 suggested that a
forum, where management and workers could address safety
matters, was required to improve the safety situation. This
very forum was created as a result of the Leon Commission of
Inquiry Report in 1994.
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Conclusion
A gold price $300 per ounce focuses the mind on margins.
The long-term cyclicity of the gold price may still exist but
mines have to have the ability to maintain reasonable
margins when the price is deep in the cyclical trough. The
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current low price has coincided with times of fundamental
change in the fabric of society in South Africa. The South
African gold producers have undergone major changes at the
corporate level in an attempt to unlock the value to
shareholders of the major gold operations and to create
vehicles that can address the profit margins with a great
degree of focus.
This address has outlined some of the fundamental problems
that face the industry if the ore of the Witwatersrand Basin is
to continue to play a major role in world gold production. It
has also looked at progress made on challenges identified in
his Presidential Address some 12 years ago by the perceptive
Dr Horst Wagner. He suggested in 1986 that there was little
time left to find solutions.
The degree of success in addressing these problems will
determine whether South African companies continue to see
their future in deep level gold mines in the Witwatersrand
Basin. Alternatively, they might concentrate their efforts on
finding and bringing to account orebodies in other parts of

the world; orebodies that are more amenable to generating
and maintaining profit margins at lower gold prices.
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