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Introduction

Mining,by definition, is a process which
depletesa natural resource. It starts with the
recovery of the easy resources and progresses
to more and more difficult resources. As the
difficulty of recovering the resource increases
so the planning and the technology employed
must be improved if the cost of recovery is to
be contained. In the early days of the
Witwatersrand the reef outcropped on surface,
was extensively weathered, and of high grade.
This made it possible to extract the gold with
relatively simple tools. However, it soon
became necessary to import capital equipment
and introduce new technology as the depth
increased. Without the introduction of the
McArthur-Forrest Cyanide Process it is likely
that the fledgling Witwatersrand mining
industry may not have survived to see the
start of the 20th Century let alone head into
the 21st Century.

Gold production peaked in 1970 with some
1266 tons being produced. Over the last 25
years production has decreased with 517,2
tons being produced in 1994, 491,9 tons in
1995 and 119,1 tons in the first quarter of
1996 (some 3% down in 1995). Table 1 shows
how the revenue from 1995 was distributed.
The figures clearly show that the output of the
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gold mining industry and its contribution to
the wealth of the country is decreasing but
with gold contributing close to 50% of total
mineral revenue it is clearly the most important
player. The challenge is to develop technology
which will enable the gold mining industry to
increase its competitiveness.

Table I 1
Breakdown of revenue SA Gold Mines:

I1995

Sub section

%

54.0

46.0

16.8

83.2

Gold sources

The resources of the Witwatersrand basin are
massive and it has been estimated that only
40% of the available gold has been recovered.
Figure 1 attempts to predict where the future
mining will take place and it is considered that
the single most important parameter will be
increased depth. Figure 1 shows that currently
only approximately 10% of the SA gold
production comes from depths greater than
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Figure 1-Percentage production versus time and depth below surface as determined and projected for the gold production from the Witwatersrand basin

2500 m, however, by the year 2015 close to 50 per cent of
production will be at depths greater than 2500 m. This picture
is based on the assumption that the gold price and potential
technology changes are not going to change the economics of
mining the shallower deposits and that we have the technology
to mine the deeper deposits. The gold price is obviously a
major player in mine economics and in the early 70s we saw
a number of mines which were being closed suddenly getting
a new lease of life. The technology of mining has seen little
change in this century with pneumatic rockdrills in the early
part of the century followed by the water hydraulic rockdrills
more recently; the use of scrapers introduced in the late 1920s;
hydraulic prop support in the 1960s; a considerable incre-
mental improvement in our understanding of how to design
mines to reduce the effects of seismic activity; and the develop-
ment of chilled water and ice for cooling. The majority of the
technology changes have been incremental and have been
constantly stretched to meet the demands of the industry.

Nature of the problem

Much has been written about the reasons as to why the gold
mining industry has become one of the highest cost producers
of gold. The following sections are an attempt to categorize
the problem and identify what technological developments
are necessary.

Gain advance knowledge of geological structures and
gold distribution

With the increasing costs associated with deeper mining and
the low grades in shallow mining areas, it is essential that
payable areas are identified ahead of mining to avoid unprof-
itable effort and to maximize grades into the mill. Reliable
advance information, obtained cost-effectively, is therefore
required on various aspects of the orebody and its surrounding
geology in order to enhance mine planning and operational
management decisions. The information required includes
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the location of the orebody, the location and orientation of
geological structures such as faults and dykes, and the grade
distribution both laterally and vertically within the orebody.
This information would not only assist in mine planning for
new areas but would also assist in more effective selective
mining in mines already developed.

Provide rapid access to reef plane and stopes

There is a need to maximize capital utilization by providing
more rapid access to the reef plane through faster shaft
development and longer single shaft systems, as well as
providing for more rapid horizontal development. There is
also a need to transport men and materials to the stopes as
quickly as possible. In addition to maximizing the efficiency
of those operations, the interface between the transport and
stoping systems needs to be optimized both for conventional
and on-reef mining methods.

Develop new and improved mining methods

The actual mining process on gold and platinum mines
influences some 50 per cent of total mining costs while
footwall development accounts for a further 15 per cent. A
large portion of these costs are associated with infrastructure
requirements. There is thus a need to effectively minimize
the infrastructure required by maximizing the utilization of
working faces and by minimizing the amount of development
work. This can be achieved through the development of new
improved stoping systems, both continuous and with high
rates of face advance, which form the basis for determining
new and improved mining methods and layouts, such as on-
reef mining, and hence minimizing the development capital
required and operating costs. There is also a need to develop
more effective selective mining methods to maximize
potential in existing mining areas. As the potential for the
development of continuous mining systems is largely
restricted by blasting, the emphasis in developing such
systems should be in the area of alternative rockbreaking
methods.
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Rock engineering as a tool to facilitate the reduction
of rock related hazards

Rockfalls are responsible for a large proportion of all injuries,
and more than 25 per cent of fatalities. Improved mine design
and rock support methods are necessary to implement safer
and more productive mining methods and layouts. The
implementation of efficient and effective stope face and gully
support systems, especially in high stressed areas, has the
potential to dramatically reduce rockfall casualties in gold
and platinum mines as well as the potential to reduce dilution.
Also, an understanding and implementation of design rationale
for the design of permanent and regional stope support
(especially backfill and pillar design) has the potential to
both reduce rock related casualties and reduce stoping and
development costs. Increased implementation of existing
technology and equipment is a critical factor within this area.

With mining continuing to go deeper, particularly in the
longer term, the problems associated with rockbursts dominate
the ability to mine safely. At present, rockbursts are responsible
for a large proportion of all injuries, and for a further 25 per
cent of fatalities, and they often cause serious production
losses. Rockburst prediction and control techniques using
seismic management and engineering techniques are necessary
to help reduce the incidence and severity of the rockburst
hazard. Strategies, methodologies and technologies for seismic
monitoring, analysis and interpretation in rockburst prone
mines should define where and indicate when sudden release
of large amounts of energy can occur allowing action to avoid
or minimize losses and save lives. The successful use of
appropriate rockburst control techniques will allow inaccessible
ground to be mined safely and improve the safety of existing
mining layouts at deep levels. As much as 25 per cent of a
mine's ore reserves may be locked up in pillars and the
techniques will assist in releasing these reserves.

To facilitate an improvement in the basis for controlling
rockbursts and rockfalls, fundamental research into the
behaviour of the highly stressed fractured rockmass is
essential. This may be achieved by using numerical techniques
to simulate the mechanics of rockbursting and fault slip seismic
events and to define fracture mechanisms and hence methods
for controlling the failure of rock in a stable manner. The
analyses of seismic events also has the potential for creating
a more quantative understanding of rockmass behaviour.
Improved understanding also has the potential to result in
the introduction of innovative mining strategies; this includes
items such as preconditioning, mining close to geological
structures, the evaluation of different support methods and
novel mining layouts.

Provide acceptable underground environmental
conditions at minimum cost

With mining activities taking place at greater depths and the
corresponding high virgin rock temperatures, the provision of
cooling and ventilation is becoming ever more costly. Tech-
niques for providing underground environments, which allow
men to work safely and productively are thus required at
minimum cost. Novel cooling systems and new approaches,
such as selective cooling of mines and recirculation, may
enable the cost-effective cooling and ventilation of deeper
workings. Reducing heatflow at source through methods
such as the insulation of tunnels and novel layouts could
reduce cooling costs. Software as a design tool for ventilation
and cooling systems needs to be continuously upgraded to
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expand the applications in the industry and thus ensure cost-
effective systems. The control or reduction at source of noise,
dust, diesel emissions and other harmful gases is also
required. Improved lighting conditions should lead to
improved safety and productivity.

Future mining systems

The main objective of all mining systems is sqfe production
which is a term intended to include the philosophy that
occupational health and safety, and production should not be
separate issues. Whatever mining method is utilized, it must
ensure an acceptable quality of life for those working in the
industry and an acceptable return on investment for those
who finance the venture. The concept of safe production
unites the sub-objectives into a common goal.

Concentrated mining

Concentrated mining is the single most important feature of
future mining systems as it makes it possible to maximize
the benefits obtained from ventilation, cooling, transporta-
tion, and general services reticulation. The cost of supplying
all these services increases as depth increases and for a given
tonnage hoisted the extent of the services network is directly
proportional to the rate of force advance. The average rate of
force advance is about 6 m/month with a good mine achiev-
ing 18-20 m/month. It is considered that with incremental
modifications to existing technology it would be possible to
obtain a face advance of 25 m/month. The challenge is to
ensure that the incremental improvements in all the elements
of the mining operation can be combined into a practical
mining system.

As any mining man will know, the problem with concen-
trated mining is perceived to be a concurrent lack of flexi-
bility and the ability to 'make a plan' when things go wrong.
Therefore the future mining system must ensure that there
are no surprises related to grade continuity, red'disconti-
nuities, rock bursts and services reliability.

There are techniques to evaluate grade continuity, deter-
mine reef discontinuities and to evaluate where seismic
events are most likely to occur. There are methodologies and
monitoring devices to ensure that services are reliable and
performing effectively. However, it is questionable that the
informationis sufficientto ensure 'no surprises'. A major
effort should go into implementing existing technology and
creating a practical harmonious whole.

Waste rock

A mine is definedas an excavationin earth for extracting
metal, coal, salt, etc. Thus the purpose of a gold mine is to
mine gold, unfortunately current mining practices ensure that
a large amount of waste rock is also mined. Some of the
waste rock will be hoisted as waste as it was broken from
tunnels which provide access to the reef; other waste rock
will be broken from around the reef and because it is mixed
with the reef it will be treated as reef. It is important to
maximize the ratio of reef tons to development tons and to
ensure that stope width is as close as possible to channel
width.

Mine startup

The issues described in the previous two sections refer to
operating mines, however, the costs involved in starting a
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mine are very large and it may take 10-14 years from start-
up before the mine experiences a positive cash flow. The
main start-up costs are those incurred in accessing the ore
body and, for example, the time and costs associated with a
vertical and sub-vertical shaft system are substantially more
than a single shaft.

Once the shaft is in, then extensive development is
required to access the ore, this may require 10-15 km of
development before stoping can commence on any reasonable
scale and each heading would only advance at ::I:110 mImonth.
Thus technologies permitting deeper single shafts and more
rapid rates of development could play a major role in the
economics of opening up new resources.

Proposed co-operative research methodology

Both the Faculty of Engineering at the University of the
Witwatersrand and the Mining Technology Division of the
CSIRhave extensive experience in mining R&D. Miningtek is
involved in nearly all the areas identified in this paper. Wits
is conducting specific research to develop new vertical trans-
port systems, non-explosive rockbreaking techniques and
more efficient scraper motors. The two organizations are
already working closely together in the field of rock engineer-
ing and in developing ways of counteracting the effects of the
high heat loads generated in deep level mining. In the long
term it is the objective of both organizations to develop tech-
nology to enhance the viability of the mining industry and to
develop skilled human resources. The following is an example
of how the mining industry, the researchers and the academics
could co-ordinate their activities for the general good of the
mining industry and the country.

The co-operative research centre for mining
technology and equipment

The CMTEwas established in 1991 as part ofthe Australian
Government's Co-operative Research Program. It was
considered that despite access to vast mineral reserves and
strengths in research and development; the mining industry
facedimportant technologicalproblems.To remain competi-
tive on the world scene it needed to lower production costs
and invest in higher quality products and processes which
were more environmentallyfriendly.The CMTEbrought
together, for the first time, Australia's leading mining and
mineral research organizations in a co-operative effort to
develop innovative mining and processing techniques and
supporting equipment for the industry.

The CMTEis an unincorporatedjoint venture between the
University of Queensland, the Commonwealth Scientific and
Industrial Research Organization and the Mineral Industries
Research Association.

The university is represented by:
.. The Julius Krattschnitt Mineral Research Centre
.. The Department of Mining and Metallurgical

Engineering
.. The Bryan Mining Geology Unit.

The CSIROparticipants are the Divisionsof
Geomechanics, Mineral and Process Engineering and
Manufacturing Technology.

AMlRA serves the commoninterests in research and
development activities of its members, namely the minerals,
coaland petroleumcompaniesof Australia. The association
works exclusivelyin the area of collaborativeresearch where
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its members see benefit in sharing costs, risk and outcomes.
AMlRA has no facilities and contracts out all projects to
universities, publicsector research organizations and private
industry.

The CMTEdefines its incomeas comingfrom industry,
from a CRCgrant and in-kind contributions from partners.
In-kind contributions from CSIROand the University of
Queensland are effectively government money whereas
AMlRA in-kind contributions are from the mining industry.
The total contract income from industry was A$ 3 000 000
and the CRCgrant from governmentwas A$ 3 166000 in
1995.

A further objective of the CMTE is to develop an appro-
priate human resource base and Table 2 shows how resources
are divided across the CSIRO staff.

This is being achieved by involving postgraduate
students in the leading edge research projects which are
being undertaken by the Centre and by employing a signifi-

cant number of postgraduate students in these projects.
There are currently 14 PhD and 9 MSc students with three
PhD and 1 MSc theses having been submitted.

Table"

Research projects - staffing

University

Conclusion

It is probably fair to say that work to address most of the
issues identified is going on at either Wits or Miningtek. For
example Wits is investigating a synchronous linear motor
which could be applied to mine shafts much deeper than can
be serviced by conventional hoisting. Miningtek is looking at
ways to continuously develop the hamolages at rates of two

to three times those currently achieved. Both institutions are
actively involved in establishing a better understanding of
the rock mechanics to ensure safer mining and in the develop-
ment and application of a healthier environment. These
activities tend to be isolated and there is no 'grand plan'
which would ensure that the possible synergies between the
various sub-sections of the two institutions are realized.

The model employed by the CMTE in Australia deserves
consideration as a way to harness the potential of the research
organizations, academics and the industry to ensure that we

have a vibrant mining industry well into the next century,
which in turn acts as a wealth engine for the creation of
jobs. .
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