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Introduction

Slope design has over the years become the
domain of specialist geotechnical practitioners.
While this has benefited the technology of the
slope design processes, it has also alienated
the responsibility of the risk versus reward
relationship from the mine design engineer.
Given the uncertainties that prevail within the
geotechnical discipline, there always exists a
probability that a slope may not perform as
predicted, and in the worst case can result in a
catastrophic failure. Avoidance of failure is
reduced by lowering the slope angle but at a
cost to the mining enterprise.

Mining is a high risk business and, due to
the fact that owners have an appreciation and
an appetite for risky ventures, is often
successful. In contrast, technical specialist are
generally risk averse and have an appetite for
technical excellence. In many instances, the
slope angles are the dominant parameter that
define the mineral reserve, and therefore
become a critical decision for the owner.
Suitable communication between the owner
and technocrat is required to enable the best
decision to be made on design slope angles.

The design process suggested in this paper
allows the owner to determine the level of risk
that is acceptable to him and allows the

geotechnical specialist to develop the steepest
angles that can satisfy the risk criteria. Risk
criteria are therefore set on the basis of
consequences of potential failures, which
develop a joint ownership of the selected slope
angles. No longer is there abdication of
responsibility from management to the
technical specialist, who is not qualified to
determine the acceptable risk levels. The
risk/consequence process incorporates the
mining business context of the slope into the
design criterion. It also enables the identifi-
cation of areas where geotechnical exploration
would maximize the risk reduction.

The risk/consequence analysis in design

Benefits of adopting the risk/consequence
approach to slope design for open pit mining
operations, effectively allow the owners to
define their risk criteria taking account of the
specific consequences of potential failures, or
the benefit of steeper slopes at higher risk, and
tasking the designers accordingly.

Further benefit from the process allows the
designer to specifically identify the amount of
drilling and testing required for input to the
design process.

With this in mind the risk/consequence
analysis process reverses the traditional design
approach to slopes for open pit mines, viz:

➤ Collect all the geotechnical data that
could be required for design to a
confidence level appropriate for the
application

➤ Design the slope to a FOS or POF
criterion commonly used by geotechnical
engineers

➤ Provide the resulting slope angles to the
mine planners for their design and
economic calculations

➤ Apply monitoring procedures to
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A risk consequence approach to open pit slope design

determine the adequate performance of the slope
according to the expectations of the geotechnical
engineer.

In contrast, the risk/consequence analysis uses the
following design process:

➤ Determine the risk criteria for each consequence at the
outset

➤ Establish best practice management tools for the slope
performance required

➤ Calculate the required POF for slope design
➤ Perform the slope design to the required reliability at

the required level of design
➤ Collect geotechnical data appropriate for the next

required level of design confidence.
This reversal of the traditional approach to slope design

has the objective of delivering a design in conformance with
the business requirements of the project. The corollary to this
is that the business objectives have to be decided a priori.

A generic flow chart illustrating the design process for pit
slopes, which incorporate the risk/consequence philosophy is
included as Figure 1.

Risk within the mining context
In evaluating the geotechnical risk profile for an open pit
mine, it is essential that these risks be seen in the context of
the total mine planning risk. The geotechnical discipline is
only one of the disciplines on the mine that function under

conditions of uncertainty, and the geotechnical uncertainty is
only one of several sources of uncertainty affecting on the
achievement (or non-achievement) of the mine plan. The
major aspects affecting the achievement of the mine plan are
illustrated in Figure 2.

Achievement of the planned target depends on the
following basic credentials:

➤ The ore resource model performs as predicted
➤ The geotechnical model performs as predicted
➤ The assumptions made about productivity and costs

are achievable
➤ Skills in management, leadership and HR can support

the plan.

For proper management of resources, it is important that
the different disciplines function at the same knowledge and
confidence level. In our experience, however, the situation
often arises where the support for a mine plan is unbalanced.
The geological, metallurgical and mining systems input to the
mine plan is often at a much higher level of knowledge and
confidence than the geotechnical input.

Steffen (1997) has suggested the classification of slope
designs into three classes, similar to the classes specified by
the JORC and SAMREC codes for resource estimation. The
three classes, inferred, probable and proven for slope design,
each represent an increased level of geotechnical knowledge
and confidence.

▲
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Figure 1—Generic flow-chart of the open pit slope design process
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The three suggested classes require various levels of data
confidence as described below:

➤ Inferred slope angle—corresponds with application of
typical slope angles based on experience in similar
rocks. Quantification will be on the basis of rock mass
classification and a reasonable inference of the
geological and groundwater conditions within the
affected rock mass.

➤ Probable slope angle—corresponds with a design based
on information that allows a reasonable assumption to
be made on the continuity of stratigraphic and
lithological units. Some structural mapping will have
been carried out utilizing estimates of joint frequencies,
lengths and conditions. All major features and joint
sets should have been identified. A modicum of testing
(small sample) for the physical properties of the in situ
rock and joint surfaces will have been carried out.
Similarly, groundwater data will be based on water
intersections in exploration holes with very few
piezometer installations. Data will be such as to allow
simplified design models to be developed to allow
sensitivity analyses to be carried out.

➤ Proven slope angle—requires that the continuity of the
stratigraphic and lithological units within the affected
rock mass is confirmed in space from adequate
intersections. Detailed structural mapping of the rock
fabric is implied, which can be extrapolated with a high
confidence for the affected rock mass, and that
strength characteristics of the structural features and
the in situ rock determined by the appropriate testing
procedures should allow reliable statistical interpre-
tations to be made. Groundwater pressure distributions
within the affected rock mass should have been
measured using piezometer installations to allow a
high confidence in the groundwater model. Data
reliability should be at a confidence of 85% for the
design to be effected.

The uncertainties that are present within each of these
activities shown in Figure 2, give rise to the probability of
achieving or not achieving the stated NPV (or whatever other
criterion is stipulated). The proper understanding by the
planning engineer of the performance in each of these areas
is essential for optimizing the mining operation. The
geotechnical risk, and on the same bases the other risks, can
be communicated in a quantified and transparent manner by
using the risk/consequence analysis process.

For operating mines, the variance within each area can be
determined from the reconciliations of actual with planned
outcomes. Ore resource model performance can be reconciled
on a tons, grade and metal balance. Slopes can be reconciled
on the basis of failures experienced to those predicted.
Productivity and costs are a straightforward comparison
between predicted and actual for the last number of years,
while management efficiency could be measured on the basis
of how many contingencies or changes in the mine plan are
effected, whether the short-term planning and long-term
plans are in sync, and by how much.

Risk models should also incorporate mitigation
strategies. For the four major uncertainties mentioned above,
typical mitigation measures would include the exposed ore
strategy, slope management strategies, technology and
management strategies, with quantification of risk allowing
for these strategies to be optimized in monetary terms.

This process allows the determination of the probability
of achieving the mine plan using a simplified economic model
and assumed variances.

The next step is to subdivide the main uncertainty drivers
into more detailed components that can be measured or
estimated more accurately, and a parameter distribution
defined. An understanding of the risk regime in which the
mine operates allows the optimization of the slope design in
terms of the balancing of risk and reward. This is done by
evaluating alternative mine plans, each with its associated
slope design reliability, economic performances and the risk
of non-achievement of the mine plan.

The final step would then be to apply this model to the
proposed pit plans to closure. In this paper we consider only
the contribution of the slope design to the risk/consequence
relationship.

Risk/consequence evaluation process

For each of the slope classes, be it inferred, probable or
proven, the reliability of the design is quantified by the POF,
determined by calculation using the available geotechnical
information at the level appropriate to the particular level of
study. An overall assessment of the slope design reliability
can be obtained through a fault tree as shown in Figure 3.

Conventional stability analyses are carried out with the
distribution of geotechnical parameters incorporated in the
determination of the POF. This is represented as ‘normal
conditions’ in the fault tree in Figure 3. Contributing factors
that will affect the stability of the slope are changes in
geology, groundwater and rock strengths, together with

A risk consequence approach to open pit slope design
T
r
a
n
s
a
c
t
i
o
n

P
a
p
e
r

505The Journal of The South African Institute of Mining and Metallurgy VOLUME 106       REFEREED PAPER JULY  2006 ▲

Figure 2—Sources of uncertainty affecting on the achievement of the mine plan



mining related issues such as over digging or blasting as
indicated. This approach allows for the rational handling and
weighing of the contribution of different scenarios on the
overall assessment of the slope design reliability. The
calculation of POF in rock slope design often does not take
into account the other sources of uncertainty affecting the
slope design reliability.

In general terms, having determined the reliability of the
slope design, be it bench, stack or overall, at the top fault, the
assessed POF value is then carried forward into the
risk/consequence or event tree (logic diagrams) analyses,
where the risk of a defined incident is evaluated. The
risk/consequence analyses can, however, also be performed
independently to determine the appropriate slope design
reliability to achieve the desired level of confidence in
achieving the mine plan or to ensure the desired safety level
at the mine.

The risks associated with a major slope failure can be
categorized by the following consequences:

➤ Injury to personnel or fatalities
➤ Damage to equipment
➤ Economic impact on production
➤ Force majeur (a major economic impact)
➤ Industrial action
➤ Public relations, such as stakeholder resistance due to

social and/or environmental impact, etc.

Three of the six consequences are all economically
related, although on different scales. These differentiated
scales equate to the acceptable risk (or the risk criterion) that
would apply to each case. Each of the risks quantified must
be acceptable to the mine owners, and the risks are related to
the POF calculated in the fault tree via the slope management
process determined in the event tree.

It is therefore incumbent on mine management to take a
proactive decision on the acceptable risk criterion, which is
independent of any technical input, so that the mine designs
can be developed by the technical staff to achieve that
objective.

Risk is defined as the consequence resulting from a
failure multiplied by the probability of the failure occurring
and can therefore be quantified (i.e. Risk = POF x
Consequence). The risk evaluation process is illustrated in
Figure 4 showing a fault tree for calculating the POF, the
logic diagrams (event trees) for determining the risk
exposure that follows from the selection of a specific slope

design and the evaluation of the risks against determined
risk criteria.

The risk/consequence analysis is generally performed
with the use of logic diagrams. The logic diagram is
developed to represent the slope management strategies and
processes at the mine. Since the value of the process is
dependent on site ownership, it is an essential ingredient that
the subjective evaluation of system reliabilities be defined
within a workshop environment with all the site knowledge
available being included.

Subjective decisions are made by experienced persons on
the likelihood of failures of the component of the slope
management system as instituted on a mine. Estimates of
component failures are presented as triangular distributions
obtained from the best estimate and lowest and highest
credible estimates. These are referred to as ‘knowledge
based’ probabilities compared to frequency based
probabilities from historical records. 

The use of knowledge based probabilities has been
proven effective and acceptable. Discussion on the topic of
knowledge based probabilities is provided by Vick (2002)
and Baecher and Christian (2004).

In addition, it should be noted that the logic diagram is
generally not sensitive to small changes in assigned
probabilities but rather to changes in the tree structure which
represent the management strategies and processes at the
mine.

The numerical test of the system application accuracy,
viz. that the sum of incidents and non-incidents should be
equal to one applies only to the process steps. Since this is
always determined on a YES/NO answer, the outcomes at
each step equal unity, and therefore the cumulative result of
the process always equals unity. However, the sum of the
final consequences should add to the probability of the event
occurring at all, i.e. the probability of slope failure, and
cannot equal one in real terms.

This also answers the frequently expressed concern as to
whether the number of decision points (i.e. questions raised
within the event tree) does not affect the end result. The
more independent questions that can be raised, the more
reliable and repeatable the end result will be, but it always
adds up to the calculated probability of failure. One should,
however, guard against making the tree structure too
complicated as this often leads to overlap and misunder-
standing.

A risk consequence approach to open pit slope design
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Figure 3—Example of a fault free analysis for slope failure
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The evaluation of risk to personnel and equipment

Exposure to risk is determined using the event tree model as
shown in Figure 5, with injuries and fatalities being managed
by instituting strict slope management procedures and by
changing the POF of the slope as required. It should be noted
that the POF can be reduced by changing the design to a
more conservative one or by reducing some of the
uncertainties contributing to the high POF. The implemen-
tation of the slope management procedures, as indicated in
Figure 5, clearly involves the low cost options, which are
generally exploited to the full before the slope angle is
lowered to reduce the POF.

The probability of a fatality obtained from this analysis
should be evaluated against the company’s accepted fatality
risk level. The contentious issue of acceptable fatality risk is
discussed below.

A similar event tree can be applied to the risk to
equipment. Due to the lower mobility compared to that of
personnel, the likelihood of equipment damage by a slope
failure would be greater, but the consequences less severe.
As discussed above, such an event can be considered as
having a minor economic impact. The criterion for acceptance
in this instance can therefore be considered as orders of
magnitude higher than that for personnel. Steffen (1997)
recommends an acceptance level for the risk of loss of
equipment at about 5%.

A risk consequence approach to open pit slope design
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Figure 4—Risk evaluation process

Figure 5—Simplified event/consequence tree for injuries/fatalities
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A risk consequence approach to open pit slope design

Evaluation of the economic consequences of failure

An example of an event tree for a major economic impact is
shown in Figure 6. A major economic impact needs to be
defined to quantify the risk. Typically, it is expressed as a per
cent impact on the NPV of the project, or alternatively,
revenue can be postulated. This criterion, however, cannot be
determined in isolation from the risk reward relationship for
a mine, but is typically found to be optimum at the level of
5% of NPV. The same is true for determining a suitable
criterion for force majeure. Again, typical values for a force
majeure criterion are found to be 1% or less. However, under
no circumstances should the design increase the risk to life
beyond the accepted criterion for a fatality.

More detailed analyses enable the quantification, in risk
terms, of the impact of different sizes of failure on the
operation. The consequences of a failure that need to be
considered include:

➤ Clean-up cost—this entails the cost of removing failed
rock material to the extent that mining can safely
continue

➤ Slope remediation—the slope may have to be cut back
to prevent secondary failures due to steeper upper
slopes, or support systems may be required

➤ Haul road repair and reaccess—the haul road and
ramp may be damaged and reaccess to the mine has to
be taken into account. This calculation should consider
the use of an alternate haul road and associated cost if
only one ramp into the pit is damaged

➤ Equipment redeployment—the cost of moving
equipment to other parts of the mine where it can be
used productively should be considered

➤ Unrecoverable ore—the loss of a ramp or stack may
lead to sterilizing sections of the orebody

➤ Damage to equipment and infrastructure—the cost of
replacing equipment and infrastructure. This may be a
major consideration for instance where a plant is
situated close to the pit crest

➤ Cost associated with fatalities and injuries—this may
include the cost of industrial and legal action

➤ Disruption of production—this may affect on contracts
and the cost of meeting the contracts.

The evaluation of the slope design reliability and its
impact on the economic risk enables comparison of different
mine planning scenarios on a common base. Figure 7 shows
an example of such a comparison on the basis of the
probability of achieving different values of NPV. Although
the optimistic mine plan may be able to unlock more wealth,
the probability of achieving this is low. The probability of
achieving the lower NPVs is higher for the conservative mine
plan than for the optimistic mine plan. 

Assuming that the risk to personnel for both the
alternatives is at acceptable levels, the decision whether to
accept the conservative or optimistic mine plan is purely a
management decision, weighing up the economic risk
character of the alternatives within the corporate risk profile.

Figure 8 shows a comparison between different slope
designs for a mine in South Africa, based on NPV and the
risk of fatalities. A substantial increase is shown in the
expected NPV with an increase in the slope angle up to 65˚.
The increase in the NPV was, however, expected to be
marginal with an increase in the stack angle greater than 65˚.
The increase in the risk to personnel, however, exceeded the
mine’s chosen limit for risk of fatality at an angle of greater
than 65˚. For the management of this particular mine, the 65˚
stack angle option offered a good compromise in maximizing
the profit without exposing the workforce to unacceptable
risk levels.

The acceptable risk of fatalities

Of all the risks shown in Figure 4, the acceptable risk of a
fatality from slope failures is the most sensitive, as most
companies vow a zero tolerance in this instance. While this is
certainly a mission, it is not a reality. An inability to accept a
non-zero tolerance for design displays a lack of appreciation
of the inadequacies of human ability and knowledge.

▲
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Figure 6—Event tree example for evaluation of economic consequences of failure
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Accident statistics provide a means for quantifying risk
and evaluating risk on a comparative basis. The proper
meaning of accident statistics, however, is difficult to
interpret and should be done with caution. This results from
the fact that the outcome of statistical surveys is often
influenced by the chosen methodology and assumptions for
gathering and processing the data and the way the results
are presented.

Figure 9 presents some of the statistics reported in
literature as probability of a fatality/person/year. In this
figure, the risks associated with many common activities
such as drinking water, staying at home or partaking in sport
are shown.

In Figure 9, distinction is made between voluntary and
involuntary risk. Involuntary risks are risks to which the
average person is exposed without choice, such as many of
the dread diseases, fires, etc. For voluntary risks, on the
other hand, only the select few who choose to take part in
certain activities are exposed. Examples of voluntary risk are
extreme sports such as skydiving, dangerous professions
such as astronauts and unhealthy habits such as smoking

and excessive drinking or drug abuse.
For open pit mining and other industrial professions,

there is often a difference of opinion on whether the
exposure of employees to risk in the workplace should be
regarded as voluntary or involuntary. Social risk acceptance
studies have shown that people will accept risk if they
perceive the benefit to outweigh the risk. It is considered that
industrial risk can be regarded as voluntary if, and only if,
the employee has been empowered to consciously accept the
risks in order to obtain the reward.

Another useful format for presenting fatality statistics is
complementary cumulative probability density functions
commonly referred to as F-N charts. F-N charts should
always be interpreted within the original context and study
area for which they were developed to avoid erroneous
interpretation and comparisons between charts.

Figure 10 presents a collation of a series of F-N charts as
well as fatality statistics from the United States. The points
representing voluntary and involuntary risk were spaced 
on either side of the single fatality line to make them 
more visible.

A risk consequence approach to open pit slope design
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Figure 7—Comparison of a conservative and optimistic mine plan on the bases of the probability of achieving the expected NPV

Figure 8—The comparison between different designs based on NPV profit and risk of fatalities for a mine in South Africa
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A risk consequence approach to open pit slope design

The diagonal dashed lines in Figure 10 are constant risk
lines, i.e. the risk along these lines can be expressed in terms
of simple ratios. The upper limit of the ALARP region shown
in Figure 10, for instance, is defined by a constant risk of 1
in 1 000.

The data from Baecher (1982) reproduced in Figure 10,
shows that the historical risks associated with open pit mine
failures and dam failures are similar (between 1:100 and 
1:1 000). This is the case as the annual probability of mine
slope failures is about 1 000 times greater than that of dam
failures, while the expected number of fatalities per failure is
about 1 000 times lower.

With due consideration for the data and existing
government guidelines, it is recommended that open pit
mines should be designed to a fatality risk level of between
1:1 000 and 1:10 000. This incidentally corresponds with the
upper level of the ALARP region of most of the generally
used guidelines, namely, the Hong Kong planning
department, ANCOLD, U.S. Bureau of Reclamation and the
UK Health and Safety guidelines.

Designing the mine slope to the same risk level as that
prescribed for dams and other civil engineering structures
may seem conservative or even unrealistic. It should,
however, be realized that, contrary to the civil engineering
structures, this risk level is not achieved by a more conser-
vative slope, but by properly managing slope instability. Only
when the use of slope monitoring systems and management
procedures are unable to reduce the risk of fatalities to
acceptable levels will it be necessary to accept a more conser-
vative slope design.

Conclusion

The outcome from the risk methodology process ensures that
risks to personnel, and of equipment damage, economic
impact, force majeure, industrial action and negative public
relations are within the required criteria set by the owners. It
envelops the concept that stability is not the end objective,
but that safety is not compromized and that the economic
impact of selected slope angles has been optimized. A

▲
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Figure 9—Comparative fatality statistics

1. Wilson and Couch (1987),  2. Philley (1992),  3. Hambly andHambly (1994),  4. Baecher and Christian (2004)
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corollary to this objective is that slope failures are acceptable
on condition that they can be managed to ensure that the
above criteria are met.

A further benefit is that the eternal question of how
much geotechnical data are required can be quantified and an
audit trail can be established. The risk/consequence analysis
process can be used to assess the impact of higher quality
data on the consequences of failure. Coupled to the
confidence levels for slope design categories into proven,
probable and inferred as set out, a much greater reliability of
data acquisition is possible.

These procedures utilize all the processes and link the
design outcomes to the commercial requirements of the
owners in a common language of risk. This does not require
an in-depth knowledge of geotechnics for board members or
management teams to communicate decisions with the
technical experts, as the outcomes are reported as
probabilities and in monetary terms.
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Figure 10—Comparison of risk acceptability criteria with statistics

*region defined by the upper most and lower most ALARP boundaries from: Hong Kong planning department, ANCOLD, U.S. Bureau of reclamation and U.K.

HS executive guidelines.
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Anglo Zimele, Anglo American’s business development and
empowerment initiative, will be participating at this year’s
Electra Mining Africa show. ‘With mounting scorecard
pressures facing the mining sector, one of the bigger
challenges is the limited opportunity to interact with credible
BEE and SME suppliers,’ says Anglo Zimele managing
director Nick van Rensburg.

Anglo Zimele will be showcasing a diverse range of
some 50 of its small and medium BEE enterprises, including
transport and logistics, waste management, chemical
manufacturing, personal protective equipment, engineering
services and manufacturers of mining-related products.

‘Our showcase in Hall 10 at Electra Mining Africa will
afford visitors the ideal opportunity to view the offerings
and services of Anglo Zimele’s SMEs, while providing a
platform for interested BEE partners to interact with the
Anglo Zimele business development team,’ adds van
Rensburg. 

A special meeting room wil be available for companies
wishing to meet with Anglo Zimele or any of its SMEs.

This is the seventeenth Electra Mining Africa exhibition
being hosted in South Africa, a high profile show that has
developed into a world-renowned event, being the second
largest exhibition of its kind in the world. 

In keeping with its international stature, the exhibition
has consistently attracted a high number of international
visitors and hosts exhibitors from many of the major
countries and companies in the world.

‘The exhibition is testimony not only to South Africa’s
vast mineral wealth, but also to the sophistication and

complexity of the industry that has resulted from mining
these resources,’ says Mzolisi Diliza, chief executive,
Chamber of Mines. ‘Electra Mining is a proud showcase of
South Africa’s internationally acclaimed mining sector and
related industries,’ he says. ‘The event is of value not only
to those involved in the sector but is also important in
exposing the public to the role of mining in the economy
and every facet of modern living.’.

The challenge of the ever-increasing depths of South
Africa’s mines has led South Africa’s mining industry to be
one of the most technologicallly advanced in the world and
Electra Mining Africa is the forum for highlighting the
technological sophistication of the sector, and South Africa’s
globally strategic position in this erena. 

With Mining Week coinciding with the show, a DME co-
locating conference, and the DME and other parastatal
service providers to the industry exhibiting, Electra Mining
Africa is on track to set new records with over 98% of
available exhibition space already sold across more than
630 exhibitors and 29 500 m3 of contracted space.

Electra Mining Africa 2006 takes place at the Expo
Centre, NASREC, Johannesburg, from 11–15 September,
2006.

For further informatlion contact Gary Corin at +27 11
835 1565 or E-mail gcorin@specialised.com.   ◆

* Issued by: Caroline Tointon, on behalf of Specialised
Exhibitions, Tel: (011) 468-2451, Fax: 086 689
9150, Cell: 082 900 3666, E-mail:prpartnr@yebo.co.za

Anglo Zimele showcasing at Electra Mining*
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In a joint statement Mintek and Independence Platinum
Limited (‘IPt’) announced that they had signed an
agreement for the commercial development and exploitation
of Mintek’s ConRoast Process in a new independent smelter
and base metals refinery for the processing of platinum
concentrates in South Africa.

The key terms of the ConRoast Technology Agreement
include the following:

➤ IPt will fund a US$15 million programme of work over
the next three years, including a definitive feasibility
study, for the development and operation of a new
independent smelter and base metals refinery in South
Africa.

➤ The programme of work will determine and optimize
operating parameters for a new independent base
metals refinery with a capacity to process 360 000
tonnes of sulphide platinum concentrates per annum
to extract up to 30 000 tonnes of nickel, 15 000 tons
of copper and produce 1 000 000 ounces of platinum
group metals in a high grade concentrate for
subsequent precious metals refining.

➤ IPt will have an exclusive world wide license to use
the ConRoast Process in the processing of sulphide
platinum concentrates to extract base metals and
produce a high grade platinum concentrate for a
period of 7 years after IPt makes a decision to proceed
with the construction and commissioning of the new
smelter and base metals refinery, subject to certain
minor exclusions in favour of Mintek.

➤ Mintek will receive license fees in the form of cash
payments from the date of commencement of commis-
sioning of the new smelter and base metals refinery,
including additional fees on any up-grade in the
capacity of the plant.

➤ Mintek will have the right to license the ConRoast
Process to other parties for the processing of sulphide
platinum concentrates after the expiry of the
exclusivity period for the platinum license of IPt.

➤ IPt will also use Mintek facilities and technical
services at standard commercial rates.

➤ A project committee comprizing four representatives
of Mintek and IPt will be established to direct the
programme of work during the development period.

➤ A strategic objective of the new independent base
metals refinery is to provide roasting, smelting and
base metal refining capacity for platinum concentrates
from junior resource companies in South Africa,
especially those in which historically disadvantaged
South Africans (‘HDSA’) have substantial
shareholdings.

➤ Provision has been made for HDSA participation on
commercial terms commencing with an initial
shareholding of 26% and increasing to up to 50% of
the independent smelter and base metals refinery.

Dr Roger Paul, General Manager Technology at Mintek,
said that the ConRoast Technology Agreement will fulfil a
number of policy objectives of Mintek:

‘First, the agreement brings major international capital
to the commercial development and exploitation of Mintek’s
ConRoast Process for beneficiation and employment creation
in a strategic sector of the minerals industry in South
Africa’.

‘Secondly, it will generate substantial income to Mintek
in the form of technology license fees and fees for technical
services, and provide a significant return on public funds
invested in the development of the technology by Mintek.’

‘Thirdly, it will lead to the establishment of an
independent smelter and base metals refinery to provide
capacity for the processing of sulphide platinum concen-
trates with capital and operating cost advantages for the
development of new platinum mines by junior resource
companies, especially those with substantial HDSA
shareholdings’, Dr Paul said.

The Chairman of Independence Platinum, Mr Clayton
Dodd, said that studies completed by IPt over the last 12
months indicated that there was a critical shortage in
smelting and base metal refining capacity emerging in the
platinum industry in South Africa.

‘Many new and emerging junior resource companies will
not be able to obtain off-take agreements necessary for the
development of new platinum mines unless initiatives are
taken now to establish a new independent base metals
refinery,’ Mr Dodd said.

‘The ConRoast Process is proven and leading pyro-
metallurgical technology with significant advantages in
terms of process, environmental impact, health and safety
for treatment of platinum concentrates.’

‘IPt has also entered into an agreement to license proven
Atomaer process technology for the leaching of base metals
from metal alloy and matte.

‘The combination of Mintek’s ConRoast Process and
Atomaer’s Base Metals Process will lead to step down
reductions in capital and operating costs in the processing of
sulphide concentrates for the extraction of nickel, copper
and other base metals and the production of a high grade
platinum concentrate for precious metals refining,’ Mr Dodd
said.

‘We are delighted that Dr Paul will be the inaugural
chairperson to lead the project committee and the
programme of work.’

‘IPt has recruited a strong management and technical
team led by Mr Richard Phillips as CEO and Dr Larry Cramer
as the independent technical adviser to the board of IPt to
work with Mintek’.

The new independent smelter and base metals refinery
will be developed through a subsidiary of IPt in South
Africa, namely Independence Base Metals Refiners 
(Pty) Ltd.

Commercial development of ConRoast Process
in a new independent base metal refinery for

Platinum Industry in South Africa*

Continues
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IPt will also fund and participate in the development and
mining of mineral resources containing platinum owned by
junior resource companies in South Africa that require
access to independent smelting and refining facilities for the
development and mining of their mineral resources,
especially those companies in which HDSA companies have
substantial shareholdings, and to procure platinum concen-
trates as feedstock for the independent smelter and base
metals refinery.

‘IPt has had several approaches from junior resource
companies already, Mr Dodd said. ‘We expect to make major
announcements in this area the near future.’

‘We are now proceeding with the implementation of
plans for the listing IPt on the Alternative Investment
Market of London Stock Exchange and the Johannesburg
Stock Exchange later this year’, Mr Dodd said.

For further information contact: Mintek—Roger Paul,
General Manager Technology, Mintek, Telephone (Office): 
27 11 709 411

IPt—Clayton Dodd, Chairman, Independence Platinum
Limited, Telephone (Office):  61 8 9218 8833

Background

Mintek

Mintek is a statutory body constituted in South Africa and a
leading organization engaged in the business of research,
development, commercialization and promotion of
technologies for the processing of minerals world wide.

ConRoast Process
Mintek developed, piloted and patented a process for the
treatment of sulphide concentrates containing platinum
group metals, nickel, copper, cobalt and other base metals
(‘ConRoast Process’).

The ConRoast Process operates to remove sulphur from
the metal sulphide concentrates by roasting, followed by
smelting of dead-roasted concentrate in a DC arc furnace
using an iron based alloy as a collector of platinum group
metals, nickel, copper, cobalt and other base metals.

The ConRoast Process offers significant advantages in
terms of environmental impact, health and safety.

Sulphur emissions are captured and removed from the
enclosed roasting equipment in a continuous stream of
sulphur dioxide gas of an appropriate strength as feed to a
plant to produce sulphuric acid for use in downstream base
metal leaching operations. 

The ConRoast Process provides great flexibility for
treatment of a range ore types and concentrate compositions
without imposing limits on the minimum quantities of
contained base metals or sulphur. It can tolerate high
contents of chromite in concentrates characteristic of UG2
ores. UG2 ores are becoming increasingly important in the
production of platinum group metals.

The ConRoast Process produces a metal alloy from the
furnace which is water atomized prior to leaching.

Overall the ConRoast Process achieves very high metal
recoveries and produces high purity metals and a clean
high-grade concentrate of platinum group metals for
precious metals refining.

Independence Platinum Limited

Independence Platinum Limited has been established for the
purposes of financing and investing in the evaluation,
development and operations of Independence Base Metals
Refiners (Pty) Ltd, Independence Platinum Resources (Pty)
Ltd and Independence Precious Metals Refiners (Pty) Ltd in
South Africa.

IPt is proceeding with the implementation of plans for
listing on the Alternative Investment Market of London
Stock Exchange and the Johannesburg Stock Exchange later
this year.

All of the issued capital of IPT is owned by Atomaer
Holdings Pty Limited (‘Atomaer’) at the date of this
statement.

Atomaer

Atomaer is a process technology company specializing in
metallurgical and environmental technologies for use in the
production of minerals, metals and chemicals, and the
treatment of water, effluent and gas emissions in industrial
plants.

Through applied research and development over the last
15 years Atomaer has developed and commercialized
processes and process units, which are the subject of a
substantial portfolio of international patents and other
intellectual property rights for use in mineral flotation, pre-
conditioning of slurries, oxidation and leaching minerals
and metals, and in water and effluent treatment.

Atomaer has substantial shareholdings in several listed
public companies, namely Braemore Resources Plc (Nickel—
Western Australia and South Africa), Brinkley Mining Plc
(Uranium—South Africa) and Mintails Limited (Gold—
South Africa).

Atomaer is a private company with operating
subsidiaries in Australia, South Africa, Chile and Brazil.

The shareholders of Atomaer are Mr Keith Dodd’s Kefco
Nominees Pty Limited (55.56%) and Goldmarca Limited
(44.44%).     ◆

* Issued by: Hans Alink, Tel:  +27 11 709 4265,
Mobile: +27  e-mail: hansa@mintek.co.za 
On behalf of Mintek, Private Bag X3015 Randburg
2125, Johannesburg, South Africa

Commercial development of ConRoast Process
in a new independent base metal refinery for
Platinum Industry in South Africa (continued)*


