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Abstract

Since the 14th CMMI conference, held in
Edinburgh in 1990, at which a paper was pre-
sented by the author (Willis, 1990) reviewing
the role of integrating new technology as a
survival strategy for South African gold mines,
ccnsiderable change has occurred in the
Scuth African mining industry. This paper
resiews the current state of the industry and
provides an update on the technologies dis-
cussed ten years ago. It reviews available
technology and provides a broad economic
assessment of these technologies if they were
to be introduced in an integrated mining sys-
. tem with a focus on deep level mining below
3000 m. it also reviews possible future tech-
nologies currently being researched and
- developed by CSIR: Division of Mining Tech-
nology (Miningtek).
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Introduction

The integration of new technology into the
South African gold mining industry is required as
a survival strategy (Willis, 1990). The challenge
for South African gold mining lies in exploiting
the rich reserves that now predominantly exist at
great depth. The main technical hurdles to be
overcome include heat, rockbursts, erratic
grades and the need for maximum extraction.
The single most important feature which con-
tributes to overcoming these hurdles, and
thereby reducing overall costs and maximizing
the utilization of capital, is the potential for con-
centrated mining (fimiting concurrent working
areas by increased face advance rates). Using
current technology, the maximum possible face
advance is some 25 m/month using full calen-
dar operations {(FULCQ), blasting every face
once a day and allowing for some lost blasts
due to unforeseen delays.

This paper focuses on ways of reducing
the effect of the above-mentioned hurdles, and
on various means of achieving increased face
advance rates, to he combined into a practical
mining strategy. The advantages of high face
advance and concentrated mining are now well
accepted (MacNulty, 1997). A consequence of
concentrated mining is the reduced flexibility
because of limited spare faces. The future min-
ing system must, therefore, ensure that there
are no unknowns related to grade distribution,
reef discontinuities, and service reliability. Rou-
tine use of both surface and in-mine geophysi-
cal techniques would, thus, play an essential
role, while planning and operational control
must also be more precise.

The main technology thrust within the
gold industry is now to go deeper, but it is
important that technologies required for these
depths are well proved and tested on existing
operations before investors can commit to new
technology implementation for great depths.

Although it may be possible for current techno-
logical developments to meet these challenges,
future research and developments have the
potential for providing quantum leap benefits.

Current Trends

At present the gold price is below
$300/0z, while increasing depths and no sig-
nificant improvements to productivity have
caused costs to remain static. This has resulted
in reduced profits and increased pay limits
which reduce available ore reserve (Fig. 1).

The major South African mining houses
are now being forced to consider possible alter-
native reserves. Although these are being con-
sidered and exploited outside South Africa,
deeper level reserves {(between 3000 m and
5000 m below surface) within South Africa
remain the world's largest gold reserves, To
date, some 43 000 t of gold have been
extracted from the Witwatersrand Basin, with
the predicated reserves comparable to that
mined to date. A number of initiatives have
occurred recently that may result in these
reserves being exploited in the near future,
including:

* a significant rationalization of mineral
rights by means of restructuring of the
industry, and mineral right swaps and pur-
chases;

* the proposed formation of a collaborative
research program (CRP) known as Deep-
mine designed to ensure that the appropri-
ate technology is available when even more
deep level mines materialize (Deiring,
1997a);

® a move away from longwall mining toward
more selective mining methods, such as
sequential grid mining and mini-longwalls;
and

* increased productivity and improved utiliza-
tion of equipment by moving to full calen-
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dar oparations (FULCO) which will allow
seven-days-a-week operation. The FULCO
details are presently under discussion with
the various government agencies and
labour organizations.

Although only some 5% of tonnage is
currently produced below 3000 m, it is esti-
mated (Willis, 1997) that some 40% of total
South African production would be sourced
from below these depths by 2015, considering
3 favourable economic environment (Fig. 2).

-

Technology Requirements
Technology Update

Not all the technologies discussed ten
years ago (Willis, 1990) have been adopted
universally. The current status of each of the
primary technologies is as follows:

e Shaft Technology — Shafts have now been
sunk and operate to 2500 m below surface
and shafts as deep as 4000 m are being
contemplated.  However, considerable
advances on rope and winder design are
required to achieve these depths.

e Backfill — Despite some implementation
protlems, backfill is now a well accepted,
well proven and essential technology for
deep level mining.

e Hydro-power — The disadvantage of
hyd-o-power is the expense and effort
required to install the infrastructure. For this
reason, only new mines find it economical
to introduce this essential technology.

e Mechanized Mining — In 1990, mecha-

nized mining referred to continuous scrap-
ers and trackless equipment (Willis, 1990).
Nether of these technologies has been
widely adopted. Although the adoption of
trackless equipment did experience a
growth phase, in practice the disadvan-
tages seemed to outweigh the advan-
tages. Disadvantages included a high
potential for reef dilution, high mainte-
nance costs and the contribution of diesel
ergines to the hot and polfuted environ-
ment. Although continuous scrapers have
been adopted successfully for various spe-
cialized applications, they have not
enjoyed widespread appeal, due in part to
the difficult installation process. Manufac-
turers are continuing with further develop-
ments of this type of equipment and their
introduction into deep level mining poten-
tially offers considerable benefits in terms
of savings in access development require-
ments.

e Recirculation — Although the cost benefits
of recirculation are well established, it has
not been implemented because the current
refrigeration and ventilation requirements

Technologies required for

Fig. 1. South African gold mine revenue and working cost.

safe and profitable deep level gold mining, South Africa

Fig. 2. Current and predicted mining depths.
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are adequate. However, COSts associated
with refrigeration and ventilation increase
exponentially with depth. This technology is
therefore not excluded from deep level min-
ing as it has a potentially significant impact
on Costs.

Deepmine

The collaborative research program (Deir-
ing, 1997b) was conceived by the University of
the Witwatersrand, CSIR: Division of Mining
Technology (Miningtek) and the Foundation for
Research and Development (FRD).

in order to identify research needs and
subsequent projects, a technology wheel, origi-
nally adopted by Anglogold's Project 5000 ini-
tiative, was used (Fig. 3). The wheel consists of
15 elements, split into three tiers, which are
considered crucial to mining below 3000 m.
The first tier deals with mining, the second with
accessing the orebody and the third with gen-
eral technology issues not necessarily unique to
deep level mining.

At this stage some of the more impor-

tant needs for deep level mining have been
identified:

dealing with barotrauma caused by moving
people in long shafts;

3D visualization of geological structures
ahead of mining by integrating geophysical
and geological data sets. Additional geo-
physical tools also need to be developed,
improved and integrated;

establishing the effect of face advance rates
on seismicity;

establishing and guantifying the critical
rock engineering criteria;

reef pillar replacement by high quality back-
fill (concrete);

rockburst control and management,
innovative alternatives to current ventila-
tion and cooling techniques;

effective tunnel support and afternatives ©0
shotcrete;

horizontal hydraulic transport of rock;
concurrent  support lining  for bore
orepasses,
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* optimizing hydro-power systems for maxi-
mum energy efficiency;

* integrated information technology and sys-
tems for deep level mining; and

* better understanding of grades by the shar-
ing of information across mine boundaries,

Fig. 3. Dzepmine technology wheel.

Technologies required for safe and profitable deep level gold mining, South Africa

Two scenarios are potentially considered
on completion of the Deepmine program. Sce-
nario 1 projects would be extensions of pre-
sent technology or new technology which can
be developed and brought on-stream within a
short time period. Most of the initial work
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TABLE 1. Mine parameters used in the two cases for the economic analysis

Conventional Scenario 1
Parameter base case % change case
Stoping width {cm) 150 -6.7% 140
Face broken 73% 3.8% 75.78%
Blast cycle” 2in’3 51.5% Tin i
Advance pe- blast (m) 0.7 28.6% 09 T
Working davs per month 24 25.0% 30
Advance pe month {mj 10.36 141.2% 24,98
Tons milled 180 000 180 000
Mined area (m2) 31855 11.2% 35429
Face length required {m} 3076 -53.9% 1419
Level spaciny {m) 8 87.5% 90
Reef dip (%) 20 20
Back length {m) 150 240
Panel Tength (m} 30 33.3% 40
Panel number 5 20.0% 6
X/Cut spacing (m) 60 125
TABLE 2. The main financial results

Conventional Scenario 1
Parameter base case % change case
Yield (g/t) 7.64 gt 7.1% 8.19 g/t
Working cost per milf fon 34975 -7.5% 32347
Working cost per kg 45770.39 -13.7% 39519.87
Revenue (Rimill ton) 366.79 7.1% 39289
Revenue (R/kg) 48°000.00 0.0% 48 000.00
Working profit {Rimill ton) i7.04 307.4% 69.41
Working profit { Rikg) 2229.61 280.3% 8480.18
Total working profit 3066 769 307.4% 12 494 040
Profit margin 4.65% 280.3% 17.67%
Mining Tabou (Rl ton) 4853 -29.4% 34.28
Other labour “osts (R/mill ton) 48.72 -20.1% 38.91
Ventilation EL) 32.8% 10.49

would be focused on these types of projects.
scenario 2 projects are future technologies.
The overall objective of Deepmine is to ensure
that proven technologies are available that
allow mining down to 5 000 m levels at safer
levels and lower cost than current mining.

Analysis

An economic analysis was carried out
using MinEcon, a computer spreadsheet based
cost benefit model. The model allows the
impact of changes, in terms of profit or working
cost, mining method, mining layout or new
technology, to be determined by comparing a
current mining operation (base case) with a
hypothetical mine based on the layout and
application of Scenaric 1 technologies
(Table 1).

A typical deep level mine was chosen as
the base case. This base case mine mills
180 000 tons per month using conventional
longwall mining methods. The monthly face
advance rate of 10 m is achieved in a 24-work-
ing-day month with two shifts per day. The
planned mining cycle is a two-in-three cycle,
i.e. a panel is planned to be blasted twice in
every three days, and the advance per blast is
0.7 m.

A mining block is defined by the stope
back and the crosscut spacing, 150 m by 60 m,
respectively. This results in a stope of five pan-
els, each 30 m long. The broken rock is cleaned
via strike gullies feeding a dip qully to boxholes
using conventional scrapers. The average stop-
ing width is 1.5 m.

The Scenario 1 mine considers FULCO,
using a 30-working-day month and a one-in-
one mining cycle with an advance per blast of
0.9 m. This has increased the monthly face
advance from 10 m to 24 m. The increase in
advance per blast can be achieved by
improved drilling accuracy and sequential fir-
ing with the use of electronic detonator sys-
tems. The labour complement per panel was
increased by a factor of 30/24 to account for
the additional working days. The improved
drilling, sequential firing and support systems
allow a reduction in stoping width from 1.5 m
to 1.4 m. The mining layout was changed to a
240 m stope giving a stope of six, 40-m pan-
els. The stope layout includes two strike gullies,
one for rock and the other for men and mate-
rial. The rock is cleaned using conventional
face scrapers and continuous scrapers in the
strike gullies that feed the centre dip gully. A
conventional scraper is used to clean the rock
downdip while a continuous scraper cleans
updip to a single boxhole positioned at the
mid-point of the dip gully.

Comparing the 'Base Case’ with Scenario
1, it is revealed that the total working profit
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increased from R3.1 million to nearly R12.5
million per month (Table 2). The profit margin
increased from 4.7% to 17.7%. This was a
result of the combined effect of a decrease in
the working costs, R349.75 to R323.47 per
rilled ton, and an increase in the yield from
7.6 g/t to 8.2 g/t. The decrease in the working
cost is mainly attributed to the reduced labour
and ventilation/refrigeration costs.

The reduced stoping width and 1
blast/day resulted in an increase in area
mined from 31 855 m? to 35 429 m? (Table 1).
This effectively increases the working costs
but this increase is more than offset by the
gain in the yield. The reduction in the in-stope
waste mined and increase in the face tons
mined also contributed to the overall increase
in the yield.

The increase in the advance per blast,
mining cycle and working days per month
resulted in an increase in the monthly face
advance from 10 m to 24 m per month. This
reduced the amount of working face from
3076 m to 1419 m and, consequently, is the
main source of the reduced working costs.

Although there was an increase in the
panel labour complement, the reduced face
length required has resulted in an overall
reduction in labour and a corresponding
increase in labour productivity. Labour produc-
tivity considering Scenario 1 increased from 25
m*to 41 m? per man month.

Future Directions

Although the base case mine considers a
typical deep level mining operation, there is
sufficient potential to improve profits by imple-
menting and integrating current technology,
good management practices, planning and
control to suggest that ultra deep level mining
would still be profitable using currently avail-
able technology. However, this technology will
be stretched to the limit, and, therefore, there is
a need to consider future developments so that
quantum leap benefits can be reaped. As mines
ge” deeper it is anticipated that safety statistics
can at least be maintained at current levels,
However, major consistent improvements are
on.y possible by extensive mechanization, and
remote control and automation which remove
the workers from hazardous areas.

Non-explosive Rock Breaking

Non-explosive rock breaking is attractive
because it holds out the promise of real mech-
anization while at the same time avoiding
many of the disadvantages arising from blast-
ing. Face advance rates of up to 100 m per
month and better utilization of all resources
become possible through continuous mining.

Fig. 4. Principle of plasma hole maker.

Water flushing
Electrode

Plasma arc

Shock wave

—_—

The fact that different geotechnical areas have
a significant effect on the success of various
non-explosive mining methods is, with hind-
sight, obvious. However, it is only recently that
attempts have been made to map and quantify
the effects of the various geotechnical areas.

Four impact mining systems are currently
undergoing pre-production field trials. This
technology makes use of face fracturing inher-
ent in deep level and highly stressed mining.
Research is continuing in developing more
powerful hammers and in modifying the
machine to mine wider stope widths. The
machine, although expected to be more effec-
tive for deeper mining, is very unproductive in
areas with no stress fracturing, generally at
depths of less than 1 km.

A test rig of the water pulse gun, which
utilizes a high pressure downhole slug of water
to break rock, has just completed successful
underground trials. It has proved capable of
breaking up to 0.5 m of burden in both frac-
tured and unfractured conditions. The main
thrust of the work is now to design a practical
mining machine. This technology is ideal for
conditions where drilling is still required but
explosives are unacceptable,

Activation, where vibration is superim-
posed on cutters (Haase, 1996), has been
demonstrated to reduce cutting and penetra-
tion forces to a third. in deep level hard rock
mining, this technology could be applied to
roller cutters for both development and stop-
ing, and to sawing while stoping. Initial labora-
tory tests are currently being conducted to
understand how the variables can be opti-
mized. This technology has the potential to rev-
olutionize deep-level mining.

The use of electricity to directly break the
rock has been tried with dubious results in the

past, but recent developments around the
world in capacitor and switching design sug-
gest that this method of mining might move
from its current "blue sky' status to a technol-
ogy that can be applied. Some basic small-scale
laboratory tests are underway to establish
breaking rates and power requirements. A pro-
ject is also underway to develop a prototype
plasma hole maker. This device makes use of
pulsed power and resultant shock waves to
make a small diameter hole (Fig. 4).

Hydrautic Transport

Mechanized mining methods require a
high volume continuous transport system fully
integrated into the mining system. Hydraulic
transport (ligner, 1997) can provide such a sys-
tem and also eliminate many of the problems
assodiated with current rock handling systems.
The elimination of ore passes alone makes this
an attractive technology. Work is currently
focused on identifying and evaluating various
innovative compact comminution devices and
pumping technologies.

Conclusions

Although it is likely that current technol-
ogy with some minor improvements is viable
for greater depths, it is anticipated that sig-
nificant benefits can be achieved, also con-
cerning safety, from the introduction of new
technologies at depths greater than 3000 m.
The adoption of selective mining at the
depths being considered should also improve
yields. An important issue is the application
of JIT & RIS (just-in-time & right-in-space)
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oncepts to ensure maximum efficiency (qual-
y). Improved capture, management and
ansfer of relevant data using electronic
redia, and the adoption of more sophisti-
ated computer planning software, are essen-
ial to ensure these concepts are achieved,
oth in terms of mine planning and opera-
ional control. Having advanced knowledge
if the structure and grade of the orebody, by
he extensive use of surface and in-mine geo-
thysical and other predictive techniques, will
ilso play an important role in ensuring these
‘oncepts are achieved.

Labour requirements can be reduced
ignificantly when using existing technology
n an integrated system. This is seen as an
sssential part in keeping accidents to a mini-
num and in allowing for increased wages.
the labour will, however, have to be much
nore highly motivated and skilled to achieve
he productivity levels envisaged. Higher
nonetary rewards, participation in relevant
jecision making and more focused manage-
ment structures and teams will result in
mproved motivation.

One area of concern is the cost of pro-
viding acceptable environmental conditions,
although acceptable conditions can be
achieved at an acceptable cost in this sce-
nario. However, to achieve this in all mining
areas, it appears essential that new innova-
tive technologies be researched and devel-
oped and that current technologies be
adarted.
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