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human capabilities. Schinzinger and Martin (2000) give the fol-
lowing definition of safety: “A thing is safe if, were its risks fully 
known, those risks would be judged acceptable by a reasonable 
person in light of settled value principles.” Regarding acceptabil-
ity of risk, they quote the description due to Rowe (1979): “A risk 
is acceptable when those affected are generally no longer (or not) 
apprehensive about it.”

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 
approached with caution. The reason for this is that the outcome 
of statistical surveys is often influenced by the chosen methodol-
ogy and assumptions for gathering and processing the data, and 
the way the results are presented.

Figure 7 presents some of the statistics reported in literature 
on the probability of a fatality per person per year.  In this figure, 
the risks associated with many common activities like drinking 
water, staying at home or partaking in sport are shown. The 
acceptability of risk is also dependent on whether the exposure 
to the risk is voluntary or involuntary. Involuntary risks are risks 
to which the average person is exposed without choice, such as 
many of the dread diseases or fires. For voluntary risks, on the 
other hand, only those who choose to take part in hazardous 
activities are exposed.

For mining and other industrial professions, there is often a dif-
ference 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. According 
to Schinzinger and Martin (2000) individuals are more ready to 
accept voluntary risks, even if these are a thousand times more 
likely to result in a fatality than the involuntary risks. 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.

It is suggested that the data in Figure 7 could provide a defen-
sible basis for rock engineering design.  For example, a fatality 
risk level of between 1:1000 and 1:10000 incidentally corresponds 
with the upper level of the ALARP (as low as reasonably pos-
sible) region of most of the generally used guidelines, namely, 
the Hong Kong Planning Department, ANCOLD (Australian 
National Committee on Large Dams), U.S. Bureau of Reclama-
tion and the U.K. Health and Safety Guidelines (Terbrugge et al., 
2006). The latter value corresponds with the statement of Wong 
(2005): “It is generally accepted that risks which have a fatal 
injury (hazard) rate of 10 x 10-5 or more are unacceptable.” The 
acceptable levels of individual risk quoted by Eriksen (2004) (for 
risk related to storage of explosives in Norway) are 2 x 10-5/year, 
2 x 10-6/year and 2 x 10-7/year respectively for those directly 
involved, those not directly involved, and those not involved.

Designing gold mine stopes to the same risk level as that pre-
scribed for civil engineering structures may seem conservative 
or even unrealistic. It should, however, be realised that such risk 
levels could be achieved by means of a combination of factors 
— improved design data, appropriate and defensibly designed 
in-stope support and stope layouts, stope monitoring and stope 
management (as illustrated in section 3). More conservative stope 
support will be required only if alternative measures cannot 
demonstrably be shown to reduce the risk to acceptable levels.

5  The economic consequences of a 
significant stope collapse in the face 
area 

In addition to the safety risks posed by rockfalls, they can result 
in economic consequences. An example of an event tree for the 
economic impact of a significant collapse is shown in Figure 8. 
A major economic impact needs to be defined to quantify the 
risk. This could be ‘force majeure’ as illustrated in Figure 8, or 

simply the closing down of the mining operation. However, 
under no circumstances should there be an increase in the risk 
to life beyond the accepted criterion for a fatality. Whereas, in 
the previous sections, the risk of a fatality or serious injury was 
based on rockfalls of 0.02 m3 and greater, economic consequences 
will result from direct and indirect costs of accidents (Adams, 
2005) as well as falls of much larger volumes of rock.

 Detailed analyses will enable the quantification, in risk terms, 
of the consequences of accidents and different sizes of collapse 
on the operation. The consequences of a collapse that need to be 
considered include:

•	 Clean-up cost: this entails the cost of removing the 
rockfall material to the extent that mining can safely 
continue.

•	 Stope rehabilitation: the stope will have to be stabilised, 
reopened and resupported.

•	 Stope re-access: the access to the stope may be damaged 
and re-access to the stope has to be taken into account.

•	 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 collapse may lead to the 
sterilisation of sections of the orebody or to increased 
dilution.

•	 Damage to equipment and infrastructure: the cost of 
replacing equipment and infrastructure.

•	 Direct and indirect costs associated with fatalities and 
injuries: this may include the costs of industrial and legal 
action.

•	 Disruption of production: this may impact on contracts 
and the costs of meeting the contracts.

The evaluation of the economic consequences of a major (or 
minor for that matter) stope collapse, or of a range of volumes 
of collapse, can be carried out using the methodology described 
by Terbrugge et al. (2006) and will not be dealt with here. Once 
these consequences have been quantified, the decision whether 
to accept the layout and support designs is purely a management 
one, weighing up the economic risk character of the alternatives 
within the corporate risk profile.

It is worthwhile considering the costs involved. Adams (2005) 
indicated that the cost of a fatality to a mine in South Africa could 
be as much as R2.7 million, with a lower value for injuries. In 2005 
there were 41 fatalities and 1015 injuries in the stope face area in 
South African gold mines. The total cost of these is estimated to 
be R180 million, and corresponds with part of the ‘loss of profit’ 
indicated in Figure 8. Adams (2006, pers.comm.) argues that, if it 
is assumed that the mines have a 20% profitability, then almost 

Figure 8  Event tree example for evaluation of economic 
consequences of failure
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R1 billion of revenue must be generated to cover the costs of the 
accidents. This number is probably unconservative, since it does 
not take into account the costs of incidents that have not caused 
accidents. The magnitudes of these numbers deserve some hard 
management thinking — there must be significant scope to intro-
duce cost-effective measures for reducing the risk by improving 
the effectiveness of stope support and by implementing stope 
monitoring and stope management procedures.

6  Conclusions
The outcome from the risk methodology process described above 
ensures that the following risks are within the required criteria 
set by the mining executives:

•	 To personnel.
•	 Of equipment damage.
•	 Of economic impact.
•	 Of force majeure.
•	 Of industrial action and negative public relations.

The methodology involves the concept that stability is not the 
end objective, but that safety is not compromised and that the 
economic impact of rockfalls and stope collapses has been opti-
mised.  A corollary to this objective is that failures are acceptable 
on condition that they can be managed to ensure that the accept-
able risk criteria are met.

A further benefit is that the extent of geotechnical data required 
can be quantified — the risk/consequence analysis process can 
be used to assess the impact of higher quality data on the conse-
quences of failure.

These procedures utilise all the processes and link the design 
outcomes to the safety and commercial requirements of the mining 
company in a common language of risk. In-depth geotechnical 
knowledge is not required by board members or management 
teams to communicate decisions with the technical experts, 
since the outcomes are reported as probabilities and in monetary 
terms. The executives can therefore set the risk objectives, as they 
should do, and these risk objectives can then be translated into 
technical design requirements to meet the required risk levels. A 
conclusion is therefore that rock engineering design can also be 
based on the specified risk criteria.

The major levels of cost associated with rockfall accidents and 
incidents indicate that there must be significant value generation 
in the introduction of cost-effective measures to reduce risk by 
improving the effectiveness of stope support and by implement-
ing stope monitoring and stope management procedures.
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