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Executive summary 
Phase 2 of project SIM050302 (Minimising the rockburst risk) has four primary outputs, of which 
three are covered in the report.  

Output 1 is a detailed proposal for a 5-year rockburst research project. The duration of the 
project is sufficient to recruit and develop new expertise. The research priorities were identified 
using scenario planning and technology road mapping techniques. The proposal was tabled at 
the Rock Engineering Technical Advisory Committee (RETAC) meeting on 10 May 2006, and 
approved subject to minor amendments. These changes were made, and the final proposal 
submitted to the Mine Health and Safety Council (MHSC) programme manager on 19 May 
2006.  On 6 July 2006 the MHSC approved inclusion of the project in the Annual Research 
Programme for 2006/7.  

Output 2 is a plan to coordinate and stimulate the transfer and implementation of rockburst 
knowledge and technology by improving the quality of training. It was found that training 
providers are generally competent and well informed with respect to recent research findings 
related to seismicity and rockbursting. There are sufficient training providers to meet current 
demand. The quality of training methods and materials are deemed to range from satisfactory to 
excellent. MHSC publications, especially the Handbook on rock engineering practice for tabular 
hardrock mines (Jager and Ryder, 1999, SIMRAC) was widely acclaimed as an effective means 
of transferring knowledge and research findings to practitioners. However, there is a definite 
need to improve the general level of knowledge, competence and compliance in the mining 
industry. The standard of training and throughput of trainees is only likely to increase if it is 
driven by mining companies and/or regulation. Many of the constraints, such as low educational 
levels and difficulties in achieving changes in behaviour, are systemic and can only be 
overcome through the combined efforts of training institutions and authorities, the mining 
inspectorate, organised labour, employers, and researchers.  

It is recommended that MHSC take the following actions: publish a poster summarising rock-
related research relevant to hardrock mines; publish a handbook dealing specifically with 
mining-induced seismology; engage industry champions, university staff and other training 
providers in research activities. While there is scope for research into ways to improve the 
effectiveness of knowledge and technology transfer and implementation, the issue is generic 
and research should be undertaken accordingly, not as part of the rockburst project.  

Output 3, which seeks to formulate standard operating procedures and best practice in seismic 
hazard assessment and rockburst risk management, will be dealt with in a separate report. 

Output 4 is a laboratory investigation into the formation of polyhedral quartz particles during 
dynamic brittle shear fracture. A high-pressure cell capable of quasi-statically applying loads 
approaching 1000 kN and pressures of the order of 2 GPa to a 25 mm diameter glass sphere 
was designed, built and proven. A method of rapidly unloading the apparatus was developed, 
but the rate of unloading was not sufficient to permit the elastically rebounding sphere to ‘self-
shatter’. A simplified method of sealing a film of mercury around a smaller sphere has been 
devised that will permit effective loading to higher stress levels, and make the estimation of 
stress and strain simpler and more robust. Most importantly, the new method will eliminate 
problems of friction and large inertial mass inhibiting the rebound recovery rate. 
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1 Introduction 

1.1 Need for rockburst research 
Rockbursts are a major risk of deep and high-stress mining in South Africa, causing injury and 
loss of life to mine workers, damage to infrastructure, and loss of production. While rockfalls are 
a hazard in all underground mines, rockbursting is only a significant hazard on gold and 
platinum mines. When all South African mines are considered, the rockburst fatality rate 
fluctuated between 0.05 and 0.08 fatalities per million hours worked in the eight years from 
1996 to 2003  (Figure 1.1a), which translates to some 50 lives lost annually. If both health and 
safety hazards are considered, rockbursts rank as the fourth most important cause of death of 
South African miners, behind occupational lung disease, rockfalls, and transport and machinery 
accidents (Figure 1.1b).  

The Safety in Mines Research Advisory Committee (SIMRAC), was established in terms of 
Section 29 (9) (a) of the Minerals Act, (Act 50 of 1991) with the principal objective of advising 
the Mine Health and Safety Council (MHSC) on the determination of the safety risk on mines 
and the research needs. Since the commencement of the research programme in 1993, more 
than R250 million has been spent on rock-related research (Durrheim et al., 2005). Although 
there has been an encouraging improvement in safety statistics in recent years, particularly in 
the gold sector (Figure 1.1c), the mining industry cannot become complacent. Rockbursting is 
likely to remain a significant risk for the foreseeable future as the depths of gold and platinum 
mines are destined to increase, and it is probable that an increasing proportion of ore will be 
derived from remnants, where the risk of rockbursting has historically been high. At the Mine 
Health and Safety Summit held in 2003, employers, labour and government agreed to work 
together to reduce fatalities by 20 per cent by 2013. It is thus critical that the South African 
mining industry continues to strive to reduce the risk of rockbursts, and that appropriate 
research is conducted to support this effort.  

1.2 Phase 1 (scoping phase)  
The project SIM 050302 (Managing Rockburst Risk) was advertised by the MHSC in September 
2004. The project scope emphasized fundamental research, such as laboratory and numerical 
simulations of quasi-static and dynamic rock mass behaviour. Three proposals were submitted: 
one by a consortium comprised of CSIR, GeoHydroSeis, Middindi and SRK; a second by a 
consortium comprised of SiM, Groundwork, Hamerkop, Itasca, and the Council for Geoscience; 
while the third proposal, submitted by ISSI, addressed only one of the five advertised outputs. 
The MHSC convened a workshop on 6 December 2004 to discuss the various proposals. At this 
meeting, Mr Paul van der Heever (SIMRAC programme manager) granted Mr WD Ortlepp 
permission to proceed with his proposed investigation of the formation of silica polydedra, as Mr 
Ortlepp was keen to present results at the Sixth International Rockbursts and Seismicity in 
Mines Symposium in March 2005 in Perth, Australia. 

On 29 March 2005, the MHSC awarded the project “Managing Rockburst Risk – scoping phase” 
to the value of R50,000 (VAT incl.), to Dr RJ Durrheim of CSIR. The MHSC indicated that the 
funding for the full project, amounting to an additional R3,450,000 (VAT incl.), would “also be 
managed by CSIR, but will include other researchers as established in the scoping phase.” The 
work plan for the scoping phase and guiding principles for the new project was presented to the 
Rock Engineering Technical Advisory Committee (RETAC) on 7 April 2005. Dr Durrheim 
subsequently consulted RETAC members regarding research priorities, and met with potential 
research collaborators to discuss the plan of work and areas of expertise. A rescoped proposal 
was distributed on 6 June 2005, which stimulated a vigorous exchange of views between 
RETAC members, researchers, and the broader rock engineering community, culminating in a 
workshop on 20 June 2005 (Annex 1). Dr Durrheim reported back to RETAC on 7 July 2005. He 
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recommended that the rescoping exercise be extended to review the proposed scope of work, 
not merely the constitution of the research team, as several important developments had 
occurred since the project was conceived:  

1. The SIMRAC project, “A Holistic Assessment of SIMRAC Rock-related Research” 
(SIM040206) had been completed (Durrheim et al., 2005).  An International Review Panel, 
consisting of Profs Ted Brown, Peter Kaiser and Horst Wagner, had benchmarked 
SIMRAC’s work against efforts elsewhere in the world. They had concluded that SIMRAC’s 
past rock-related research work is at least on a par with safety-focused research conducted 
in Australia, Canada, and Europe, where similar difficulties are experienced with respect to 
knowledge and technology transfer and implementation. It was noted that South African 
research resources and capacity have declined to about one-third of 1995 levels, and will 
continue to erode unless urgent steps are taken to preserve and develop institutions 
providing high-level research and training. 

2. A series of rockbursts at DRDGold’s North West Operations, Harmony, and Driefontein gold 
mines had attracted significant attention due to their impact on mine workers, the mining 
inspectorate, mine operators and shareholders, and residents of mining towns. Concerns 
had also emerged related to the integrity of the water barrier plugs and pillars subjected to 
flooding-induced seismicity (e.g. the plugs and pillar separating Randfontein Estates and 
South Deep gold mines, and the water barrier pillar at ERPM). The Chief Inspector of Mines 
had appointed an investigation team, led by Dr Durrheim, to investigate the risks to miners, 
mines, and the public associated with large seismic events in gold mining areas. The team 
was scheduled to start work immediately the inquiry into the rockburst at DRDGold’s North 
West Operations was concluded. The terms of reference of the investigation included the 
identification of research directions and priorities.  

The recommendation that the scope of work be fundamentally reviewed was accepted by 
RETAC. 

1.3 Phase 2 
After several meetings with RETAC, the second phase of the project (renamed “Minimising the 
rockburst risk”) was approved by the MHSC in December 2005 (Annex 2). It consisted of four 
outputs: 

1. A detailed proposal for a five-year research project that aims to minimise the risk of 
rockbursting in South African mines, based on a fundamental review of research needs and 
strategy.  

2. A plan to coordinate and stimulate initiatives to transfer knowledge and technology pertinent 
to rockbursting. 

3. Standard Operating Procedures and best practice for the assessment of the seismic hazard 
and the management of the rockburst risk. 

4. Experimental tests of the rapid unloading hypothesis for the formation of silica polyhedra 
found in fault gouge (authorised at the RETAC meeting held on 6 December 2004). 

Dr Durrheim was unable to give his full-time attention to the project during the period December 
2005 to March 2006 owing to his responsibilities as leader of the “Investigation into the risk to 
miners, mines, and the public associated with large seismic events in gold mining districts”. 
Consequently, the SIMRAC project lagged behind schedule. Outputs 1,2 and the first phase of 
output 4 have been completed and are reported on here. Output 3 will be covered in a separate 
report.  
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Figure 1.1 Major hazards in South African mines and performance milestones  
(Figures courtesy of D. Adams, MHSC, 2005) 
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2 Output 1: Scoping the rockburst research project 
The work of scoping out the rockburst research programme was carried out by a core team of 
experienced researchers representing universities, science councils and R&D companies, 
whose expertise and experience covered a range of disciplines. Their names may be found in 
the research proposal for Phase 2 (Annex 2, section 3.2). The team consulted widely, 
particularly with RETAC members. 

2.1 Terminology 
The word earthquake is commonly used to denote shaking of the earth strong enough to cause 
damage to the earth’s surface or to man-made structures on the surface, while seismic event 
is used to describe any sudden shaking of the earth that can be felt or measured, regardless of 
its cause or size. In this study, the following terms are used to distinguish between types of 
seismic events: 

Natural: Human activity (such as mining or the flooding of mines, the filling of a reservoir, 
the injection or extraction of fluids, or man-made explosions) has not contributed to the 
event in any way. 

Mining-triggered: Mining activity accounts for only a small fraction of the stress change 
or energy associated with the event (McGarr and Simpson, 1997: 385). These events 
invariably involve slip along pre-existing faults. 

Mining-induced: Mining activity accounts for most of the stress change or most of the 
energy required to produce the event (McGarr and Simpson, 1997: 385). Many induced 
events, especially the larger ones, occur on pre-existing faults. However, some induced 
events involve the creation of new ruptures (e.g. the “dynamic brittle shears” described by 
Bosman and Van Aswegen, 2003) that require extreme levels of mining-induced stress 
found in situations such as isolated remnants or pillars, and could aptly be called “mining-
created” events. 

Mining-related: A seismic event that is either mining-triggered or mining-induced. The 
term mining-stimulated is used synonymously (McGarr et al., 2002). 

Rockburst: A seismic event that causes damage to a mining excavation. The word is 
generally used as an adjective, as in “rockburst damage”, “rockburst-resistant support”, 
“rockburst source mechanism”, etc. The intensity and extent of rockburst damage may 
vary greatly, depending on factors such as the moment and energy of the seismic event, 
the distance from the hypocentre, the quality of the rock mass and support systems. 
Loose rock may be shaken down by a small nearby event or a distant large event. 
However, if there is no evidence of damage to support elements or dynamic closure of the 
excavation, the damage is described as a “fall of ground associated with a seismic event”, 
rather than rockburst damage. 

There are many definitions of hazard and risk. We use the definitions of the Institution of Civil 
Engineers (Anon, 1988). A hazard is a phenomenon (such as a seismic event, fall of ground, or 
fire) that could cause damage to structures, injuries to people, or any other kind of loss. 
Vulnerability refers to the degree of damage or loss to a given element at risk, or a set or such 
elements, resulting from the occurrence of the phenomenon. The damage or loss may be 
quantified to estimate the seriousness of the consequence. Risk means the expected 
damage or loss due to the particular phenomenon of combination of phenomena, and is 
consequently the product of the likelihood of the hazard occurring and the seriousness of 
the consequence.  
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2.2 Sense-making techniques  
A range of planning tools is available to meet the challenges of planning in situations 
characterised by high levels of uncertainty, extreme complexity, and rapid change (Table 2.1). 
In this study we have made use of mind maps, scenario planning, and technology road maps.  

Table 2.1: Planning tools 

(Prof. R. Johnston, Australian Centre for Innovation, personal communication, 2004) 

Future Tools  

Type 1:  

a clear enough prospect 

Strategic planning,  
SWOT 

 

Type 2: 

a limited range of options 

 
Morphological analysis,  
Relevance trees, 
Technology road mapping, 
Non-linear equations 
 

 

Type 3: 

a broad range of possible 
futures 

Scenario planning,  
Individual and collective 
judgment 

 

Type 4: 

no guide to the future 

 

Analogy,  
Metaphor 

 

 

A mind map describing the rock-related research endeavour is shown in Figure 2.1. While 
conducting structured interviews for the SIMRAC project, “A Holistic Assessment of SIMRAC 
Rock-related Research” (Durrheim et al., 2005), it was noted that many of the interviewees were 
ignorant of the scope and findings of much of the research work that has been conducted under 
the auspices of SIMRAC and other agencies such as DeepMine, Coaltech2020 and PlatMine. 
SIMRAC alone has produced about 200 reports dealing with rock-related research.  

It is recommended that the MHSC produce a poster that summarises the rock-related research 
work. It is suggested that the poster feature a cut-away section of a mine, with enlarged views 
of critical areas (e.g. gullies, development ends, face area), or illustrating various mining 
operations and processes (e.g. inspection of the hangingwall, installation of support, drilling, 
backfilling). Research reports relevant to the critical areas, operations, or processes would be 
identified by a code, and cross-referenced to report titles listed in a text box. The poster 
“Anatomy of a South African Gold Mine”, produced by Stuart F. Plunkett and published by 
Technicalendar Publishing of Roosevelt Park, is an excellent example of a cut-away section of a 
mine, while “Barker’s Map of Gold Mines and Projects of South Africa” (Barker and Associates, 
2003) is a good example of a poster that combines graphical and textual information. A list of 
rock-related research reports and their key knowledge and technology outputs may be found in 
Appendix A of Durrheim et al.  (2005), and could be used as the basis for the text box. 
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Figure 2.1 Mind map showing the rationale and methodology for rock-related 
research (Durrheim et al., 2005) 

2.3 Scenarios 
Scenario planning is a tool that uses story telling to think about the future. The aim is to produce 
several (usually three to five) plausible stories describing how the future will unfold. The idea is 
not to decide which story is right, but rather to create an array of plausible futures, and then 
examine how well prepared you are for each of them, and look for markers that will indicate 
which of them, or some other unimagined scenario, is unfolding. Flower (1997) writes, “The 
point of scenario spinning is to help us ‘suspend our disbelief’ in all possible futures, so that we 
can see the possibilities with clear eyes”.  

Scenarios have been widely used to analyse the political and economic future of South Africa. 
For example, the “high and low road” scenarios developed by AngloAmerican executive Clem 
Sunter were widely discussed in the late 1980s, and Sunter has written on techniques used for 
scenario planning (Ilbury and Sunter, 2001).  

The project team used the following eight-step process  (Schwartz, 1996) to construct 
scenarios: 

1. Isolate the decision:  

Rather than trying to explore the entire future, ask, “What are we trying to decide?” The 
question formulated was “What research should be done to minimize the risk of rockbursts?” 

2. Identify the key forces in the local environment:  
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The key forces affecting the future of rockburst research (such as the research focus, levels of 
funding, resources, etc.) identified by the team members are listed below, in no particular order: 

1. Attitude of society in general, and government and shareholders in particular, to mine 
accidents; 

2. Demand for gold and platinum; 
3. Financial impact of rockburst casualties and the legal implications; 
4. Resistance to changing mining methods (especially in the gold mining sector) due to 

existing investment in infrastructure; 
5. Occurrence of a major rockburst disaster(s); 
6. Fitness of the workforce, which would be affected by factors such as age and HIV 

prevalence; 
7. Development and implementation of sound principles to manage the rockburst risk. 

These could be technical systems, e.g. a system that would enable “go” and “no go” 
areas to be identified, or management systems; 

8. Advances in computer and information technology; 
9. Training of DME mine safety inspectors and the effectiveness of enforcement; 
10. Changes in legislation that require mine owners to seriously consider advice given by 

rock engineering practitioners. This, in turn, will require rock engineering practitioners to 
motivate their recommendations; 

11. Whether research sponsors such as the MHSC make a long-term commitment to 
funding, and whether mining companies are prepared to fund research; 

12. Whether the Merensky and UG2 reefs turn out to be seismically hazardous, and whether 
this environment turns out to be more amenable to mechanisation; and  

13. Whether the brain drain in rock mechanics and seismology continues, and whether 
training programmes (e.g. MQA) are effective. 

These ideas were supplemented by the interviews and analysis conducted in 2005 for the 
SIMRAC project “A holistic assessment of SIMRAC rock-related research“ (Durrheim et al., 
2005). Forces mentioned in this study were: 

14. The advent and lead-time of mechanisation; 
15. Technical capacity and capability of the workforce; 
16. Nature of regulation i.e. whether mines are self regulated, or externally regulated; 
17. The implementation of the Mining Charter, especially the requirements for Black 

Economic Empowerment (BEE); 
18. Discovery of ore reserves and resources in South Africa and worldwide; 
19. Globalisation, which allows companies to enter and exit the South African arena freely; 
20. Emphasis on ensuring the sustainability of the South African mining industry (i.e. 

meeting the needs of today without compromising the ability of future generations to 
meet their needs); and  

21. Increased emphasis on small-scale mining as a vehicle for job creation. 

3. Isolate the driving forces and 4. Rank these forces by importance and uncertainty 

The demand for precious metals and government policy were identified as the two most 
important driving forces influencing the focus of research and the level of funding. It was 
suggested that “tolerance of risk” could be used as an alternate to “government policy”, as 
policy is often driven by public sentiment. However, it was noted, a change in risk tolerance 
could also be driven by foreign shareholders and hence be “self-regulatory”, rather than 
government regulated. Ultimately, it is necessary to choose a simple model that accounts for 
most of the facts, and it was agreed to proceed to the next step using the driving forces 
(demand for precious metals and government policy) identified above. 

5. Select scenario logics 
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The model shown in Figure 2.2 was used to construct four plausible scenarios relevant to the 
risk of rockbursting and research strategies. Two possible shortcomings of the model were 
noted: 

1. The driving forces may not be not independent, as economic and social policy may be 
influenced by metal prices. 

2. The view was expressed that “government policy” may not be a variable, as self-regulation 
had been attempted and found to be ineffective, and the South African government has 
given clear directives that small-scale mining and BEE will be implemented. 
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BOOM
Mechanize 

Deepen
Greenfields projects

Maximise profits

FREE-MARKET &
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GOVERNMENT 
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Capital flight
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BEE 
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Figure 2.2 Rockburst research scenarios 

6. Flesh out the scenarios  

The four scenarios are described below. It is, of course, possible that gold and platinum mining 
could follow different trajectories. 

BOOM: There is a high demand for precious metals and minimal intervention in the economy by 
the government. Metal prices soar and pay limits drop. Companies seek to maximize profits, 
and make large investments opening new mines, deepening existing mines, and exploiting low-
grade ore bodies.  

BUST: There a low demand for precious metals and minimal intervention in the economy by the 
government. Metal prices plummet and pay limits rise. Alternatively, reserves of precious metals 
are exhausted. Mining companies slash costs, selectively mine high-grade ore, and close 
mines. There are large-scale retrenchments. Safety is compromised by the drive to cut costs. 
Mining companies seek more attractive opportunities elsewhere, either abroad or in other 
commodities.  

SURVIVAL: The demand for precious metals is low. The government intervenes in economy 
and labour markets. Real wages fall. Mines are taken over by Black Economic Empowerment 
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(BEE) companies specializing in marginal mining. There is little capital investment. Mining 
activity is focussed on remnants, where the rockburst risk may be high. Skilled personnel seek 
employment in other industries.   

COMMAND & CONTROL: The demand for precious metals is high, while the government 
intervenes in the economy and labour markets to promote sustainability of the sector e.g. 
maximise the life of mines and employment. While there is some investment in opening new 
mines and expanding existing mines, both through deepening and exploiting low-grade ore 
bodies, mechanisation is discouraged.  

7. Play out the implications (for rockburst research) 

It is important to note that the scenarios sketched below are not predictions, but plausible 
scenarios that may be used to plan for, and influence, the future. 

BOOM: The research focus is on productivity issues, particularly technology to exploit deep and 
low-grade reefs. There is a drive to mechanise to reduce costs, the management burden of 
labour intensive operations, vulnerability to industrial action, and safety risks. Global companies 
draw on international expertise to conduct research in the most cost-effective manner and there 
is little commitment to developing local expertise. The government enjoys the tax windfall. 
MHSC research levies fall due to active lobbying that persuades policy-makers that safety-
directed research has little relevance. 

BUST: Research funds are slashed and research is largely abandoned. Few young people 
seek a career in mining or mining-related research. Established researchers seek greener 
pastures elsewhere. South Africa loses its capacity to ride the next wave in the commodity 
cycle. 

SURVIVAL: The research focus is on safety issues. Research levies are static at best, but most 
likely shrinking. Few young people seek a career in mining-related research. The aging cohort 
of established researchers continue to work on existing ideas. There is limited means or will to 
implement new technologies or enforce regulations.  

COMMAND & CONTROL: The research focus is on safety issues. MHSC research levies grow. 
There is active recruitment of young people (particularly from previously disadvantaged 
backgrounds) into a career in mining-related research. Mines are required to provide “in kind” 
support for research. Regulations require research outcomes to be implemented. Researchers 
are co-opted by the inspectorate to conduct investigations and inquiries. 

8. Search for markers (leading indicators) 

The demand and supply of precious metals can most easily be tracked using the price, either in 
US dollars or Rand (Figure 3.3). Government policy can be tracked using factors such as: 

The number and severity of penalties imposed for safety infringements; 
Direct costs levied by the state e.g. level of taxation, compensation for accidents; and 
 Indirect costs imposed on mine owners by the state, such as skills and community 

development levies, employee benefits (medical aid, retrenchment packages, etc.), and 
BEE requirements. 

It was suggested that 1990 could serve as a good benchmark. There have been major changes 
in metal prices, government policies, and in the focus and funding of rock-related research since 
then, which could be used to calibrate the model.  
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Figure 2.3 Metal price indicator 

Two concerns were raised: 

1. The concept of “risk” is not directly included in the model, even though it can be 
quantified. For example, comparative fatality statistics and risk acceptability criteria have 
been published for a variety of voluntary (e.g. skydiving, smoking, space flight) and 
involuntary (e.g. motor accidents, most dread diseases) risks (Terbrugge et al., 2006, 
509-511). It would be useful for government, labour and industry to define what level of 
rockburst risk is deemed to be tolerable.  

2. It would also be useful to be able to calculate the cost/benefit of research. To do this it is 
necessary to quantify the “cost” of an injury or death. Although workshop participants 
were aware of various attempts to do this, the placing of a value on a human life appears 
to be a very emotive issue. D Adams (MHSC, presentation dated 25 February 2005) 
estimated that the direct (e.g. compensation, SIMRAC research levy) and indirect costs 
(e.g. loss of production) of a fatality to a gold mining company amount to at least 
R1 million. Prof. Stacey (University of the Witwatersrand) expressed the view that the 
acceptance of fatalities is entrenched in the South African mining culture, and that 
mining engineers are taught to “fight fires” rather than prevent them. Prof. Stacey 
suggested that an industrial engineering approach should be adopted, mentioning 
Lonmin and Rio Tinto (Palaborwa) as examples of companies that have taken this 
approach. 

2.4 Rockburst cause and effect chain 
The scenario planning and technology road mapping process inspired Dr Steve Spottiswoode 
(CSIR) to develop a model that describes the chain of events that lead to a rockburst. This 
model, summarised in Table 2.2, proved to be extremely useful for analysing the cause and 
effect relationships between processes, technologies, interventions that could break the chain, 
and the necessary research work. Each link in the chain represents an activity or event in the 
mining process that may have either a benign or a potentially harmful result, depending on the 
environment, the technology applied, and competence and diligence of personnel. Ways to 
favour the benign outcome are identified. In principal, rockbursts can be eliminated if the cause 
and effect chain is broken by preventing a single potentially harmful outcome occurring. 
However, it was deemed prudent to attack the chain at several points, rather than focus all 
resources at breaking one link, recognizing the complexity of the mining environment, and the 
existing investment in infrastructure and technology.   
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Table 2.2: Rockburst cause and effect chain 

Benign or 
positive 

 

CAUSE  

E
F

F
E

C
T

 

Potentially 
negative 

Why? 
Potential engineering 
solutions to achieve the 
benign of positive effect 

Examples of research that is 
needed to develop the 
engineering solution 

Small volumes 
of rock 
removed 

Only the precious metal 
is mined 

1 Mining  
Large 
volumes of 
rock removed 

Both the precious metal 
and the rock is mined 

Radically new mining methods 
In situ leaching 

Machines to mine the (thin) reef 

Small/no 
volume of rock 
close to failure 

Elastic deformation 

2 
Large volumes 
of rock 
removed 

Large volume 
of rock 
stressed 
close to 
failure 

Inelastic deformation 

Limit the deformation, e.g. 

 Small spans 

 Backfill 

 

Limit the ESS 

Better mining layouts, e.g. 

 Bord and pillar,  

 Closely-spaced dip pillars  

 Bracket/buttress pillars 

Better backfilling 

Map rock mass (200-2000 m 
range) to detect large 
faults/dykes 

Plastic 
deformation 

Strain energy gradually 
released  

3 

Large volume 
of rock 
stressed close 
to failure 

Violent failure 
Strain energy 
instantaneously 
released  

Control the redistribution of 
stress in the rock mass 

Better mining methods, e.g. 

Destressing/preconditioning 

Mining rates & sequences 

Better use of seismology, e.g.  

Seismic/modelling integration 

Medium term (1-100 day) 
hazard assessment methods 

Weak ground 
motion in 
working areas 

Energy release remote 
from working areas 

4 Violent failure Strong 
ground 
motion in 
working areas 

Energy release close to 
working areas 

Separate the seismic source 
and working place, e.g. 

 >300 face/structure 

 Mining towards solid and/or 
away from structures 

 Bracket pillars 

Assessment/refinement of rock 
engineering principles and 
layouts 

 

Map rock mass (10-200m 
range) to detect faults/dykes 
and estimate RMR 

No ejection 
and/or fall of 
ground 

Roof and face stable 
and/or adequately 
supported 

5 
Strong ground 
motion in 
working areas Ejection 

and/or fall of 
ground 

Roof and face unstable 
and/or inadequately 
supported 

Improve hangingwall control, 
e.g. smoothness 

Improve effectiveness of local 
support 

Blasting techniques 

Ergonomics/cost of support 

Hangingwall-support interaction 

Map rockmass (1-10m range) to 
detect partings & fractures 

No/little risk of 
injury  

Exposure is low 

6 
Ejection and/or 
fall of ground 

Moderate/high 
probability of 
injury  

Exposure is high 

Mechanisation of in-stope 
operations e.g. drilling, cleaning 

Ensure events occur when 
working places are evacuated 
e.g. at blasting time 

Alerts 

Mechanisation 

Local support elements/systems 

Short term (<1 day) hazard 
assessment methods 

Risk of injury 
mitigated 

Protection from 
falling/ejected rock 

Workers hide or flee 7 
Moderate/high 
probability of 
injury  Severe 

injuries/death 
 

Alarms 

Protective equipment 

Remote control equipment 

Aftershock studies  

Alarms (e.g. activity rate) 

Temporary supports & shields 

Size distribution of FOGs/ejecta 

Inquiry only 
Requirement of the 
Mine Health & Safety 
Act, 2002 are satisfied 8 

Severe injuries 
and/or deaths 

Inquiry and 
prosecution 

Shortcomings in 
compliance and practice 

Competent mining, rock 
engineering and mine 
seismology practice 

Implementation of knowledge & 
technology produced by 
research 
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2.5 Technology road mapping 
A technology road map (TRM) is a process tool that is used to help identify the key technologies 
that an industry, sector or company needs to succeed in the future, and the projects or steps 
required to get those technologies developed and implemented (pers. comm., Mr Geoffrey 
Nimmo, Director of the Technology Roadmap Secretariat, Industry Canada, 2004). TRMs are 
developed by a group of collaborators who are knowledgeable about an industry or sector and 
its relevant technologies.  TRMs: 

 Help an industry or firm predict future technology and product needs;  
 Define the "road" to compete successfully in tomorrow’s markets; 
 Guide technology R&D decisions; 
 Increase collaboration, knowledge sharing, and the establishment of new partnerships; 
 Reduce the risk of costly investment in technology; and 
 Help the industry or company seize future marketing opportunities 

The TRM process is important. A good process will ensure that: 

 Industry is committed and participates actively; 
 Convergence in views is achieved through structured collaboration; and 
 The best-known, most familiar technologies are automatically chosen as the preferred 

future direction, but all possible technologies are considered. 

In the following discussion, the elements of the technology roadmap are described “from the top 
down”. However, it is important to realise that a TRM is constructed holistically “with the end in 
mind”, continually seeking connections between elements and emerging ideas and 
opportunities. The key elements of the TRM process are illustrated in Figure 2.4. 
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Figure 2.4 Technology road map methodology  

(pers. comm., Mr Geoffrey Nimmo, Industry Canada, 2004). 
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2.5.1 Purpose  

Three major drivers of rockburst research were identified:  

1. Safety  

At the Mine Health and Safety Summit held in 2003, employers, labour, and government agreed 
to work towards achieving health and safety milestones (DME, 2005: 2-3). While the ultimate 
goal is to eliminate injuries and fatalities completely, it is recognised that this can not be 
achieved overnight and that steady improvement is required. The following targets were set for 
improvements in the fatality and disabling injury rates during the next decade, ending December 
2013:  

 A reduction of 20% for the mining industry as a whole; and 
 A reduction of 50% in the gold sector, to achieve performances that are comparable with 

international standards for metalliferous mines. 

These are challenging targets, although an encouraging start has been made. In 2004, the 
fatality rate in the platinum sector declined to 0.46 fatalities per 1000 workers (64 deaths in a 
work force of 140,287), an improvement of 15% over 2003. The fatality rate in the gold sector 
declined to 0.62 fatalities per 1000 workers (110 deaths in a work force of 177,419), an 
improvement of 24% over 2003. While the milestones do not distinguish between the different 
risks, past experience shows that approximately 50% of the fatalities in the gold sector are rock-
related, divided roughly equally between rockfalls and rockbursts. Thus a reduction in rockburst 
risk will help significantly to reach these targets. 

2. Efficiency  

There is constant drive by mining companies to maximise profits and minimise the costs of 
mining. 

3. Sustainability 

The State, as the representative of the citizens of South Africa, seeks to maximise the utilisation 
of mineral resources and minimise the social and environmental impacts.  

MHSC sponsors safety-focused research. However, outcomes of safety-focused research could 
well have an impact on efficiency and sustainability, and are more likely to be implemented if 
additional benefits are demonstrated. It is also possible that additional funding for research may 
be secured. 

2.5.2 Delivery 

To make a meaningful impact on the number of rockburst fatalities, attention must be focussed 
on the high-risk areas, viz. stope face area and remnants. The research needs identified at the 
workshops were sorted into several different categories.  

1. Development of existing knowledge, competencies, and technologies 

 Critical review of layout and sequence “rules”; 
 De-stressing techniques (e.g. hydrofracturing, large blasts to destress unstable pillars, 

destressing of tunnels); 
 Investigation of the influence of rate of mining and advance per blast on seismic hazard; 
 Mechanisms of complex events; 
 Source and damage mechanisms of large events (ML>3.5); 
 Response of the stope to seismic shaking; 
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 The performance of areal support elements and systems; 
 Effectiveness of roofbolting in the face area; 
 Methods/index to assess vulnerability of working places to seismic shaking; 
 Calibration of seismic source parameters; 
 Ergonomics of support elements and systems; 
 Cost-effective use of existing seismic monitoring systems; and 
 Optimisation of backfill. 

2. Mine-specific projects 

 Wide-reef mining (e.g. Driefontein); 
 Mining under Westonaria Formation (e.g. at Kloof Gold Mine); 
 Preconditioning of in-stope pillars (e.g. AnglogoldAshanti, Klerksdorp); 
 Merensky Reef preconditioning; 
 Seismic source mechanisms in the Bushveld (e.g. pillar failure); 
 Layouts to support mechanization; 
 Vulnerability of water barrier pillars to seismic events (e.g. ERPM, South Deep); and 
 Seismic hazard in development ends in virgin ground (e.g. Driefontein); 

3. Major themes 

 “Glass rock” i.e. imaging and characterizing the rock mass ahead of mining; 
 Integration of seismicity and numerical modelling; 
 Real-time analysis of geotechnical and seismic data; 
 Seismic hazard in the Bushveld Complex; and 
 Methods to mechanize mining, thereby reducing the exposure of workers to seismic 

hazards, e.g. drill rigs and jigs, remotely operated scrapers. 

4. Novel ideas 

 Imaging using passive seismic monitoring (collaboration with CSIRO); 
 “Geodetic-type” measurements of displacement; 
 Seismic techniques to assess the stress field; and 
 Measuring tilt and strain down to earth tide level 

5. Complementary activities 

It is recognised that technical research often requires input from the end-users at an early 
stage. These may be stope workers, technical specialists, or management. Every effort must be 
made to include their input where appropriate. It is also recognized that the risk of rockbursting 
could be reduced through: 

 Transfer and implementation of existing knowledge and technologies; 
 Better training; 
 Systems to manage risk; and 
 Regulation and enforcement. 

However, MHSC research funds are limited, and cannot address all these issues. It is believed 
that these aspects are the responsibility of the mining companies, training institutions, and the 
inspectorate.  

2.5.3 Resources 
The rockburst research effort is built on a wide range of tangible and intangible resources. 

People and organizations 

An MSc is generally regarded as the minimum academic qualification for a researcher, although 
there are exceptional individuals who lack this formal qualification but nonetheless are 
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competent researchers. While there has been a drastic decline in research capacity in the past 
decade, several organizations still exist with a track record of rockburst research, facilities, and 
a cadre of qualified and experienced researchers, for example the Universities of Witwatersrand 
and Pretoria, CSIR, Council for Geoscience, ISSI, and several consultancy companies.  

International collaborators 

Two international experiments are currently underway in South African mines, offering 
opportunities for local researchers to “piggy back” on these projects, provided their own 
manpower and running costs are covered. These experiments provide exceptional opportunities 
to leverage limited research funding, gather rich data sets, and work with outstanding 
earthquake and rock mechanics researchers from Japan, Germany, and the USA. 

Money 

In 2006/7, MHSC funds available for rockburst research amount to some R 5 million, while other 
funds may be allocated to complementary rockfall and engineering research projects. There is 
some prospect of modest growth in MHSC funding for rockburst research in future years. 

Organizations such as CSIR have some internal funds that could be directed towards rockburst 
research. However, in a mature area such as rockburst research, this is dependent on 
significant funding being secured from other sources, e.g. MHSC, mining companies. 

There is a possibility of securing matched funding or funding in kind from mining companies, 
particularly if research work is likely to have direct benefit on productivity or profitability. 

Instrumentation and infrastructure 

 All rockburst prone mines have seismic systems and mine-wide communication systems 
installed; 

 Instruments such as strain, closure and tilt meters are available; 
 Proven techniques such as relevelling; and 
 Facilities to conduct tests on rock and support elements. 

Data 

 A substantial body of seismic and mining data exists; and 
 Numerous rockburst accidents have been documented. 

Concepts and research findings 

 Concepts such as ESS, ERR, seismic source parameters, integration of seismicity and 
modelling; 

 Numerous SIMRAC, DeepMine, FutureMine and PlatMine reports; 
 Knowledge and technology developed elsewhere in the world; and 
 Current projects. 

Standards, legislation, agencies for research, training and enforcement 

 Rock Engineering Practice in Hardrock Tabular Mines (Jager and Ryder, 1999); 
 Mine Health and Safety Act (1991); 
 Codes of practice to ameliorate rockburst and rockfall accidents; 
 Mine Health and Safety Inspectorate; and 
 The Mine Health and Safety Council, SIMRAC and MQA  
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2.6 Research proposal 
The full proposal that was developed by the project team, recommended by RETAC and 
accepted by MHSC is appended (Annex 3). Only the major points are highlighted here. The 
rockburst risk may be described: 

RISK = LIKELIHOOD OF SEISMIC EVENT OCCURRING x SERIOUSNESS OF CONSEQUENCE 

This project seeks to address both terms on the right hand side of the rockburst risk equation 
by developing better methods to assess and reduce the likelihood of seismic events occurring 
and the vulnerability of excavations to seismic shaking.  

Furthermore, the project is designed to address the two situations posing the greatest risks, viz. 
the face area, where the exposure of mineworkers is greatest; and mining in the proximity of 
geological structures, such as faults and dykes, which generally host the larger seismic events. 
The potential impact of the proposed project is large. Human suffering may be reduced and 
productivity may be enhanced, thereby improving the sustainability of the gold and platinum 
mining sectors. 

2.6.1 Reducing the rockburst risk in the face area 
Rationale: About 80 per cent of rockburst casualties occur in the face area. Consequently this 
must be a focus area if the rockburst toll is to be reduced.  

Scope, potential impact and likelihood of success: Research will be conducted to support 
incremental improvements in current technology rather than mechanisation, as it is recognised 
that that the in-stope processes (drill, blast and scrape) employed by gold mines are unlikely to 
change in the foreseeable future. Better seismic hazard assessments will reduce the exposure 
of workers to strong ground motions, while better rockburst vulnerability assessments will 
enable proactive intervention and reduce the risk of injury and death. Improvements in layout or 
support may reduce the likelihood of seismic events and/or the severity of their consequences. 
While the chances of improving knowledge and technology are rated as good, the impact is 
likely to be diffuse as industry-wide implementation is likely to be gradual. 

2.6.2 Reducing the risks of mining near faults 
Rationale: The larger seismic events (with local magnitude greater than, say, 3.5) generally 
occur on pre-existing geological structures. They pose a significant hazard to mine workers and 
even the public, as the event that occurred on 9 March 2005 near Stilfontein demonstrated. 
Most of the ore reserves on older mines are located in pillars or remnants, some of which are 
intersected by faults. Structures intersecting a shaft pillar or water barrier pillar are a particular 
concern, as a large seismic event occurring on these features could conceivably cause damage 
that could lead to the loss of many lives and/or the closure of a mine. There is much regarding 
the mechanics and dynamics of faults and fault slip that is still unknown. For example, what is 
the effect of mine flooding on seismicity?  The objective of this project is to gain knowledge that 
can be used to assess the hazard posed by faults, and to improve strategies to prevent or limit 
slip. 

Scope, potential impact and likelihood of success: Researchers will collaborate with 
international research teams currently studying aspects of fault mechanics and dynamics on 
South African mines. This is a unique opportunity to obtain extraordinary data sets and interact 
with some of the world’s leading seismologists and rock mechanics practitioners. The 
international teams are focusing on issues relevant to tectonic earthquakes, for example, the 
identification of any precursors that could be used for prediction. The MHSC work will focus on 
issues relevant to mine safety, for example, the performance of tunnel support in the near field 
of a large seismic event.  
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3 Output 2: Plan to coordinate and stimulate training 
programmes to transfer rockburst knowledge and 
technology 

3.1 Background 
Technology transfer is the managed process of conveying a technology (be it a product, 
process or body of knowledge) from one party to its adoption by another party e.g. from a 
developer to a user, a seller to a buyer, one department to another (Spann, Adams and Souder, 
1993, cited by Willis et al., 1998, GEN504). 

SIMRAC seeks to develop implementable solutions that will lead to improvements in 
occupational health and safety conditions and performance in the South African mining industry. 
Research and development has little value until the findings and new technologies are 
effectively transferred to practitioners and implemented on mines.  

The implementation of new machinery usually requires significant capital investment and the 
involvement of manufacturers. However, many of SIMRAC’s research outputs relevant to 
rockbursting are guidelines, procedures and methodologies, which may be transferred through 
training programmes (see Durrheim et al., 2005, Appendix A). This output seeks to reduce the 
rockburst risk by ensuring that training programmes and academic courses effectively transfer 
relevant outputs of SIMRAC research to the people responsible for their implementation, such 
as production supervisors and crews, mine seismology and rock engineering practitioners, and 
mine safety inspectors. It must be recognised that effective training is a necessary, but not 
sufficient condition for technology transfer. Many other factors play a role, for example the 
impacts of new technology on costs, profitability, safety and employment.  

3.2 Review of past SIMRAC technology transfer efforts 
The transfer and implementation of SIMRAC research was reviewed and benchmarked against 
efforts in Australia, North America and Europe by Durrheim et al. (2005). The findings and 
recommendations relevant to this project are summarised below. It was found that: 

 Rock-related research in South Africa has produced a range of technologies (backfill, 
yielding support, seismic monitoring, preconditioning, etc.) that has made deep-level gold 
and platinum mining possible. While SIMRAC-sponsored work has contributed to many of 
these developments, it is difficult to quantify SIMRAC’s contribution, as many different 
agencies and organisations have contributed to the development and implementation of 
these technologies. 

 The rock-related safety record on South African gold and platinum mines lags behind 
standards in Australia, Europe, and North America. This cannot be blamed solely on 
shortcomings in SIMRAC research, as there are many other relevant factors that affect the 
safety record, such as the nature of the gold and platinum ore bodies, amenability to 
mechanisation, training, supervision, regulation, and enforcement. 

 SIMRAC research formed the basis for, or complemented much applied research conducted 
by the DeepMine, FutureMine, Coaltech 2020, and PlatMine research programmes.  

 SIMRAC research made a significant contribution to the formulation of the mandatory codes 
of practice to combat rockfall and rockburst accidents, required by the Mine Health & Safety 
Act of 1996. 
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 SIMRAC’s efforts to transfer knowledge and technology are comparable in scope and 
success to efforts made in Australia, Europe, and North America. 

It was recommended that: 

 MHSC develop an implementation strategy, involving mining companies, equipment 
manufacturers, consultants, and enforcement agencies. It should be recognised that 
researchers often lack the skills and enthusiasm required for effective implementation. 
Significant resources, perhaps on a par with those required for basic and applied research, 
are required to achieve a meaningful impact.  

 Schools and seminars be held in the mining areas to enable researchers to report on 
progress and disseminate findings; and 

 Out-of-print guidelines and booklets be reprinted, as well as a “reprint” volume containing 
previously published papers, as the research findings are often presented more succinctly 
than in the final SIMRAC reports. 

As part of this project, interviews were conducted with several individuals involved in previous 
efforts to transfer SIMRAC knowledge and technology. 

Duncan Adams (manager, MHSC rock engineering research programme, pers. comm., 2006) 
commented that many stakeholders in the mining industry, including SIMRAC administrators, 
researchers, and practitioners working on mines, are critical of past efforts to transfer SIMRAC’s 
research findings. However, technology transfer plays only a minor role in the overall research 
effort overseen by SIMRAC, at least in rock-related safety issues. It is usually limited a 
slideshow presentation and the distribution of project reports via CDs and the SIMRAC web site. 
Until the current year, SIMRAC did not have a policy on intellectual property that would aid the 
commercial exploitation of research results.  Exceptions to the rule are found where tangible, 
user-friendly outputs were generated such as the Handbook on Rock Engineering Practice 
(Jager & Ryder, 1999, GAP633) or when individual researchers had the initiative and capacity 
to promote and implement their methodology (e.g. pre-conditioning, Toper et al., 2003). 
Ironically the SIMRAC project aimed at improving technology transfer (GEN604) was not 
completed. 

Paul van der Heever (manager, MHSC research programme, pers. comm., 2006) said that 
technology transfer could take several forms:  

 Passive, i.e. reports, compact booklets, illustrated handbooks, CDs and web sites  

 Interactive, i.e. workshops, expert systems, software tools 

 Active, i.e. user groups, commercialisation, piloting, champions. 

Van der Heever (2004) noted that technology is a process of offering and acceptance, which 
should be formalised for it to succeed. The essential elements in a formalised TT process are: 

VISION + SKILLS  + RESOURCES + INCENTIVES + ACTION PLAN 

Roger Johnson (manager, Anglo Platinum rock engineering, pers. comm., 2006) said that in 
order to achieve success, an existing industrial and cultural environment must have the capacity 
to change and accept new technology, see the need for implementation, and make available a 
local champion. This is not always the case. Also, researchers are not necessarily good 
implementers and the desire by research agencies to conduct research is not always matched 
by a corresponding need by potential users for the project outputs. 
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Several attempts to transfer SIMRAC rockburst-related outputs were reviewed, revealing a 
mixed record of successes and failures: 

GAP017 Seismology for Rockbursts Prevention, Control and Prediction (Mendecki et al., 
1996). The project defined secondary source parameters and developed seismic data analysis 
methods that have become standard in the industry. Success rates of 35-60% in the forward 
prediction of larger rock mass instabilities were claimed, although this level of success has not 
been replicated on seismically active mines over the past decade. Successful prediction was 
linked to to high network sensitivity, which has not been confirmed. 

GAP303 Mine layout, geological features and geological hazard (Van Aswegen and 
Mendecki, 1999). The project introduced the concept of system stiffness, and developed a 
methodology to determine seismic hazard. The methodology has become widely used on mines 
relying on ISSI technology and service contracts. 

GAP409 Seismology for rockburst prediction - time-to-failure (De Beer, 2000). The results 
were not very promising with regard to event prediction, and ended in an unresolved dispute 
over intellectual property between SIMRAC and ISSI and a refusal to produce a functioning 
software tool as project output (D. Adams, MHSC, pers. comm., 2006), as no funds were 
provided to give the tested methodology a user-friendly interface (G. van Aswegen, ISSI, pers. 
comm., 2006).  

GAP517 Quantification of seismic hazard from seismic events on mines (Kijko, 1998). A 
stand-alone software tool to quantify estimated recurrence time, probability of occurrence, Mmax 
and other hazard related parameters from a Gutenberg-Richter model was developed. It was 
further developed by HAMERKOP Scientific Services and is widely used by rock engineers on 
mines. Technology transfer was successful through commercialisation.  

GAP604 Routine moment tensor inversion (Linzer et al., 2002). The project did not produce a 
stand-alone software tool that could be used on mines, and few users on mines have the 
expertise to apply MT inversion. The ISS software already includes an inversion utility, as does 
the HAMERKOP suite. The tool developed in GAP604 was successfully applied in later 
SIMRAC projects on lead-lag and dip pillar design (S. Spottiswoode, CSIR, pers. comm., 2006). 

GAP714/SIM030201 Software tool for managing rock related hazards (Brink and Hagan, 
2002). The tool was not presented widely to practitioners, although two interested champions 
were attracted. The tool requires large amounts of input data that must be regularly updated, 
such as the area mined and the recorded seismic events. It did not receive the necessary 
support from the suppliers of the seismic information system that the tool had to link to, and had 
no dedicated resources to create the link (Brink (CSIR), Adams (MHSC) and Van Aswegen 
(ISSI), pers. comm., 2006).  

Commercial attractiveness appears to be a critical success factor for successful implementation. 
Greatest success was achieved where the innovation complemented an existing technological 
platform with a wide customer base e.g. and instrumentation product line or software suites. All 
in all, the record of technology transfer is encouraging where these conditions were met, and 
poor otherwise. A notable exception is the pre-conditioning technology. Although 
implementation has been slow (Toper and Janse van Rensburg, 2002), the preconditioning 
technique is well known and available for implementation where needed. 
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3.3 Review of existing training programs 

3.3.1 Training courses 

The gold and platinum sectors employ several hundred thousand people, ranging from illiterate 
mine team workers to highly qualified engineers. Training is offered at many different levels and 
by many different providers. Training aimed at reducing the rockburst risk is usually integrated 
with other topics such as hazard recognition, support installation, and mine design.  

The requirements for rock engineering training for all people working on underground mines are 
discussed in chapter 12 of Jager and Ryder (1999: 347-359). The South African Qualification 
Authority Act of 1995 and the Mine Health and Safety Act of 1996 led to the establishment of 
the Mines Qualification Authority (MQA). This tripartite body advises to Minister of Minerals and 
Energy on education and training standards and qualifications in the South African mining 
industry. At the time of writing this report, the MQA was still in the process of developing the unit 
standards relevant to rock engineering and mine seismology.  

The Department of Minerals and Energy’s “Guideline for the compilation of a mandatory code of 
practice to combat rockfall and rockburst accidents in metalliferous mines and mines other than 
coal” were first published in 1996. Appendix IV dealt specifically with the functions of the rock 
engineering service on a mine. It was envisaged that rock engineering practitioners would play 
a key role in the transfer of knowledge and technology. It is stated that the staff “must remain 
aware of new technological developments and actively pursue the introduction of those that can 
be gainfully employed on the mine”, and that functions of the rock engineering service include 
assisting “with training of underground personnel in strata control applicable to their mines, with 
particular emphasis on the identification of dangerous ground conditions” and instructing 
“training officials in aspects of strata control” (DME, 1996: 36-37). However, these roles and 
functions are omitted from the currently applicable guideline (DME, 2002: 27).  

Rock engineering and mine seismology practitioners have generally completed diplomas or 
degrees (e.g. National Diploma in Mining, National Higher Diploma in Rock Engineering, BSc, 
BEng, BSc (Hons), MSc, MEng, PhD). Academic training is supplemented by in-service training, 
certified by organisations such as the Chamber of Mines (COM) (e.g. COM certificates in rock 
engineering). Practitioners are usually members of professional associations such as the South 
African National Institute of Rock Engineering (SANIRE), the South African Institute of Mining 
and Metallurgy (SAIMM), and the South African Geophysical Association (SAGA). Most 
consultants and some practitioners are registered with the Engineering Council of South Africa 
(ECSA) or the South African Council of Natural Scientists (SACNAS), which provides clients 
with a measure of assurance regarding the competence of the consultant, and legal recourse in 
the event of malpractice. Rock engineers are supported by strata control officers and observers, 
while mine seismologists are supported by seismic processors and electronics technicians.  

A survey was conducted of all training courses identified by rock engineering practitioners to 
determine whether relevant research findings pertinent to mining-induced seismicity and 
rockbursting are included. Some sixteen courses in rock engineering and seismology have been 
presented by seven organisations to industry, either as regular university courses, or as short 
courses to rock engineers and senior management (Table 3.1).  Workshops and short courses 
have also been presented to non-rock engineering personnel.  These courses range from levels 
2-7 on the National Qualifications Framework (NQF). (Levels 1, 4 and 7 are roughly equivalent 
to grades 9, 12 and a National Diploma or Bachelors degree, respectively).  

Courses have so far been presented to about 1900 learners, including an estimated 600 
undergraduate and post-graduate students at the Universities of the Witwatersrand and 
Pretoria.  This number excludes the low-level Snowden course on hazard identification, which 
has been presented to an additional 19,000 mine employees, nearly exclusively in the gold 
mining sector, over the last seven years (1999-2005 inclusive).   
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Table 3.1: Summary of training courses relevant to rockbursting 

   

Agency 
  Period 

  Courses 
  Attendants 

  Se ismology  
  NQF 

  Feedback    Certification   Cost per 10   
CSIR 

  1994 - 2005 
  RE for Senior Management 

  
Deep Mine Schools 

  
BSc Hon. (Geophysics) 

  

100 
  

60 
  

20 
  

20% 
  

20% 
  

100% 
  

4 - 7 
  Informal 

  
Informal 

  
Informal 

  

None 
  

None 
  

Pass / fail 
  

25 000 
  

25 000 
  

25 000 
  

ISSI   1995 - 2005 
  Intro to MS  for Mine Management 

  
Mine Seismology 

  
Min521 

  
Advanced Mine Seismology 

  

Total:  ̃  250 
  100% 

  
100% 

  
100% 

  
100% 

  

4 - 7 
  None 

  
None 

  
Wits procedure 

  
Project eval. 

  

None 
  

Attendance 
  

Pass/ fail 
  

Pass / fail 
  

? 
  

? 
  

40  –  60 000 
  

? 
  

SiM 
  2001 - 05 

  MS for Rock Engineers (short) 
  

MS for Rock E ngineers (strd) 
  

MS for Rock Engineers (long) 
  

Intro to Mine Seismology 
  

Total: 92 
  100% 

  
100% 

  
100% 

  
60% 

  

4 - 7 
  1 

  
3 
  

5 
  

5 
  

Attendance 
  

Attendance 
  

Pass / fail 
  

Attendance 
  

13 400 
  

3 2 200 
  

8 3 000 
  

29 000 
  

GHS   1998 - 2004 
  Intro to Mine Seismology 

  ˜200 
  100% 

  4 - 7 
  Informal 

  Attendanc e 
  incl. in service 

  
MIDDindi 

  2004 - 05 
  Strata Control for RE Auditors 

  
Strata Control for Safety Reps 

  
RE preparation for COM  
Examinations 

  

Total: 108 
  15% 

  
<10% 

  
as in syllabus 

  

2 - 7 
  1 

  
3 
  

5 
  

None 
  

None 
  

None 
  

12 800 
  

21 700 
  

17 500 
  

SNOWDEN 
  1999 - 05 

  Strata Control  (x8) 
  

CoM  Certificate 
  

19 000 
  <10% 

  2 - 5 
  Informal 

  Competence 
  

None 
  

6 300 
  

RockSSS 
  ? 

  Strata Control 
  Total: 720 

  <50% 
  2 - 4 

  ? 
  ? 

  ? 
  

   

3.3.2 Virtual reality 

During the 1990s, various virtual reality (VR) systems for training were developed to train 
workers to recognise rockfall and rockburst hazards (e.g. Squelch, 1997, GAP420). However, 
VR has not been widely implemented for. Several reasons are suggested: 

 Costs involved with setting up training facilities; 

 Even though a low level of computer literacy is required, skills are generally poor and a lot a 
assistance is required. Hence, this may not be a cheaper option; and 

 Understanding of the whole ‘picture’ as it is displayed to the user is a huge problem. The 
context may be totally misunderstood by the lower level employees, who thus learn nothing 
in the process. 

3.3.3 Physical models and facilities 

SIMRAC sponsored a project to develop physical models that could be used to train illiterate 
mineworkers in the principles of strata control (Hagan, 2004): To our knowledge, no further 
models have been built. Several reasons are suggested: 

 Costs involved with the manufacturing of models; 

 Lack of applicability to some mining sectors; 

 The existence of other suitable models; and 

 Lack of commitment to innovative training methods. 

SIMRAC is currently supporting the development a technology transfer facility at Savuka Gold 
MIne near Carletonville. Learning material is in the process of being completed and several 
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models are being constructed to transfer understanding of essential issues. The main 
constraints are the number of persons that can be accommodated.  

3.4 Evaluation of training programmes 
The training courses were reviewed, seeking to identify any shortcomings in course content and 
instruction methodology, and any opportunities to include findings of SIMRAC research, where 
relevant and appropriate. The course contents were described to the review panel. Training 
materials such as printed manuals, textbooks, Powerpoint slides used in lectures, and CDs 
were circulated so that panel members could study the scope and content of the courses in 
more detail.  

A recurring issue was the challenge of communicating technical information and facilitating 
behavioural change to learners with low educational levels, speaking a variety of languages, 
and various cultural backgrounds. 

In addition to course training materials, seven booklets that seek to transfer research findings 
were reviewed. The booklets are guides and do not provide any in-depth training. Some of 
these booklets were launched with a workshop. 

Johnson R, Quaye GB, and Roberts MKC (2000): Stability and Support of Stope Backs in the 
Shallow Depth Mining of Steeply Dipping Vein/Tabular Deposits.  SIMRAC Handbook ISBN 
1-919853-03-0. 

Stacey TR and Swart AH (2001): Practical Rock Engineering Practice for Shallow and Opencast 
Mines.  SIMRAC Handbook ISBN 1-919853-05-07. 

Leach A, Naidoo K, Rangasamy T, and Spencer D (2002): A Booklet on Practices for 
Anomalous Geotechnical Areas in Platinum and Gold Mine Stopes.  SIMRAC Handbook 
ISBN 1-919853-07-03. 

Hagan TO, Kiboko MK, Vieira FMCC, and Rangasamy T (2003): Shaft Pillar Extraction in South 
African Gold Mines: A Guidebook Based on Past Practice.  FutureMine Collaborative 
Research Program Task 3.5.3, CSIR Report 2003-0222, Johannesburg, April 2003. 

Malan DF (2003): Guidelines for Measuring and Analysing Continuous Stope Closure Behaviour 
in Deep Tabular Excavations.  SIMRAC Booklet ISBN 1-919853-10-3. 

Toper AZ, Janse van Rensburg A, and Noble B (2003): Preconditioning Guidelines.  SIMRAC 
Handbook ISBN 1-919853-09-X. 

Hagan TO and Banning AJ (2004): Facilitator’s Booklet – Strata Control Bridging Course for 
Illiterate Mine Team Workers.  SIMRAC Handbook ISBN 1-919853-17-0. 

These booklets serve as quick reference handbooks. They do not deal with rockbursting 
comprehensively, only addressing seismicity where it is relevant to the main topic.  However, 
they are useful as supplementary material in any rockburst training programme. 

Prof. Handley (Pretoria University) classified the various offerings according to Bloom’s 
Taxonomy, a classification of levels of intellectual behaviour important in learning (Atherton, 
2005) (Table 3.2). Prof. Handley concluded, “The current focus in seismology training appears 
to lie almost exclusively in monitoring, seismic parameter determination, statistical treatment of 
seismic data, and seismic data representation.  The detailed mechanics of seismic events and 
rockbursts are almost completely neglected, and this subject is considered essential for any 
insight into and interpretation of seismic data. If rock engineers are to interpret seismic data and 
its rockburst potential, and design support or layouts to minimise rockbursting, then the 
following knowledge is essential: 

 Ability to locate seismic events by hand, 

 A detailed anatomy of a seismic event starting with stress build-up on a slip surface, and the 
role of mining and rheological effects in this; the point where shear movement becomes 
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sufficiently large for the transition from static to dynamic friction; candidates should first work 
and understand problems of this nature before reverting to fancy computer models. 

 A detailed anatomy of a load-shedding brittle “crush type” seismic event following the 
principles above, 

 A detailed knowledge of the wave equation, wave transmission in solids, liquids, and along 
surfaces, wave energy, phase transitions and energy changes in reflection and refraction, 
and free surface spalling upon wave reflection, and  

 Deeper insight into the workings, strengths, and weaknesses of both static and dynamic 
numerical models, and their application in seismic modelling and monitoring. 

Our courses tend to be “seat of the pants” courses that address only the immediate issues 
without providing a fundamental basis of understanding and insight into the processes involved 
in seismic events and rockbursts.  Hence, we have knowledge of the effects, but almost no 
knowledge of the causes.  Some of the courses are assessed, none are yet registered or 
accredited by the MQA, while the two undergraduate courses in rock mechanics at Wits and UP 
are accredited by ECSA.” 

Table 3.2: Brief assessment of reviewed course material 

Bloom’s Taxonomy 
Level 

Company Course Name 
MQA 
Level 

Seismic 
Content 
(%) 

No. of 
Credits 
(ECSA) K C Ap An S 

Auditors and Safety Reps. 2-4 2 3 60 30 10   
Middindi 

Safety Reps. 2-4 0 1 80  20   
Strata Control for 
Supervisors 

2-4 0 2 60 30 10   
Snowden 

Rock Engineering for 
Senior Officials 

4 2 5 60 40    

Wits 
University 

MNN430: Support of 
mining excavations 

6 5 16 20 20 20 20 20 

Wits/ISSI MIN521: Mine seismology 7 100 16 20 30 20 20 10 
PSZ410: Strata control 6 3 16 20 20 20 20 20 

Pretoria 
University 

PSZ786: Strata control in 
hard rock mines 

7 50 16 20 0 20 30 30 

1-day Seismic course 4 100 1 100     
2-day Seismic course 5 100 2 50 50    
3-day Seismic course 5 100 3 60 30 10   SiM 
10-day course + project + 
exam. 

6 100 16 30 20 20 20 10 

CSIR 
DeepMine Seismic 
Management 

6 100 3 60 30 10   

CSIR 
DeepMine Guidelines – 
Do’s and Don’ts 

6 14 3-10 60 30 10   

CSIR 
DeepMine School – Stope 
Support 

6 40 3-10 60 30 10   

CSIR 
DeepMine School – Mine 
Design 

6 0 3 60 40    

K-Knowledge, C-Comprehension, Ap-Application, An-Analysis; S-Synthesis and Design; ECSA credits 
depend on course length. 
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3.5 Survey of the construction and petrochemical industries 
The third enabling output is the identification of any further research that is required to advance 
knowledge and technology transfer (K&TT). As part of the study, the K&TT efforts of the mining 
sector were compared with other industrial sectors also having high occupational health and 
safety risks. According to a South African Department of Labour report on occupational injuries 
in 1999 (the most recent year for which the statistics are available), accident frequency rate was 
highest in the fishing industry (21.04 per million hours worked) and second highest in mining 
(8.98). See Figure 3.1. The building and construction and chemical sectors were ranked eighth 
and ninth, respectively, slightly above the average for all industries (3.92 per million hours 
worked). Fatality frequency rate (cases per million hours worked) was worst for fishing (2.09), 
followed by transport (0.14), building and construction (0.11), and mining (0.10). 
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Figure 3.1: Accident frequency rate for different industrial sectors, 1998 and 1999  
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Figure 3.2: Accident severity rate for different industrial sectors, 1998 and 1999  

As part of this study, interviews were conducted with Mr Tyron Botha (Safety and Health 
Manager, Murray and Roberts) and Dr Bernhard Eigenhaus (Safety, Health and Quality Advisor, 
Sasol Limited). The petrochemical and construction industries were believed to have some 
similarity with mining, as they involve high technology and heavy engineering, and employ a 
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large number of workers and operators with relatively low-levels of education and training. The 
interviews are summarised below. 

1. Can the 1999 Labour Department figures be confirmed? What are current accident 
rates? Has the year-on-year improvement continued? 

Murray & Roberts: The figures can be confirmed as they are still in the same ballpark. There 
has been no major improvement. Some firms include sub-contractors in their reporting, such as 
M&R, while others do not. Additional detail could be obtained from the Occupational Health and 
Safety Council (OHSC). 

Sasol: Department of Labour records are not accurate, as not all cases are reported. Sasol’s 
Reportable Case Rate (cases per 200 000 hours worked) has dropped from around 2.5 in 2001 
to 1.0 in 2004 (see Sasol News, March 2006), the current target being 0.5. Thus, the trend is 
downward, but the counting system has changed. In the past, a fatality was also counted as a 
minor and a lost-day injury, creating three entries. On the other hand, contractors are now 
considered part of the work force, and any injuries to contract workers are included in the 
statistics. 

2. Are there marked trends in the safety performance? If so, what are these main drivers? 

Murray & Roberts: Systems and policies are in place, but are found to be insufficient owing to 
non-compliance. Training has shifted to be more explicit and more rigorous, aiming at 
behavioural changes i.e. intervention rather than safety campaigns. Current accident rates are a 
reflection of the tolerance level of our society, the company’s shareholders, and government. 

Known barriers to effective safety training are a lack of safety culture, a range of languages 
(M&R uses English, Xhosa, Sotho and Zulu), and low education levels. Similar to the mining 
industry, training ends with certification. Work place assessments of the impact of training are 
not normally carried out. 

Sasol: Sasol drives an internal ‘Safety Improvement Plan’ with a declared zero-tolerance 
approach. It acknowledges the role of human behaviour as an important cause of accidents and 
sees safety culture as one of three main elements to safe operations, the others being design 
(which may be flawed) and technology (which may not be well maintained). The competing 
nature of productivity and safety with respect to resources and management’s attention is 
acknowledged. 

3. Who transfers knowledge and technology? Is the process deemed successful? Is there 
an initiative to research ways of improving knowledge and technology transfer? 

Murray & Roberts: Mostly in-house or through consultants. In the building and construction 
sector there is no agency addressing research focussed on health and safety comparable to 
SIMRAC  

Sasol: In the petrochemical industry, operations technology is specialised and partly developed 
by Sasol. Consequently, internal resources and consultants do most training. Skills levels are 
higher in petrochemical plants than in the coal mining operations (overall: 5% illiterate). The 
majority of operators have matric with mathematics and science. ECSA serves only for 
professional registration, not for training / education.  

4. Is a qualifications framework in place? What role do the Sectoral Education and 
Training Authorities (SETAs) play in training? 

Murray & Roberts: The Construction Education and Training Authority (CETA), established in 
2000, accredits providers and monitors training delivery, but does not supply training itself. 
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Sasol: According to the Chemical Industries Education and Training Authority (CHIETA), Sasol 
falls under the base chemicals and petroleum sector, and should benefit from the 
implementation of an Higher Education and Training (HET) and Further Education and Training 
(FET) programme to facilitate entry of unemployed learners with grade 12 maths and science 
into the industry. CHIETA co-operates with 50 constituent companies to develop skills 
development programs according to SAQA specification 

5. How does the industry cope with the wide range of skills levels and professions? How 
well are technological changes implemented? 

Murray & Roberts: Technology transfer is a minor issue compared to behavioural safety, which 
dominates the discussion around accident avoidance. 

Sasol: A severe shortage of skills on operator level is developing, similar to the artisan shortage 
in the mining sector. Contractors are frequently used to fill this gap. 

In summary, there are several strong similarities between the mining, construction and petro-
chemical sector and at least one major difference: 

 High accident rates are ascribed to shortcomings in behavioural safety rather than 
technical issues: “We tend to know how to perform a task safely, but we often don’t 
comply with safe practice.”  

 Accident rates are generally at a level at which they are tolerated, but not at the level 
that they could be, judging from what is known to be best practice. This raises a question 
regarding the safety targets set by companies with operations in regions such as 
Australia and Europe. Should there be a difference between standards applied in South 
Africa and those applied on international operations? 

 Training initiatives are common, and there are many efforts to transfer skills. However, 
their impact on the learner and his knowledge and skills level are rarely assessed; and 
changes to the safety performance in the workplace after the training was received are 
virtually never quantified. 

 The main factor differentiating the mining sector from the construction and the petro-
chemical sectors is the existence of health and safety agencies that focus solely on the 
mining industry, viz. the Mine Health and Safety Council and the Mine Health and Safety 
Inspectorate.  

3.6 Findings, conclusions and recommendations 

3.6.1 Training 

Training courses dealing with rockbursting were reviewed. The competence of instructors, 
scope of the courses, quality of training materials, and methods of instruction were generally 
found to be satisfactory, although some improvements were suggested. There are sufficient 
competent training providers to meet current demands and provide healthy competition. Outputs 
of MHSC research are included in the training courses where appropriate. However, the MHSC 
contribution is not always clearly indicated. Often many parties other than MHSC have 
contributed to the development of the knowledge or a particular technology, and the details of 
the research work or experimental development are not relevant to the trainees. 

Rock engineering practitioners and mine seismologists have generally completed diplomas 
or degrees. The rock engineering and seismology lecturers at Johannesburg, Pretoria, and 
Witwatersrand Universities are participants in the MHSC research programme, and are 
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generally well informed regarding research outputs relevant to rockbursting. However, the 
undergraduate curricula are full, and the majority of students studying mining, geophysics or 
geology do not intend to follow careers in or mine seismology or rock engineering on rockburst-
prone mines. Consequently, there is little opportunity or support for additional in-depth teaching 
at undergraduate level. The best strategy is to ensure that students receive a sound grounding 
in the fundamental scientific and/or engineering disciplines, supplemented by an introduction to 
mine seismology and rockbursting. 

In most cases, practitioners gain knowledge of rockbursting and mine seismology through 
courses offered by tertiary educational institutions, service providers such ISSI, and consultants 
such as SiM. Experience is gained “on the job”, where mentoring and self-study play an 
important role. The specialised courses tend to focus on the practical application of established 
knowledge, and do not seek to impart a deep understanding of rock failure processes or 
analysis techniques. There are sufficient instructors to meet the current demand for training at 
this level. Currently no South African university currently has a seismologist with an interest in 
rockbursts on their fulltime staff establishment, which is a critical constraint on postgraduate 
research activity and the development of high-level expertise. 

Rock engineers are supported by strata control officers and observers, while mine 
seismologists are supported by seismic processors and technicians. The individual mining 
companies and service providers largely set the qualifications and in-service training required 
for these support functions. Mining companies also drive the in-service training of production 
supervisors such as Mine Overseers, Shift Bosses. The training of stope crews is addressed 
through the MQA system by training providers such as Snowden, Middindi, and the Gold Fields 
Training Centre. The focus is on routine mining procedures, so there is a considerable lag 
before the outputs of research (e.g. preconditioning) are included in the curricula. The Savuka 
technology transfer facility could be an important intervention in alerting workers to the risks of 
rockbursting and the importance of mitigation e.g. proper installation of yielding support. There 
are sufficient competent training providers to meet current demands. 

The SIMRAC rock engineering handbook and textbook (Jager and Ryder, 1999; Ryder and 
Jager, 2002) were acclaimed as effective means of transferring knowledge and research 
findings to practitioners. They are the basis of most tertiary level teaching on the topic of 
rockbursting and mine seismology, and are extensively used to formulate the mandatory codes 
of practice to combat rockfall and rockburst accidents. It is suggested that MHSC consider 
revising these books or commissioning a new handbook dealing specifically with mine 
seismology to incorporate the standard operating procedures and best practice formulated in 
Output 3.  

There is scope to improve the level of training and throughput of trainees.  At present this is not 
limited by the supply of competent trainers and training material, but by the demand for training 
and motivation of trainees. For example, the poor success rate of Chamber of Mines Advanced 
Rock Mechanics Certificate candidates is a cause for concern. Several constraints hamper 
efforts to increase the number of rock engineering and mine seismology practitioners and 
improve their technical competence.  

 It is difficult to attract science and engineering graduates as working conditions are 
perceived to be unattractive and opportunities for advancement are perceived to be 
limited.  

 Employers are often reluctant to release staff for study blocks owing to the shortage of 
practitioners. 

 There are few tangible incentives (e.g. remuneration, status) for practitioners and 
production supervisors to improve their knowledge and skills. 
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 Some candidates, practitioners and production supervisors lack the academic 
background in subjects such as physics, mathematics, statistics, materials science and 
engineering required for advanced training. 

3.6.2 Research needs 
There is undoubtedly scope to improve the effectiveness of the transfer and implementation of 
rockburst knowledge and technology and need for research. For example: 

 How best to impart technical information and understanding to learners with limited 
formal education; 

 How best to facilitate the adoption of new technologies on mines; and 

 How best to entrench behavioural change.  

However, these issues are generic and not confined to rockbursting. It is recommended that 
they are addressed accordingly, and not as part of the rockburst project. 

3.6.3 Proposed action plan 
Training courses: 

1. Unit standards are currently being drafted by the MQA, and regulations governing 
professional registration of practitioners are being formulated by SANIRE and ECSA. It 
is recommended that MHSC and RETAC actively participate in these processes to 
ensure that suitable standards are set, and that the curricula include research findings 
where appropriate. No single agency acting alone can improve the competence and 
number of mine seismologists and rock engineering practitioners. Employers, labour 
organisations, the state, educational institutions and training providers, and professional 
organisations such as SANIRE, SAIMM and ECSA need to combine their efforts. 
Tripartite organisations such as MHSC and RETAC should play a leading role in this 
endeavour. 

2. Training providers are urged to participate in MHSC activities e.g. conduct and/or 
champion research, attend seminars and workshops. 

3. Rock engineering and mine seismology managers responsible for training are urged to 
critically review the content of courses, encourage their staff members to improve their 
knowledge and qualifications, and critically evaluate the effectiveness of teaching and 
learning, providing appropriate feedback to the trainers. 

Training materials:  

1. It is recommended that MHSC produce a poster summarizing rock-related research, 
which should stimulate practitioners to make use of MHSC research findings.  

2. It is recommended that the standard operating procedures and best practice for seismic 
hazard assessment and rockburst risk management currently being formulated (Output 3 
of this project) be widely disseminated. It is suggested that MHSC either commission a 
handbook dealing specifically with mining-induced seismology to supplement the 
existing SIMRAC rock engineering handbook and textbook (Jager and Ryder, 1999; 
Ryder and Jager, 2002), or publish new editions of these books with revised chapters 
dealing with mine seismology and rockbursting.  
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4 Output 4: Experimental study of the formation of 
quartz particles in dynamic brittle shear zones 

4.1 Introduction 
The project represents an extension of a more fundamental nature of two earlier SIMRAC 
projects that examined the occurrence and source mechanism of an important sub-class of rock 
bursts, the high-stress-induced dynamic brittle shear zone. The preceding projects are GAP 524 
and its successor SIM 020306, completed in 2000 and 2004, respectively. GAP 524 established 
that dynamic brittle shear zones, originally known as “burst fractures” (PGD Pretorius, manager, 
City Deep, Ltd., contribution to Cook et al., 1966: 705-713), were not confined to deep mines in 
the Central Witwatersrand goldfields. SIM 020306 developed important understanding of the 
extreme processes that accompany the violent eruption of the brittle shears through intact rock.  
Unlike the source mechanisms of other types of major rock bursts, which are localized by 
geological structures, the occurrence of the brittle shear phenomenon does not require the prior 
existence of identifiable discontinuities or weaknesses of any kind. Importantly, this work 
confirmed the presence of minute polyhedral sub-particles of silica, believed to be the result of 
internal self-shattering of quartz grains, which have not been observed anywhere else in the 
world (Figure 4.1). The co-existence of these particles together with even smaller spherical 
glass ‘beads’, identical to the microscopically small spheroids that characterize the shock 
deformation effects of meteorite impacts, demonstrated the transient presence of extremely 
violent processes not previously suspected in the consideration of rockburst source 
mechanisms.  

 

Figure 4.1 Scanning electron microscope view of fault gouge from Mponeng 
87W49 stope showing quartz polyhedra with silicate spheroids 

Because there were important implications for the complete understanding of the phenomenon 
of rockbursting (and crustal earthquakes), SIM 020306 strongly recommended that a laboratory 
experiment should be attempted to artificially create similar particles and thereby validate the 
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physics of the shock rarefaction explanation that had been proposed.  Several prominent 
scientists (e.g. Prof. Jay Melosh (Arizona University, U.S.A.), Prof. Zev Reches (Oklahoma 
University, U.S.A.) Prof. Uwe Reimold (Humboldt University, Germany), Prof. John Field 
(Cambridge University, United Kingdom) encouraged the recommendation and supported the 
novel experimental method that had been proposed. 

The approval of the MHSC sub-committee (RETAC) was given on 6 December 2004, and the 
manufacture of the laboratory equipment was commenced early in January 2005. 

4.2 Method rationale 
The shock-rarefaction hypothesis that was suggested in SIM 020306 and described by Ortlepp 
et al. (2005) essentially requires that an original grain of the quartzite host rock should be 
subjected to a very intense, transient isotropic compression and then, instaneously, subjected to 
an isotropic tensile rarefaction (unloading pulse of almost shock-like intensity). The application 
of a positive impact load to a small suitably shaped specimen of quartzite is, conceptually, easy 
to visualize.  To arrange a negative impact that is isotropic or equal in all directions is very 
difficult even in concept, let alone in actual execution. The apparatus that was designed and 
constructed to attempt to provide this compressive impulse / shock unloading stress transient is 
illustrated in Figure 4.2. The specimen to be subjected to the stress cycle is in the form of a 
25 mm diameter sphere (A), which rests snugly in a hemi-spherical seat.  During the first phase 
of the experimental program the spherical specimen would be a glass marble that would be an 
adequate dynamic ‘replica’ of a quartz grain.  The compressible pulse is imparted through a 
hemi-spherical socket at the end of a hard steel plunger (B).  The plunger is a press-fitted 
extension of a 120 mm diameter piston (C) sliding smoothly into a cylindrical well centred in a 
300 mm mild-steel high-pressure cell (D). Figure 4.3 shows schematically how the apparatus is 
positioned beneath the drop-weight (E) of the Savuka stope support test facility. 

 

Figure 4.2 Schematic diagram of high-pressure test cell 
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Figure 4.3 Schematic view of dynamic test procedure 

An important feature of the experimental procedure is that the massive cell is supported by a 
nearly rigid base (F), which can be made to collapse abruptly at a quasi-controllable load value.  
The base or floor is the top of a wedge forming the driving component of an apparatus normally 
functioning as a dynamic rock tendon-testing device.  The wedge simply translates a vertical 
compressive load into a horizontal tensile force by symmetrically thrusting apart the inclined 
surfaces of two bolsters (G). The abrupt tensile failure of a high strength, brittle steel bar (I) 
linking the two bolsters causes the rigid floor to suddenly collapse allowing the entire cell to 
‘float’ for a brief instant in free fall through the gravity field. The peak compressive force at the 
instant of failure is controllable, to some extent, by varying the root diameter of a sharp notch 
machined into the mid-point of the link-bar.  At failure, the compressive stress at any contact 
surface in the apparatus will instantly revert to a reflected tensile stress wave. It was hoped that, 
during the instant of free-fall of the cell, the piston (C) would be rapidly ejected allowing the 
isotropic compressive stress state of the over-stressed glass marble to instantly revert to an 
‘explosive’ tensile elastic rebound.  Figure 4.4 illustrates how this could impart on internally 
driven isotropic tensile strain throughout the elastic continuum of the glass marble. 
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Figure 4.4 Conceptual stress-strain diagram of dynamic elastic–rebound ‘self-
shattering’ process 

It was anticipated from the start that the ultimate experimental procedure would probably 
develop incrementally as the initial simple (and cheaper) conditions might be shown to be too 
simplistic.  The following, possibly ingenuous, outcomes were considered most likely. 

1. Sufficient preciseness of fit between machined steel surfaces and the spherical surfaces 
of glass or rock specimens might not be achieved, and the perfect confinement 
necessary for over-stressing without crushing would not be obtained. 

2. The inertia of steel masses (e.g. piston (C)) might prevent instantaneous rebound of the 
elastic specimen and self-shattering would not occur. 

Two possible solutions were envisaged: 

1. Apply compressive stress through a thin surrounding layer of mercury. 

2. Boost the unloading cycle by interposing a small amount of high VOD contact explosive 
such as PETN at the contact surface (P) in Figure 4.2. 

Difficulties in confining the mercury at very high pressures were revealed when the first of these 
improvements was implemented. A promising solution to this problem has been devised which 
will be employed in Phase 3 of the project.  A significant modification to the seat and plunger will 
be necessary and considerably smaller spherical specimen will be used. The principle of 
operation of the sealing method and the logic for making a robust estimate of the pressure in 
the mercury has been discussed, in principle, with capable colleagues.  Considerable 
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confidence is now felt that the solution will be elegant and effective. It will require no 
modification to the load cell to enable the contact explosive to be incorporated in the test, but it 
is not considered worth doing until the mercury seal has been tested and ‘calibrated’ in static 
mode. There are additional significant benefits in avoiding inertial and friction effects entirely, 
that would result from using a smaller sized spherical test specimen. 

4.3 Manufacture of equipment: 
A well-known precision-engineering workshop commenced the manufacture of the apparatus 
early in January 2005. Including the cost of ‘consumables’ such as the link-bars and plunger 
socket tips, the total expenditure on equipment has been R78,130 to date. The cost of strain 
gauging the link-bar holder and visual read-out instrumentation was an additional R8,675. Apart 
from the modified plunger and seat, no additional equipment cost of a capital nature is 
necessary for continuation of the project into the third phase. Consumables in the form of link-
bars and machined copper seals will be required. 

4.4 Test programme  
Working in an entirely new field involving high stresses and rapid changes, resulted in more 
time and effort than anticipated being spent on the choice of materials and the development of 
experimental method.  Outside of such developmental testing, actual testing on glass spheres 
was performed, as indicated in Table 4.1. 

Table 4.1: Summary of rapid load/unload experiments 

Test  Date Diameter of 
sphere (mm) 

Load 
Transfer 
Method 

Estimated 
stress or 
axial load 

Recorded 
load on 
test 
machine  

Failure mode 

1 12/05/05 
yellow marble 
24,94 

copper cap 
vol. 752 mm3 

850 MPa 
415 kN 

 
485 kN 

No failure of glass 
marble 

2 02/08/05 
yellow marble 
24,94 

copper cap 
vol. 752 mm3 

131 MPa 69 kN Premature failure 
of link-bar 

3          “          “          “ 213 MPa 112 kN 
Premature failure 
of 2nd link-bar 

4         “         “         “ 285 MPa 150 kN 
Premature failure 
of 3rd link-bar 
Glass marble intact 

5         “         “             “ 1710 MPa 835 kN 

Pervasive 
compressive 
failure of glass 
marble 

6 25/08/05 
red marble 
25,12 mm 

copper cap 
845 mm³ 

404 MPa 
 

200kN 
(ref. slow 
unload) 

Pervasive 
horizontal 
splitting of marble 

7 01/09/05 
smaller 
marble 
23.17 mm 

0.9 mm thick 
shell of 
mercury 

1680 MPa 880 kN 
No failure of glass 
marble 
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4.5 Estimation of stress in glass marbles 
The essential nature of the experiment precludes any possibility of actually measuring the 
stress in the marble or the fluid pressure in the mercury surrounding it.  The desired output of 
the project is to determine whether or not compressively over-stressed quartz can elastically 
recover (re-bound) sufficiently violently to self-shatter into polyhedral particles.  Although it was 
not specified as a requirement, it would obviously be very desirable to know roughly at what 
stress value the self-shattering might or might not occur. The method used to estimate the load 
acting on the marble is based on determination of the volumetric strain imposed on the 
spherical specimen, as follows: 

 The void (A) at the centre of the high-pressure cell is exactly spherical and of diameter 
25 mm (as close as precision engineering tolerances can ensure) when the shoulder (P) of 
the piston (C) closes against the step or ledge of the cell. 

 The glass marble (or silica sphere) is also exactly spherical and fits snugly into the void  (A). 

 An additional, known volume of ductile material (copper cap of crescent-shaped cross-
section (Q) ) or fluid (annular shell of mercury) is inserted into the hemispherical bottom of 
the pressure well, together with the marble. 

 The hemi-spherical socket at the end of the plunger (shown in Figure 4.5) has now to be 
forcibly thrust downwards through a distance of a few millimetres to compress the larger 
volume of marble plus copper cap (or mercury) into the 8181 mm³ volume of the 25 mm 
spherical void. The volumetric strain is simply determined as: 

Volumetric strain = [volume of marble + volume of copper cap (or mercury)] / volume of void  

 The isotropic pressure P required to effect this reduction in volume of the glass marble, is 
given by: 

P = K       where K = bulk modulus 

       = volumetric strain 

Values of K for various materials have been obtained from the literature. 

The accuracy of the stress estimate inferred in this way is sensitive to the accuracy with which 
the volumes of the marble, the pressure void and the copper or mercury are known.  The 
inferred stress values listed in Table 4.1 were therefore determined on the basis of a rather 
simpler but still robust approach based on consideration of the stiffness of the loaded system.  

While the total force going into extending or stretching the link-bar is being transmitted through 
the compressing glass sphere under test, the straight-line portion of the load-displacement 
diagram indicates a stiffness of 214 kNmm-1 for the yellow marble (Figure 4.6) and 200 kNmm-1 
for the 23 mm diameter marble enclosed in mercury (Figure 4.7). When the compression phase 
is completed as contact is made across the piston shoulder (P) in Figure 4.2, the stiffness of the 
system increases by almost an order of magnitude to 1400 kN mm-1 (see table 4.2) 
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Figure 4.5: Close view of marbles seated in the sockets of the plungers 

Red marble with copper skirt, and yellow marble in mild-steel skirt after pervasive compressive failure at 1710 MPa 
(test # 5) 

 

Table 4.2: Calculated stiffness of components of loading system 

Element Elongation/compression  
@ 1 000 kN load 

Stiffness 
kN/mm 

Link-bar and holders 0.48 + 0.105= 0.585 mm 1 710 

High-pressure cell and piston 0.095 mm 10 530 

Wedge block 0.035 mm 28 570 

Total elongation 0.715 mm 
1398 kN/mm 
over-all 

 

The fact that no such increase in stiffness occurred in any of the load/deflection test curves is 
immediately evident in Figures 4.6 and 4.7. Thus the total imposed load of 835 kN in test #5 and 
880 kN in test #7 is transmitted through the specimen and not through the much stiffer body of 
the cell. The average equatorial stress in the test specimen is therefore simply and accurately 
obtained by dividing the applied load by the respective area in each case, yielding values of 
1.7 GPa for the yellow marble and 1.68 GPa for the smaller marble surrounded by mercury. 
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Figure 4.6: Load-displacement curves for tests #2, #3, #4 and #5 

 

Figure 4.7: Load-displacement curves for test #7 

4.6 Discussion of experimental results 
Test # 1 

The link-bar failed quietly at a somewhat lower value than expected.  The yellow glass marble, 
which had been spray-coated with a very thin film of Teflon to reduce friction between the glass 
and steel surfaces, was totally intact.  The average ‘equatorial’ stress, at 993 MPa was several 
times higher than one would expect the unconfined uni-axial compressive strength of glass to 
be.  This showed that the imposed stress on the marble was reasonably well confined and 
therefore approaching isotropic in character.  The stiffness of the loading curve from 200 kN 
upwards was 174 kNm-1 which proved that all of the 485 kN maximum load was being 
transmitted through the marble.  

Tests # 2, #3, #4 and #5 

After three very early failures of notched link-pins it was realized that the extreme ‘brittleness’ 
resulting from the notch together with the heat-treated strength-enhancement made the link-bar 
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very vulnerable to bending failure arising from even the slightest misalignment in the wedge-
block assembly. A link-bar that had not been notched or heat-treated was used for the fourth 
attempt (test #5). The elastic response continued to 650 kN, after which ductile stretching of the 
link-bar continued to 835 kN when fracture occurred abruptly.  Up to 650 kN the stiffness of the 
total apparatus was 214 kNmm-1, all the load was being transmitted through the marble and the 
imposed ‘equatorial’ compression was 1330 MPa. For reasons that subsequently became 
clearer, principally concerning the inertial mass of the piston (probably in excess of 20 kg), it is 
considered unlikely that the pervasive failure of the marble (Figure 4.8) resulted from tensile re-
bound. Almost certainly failure was in the compressive mode somewhere between 1330 MPa 
and 993 MPa (from test #1 which did not cause any fracturing). 

 

Figure 4.8: Test #5, pervasively crushed yellow marble retaining spherical shape 

Test # 6 

Careful measurement showed that the red marble at 25.12 mm diameter was nearly 0.2 mm 
larger than the marble of tests #2 to #5.  It would seem that the larger copper cap (845 mm³ in 
volume) did not produce as complete confinement as the smaller copper cap did in the case of 
the yellow marble.  After a deliberately slow release it was found, quite unexpectedly, that the 
red marble had failed in a most peculiar manner (see Figures 4.9 and 4.10).  The most 
conspicuous feature was the occurrence of strong planar extension fracturing through the 
equatorial plane.  A thin disc of approximately 0.5 mm thick extended as a single unbroken slice 
across more than one-half of the mid-plane area of the marble (Figure 4.9).  The lower 
hemisphere was entirely traversed by such fracture surfaces, but the slices were broken into 
small pieces.  The extension fractures were more widely spaced through the upper hemisphere, 
most of which remained coherent although visibly fractured (Figure 4.10). Since the failure of 
the red marble had obviously occurred during the compressional phase, the results of tests #5 
and #6 showed clearly that simple mechanical-contact confinement could not produce the 
required isotropic loading. 
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Figure 4.9: Test #6, showing horizontal extension fracturing of red marble  
The upper hemisphere is still seated in the plunger socket. A thin flake of glass is visible standing on edge, leaning 

against the shaft of the plunger. 

 

 

Figure 4.10: Test #6, close view. 
Horizontally fractured but coherent upper hemisphere and finely broken thin discs from lower hemisphere 

Test # 7 

In order to surround a glass sphere in the 25 mm diameter spherical void with a continuous 
‘shell’ of mercury, the marble had to be reduced in diameter.  This was achieved, with difficulty, 
by grinding a lathe-mounted standard large marble with a tool-post grinder.  The reduced 
marble was almost perfectly spherical, 16 micrometer measurements showed a maximum 
variation of 0.25 mm, and the mean diameter was 23.17 mm. It was soon apparent that a sharp-
edged, flared copper shirt (shown supporting the red marble in Figure 4.5) would not provide an 
adequate seal for the mercury.  With a close-fitting 25 mm I.D. O-ring around the plunger, 
3285 mm3 of mercury (44.5 g mass) was placed together with the 6511 mm3 marble (16.2 g 
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mass) into the hemi-spherical well. If the combined volume of 9796mm3 of glass and mercury 
were forced into 8181 mm3 (the volume of the 25 mm diameter spherical void), the volumetric 
strain would be: 

(9794 – 8181)/8181 = 0.197 

With the bulk modulus of a glass sphere plus mercury ‘shell’ assumed to be 36 GPa, the 
pressure P would be: 

P = 36 x 0.197  = 7.1 GPa. 

After a compressive cycle of 300 kN (570 MPa in the well) the marble was examined and found 
to be intact.  Some mercury had been forced beyond the O-ring. The 25 mm I.D. O-ring was 
replaced with a slightly larger O-ring of 30 mm I.D. seated on the plunger shoulder and packed 
internally with grease. Loading was re-applied, increased linearly to 620 kN (1180 MPa in well), 
after which the link-bar began to stretch non-elastically before failing abruptly at 880 kN 
(1680 MPa). It was not possible to establish whether any significant volume of mercury had 
escaped beyond the O-ring.  The appearance of a circularly bounded film of grease on the 
piston shoulder suggested that very little, if any, had squeezed up the plunger shaft (Figure 
4.11). Importantly, the marble was completely undamaged after being subjected to a pressure 
of at least 1180 MPa and possibly much higher.  The upper limit would depend on what volume 
of mercury had been forced beyond the flared copper edge of the socket and up into the O-ring 
area. The design objective that a ‘shell’ of mercury should be able to transmit a very high, 
isotropic compression to a glass sphere and thereby deform it into a ‘super-stressed’ condition 
that caused no damage and permitted perfect elastic recovery was irrefutably established. 

 

 

Figure 4.11: Test #7 
23.2 mm diameter marble totally intact after sudden release of 1680 MPa of isotropic compression (through 0.9 mm 
thick annular mercury ‘shell’). The five small lumps visible on the marble are mercury soaked balsa wood spacers. 

4.7 Conclusions 
The following outputs were achieved: 

1. A high-pressure cell capable of quasi-statically applying loads of close to 1000 kN and 
pressures of the order of 2.0 GPa to a 25 mm diameter glass sphere, was designed, 
built and proven. 

2. A method of rapidly un-loading the apparatus was developed and very useful experience 
was gained in the operation of all the equipment. 
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3. Using purely mechanical methods to provide isotropic confinement of the glass sphere 
was not successful. 

4. It was demonstrated that a ‘shell’ of mercury could be made to transmit isotropic 
compression of the sphere up to values in excess of 1.0 GPa. 

5. The rate of unloading was not sufficient to permit the elastically-rebounding sphere to 
‘self-shatter’. 

6. An improved method of sealing a film of mercury around a smaller marble has been 
devised.  This will be much simpler, will permit effective loading to higher stress levels 
and will make the estimation of stress and strain simpler and more robust. 

7. Most importantly the new method will eliminate problems of friction and large inertial 
mass inhibiting the rebound recovery rate. 

5 Findings, conclusions and recommendations 
Output 1: Scoping the rockburst research project 

 A detailed proposal for a 5-year duration rockburst research project was scoped using 
scenario planning and technology road mapping techniques. The proposal was tabled at the 
RETAC meeting on 10 May 2006, and approved subject to minor amendments. These 
changes were made, and the final proposal submitted to the manager of the MHSC rock 
engineering programme on 19 May 2006.  On 6 July 2006 the proposal was accepted by the 
MHSC for inclusion in the Annual Research Programme for 2006/7, to commence 
immediately. 

Output 2: Coordination and stimulation of training courses to transfer rockburst 
knowledge and technology 

 A survey of all training courses relevant to rockbursting was conducted, covering all levels 
from stope crews to rock engineering practitioners and mine seismologists. 

 The providers of training are generally competent and well informed with respect to recent 
research findings relating to seismicity and rockbursting. While there is always scope to 
improve curricula, training methods and materials, the quality is deemed to range from 
satisfactory to excellent.  

 The supply of training, both in terms of quantity and quality, is able to meet present demand. 
The demand for training will only increase if driven internally by mining companies or 
externally by regulation.  

 Efforts to improve the number and capability of practitioners are constrained by difficulties in 
recruiting suitable candidates, the excessive workload of understaffed departments, and 
limited incentives for practitioners to improve skills.  

 No South African university has a seismologist with an interest in rockbursting on their staff. 
Meaningful postgraduate research in the field of mine seismology and rockbursting is 
unlikely to take place in this situation. 

 There is scope for research into ways to improve the effectiveness of the transfer and 
implementation of rockburst knowledge and technology. However, this issue is not confined 
to rockbursting, but applies to other mining disciplines and industrial sectors, and should be 
addressed accordingly.  
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 SIMRAC publications have been widely acclaimed as effective means of transferring 
knowledge and research findings to practitioners. It is suggested that SIMRAC commission 
a handbook or textbook that deals specifically with mining-induced seismology to 
supplement them. 

 It is recommended that MHSC produce an attractive poster summarising all the rock-related 
research relevant to hardrock mines that has been conducted to date. 

 Several means to improve knowledge and technology transfer were identified ranging from 
short textbooks to dedicated implementation phases and possible commercialisation. 
Beyond these, SIMRAC is being encouraged to revisit the recommendations made in 
GEN504 and 604 and consider their implementation. 

 Unit standards are currently being drafted by the MQA, and regulations governing 
professional registration of practitioners are being formulated. It is recommended that MHSC 
and RETAC actively participate in these processes to ensure that suitable standards are set, 
and that the curricula include research findings where appropriate. No single agency acting 
alone can improve the competence and number of mine seismologists and rock engineering 
practitioners. Employers, labour organisations, the state, educational institutions and training 
providers, and professional organisations such as SANIRE, SAIMM and ECSA need to 
combine their efforts. 

Output 4: Experimental study of the formation of quartz particles found in dynamic brittle 
shear zones 

 A high-pressure cell capable of quasi-statically applying loads of close to 1000 kN and 
pressures of the order of 2 GPa to a 25 mm diameter glass sphere, was designed, built and 
proven. A method of rapidly un-loading the apparatus was developed, but the rate of 
unloading was not sufficient to permit the elastically rebounding sphere to ‘self-shatter’. 

 An improved method of sealing a film of mercury around a smaller marble has been 
devised.  This will be much simpler, will permit effective loading to higher stress levels and 
will make the estimation of stress and strain simpler and more robust. Most importantly the 
new method will eliminate problems of friction and large inertial mass inhibiting the rebound 
recovery rate 
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ANNEXES 
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Annex 1: Phase 1 workshop and recommendations 
 
MEMO 
To:  Rockburst Researchers & members of RETAC 
From:  Ray Durrheim 
Subject: Rescoping of SIM 05-02-03 (Managing the Rockburst Risk) 
 
Recapitulation 
As promised, some feedback on the rescoping of this project. The Harties Inquiry adjourned on 23 May 
allowing me to resume my consultations with stakeholders and researchers. The Harties event, as well as 
several other recent rockbursts, confirms that we still have some way to go before we can claim to be 
able to manage the risk of seismicity.  
 
The combined 2005/6 budget of the three proposals submitted to SIMRAC was R6.3 million, while 
SIMRAC has granted R3.5 million (VAT incl.). The project was awarded to Miningtek, provided that other 
researchers are included. Clearly the pie will have to be cut with care, and most likely no one will be fully 
satisfied. My goal is to create a sustainable rockburst research program that will both preserve key 
competences and facilities and produce a new generation of researchers. If we can collaborate effectively 
and produce useful outputs, there is every chance that the budget will grow in future years. So please 
come on board.  
 
Rationale 
Please find a first draft of the proposed scope and budget below. I have tried to motivate the reasons 
behind my proposal succinctly and frankly. In allocating work to different suppliers, I have looked at 
factors such as competence, experience, facilities, development of researchers and practitioners, ability 
to leverage resources, etc. Please let me know what you think. Once we have sufficient consensus, I will 
convene a workshop to hammer out the details. If we have a deadlock, I’ll have to call in the big guns 
(Duncan Adams and RETAC) to help us sort it out. 
 
I have given CSIR by far the largest slice of the pie. This may be contentious as CSIR is sometimes 
accused of being inefficient compared to consultants, and I’m a CSIR employee. However, I believe that it 
is important to understand the role that CSIR plays in the national system of innovation. CSIR’s core 
business is “knowledge generation for the public good”, which includes development of human resources 
and promotion of transformation. CSIR and COMRO have been the source of most of the rock-related 
research conducted in South Africa during the past four decades. World leaders such as Cook, Hoek, 
Beniawski and Salamon have come from this stable, as well as the recent crop of Rocha Medal winners. 
However, CSIR’s future involvement in rockburst research is in the balance. The entire CSIR is currently 
going through a restructuring process, with improved efficiency and effectiveness as the goal. All aspects 
of CSIR’s operations are being scrutinized. Feedback on the process was given to the Miningtek staff and 
Advisory Board yesterday, 2 June. It is likely that the Mining Technology Division will become part of a 
new Division of Resources and the Natural Environment. Non-viable research areas will be downscaled 
or closed, and staff will be redeployed, retrained or retrenched. I believe that it is critical that the MHSC 
demonstrate a serious commitment to supporting rockburst research at CSIR, or the capacity could be 
lost. CSIR’s ability to leverage other resources should also be taken into account e.g. programs in high 
performance computing and non-destructive testing. 
 
The proposal 
 
I have stuck closely to the research scope advertised in the Government Gazette, as it spans the whole 
spectrum of the innovation cycle from basic research, application to practical mining problems, 
technology transfer, implementation and impact assessment. 
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I would prefer to have as large a “squad” as possible. The experienced researchers will give input to all 
aspects of the program, comment on research methodologies and review findings. Younger members will 
do as much of the work as practically possible. 
 
I propose to use SACNASP rates as a guide when negotiating the details of the work program with 
research suppliers. 
 
 Output Competence Supplier Budget 

(kR) 

 0: Rescoping and coordination of 

project 

Project management CSIR 70 

Basic & Applied 

Science 

Laboratory testing  

Computational 

methods 

1: Develop data-driven techniques to 

simulate the degradation and failure of 

the rock mass 

Experimentalist 

Numerical modelling  

Fracture mechanics 

CSIR 

Napier 

Itasca 

225 

50 

75 

2: Develop criteria to assess rock 

mass stability 

(a) Assess, improve and develop 

criteria to assess rock mass stability 

e.g. Generalized Energy Release and 

Capped Elastic Energy Release 

criteria 

Numerical modelling 

Mine design 

CSIR 

Napier 

Itasca 

425 

100 

50 

Basic & Applied 

Science 

Computational 

methods 

Mine design 

(b) Conduct laboratory experiments of 

dynamic fault zone phenomena 

Experimentalist 

Fracture mechanics 

Ortlepp 150 

Basic & Applied 

Science 

Computational 

methods 

Mine design 

Support design 

Geotechnical 

mapping 

3. Develop techniques to assess 

vulnerability of mine workings to 

seismic shaking and limit rockburst 

damage 

 CSIR 550 

250 

3. Develop techniques to assess 

vulnerability of mine workings to 

seismic shaking and limit rockburst 

damage 

(a) Computational techniques to 

simulate dynamic damage 

Numerical modelling 

 

CSIR 

 

300 

 

Basic & Applied 

Science 

Computational 

methods 

Mine design 

Support design 

Geotechnical 

mapping 

(b) In mine monitoring and mapping Experimentalist 

Fracture mechanics 

CSIR 

Ground-

work 

250 

250 



 

 

47 

 
RECORD OF SIM 05-03-04 WORKSHOP 

Monday 20 June 2005, Bull Ring, Gold Fields Training Centre, Kloof Gold Mine. 

 

This record is based on notes taken by Ray Durrheim. Any corrections and amendments are 

welcomed. 

 

1. WELCOME 

Ray Durrheim welcomed the participants and apologised for giving directions to the Gold Fields 

Academy rather than to the Gold Fields Training Centre.   

 

2. ATTENDANCE AND APOLOGIES 

Present: 

Adams, Duncan   MHSC 

Arnold, Dave   Independent 

Dunn, Michael   Anglogold Ashanti 

Durrheim, Ray   CSIR 

Güler, Gokhan   CSIR 

Essrich, Friedemann  SiM 

Lightfoot, Nic   Itasca 

Malan, Francois   Groundwork 

Milev, Alex    CSIR 

Napier, John   Independent 

Olivier, Alan   Anglo Platinum 

Ortlepp, Dave   SRK 

Rangasamy, Trevor  Middindi 

Rymon–Lipinsky, Woody DME 

Stankiewicz, Ted   Hamerkop 

Spottiswoode, Steve  CSIR 

Van Aswegen, Gerrie  ISSI 

Van der Heever, Paul  MHSC 

Young, Ben    Geohydroseis 

Apologies: 

Bosman, Koos   OHMS 

Goldbach, Olaf   CSIR 

Ebrahim-Trollope, Shana Geohydroseis 

Gardner, Les   Impala 

Handley, Matthew  Pretoria Uni 

Hildyard, Mark   CSIR 

Johnson, Roger   Anglo Platinum 

Klokow, Johann   Gold Fields 

Laas, Johan   Anglogold Ashanti 

Minney, Dave   Anglo Coal 

Pretorius, Martin   Harmony 

Roberts, Mike   CSIR 

Stacey, Dick   Wits University 

Van der Merwe, Nielen  Pretoria Uni 
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3. OBJECTIVES AND GROUND RULES OF THE WORKSHOP 

 

Ray reviewed the objective of the Workshop: to discuss the scope, priorities and planning of the 

SIMRAC project SIM 05-02-03 (Managing Rockburst Risk). It is envisaged that the project will 

have a 5-year duration. CSIR has been awarded the contract by MHSC, provided other 

research suppliers are involved.  

 

Participants were urged to seek to first to listen and understand, then to speak and be 

understood, not to make personal attacks on others, to go for win-win solutions, not to criticize 

without offering a solution, and to declare rather than hide their agendas.  

 

4. BACKGROUND TO THE PROJECT 

 

Ray Durrheim reviewed the background to the project.  

 During his secondment to CANMET in 2003, he gained a new appreciation of the 

importance of world-class research skills, facilities, information resources, and time and 

freedom to pursue ideas. He also gained a new respect for South African work, past and 

present, by researchers such as Beniawski, Hoek, Cook, Salamon and Napier and many 

others.  

 On his return to SA in 2004, he lobbied for project to continue fundamental research 

work in the “rock mass behaviour” theme. Hence, the advertised project (SIM 05-03-02) 

strongly emphasized fundamental research topics, such as advanced quasi-static and 

dynamic laboratory and numerical simulations of rock mass behaviour, fracture, and 

damage mechanics, etc. 

 In 2003, there was also an upheaval at CSIR. There was a change in leadership, and 

several senior staff left the organisation.  

 In 2004/5, Ray coordinated the SIMRAC project, A Holistic Assessment of SIMRAC 

Rock-related Research (SIM 04-02-06). Since 1993, R250 million and 500 man-years 

have been expended by SIMRAC. There was little initial improvement in safety statistics, 

although in the last few years there have been marked improvements in the coal and 

gold sectors. It was concluded that research (to which SIMRAC has contributed along 

with other organisations such as COMRO, DeepMine and company-sponsored work) 

has made deep-level mining possible through technologies such as dip pillar layouts, 

seismic monitoring, yielding support, backfill and preconditioning. There has been a 

decline in multiple fatality accidents and improvement in productivity despite increasingly 

difficult mining. SIMRAC work was benchmarked against efforts elsewhere by an 

International Review Panel consisting of Profs Ted Brown, Peter Kaiser & Horst Wagner. 
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They concluded that SIMRAC’s past safety-focused rock-related research work is at 

least on a par with Australia, Canada and Europe, where similar difficulties are 

experienced with respect to knowledge and technology transfer and implementation. It 

was noted that SA research resources and capacity have declined to perhaps 1/3 of 

1995 level and will continue to be eroded unless urgent steps are taken to preserve and 

develop institutions providing high-level research and training. 

 Several recent events have had a major impact on research priorities.  

o A series of rockbursts (Harties #5, Harmony, Driefontein) has attracted significant 

attention due to the impact on the public, government, operators, shareholders, 

and mine workers.  

o Issues related to mine closure, flooding and seismicity (REGM/South Deep, 

ERPM).  

o CSIR’s “Beyond 60” reorganization, which emphasizes “knowledge generation 

for public good” rather than “knowledge application for public gain”; the spinning-

off or closure of research areas and facilities that are not aligned with the new 

focus or viable, and the possible redeployment, retraining and retrenched of staff. 

The merger of the Division of Mining Technology with Environmentek to form the 

new Natural Resources and Natural Environment Unit in order to achieve new 

synergies and economies of scale has already been announced. 

 The new project, SIM 05-02-03, provides on opportunity to act on recommendations 

made by SIM 04-02-06, especially that communication and consultation with all 

stakeholders be improved. Ray Durrheim had invited comment from stakeholders and 

received many strongly worded opinions, many expressing the view that the scope of 

SIM 05-03-02 should be expanded or completely changed. Ray expressed the view that 

SIM 05-03-02 was acting as a “lightning rod”, attracting comment and criticism that 

should be directed at the SIMRAC programme as a whole rather than this project in 

particular. The rather broad project title “Managing Rockburst Risk” probably contributes 

to this. This might have the unintended consequence that the fundamental research 

component is “hi-jacked”. Alternatively this might serve as the “launch pad” for a larger 

integrated initiative.  

 

Ray Durrheim then reviewed the status of the Rescoping phase of the project. The phase 

consisted of 4 steps: 

o Confirmation of the proposed guiding principles.  

I. Adherence to the scientific method and research process, viz a research design 

that is predictive, falsifiable and explores causality; and a process that is subject to 

peer review with findings that are published in the open peer-reviewed literature. 
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II. Effective communication with stakeholders (e.g. steering committee, email briefing) 

III. Meaningful collaboration between researchers (e.g. regular team meetings, web 

site) 

IV. Impartial international peer review  

V. Commitment to training, especially HDSAs 

VI. Vigorous knowledge & technology transfer at all levels (e.g. participation by mine 

employees) 

VII. Fair budgeting formula that takes roles & cost structure of different organizations 

into account 

VIII. Leverage resources and expertise e.g. CSIR High Performance Computing Centre 

IX. Foster international partnerships e.g. CANMET, CSIRO, NIOSH, NELSAM, etc.  

X. Involvement of BEE companies 

XI. Tight project control 

RETAC endorsed these guiding principles at the start-up meeting on 7 April 2005.  

o Confirmation of expectations and priorities by consultation with RETAC members. 

o Recruit research team: Identify potential collaborators and negotiate terms and 

conditions. 

o Write proposal and submit to RETAC. 

 

5. WRITTEN CONTRIBUTIONS 

All written contributions are appended. It should be noted that most of the contributors are not 
members of RETAC or of the teams that had submitted proposals to MHSC, and hence were 
unsighted regarding earlier discussions. Their desire to share their perspectives is appreciated.  

 

The main points (as perceived by Durrheim) are highlighted here. 

 

Arnold, Dave (independent) 

 “Exploding office” analogy. Unconscionable not to act. Either we must reliably predict the 

event so that we can evacuate the threatened persons, or remove them from danger. 

 Extreme complexity of the rockburst phenomenon. 

 We need to know whether there is any hope of reliable prediction. 

 “Support not up to standard” a fallacious explanation for rockburst damage. A greater 

problem is the inability of those most at risk to recognitize potentially unstable 

hangingwall conditions. 

 

Bosman, Koos (OHMS) 

 Strongly supportive of opinions expressed by Stacey and Van der Merwe 
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 Miningtek does not currently have the capability to deliver on the project. Many 

researchers have no experience of the rockburst phenomenon. SIMRAC is not a “Save 

Miningtek” fund.  

 “Best practice” as defined by researchers is often impractical, based on numerous 

assumptions, and sometimes demands the use of a particular piece of software. It is a 

stick used to beat practitioners. We should rather seek to define “reasonable practice”.  

 Education should be focused on mine management rather than practitioners, as the rock 

engineer’s ability to implement rockburst control strategies depends strongly on 

management’s understanding of the phenomenon. 

 

Dunn, Michael (Anglogold Ashanti) 

 Resources too thinly spread. Rather focus on organizations for which research is a core 

part of their business. 

 Too great a focus on numerical modelling. We’ve not seen much useful come from this 

in past decade. 

 Too great of focus on training. This is the task of the MQA and universities, as well as 

other SIMRAC projects (e.g. Savuka facility). 

 Seismic hazard assessment needs to be seriously addressed. 

 Seismic support design an important issue that needs to be addressed, either in this 

project or elsewhere.  

 While implementation is an important issue, it is the responsibility of mining companies 

and the state rather than researchers and SIMRAC. 

 

Ebrahim-Trollope, Shana (GeoHydroSeis) 

 Establish standards for seismic parameters e.g. magnitude. 

 Need quality underground investigations of rockburst damage to complement seismic 

data. 

 Mining industry has a responsibility towards supporting University teaching and research 

in the field of mine seismology. 

 SIMRAC research should be channelled through research organizations and universities 

rather than through private companies and consultants. 

 Quality peer review is needed. 

 Must not rush into this project. Proper consultation and planning is essential. 

 With regard to implentation, SIMRAC can complement and accelerate efforts by state 

and mining companies. 

 It would be valuable to quantify the mine seismology capacity (level of qualification, 

number of people) required by state and industry. 
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Essrich, Friedemann (SiM) 

 The technology to describe rock mass behaviour, concepts to interpret data and 

recognize hazardous conditions, and support systems to protect excavation under most 

conditions already exists. 

 More research work should be carried out underground to investigate issues such as the 

character of dykes and faults, impact of seismicity on production and infrastructure, 

reliability of seismic hazard quantification methods. 

 An alternative research proposal was offered, based on TOOLS, TRAINING and DATA, 

with an emphasis on the review and enhancement of existing numerical modelling 

codes, monitoring tools and training. 

 

Handley, Prof. Matthew (Pretoria University) 

 Why are the Universities not included? Why is ISSI’s participation so small? 

 While CSIR has several excellent researchers, they lack the capacity to do the work. 

They should manage the project, outsourcing most of the work. 

 

Hildyard, Dr Mark (CSIR) 

 SIM 05-03-02 was gazetted with the intention of it being the one project with a true long-

term fundamental research emphasis that goes beyond existing technology. The target 

is the development of new methods to analyse and simulate dynamic rock mass 

behaviour, which is essential for the assessment of stability. While there may be a need 

for the simple consolidation of existing solutions, this was not the intention of this project.  

 

Napier, Dr John (independent) 

John made a presentation at the Workshop, entitled “Research Directions Relating to Numerical 

Modelling of Rock Mass Behaviour”. The main points are given below: 

 Motivation for Modelling 

o Interpretation of seismic observations and trends – stability/ instability transitions 

o Engineering effective mining strategies: 

Deformation mechanisms 

Stability of openings 

Design of support 

o Assess new extraction methods (e.g. mechanical mining vs. drill+blast) 

o Prediction of seismic activity statistics - distribution and occurrence frequency 

o Quantify expected uncertainty in response to mining 

 Model Building Challenges 

o Ability to treat multiple length and time scales 
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o Adaptive model modification using field data 

o Objective calibration processes 

 Issues relating to rock physics 

o How should creep behaviour be modelled in hard rock mining? 

o How should failure/ damage regions be represented 

Fractal structures? 

Use of “re-normalization” concepts for multiple length scales? 

Multiple discontinuity assemblies? 

Particle assemblies/ distinct element methods? 

Continuum plasticity/ damage models? 

o Velocity-dependent friction/ stick-slip/ cohesion weakening 

o Wave dispersion/ surface wave effects 

 Laws of nature? 

o Self-organised criticality – does this control seismic frequency magnitude 

statistics? 

o Distribution of geological disturbances. How can this be succinctly represented in 

models? 

o Can simple rules/ models be used to mimic complex chaotic behaviour in 

mining? 

 Generic model categories 

o Theoretical abstractions: 

Sandpiles; spring-block slider models; spring networks; “forest fires”; fuse 

networks 

o Solid mechanics analysis tools: 

Finite element/ finite difference (flexible but volume covering) 

Boundary element methods (reduced dimension but simplified host 

material needed) 

o Distinct element methods: 

Particles or blocks 

Hybrid: distinct element method combined with continuum models 

o Continuum interactions – “smooth” particle hydrodynamics 

o Physical models: 

Centrifuges, multiple layers, geological fold models (scaling questions) 

 Model issues: Grid size 

o How does choice of grid size affect failure patterns? 

o Can strain softening (stress drop) ever be simulated in grid independent manner? 
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o How should intrinsic length scales (e.g. grain size, joint spacing) be incorporated 

in models? 

 Model calibration 

o Physical experiments – inference of model parameters and self-consistency 

o Observed attenuation of seismic waves and velocity structures 

o Deformation rates in stopes 

o Seismic event statistics? Distribution in space/ maximum magnitudes/ post event 

activity decay rate (Omori) 

 Treatment of uncertainty 

o Do underlying laws of “statistical mechanics” exist for mining induced 

deformations? 

o Can response variability be bounded or described by simple non-linear models? 

o Quantification of time to failure – can this be modelled mechanistically? 

o Quantification of fault and excavation stability/ instability structures for mine and 

support design. 

 Conclusions 

o “Standard” modelling tools are best suited to the analysis of well defined 

structural component interactions. 

o “First order” estimates of stress distribution and strains are possible with current 

computer codes. 

o Solution of inelastic and strain softening problems are hampered by a lack of 

clear procedures to define the large scale mechanical structure of the rock mass.   

o Do any computer codes exist that can be demonstrated to be mesh objective 

(grid size independent) in the solution of strain softening (stress drop) problems? 

o Objective calibration tests for inelastic analysis codes should be compiled as 

“standard” problems. 

 Future Directions 

o Explicit recognition of chaotic/ complex/ uncertain behaviour in inelastic models 

of rock deformations. 

o Current design tools/ methods do not quantify expected variability in rock 

response. 

o Identification of possible global “laws” that control complex rock mass 

deformations. 

o Development and demonstration of mesh objective methods for inelastic 

behaviour. 

 

Roberts, Dr Mike (CSIR) 
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Mike phoned me prior to the workshop. He could not attend as he was sitting as an assessor at 
a rockburst Inquiry. 

 The basic problem is the undersupported face area due to lack of support, not 

inadequate design of support. 

 

Spottiswoode, Dr Steve (CSIR) 

 Some of the opinions expressed by Paul van der Heever, Dick Stacey and Nielen van 

der Merwe are challenged and others supported. 

 Do we really know the most appropriate design criteria (for layouts or support such as 

ERR, ESS, energy absorption, areal coverage, etc.) to stop FOGs, or even to reduce 

them to socially acceptable levels? 

 Supports the involvement of many suppliers of seismic hazard assessment services in 

the project, as this could help the most promising approaches to be identified most 

rapidly. 

 Supports the continuation of work integrating modelling and seismicity. 

 Still some way to go before we get value from dynamic modelling of strong ground 

motion around tunnels and stopes, but deserves continued effort. 

 

Stacey, Prof. Dick (Wits University) 

 Many tools exist, some of them excellent: seismic monitoring systems, numerical 

modelling packages, layouts, design criteria, support units and systems, codes of 

practice and standards. 

 The why do we continue to have so many rockburst accidents? It is because of system 

failure, especially of support systems e.g. systems are not designed for rotational or 

sideways forces, only cater for 95% of recorded ejection / fall out thicknesses, not 

designed to support ground between elements. 

 The proposed project will not address these issues. A project is recommended that 

addresses the design of support systems. This should include “due diligence review”, 

trial implementations, comprehensive cost-benefit studies, and training. 

 Fundamental research is strongly supported, but not as part of the new “Managing the 

Rockburst Risk” project. 

 

Van der Heever, Paul (MHSC) 

 Recent roadshows in mining districts indicated that SIMRAC is not meeting real health 

and safety needs of mines. 

 A stronger title for project, perhaps controlling (rather than managing) rockburst risk is 

suggested. 
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 Recent large mine tremors, particularly the 9 March 2005 Stilfontein event, have raised 

concern amongst the public and parliamentarians. Consequently a 10 person Mine 

Tremor Expert Group is being established to investigate and report on a variety of issues 

associated with large mine tremors. It will be funded by a special Parliamentary grant. 

The terms of reference are currently being drafted. It is envisaged that the Group will 

start operating within the next few months, and have six months to complete its brief. 

The current project should complement the efforts of the Mine Tremor Expert Group. 

 Other suggestions: develop more useful and robust success indicators than the current 

lagging indicators such as injuries and fatalities; determine what strategies / measures 

could be introduced right now to reduce rockburst risks; integration with Savuka 

technology transfer facility. 

 

Van der Merwe, Prof. Nielen (Pretoria University) 

 Why continue with work that has been continuing for many years and not solved the 

problem? 

 To prevent rockburst accidents we need Predict and Prevent OR Effective Support. 

The former is the fundamental side of the research; the latter is the applied side. 

Research into both aspects is needed. 

 Predict and Prevent requires a full understanding of: rock failure phenomena, and the 

influence of excavation on rock mass stability. If we have this, we can create safe 

layouts.   

 Effective Support requires knowledge of: the condition of an overstressed stope, how it 

is affected by seismic shaking, capabilities and limits of support units and systems, and 

better support systems. We know a lot about this already.  

 Universities should be involved, as well as other disciplines e.g. geologists, physicists. 

 SA needs a strong and knowledgeable research organisation to support the mining 

industry. A project is needed to build capacity. Miningtek is in a crisis: most top research 

talent has resigned, retired, or will retire soon. However, the lead agent should be the 

outfit best equipped to come with a solution, not the one who needs the funding the 

most. 

 A process is proposed that: identifies requirements to eliminate rockburst fatalities (viz. a 

technology road map), list what has been done, critically evaluate (through credible 

external review) each element, and initiate research to fill knowledge and technology 

gaps.  

 

6. DISCUSSION 
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Discussion following presentation by Ray Durrheim. 

Dunn: It is critical that we establish what we already know (about rockbursting) and what we 

want to achieve. 

Van der Heever: Are SIMRAC structures and methods open to review? 

Ortlepp: Supports the notion that we go back to basics if necessary. Who exactly approves the 

project? 

Van der Heever: RETAC, though it is important that people able to appreciate the high tech 

aspects of the project are involved. Pointed out that the industry has accepted the target of a 

reduction in rock-related fatalities by 50% by 2013. 

Essrich: Noted that SIMRAC held two workshops in 2004 in order to identify research priorities 

for rockfalls and rockbursts. There has already been consultation. Aren’t we just going around in 

circles? 

Dunn: Commented that the Stilfontein event on 9 March has changed situation. Consequently, 

it is necessary to carefully consider issues before allocating funds. 

Ortlepp: The root cause for the debate is that the research funds are hopelessly inadequate. A 

protest aimed at mining companies and shareholders was propoosed. 

Van Aswegen: Is the industry interested? Why should we even spend R3m if the shafts are 

going to close soon? 

Adams: Expressed a strong conviction that deep and high stress mining will be practiced for a 

long time yet, even if not by Anglogold Ashanti and Gold Fields.  

 

Discussion following presentation by Freidemann Essrich. 

Rangasamy: Why does training feature so strongly? Surely this is not SIMRAC’s role 

Dunn: Agreed that i research money should not be diverted to training, as it is the job of the 

Universities and MQA. On the other had, it is acceptable to spend money on the transfer of 

SIMRAC technologies. 

Essrich: There is a gap between what is offered by tertiary institutions and what is required by 

mines. 

Van Aswegen: Training should be orgainzed / coordinated by SANIRE. 

Lightfoot: Supported the idea that some SIMRAC funding be used to review which findings 

should be transferred and coordinate existing training programs.  

Van der Heever: Technology transfer is defined as “the offer and acceptance of proven 
technology”. Any efforts in this regard must be coordinated with the Savuka Technology 
Transfer project. Regarding the urgency to get started, noted that SIMRAC took a full year to 
scope the Silicosis project. The Parliamentary has voted money for the Mine Tremor Expert 
Group. A new inclusive project management model was mooted that would incorporate the 
requisite expertise. Noted that MQA has R60 million in its budget, and these funds should be 
accessed for training. 
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Rangasamy: Commented that the participation by industry practitioners in MQA processes had 
been very poor.  

 

Discussion following presentation by Dave Arnold 

Malan: Noted that Dick Stacey is strongly in favour of improved areal support. Is in not possible 

that this would give more than a 20% improvement? 

Arnold: Is there really any way that extreme ground motions can be controlled? If so, could we 

afford to install this “super support”? We need a research roadmap to show how the 

components fit it. 

Adams: Targets were agreed on at the Industry Summit held last week: ZERO FATALITIES! A 
2013 milestone was set: AT LEAST AS GOOD AS THE CURRENT AUSTRALIAN AND NORTH 
AMERICAN METALLIFEROUS MINES! Believes this is possible. In 2004, the SA gold mines 
were close to this. Believes that it is necessary to balance to urgent and fundamental aspects of 
research. Believes that SA will still be mining gold in 30 years time, and will have all the old 
problems and more! We must grow this project. The rockfall issue is relatively easy. 

Arnold: We must find out the reason for this improvement. Is it better management, 

understanding, technology? 

Adams: Believes that the main factors are the advent of democracy and the Mine Health and 

Safety Act. 

 

Discussion following presentation by Michael Dunn 

Michael also reviewed the written contribution by Koos Bosman, emphasizing the issue of “Best 
Practice”. Who decides what this is? Researchers? Industry? How about “Reasonable Practice” 
rather than “Best Practice”? Why is it that lawyers are able to poke holes in our best theories 
during Inquiries?   

 

Essrich: Noted that skilled people have moved from research institutions to consultancies and 

advocated that they should be used. 

Ortlepp: Noted that it is “sad but true” that Universities have not been able to contribute. He has 

tried hard but failed to recruit a student to work on an interesting project. Academics tend not to 

be interested in the mining industry. 

Malan: How do you define a consultant? 

Dunn: Somebody selling a well-defined service and commercially driven. 

Adams: It will take a change in the organization of Universities to enable research to be done 

there. 

Spottiswoode: The real reason that so few people do postgraduate research is that higher 

degrees are not prized by the mining industry. Noted that CSIR is moving towards higher 

scientific quality. 
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Presentation by Gerrie van Aswegen 
(As Gerrie did not prepare a written contribution, I tried to capture the main points that he 

made.) 

 Does not believe that research money should go into training.  

 Universities should have top-rate, A-grade researchers. 

 The SA mining industry does not currently have a researcher of the calibre of Salamon. 

However, we must do the best with what we have. 

 Not everyone who has a cc should get a slice of the SIMRAC pie. 

 Scientists do research (especially fundamental), while engineers and the mine must 

apply the research. Industry is responsible for implementation. 

 Further work in numerical modelling is (reluctantly) supported. It is the way of the future. 

There will always be gaps in monitoring. But there must be a balance. The emphasis on 

modelling is to strong in this proposal. 

 Why is it that the Americans and Japanese come to SA to do work in our mines and we 

want to go back to the laboratory? 

 It is possible to get (production) data from mines, though it takes a lot of moaning and 

groaning. 

 

Discussion following presentation by Gerrie van Aswegen 
Dunn: Agreed that we get confused between research and application. 

Spottiswoode: We must note that not all facts / knowledge produced by research can be 

applied. 

Van Aswegen:  Sometimes hypotheses don’t work out e.g. prediction. 

Napier: To get Universities working a “fixed point” is needed e.g. a professor with good 

relationships with the mining industry in place for several years. Sufficient resources are needed 

to look at things as they arise, without “fear of failure”. Generally, only well-defined research 

problems are attractive for postgraduate students. 

Ortlepp: Asked workshop delegates whether they are familiar with the NELSAM project. The 

USA is investing US$1.6 m on a single project at TauTona investigating a single fault. This is 

four times more than the sum we are debating. What an irony! 

 

Discussion following presentation by Steve Spottiswoode 
Steve had emphasized the need for a reliable detailed database of rockburst accidents. 

Rymon-Lipinsky: Said that the DME cannot cope with this, but that that the government is 

restructuring and that a “global earth monitoring project” is being initiated, and the mines 

accident database may become part of this. At present, there is not even consensus on 

magnitude calculation! 
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Van Aswegen: Magnitude calculation is the DME’s problem. Mine networks don’t record 

magnitude, but energy and moment. Agreed that it is a shame that we do not have a 

comprehensive accident database. Wolfgang Lehnhardt had created one more than 10 years 

ago, and many other efforts have been made on individual mines. 

Dunn: What happens to SAMRASS returns? Are we using the right mine design criteria? Our 

methods are being taken apart by the lawyers. Agreed that a comparison and assessment of 

the different methods for seismic hazard assessment should be a focus, though expressed the 

opinion that it would be shown that there was little difference between the approaches. 

Rymon-Lipinsky: Commented that it is important to know what methods should be used to 

assess risk. 

Ortlepp: Agreed that intelligent discussion of seismic hazard assessment methods should take 

place. “Talk is cheap”.  

Stankiewicz: The assessment does not just involve discussion between researchers. Mine data 

must be examined. Rock engineering practitioners must be interviewed. 

 

General Discussion 
Olivier: The needs of the platinum sector must not be ignored. (Durrheim said that the Les 

Gardner had made the same point). 

Ortlepp: Commented that we should take advantage and the prevailing climate, particularly the 

concern for the future of the gold mining industry, to leverage the project. Findings made on 

gold mines could then be applied to the platinum sector. 

Spottiswoode: Remarked the transfer of knowledge from the gold to the platinum sector is not 

straightforward. There are some important differences between the environments. 

Malan: Asked how the new levy system would affect this. 

Adams: Replied that funding for the project is being shared between gold and platinum for 

2005/6. This could change in future years. 

Van der Heever: Noted that Miningtek had been awarded a project (led by Belinda Dias) to 

investigate the integration of the many difference databases. It is important that the rock 

engineering needs are clearly expressed now. This project should be integrated with the 

activities of the Parliamentary Mine Tremor Expert Group and the Savuka Technology Transfer 

Facility. Suggested that the management of the project not be contracted to an institution, but 

rather be controlled by a steering group. Suggested that lessons could be learned from the 

Silicosis Project – we need first to look at what needs to be done to solve the problem, not 

merely to fulfil the advertised scope. This could cause constraints. 

Van Aswegen: Commented that no one had asked the question – how should the problem be 

solved? 

Essrich: Proposed that a systematic approach be adopted, and referred to frameworks that had 

previously been proposed e.g. the DeepMine Prevent, Protect & Predict. 
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Adams: Pointed out the fact that MHSC had already awarded the contract to manage the 

project to Miningtek. 

Rangasamy: Commented that “evacuation” of workers is not the only option. Exposure to 

hazard could also be achieved by mechanization. 

Ortlepp: Said that it is important to be realistic. What can we actually achieve with R3 million. 

Huge sums have been spent in the past, for example COMRO spent R70 million in 1989, much 

of this directed towards mining and rock-breaking methods. Lets rather focus on fundamental 

questions than spread the resources too thinly. 

Lightfoot: Said that he accepts that the project was originally scoped to address basic 

research, but maintains that we now need to understand where knowledge gaps still exist and 

where knowledge can be applied. Proposed forming expert working groups to do this e.g. 

seismology, numerical modelling, support.  

Ortlepp: Supported this proposal to clarify what we do know, what we don’t know, and what we 

have to do to reduce our ignorance. He made a special plea for urgent support for experimental 

study on the formation of polyhedral fragments during rockbursting. 

Adams: Reassured Dave that RETAC had made a commitment to support the work (with 

certain budgetary constraints). 

 

7. NEXT STEPS 

Ray Durrheim to have a draft proposal ready for the RETAC meeting on Thursday 7 July 2005. 
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Written contribution by Dave Arnold, Independent consultant 

 

Dear Ray, 

Please forgive this uninvited intrusion into your deliberations, but Koos was kind enough to 
share his thoughts on your research re-scoping proposals with me, and, upon reading Dick’s 
and Nielen’s notes I was reminded of my own rockburst thinking and analogies of some twenty 
years ago or more.  Although I made no secret of them at the time, I thought them rather 
‘radical’ and perhaps somewhat simplistic, and they were never committed to paper.  However, 
encouraged by Dick’s analogy, I thought you might also find my views interesting, and perhaps 
even helpful. 

Rockburst Analogies 
In my case the rockburst analogy concerned not the manager but the general manager, and not 
his motorcar but his string of secretaries.  They were all young women, on the threshold of their 
lives, with pre-school and school-going children.  Nearly all were compelled by home and 
financial circumstances to seek work on the mine to supplement their families’ often meager 
incomes. 

Although the work was demanding, they were generally cheerful and happy with their 
occupational circumstances.  With one major exception.  Their work-stations (desk, type-writer, 
filing cabinet, etc.) were apt on occasion, and for no apparent reason, and at any time of the 
day, and with no warning what-so-ever, to explode violently with the energy of an atomic bomb, 
in the process, of course, breaking and mutilating their bodies and flinging them asunder, and 
demolishing the secretarial anti-room.  The damage would invariably, in due course, be 
repaired, and, once the anti-room had been re-built, a fresh replacement secretary would be 
recruited and installed to once again serve the general manager. 

He, of course, was beside himself with feelings of helplessness, and solicited widely for 
explanations of the phenomenon and solutions to the problem.  In the absence of any really 
insightful understanding of the mechanics of the events, and given the rather meager potential 
(to my mind) of every conceivable measure to reduce the incidence, magnitude, severity and 
effects of these episodes, it occurred to me (and others) that perhaps the only way to give the 
secretaries a fighting chance to survive future occurrences was to allow them some reasonable 
advance warning (maybe only five minutes or so) of the impending danger so that they could 
evacuate the area. 

This is precisely what Stan Patchet and van Zyl Brink’s seismic prediction project was aimed at 
providing for underground mine workers.  The complexities and difficulties of the task were 
understood, but perhaps not fully appreciated at that time.  Not only would seismic events need 
to be predicted in terms of their time, location and magnitude, but also in terms of the highly 
complex and variable characteristics and influences associated with their source, transmission 
and effect on individual excavations.  And that this would be more problematic in some mining 
regions than in others.  The role and response of installed support and other countermeasures 
would also need to be factored into the calculations. 

Ironically, it was the understanding brought about by subsequent seismic research work 
unrelated to real-time prediction that revealed just how enormous the complexities of the 
phenomenon really were, thus precipitating the unhappy realisation that the prediction of 
rockbursts was perhaps, after all, an unattainable dream. 

Nevertheless, the following facts remain.  Efforts to reduce the incidence and intensity of 
seismic episodes (using enhanced regional support and mining practices, etc.) will always be 
limited to a small proportion of that which would pertain in the absence of such additional 
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measures, and efforts to reduce the effects of rockbursts (with yielding and areal support types, 
etc.), while perhaps able to meet with somewhat greater success, will nevertheless also always 
in practice be some fraction of that which would pertain without the additional use of such 
measures.  The only real way of making sure that no-one is hurt or killed in a rockburst is to 
ensure that they are not there when it happens.  Which means that the best way of protecting 
people is by accurately predicting events and their consequences.  So, if rockburst events 
cannot in fact be predicted, surely it will be worthwhile to know this beyond any shadow of 
doubt? 

A further analogy is that of the weather.  Rainfalls can now be predicted with a great deal of 
accuracy.  Damaging hailstorms can be predicted with less certainty.  Certainly the closer to the 
actual occurrence of these events, the greater will be the accuracy of their prediction in terms of 
location and intensity.  On the other hand, the prediction of the exact location and intensity of 
individual lightening strikes is, for all intents and purposes, impossible, even while they are 
happening.  It would be useful if we could make these same sorts of statements in respect of 
seismicity and rockbursts. 

Certainly I know that when my son was working as a vacation student on Western Deep Levels, 
I was constantly looking over Van Zyl’s shoulder on the many occasions that he was on 
underground assignments.  It struck me then that we should perhaps have constantly been 
demonstrating a similar degree of concern about the well being all the many other individuals 
underground that were relying on our ‘expertise’ to ensure their safety. 

Applying Standards 
I was involved, much later on in my career, in a project that was aimed at determining to what 
extent support standards were not being applied underground.  The project had been 
precipitated by the outcome of a review of a great many fall-of-ground accident reports by 
someone who was highly regarded in his particular field, but who was not at all familiar with the 
underground situation.  The review had ‘revealed’ that the major apparent cause of the vast 
majority of fall-of-ground accidents was that ‘support standards were not being adhered to’.  
This is of course the stock ‘finding’ of most accident investigations, and wide-ranging 
underground inspections on the many mines involved in the project quickly revealed the 
fallaciousness of this conclusion. 

On the contrary, the project inspections revealed that mine standards were in fact rigorously 
applied in the overwhelming majority of instances, regardless of the actual ground conditions 
pertaining.  And therein lay the problem.  Because of an almost universal and fundamental lack 
of understanding of what constitutes unstable hangingwall conditions, personnel were unable to 
recognise potentially dangerous situations, and were quite satisfied and happy to install 
‘standard’, but hopelessly inadequate, support measures. 

There were many examples of this phenomenon being enacted during the course of the project, 
but one in particular is forever etched on my memory.  A team member was engaged in lashing 
open a space on the footwall in the notorious stope gully-face intersection area for the 
installation of the gully pack.  Running diagonally through this area were two prominent, parallel, 
steeply-dipping, intersecting fault planes, forming a classic elongated wedge.  The contained 
wedge had fallen out in sections along the whole exposed length of this faulted structure, 
leaving a large open vee-shaped void in the hangingwall.  Except, of course, for the last 
remaining wedge block that was hanging precariously immediately above the uncomprehending 
head of the individual engrossed in the task of clearing the pack space. 

No one else seemed to have noticed the danger and impending tragedy.  Certainly not the team 
member himself.  Not his team leader.  Nor the miner.  Not the shift boss, nor the mine 
overseer.  And, believe it or not, not even the underground manager.  These people were all in 
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the vicinity, or had just passed through the area.  It occurred to me that if I could somehow 
impart my experience, understanding and appreciation of the situation to all those individuals, 
the danger would be averted.  Granted, the standard temporary support was not installed, but to 
my mind the real problem was not that of failing to install ‘standard support’, but rather that of an 
almost total lack of appreciation of potentially dangerous situations on the part of the individuals 
most at risk. 

 
Conclusion 
So what is the point of all the foregoing?  Just this: While I think that the search for 
understanding the seismic phenomena, and the improvement of seismic evaluation tools, and 
the development of rockburst countermeasures are of vital importance, if I was in charge of 
allocating research funding I would seek answers to the following two fundamental questions: 

Firstly, I would enquire how and to what extent the proposed work or expenditure would protect 
and ultimately save the life of the general manager’s secretary. Secondly, I would enquire about 
how all the proposed ‘blue tooth’ technology would empower the people in the front line, who 
are, after all, the ones being killed. Using these two criteria I can think of a number of projects 
that would get my vote and money, and a number that would not. 

In essence, I think I support the sorts of things that Dick, Nielen and Koos are saying. 

 

Kind regards, 

Dave Arnold. 
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Written contribution by Koos Bosman, OHMS 

 

Ray, 
 
I very seldom spend much time on these types of e-mails (as my responses are often 
considered hostile) but due to my recent experience I thought I'll spend some time on your letter 
and also the responses of our esteemed Profs. I have great concern as I think Nielen has the 
ability to read minds -  he has put to paper, very closely, the way I feel about the issue.  I also 
have to agree with Dick's opinion as I believe the suitability and application of out current 
support design criteria has a huge question mark hanging over it. 
 
As you handed me the opportunity to get on a soapbox I will now do so! 
 
"We still have some way to go before we can claim to be able to manage the risk of seismicity!"  
I love this statement and would like you to place this on record during our enquiry.  If your 
statement is accurate, and I believe it is, why are all our attempts being criticized?  I'm not even 
sure we are currently in a position to reasonably quantify the hazard associated with seismicity.  
We still have many events occurring, which we do not anticipate and cannot fully explain. 
 
We have many tools, criteria and methodologies, but as soon as you look at these closely (in 
hind sight) you realize that these are full of assumptions.  In many cases, assumptions on 
assumptions on assumptions. 
 
In all honesty (this is normally where people perceive me as hostile) I do not believe that 
Miningtek has the ability to successfully delivery on the bulk of this project.  I believe that you 
have lost too many of your really strong people.  Your current credibility, based on the most 
recent work I've seen coming out of Miningtek, is very low.  To give the bulk of the limited funds 
to Miningtek, in the hope that it would rekindle a very old flame, is a waste.  What is left of the 
funds is then thinly spread across a wide spectrum of service providers, in what appears to be 
an attempt to keep everybody happy.  You have a host of people sitting in the orginisation that 
will do rockburst research and have absolutely no experience or understanding of the 
phenomenon.  (More criteria and methodologies based on 'a pile of assumptions on its way). 
Spending the little money we have for research to rebuild capacity in one particular resource, 
and having very little to show for it, is not money well spent.  Then we need to create a "Save 
Miningtek" fund and let the research money go to research that will produce results. 
 
I have a personal issue with "best practice".  Invariably, with best practice, the bells and whistles 
are dusted off, including research tools etc. and formalized in a document.  In the end of the day 
the poor practitioners are expected to conform and will be dragged in front of lengthy enquiries 
and ripped apart because they did not implement the best practice.  Why not look at 
"reasonable practice" - surely that is what is expected of us in terms of the H&S act.  If you say 
best practice, somebody, somewhere, will write in the application of an obscure parameter that 
can only be calculated using a particular piece of software and if we do not comply, we will be 
raked over the coals. 
 
Very often, practitioners face managers, who want to and have to maximize ore reserves.  
These practitioners have to fight for every inch when it comes to the implementation of 
sometimes costly strategies to manage seismic risk.  Should education not also be focused on 
mine management to improve understanding?  The eagerness of management to implement 
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and the success with which strategies are implemented very strongly depends on senior 
management's understanding and appreciation of rockbursts. 
 
I'll get of my soapbox now 
 
Regards 
 
Koos 
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Written contribution by Michael Dunn, Anglogold Ashanti 

Greetings,  

I have the following comments from discussion between Johan Laas and myself. In putting these together 
I've also taken cognisance of what Profs Stacey & Van Der Merwe indicated.  

o I think too many parties are included in the proposal and this will have the effect 
of diluting the project & resources. Some of the allocations to non CSIR parties 
won't even allow one person to work on this fulltime. This is unrealistic! We need 
to identify a few parties that could add the most value. Ideally these should be 
parties organizations that have a high research component to their business.  

o I feel there is to much of a focus on the numerical modelling especially outputs 2 
& 3. Some of this work seem to have been going on since I joined rock 
engineering 11 years ago and I'm not convinced we've seen any benefits. 
Possibly we need to consolidate at this point. Prof Stacey indicated that he is not 
sure that more modelling will help solve the problem and Nielen indicated that we 
need to take stock of what has been done, evaluate etc. I agree with this and it is 
my understanding that this is what would come out of SIM040206 and this would 
be used as a basis to plot the way forward. We need to consider the outcomes of 
SIM040206 (A holistic review of SIMRAC rock related research) and if necessary 
wait until it is finalised before progressing.  

o It should be noted that two projects on numerical modelling are being finalised at 
the moment and there are two projects dealing with layout currently on the go. In 
view of this I think output 2 should be toned down.  

o I feel that to much focus has been placed on output 4. The MQA is responsible 
for training, in addition Wits also provides training in Mine Seismology as well as 
there being a number of commercially available courses. AngloGold Ashanti 
provides its own training using a third party. The industry also has the Savuka 
facility. Possibly the funds outlined in Ray's proposal need to be diverted to the 
universities.  

o Output 5 is the area I feel most strongly about as this is where we manage 
seismic hazard on a daily basis. This area has been diluted with too many parties 
being involved, most of which are not really appropriate for this type of research. 
I feel that we need a serious review of current methods and successes and that 
concurrent to this work we should continue with no more than two parties on 
developing improved methods.  

o Prof Stacey has indicated shortcomings in support design. This was an issue that 
was highlighted in 2003 where a number of RETAC (SIMROCK) members 
indicated that there were problems with current methods of support design. 
There was supposed to be a review of this but to date it has not happened. 
Possibly this needs to be brought to the fore again either in this project or as a 
separate project.  

o Prof Stacey has also highlighted the issue of implementation. Whilst I agree that 
we could go a long way to improving safety by implementing what we know about 
layout and design, using the tools available, the implementation issue is the 
responsibility of mine management and the state. I don't think this is an area 
where SIMRAC can have a meaningful impact.  
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Conclusions  

o We need to identify meaningful research that will add value to the mining industry 
in terms knowledge and tools that can be used to improve safety. The findings of 
SIM040206 need to be incorporated into the scoping. We need to know where 
we're going as we can't justify spending money to keep organizations and 
consultancies busy.  

o We should not be trying to satisfy every consultant in the industry by giving them 
a slice of the pie for this project. We need to reduce the number of parties and 
provide sufficient funds to the main parties to enable them to do meaningful work. 
Consultants are not necessarily the appropriate vendors for this type of research.  

o We need to identify who can add the most value with each output.  

o We need to find away to include the two universities. Ideally, they should be 
doing or be involved with fundamental research.  

o In terms of the various outputs I have the following suggestions:  

 Output 1 - remain as is  

 Output 2 - reduce modelling component and funding (less -25%)  

 Output 3 - reduce modelling component and link to support design  

 Output 4 - allocate to the universities  

 Output 5 - either consolidate on the number of parties involved 
and allocate a meaningful amount (~R600k) to one major party or 
increase the funding allocated to this output from outputs 2 & 3.  

Whilst some of my comments are probably quite negative I feel we need to get this project properly 
scoped.  
 
Regards  
 
Michael Dunn (Pr.Sci.Nat.)  
Rock Engineering Manager (Technical)  
AngloGold Ashanti Limited  
Rock Engineering  
Mining Office SA Region  
   
Tel:        +27 11 637 6240 
Mobile:   +27 083 469 2318 
Fax:       +27 11 637 6593 
E-mail:  mdunn@anglogoldashanti.com  
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Written contribution by Shana Ebrahim-Trollope, GHS 
 

MEMORANDUM 
 
 

 

I agree with most of the comments made by Nielen, Dick and Michele and would like to specify 
or concur with the following. 

1) Excellent seismic monitoring systems – This I believe needs to be assessed. We have two 
known systems ISSI and Prism/Aura both with pro’s and con’s but what exactly are we 
measuring if there are significant changes with different versions of software. Does the industry 
have a choice and what are the current dynamics of the two systems? 

 Also what is the quality of our monitoring? 

 Do we have minimum standards? 

2) I agree with the comments on numerical modelling and support Michele opinion. 

3) Do we know enough or do we need to consolidate what we know. – How is this possible 
when we haven’t even solved the issues around magnitude? This was identified by N Jochin in 
1984 as “finally we need to solve this problem” but it still remains unresolved. 

4) Yes there is a lot of knowledge – good designs and bad designs – adherence to standards 
and none. But to quote N Jochin from 1984 again. “We used to have extensive underground 
investigations and not much in terms of waveforms – now we have lots of seismic data and no 
underground detail – sending a shift boss with a camera underground is not the solution”  

 What are our databases in terms of damage and layouts? 

 Have we differentiated between the emission sources per region? 

Have we systematically categorised the potentially hazardous seismicity? And the 
layouts/design that was in place? 

Do we have a handbook with as much detail on seismic issues as there are on rock 
engineering? 

I propose that in order to tackle the issue of “managing seismic risk” we need to first quantify 
and categorise. Some hands on “applied” development and not necessarily research. 

From:  Shana Trollope 
Date:    19/6/2005 
Ref:   
E mail: shana.trollope@harmony.co.za 

To:  Ray Durrheim 
         
         
         

 
Subject:   Re scope of SIMRAC – Managing Seismic Risk 
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5) In terms of the Universities or the lack thereof, I believe that this is an indictment of the 
Mining industry. A country with the most mining induced seismicity and not a single faculty left – 
we should have been leaders in the world with others clamouring to attend out universities. 
Even the very basic causes for the man on the face needs proper professional input via 
educationalists. However, consultants can assist and be remunerated for this assistance but it 
must not be their complete task. 

I support any effort in which we will bring them back.  Even Dafsam and Nelsam sideline our 
universities and why should we be surprised if we do not support them. 

6) As I have mentioned to Miningtek and Ray in particular on many occasions. Private 
companies and consultants should not be applying for SIMRAC funds. These should be left to 
the institutions, Miningtek, Council for Geosciences and our Universities. That is not to say 
service providers and consultants cannot have a role to play. We do have contributions that we 
can make based on the hands on experience, but these should be channelled thru managing 
institutions with PEER REVIEW – of an internationally acceptable variety. 

A small story: - I recently had a discussion with a disabled person who was involved with BEE 
development in the mining industry. He approached me to discuss collaboration and technical 
input. One of the points he made was that individual ownership with no BEE equity partners 
and/or empowerment would not qualify for projects as this will be seen as personal enrichment. 

Consultants and or private companies for whom this SIMRAC funds would be more than 20% of 
their income and or time in my opinion falls into the category of personal enrichment. 

And on this point I have yet to see capacity building via SIMRAC or development of black equity 
or empowerment, here I mean particularly technical development and not financial.  

7) In terms of Michaels comment on Output 5 – SIM020203 does partially address this and we 
need to look at this output before deciding on future work. I support the notion that there is no 
need to rush into SIMRAC 2005 but that more clarity is needed first. Workshops with the 
industry and other role players for the remainder of 2005 with more clarity on the way forward 
for 2006. 

8) On Michele last point. Yes it is the mine management and states responsibility but SIMRAC 
can be involved by quantifying the problems and recommending solutions like appropriate 
methods for due diligence reviews, quantify the level of inadequate designs etc. Left to mine 
management would not highlight problems but continuously perpetuate the notion of “centres of 
excellence” in their own interest. SIMRAC outputs that can be meaningfully applied by the state 
(allowing for greater diligence by the state) and industry is what’s required.  

9) Evaluate and recommend the level of capacity needed by the industry and the state. It is 
common knowledge and often discussed that the state lacks capacity, the industry is still 
arguing on the qualification needed by a seismologist or even the necessity of an applied mine 
seismologist. 
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Written contribution by Friedemann Essrich, SiM 
 

In all, a good effort was made to create a financially inclusive strategy that spreads limited 

resources to a large number of contributors, as it was the wish of the MHSC. In that sense, one 

of a number of requirements has been fulfilled. In order to set up a viable structure that can 

steer this project through the coming years, a (small) second tier should be appointed to assist 

Ray and to prevent undue bias.  

 

With regard to the proposed research outputs, we are probably too far from the real problem, 

which is underground. Already at our disposal is technology to describe rock mass properties 

and to quantify rock mass behaviour over time; we have concepts that allow us to interpret the 

data and recognise hazardous conditions; and thirdly, support systems have been developed to 

protect excavations under many, but not all conditions. What is lacking is a rigorous assessment 

of what is working well in which situations and why; and once this has been established, how to 

improve methodology and how to implement these improvements.  

 

We certainly lack accurate input data for the characterisation of faults and dykes, a major 

source of seismic emissions. Similarly, how many mines consistently document rockbursts in 

order to answer questions like: What type of excavation suffers what extent of damage from 

what type of seismic sources? What are the effects of seismicity in terms of lost production, 

damaged equipment and rehabilitation?  If we had these data we could surely make a marked 

difference in seismic risk management. The same applies to existing seismic hazard 

quantification methods that are applied on many mines routinely, in particular short-term 

instability analysis. Although introduced over ten years ago there is no body of literature 

documenting where and how the method is applied successfully. Considering the potential 

benefits, an independent review is needed that can establish the potential for success and 

recommend and test modifications where required.    

 

SiM’s proposal was based on three issues: TOOLS, TRAINING and DATA 

with an emphasis to review & enhance. We suggested a program of 

continuous assessment and review and a 5-year program would be well 

suited for such an approach. In detail, we suggest the following: 

 

1. Ray’s proposal plans to involve many more parties than the original, but the main thrust is 

similar: Major cost items are Lab testing, numerical modelling & mine design and high 
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performance computing (R1.25m). We would agree with Dick Stacey that the main problems in 

rockburst risk management lie elsewhere.  

2. SiM’s proposal, comprising CGS, ITASCA, Groundwork and HAMERKOP, had a different 

thrust:  

- Further improve on simple existing tools that are commonly used in the industry and 

that are accessible to everyone, rather than inventing complex new tools accessible to 

only a few; 

- Improve the quality of input data, especially into rock mass modelling and rockburst 

assessments but also event prediction, and ensure that many users can raise the data 

and apply the tools successfully;  

- Non-compliance and lack of skills/knowledge is a major stumbling block on the way 

to implementing what is known to be good practice (or mine standard); thus, we should 

focus on training on all levels, academic and mine based; 

We would like to see more emphasis on the refinement of standard tools, training, field work, 

applicability and value-add. In SiM’s proposal, 281 out of 905 project days (32%) were to be 

spent with rock engineers on mines, underground, in workshops, lectures and feedback 

sessions. 

3. As it is in the proposal, output 4 (mine seismology training) receives 10% of total funding. 

This should be increased substantially but, since it is already late in the 2005 academic year, 

courses are likely to start only in 2006, i.e. little funding is required in 2005. 

4. Output 5, the review of existing methods for seismicity and rockburst prediction, especially 

the quantification of success rates of methods, should be conducted by a party that is not 

intimately involved with these tasks on a routine basis, is independent and has no commercial 

interest in the outcome (see Prof. Nielen vd Merwe’s comments).  

5. Since this a multi-year programme, review and subsequent modification (where required) of 

all work completed is essential. We note that only outputs 2 and 4 have a formal review 

element and  

suggest the same also be incorporated into the other outputs. 

 

What should be done? We suggest to first establishing the core research program (see table 

with reference to Ray’s main outputs) accommodating comments from various parties, then 

finding suitable agencies to conduct this research. Allocation of adequate funding would be the 

final step:  
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TOOLS 
TRAINING  

in Mine 
Seismology  
(see output 4) 

DATA 
In-situ 

geotechnical 
characterisation & 

monitoring  
(see output 3) 

Mine & excavation 
design 

(see output 3) 

Rock mass 
modelling 
(see output 1) 

Seismic hazard 
assessments 

(see output 5) 

Audience 
Geophysics 
Mining Eng. 
Rock Eng. 
GDE 
(Mine) 
 
Input from 
Universities 
SANIRE 

Issues 
H/wall stability 
Rock mass properties 
Time-dependence 
Support performance 
Data integrity 
PGV 
Waves & stopes 

Pro-active 
Regional support 
Bracket pillars 
Layout & sequencing 
 
Re-active 
Special support 
‘Design as you mine’ 
Analyse support design 
Performance in seismic 
conditions 

Issues 
Common tools 
Problems 
Limitations 
Case studies 
Input data 
Lab experiment 
review 
 

Issues 
Tools in use 
Event prediction 
Rockburst 
prediction 
Success rates 
Losses 
Seismic data 
quality 
 
 

Universities 
CSIR, CGS 

ISSI, Groundwork Groundwork, ITASCA, 
CSIR 

CSIR, ITASCA SiM, CGS 

It is clear that the main issues are interlinked and that results from the various investigations 

should find their way into the training module. 
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Written contribution by Matthew Handley, University of Pretoria 
 

Hi Ray, 
 
Why are the universities, which represent considerable expertise in seismic and seismic 
research left out of this?  If we are not part of this project at all, why are we being informed of it?  
Where is Andrejz Kijko of the Council of Geosciences?  I believe that the CSIR may have made 
contributions to rockburst research 40 years ago as well as more recently, but we cannot rely on 
the then researchers' names to justify the CSIR's share in the current project!  The flurry of 
Rocha medals may be some justification.   
 
I believe that the CSIR represents about 10% of the current countrywide rockburst/seismic 
research and monitoring expertise, and that's being generous.  Do not get me wrong, Steve, 
Lindsay, and Alex are all excellent (I can vouch for that since I have worked with them all), but 
they are hobbled by a seismic monitoring system that should not be there because it is 
underfunded, undermaintained, and undersold.  On the other hand, ISSI has an enormous 
amount of seismic/rockburst research and monitoring esperience and expertise, a properly 
funded seismic monitoring system plus useable software, and a world-leading product (just look 
at their sales and contracts).  ISSI should therefore be considered a world centre of excellence 
in this field.  Why is their share so small?  Why are consultants being brought in to do research?   
 
So, now that I have complained, I will suggest a solution: let CSIR manage the project, but 
outsource the bulk of it to outside researchers recognised in their fields.  That is what I did with 
SIM020304, where Miningtek and ISSI got approximately 65% of the funding.  I do not think that 
the CSIR should get 50% of this project. 
 
regards 
 
Matthew 
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Written contribution by Mark Hildyard, CSIR 
 

Dear Ray (and all those involved in SIM 050302 discussions)  
 
Regrettably I will not be able to attend tomorrow’s workshop on SIM 050302. As one of the original motivators of some of the 
sections in the existing proposal I wish to highlight the following. If possible, please let my views (attached) be aired during 
the meeting.  
 
Thanks 
Mark 

 

 

When the request for proposals for Simrac was gazetted their was a strong indication that the 
project SIM 050302 “Managing the rockburst risk” would be the one Simrac project which would 
have a true long-term fundamental research emphasis – perhaps the opportunity to go beyond 
existing technology. It was certainly not intended to be a simple consolidation of existing 
solutions (while there is an important need for such consolidation it is not the purpose of this 
project!). 
 
I propose that there are two areas of development which have already seen some promise but 
which would provide major benefits if pursued to their logical conclusion. The first is large-scale 
3D simulation of the evolution of off-reef damage and the second is the projection of dynamic 
damage due to rockbursts and due to potential rockbursts. The above could all be united in a 
theme “Dynamic Rockmass Behaviour”. 
 
3D simulations of off-reef damage were an important component of the project SIM 020301 (Dr 
Napier, Dr Spottiswoode and others) and one of the conclusions was that such simulations are 
essential before stability can be realistically assessed. My own research into the modelling of 
rockbursts and of the dynamic interaction of waves with mine openings has shown some 
success and a lot of potential. However, one would be extremely uninformed to assume that our 
research and our tools in these areas are already adequate to tackle the real task – simulating 
rockburst damage! 
 
In terms of general off-reef damage, SIM020301 demonstrated methods of simulating fully 3D 
explicit fracture evolution. This provides an exciting approach to simulating mine layouts and 
evaluating stability. Methods were identified for extending this to truly large-scale 3D analyses 
and more routine assessment, but these require significant and challenging developments.  
 
In terms of dynamic models and anticipating damage from rockbursts we have failed so far to 
cover an essential and fundamental issue – namely realistically and reliably simulating dynamic 
damage. This may seem to be of such obvious importance that it should already have been 
given priority. The truth is that many of the pre-requisite studies were of a sufficiently 
challenging nature that they precluded proper development in this area. We now have a 
platform to do so. 
 
It is for these reasons that we have proposed the developments in objectives 2 and 3 (please 
see detailed proposal for full information). In no way is routine modelling envisaged. Indeed it 
involves the development of challenging and exciting new methods of analysis. Understanding 
and simulating dynamic rockmass behaviour must not be under-emphasized in this project. 
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Written contribution by Martin Pretorius, Harmony 
 

Dear All 

Sorry that I come in so late on the discussion.  (I had been in Aus and in PNG for the last couple of 
weeks.)  I strongly support Nielen's view and I am convinced that the universities should play a more 
important role in this regard - the emphasis should be who can contribute rather than who needs the 
money more desparately.  This has always been my opinion. It is also of critical importance that all effort 
be made by the mining industry to ensure that the CSIR Miningtek does not only survive, but that they be 
given the opportunity to develop new talented researchers. 

The only other two comments that I can add is the "human element/behaviour" in this.  I have seen too 
often that a design is in place and or a proper managerial instruction given, but it is not implemented.  
This can even be taken a step higher namely the proper implementation of some of the good work that 
has been done by researchers in the past.  I believe that we would have been a lot further in solving at 
least some of the problems have all the relevant research findings been implemented.  This might be a 
sensitive issue but I see it as part of the process if we are really serious about solving it. 

The second comment is on the possible lack in addressing the "support capacity" side of the excavation 
stability equation where support react to the "demand" placed on it through dynamic loading.  This should 
be incorporated in the final analysis as one  will only get stability if the support capacity is able to meet the 
dynamic demand placed on it. 

Regards 

Martin Pretorius 
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Written contribution by Steve Spottiswoode, CSIR 
 

A short reply to notes from Profs Dick Stacey and Nielen van der Merwe on Ray 

Durrheim’s e-mail of 6th June 2005 on rescoping of SIM 05-03-02 

Outputs 1, 2 and 3a. 

Stacey: 

 “We have excellent numerical modelling and planning tools – Minsim, MAP3D, FLAC, 
UDEC, PFC, DIGS, PHASE2 etc, etc;” 

 “We know the effects of good layouts and bad layouts on seismicity and we have tools to 
quantify these effects – ERR, ESS, VESS, Face Shape Index, etc, etc;” 

and later 

“Further numerical modelling, laboratory testing and fracture mechanics studies will add little to 
the management of the rockburst risk and will not solve the key problem.” 

van der Merwe: 

“To be perfectly honest, these are the things we have seen year after year after year, and they have not solved the problem.  I see 
the word “Develop” and I have to ask, why again? Are the existing things inferior? If they are, we first have to say so and we have to 
prove it. I also see the word “Assess” and I believe that this should receive priority. There should be an assessment of the things we 
have in place in each of those blocks.” 

I can understand Nielen’s frustration about the apparently slow rate of progress in developing of 
useful numerical simulation methods.  However, layouts and sequencing are often partly 
blamed for rockbursts.  I do not share Dick’s rosy view of the value of design criteria and the 
efficacy of the tools to apply them.  The tools of ERR, ESS etc are deficient in a number of ways 
in quantifying effects (=seismicity or rockbursting).  Outside of the arena of research, they are 
also underused and sometimes applied incorrectly or misinterpreted. 

In reply to Nielen’s “How about the Irish group who predicted the next earthquake after the 
tsunami correctly? Can’t they teach us anything or contribute anything at all? Were they just 
lucky, being Irish?”, John McCloskey did work for INCO in Sudbury, Canada, when Doug 
Morrison was still with them.  Doug did his best to apply the ideas of McCloskey and his 
colleague CJ (Chris or Christopher) Bean, without any particular success.  Here is a web 
address on the Irish prediction, taken from a Google search using “Banda earthquake 
McCloskey”: http://www.physorg.com/news3422.html. 

McCloskey & Bean are not magicians – they identified stress transfer onto a region next to the 
Banda Aceh earthquake source region and boldly issued a prediction.  Shana is already doing 
something similar.  She has a long history of seismicity and expects M>4 to fall all the way 
along some of the VR faults that are surrounded by extensive mining.  In areas of less extensive 
mining, we need to perform some integrated analysis of seismicity and modelling to perform this 
exercise. 

I do believe that work done towards integrating modelling and seismicity is breathing new life 
into some of these old criteria and tools and that this work should continue.  This approach will 
allow us to do the same for mining that McCloskey et al did for the March 28th Sumatra 
earthquake.  A big technical hurdle is the difficulty of finding out what has been mined when. 

http://www.physorg.com/news3422.html
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We have also barely started to get value for money from dynamic codes, especially the complex 
dynamics during the strong ground motion around stopes and tunnels.  I agree wholeheartedly 
about the need for more in-mine monitoring and mapping. 

Competency building 

I do not want to join in an argument regarding the role of the Universities and other groups in 
this project, whether any organisation could do the entire work on its own or whether too many 
organisations are to be included. 

Seismic Hazard & Risk Management 

Ray’s table includes six suppliers and one reviewer to contribute to this output.  I would argue 
that the benefits of doing focussed research in this area may be the most cost-effective of any 
of the five areas.  The reason I say this is that there are some basic differences in approach that 
the six suppliers use towards Seismic Hazard & Risk Management.  Discussions, some multi-
authored position papers and some testing of existing methods will help reduce a lot of 
confusion about what is happening in the rock and how best to use our seismic data. 

Stope support design under dynamic conditions 

This aspect has been pointed out as a major weakness in our knowledge by both Dick & Nielen 
who both pointed out the need for more measurements.  There are still many gaps in our 
understanding of the stability or otherwise of real stope hanging walls under three-dimensional 
ground vibration and supported in various ways.  Work by both CSIR Miningtek, and also ISSI, 
on analysing in-stope ground motion is still in its infancy. 

In summary, my favoured topics are: 

1. Integration of seismicity and modelling 

2. Consolidation of seismic hazard estimation methods 

3. Dynamic H/W behaviour and its control. 

 

A comment on Paul van der Heever’s note 

>>> "Spottiswoode" <sspotty@pixie.co.za> 05/06/15 00:28:10 >>> 
Dear Paul 
  
The reception that you were given during your 8 technology roadshows is familiar.  COMRO was given 
a similar reception to roadshows in 1989 and this was followed by the large-scale retrenchments of staff 
in 1990.  Lets hope that you do not meet the same fate. 
  
You write in conclusion that we must consider, inter alia: 
  

 “The feasibility and potential of expensive SIMRAC-funded new rockburst support systems”  
  
I have said a number of times before that we do not have a proper specification for the design of such a 
system.  For example, what force distribution over a stope hangingwall can hold up >90% of the FOGs 
that currently injure people?  Does the force distribution have to be equally spread, or can it be unevenly 
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spread, for example more strongly above elongates with a lesser resistance tapering outwards?  What 
is the true dynamic behaviour of rock mass – support interaction? 
  
I think that it should be SIMRAC’s brief to consider these questions.  I think that both Dick Stacey & 
Nielen van der Merwe were alluding to similar doubts about ability even to define support criteria, 
although they did not express it as strongly as I am doing so. 
  
Regarding actual design and manufacture of a successful rockburst support system, I suggest that a 
carefully phrased competition be set up and the winner not only get a chance to sell their product, but 
will be presented with a suitable prize.  Perhaps “Defender of mining safety, first class”, presented at a 
suitable august occasion. 
  
The other four points also deserve serious consideration, but I have nothing to add that is probably not 
obvious. 
  
Regards 
Steve 
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Written contribution by Dick Stacey, University of the Witwatersrand 
 
Dear Ray 
 
Your proposal sparked me to write rather a lot of comment on a subject which is important to me.  My comments are attached - 
please do not interpret them as negative as that is certainly not intended.  Perhaps they will provoke some debate, which I think 
would be good for us.  I don't know whether I will be able to make the workshop on the 20th as I am involved in a course that whole 
week.  I'll try to get to part of it, but that will depend on how things go on the day. 
 
Regards 
 
Dick 

 
MANAGING THE ROCKBURST RISK 

 
What do we have/know? 
 

 We have excellent seismic monitoring systems – we can locate events, determine their 
magnitudes, etc, etc; 

 We have excellent numerical modelling and planning tools – Minsim, MAP3D, FLAC, 
UDEC, PFC, DIGS, PHASE2 etc, etc; 

 We know the effects of good layouts and bad layouts on seismicity and we have tools to 
quantify these effects – ERR, ESS, VESS, Face Shape Index, etc, etc; 

 We have a code of practice to combat rockburst and rock fall accidents; 
 We have mine standards regarding layouts (geometries, leads/lags, scheduling, etc), 

support (capacity, timing of installation, distance from face, etc), blasting, all do’s and 
don’ts, etc; 

 In spite of all of the above, we still have rockburst and rock fall related accidents and 
fatalities. 

 
What is the key problem or top fault? 
 
The key problem is that, in spite of all the above knowledge and the century of deep level 
tabular mining experience, we continue to have many accidents and fatalities. 
 
What are the secondary problems or faults? 
 
Here is a “story”.  The mine manager has just bought a top of the range BMW, of which he is 
very proud.  On the first day that he parks it at his office, there is a hail storm and his car is 
damaged.  He is naturally very angry, and ensures that a hail proof shelter is built – the 
suppliers guarantee that it can withstand the impacts of hailstones of up to tennis ball size.  The 
manager’s car is repaired and he parks it under his new shelter with confidence.  There is 
another hailstorm, this time accompanied by a lot of wind.  Hailstones pass between the new 
shelter and the adjacent shelter and again damage his car.  He is again very angry and berates 
the supplier of the shelter.  However, the supplier says that the shelter has been designed to the 
recommended standards and that he is not to blame.  The manager reluctantly accepts this 
explanation and has his car repaired again.  When he gets it back he makes sure that he parks 
his car right in the centre of the shelter, away from the gaps between it and the adjacent 
shelters.  Unfortunately, it is a bad season and there is another, major hail storm.  This time the 
hail accumulates on top of the shelter, which cannot take the weight of the hail, and the shelter 
topples over sideways.  The car is exposed and is again damaged by the hail.  The manager is 
extremely angry, particularly because the insurance company now refuses to pay for the 
damage.  The shelter supplier denies liability because he says that the shelter was not designed 
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for hail accumulation.  What does the manager do – buy an old beat-up car that doesn’t matter?  
Walk to work?  Get lifts from colleagues?  Catch a taxi? 
 
The point of this story should be obvious – if systems keep on failing, it is the design of the 
system that is at fault.  We have rock falls because the support systems fail.  Rocks fall 
between supports, props/elongates are knocked out and then they no longer provide support 
and therefore allow rocks to fall.  The stope support designs in the industry, as required by the 
code of practice, cater for static and dynamic forces acting in the closure direction.  They also 
cater for forces exerted by 95% of the recorded weights of past rock falls.  They are not 
designed to prevent falls of rock that might occur between them.  They are not designed to cater 
for rotational or sideways forces.  Do the records of past rock falls also include all incidents, 
which might change the cumulative distribution of rock fall depths?  Is it acceptable to design 
not to be able to support 5% (which would be at the top end of the thicknesses) of the rock fall 
depths? 
 
Therefore, a secondary fault of major significance is the design of the support systems. 
 
If correctly designed support systems are not installed to standard, they cannot be expected to 
perform as required.  Therefore, an additional secondary fault of significance is the correct 
standards and the adherence to them. 
 
HOW DOES THE ABOVE IMPACT ON THE PROPOSED RESEARCH WORK? 
 
Outputs 1, 2 and the first part of 3: Over the past 20 years or so, a large amount of research 
work in these categories has been carried out.  Further such work will have little benefit, in my 
opinion, in managing the rockburst risk.  Further numerical modelling, laboratory testing and 
fracture mechanics studies will add little to the management of the rockburst risk and will not 
solve the key problem.  The problem is that there are a lot of blocks of rock in the walls of 
underground excavations, and these blocks fall out!  This is what needs a solution! 
 
Similarly, for Output 5, do we not already know enough?  Do we need to develop improved 
methods?  Surely, if we implemented existing knowledge well, we would have a big 
improvement. 
 
WHAT IS RECOMMENDED? 
 
The following is what I believe should be addressed: 
a) The first issue is design – support systems should be designed to cater for the 

conditions and forces that are known, or expected, to be imposed on them.  Areal support is 
necessary to contain rock falls between individual support elements, support elements must 
have lateral stability, etc.  Appropriate design criteria must be developed and specified (the 
criteria in the code of practice should be modified or eliminated).  I believe that it is 
professionally irresponsible to allow inadequate designs to be perpetuated in the industry 
(rock engineering personnel reading this should contemplate this statement very carefully).  
Designs should be subjected to “due diligence review”.  This is nothing other than good 
technical corporate governance. 

b) The defensibly designed support systems should be implemented on a trial basis and 
their performance thoroughly monitored (significant expansion of Output 3b). 

c) Training is a very important component of the research work, to ensure that the 
requirements and benefits of the support systems are understood, that standards and 
procedures are appropriate, and that these standards and procedures are adhered to.  This 
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would probably involve an expansion of Output 4.  (Note that the benefits refer to the mining 
operation as a whole, not to a particular stope). 

d) Adherence to standards, etc need to be monitored with much greater diligence by DME 
personnel, and transgressions of the law need to be addressed firmly. 

e) The implications of the above might be perceived to be much greater costs for mining 
companies.  Therefore, it is essential that detailed research into the financial effects of the 
improvement in support systems be carried out.  Detailed investigations should be carried 
out into the real costs associated with rockbursts, rock falls, incidents, accidents, reopening, 
rehabilitation, lost production, lost ore reserves, etc, and the savings (improvements in 
production, reduction of lost production, reduction of lost ore reserves, reduction of 
rehabilitation costs, etc) that will result from the use of improved support systems.  Safe, 
stable mine workings are good business, and the research will hopefully demonstrate the 
benefits to mine management in financial terms.  This will be the best way of gaining the 
support of mine management for changes to support systems.  It is considered that research 
into the financial aspects should be a major research output. 

 
WHAT ABOUT THE OTHER PROPOSED RESEARCH WORK? 
 
I strongly support the carrying out of the numerical analyses, laboratory testing, fracture 
mechanics studies, and seismic hazard and risk management research that I “deleted” above, 
but not as part of current managing the rockburst risk project.  These activities are very 
important in increasing knowledge and are important to future improvements in many rock 
related activities.  If we do not continue with research in many fields, our capabilities will 
deteriorate. 
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Written contribution by Paul van der Heever, MHSC 

Dear Ray, 
  
Thank you for the opportunity to comment and to suggest possible improvements.  I am 
convinced that our collective insight and commitment will result in a justifiable and more credible 
project with implementable solutions.   
 
During the past 14 months, Council staff have conducted 8 technology roadshows in the various 
mining districts and although interesting and useful information were disseminated, we got the 
impression that we are not meeting the real needs of the mines of how to control risks, including 
rockbursts.  To put it bluntly, there is a discernable intolerance towards ‘research’ within the 
industry and within SIMRAC and its committees.  We often find ourselves having to justify the 
continuance of research effort.  One exception has been the Project on the elimination of 
silicosis which seems to have instilled an expectation of hope that captured the support of all 
stakeholders.  Perhaps the title of the proposed project :management of rockbursts conveys an 
impression of acceptance of the status quo?  Perhaps the control of rockbursts conveys and 
requires a more aggressive approach.   
 
The recent event (9 March 2005) in the Klerksdorp goldfield has resulted in unprecedented 
public concern wrt large mine tremors that have ‘disaster potential’. For example, the 
Parliamentary Portfolio Committee requested a position paper on the status of mine tremors 
and rockbursts from the Chief Inspector of mines.  I compiled a report for Ms Hermanus that 
outlined the progress and accomplishments that have been made during the past two decades, 
and it cited several impressive accomplishments.  I also suggested that the provisions of the 
recently promulgated Disaster Management Act need to be considered by the DME, MHSC and 
the research community.  
 
However, it transpired that several questions remain unanswered, at least in the minds of the 
general populace and other affected parties.  One consequence of this has been the 
establishment of a Mine Tremor Expert Group that will consist of approximately 10 accredited 
experts to investigate and report on a variety of issues associated with large mine tremors and 
the concomitant effects on mines, surface structures and mining communities. The project will 
be funded by means of a special Pariamentary grant and is scheduled to be completed within a 
6-month period. The terms of reference for the project are currently being drafted. It is 
envisaged that the investigation will start during the next few months  
 
I suggest that the following be considered during the scoping of the project on the management 
of rockbursts: 
1. The terms of reference and envisaged outcomes of the rockburst expert group; 

2. The recommendations of the current project on research gaps (04 02 06); 

3. The R3m TechnologyTransfer project at Savuka that has just started;  

4. Strive to produce engineering-based guidance to the industry on how to control the risk; 

5. Change the title to reflect a more aggressive, risk-reduction outcome and redefine the 
objectives accordingly, with annual milestones; and 

6. The development of more useful and robust success indicators than the current lagging 
indicators, such as fatalities and injuries.   

 
There are strategies that can be introduced, right now, albeit with perhaps, concomitant loss of 
industry earnings but certainly with improvement in rock-related fatalities and injuries.  That, in 
my opinion is the fundamental question that must be debated and agreed upon, before 
finalising the scope of project 05 03 02. We must consider: 
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 What measures can be introduced, right now, to minimise the occurrence of regional  
large mine tremors  

 What measures can be introduced, right now, to minimise local, medium-sized 
events  

 How to limit damage and exposure to the effect of rockbursts  
 The feasibility and potential of expensive SIMRAC-funded new rockburst support 

systems  
 The feasibility of special PPE for miners who are continually exposed to rockburst 

conditions  
 
Comments by Nielen van der Merwe, Pretoria University 
 
 
Dear Ray, 
 
This is a very important project that we cannot take lightly. Thank you for inviting input, even from the universities! Mine is attached. 
 
Unfortunately, I will be away at the time of the intended workshop. I would have loved to be there! 
 
Regards, 
Nielen 

 
Comments on SIM 05 03 02 

Outputs 1, 2 and 3: To be perfectly honest, these are the things we have seen year after year 
after year, and they have not solved the problem. I see the word “Develop” and I have to ask, 
why again? Are the existing things inferior? If they are, we first have to say so and we have to 
prove it. I also see the word “Assess” and I believe that this should receive priority. There 
should be an assessment of the things we have in place in each of those blocks.  

 
Let me explain. 
 
To ensure no more fatalities from rockbursts, we need the following: 
 
Predict and Prevent OR Effective Support. 
 
Predict and Prevent requires two fundamental things: 

 full understanding of the root phenomenon (what fails where under which conditions?) 
 how does creating an excavation contribute to the requirements to cause a rockburst? 
 
If we can fully answer these two questions, we can plan our way out of the problem by 
adopting the correct lay-outs. In my personal opinion, the fundamental problems are that we 
still cannot answer the first question and we still don’t know enough about the pre-mining 
condition (position and characteristics of faults, state of stress, etc etc) to know how much of 
a contribution is required to go over the edge of stability. Maybe the only reason we don’t 
have natural seismicity is that there is nowhere for the mass that wants desperately to move 
to go, and by mining we create space to go to – who knows?  

 
If we accept that we cannot prevent, we have to live with the occurrence and then protect by 
using Effective Support. Designing this requires the following: 

 knowledge of the condition of a stope at depth 
 knowledge of how a stress damaged stope will be affected by seismic vibration 
 knowledge of the capabilities and limits of artificial support units, development of new 

ones 
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I venture the opinion that we know more about this side of the problem than the previous 
one and that we are more likely to achieve success in this sphere. We don’t need to model 
or experiment to predict the condition of a stope at depth – we just need to measure. 
Significant work has been done on how seismic waves interact with a fractured rock mass – 
hell, we have two Rocha Medals on the topic! Doing the third step is the job of mechanical 
engineers, guided by us.  
 
The point I’m trying to make is that in each of these knowledge requirements, some work 
has been done. Each one of those little building blocks needs to be critically evaluated (and 
this cannot be done by the people who did the work) and either discarded or kept. That way, 
we identify knowledge gaps and that is where the research should go. 
 
The interesting point is that developments for the first option invariably result in input into the 
second option, so we should avoid the obvious trap of deciding on which one of the two 
aspects we should pursue and then completely drop the other one. The Predict and Prevent 
option is the fundamental side of the research and maintaining that is essential. 

 
 
What I find a bit disturbing is that the support option is not even mentioned anywhere, but that 
we go straight from what is really understanding and predicting (Outputs 1 – 3) to 
Implementation (Outputs 3 and 4), as if we assume that we can lick this problem by 
understanding what causes it. I am also a bit disturbed that you foresee no role anywhere for 
the universities. Sure, Miningtek had the Rocha winners, but they were all guided by professors.  
 
When we talk about understanding the fundamentals, why do we not involve physicists and 
geologists? Universities are uniquely placed to do research and I find it strange that we see no 
role for them in this most complex problem. 
 
Even when it comes to the most visible university activity (even though it is only one third of our 
overall activity), namely teaching, we don’t feature. Output 4 mentions training at all levels, but 
in the two right hand columns all the funding goes to Miningtek and consultants. How is this 
possible? 
 
We cannot be blind about the state in which Miningtek finds itself at the moment and the 
possible consequences for the future. To be perfectly blunt, there is no way that Miningtek can 
do this on its own, and it is clear from the distribution in your proposal that you also know this. It 
is sad that while Miningtek produced four Rocha Medal winners, only two are still there. The 
really serious research capability has either resigned, retired or will retire in the near future. I 
haven’t seen too many of the famous researchers you mention in your letter around either. 
 
Yet, we cannot allow Miningtek to disappear. This country depends and will depend on mining 
and we need a strong and knowledgeable research organisation to maintain, support and 
develop it. This is one of those projects that can be used to build capacity and I am of the 
opinion that especially the younger persons should be included in all aspects of the project, no 
matter who the lead agency is. But the lead agent should be the outfit best equipped to come 
with a solution, not the one who needs the funding most. 
 
To summarise, my suggestion is as follows: 
 
Step 1: Identify requirements to prevent 100% rockburst fatalities (technology roadmap) 
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Step 2: List what has been done in each of those areas 
Step 3: Critically evaluate each element (external review) listed in Step 2 
Step 4:  Retain the elements that pass Step 3, initiate research to replace or complement 
unsatisfactory or missing elements to satisfy the requirements identified in Step 1. 
 
We already know some of the answers relating to Step 3, or think we do, but it will only be 
credible if done by a panel of outsiders. Steps 2 and 3 should be comprehensive and not 
confined to SIMRAC projects – it should evaluate all knowledge relating to the subject. It should 
also include international knowledge -  for instance, seriously consider earthquake related 
knowledge instead of summarily discarding it. We know that the Japanese are no closer to 
predicting earthquakes than we are to predicting rockbursts, yet they construct buildings (and 
excavations!)  that survive them. Can we really learn nothing there? How about the Irish group (I 
did not take them seriously enough at the time to remember who they were) who predicted the 
next earthquake after the tsunami correctly? Can’t they teach us anything or contribute anything 
at all? Were they just lucky, being Irish? 
 
After how many years and how many Rands, we have not solved the problem. We have either 
not done enough, or what we did was done wrongly or we have been doing the wrong things. 
We need to do Steps 1 to 4 to get our heads straight before we just blindly do more of what we 
have been doing. We could be going even further in the wrong direction. 
 
I trust that you will read this in the positive light that it was written! 
 
 
Nielen van der Merwe 
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RECOMMENDATIONS TO MHSC ROCK ENGINEERING TECHNICAL ADVISORY 
COMMITTEE on THURSDAY 7 JULY 2005 

 
These recommendations are made by Dr Ray Durrheim of CSIR after wide consultation with stakeholders 

in general, and research suppliers in particular, consideration of the recommendations of SIM 04-02-06 (A 

holistic assessment of SIMRAC rock-related research), and careful thought and analysis. The 

consultations were carried out through telephone conversations, face-to-face discussions, email 

correspondence and a workshop held at Gold Fields Training Centre on 20 June 2005, attended by 19 

people. 

 

The MHSC gave Dr Durrheim the mandate to rescope the project.  

 

1. MHSC should develop a long-term research strategy to eliminate rockbursts.  

 

Best to spend time to get the strategy right rather than rush off in the wrong direction. 

 

Few people seem to have a good grasp of the past attempts to develop and articulate strategies, and the 

scope and outputs of past and current SIMRAC work. 

 

This could either be a component of SIM 05-03-02, or a separate project. Recommended that Profs 

Handley, Stacey and Van der Merwe be part of this exercise. 

 

This could be part of the brief of the Mine Tremor Expert Group, funding by a special parliamentary grant. 

There is likely to be some overlap between the teams. 

 

Develop research / technology roadmap. 

 

2. The project should have a significant component of fundamental research 

 

The essential difference between the proposals submitted by teams led by CSIR and SiM can be 

summarized as follows. The CSIR proposal emphasis innovative research in rock mechanics, while SiM 

emphasizes the review and enhancement of existing technologies. 

 

High-level expertise in rock mechanics is essential if there is to be any credible, sustainable rock 

engineering competence in South Africa. 

 

It must be noted that the project budget of R3.05 million (excl. VAT) will support the equivalent of about 

five full-time staff, taking typical running costs and mix of seniority into account. 

 

There is no other SIMRAC project addressing rock-related fundamental research, while there are several 

projects addressing applied research, technology transfer and implementation. 
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Practitioners tend to be naïvely optimistic regarding the status of our knowledge of rock mass behaviour 

and the capability technology 

 

Integration between disciplines (e.g. rock mechanics, mechanical engineering, IT), and across 

fundamental / applied, technical / human and safety / productivity boundaries is encouraged. It is 

recommended that the project be expanded from   

 

Does RETAC wish to maintain a component of cutting-edge world-class rock mechanics research in its 

portfolio? It the answer is YES, the record of accomplishment of the organisations and persons 

comprising the team should reflect the appropriate intellectual ability and commitment. If the answer is 

NO, then RETAC / MHSC must realize that the existing indigenous capacity is likely to become extinct 

within a short time as researchers revaluate career directions and laboratory facilities are closed. If 

RETAC / MHSC argues that it is not its mandate to support this work, it must realize that there is currently 

no other identified source of funding to replace it. 

 

3. Institutions whose core business is research should be preferred suppliers for this project 

 

CSIR, Universities, ISSI. 

 

CSIR / COMRO’s organisational memory, facilities and reputation is unrivalled. CSIR’s continued 

commitment to rock mechanics research cannot be taken for granted. CSIR is currently undergoing 

restructuring, the Mining Technology Division has been merged with the Environmental Technology 

Division to form the new Resources and the Natural Environment Operating Unit. The newly appointed 

head of the Unit is ??, who has / has no previous experience of the mining industry. Even prior to the 

merger, the Sustainable Development Programme, only created in 2004, had surpassed the mining 

engineering competency area (which includes rock engineering) in size. 

 

CSIR and Universities are best placed to leverage other resources (e.g. high performance computing, 

laboratory facilities, electron microscopy, access to high-level scientists in cognate disciplines, 

information, supervision and support for students and interns, research funds). 

 

Consultants having expertise may be involved, but have chosen another focus and cannot  

 

Canada – Centres of Excellence at universities e.g. Lassonde Institute. TETF seems to focus on 

undergraduate teaching rather than research. 

 

 

4. Technology and Training should only be a minor component of the project 

 

One of the major shortcomings that has been identified is the lack of skills in mine seismology 
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There is some merit in coordinating training efforts, focusing on ensuring the SIMRAC technology is 

transferred. 

 

 

5. Include people with expertise in research in process of planning and monitoring research 

programme 

 

It was evident from comments that university academics have largely been excluded from MHSC 

processes, even though research is one of their core competences.  

 

While it is recognized that the input of government, labour and industry is crucial, and that researchers 

may experience a conflict of interest if involved in planning and monitoring research, a mechanism should 

be found. 
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Annex 2: Phase 2 Project Proposal 
 

 
MINE HEALTH AND SAFETY COUNCIL 

PROPOSAL FOR A PROJECT TO BE FUNDED IN TERMS OF THE  
MINE HEALTH AND SAFETY ACT 

 

 
 
  
 
 
 
 

 
1. PROJECT SUMMARY: 
 
PROJECT TITLE: MINIMISING THE ROCKBURST RISK (PHASE 2) 

PROJECT LEADER: 
  

Dr Ray Durrheim 

ORGANIZATION: CSIR  

ADDRESS: PO Box 91230, Auckland Park, Johannesburg 2006 

TELEPHONE: 011 358-0000 

TELEFAX: 011 726-5405 

E-MAIL: rdurrhei@csir.co.za 

  
PRIMARY OUTPUT1: 

Output 1: A detailed proposal for a five-year research programme that aims to 
minimise the risk of rockbursting in South African mines. 
 
Output 2: A plan to coordinate and stimulate initiatives to transfer knowledge 
and technology pertinent to rockbursting. 
 
Output 3: Standard operating procedures and best practice for the 
assessment of the seismic hazard and the management of the rockburst risk. 
 
Output 4: Fault zone dynamics – experimental test of the rapid unloading 
hypothesis for the formation of silica polyhedra found in fault gouge. 
 
Output 5: Research work based on the needs identified by outputs 1 to 4. 
 

 
HOW USED?2: 

Output 1: The project proposal will enable the MHSC to commission and 
manage a research programme that will contribute to a significant reduction in 
the rockburst risk by creating and disseminating knowledge, developing and 
transferring technology, and fostering the South African research capacity. It 

 
MHSC REFERENCE NUMBER 

 
 

(FOR OFFICE USE ONLY) 
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will enable research suppliers (universities, science councils, R&D 
companies) to align and develop research capacity appropriately. 
Output 2: The impact and effectiveness of training programmes and 
academic courses aimed at all levels (stope workers, rock engineering and 
mine seismology practitioners, management) will be improved through the 
inclusion of those findings and outputs of the SIMRAC research programme 
relevant to rockbursting. 
Output 3: Mine operators will use the standard operating procedures and best 
practice guidelines to improve seismic hazard assessment and rockburst risk 
management practice. Regulators and inspectors will use the criteria to audit 
practice and compliance on mines. Mine Health and Safety Representatives 
will use the information to monitor and audit working conditions. 
Output 4: Findings could have important implications for models of fault 
rupture and stability criteria such as ESS. 

 
 
BY WHOM?3: 

 
Rock Engineering Technical Advisory Committee (RETAC), MHSC 
Rock engineering practitioners 
Mine seismologists 
Mine management 
Labour representatives 
Consultants and contractors 
Regulators and inspectors 
Providers of training in strata control, rock engineering and mine seismology 
 

 
CRITERIA FOR USE4: 

 
Methods and technologies must be practical, robust, comprehensively field 
tested and validated, and well documented.  
 
Knowledge and technology transfer activities must be pitched at a level 
appropriate to the target audience. The desired outcomes must be clearly 
defined and measured. 
 

 
POTENTIAL 
IMPACT5: 

 
Better management of the rockburst risk could significantly reduce the 
number of fatalities and injuries experienced by workers in South African 
mines. 
 

  
NOTE:  Only the Year 1 Enabling Outputs have been planned in detail. The detailed work plan 
and costs for Years 2-5 will be scoped during the first months of the project (Output 1). 
 

 
Total Cost (Rand) 

VAT inclusive 
FUNDING 
REQUIREMENTS11 & 12 YEAR 1 YEAR 2 YEAR 3 YEAR 4 YEAR 5 

TOTAL PROJECT COST 
(excl VAT) 

1 838 259.65     

VAT 257 356.35     
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TOTAL PROJECT COST 
(incl VAT) 

2 095 616.00     

 
TOTAL SUPPORT 
REQUESTED FROM 
SIMRAC 
 

2 095 616.00 

 
5 000 

000.00 
(estimated) 

 
5 500 

000.00 
(estimated) 

 
6 000 

000.00 
(estimated) 

 
6 500 

000.00 
(estimated) 

 
 
 
DURATION (YY/MM) 2005/04 TO   2010/03 
 
 
2. PROJECT DETAILS 
 
 2.1 PRIMARY OUTPUT1 

 

 
Output 1: A detailed proposal for a five-year research programme that aims to minimise the 
risk of rockbursting in South African mines. 
 
Output 2: A plan to coordinate and stimulate initiatives to transfer knowledge and technology 
pertinent to rockbursting. 
 
Output 3: Standard operating procedures and best practice for the assessment of the 
seismic hazard and the management of rockburst risk. 
 
Output 4: Fault zone dynamics – experimental test of the rapid unloading hypothesis for the 
formation of silica polyhedra found in fault gouge. 
 

 
 2.2 OTHER OUTPUTS (deliverables)6 

 

2.3 ENABLING OUTPUTS7 (Table below to be completed in full) 
 

 
NO. 

 
ENABLING OUTPUT 

MILESTONE 
DATE 

(MM/YYYY) 

MAN 
DAYS 

COST 
per output 

(Year 1 only) 

0 
 
Output 0: Detailed scoping of project 
 

07/2005 5 43 859.65 

1 

 
Output 1:  
A detailed proposal for a 5-year 
research programme that aims to 
minimise the risk of rockbursting in 
South African mines 
 

   

1.1 
 
A concise summary of past and present 

01/2006 5  
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research projects, findings and outputs 
relevant to rockbursting 
 

1.2 

 
A report containing scenarios that 
describe the possible futures of the South 
African mining industry with particular 
reference to rockbursting, including 
technology options and research 
directions 
 

01/2006 21  

1.3 

 
A report containing technology road maps 
that describe the resources and actions 
necessary to achieve various desired 
outcomes 
 

02/2006 21  

1.4 
 
Project proposal 
 

02/2006 8  

 
Output 1: TOTAL (2005/6) 
 

 
Man days 
HR Costs 
Running 
Costs 
 

 
55 

353 
500 

60 000 
 

413 500.00 

2 

 
Output 2: 
A plan to coordinate and stimulate 
initiatives to transfer knowledge and 
technology pertinent to rockbursting 
 

   

2.1 

 
A report that documents all existing 
training programmes that seek to impart 
and transfer knowledge and skills 
relevant to mining-induced seismicity and 
rockbursting 
 

01/2006 16  

2.2 

 
A report that reviews the training 
programmes and identifies any gaps in 
the curricula and opportunities to include 
findings of SIMRAC research, where 
relevant and appropriate  
 

03/2006 35  

2.3 

 
A report that identifies any further 
research required to advance knowledge 
and technology transfer (K&TT)  

02/2006 5  



 

 

94 

 

 
Output 2: TOTAL (2005/6) 
 

 
Man days 
HR costs 
Running 
Symposium  
 

 
56 

326 000 
75 000 
10 000 

411 000.00 

     

3 

 
Output 3: 
Standard operating procedures and 
best practice for the assessment of 
the seismic hazard and the 
management of rockburst risk 
 

   

3.1 

 
A report that documents and reviews 
current practice with respect to seismic 
hazard identification and risk assessment 
 

02/2006 40  

3.2 

 
A report that defines Standard Operating 
Procedures and Best Practice 
 

03/2006 54  

3.3 

 
A report that identifies any further 
research that is required to advance 
seismic hazard identification and risk 
assessment methods and practice 
 

02/2006 20  

 
Output 3: TOTAL (2005/6) 
 

 
Man days 
HR costs 
Running 
  

 
114 
697 
400 
100 
000 

 

797 400.00 

4 

 
Output 4: 
Fault zone dynamics – experimental 
test of the rapid unloading hypothesis 
for the formation of silica polyhedra 
found in fault gouge 
 

   

4.1 

 
A report on the experiments conducted to 
test the rapid unloading hypothesis 
 

03/2006 15  

 
Output 4: TOTAL (2005/6) 
 

 
HR costs 

 
82 500 

172 500.00 
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Manufacturin
g costs 
Running  
 

 
60 000 
30 000 

     

 
 
TOTAL COST (Outputs 1-4) 
 

  1 838 259.65 

 
 
 2.4 METHODOLOGY3 
 

NO. OF  
ENABLIN

G  
OUTPUT 

STEP  
NO. 

METHODOLOGY TO BE USED TO ACCOMPLISH THE  
ENABLING OUTPUT 

(INDICATE STEPS/ACTIVITIES) 

 
0 
 

 DETAILED SCOPING OF PROJECT 

 0.1.1 
Discuss objectives and methodology in detail with SIMPROSS 
Programme Manager, members of the SIMPROSS Expert 
Committee and collaborators. 

 0.1.2 Finalize contracts with collaborators. 

1  

 
DETAILED PROPOSAL FOR A 5-YEAR RESEARCH 
PROGRAMME THAT AIMS TO MINIMISE THE RISK OF 
ROCKBURSTING IN SOUTH AFRICAN MINES 
 

1.1  

 
A concise summary of past and present research projects, findings, 
and outputs relevant to rockbursting 
 

 1.1.1 

 
Summarise the scope and key outputs of SIMRAC and other 
research programmes (e.g. DeepMine, FutureMine, PlatMine, 
Natural Earthquake Laboratory in South African Mines (NELSAM), 
etc) pertinent to rockbursting.  
 
The summary will draw on the Status Report and Research Inventory 
contained in SIM 040206 (A holistic assessment of SIMRAC rock-
related research). A poster that summarises the body of SIMRAC 
rock-related research work will be designed. 
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1.2  

 
A report containing scenarios that describe the possible futures of 
the South African mining industry with particular reference to 
rockbursting, including technology options and research directions 
 

 1.2.1 

 
Develop scenarios describing possible futures of the SA mining 
industry with special reference to the risk of rockbursting. Variables 
to be considered include commodity prices, labour intensivity, 
technical developments, etc. 
 
Information sources will include the Foresight Report contained in 
SIM 040206, and the findings of the Mine Tremor Expert Panel. 
RETAC and other stakeholders will be consulted. 
 

 1.2.2 

 
Identify possible solutions and research directions. The perspective 
will be integrated and multidisciplinary, and seek to go beyond 
current paradigms. The human factor, technology transfer, and 
implementation issues will be explicitly considered. 
 

1.3  

 
A report containing technology road maps that describe the 
resources and actions necessary to achieve various desired 
outcomes 
 

 1.3.1 

 
Develop technology road maps for the most promising options 
identified in 1.2.2 above. The road maps will describe the required 
resources, time-lines, and decision points. 
 

1.4  
 
Project proposal 
 

 1.4.1 

 
Draft and submit to RETAC a proposal containing a detailed 
motivation and work plan for a 5-year project that strives to produce 
knowledge and technology that will significantly reduce the risk of 
rockbursting. 
 

2  

 
A PLAN TO COORDINATE AND STIMULATE INITIATIVES TO 
TRANSFER KNOWLEDGE AND TECHNOLOGY PERTINENT TO 
ROCKBURSTING 
 

2.1  

 
A report that documents all existing training programmes that seek to 
impart and transfer knowledge and skills relevant to mining-induced 
seismicity and rockbursting 
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 2.1.1 

 
Identify all existing training courses that address mining-induced 
seismicity and rockbursting. The entire mining workforce will be 
covered, including stope workers (MQA), practitioners (COM 
certificates, etc), under- and postgraduate diplomas and degrees 
(BSc Hons, B Eng, MSc, GDE, etc), and in-service training.  
 
Document the training providers, syllabi, instruction and evaluation 
methods, throughput of trainees, duration and cost of courses, etc. 
There will be close liaison with universities and technikons, mine 
training centres, MQA, SANIRE, and the managers of the SIMRAC 
technology transfer facility at Savuka Mine.  

2.2  

 
A report that reviews the training programmes and identifies any 
gaps in the curricula and opportunities to include findings of SIMRAC 
research, where relevant and appropriate 
 

 2.2.1 

 
Review the training courses. Seek to identify: 
any shortcomings in course content and instruction methodology, 
and  
any opportunities to include findings of SIMRAC research, where 
relevant and appropriate. 
 

2.3  

 
A report that identifies any further research required to advance 
knowledge and technology transfer (K&TT) 
 

 2.3.1 

 
Compare the K&TT efforts of the mining sector with industries having 
a similar profile. 
 
Determine what, if any, research work should be done to improve the 
effectiveness of K&TT with regard to rockbursting. 
 

3  

 
STANDARD OPERATING PROCEDURES AND BEST PRACTICE 
FOR THE ASSESSMENT OF THE SEISMIC HAZARD AND THE 
MANAGEMENT OF ROCKBURST RISK 
 

3.1  

 
A report that documents and reviews current practice with respect to 
seismic hazard identification and risk assessment 
 

 3.1.1 

 
Formulate a questionnaire / survey / sample data set to be used in 
structured interviews. 
Special attention will be given to ways and means to unlock 
maximum value from seismic networks,  
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Short, medium, and long-term aspects of hazard assessment will be 
explicitly distinguished and addressed, and  
A special effort will be made to understand operational issues that 
affect risk management systems. 
 

 3.1.2 

 
Interview: 
Suppliers of seismic monitoring and analysis services,  
Rock engineering practitioners and production personnel, 
Inspectors and regulators, and 
Labour representatives. 
 
At least 10 seismically active mines will be surveyed, covering the 
different mining regions, mining companies, and service providers. 
 

 3.1.3 

 
Establish, by means of literature review and correspondence, current 
practice elsewhere in the world.  
 

3.2  

 
A report that defines Standard Operating Procedures (SOPs) 
and Best Practice 
 

 3.2.1 

 
Formulate draft SOPs and Best Practice.  
 
SOPs will seek to define a level of performance that is “reasonably 
practicable” (e.g. what is currently achieved by the best one-third of 
the industry).  
 
Best Practice will seek to define the highest level currently being 
achieved. This may be a synthesis of several operations (e.g. 
monitoring system on mine A, the process to integrate seismic 
information with the planning process on mine B, and the seismic 
hazard identification method used on mine C). 
 
Measurable criteria will be defined that can be used to audit 
performance and track continuous improvement. This may take the 
form of a “scorecard”. 
 
Chapters 8 and 9 in the Handbook on Rock Engineering Practice for 
Tabular Hard Rock Mines (SIMRAC, 1999) and existing codes of 
practice to combat rockfall and rockburst accidents will be used as 
the starting point. Issues to be addressed include: 

- Specification and operation of seismic monitoring systems, 
taking the stage in the mine’s life cycle into account 
(sensitivity, location accuracy, calibration, maintenance, data 
backup, etc),  

- Routine quantitative analysis (e.g. definition of polygons, 
calculation of parameters, estimation of Mmax, techniques for 
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stability analysis, documentation and archiving), 
- Integration with other information (e.g. stress and closure 

measurements, geological and geotechnical mapping, 
numerical modelling, layouts, face positions,),  

- Rockburst investigations (e.g. damage surveys, source 
mechanism studies, back analysis techniques), 

- Special investigations (e.g. risk assessments prior to mining a 
new area or remnant) 

- Liaison with other departments on the mine (e.g. planning, 
rock engineering, production, rescue),  

- Seismic hazard identification methods, 
- Risk assessment methods,  
- Issuing and lifting warnings, and 
- Evaluation of cost, benefit, and success.  

 

 3.2.2 
 
Invite comment from all interested and affected parties 
 

 3.2.3 
 
Convene workshop(s) to debate any contentious issues  
 

 3.2.4 
 
Formulate SOPs and Best Practice. 
 

 3.2.5 
 
External review 
 

3.3  

 
A report that identifies any further research that is required to 
advance seismic hazard identification and risk assessment 
methods and practice 
 

 3.3.1 
 
Identify research topics, based on findings of 3.1 and 3.2 
 

 3.3.2 
 
Formulate work plan 
 

4  
 
FAULT ZONE DYNAMICS  
 

4.1  

 
Fault zone dynamics – experimental test of the rapid unloading 
hypothesis for the formation of silica polyhedra found in fault gouge 
 

 4.1.1 

 
Conduct laboratory experiments that simulate stress conditions of rapid 
loading and unloading at steps or “jogs” on a rupture surface.  
 
The goal of the experiment is to test Ortlepp’s hypothesis that the silica 
polyhedra found in quartzite fault gouge are diagnostic of rapid elastic 
unloading.  
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 4.1.2 

 
Depending on the outcome of 4.1.1 above, conduct further experimental 
and theoretical studies to investigate the implications of fault zone dynamics 
on: 

 Velocity weakening, 
 Seismic moments predicted by the ESS criterion, and  
 Potential ground motion.  

 
 
 

 
Key Facilities and Procedures to be used in the Project: 
 
Capability for underground measurement and monitoring (e.g. stress, geotechnical 
parameters, convergence, seismicity). 
 
Capability for the analysis of mine seismic data. 
 
Competence in rock mechanics and computational techniques. 
 
Competence to give instruction in mine seismology, and the requisite qualifications and 
accreditation to supervise post-graduate research.  
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 2.5 TECHNOLOGY TRANSFER 
 

 
Output 2 specifically addresses knowledge and technology transfer activities. 
 

 
 
3. FINANCIAL SUMMARY 11 & 12 
 

3.1 Financial Summary11 & 12 
 
NOTE:  Only the Enabling Outputs 1-4 have been planned in detail. A provision has 
been made for Output 5. 
 
The detailed work plan and costs for Years 2-5 will be scoped during the first months of 
the project (Output 1). 
 

 
  

YEAR 1 
 

 
YEAR 2 

 
YEAR 3 

 
YEAR 4 

 
YEAR 5 

Project staff costs (from 
3.2) 

1 494 400.00 
   

 

Other costs:      

Operating costs (from 3.3) 273 859.65     

Capital & plant costs (from 
3.4) 

60 000.00 
   

 

Sub-contracted work (from 
3.5) 

 
   

 

Presentations and Papers 

(from 3.6) 
10 000.00 

   

 

Sub – Total 1 838 259.65     

Value added tax* 257 356.35     

TOTAL COST OF PROJECT 2 095 616.00     

Less funding from other 
sources (from 3.6) 

 
   

 

Support requested from 
SIMRAC 

2 095 616.00 
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 3.2 Project Staff Costs (Reflect Man-Days and Costs separately) 
 

NAME AND DESIGNATION YEAR 1 YEAR 2 YEAR 3 

 MD COST MD COST MD COST 

 
Output 0: Rescoping 
 

      

RJ Durrheim (CSIR) 5 35 000.00     
Sub-total  35 000.00     
 
Output 1: Scoping of 5-year 
research project 
 

      

RJ Durrheim (CSIR) 
Coordinator  
Mine seismology, rockburst 
investigations 
3 SIMRAC projects / DeepMine 

25 175 000.00     

TR Stacey (Wits University) 
Rock mechanics, engineering 
design 
8 SIMRAC projects 

3 16 500.00     

MF Handley (Pretoria U) 
Rock mechanics 
4 SIMRAC projects 

3 16 500.00     

SM Spottiswoode (CSIR) 
Seismology, rockburst 
investigations 
15 SIMRAC projects 

3 21 000.00     

MKC Roberts (CSIR) 
Support, layouts, rockburst 
investigations 
13 SIMRAC projects 

3 21 000.00     

DF Malan (Groundwork / 
SANIRE) Rock mechanics, 
instrumentation 
9 SIMRAC projects 

3 16 500.00     

G van Aswegen (ISSI) 
Mine seismology, rockburst 
investigations 
7 SIMRAC projects 

3 21 000.00     

A Cichowicz (CGS) 
Mine seismology 
5 SIMRAC projects 

3 16 500.00     

N Lightfoot / A Leach (Itasca / 
SANIRE) 
5 SIMRAC projects 

3 16 500.00     
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T Rangasamy (Midindi) 
3 SIMRAC projects 

3 16 500.00     

F Essrich (SiM) 
Mine seismology practitioner 

3 16 500.00     

Sub-total 55 353 500.00     
Output 2: Knowledge & 
Technology Transfer 
 

      

F Essrich (SiM) 
Coordinator 
In-service training: seismology 

20 110 000.00     

N Lightfoot (Itasca / SANIRE) 
In-service training, numerical 
modelling 
Review Panel 
5 SIMRAC projects 

4 22 000.00     

G van Aswegen (ISSI) 
In-service training, GDE 
Review Panel 
7 SIMRAC projects 

4 28 000.00     

T Rangasamy (Midindi) 
MQA unit standards 
Review Panel 
3 SIMRAC projects 

4 22 000.00     

MF Handley (Pretoria U / 
SANIRE) 
Review panel 
University teaching 
4 SIMRAC projects 

4 22 000.00     

MKC Roberts (CSIR / SAIMM 
Tertiary Education Trust Fund) 
Review Panel 
13 SIMRAC projects 

4 28 000.00     

SM Spottiswoode (CSIR) 
Review Panel 
15 SIMRAC projects 

4 28 000.00     

RJ Durrheim (CSIR) 
University teaching: BSc Hons 
Review Panel  
3 SIMRAC projects / DeepMine 

4 28 000.00     

L Linzer (CSIR) 
Schlumberger Foundation 
“Faculty for the Future” grantee 
8 SIMRAC projects 

2 9 000.00     

F Harvey (SRK) 
Savuka TT Facility 

2 9 000.00     

H Yilmaz (Wits U) 
University teaching 

2 9 000.00     
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TO Hagan (CSIR) 
SIM020207: Strata control 
course for illiterate workers 
9 SIMRAC projects 

2 11 000.00     

Sub-total 56 326 000.00     
 
Output 3  
SOPs & Best Practice for 
seismic hazard identification 
and risk assessment 
 

      

RJ Durrheim (CSIR) 
Coordinator  
Mine seismology, rockburst 
investigations 
3 SIMRAC projects / DeepMine 

20 140 000.00     

SM Spottiswoode (CSIR) 
Mine seismology, rockburst 
investigations 
15 SIMRAC projects 

10 70 000.00     

M Kataka, O Goldbach or L 
Linzer (CSIR) 
Mine seismology researcher 

10 44 800.00     

A Kijko (CGS) 
Seismic hazard assessment 
2 SIMRAC projects 

12 84 000.00     

G van Aswegen, A Mendecki,  
Lynch, P Mountford (ISSI) 
Mine seismology researchers 
and consultants 

30 200 000.00     

F Essrich (SiM) 
Mine seismology consultant 

12 66 000.00     

T Stankiewicz (Hamerkop) 
Mine seismology consultant 

10 37 600.00     

S Ebrahim-Trollope (GHS) 
Mine seismology consultant 

10 55 000.00     

Sub-total 
11
4 

697 400.00     

 
Output 4  
Investigation of fault zone 
dynamics 
 

      

WD Ortlepp (SRK Associate) 
Rock mechanics, rockbursting 

15 82 500.00     

Sub-total 15 82 500.00     
       

TOTAL  
1 494 

400.00 
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 3.3 OPERATING COSTS (Running) 
 
Note: It is assumed that the daily charge out rate for researchers  (see 3.2 
above) covers normal tools of trade (computer, software, etc) and office 
expenses (telephone, stationery, etc.) 
 

ACTIVITY/EQUIPMENT 
(Items above R10 000) 

YEAR 1 YEAR 2 YEAR 3 

 
Output 0: 
Workshops, travel, etc 
 

 
 

8 859.65 
 

  

 
Output 1: 
Workshops (catering) 
Travel (12 000 km @ R4/km) 
Contingencies 
 

 
 

6 000.00 
48 000.00 
6 000.00 

 

  

 
Output2: 
Workshops (catering) 
Travel (12 000 km @ R4/km) 
Training materials (manuals, etc) 
Contingencies 
 

 
 

6 000.00 
48 000.00 
15 000.00 
6 000.00 

 

  

 
Output 3: 
Workshops (catering) 
Travel (20 000 km @ R4/km) 
Contingencies 
 

 
 

8 000.00 
80 000.00 
12 000.00 

 

  

 
Output 4: 
Consumables for experiments (shear 
pins, quartzite spheres, etc) 
Travel (2 500 km @ R4/km) 
 

 
 
 

20 000.00 
10 000.00 

 

  

Other miscellaneous items    
TOTAL 273 859.65   

 
 
Note:  A rate of R4/km has been used for budgeting purposes. CSIR’s current rate (November 
2005) depends on the engine size: R2-20/km for vehicles with an engine size less than 2 litres, 
and R3/km for vehicles with a greater engine size. It is common practice for companies to cover 
administration costs by charging clients a higher rate than the amount paid to employees. Team 
members working on this project are affiliated to no less than 11 organisations, which have a 
range of policies with regard to travelling rates. 
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 3.4 CAPITAL AND PLANT COSTS13 
 
   

(i)       ITEMS TO BE PURCHASED OR 
DEPRECIATED FOR MORE 
THAN R10 000 PER ITEM 

YEAR 1 YEAR 2 YEAR 3 

    
Other miscellaneous items    

TOTAL (i) 0.00   
 

(ii) ITEMS TO BE 
MANUFACTURED WITH 
ASSEMBLED COST OF MORE 
THAN R10 000 INCLUDING 
MATERIAL AND LABOUR 

YEAR 1 YEAR 2 YEAR 3 

Device to simulate dynamic fault zone 
conditions 

60 000.00   

    
Other miscellaneous items    

TOTAL (ii) 60 000.00   
TOTAL 

TOTAL (i) and (ii) 
60 000.00   

 
 
 3.5 SUB-CONTRACTED WORK 
 

SUB-CONTRACTOR ACTIVITY YEAR 1 YEAR 2 YEAR 3 

     
 TOTAL    

 
 3.6 PRESENTATION AND PAPERS 
 

ACTIVITY YEAR 1 YEAR 2 YEAR 3 

Present papers at local conferences 10 000.00   
TOTAL 10 000.00   

 
 3.7 OTHER FUNDING 
 

 
ORGANISATION 

 

 
NATURE OF SUPPORT/ 

COMMITMENT 
 

 
AMOUNT  
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4. MOTIVATION 
 
 (Provide a clear and quantified motivation of justification for the proposal, as well 

as the main conclusions of a literature survey and the findings of related local and 
international research.  The motivation should include a synthesis of previous 
work in the project area, both locally and overseas, why the project is proposed 
what the primary output will achieve and a cost benefit analysis, if applicable.  Use 
continuation pages where necessary but in most cases it should be possible to 
clearly present the key data and arguments in the space provided.) 

 
 
INTRODUCTION 
 
Uncontrolled rock deformation and rockbursts are major risks of deep and high stress mining in 
South Africa, causing both loss of life and loss of production. In the seven years 1996-2002, 
the rockburst fatality rate per million hours worked fluctuated between 0.2 and 0.35, with an 
average of about 0.25. This translates to some 50 lives lost each year.  
 
Since the establishment of the SIMRAC programme in 1991, more than R250 million has been 
spent on rock-related research. Although there has been an encouraging improvement in 
safety statistics in recent years, the challenge is likely to remain with us for the foreseeable 
future. The depths of gold and platinum mines are destined to increase, and it is probable that 
an increasing proportion of production will be derived from remnants, where the risk of 
rockbursting has historically been high.  It is thus critical that the South African mining industry 
continues to strive to reduce the risk of rockbursting.  
 
The potential impact of the proposed project is large: human suffering may be reduced and 
productivity may be enhanced, thereby improving the sustainability of the gold and platinum 
mining sectors. 
 
The project SIM 05-03-02 (Managing Rockburst Risk) was advertised by the MHSC in 
September 2004. Three proposals were submitted: one by a consortium comprised of CSIR, 
Geohydroseis, Midindi and SRK; a second by a consortium comprised of SiM, Groundwork, 
Hamerkop, Itasca, and the Council for Geoscience; and a third by ISSI that only addressed 
one of the five outputs. 
 
MHSC convened a workshop on 6 December 2004 to discuss the various proposals. At this 
meeting, Mr Paul van der Heever (SIMRAC programme manager) gave Mr WD Ortlepp 
permission to proceed with his proposed work investigating the formation of silica polydedra at 
a cost of R150,000. It was hoped that results could be presented at the International 
Rockbursts and Seismicity in Mines Symposium, to be held in March 2005 in Perth. 
 
In March 2005 the MHSC awarded the project “Managing Rockburst Risk – scoping phase” 
to the amount of R50,000 (VAT incl.) to CSIR Miningtek. The funding for the full project, 
amounting to an additional R3,450,000 (VAT incl.) will also be managed by CSIR, but will 
include other researchers as established in the scoping phase. 
 
The work plan for the scoping phase and guiding principles for the new project were presented 
at the start up presentations held on 7 April 2005. Dr Durrheim subsequently consulted most 
members of RETAC regarding research priorities. He then met with potential research 
collaborators to discuss the proposed work plan and areas of expertise. A rescoped proposal 
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was distributed on 6 June 2005. Comments were solicited from researchers, RETAC 
members, and the broader rock engineering community. Vigorous discussion was provoked. A 
workshop was held on 20 June 2005 at Gold Fields Training Centre to discuss the way ahead. 
19 people, including representatives of research organisations, consultants, mining companies 
and the Department of Minerals and Energy, attended it. A record of the workshop was widely 
circulated. 
 
Dr Durrheim reported back to RETAC on 7 July 2005. He recommended that the rescoping 
exercise be extended. The advertised scope of the project SIM 05-03-02 had emphasized 
fundamental research topics, such as advanced quasi-static and dynamic laboratory and 
numerical simulations of rock mass behaviour, fracture, and damage mechanics, etc. However, 
several important developments had occurred since the project had been conceived:  

 The SIMRAC project, “A Holistic Assessment of SIMRAC Rock-related Research” (SIM 
04-02-06) had been completed.  An International Review Panel consisting of Profs Ted 
Brown, Peter Kaiser & Horst Wagner benchmarked SIMRAC work against efforts. They 
concluded that SIMRAC’s past safety-focused rock-related research work is at least on 
a par with Australia, Canada, and Europe, where similar difficulties are experienced 
with respect to knowledge and technology transfer and implementation. It was noted 
that SA research resources and capacity have declined to perhaps one-third of 1995 
levels, and will continue to be eroded unless urgent steps are taken to preserve and 
develop institutions providing high-level research and training. 

 A series of rockbursts (Harties #5, Harmony, Driefontein) has attracted significant 
attention due to the impact on the public, government, operators, shareholders, and 
mine workers.  

 Issues related to seismicity induced by flooding following mine closure have emerged 
(e.g. water barrier pillars at Randfontein Estates and South Deep gold mines, ERPM).  

 The Chief Inspector of Mines had appointed an Expert Panel, led by Dr Durrheim, to 
investigate the risks to miners, mines, and the public associated with large seismic 
events in gold mining areas. The panel is scheduled to start work in September 2005, 
and complete its work by December 2005. It is likely that this investigation will identify 
research priorities and directions. 

 
The extended rescoping exercise will fundamentally review the proposed scope of work, not 
simply revise the work plan, and recruit a research team. The team will consult widely, 
particularly with RETAC members. Team members are people with outstanding research 
credentials; represent the universities, science councils and R&D companies; and whose 
experience and training covers a range of disciplines. 
 
It is also proposed that working groups be set up immediately to carry out two tasks that were 
widely supported:  

 Coordinate and stimulate the transfer of knowledge and technology pertinent to 
rockbursting, and 

 Establish standard operating procedures and best practice for seismic hazard 
identification and rockburst risk management.  

 
Lastly, this project provides a vehicle for managing the experimental work led by WD Ortlepp 
that was given a verbal “go ahead” at the RETAC meeting of 6 December 2004. 
 
 
CSIR COMPANY PROFILE 
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The CSIR is a South African statutory research council, established by Act of Parliament and 
governed by the Scientific Research Council Act (Act 46 of 1988, as amended by Act 71 of 
1990).  The CSIR is the largest multi-disciplinary research and development organization in 
Africa.  It has 2 500 staff and consists of seven operating units that undertake applied research 
and development across Africa, as well as transferring technology to industry, government and 
international agencies. 
 
CSIR has, for many years, served as the leading technology partner to the South African 
mining sector by providing contract services ranging from fundamental research, technology 
development and transfer to provision of laboratory testing services.  CSIR Mining 
Technology’s key competences in applied geoscience, mining engineering, engineering, coal 
processing, occupational health and physiology, explosion and fire management, and social 
science and public health are available to all stakeholders in the mining industry to improve 
occupational safety and health, and economic competitiveness. 
 
In line with the CSIR’s values and philosophy, and its vision for employment equity, the 
following principles have been agreed upon to redress historical imbalances and inequity.  
CSIR  
 Promotes organisational transformation and employment equity embodying moral, social, 

and business imperatives. 
 Is committed to equalising opportunities by focused recruitment, accelerated development, 

and targeted training and education. 
 Does not discriminate on the basis of gender, race, or creed. 
 Recruits and promotes on the basis of potential and ability.  It rewards performance and 

recognises achievement both by individuals and shared responsibility teams. 
 Aims to continually develop all employees for enhanced achievement and to meet its 

organisational objectives. 
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Annex 3: Phase 3 Project Proposal  
 

 
MINE HEALTH AND SAFETY COUNCIL 

PROPOSAL FOR A PROJECT TO BE FUNDED IN TERMS OF THE  
MINE HEALTH AND SAFETY ACT 

 

 
 
  
 
 
 
 

 
1. PROJECT SUMMARY: 
 
PROJECT TITLE: MINIMISING THE ROCKBURST RISK (PHASE 3) 

PROJECT LEADER: 
  

Dr Ray Durrheim 

ORGANIZATION: CSIR  

ADDRESS: PO Box 91230, Auckland Park, Johannesburg 2006 

TELEPHONE: 011 358-0000 

TELEFAX: 011 726-5405 

E-MAIL: rdurrhei@csir.co.za 

  
PRIMARY OUTPUT1: 

 
Output 1: Knowledge and technology to minimise the rockburst risk in the 
face area 
 
Output 2: Knowledge and technology to minimise the risks of mining near 
faults 

 
HOW USED?2: 

 
Output 1: Better seismic hazard and vulnerability assessments will reduce the 
exposure of workers to strong ground motions and enable proactive 
intervention, thereby reducing the risk of injury and death. Most rockburst 
casualties occur in the face area. In-stope processes (drill, blast, scrape, 
support) employed by gold mines are unlikely to change in the next decade. 
The research outputs will support incremental improvements in current 
technology. 
 
Output 2: Knowledge will be gained that can be used to assess the hazard 
posed by faults, and to improve strategies to prevent or limit slip on these 
structures (e.g. bracket/buttress pillars).  

 
MHSC REFERENCE NUMBER 

 
 

(FOR OFFICE USE ONLY) 
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BY WHOM?3: 

 
Rock engineering practitioners, mine seismologists, consultants and 
contractors 
Mine management 
Labour representatives 
Regulators and inspectors 
Providers of training in strata control, rock engineering and mine seismology 

 
CRITERIA FOR 
USE4: 

 
Methods and technologies must be practical, robust, comprehensively field 
tested and validated, and well documented.  
 
Knowledge and technology transfer activities must be pitched at a level 
appropriate to the target audience. The desired outcomes must be clearly 
defined and measured. 

 
POTENTIAL 
IMPACT5: 
 

 
Better management of the rockburst risk could significantly reduce the 
number of fatalities and injuries experienced by workers in South African 
mines. 

  

 
Total Cost (Rand) 

VAT inclusive 
FUNDING 
REQUIREMENTS11 & 12 

YEAR 1 
2005/6 

YEAR 2 
2006/7 

YEAR 3 
2007/8 

YEAR 4 
2008/9 

YEAR 5 
2009/10 

TOTAL PROJECT 
 COST (excl VAT) 

1 838 259.65 4 385 965 4 824 561   

VAT 257 356.35 614 035 675 439   

TOTAL PROJECT 
 COST (incl VAT) 

2 095 616.00 5 000 000 5 500 000   

 
TOTAL SUPPORT 
 REQUESTED  
FROM SIMRAC 
 

2 095 616.00 
 

5 000 000 
 

 
5 500 000 

(estimated) 

 
6 000 000 

(estimated) 

 
6 500 000 

(estimated) 

 
 
 
DURATION (YY/MM) 2005/04 TO   2010/03 
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2. PROJECT DETAILS 
 
 2.1 PRIMARY OUTPUT1 

 

 
Output 1: Knowledge and technology to minimise the rockburst risk in the face area 
Output 2: Knowledge and technology to minimise the risks of mining near faults 
 

 
 2.2 OTHER OUTPUTS (deliverables)6 

 

2.4 ENABLING OUTPUTS7 (Table below to be completed in full) 
 

 
NO. 

 
ENABLING OUTPUT 

MILESTONE 
DATE 

(MM/YYYY) 

MAN 
DAYS 

COST 
per output 

(2006/7 
only) 

excl. VAT  

0 
Output 0:  
Project leadership and management 

Man days 
HR Costs 
Running 
Costs 

10 
73 000 
12 965 

85 965.00 

1 

Output 1: 
Knowledge and technology to reduce 
the rockburst risk in the face area 
It is envisaged that work on this output 
will continue for at least three years 

   

1.1 

 
Development of new concepts and 
methods of short- to medium-term 
seismic hazard assessment methods and 
their rigorous evaluation 

03/2007  1 514 000.00 

1.2 

 
Develop and evaluate methods to assess 
the vulnerability of the face area to strong 
ground motion 

03/2007  1 353 000.00 

1.3 
 
Evaluate methods to assess rockburst 
risk 

09/2007   

1.4 
 
Improved short- to medium-term methods 
to assess seismic hazard 

03/2008   

1.5 

 
Improved methods to assess the 
vulnerability of the face area to strong 
ground motion 

03/2008   

 
Output 1: TOTAL (2006/7) 
 

Man days 
HR Costs 
Running 
Costs 

 
2 426 

000 
441 000 

2 867 000.00 
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2 

Output 2: 

Knowledge and technology to reduce the 
risks of mining near faults 

It is envisaged that work on this output will 
continue for at least three years 

   

2.1 
 
Source mechanisms of mining-related fault-
slip events 

03/2007  733 000.00 

2.2 

 
Improved methods to reduce the risks 
posed by large mining-related fault slip 
events 

03/2007  700 000.00 

 
Output 2: TOTAL (2006/7) 
 

Man days 
HR costs 
Running 

 
1 143 000 

290 000 
1 433 000.00 

 

 
TOTAL COST (Outputs 1 and 2) for 
2006/7 
(excl. VAT) 

Man days 
HR costs 
Running 

 
3 642 000 

743 965 4 385 965.00 

 
 2.4 METHODOLOGY3 
 

NO. OF  
ENABLING  
OUTPUT 

STE
P  

NO. 

METHODOLOGY TO BE USED TO ACCOMPLISH THE  
ENABLING OUTPUT 

(INDICATE STEPS/ACTIVITIES) 

0  
 
PROJECT LEADERSHIP & MANAGEMENT 
 

0.1  

 
The project leader’s following responsibilities included: 
 Preparation of proposals 
 Delivery of quarterly progress reports 
 Delivery of final reports 
 Subcontracting research partners 
 Financial control 
 Management of capital assets 
 Ensuring linkages with complementary MHSC projects. 
 
For rockburst research to be sustainable, it is critical that funding is 
obtained from other sources for complementary projects, young 
researchers are recruited and mentored, and relevant institutions and 
facilities are supported. A stable and long-term MHSC project will 
provide a platform to participate in a cluster of projects and 
opportunities. Nevertheless, participation requires lobbying and 
proposal writing. For example: 
 The Wits/CSIR Chair of Exploration, Earthquake and Mining 

Seismology. An application has been submitted to the NRF SA 
Research Chair Initiative. If successful, an amount of R2.5 million 
per annum will be available for staff salaries, support of post-doc 
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and postgraduate students, capital and running costs (Durrheim).  
 Semi-controlled earthquake generation project (Ogasawara et 
al.) 
 Natural Earthquake Laboratories in South African Mines 

(NELSAM) project (Oklahoma U, GFZ Potsdam, ISSI, etc)) 
 Broadband array to monitor mining-related seismicity in Far West 

Rand at ranges < 200 km (Penn State U, Lawrence Livermore 
Lab, Council for Geoscience, Wits U, CSIR) 

 CSIR parliamentary grant funded projects: 
o Platmine seismology project (Milev & Durrheim, ) 
o Extraction of Stabilizing Pillars (MKC Roberts, 

Spottiswoode, DP Roberts, Judeel, Handley, R1.78 
million) 

o Rockmass Response to Mining: project supporting 
participation in NELSAM and Inkaba Ye Afrika (Milev, 
Spottiswoode, Linzer, Machake, MSc student, R1.4 
million) 

o High Performance Computing facility 
 ISSI in-house projects 
 Council for Geoscience projects 

o Effects of flooding on seismicity 
 Department of Trade and Industry Technology and Human 

Resources for Industry Programme (THRIP) 
 National Advisory Council on Innovation (NACI) Competitive 

Infrastructure Study. 
 
 
 

Budget: 

Chief researchers: 10 days @ R7300/day   R73,000 
Running costs:        R12,965 
TOTAL         R85,965 
 

   



 

 

115 

 

1  

 
KNOWLEDGE AND TECHNOLOGY TO REDUCE THE 
ROCKBURST RISK IN THE FACE AREA 
It is envisaged that work on this enabling output will continue for at 
least 3 years 
2006/7: Budget R2.867 million (excl. VAT) 
2007/8: Budget ca R3.2 million (excl. VAT) 

1.1  

 
Development of new concepts and methods of short- to 
medium-term seismic hazard assessment methods and their 
rigorous evaluation  
(short term - 1 day to 1 week; medium term - 1 week to 3 months) 
 

Required knowledge and skills:  

Theoretical seismology, mine seismology, statistics, rock mechanics, 
applied mathematics, computing 
 

Research Team 

Research leaders:  
Drs Mendecki and Van Aswegen (ISSI) – total of 30 days 
Dr Spottiswoode (CSIR) – 10 days 
Researchers: 
Postgraduate student based at a university. 
Junior researcher based at ISSI (Du Toit) – 200 days.  
SiM senior practitioner/researcher (Essrich) - 20 days 
Senior researchers based at CSIR (Goldbach, Linzer) - 50 days 
Senior researchers based at ISSI (Hofmann, Murphy, Rebuli) - 40 
days 
 

Complementary projects: 

ISSI in-house projects 
 

Budget (2006/7): 

Postgraduate student: R60,000 p.a.      R60,000 
Junior researchers: 200 days @ R2500/day   R500,000 
Senior researchers: 110 days @ R4700/day   R517,000 
Chief researchers: 40 days @ R7300/day   R292,000 
Running costs and equipment:     R145,000 
TOTAL               R1,514,000 
 
Budget 2007/8 ca. R1,600,000 

 1.1.1 

Identify at least three study sites. These are the same sites that will 
be used for enabling output 1.3. Requirements for study sites: 

 Must cover various reefs (e.g. VCR, Carbon Leader, Vaal 
Reef, Basal Reef); 

 Must be covered by a seismic network with a sensitivity of –1 
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or better, and location accuracy of 20 m or better. This may 
be achieved through network density, careful calibration 
and/or sophisticated processing; 

 History of at least 2 years; and 
 Planned mining for at least 2 years. 

It is envisaged that new high-sensitivity seismic monitoring networks 
will be installed at two sites, one in 2006/7 and the second in 2007/8. 

 1.1.2 
Select seismic hazard assessment methods to be evaluated: 

 Best of current practice; and 
 New concepts. 

 1.1.3 

Define and describe the details of the seismic hazard assessment 
methods and the tests that will be used to evaluate them.  
 
It is not intended to exclude the use of subjective elements in seismic 
hazard assessment, but rather to document these factors so that 
attempts can be made to quantify them should they prove to be 
useful. 

 1.1.4 Process and evaluate historical data.  
 1.1.5 Process and evaluate current data.  

 1.1.6 

While evaluations described in 1.1.5 above will be carried out at the 
selected study sites, it is also desirable to carry out similar 
evaluations for any significant rockburst/rockfall incidents that may 
occur in other panels on the same mines. 

 1.1.7 

Report on findings: 
 How successful are the various seismic hazard assessment 

methods? 
 What are the critical constraints? For example, network 

sensitivity, data quality, intrinsic properties of the rock mass. 
Does the “success rate” diminish if these factors are 
downgraded? 

 Research needs. 
 1.1.8 External review 

1.2  

 
Develop and evaluate methods to assess the vulnerability of the 
face area to strong ground motion 
 

Required knowledge and skills:  

Rock engineering: rockmass rating, support systems, and numerical 
modelling 
Mine seismology: strong ground motion, site effects, and rockburst 
damage mechanisms 
 

Research Team 

Research leaders:  
Drs Roberts and Durrheim (CSIR) – total of 40 days. 
Researchers: 
Postgraduate student based at a university - 150 days 
CSIR & Groundwork technician/strata control officer – 100 days 
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Junior researcher (Majiet) – 50 days 
CSIR senior researchers (Judeel, Singh, Guler, Watson, Milev) - 60 
days. 
Midindii senior practitioner/researcher rock mass rating (Rangasamy) 
- 20 days  
Groundwork senior practitioner/researcher stope monitoring and rock 
mass behaviour (Malan) – 20 days 
 

Complementary projects: 

CSIR Flagship projects – Platmine seismics, Extraction of Stabilizing 
Pillars, and Rockmass Response to Mining. 
 

Budget (2006/7): 

Postgraduate student: R60,000 p.a.      R60,000 
Observer/technician: 100 days @ R1100/day   R110,000 
Junior researchers: 50 days @ R2500/day   R125,000 
Senior researchers: 100 days @ R4700/day   R470,000 
Chief researchers: 40 days @ R7300/day   R292,000 
Running costs, S&T, equipment, conferences, etc:  R296,000 
TOTAL               R1,353,000 
 
Budget 2007/8 ca. R800,000 

 1.2.1 Identify three study sites (see step 1.1.1 above). 

 1.2.2 

Review techniques currently used to assess the vulnerability of the 
face area to strong ground motion e.g. RMR, Q, support audits, joint 
and fracture mapping, hangingwall profiles, fall of ground and 
ejection incidents, face advance rates. 

 1.2.3 If possible, process and evaluate historical data  

 1.2.4 

Collect, process and evaluate current data. This will involve regular 
visits to the study sites to collect data. Information to be collected 
could include: 

 Joint and fracture density and orientations, 
 Geology e.g. changes in channel width, quartzite lenses,   
 Falls of ground and ejection dimensions,  
 Hangingwall roughness,  
 Closure rates, 
 Face shape, 
 Dog-earing of drill holes, 
 Dynamic response e.g. to blasting, weak and mining-related 

seismic events, 
 Support installation practice and performance, 
 Drilling patterns and accuracy, 
 Activities and exposure of mineworkers, 
 Perceptions of mineworkers.  

 
Instrumentation and technologies to be used could include: 

 Acoustic emission / crack counters, 
 Strong Ground Motion Detectors, 
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 Tilt and closure meters 
 Photogrammetry 

 
A scheme to rate sections of each panel will be devised (say 360º 
ratings made every 5 m along a panel, inspecting the face, hanging- 
and footwall, and support), incorporating any obvious anomalies (e.g. 
faults, dykes, brows). Discreet observations of obstacles to the 
effective installation of support (e.g. supply of materials, ergonomics) 
will be made concurrently. 
 

1.3  

 
Seismic Vulnerability Index 
 
2007/8: Budget ca. R0.4 m (excl. VAT) 
 
Senior researchers: 40 days @ R5,000/day   R200,000 
Chief researchers: 20 days @ R7,500/day   R150,000 
Running costs:          R50,000 
TOTAL         R400,000 
 

 1.3.1 

 
Using the findings of 1.2.4 to develop a Seismicity Vulnerability Index 
(SVI) by identifying the geotechnical and mining parameters that are 
quantifiable indicators of the susceptibility of the face area to damage 
as a result of strong ground motion.  
 
The objective is to develop a useful quantitative rating method that 
can be carried out simultaneously with the face inspection and 
barring using simple measuring instruments (e.g. mineworthy PDA 
and digital camera, SIMRAC acoustic energy meter, crack counters). 
 
It should be possible to use these ratings to guide proactive 
interventions, e.g. changes in support and/or blasting standards. 

 1.3.2 

While observations described in 1.2.4 above will be carried out at the 
selected study sites, it is also desirable to survey any significant 
rockburst/rockfall incidents that may occur in other panels on the 
same mines. 

 1.2.7 External review 

1.4  

 
Evaluation of existing and new methods to assess rockburst 
risk 
 
2007/8: Budget ca. R0.4 m (excl. VAT) 
 
Senior researchers: 40 days @ R5,000/day   R200,000 
Chief researchers: 20 days @ R7,500/day   R150,000 
Running costs:          R50,000 
TOTAL         R400,000 
 

  1.4.1 Use the combined results of 1.1 (hazard) and 1.2 (vulnerability) to 
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evaluate existing rockburst risk assessment and management 
methods. 
 
Model the human and economic losses (e.g. equipment, production) 
caused by rockbursts. 

 1.4.2 

Analyse the results to establish the relative contribution to rockburst 
risk of: 

 Factors over which miners have no control (e.g. intrinsic rock 
strength), factors that are induced by mining (e.g. fractures, 
seismicity), and factors which humans control through design 
or influence through compliance (e.g. layout, drilling, blasting, 
support). 

 Variations in seismic hazard and variations in vulnerability to 
rockburst risk. 

 1.4.3 Use the findings of 1.3.2 to scope Phase 4 of the research project. 
 1.4.4 External review 

1.5  

 
Design and conduct experiments to test aspects of the 
Seismicity Vulnerability Index (SVI) and technologies to mitigate 
damage 
 
2008/9: Budget ca. R1.5 m (excl. VAT) 
 
Student: R80,000 p.a. (210 days)      R80,000 
Technicians: 200 days @ R2,600/day    R520,000 
Senior researchers: 100 days @ R5,000/day   R500,000 
Chief researchers: 40 days @ R7,500/day   R300,000 
Running costs:        R100,000 
TOTAL               R1,500,000 
 

 1.5.1 

For example, a rockburst could be engineering either by detonating a 
blast in a stope tailored to produce a signature representative of a 
seismic source, or by creating a highly stressed remnant.  
 
Issues to be investigated could include: 

 Relative merits of stiff and yielding support, 
 The effect of prestressing elongates on the stability of the 

hangingwall between support elements. 

 1.5.2  
Conduct trials of new support technologies e.g. roofbolts, 
headboards, nets 

 1.5.3 External review 

2  

 
KNOWLEDGE AND TECHNOLOGY TO REDUCE THE RISKS OF 
MINING NEAR FAULTS 
It is envisaged that work on this enabling output will continue for at 
least 3 years 
2006/7: Budget R1.433 million (excl. VAT) 
2007/8: Budget ca. R1.6 million (excl. VAT) 
 

2.1   
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Source mechanisms of mining-related fault slip events 
 

Required knowledge and skills:  

Fault mechanics, support systems and numerical modelling 
Theoretical seismology, mine seismology, strong ground motion, and 
rockburst damage mechanisms 
 

Research Team 

Research leaders:  
Drs Spottiswoode and Durrheim (CSIR) - 20 days. 
Researchers: 
Postgraduate student based at a university  
CSIR senior researcher (Milev) - 40 days 
SRK senior researcher (Ortlepp) – 10 days 
CGS senior researcher (Cichowicz) – 10 days 
 

Complementary projects: 

CSIR Rockmass Response to Mining: project supporting participation 
in NELSAM and Inkaba Ye Afrika  
Effect of flooding on seismicity (CGS, Ogasawara, CSIR) 
 
 

Budget (2006/7): 

Postgraduate student: R60,000 p.a.      R60,000 
Senior researchers: 60 days @ R4700/day   R282,000 
Chief researchers: 20 days @ R7300/day   R146,000 
Running costs, S&T, equipment, conferences, etc:  R245,000 
TOTAL                  R733,000 
 
Budget 2007/8 ca. R800,000 

 2.1.1 

Collaborate meaningfully with researchers from USA, Germany and 
Japan working on Natural Earthquake Laboratory in South African 
Mines (NELSAM) and semi-controlled earthquake generation 
experiments projects in Tautona mine. Instrumentation includes: 

Seismic monitoring (ISSI) 
Accelerometers (USGS) 
Thermistors 
Acoustic emission (GFZ Potsdam, Univesity of Tokyo) 
 Ishii strainmeter (Ogasawara) 
Gas monitoring (GFZ-Potsdam) 
Microbiology (Princeton USA; Free State U) 
Site response (CSIR) 

 2.1.2 

Data from existing seismic networks covering seismically active 
faults will be analysed to investigate issues such as: 

 Integration of seismic observations and numerical modelling. 
Role of asperities and/or barriers 
Relationship between source parameters (energy, moment, 

stress drop, radius, source mechanisms, etc) determined 
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from seismograms and field observations 
Validity of stability criteria such as ESS. 

 2.1.3 

Experimental test of the rapid unloading hypothesis for the formation 
of silica polyhedra found in fault gouge. The goal of the experiment is 
to test Ortlepp’s hypothesis that the silica polyhedra found in 
quartzite fault gouge are diagnostic of rapid elastic unloading. 
 
Laboratory experiments that simulate stress conditions of rapid 
loading and unloading at steps or “jogs” on a rupture surface will be 
conducted. Depending on the outcome, further experimental and 
theoretical studies to investigate the implications of fault zone 
dynamics on: 

Velocity weakening, 
Seismic moments predicted by the ESS criterion, and  
Potential ground motion.   

 2.1.4 External review 

2.2  

 
Improved methods to reduce the risks posed by large mining-related 
fault slip events 
 

Required knowledge and skills:  

Fault mechanics, rock engineering, support systems, numerical 
modelling 
Theoretical seismology, mine seismology: strong ground motion, 
rockburst damage mechanisms 
 

Research Team 

Research leaders:  
Drs Spottiswoode and Durrheim (CSIR) - 20 days. 
Researchers: 
Postgraduate student based at a university  
CSIR senior researcher, dynamic modelling (Linzer) - 50 days 
SRK senior researcher, rockburst damage mechanisms (Ortlepp) – 
10 days 
CGS senior researcher, dynamic modelling (Cichowicz) – 10 days 
Wits University senior researcher (Napier) – 10 days 
 

Complementary projects: 

CSIR High Performance Computing project 
 
 

Budget (2006/7): 

Postgraduate student: R60,000 p.a.      R60,000 
Senior researchers: 80 days @ R4700/day   R376,000 
Chief researchers: 30 days @ R7300/day   R219,000 
Running costs, S&T, equipment, conferences, etc:    R45,000 
TOTAL                  R700,000 
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Budget 2007/8 ca. R800,000 

 2.2.1 

Study of strong ground motion and support performance in the near 
field of large seismic events by back analysis of large seismic events 
(M>3.5). The back analysis will include: 

Study of seismograms e.g. Doppler effect 
Study of site effects in tunnels, stopes and service 

excavations (e.g. snapped and sheared tendons, deformation 
of props and packs, dynamic closure, deformation of steel 
work, ejection of rock, bulking of sidewalls, etc) to better 
understand effect of strong ground motion on excavations. 

Numerical simulation of seismic sources and radiation. 
 2.2.2 External review 

 
 

 
Key Facilities and Procedures to be used in the Project: 
 

 Capability for underground measurement and monitoring (e.g. stress, geotechnical 
parameters, convergence, seismicity). 

 Capability for the analysis of mine seismic data. 
 Competence in rock mechanics and computational techniques. 

 
 2.5 TECHNOLOGY TRANSFER 
 

Technology transfer will take place in several ways: 
 Publication of reports and papers 
 Development of new tools e.g. for short- and medium-term seismic hazard analysis 
 Presentations at conferences (e.g. SANIRE) 
 Involvement of postgraduate students in the research programme. 
 Workshops with collaborators  

 
 
 
 
3. FINANCIAL SUMMARY 11 & 12 
 
NOTES REGARDING BUDGETING 
 
CSIR guidelines have been used to get an idea of the number of man-days. Taking 210 working days in a year (365 - 104 
weekends - 12 public holidays - 25 days leave - 14 days training); a mix of technicians, junior researchers (working towards MSc), 
and experienced researchers; and frugal running costs, R5 million buys about 5 man years.   
 
Note that the CSIR charge-out rates do not reflect individual remuneration, as they cover the costs of running the organisation: 
support services (library and information, accounting and audit, legal, human resources, etc), infrastructure (offices, telephones, 
photocopying, meeting venues, etc), and tools-of-the-trade (computers, standard software licenses, etc.)  
 
CSIR rates are not necessarily the norm, but provide a useful reference point when negotiating charge-out rates.  
 
The CSIR five-rung "career ladder" for scientists and engineers is given below, together with project costing guidelines for 2006/7. 
A researcher’s position on the ladder is established by determining the weighted sum of their levels of competence with regard to 
various inputs and outputs. 
The inputs are: 

 Required qualifications; and 
 Leadership and the ability to provide strategic direction to R&D activities. 

The outputs are: 
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 Knowledge generation and dissemination; 
 Human capital development; 
 Generating impact; and 
 Attracting funding for R&D. 

CSIR has developed a comprehensive basket of measures for each input and output to evaluate capabilities and to guide career 
development. 

1. Junior researchers - researchers who would be required to work under supervision (R2500 per day) 
2. Researchers - competent professionals who work independently within a given field (R3950 per day);  
3. Senior researchers - Seasoned professionals with a track record in research and development, who are able to guide 

others and lead projects (R4700 per day); 
4. Principal researchers - specialists whose sustained track record has led to widespread recognition within their field, and 

who are able to lead research and development programmes (groups of related projects), often integrating approaches 
across fields (R5900 per day); and 

5. Chief researchers - Researchers with a sustained track record in research and development that has led to international 
recognition (R7300 per day). 

6. Field assistant/lab technicians (R1100 per day) 
Provision is made to recruit four full-time postgraduate students (MSc, PhD level). If suitable candidates are not found, application 
will be made to MHSC to reallocate these funds. 

 
3.2 Financial Summary11 & 12 
 

  
YEAR 1 
2005/6 

 
YEAR 2 
2006/7 

 
YEAR 3 
2007/8 

 
YEAR 4 
2008/9 

 
YEAR 5 
2009/10 

Project staff costs (from 
3.2) 

1 494 400.00 3 548 000.00 3 900 000.00 4 300 000.00 4 600 000.00 

Other costs:     
  

Operating costs (from 
3.3) 

273 859.65 737 965.00 824 561.00 863 158.00 1 001 754.00 

Capital & plant costs 
(from 3.4) 

60 000.00 0.00 
 

  

Sub-contracted work 
(from 3.5) 

 0.00 
 

  

Presentations and 

Papers (from 3.6) 
10 000.00 100 000.00 100 000.00 100 000.00 100 000.00 

Sub – Total 1 838 259.65 4 385 965.00 4 824 561.00 5 263 158.00 5 701 754.00 

Value added tax* 257 356.35 614 035.00 675 439.00 736 842.00 798 246.00 

TOTAL COST OF 
PROJECT 

2 095 616.00 5 000 000.00 5 500 000.00 6 000 000.00 6 500 000.00 

Less funding from other 
sources (from 3.6) 

 
  

  

Support requested from 
SIMRAC 

2 095 616.00 5 000 000.00 5 500 000.00 6 000 000.00 6 500 000.00 
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3.2 Project Staff Costs (Reflect Man-Days and Costs separately) 

NAME AND DESIGNATION 2006/7 2007/8 2008/9 

 MD COST MD COST MD COST 

CSIR       
Chief researchers 
(Durrheim, Roberts, Spottiswoode) 

110 803 000     

Senior researchers 
(Linzer, Goldbach, Güler, Judeel, 
Singh, Watson) 

200 940 000     

Junior researcher 
(Majiet) 

50 125 000     

Technician/observer 50 55 000     
Sub-total  1 923 000     
ISSI       
Chief researchers 
(Van Aswegen, Mendecki) 

30 219 000     

Senior researchers 
(Lynch, Hofmann, Rebuli, Murphy) 

40 188 000     

Junior researcher  (Du Toit) 200 500 000     
Sub-total  907 000     
Council for Geoscience       
Senior researcher (Cichowicz) 20 94 000     
Sub-total  94 000     
Groundwork       
Senior researcher/practitioner 
(Malan) 

20 94 000     

Technician/observer 50 55 000     
Sub-total  149 000     
Midindii       
Senior researcher/practitioner 
(Rangasamy) 

20 94 000     

Sub-total  94 000     
SRK       
Senior researcher/practitioner 
(Ortlepp) 

20 94 000     

Sub-total  94 000     
SiM       
Senior researcher/practitioner 
(Essrich) 

20 94 000     

Sub-total  94 000     
Universities       
Senior researcher (Napier) 10 47 000     
Full-time postgraduate students (4)  240 000     
Sub-total  287 000     
TOTAL  3 642 000  3 900 000  4 300 000 
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 3.3 OPERATING COSTS (Running) 

Note: It is assumed that the daily charge out rate for researchers (see 3.2 above) 
covers normal tools of trade (computer, software, etc) and office expenses 
(telephone, stationery, etc.) 

ACTIVITY/EQUIPMENT 
(Items above R10 000) 

2006/7 2007/8 2008/9 

Workshops:  
Hire of venue, catering, etc 
6 workshops @ R2,500 each  
 
Subsistence & Travel  
Travel to meetings, workshops and mines: 
40,000 km @ R4/km1 
Meals and accommodation 
 

Costs associated with underground 
experiments: 

Drilling of holes for stress and/or strain 
measurements, geophones and 
accelerometers. 
 
Hire of equipment2, e.g. seismic monitoring, 
closure and tilt monitoring, crack counters, 
data loggers, digital photography, ground 
penetrating radar, petroscopes 
 
Consumable items, e.g. cables, geophones, 
grout, stress measurement cells, strain 
gauges, load cells 
 
Laboratory tests, e.g. rock engineering 
properties of rocks, dynamic performance of 
support elements 
 
Contingencies 

 
 

15 000.00 
 
 
 

160 000.00 
40 000.00 

 
 
 
 

150 000.00 
 
 
 
 
 

200 000.00 
 
 

50 000.00 
 
 
 
 

20 000.00 
 
 

8 965.00 

estimate estimate 

Other miscellaneous items    
TOTAL 643 965.00 900 000.00 1 000 000.00 

Notes:   
1. Travel: A rate of R4/km has been used for budgeting purposes. CSIR’s current rate 

(April 2006) depends on the engine size: R2-60/km for vehicles with an engine size less 
than 2 litres, and R3-78/km for vehicles with a greater engine size. It is common practice 
for companies to cover administration costs by charging clients a higher rate than the 
amount paid to employees. Team members working on this project are affiliated to 
several organisations, which have a range of policies with regard to travelling rates. 

2. Hire of equipment: Rather than purchasing equipment for purposes such as seismic and 
ground motion monitoring (tiltmeters, closure meters, data loggers), it is proposed to 
negotiate the hire of the equipment based on the capital cost of the items, the duration of 
usage, and the wear-and-tear.  
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 3.4 CAPITAL AND PLANT COSTS13 
   

(i)       ITEMS TO BE PURCHASED OR 
DEPRECIATED FOR MORE 
THAN R10 000 PER ITEM 

YEAR 1 YEAR 2 YEAR 3 

    
Other miscellaneous items    

TOTAL (i) 0.00   
 

(ii) ITEMS TO BE 
MANUFACTURED WITH 
ASSEMBLED COST OF MORE 
THAN R10 000 INCLUDING 
MATERIAL AND LABOUR 

YEAR 1 YEAR 2 YEAR 3 

    
Other miscellaneous items    

TOTAL (ii)    
TOTAL 

TOTAL (i) and (ii) 
   

 
 3.5 SUB-CONTRACTED WORK 
 

SUB-CONTRACTOR ACTIVITY YEAR 1 YEAR 2 YEAR 3 

     
 TOTAL    

 
 3.6 PRESENTATION AND PAPERS 
 

ACTIVITY 2006/7 2007/8 2008/9 

Presentation of papers at conferences,  
Local ca. R5,000/delegate 
e.g: SANIRE, SA Geophysical 
Association 
 
International ca. R20,000/delegate1 
e.g. Deep and High Stress Mining, 
RaSiM, ISRM. RETAC will vet all 
overseas trips.  

 
 

40 000.00 
 
 
 
 
 

60 000.00 

  

TOTAL 100 000.00 100 000.00  100 000.00 
1Participation in international conferences is a valuable means of gaining knowledge and 
developing contacts with leading researchers and practitioners. 

 
 3.7 OTHER FUNDING 

 
ORGANISATION 

 

 
NATURE OF SUPPORT/ 

COMMITMENT 

 
AMOUNT  
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4. MOTIVATION 
 
 (Provide a clear and quantified motivation of justification for the proposal, as well 

as the main conclusions of a literature survey and the findings of related local and 
international research.  The motivation should include a synthesis of previous 
work in the project area, both locally and overseas, why the project is proposed 
what the primary output will achieve and a cost benefit analysis, if applicable.  Use 
continuation pages where necessary but in most cases it should be possible to 
clearly present the key data and arguments in the space provided.) 

 
 
THE NEED FOR ROCKBURST RESEARCH 
 
Uncontrolled rock deformation and rockbursts are major risks of deep and high stress mining in 
South Africa, causing both loss of life and loss of production. In the seven years 1996-2002, 
the rockburst fatality rate per million hours worked fluctuated between 0.2 and 0.35, with an 
average of about 0.25. This translates to some 50 lives lost each year.  
 
Since the establishment of the SIMRAC programme in 1991, more than R250 million has been 
spent on rock-related research. Although there has been an encouraging improvement in 
safety statistics in recent years, the challenge is likely to remain with us for the foreseeable 
future. The depths of gold and platinum mines are destined to increase, and it is probable that 
an increasing proportion of production will be derived from remnants, where the risk of 
rockbursting has historically been high.  It is thus critical that the South African mining industry 
continues to strive to reduce the risk of rockbursting.  
 
The potential impact of the proposed project is large: human suffering may be reduced and 
productivity may be enhanced, thereby improving the sustainability of the gold and platinum 
mining sectors. 
 
THE NEED TO REBUILD RESEARCH CAPACITY 
 
In the last decade there has been a serious decline in research funding and the capacity do it 
(see SIM 040206, A holistic assessment of SIMRAC rock-related research). This project seeks 
to reverse the trend by developing a new generation of researchers and rebuilding institutional 
capacity. It can only do this if there is sufficient investment and stability to attract a cadre of 
talented young engineers and scientists into the field. The projects must have sufficient scope 
and duration to allow researchers to undertake MSc and PhD research work. 
 
There are significant opportunities to leverage the limited MHSC resources by: 

Collaborating with organisations which have access to other funding sources e.g. 
universities, science councils, the National Research Foundation, the Technology and 
Human Resources for Industry Programme (THRIP), and technology companies; 

Seeking matching funding or contributions in kind from mining companies, and  
Collaborating with international researchers conducting experiments on South African 

mines. 
However, this will only be achieved if there is reciprocal benefit.  
 
For continued technical advancement, research has to be sustainable: effort must be devoted 
to the generation of new knowledge, not simply the commercial application of existing 
knowledge. It should be appreciated that this requires diligent application of the scientific 
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method. The outcome is not always certain. 
 
PROPOSED SCOPE OF RESEARCH WORK 
 
The project SIM 05-03-02 (Managing Rockburst Risk) commenced in March 2005. A key 
output of the work carried out in 2005/6 has been the development of a long-term research 
plan. This has been achieved by a series of workshops that developed plausible future 
scenarios of the South African mining industry, relevant to the risk of rockbursting and the 
research that is required. Scenarios must be regularly reviewed to ensure that research work 
continues to be relevant and appropriate to the needs of the industry.  
 
A technology road mapping (TRM) exercise followed the scenario spinning. TRM is a 
structured process to identify the drivers for research, the available resources, the knowledge 
and technology gaps, and the various ways that these gaps can be bridged. It explicitly seeks 
to discover new and better routes, and not merely continue along existing research 
trajectories. 
 
Two main research themes were identified, viz. reducing the rockburst risk in the face area, 
and reducing the risk of mining near faults.  
 
1. Reducing the rockburst risk in the face area 
 
Most rockburst casualties occur in the face area of the stope panels (see Roberts et al., 2001, 
Rock-related fatality trends in the South African Mining Industry, JSAIMM, vo,l 101, 353-359). 
In-stope processes (drill, blast and scrape) employed by gold mines are unlikely to change in 
the next decade. Consequently, the face area must be a focus area if we hope to reduce the 
rockburst toll. We aim to conduct research that will support incremental improvements in 
current technology, thereby reducing the risk of rockbursting in the face area. 
 
RISK = LIKELIHOOD OF THE HAZARD OCCURRING x SERIOUSNESS OF CONSEQUENCES 
 
Better seismic hazard assessments will reduce the exposure of workers to strong ground 
motions. Seismic hazard assessment methods currently being used on South African mines 
were surveyed in Output 2 of Phase 2 of this project, conducted in 2005/6. The survey was 
used to set standard operating procedures, define current best practice, and identify research 
needs. The identified research needs will be addressed. 
 
The seriousness of consequences depends on the seismic vulnerability i.e. the likelihood 
that the strong ground motion will result in the ejection or fall of rock in the face area. 
Vulnerability is believed to be the combination of several interdependent factors, primarily the 
intrinsic quality of the rock mass (strength, presence of bedding planes, joints, faults and 
dykes), mining-induced properties of the rock mass (blast and stress induced fractures, lead-
lags, abutments), and the adequacy of support elements and systems. Better seismicity 
vulnerability assessments will enable proactive intervention and reduce the risk of injury and 
death. The objective is to develop a useful quantitative method of rating the vulnerability of the 
working place to strong ground motion that can be carried out simultaneously with the face 
inspection and barring using simple measuring instruments (mineworthy PDA and digital 
camera, SIMRAC acoustic energy meter), which can be used to guide proactive interventions.  
 
Any new concepts, technologies or products that are developed will need to be field-tested and 
implemented. While the chances of improving knowledge and technology are rated as good, 
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the impact is likely to be diffuse as industry-wide implementation is likely to be gradual. 
 
 
2. Reducing the rockburst risk of mining near faults 
 
The larger seismic events (with magnitude greater than, say, 3.5) generally occur on pre-
existing faults. Consequently, they pose a significant hazard to mine workers and even the 
public, as the event that occurred on 9 March 2005 near Stilfontein demonstrated. Most of the 
reserves on older mines are located in pillars or remnants, some of which are intersected by 
faults. Faults intersecting a shaft pillar or water barrier pillar are a particular concern, as they 
could conceivably cause catastrophic damage that could lead to the loss of many lives and/or 
the closure of a mine. Many things are unknown about the mechanics and dynamics of faults 
and fault slip. For example, what is the effect of mine flooding on seismicity?  The objective of 
this project is to gain knowledge that can be used to assess the hazard posed by faults, and to 
improve strategies to prevent or limit slip on faults. 
 
This theme offers opportunities to collaborate with several international research teams 
currently conducting experiments on South African mines, as well as to conduct some work of 
a more fundamental nature. 
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5. CURRICULA VITAE OF PROJECT LEADER AND RESEARCH STAFF 
 
 5.1 SUMMARY INFORMATION 
 
 Project Leader 
 

 
NAME & INITIALS:  Durrheim, R J                                                                    AGE:  49                                                                             
 
QUALIFICATIONS (e.g.  degree/diploma, issuing institution and date):    
 BSc (Geology, Physics) Cum Laude, Stellenbosch, 1977, BSc Hons (Geophysics), Wits, 
1978, BA (Economics, Psychology), UNISA, 1984,  MSc (Applied Geophysics), Pretoria, 
1984, PhD (Seismology), Wits, 1990. 
 
SPECIAL AWARDS:   
 MDG Salamon prize in Rock Mechanics 1998 
 CSIR Outstanding Achievers Award, 1999                                                                    
 SAIMM Silver medal, 1998 
 

 
 

 
NAME & INITIALS:  Roberts, M K C           AGE:  53 
      
QUALIFICATIONS (e.g.  degree/diploma, issuing institution and date):  
D (Eng), Wits, 1999, MSc DIC, Royal School of Mines, Univ. of London 1977.Chamber 
of Mines Rock Mechanics Certificate No.63, 1980.       
   
 
SPECIAL AWARDS:  
 SAIMM Silver medal 
 SAIMM gold medal        

 
 

 
NAME & INITIALS:  Spottiswoode S M           AGE:  55 
 
QUALIFICATIONS: (e.g.  degree/diploma, issuing institution and date):   
BSc Stellenbosch, BSc Hons, PhD (Geophysics) WITS, 1980,  
Chamber of Mines Rock Mechanics Certificate. 
 
SPECIAL AWARDS: 
SAIMM, silver medal awarded to CSIR-Miningtek for a special issue. 
 

 
 
NAME & 
INITIALS: 

G van Aswegen 
AGE
: 

56 

 
QUALIFICATIONS (e.g.  degree/diploma, issuing institution and date): 
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PhD – Geology – UFS 
  
SPECIAL 
AWARDS: 
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NAME & 
INITIALS: 

A.J. Mendecki 
AGE
: 

54 

 
QUALIFICATIONS (e.g.  degree/diploma, issuing institution and date): 

PhD - Silesian Technical University 

  
SPECIAL 
AWARDS: 

 

 
 

 
NAME & 
INITIALS: 

A. Cichowicz 
AGE
: 

54 

 
QUALIFICATIONS (e.g.  degree/diploma, issuing institution and date): 

PhD - Polish Academy of Science  

  
SPECIAL 
AWARDS: 

PhD awarded with distinction 

 
  

 
NAME & 
INITIALS: 

F.Essrich 
AGE
: 

47 

 
QUALIFICATIONS (e.g.  degree/diploma, issuing institution and date): 
MSc (Geophysics), Westphälische Wilhems Universität Münster (Germany), 1989 
South African Chamber Of Mines Elementary Certificate in Rock Mechanics, 1994 
AngloGold Risk Assessment For Mining Engineering Practice, 1997 
Real World Conditional Simulation and Risk in the Mining Industry, 2002  
Pr.Sci.Nat., 2003 
  
SPECIAL 
AWARDS: 

SAIMM Silver Medal for outstanding publication (Sequential Grid 
Mining at Elandsrand Gold Mine – Review; main author: M. Handley) 

 
 

 
NAME & 
INITIALS: 

Malan, D.F. 
AGE
: 

36 

 
QUALIFICATIONS (e.g.  degree/diploma, issuing institution and date): Pr. Eng.; B.Ing 
(Elec) (RAU) 1991; M.Ing (Elec) (RAU) 1993; PhD (Min Eng) (Wits) 1998, Chamber of 
Mines Strata Control Certificate, 2003, No 337 
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SPECIAL 
AWARDS: 

Rand Pioneers prize for best student in electronics, 1990; M.D.G. 
Salamon prize in Rock Mechanics 1997; SAIMM Silver medal 1998; 
Rocha Medal 2001 

 
 
 
NAME & INITIALS:  Napier,  J A L                                                                        AGE:  57                                                                             
 
QUALIFICATIONS (e.g.  degree/diploma, issuing institution and date):     
BSc (Chem Eng-Wits) 1967, MSc (Chem Eng-Wits) 1971,  PhD (Min Eng) (Wits) 1980. 
 
SPECIAL AWARDS: 
 MDG Salamon award, 1990, 1997 
 SAIMM Silver medal 1992 
 Miningtek Innovation Award (Development of DIGS computer code), 1995 
 CSIR Outstanding Achiever: Team Award (Rockmass Behaviour team), 1998 
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5.2 REVELANT EXPERIENCE AND PUBLICATIONS (one page for each individual listed 
in 5.1) 
 

NAME: R.J. DURRHEIM 
 

 
RELEVANT EXPERIENCE: 
 
Twenty-five years experience in research and management in the mining industry, universities 
and research institutions, including significant experience abroad: 
2003 – present: CSIR Natural Resources and the Environment Operating Unit. 
2002: Seconded to CANMET’s Ground Control Program in Ottawa under the auspices of the 
Global Mining Research Alliance. Main tasks were to provide the Canadian mining industry 
with support in establishing a Deep Mining Research Consortium, and to conduct research 
work developing improved techniques to numerically simulate the rock mass response to 
mining by incorporating actual measurements of deformation and failure 
1998-2002: Manager of the DeepMine Collaborative Research Program from its inception to its 
conclusion in 2002. This R66m program involved over 250 researchers and addressed a wide 
range of issues ranging from industrial psychology and physiology, cooling and ventilation, 
through to hoisting and geostatistics. Rock engineering research formed a large component of 
the program. Managed the successor program, FutureMine, from its inception in 2001 until 
end-2002 
1993-1997: Rock Engineering Program of CSIR Miningtek. Carried out research projects in the 
field of mine seismology and rockburst damage mechanisms and coordinated the Rockburst 
Investigation Task Force. 
1989/90: Post-doctoral sabbatical at the Geophysical Institute in Karlsruhe, Germany working 
on data from the Continental Deep Drilling project, and at the USGS Office of Earthquakes, 
Volcanoes & Engineering in California. 
1983-1993: Lecturer in the Department of Geophysics, Witwatersrand University. Completed 
PhD on the topic ‘A seismic investigation of the Kaapvaal Craton’, using mining-induced 
seismic events as the energy source to map the crust and upper mantle.  
 
 
RELEVANT PUBLICATIONS: 
Durrheim, RJ, AJ Jager, JW Klokow and D Booyens, 1995, Back analysis to determine the mechanism 

and risk of rockbursts - 3 case histories from South African gold mines, Proc. 26th Int. Conf. of Safety 
in Mines Research Institutes, vol. 5, pp. 41-56, Central Mining Institute, Katowice.  

Gay, NC, RJ Durrheim, SM Spottiswoode, and AJ van der Merwe, 1995. Effect of geology, in-situ stress, 
and mining methods on seismicity in Southern African gold and platinum mines. Proc. 8th Int. Cong. 
on Rock Mechanics, T Fuji (ed.), vol. 8, ISRM, pp. 1321- 1325. 

Durrheim, RJ, DH Kullmann, RD Stewart and A Cichowicz, 1996. Seismic excitation of the rock mass 
surrounding an excavation in highly stressed ground, Proc. 2nd North American Rock Mechanics 
Symposium, M. Aubertin, F Hassani and H. Mitri (eds), 389-394.  

Durrheim, RJ, MF Handley, AT Haile, MKC Roberts and WD Ortlepp, 1997. Rockburst damage to 
tunnels in a deep South African gold mine caused by a M=3.6 seismic event, Proc. 4th Int. Symp. on 
Rockbursts & Seismicity in Mines, SJ Gibowicz and S Lasocki (eds), 223-226. 

Linkov, AM and RJ Durrheim, 1998, Velocity amplification considered as a phenomenon of elastic 
energy release due to softening. Proc. 3rd Int. Conf. on Mechanics of Jointed and Faulted Rock 
(MJFR-3), 323-328. 

Linkov, AM and RJ Durrheim, 1998, Wave amplification and dynamic phenomena in rock (in Russian). 
In: Mining Geophysics. Proc. Int. Conf. dedicated to the memory of Prof. V. S. Yamschikov, Russian 
Academy of Natural Sciences and the Russian Engineering Academy, 529-536. 

Durrheim, RJ, AT Haile, MKC Roberts, JK Schweitzer, SM Spottiswoode and JW Klokow, 1998, Violent 
failure of a remnant in a deep South African gold mine, Tectonophysics, 289, 105-116. 
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Durrheim, RJ, MKC Roberts, AT Haile, TO Hagan, AJ Jager, MF Handley and SM Spottiswoode, 1998, 
Factors influencing the severity of rockburst damage in South African gold mines. Journal S. A. Inst. 
Min. Metall., 98, 53-57. 

Hagan, TO, RJ Durrheim, MKC Roberts and AT Haile, 1999, Rockburst investigations in South African 
mines. Proc. 9th Int. Cong. on Rock Mechanics, G Vouille and P Berest (eds), Balkema, pp. 1089-
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Cichowicz, A, AM Milev, and RJ Durrheim, 1999, Transfer function for a seismic signal recorded in solid 
and fractured rock. Journal S. A. Inst. Min. Metall., 99, 201-206. 

Durrheim, RJ, 1999. Chapter 8: Rockbursting. In A Handbook on Rock Engineering Practice for Tabular 
Hardrock Mines, AJ Jager and J Ryder (eds), SIMRAC, Johannesburg, pp. 249-286. 

Cichowicz, A, AM Milev, and RJ Durrheim, 2000, Rock mass behaviour under seismic loading in a deep 
mine environment: implications for stope support. Journal S. A. Inst. Min. Metall., 100, 121-128. 
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Mining, Metallurgy, and Exploration, Inc. (SME), pp. 691-704. 
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Proc. 5th Int. Symp. on Rockbursts & Seismicity in Mines, G van Aswegen, RJ Durrheim and WD 
Ortlepp (eds), SA Inst Min. Metall. Symposium Series S27, pp. 213-219. 
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(eds), SA Inst Min. Metall. Symposium Series S27, pp. 251-262. 

Durrheim, RJ, Stability and support of tunnels and ore passes in ultra-deep Witwatersrand gold mines: 
findings of the DEEPMINE Research Programme. Proc. 2nd International Seminar on Surface 
Support Liners, South African Institute of Mining and Metallurgy, 2002a, section 10, pp. 6. 
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NAME: S.M. SPOTTISWOODE 

 

RELEVANT EXPERIENCE: 
32 years experience as a seismologist in the South African mining industry: 
1986 - present at CSIR Mining Technology, previous COMRO, the Chamber of Mines 
Research Organisation. Currently a CSIR divisional fellow. 
1984 - 85 at Rand Mines. 
1978 - 84 at Blyvooruitzicht Gold Mine. 
1970 - 78 at the Bernard Price Institute of Geophysical Research. 

5.1.1.1.1.1 Leadership in scientific and technical innovations 

Similarity of mine seismic events to earthquakes (PhD work, 1970’s). 
First mine seismologist employed solely by a mine in SA (Blyvooruitzicht, 1978) 
Developed the concept of Volume Excess Shear Stress (1986). 
Led team to develop the COMRO PSS (1986-88) 
Installed first in-stope geophones to understand the site response in stopes (1988) 
Fourier kernels and methods for MINSIM-type modelling (1992-97). 
Assessment methodology for measuring accuracy of rockburst prediction (1993). 
Multiplet locations by waveform similarity (1997). 
Extended ERR concept for mine layout design (1997). 
Generate synthetic seismic catalogues that are very similar to observed seismicity (2000).  This 
shows promise to totally replace classical mine layout design criteria. 
RELEVANT PUBLICATIONS: 
WD Ortlepp and SM Spottiswoode.  The design and introduction of stabilizing pillars at Blyvooruitzicht 

Gold Mining Company, Limited.  Proc. 12th CMMI Congress. HW Glen (ed), 1 : 353-363, 1982. 
SM Spottiswoode. Total seismicity, and the application of ESS analysis to mine layouts.  J. S. Afr. Inst. 

Min. Metall. 88 : 109-116, 1988. (Also presented at SAIMM Colloquium: Mining in the vicinity of 
geological and hazardous structures, Johannesburg, 4th June, 1986). 

SM Spottiswoode.  Volume Excess Shear Stress and cumulative seismic moments.  Rockbursts and 
Seismicity in Mines, Charles Fairhurst (ed.), Balkema, Rotterdam : 39-43, 1990. 

SM Spottiswoode.  Towards 3-dimensional modeling of rock deformation around deep-level gold mines.  
Mechanics of Jointed and Faulted Rock, Rossmanith (ed.), Balkema, Rotterdam : 1133-1146, 1990. 

AP Peirce, SM Spottiswoode and JAL Napier.  The spectral boundary element method : a new window 
on boundary elements in Rock Mechanics,  Int J Rock Mech Min Sci & Geomech Abstr, vol 29, No. 4, 
pp 379-400, 1992. 

MU Ozbay, SM Spottiswoode & JA Ryder.  A quantitative analysis of pillar-associated large seismic 
events in deep mines,  3rd Intl Symposium on Rockbursts and Seismicity in mines, Balkema, pp107-
110, 1993. 

AM Milev, SM Spottiswoode and KR Noble.  Mine-induced Seismicity at East Rand Proprietary Mines, 
Technical Note, Int. J. Rock Mech. Min. Sci. & Geomech. Abstr., v32, no6, pp629-632, 1995. 

DF Malan and SM Spottiswoode.  Time-dependent fracture zone behaviour and seismicity surrounding 
deep level stoping operations.  4th Intl Symposium on Rockbursts and Seismicity in mines, Balkema, 
pp173-178, 1997. 

A Milev and SM Spottiswoode.  Integrated seismicity around deep-level stopes in South Africa.  Int. J. 
Rock Mech. & Min. Sci. Vol. 34:3-4, Paper No. 199, 1997. 

SM Spottiswoode.  Energy Release rate with limits to on-reef stress  Proc. 1st Southern African Rock 
Engineering Symposium, Ed. RG Gurtunca and TO Hagan, SANGORM, pp252-258, 1997. 

SM Spottiswoode and Milev, A.M.  The use of waveform similarity to define planes of mining-induced 
seismic events Tectonophysics 289, pp. 51-60, 1998. 

Milev, A. M., Spottiswoode S. M. and Stewart R. D.  Dynamic response of the rock surrounding deep 
level mining excavations. Proc. 9th ISRM, G. Vonille & P. Berset (Editors), Paris'99: 1109-1114, 
1999. 

SM Spottiswoode.  Modelling seismicity and creep on multiple stope-parallel layers.  Proc. 2nd Southern 
African Rock Engineering Symposium, Ed. TO Hagan, ISRM Regional Symposium, pp155-159, 1999. 

SM Spottiswoode.  Aftershocks and foreshocks of mine seismic events.  3rd international workshop on 
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the application of geophysics to rock and soil engineering, GeoEng2000, Melbourne Australia, 2000. 
S.M.Spottiswoode.  Keynote address: Synthetic seismicity mimics observed seismicity in deep tabular 

mines.  5th Intl Symposium on Rockbursts and Seismicity in mines, S. A. Inst. Min. Metall., pp371-
378, 2001. 

Reddy, N. and S.M.Spottiswoode.  The influence of geology on a simulated rockburst, J. S. A. Inst. Min. 
Metall., pp267-272, Vol. 101, August 2001. 

Milev, A.M. and S.M. Spottiswoode.  Effect of the Rock Properties on Mining Induced Seismicity Around 
the Ventersdorp Contact Reef, Witwatersrand Basin, South Africa, Pure and Applied Geophysics, 
special issue on induced seismicity, Ed: C Trifu, in Print, 2002. 
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NAME: M.K.C. ROBERTS 

 

RELEVANT EXPERIENCE: 
 
1999-Present:  Divisional Fellow – CSIR: Division of Mining Technology 
1996-1999: Programme Manager - Rock Engineering Programme: 1996-1999 
1991-1995 Thrust Manager: Co-ordinate research in the strata control thrust. 
1985-1991 Head of Section: Co-ordinate research into stope and tunnel support. 
1980-1985 Head of Rock Mechanics Department, Randfontein Estates Gold Mine. Co-
ordinating a team of rock mechanics personnel to advise and assist management with 
respect to all aspects of rock engineering on the mine. 
 
RELEVANT PUBLICATIONS: 
 
Keynote papers 
M.K.C. Roberts. Keynote Address. “Rock Engineering Research Outputs, Present and Future. 

SARES,   Johannesburg, September 1997. 
Refereed Journal papers 
M.K.C. Roberts. "A Critical Examination of Operations Over the Period 1981 - 1984 on the Cooke 

Section of  the Randfontein Estates Gold Mining Company." - Rock Mechanics Contribution.  Ass. 
Mine  Managers of S.A. 1985. 

M.K.C. Roberts and R. Brummer. "Support Requirements in Rockburst Conditions." SAIMM. 1988. 
M.K.C. Roberts. “An Evaluation of Yielding Timber Props as a Support System in Rockburst Conditions.” 

SAIMM. 1991. 
R.R. Meade, M.K.C. Roberts J.J. de Klerk P.N. Taggart and J.F. Glisson.  "Rockfall Control in the Stope 

Face."  Ass. Mine Managers of S.A. 1993. 
Daehnke, P.N. Taggart and M.K.C. Roberts.  “Evaluation of the Influence of Grout-Prestressing Systems 

on the 
Performance of Timber Packs: Static and Dynamic Considerations”  SAIMM.1996. 

R.J. Durrheim, M.K.C. Roberts, A.T. Haile, T.O. Hagan, A.J. Jager, M.F. Handley, S.M. Spottiswoode 
and W.D. Ortlepp. “Factors Influencing the Severity of Rockburst Damage in South African Gold 
Mines.” SAIMM, 1997. 

R.J. Durrheim, A. Haile, M.K.C. Roberts, J.K. Schweitzer, S.M. Spottiswoode and J.W. Klokow. “Violent 
Failure of a Remnant in a Deep South African Mine.” Tectonophysics, 1998. pp105-116. 

M.K.C. Roberts and J.K. Schweitzer. “Geotechnical Areas Associated  with the Ventersdorp Contact 
Reef, Witwatersrand Basin, South Africa.” SAIMM. 1999. 

A. Daehnke,  M.D.G. Salamon and M.C.K. Roberts. “Investigating Zones of Influence and  Quantifying 
Stable Hangingwall Spans Between Support Units.” SAIMM. October 2000. 

A. Daehnke,  M van Zyl and M.C.K. Roberts. “Review and Application of Stope Support Design Criteria.” 
SAIMM. June 2001. 

M.K.C. Roberts and A. Daehnke, “Insights into Rock Related Fatalities on South African Gold Mines.”  
SAIMM. October 2001. 

Conference papers 
M.K.C. Roberts and R. Brummer.  "Support Requirements in Rockburst Conditions." Colloquium, Mining 

in the Vicinity of Hazardous Structures, June 1988. 
A.J. Jager and M.K.C. Roberts.  "Support Systems in Productive Excavations."  Gold 100, Proceedings 

of the International Conference on Gold.  SAIMM 1986. 
L.Z. Wojno, A.J. Jager and M.K.C. Roberts.  "Specifications for Yielding Rock Tendons."  

SANGORM. Congress,1987. 
M.K.C Roberts, F.R.P Pienaar and F.C. Kruger.  "Properties of Pack Supports - Comparison of the 

Laboratory and Underground Performance".  Symposium, From Stump to Stope. C.S.I.R. 1987. 
N.C. Gay, A.J Jager and M.K.C. Roberts.  "Falls of Ground - Their Cause and Prevention".  Mining 

Health and Safety Congress, Johannesburg. 1987. 
M.U. Ozbay and M.K.C. Roberts.  "Yield Pillars in Stope Support."  Rock Mechanics in Africa.  

S.A.N.G.O.R.M. Congress 1988. 
A.J. Jager M.K.C Roberts F.J. Glisson and G.L. Smith.  "Potential Cost Benefits From a Modified Stope 

Support Strategy."  Impact of Rock Engineering on Mining and Tunneling Economics. SANGORM. 
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Symposium 1991. 
P.N. Taggart M.K.C. Roberts F.J. Glisson and J.J. de Klerk. "The use of Lightweight Blast-on 80 kN 

Hydraulic Props as Stope Face Support."  Health and Safety Congress.  Johannesburg. 1991. 
F.J. Glisson and M.K.C. Roberts.  "Stope Face Support - an Evaluation in Mining and Human Terms."  

Impact of Rock Engineering on Mining and Tunneling Economics. S.A.N.G.O.R.M. Symposium 1991. 
 M.K.C. Roberts and A.J. Jager.  "An Analysis of Falls of Ground and Rockburst Fatalities."  Health 

and  Safety Congress.  Johannesburg 1991. 
M.K.C. Roberts and A.J. Jager.  "Pillars as Stope Support in Shallow Mining of Tabular Deposits -a 

Review."  Rock Engineering Problems Related to Hard Rock Mining at Shallow to Intermediate 
Depth.  S.A.N.G.O.R.M. Symposium, Rustenburg, 1993. 

M.K.C. Roberts, N.C. Gay and A.J. Jager.  "The Development of Blast-on Props for the Prevention of 
Rockfalls and the Reduction of Rockburst Damage."  25th International Conference of Safety in 
Mines Research Institutes. Pretoria, September, 1993. 

A.P. Squelch, M.K.C. Roberts and P.N. Taggart.  “The Developments of a Rationale for the Design of 
Stope and Gully Support in Tabular South African Mines.”  NARMS Symposium.  The University of 
Texas at Austin. 1-3 June 1994. 

D.A. Arnold, E.W. Legge and M.K.C. Roberts. “Reducing the Unsupported Span at Hartebeestfontein 
Gold Mine.” XV CMMI Congress, September 1994. 

M.K.C. Roberts, R.G. Gürtunca and N.C. Gay. “Current Rock Engineering Developments to Improve 
Safety in South African Gold mines.” International Symposium on New Developments in Rock 
Mechanics and Engineering. Shenyang, China, October 1994. 

A. Squelch and M.K.C. Roberts. “ The Support of Stope Gullies.” Innovative Mining and Support 
Systems for safety and Productivity Colloquium, Mintek, Randburg. May 1995. 

P.N. Taggart, F.J. Glisson and M.K.C. Roberts. “ A Review of Recent Stope Support Testing.” SIMRAC 
Symposium, Mintek, September 1995.    

M.K.C. Roberts.  “Rockburst Damage Reduction Measures in South African Gold Mines.” 27th 
International Conference on Safety in Mines Research Institutes, New Delhi, India, 20-22 February 
1997. 

M.K.C. Roberts. D.M.H. Grave, A.J. Jager and J. Klokow.  “Rock Mass Behaviour of the Merensky Reef 
at Northam Platinum Mine.” SARES, Johannesburg, September 1997. 

A. Daehnke and M.C.K. Roberts. “A Review of Elongate support Criteria.” SAIMM Colloquium, May 
1999, pp53 – 67. 

A. Daehnke, M.C.K. Roberts and M van Zyl. “ A  Review of Stope Support Design Criteria.” 
 SAIMM Colloquium, October 1999. 

T.O. Hagan, R.J.  Durrheim, M.K.C. Roberts and  A.THaile. “Rockburst Investigation in South African 

Mines.” Proceedings of 9th International Congress on Rock Mechanics, Paris, France 1999. 
Published by A.A. Balkema Publishers. Page 1089 – 1094. 

Research Reports 
M.K.C. Roberts, A. Turner and A.J. Jager. "Support Requirements for the Stope Face Area with 

Particular Emphasis on Mechanical Mining Systems." Report No. I.R. 405. 
M.K.C. Roberts, A.J. Jager and K. Riemann.  "The Performance Characteristics of Timber Props." 

Chamber of Mines Report No. 35/87. 
Major Contributor -  "An Industry Guide to Methods of Ameliorating the Hazards of Rockfalls  

and  Rockbursts." 1988 Edition. 
R.G. King, A J Jager, M K C Roberts and A Turner.  "Rock Mechanics Aspects of Stoping Without Back 

Area Support.” Chamber of Mines Research Report No. 17/89. 
J.P.M. Hojem P.N. Taggart and M.K.C. Roberts.  "Functional Requirements for Hydraulic Prop Based 

Support Systems for Use in Rockburst-Prone Stopes." Chamber of Mines Research Report No. 
45/90. 

L.Z. Wojno and M.K.C. Roberts, “Development of the Grouted Tendon Tester.” Chamber of Mines 
Research Report No. 97-0107, 1993. 

M.K.C. Roberts and R.A. Eve, “Stope Design for the Venterdorp Contact Reef” GAP102 SIMRAC Final 
Project Report. 1995. 

M.K.C. Roberts.  “Stope and Gully Support.” GAP032 SIMRAC Final Project Report, 1995. 
M.K.C. Roberts, T.O. Hagan, S.M. Spottiswoode and T. Dede, “Investigation at Matjhabeng Mine 

Following a Magnitude 4.6 Event. Anglogold Report, 1999. 
R. Johnson, G.B. Quaye and M.K.C. Roberts. “Stability and Support Requirements for Stope Backs in 

the Shallow Depth Mining of Steeply Dipping Vein/Tabular Deposits.” SIMOT 603, SIMRAC Final 
Project Report, 2000. 

R. Johnson, G.B. Quaye and M.K.C. Roberts. “Stability and Support Requirements for Stope Backs in 
the Shallow Depth Mining of Steeply Dipping Vein/Tabular Deposits: a Handbook.” SIMOT 603, 
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SIMRAC, 2000. 
A.,Daehnke, M.K.C. Roberts, M. Van Zyl, E. Acheampong and G.S. Harper . “The Design and 

Development of an Effective Support System for Tabular Stopes in Gold and Platinum 
mines.”GAP 708 (Phase I), Final Report. Report no: 2000-0452, 2000. 
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NAME: G. van Aswegen 
 

 
RELEVANT EXPERIENCE: 
 
 Research in strain modelling for structural geology analyses of shear zones. 
 Data interpretation and management of seismic monitoring systems. 
 Research in Mine Seismology focus on: 

fault and dyke stability 
application of quantitative seismology for the detection of instabilities in space and time 
the integration of numerical modelling with seismic monitoring 

 Recent projects include: 
seismic hazard and depth 
the effect of rate of mining on seismic hazard 
the effect of full calender mining operations on seismic hazard 
the effect of continuous, non-explosive mining on seismic hazard 
the effect of rate of mining on seismic hazard 

 
 
RELEVANT PUBLICATIONS: 
 
Funk C., van Aswegen G. and Brown B. (1997). Visualization of seismicity. In: Gibowicz SI and Lasocki 

S (Eds.). Rockbursts and Seismicity in Mines, 4th International Symposium. Balkema, Rotterdam. 

Lachenicht, R., Wiles, T. and van Aswegen, G. 2001. Integration of deterministic modelling with 
seismic monitoring for the assessment of the rockmass response to mining: Part II 
Applications. In. van Aswegen, G., Durrheim, R.J. and Ortlepp, W.D. (Eds.) Rockbursts and 
Seismicity in Mines – RaSiM5, South African Institute of Mining and Metallurgy, 
Johannesburg, South Africa. 

Mendecki, A.J. and van Aswegen, G. 2001. Seismic monitoring in mines: selected terms and 
definitions. In: van Aswegen, G., Durrheim, R.J. and Ortlepp, W.D. (Eds.) Rockbursts and 
Seismicity in Mines – RaSiM5, South African Institute of Mining and Metallurgy, 
Johannesburg, South Africa. 

van Aswegen, G., Spottiswoode, S.M. and Naicker, N. 2000. The relationship between depth 
and seismicity. Final report, Deepmine Project 5.1.1, CSIR Miningtek, Johannesburg. 

van Aswegen G. and Laas, J. 2003. Monitoring the rockmass response to mining in 
Witwatersrand gold mines. ISSA/Chamber of Mines Conference 2003 – Mines and 
Quarries: Prevention of Occupational Injury and Disease. Symposium Series S32, 
South African Institute of Mining and Metallurgy, Johannesburg, South Africa. 

van Aswegen, G. 2003a, Seismic hazard assessment methods in mines. 10th International 
Conference on Rock Mechanics – ISRM2003, South African Institute of Mining and 
Metallurgy, Johannesburg, South Africa 

van Aswegen, G. 2003b Towards Best Practice for Routine Seismic Hazard Assessment in 
th
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Mines. 30th International Conference of Safety in Mines Research Institutes South 
African Institute of Mining and Metallurgy, Johannesburg, South Africa. 

Wiles, T., Lachenicht, R. and van Aswegen, G. Integration of deterministic modelling with 
seismic monitoring for the assessment of the rockmass response to mining: Part I 
Theory. In. van Aswegen, G., Durrheim, R.J. and Ortlepp, W.D. (Eds.) Rockbursts and 
Seismicity in Mines – RaSiM5, South African Institute of Mining and Metallurgy, 
Johannesburg, South Africa. 
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NAME: AJ Mendecki 
 

 

 
RELEVANT EXPERIENCE: 
 
 Head of Seismic Research, Anglo American Corporation Gold Division. Responsibilities: 

strategy, methodologies and technologies for rockburst prevention, control and prediction 
development and implementation of the Integrated Seismic System 
 training of Rock Engineering personnel on seismic rockmass response to mining 

 
 
 Managing Director and Head of Research at ISS International Limited. 
 
 
RELEVANT PUBLICATIONS: 
 

Mendecki, A.J., 1993. Real time quantitative seismology in mines. Keynote lecture in: Young, 
R.P. (Ed.) Rockbursts and Seismicity in Mines. Kingston, Canada. Balkema, Rotterdam. 

Mendecki, A.J., 1997. Seismic Monitoring in Mines. Chapman and Hall, London 

Mendecki, A.J. 2005. Persistence of seismic rockmass response to mining. In: Potvin,Y. and 
Hudyma, M.R.,(Eds.) Rockbursts and Seismicity in Mines – RaSiM6, ACG, Perth, Australia. 

Mendecki, A.J. and van Aswegen, G. 2001. Seismic monitoring in mines: selected terms and 
definitions. In: van Aswegen, G., Durrheim, R.J. and Ortlepp, W.D. (Eds.) Rockbursts and 
Seismicity in Mines – RaSiM5, South African Institute of Mining and Metallurgy, 
Johannesburg, South Africa. 

van Aswegen, G. and Mendecki, A.J. 1999. Mine layout, geological features and seismic 
hazard. SIMRAC Final Report GAP303. Department of Minerals and Energy, Pretoria. 
(http://www.simrac.co.za) 
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NAME: A. Cichowicz 
 

 
RELEVANT EXPERIENCE: 
 

 Seismologist, ISS International , 
 Senior Lecturer, Department of Geophysics  (permanent  position), University of the 

Witwatersrand, South Africa  
 Senior Researcher, University of the Witwatersrand 
 Principal Researcher, Chamber of Mines of South Africa  
 Visiting Scientist, 1 year, Istituto di Geofisica,Univ.of Trieste, Italy 
 Research Officer, Institute of Geophysics, P.A.S.,Warsaw 

 
 
RELEVANT PUBLICATIONS: 
 
Cichowicz. A. 1997. Identification of Production Parameters Responsible for a High Level of 

Damage, Proceedings of the 4th International Symposium on Rockbursts and Seismicity in 
Mines,  to be held on 11 14 August 1997, Krakow, Poland. 

 
Cichowicz, A; Durrheim, R.J. 1997. The site response of the tunnel side wall in a deep gold 

mine; analysis in the time domain. Proceedings; SARES'97, 1st RSA Rock Engineering 
Symposium,1517 Sept, p5661. 

 
Cichowicz, A. 1996,1995,1994,1993. Technical Reports for Safety in Mines Research Advisory 

Committee;" Develop more reliable means of assessing safety risk due to rockbursts and 
rockfalls as a managerial decision support techniques". 

 
Cichowicz, A. 1995. Seismic hazard assessment in a stable continental plate interior, Fourth 

Technical Meeting SAGA, 1819 September, Victoria Falls Zimbabwe, 5356. 
 
Cichowicz, A. 1993. Expert system for seismic hazard analysis, Transactions of the 

Institution of Mining and Metallurgy, vol 102, A173 180.  
 

Cichowicz, A. 1993 An automatic S phase picker, Bulletin of the Seismological Society of 
America, vol 83, 1, 180 189.  

 
Cichowicz, A. & Green R.W.E. 1992. Tomographic study of upper mantle structure of the South 

Africa Continent resulting from waveform inversion, Physics of the Earth and Planetary 
Interiors, vol 72, 276 285. 

 
Cichowicz, A. 1991. The time variation of microevents parameters occurring before and after 

large seismic event, conference proceeding, Earthquake Prediction State of the Art, 
Strasbourg,16 21.  

 
Cichowicz, A., Green, R.W.E. van Zyl Brink, A. & Grobler., P. 1990. The space and time 

variation of the micro event parameters occurring in the front of active stope, Second 
International Conference on Rocburst and Seismicity in Mines, Symposium Proceedings, 
Minneapolis, 171 175                            

      and  20 more relevant publications. 
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NAME: Friedemann  Essrich 
  
RELEVANT EXPERIENCE: 
 
2001 – present  Director SiM Mining Consultants (Pty) Ltd. 
1999 – 2001  Regional Seismologist AngloGold Vaal River Operations 
1997 – 1999  Mine Seismologist – Elandsrand and Deelkraal Mines (ISSI, seconded to 
AngloGold) 
1993 – 1997 Mine Seismologist – Elandsrand Mine (ISSI, seconded to AngloGold) 
 
RELEVANT PUBLICATIONS: 
 
SAIMM (12/1997): Rockburst Hazard Assessment 
SARES '99: The influence of Backfill on Seismicity in AngloGold's West Wits Operations. 
KNOWLEDGE & TECHNOLOGY TRANSFER (02/2002):  
Seismological Information for Rock Engineers and Production Personnel 
RaSiM6 2005 (submitted and accepted):  
Mine Seismology for Rock Engineers – an outline of competencies 
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NAME: D.F. Malan 

 

RELEVANT EXPERIENCE: 
 
Joined COMRO in 1993 and worked in the fields of numerical modelling and rock mass 
behaviour physics. This mainly focused on research into micro-mechanical rock behaviour, the 
use of boundary element codes and laboratory models. In later years, extensive expertise was 
gained in the time-dependent behaviour of rock. This work involved underground closure 
monitoring, design of laboratory creep equipment and experiments and numerical simulation of 
the time-dependent processes. Recent interests included the monitoring of continuous closure 
behaviour of stopes and using this information as a diagnostic measure of rock behaviour. In 
2004 he joined Groundwork Consultants as a Principal Consultant. 
 
RELEVANT PUBLICATIONS: 
 
Malan, D.F., Napier, J.A.L. and Watson, B.P. Propagation of fractures from an interface in a 

Brazilian test specimen. Int. J. Rock Mech. Min. Sci. & Geomech. Abstr. vol. 31, pp. 581-
596, 1994. 

Malan, D.F. and Napier, J.A.L. Computer modelling of granular material microfracturing. 
Tectonophysics, vol. 248, pp 21-37, 1995 

Malan D.F. A viscoelastic approach to the modelling of transient closure behaviour of tabular 
excavations after blasting. J. S.Afr. Inst. Min. Metall., vol. 95, pp. 211-220, 1995 

Malan, D.F. and Spottiswoode, S.M. Time-dependent fracture zone behaviour and seismicity 
surrounding deep level stoping operations. In: S.J. Gibowicz and S. Lasocki (ed.) Proc. 4th 
Int. Symp. Rockburst and Seismicity in Mines, Krakow, Poland, pp. 173-177, 1997.    

Malan, D.F., Vogler, U.W. and Drescher, K. Time-dependent behaviour of hard rock in deep 
level gold mines. J. S.Afr. Inst. Min. Metall, vol. 97, pp. 135-147, 1997. 

Napier, J.A.L., Daehnke, A., Dede,T., Hildyard, M.W., Kuijpers, J.S., Malan, D.F., Sellers, E.J. 
and Turner, P.A. Quantification of stope fracture zone behaviour in deep level gold mines. J. 
S. Afr. Inst. Min. Metall., vol. 97, pp 119-134, 1997. 

Napier, J.A.L. and Malan, D.F. A viscoplastic discontinuum model of time-dependent fracture 
and seismicity effects in brittle rock. Int. J. Rock Mech. Min. Sci. & Geomech. Abstr, vol. 34, 
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6. DECLARATION BY THE PROPOSING ORGANISATION 
 
 I, the undersigned, being duly authorised to sign this proposal, herewith declare that: 
 

 The information given in this proposal is true and correct in every particular. 
 This Organisation has the basic expertise and facilities required for satisfactory 

completion of the project and will adhere to the program of activities as set out in this 
proposal. 

 The costs quoted are in accordance with the normal practice of this Organisation and 
can be substantiated by audit. 

 
 
 Signed on this   day of      2006 
 
 for and behalf of 
 

 
 
 

SIGNATURE:  

NAME:  

DESIGNATION:  
 
 
 
CSIR PROFILE 
 
The CSIR is a South African statutory research council, established by Act of Parliament and 
governed by the Scientific Research Council Act (Act 46 of 1988, as amended by Act 71 of 
1990).  The CSIR is the largest multi-disciplinary research and development organization in 
Africa.  It has 2 500 staff and consists of five operating units that undertake applied research 
and development across Africa, as well as transferring technology to industry, government and 
international agencies. 
 
CSIR has, for many years, served as the leading technology partner to the South African mining 
sector by providing contract services ranging from fundamental research, technology 
development and transfer to provision of laboratory testing services.  CSIR key competences in 
applied geoscience, mining engineering, engineering, coal processing, occupational health and 
physiology, explosion and fire management, and social science and public health are available 
to all stakeholders in the mining industry to improve occupational safety and health, and 
economic competitiveness. 
 
In line with the CSIR’s values and philosophy, and its vision for employment equity, the 
following principles have been agreed upon to redress historical imbalances and inequity.  CSIR  
 Promotes organisational transformation and employment equity embodying moral, social, 

and business imperatives. 
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 Is committed to equalising opportunities by focused recruitment, accelerated development, 
and targeted training and education. 

 Does not discriminate on the basis of gender, race, or creed. 
 Recruits and promotes on the basis of potential and ability.  It rewards performance and 

recognises achievement both by individuals and shared responsibility teams. 
 Aims to continually develop all employees for enhanced achievement and to meet its 

organisational objectives. 
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Annex 4: Knowledge and Technology Transfer  
 

SIM050302 Output2: Mine Seismology and Rockbursting  

Knowledge and Technology Transfer   

 
 
Progress report 1: 
 

This output of SIM050302 focuses on formal training courses, i.e. one-to-many teaching 
situations at a dedicated venue under a fixed format with respect to contents and 
methodology of teaching. The project team acknowledges that rockburst related knowledge 
transfer takes place frequently in the mining industry between colleagues, supervisors and 
their staff, in mentoring situations and formal meetings; equally between seismic service 
providers, rock engineering consultants and their clients as well as academic staff and their 
students. The focus of this project, however, is on formalized training.  
 

As per SIM050302 research programme approved by the MHSC on 11-November-2005, 
Output 2 is designed to deliver: 
 

 A report that documents all existing training programmes that seek to impart and 
transfer knowledge and skills relevant to mining-induced seismicity and 
rockbursting; 

 A report that reviews the training programmes and identifies any gaps in the 
curricula and opportunities to include findings of SIMRAC research, where 
relevant and appropriate; 

 A report that identifies any further research required to advance knowledge and 
technology transfer (K&TT). 

 
A workshop was held on 11-January-2005 at CSIR-NRE in JHB to initiate work on Output 

2, to align strategy and activities among team members and to communicate mile stones 
and reporting deadlines.  
 

Represented at the workshop were CSIR-NRE (R. Durrheim, L. Linzer, T. Hagan, M. 
Roberts, S. Spottiswoode), SANIRE and University of Pretoria (Rock Engineering: Prof. M. 
Handley), University of the Witwatersrand (Mining: Prof. D. Stacey), ISSI (G. van Aswegen), 
MIDDindi (J. Hanekom), SRK (F. Harvey) and SiM (F. Essrich). The workshop was chaired by 
F. Essrich.  
 

Together, the various experts produced a cross section of training related issues from a 
range of backgrounds and applications: 

 
1) a summary of current efforts to align rock engineering qualifications with those of 
registered professional engineers (M. Handley);  
2) experiences gained with the IPRAM software to raise awareness of hazardous 
conditions in hard-rock stopes (T. Hagan) 
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3) early-stage plans to compile a text-book “Seismology for Mining Rock Mechanics” 
from a South African perspective (S. Spottiswoode) reflecting the vast experience gained 
locally in deep-level mining,  
4) brief overview of courses presented at WITS for 3rd and 4th year mining engineering 
students (AREC and GDE), 3rd and 4th year geology students and Geophysics Honours 
students (D. Stacey, R. Durrheim, L. Linzer). 
 

Mention was also made of the Deepmine Schools held after the year 2000, and a set of 
notes by WA Lenhardt, a mine seismologist who worked at Western Deep Levels until about 
1991. 
 

The gathered project team also generated a list of essential aspects that should be 
systematically explored with all possible training providers in the country (see questionnaire 
attached): 

 
• Training contents, specifically SIMRAC research results 
• Skills training vs. Knowledge transfer  
• Target audience (NQF Level, occupations trained) 
• Total number of past trainees 
• Trainer qualifications  
• Course duration and time format 
• Media and teaching tools used 
• Costs per ten attendants 
• Certification 
• Form of feedback produced 

 
The preliminary list of agencies drafted during the workshop contained 24 organisations 

ranging from academic and research institutions to professional organisations, statutory 
bodies, mining houses and consultancies. Including later additional referrals, the final list 
comprises 36 agencies. 

 
All 36 were contacted by e-mail and invited to support the MHSC’s work, in particular 

this research project. Those without valid e-mail address were contacted by phone. With one 
exceptions (Univ. of KZN), all have acknowledged receipt of the request (see Table 1). 

 
With several responses still outstanding, twelve agencies are providing training and 

twelve are known to not provide training. The group of primary training providers that have 
compiled their own training materials and offer courses on a commercial basis is very small: 

 
 CSIR-NRE, SiM, MIDDindi and ISSI (not confirmed). 
 
CSIR trains on the highest NQF level of post-grad students, MIDDindi trains on the 

lowest level (learner miners). This profile may still change as a number of prospective 
providers have not yet completed their returns (initial deadline was 31 January, extended to 
3 February). The final assessment of available courses will be completed once all agencies 
have replied and information gathering is complete. 
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It is envisaged in the next step to evaluate in detail the different courses on offer, 
including the use of tools, media, contents and other aspects as described above. From this 
evaluation ideas for potential improvements are likely to emerge which will form sub-task 3 
of this output. 

 
 
 
 
Friedemann Essrich 
(MSc Geoph., Pr.Sci.Nat) 
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Table 1:  
List of agencies that provide (or have provided in the past) training in mine seismology and rockburst related 
issues.  
 
 Agency Contact Contact 

acknowl. 
Training Outsourced Contact Person e-mail Tel / Cell 

 Universities        
1 WITS Mining Elm Yes Yes CSIR Halil Yilmaz yilmaz@egoli.min.wits.ac.za 082 415 7231 
2  WITS Geosc. Elm Yes Yes CSIR Susan Webb webbs@geosciences.wits.ac.za 011 717 6606 

3  U of Pretoria Elm Yes No  Matthew Handley matthew.handley@up.ac.za 082 689 5250 
4 UNISA Elm Yes Yes ? Willie Nel wnel@unisa.ac.za 011 471 2596 
5  U of KZNl Elm No probab. No  Jeanne Trickett (left UoN) jtricket@discoverymail.co.za 082 921 8856 

6  U of N. West Phone Yes No  Prof Waanders …@puk.ac.za 018 299 1994 
         
 Other orgs        
7  CSIR Elm Yes Yes (own)  Ray Durrheim rdurrhei@csir.co.za 083 677 8778 

8  MHSC Elm, ph Yes No  Duncan Adams dadams@simpross.co.za 082 889 4047 

9  ECSA Phone Yes No  Louise Venter louise@ecsa.co.za 011 607 9519 
10
 

SAIMM Elm Yes No  Lara Winning  lara@saimm.co.za 011 834 1273 

11
 

SANIRE Elm Yes No  Matthew Handley matthew.handley@up.ac.za 082 689 5250 

12
 

Ch. of Mines Phone Yes No  Jeannette Hofeyer jhofaje@bullion.org.za 011 498 7100 

13 C GeoSc. Elm, ph Yes   Andrzej Kijko kijko@geoscience.org.za 012 841 1201 
         
 Mines        
14 AngloGold Ash. Elm Yes Yes SiM, Wits Johan Laas jjlaas@anglogoldashanti.com 082 450 7487 
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15 GF Academy Elm Yes   Bennie Nelson bennie.nelson@goldfields.co.za 083 440 7042 
16
 

Impala Plat. Elm, ph Yes Yes Wits, ISSI Les Gardner les.gardner@implats.co.za 014 569 7666 

17 Amplats Elm Yes   Roger Johnson rjohnson@angloplat.co.za 014 598 1112 
18 HARMONY Elm Yes   Martin Pretorius mpretorius@harmony.co.za 083 284 2226 
19
 

Palabora M. Co Elm Yes No longer Wits, CGS Stefan Glazer Stefan.glazer@telkomsa.net 082 805 9349 

20
 

AP Amandelbuilt Elm Yes No  K. Akermann kakermann@angloplat.co.za 083 456 3661 

21 Northam Elm, ph Yes   Ben Streuders bstreuders@norplats.co.za 014 784 3134 
22
 

Anglo Coal Elm Yes No  Dave Minney dminney@coal.anglo.co.za  

         
 Consultancies        
23
 

SafeSure Elm, ph Yes Yes MIDDindi Casper Maree  057 392 2732 

24 RockSSS Elm, ph Yes   Dirk Venter dirkp.venter@harmony.co.za 082 601 9235 
25 TRaisc Elm Yes   Gerhard … training@snowden.co.za 083 655 0514 
26 SNOWDEN Elm Yes   Gavin Hall snowden@snowden.co.za 011 782 2379 
27 ISSI Elm Yes Yes ??????   Gerrie v Aswegen gerrie@issi.co.za 083 308 3830 
28
 

ITASCA Elm, ph Yes No  Tony Leach tony@itasca.co.za 083 628 6356 

29 SRK Elm, ph Yes Yes MIDDindi Fred Harvey fharvey@srk.co.za 083 287 5248 
30 Groundwork Elm Yes   Francois Malan francois.malan@groundwork.co.za 082 454 8418 
31
 

BL&A Elm, ph Yes Yes Wits, SiM Kevin Brentley Kevin.brentley@harmony.co.za 082 338 3552 

32
 

Open House MS Elm Yes No  Koos Bosman koos@ohms.co.za 082 563 5234 

33 MIDDindi Elm Yes Yes (own)  Johan Hanekom midd@telkomsa.net 083 406 6313 
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34
 

SiM  Yes Yes (own)  Friedemann Essrich fessrich@sim.co.za 082 488 7142 

35 GHS Elm Yes   Shana Ebr.-Trollip shana.ghs@telkomsa.net 082 466 2856 
36 gijimaAST elm Yes   Esther Fouche esther.fouche@gijima.com 082 887 0725 
         
         
 response complete 

  

 
Date: 10 February 2006 
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QUESTIONNAIRE 
 
Assessment questionnaire for agencies providing training in the field of mine 
seismology and rockbursting. 
 
1. Name and contact details: 
Agency Postal Address Tel / Fax / e-

mail 
Logo 

 
 
 

   

Contact person:  
 
 
2. Period during which courses were offered: 
1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 
           
 
 
3. Total number of course attendants:   
 
 
4. Range of attendants’ NQF levels (for level definitions see Appendix):  
 
 
5. Range of occupations trained:  
 
 
6. Qualification of trainers: 
 
 
 
 
Please continue on page 2    
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7. Course details: 
 
 Title Duration 

(format) 
Main 
sections 

Trainer 
NQF Level 

Venue  
 

Certificatio
n 

Cost per 
10 

Feedback elements 

1  
 

eg 1day 
(block),  
1 day p. 
week etc. 

  ie client/own attendance or 
fail/pass 

in Rands participants’ feedback, 
self-assessment and others 

2  
 

       

3  
 

       

4  
 

       

5  
 

       

 
8. Course content: 
 
 Title Media used Didactic tool Topics 
1  

 
 

eg slides, 
videos, 
software  

eg exercises, 
assignments, 
projects, tests 

   

2  
 

     

3  
 

     

4       
5     
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9. SIMRAC Projects results incorporated into courses: 
 
 
10. Other aspects characterising your specific training program: 
___________________________________________________________________________ 
___________________________________________________________________________________________________________________
___________________________________________________________________________________________________________________
________________________ 
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Appendix: 
 
 
NQF 
Level 

Band Type of Qualification 

8 
 
7 
 
6 
5 

Higher Education & 
Training (HET) 

Research degree / PhD 
Masters, Professional Qualification 
National First Degree 
Higher Diploma 
National Diploma 
National Certificate 

4 
3 
2 

Further Education & 
Training (FET) 

National Certificate 

1 General Education & 
Training (GET) 

Grade 9 = ABET Level 4 

 
 
 



 

_________________________________________________ 

 

Final Report SIM 050302 - Phase 2 - Outputs 1, 2 and 4.doc F. Essrich (SiM Mining Consultants) 

SIM050302 Output2: Mine Seismology and Rockbursting  

Knowledge and Technology Transfer   

 
 
Progress report 2: 
 

At the time of the previous report on 10-Feb-2006, 15 of 36 agencies had not yet 
completed their replies to the task team. During February and early March, communications 
with all agencies were completed. 

 
There are three groups of organisations that provide K&TT in rockbursting and mine 

seismology (see Table 1 below): 
 
Group 1 
Primary training providers, who design and create their own materials and offer these 
directly to the industry or indirectly through Group 2 organisations. Primary
 providers are copyright holders and some or all of their courses focus to 100% on 
mine seismology. 
 
Group 2 
Secondary training providers such as Universities offering education   commercially 
by relying on primary training providers; examples are the courses at Wits University 
outsourced to CSIR and ISSI; 
 
Group 3 
Mining houses such as AngloGold-Ashanti, Gold Fields, Harmony and others that train 
their own employees using either consultancies or institutions of learning; 
 
Not included in the above groups are U. of Pretoria’s under-graduate mining engineering 

programme that contains mine seismology topics on a very basic level, and UNISA’s 
Chamber of Mines Rock Engineering Certificate and Strata Control Certificate, both of which 
make reference to rockbursting on a basic level. Equally excluded above are consultancies 
offering training with strong emphasis on rock engineering and only limited mine seismology 
content such as MIDDindi, RockSSS and SNOWDEN / Traisc.  

 
The ability to train exists at the Council for Geoscience, but this has not been made use 

of in the past. The SAVUKA training facility, operated by SRK, may also take on responsibility 
to instruct in rock engineering matters in the future.  

 
For the purpose of this project output, primary training providers are those  offering 

100% mine seismology content in some or all of their courses (in order of attendants’ 
number between 1995 and 2005): 

 
 ISSI (250 attendants, four courses, NQF level 4-8) 
 CSIR (180 attendants, three courses, NQF 4-8) 
 GHS (approx. 200 attendants, one course, NQF 4-7) 
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 SiM (92 attendants, four courses, NQF 4-7) 
 
In terms of NQF levels provided for by the various organisations, it should be noted that 

in-stope workers and production personnel (NQF 2-4) are reached through strata control 
courses that teach at least a basic appreciation of the effects of mining induced seismicity on 
underground working environments. The highest NQF levels are reached with BSc 
(Geophysics) and Mining Engineering students’ education at Wits University.   

 The aim of a workshop, held on 2-March-2006 at CSIR, was to update the project team 
on the submission by various agencies and to initiate the review phase of this output. 
Present were CSIR-NRE (R. Durrheim, M. Roberts, S. Spottiswoode), University of the 
Witwatersrand (Mining: Prof. D. Stacey, H. Yilmaz), ISSI (G. van Aswegen), MIDDindi (J. 
Hanekom), and SiM (F. Essrich). The workshop was facilitated by F. Essrich.  
 

Following issues were raised by the task team: 
 
1) it is recommended to utilise the SAVUKA facility to reach more underground workers 
with rockburst related training (J. Hanekom, D.Stacey);  
2) CoM Certificates should include topics relevant to rockbursting, their syllabus is 
currently under review (amendments suggested by SiM via SANIRE Council), preparation 
courses by UNISA and examiners should adjust accordingly (R. Durrheim); 
3) It would be desirable for Mine Safety Inspectors to obtain a qualification at least at 
BSc level that includes both, mine seismology and general rock engineering subjects (S. 
Spottiswoode); 
4) critical issues of rockburst investigations should be included in syllabi of various 
training providers, as well as in-stope support and damage to excavations (M. Roberts, 
J. Hanekom, F.Essrich); 
5) this review of rockburst site related training in the mining industry could benefit from 
a comparison with other industrial sectors with a high hazard profile, such as the 
construction and the chemical industry (R. Durrheim). 
 
Initiating the review phase of this output, the task team agreed to evaluate in detail the 

syllabi, training materials, didactic tools, media and methodologies on offer from primary 
training and education providers. An invitation to present is also extended to rock 
engineering training providers MIDDindi, SNOWDEN/Traisc, RockSSS and to Wits University 
and the U. of Pretoria.   

 
Available for evaluation by the team are teaching materials from SiM (Mine Seismology) 

and syllabi and selected materials from CSIR (RE for senior management, Deepmine Schools, 
BSc-Geoph.) and from ISSI/Wits (minn521), and booklets and guidelines produced by 
SIMRAC over the past years. These and other additional materials will be pooled and 
circulated amongst the team members for review and comments. An additional opportunity 
to present course profiles to the task team is set for 17 March at CSIR. By 24 March, each 
member is to submit his comments to F.Essrich for compilation into a final report.  

 
Comparison between mining and other industries: 
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According to the Dep. of Labour’s last available report1 in 1999, accident frequency rate 
was highest in the fishing industry (21.04) and second highest in mining (8.98, see Figure 
1). Building & Construction and Chemical industry occupy rank 8 and 9 respectively, slightly 
above the average for all industries: 3.92 per million hours worked. 

 
Fatality frequency rate (fatals per million hours worked) was worst for Fishing (2.09), 

followed by Transport (0.14), Building & Construction (0.11) and Mining (0.10). The ratio 
accident to fatality rate was roughly 10 for the Fishing Sector, 44 for Building and 
Construction, 52 for Transport and 90 for Mining.  

 
There seems to be loose correlation between this ratio and the accident severity rate 

expressed in worker days lost due to accidents per 1 000 hours worked, which is  highest in 
Fishing (14.34) and second highest in Mining (1.66, Figure 2). The Building & Construction 
and the Chemical Sector are on rank 5 and 10 respectively (1.14 and 0.67). With few 
exceptions, safety performance improved from 1998 to 1999. 
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Figure 1: Accident frequency rate per industry in 1998/99 (top 11, Source: Dep. of Labour). 

 

                                                
1 COMPENSATION FOR OCCUPATIONAL INJURIES AND DISEASES ACT, 1993 (REPORT ON THE 1999 STATISTICS) 



 

_________________________________________________ 

 

Final Report SIM 050302 - Phase 2 - Outputs 1, 2 and 4.doc F. Essrich (SiM Mining Consultants) 
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Figure 2: Accident severity rate per industry in 1998/99 (top 11, Source: Dep. of Labour) 
 
 
However different the various industries are in terms of their safety performance, it 

could be beneficial to exchange views and experiences with leading companies in other high-
hazard industries, e.g. SASOL Ltd. and Murray & Roberts. 

 
Questions to be put to these companies should include: 
 
1) Can the 1999 Labour Department figures be confirmed, what are current accident 

rates and has the year-on-year improvement continued?  
2) If there are marked trends in the safety performance, what are seen as the main 

factors driving them? 
3) Who in the industry is in charge of technology transfer, which agencies are involved 

and is the process successful (e.g. employers, professional organisations, technikons & 
universities, consultants)? 

4) Is a qualification frame work in place and what role do the SETAs play in training? 
5) How does the industry cope with the wide range of skills levels and professions and 

how well are technological changes implemented? Is there an initiative to research ways of 
improving knowledge and technology transfer?   

 
 
 
Friedemann Essrich 
(MSc Geoph., Pr.Sci.Nat) 
15 march 2006 

 
 



 

 

1 

Table 1:  
List of agencies that provide (or have provided in the past) training in mine seismology and 
rockburst related issues:  
 Agency Training Outsourced Comments 
 Universities    
1  WITS Mining Yes ISSI Mine seismology module as part of GDE 

course work  
2  WITS Geosc. Yes CSIR BSc (Hon) Geophysics course work 
3  U of Pretoria Yes (basic)  very basic mine seismology in u/graduate 

mining eng. 
4  UNISA Yes (basic)  administers CoM Certficates in RE and Strata 

Control, very basic mine seismology 
5  U of KZNl probably No   
6  U of N. West No   
     
 Other orgs    
7  CSIR Yes (own)  RE for sen. mamagement, Deep Mine 

Schools, Wits BSc (Hon) Geoph. 
8  MHSC No   
9  ECSA No   
10  SAIMM No   
11  SANIRE No   
12  Ch. of Mines No   
13  C f. GeoScience Ability  A. Chickowicz and A. Kijko could present 

courses 
     
 Mines    
14  AngloGold Ash. Yes SiM, Wits, RockSSS employee training  
15  Gold Fields Yes SiM employee training  
16  Impala Plat. Yes Wits, ISSI employee training  
17  Amplats Yes Wits, SNOWDEN employee training  
18  HARMONY Yes RockSSS employee training  
19  Palabora M. Co No longer Wits employee training  
20  AP Amandelbuilt No   
21  Northam No   
22  Anglo Coal No   
     
 Consultancies    
23  SafeSure Yes MIDDindi strata control, prep. for CoM REC 
24  RockSSS Yes (basic)  strata control for underground workers 
25 SNOWDEN  Yes (basic)  rock engineering, strata control 
26  ISSI Yes (own)  GDE mine seismology module, mine 

seismology courses    
27  ITASCA No   
28  SRK Yes MIDDindi strata control for u/ground workers (planned 

for 2006/07)  
29  Groundwork No   
30  BL&A Yes Wits, SiM employee training  
31  Open House MS No   
32  MIDDindi Yes (basic)  rock engineering courses 
33  SiM Yes (own)  mine seismology courses 
34  GHS Yes (own)  mine seismology for production personnel 
35  gijimaAST No   

Date: 15 March 2006 
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SIM050302 Output2: Mine Seismology and Rockbursting  

Knowledge and Technology Transfer   

 
Progress report 3: 
 
Part I: Review of courses and training / education materials   page 3 
Part II: Comparison between mining and other industries   page 9 
Part III: Technology Transfer in Mine Seismology and Rockbursting  page 12 
Attendance and submission record of team members   page 14 
Comments on training materials:   M. Handley    page 15 
     J. Hanekom   page 19 
     D. Stacey   page 24 
 
 

Final communications from agencies were received on 15 March 2006. The last to 
submit details of their courses were SNOWDEN who obtained the remaining 50% ownership 
of TRAISC in 2005 and have, since 1999, trained close to twenty thousand mining personnel 
in basic rock engineering. On 17-March-2006, various training providers presented profiles of 
their courses. This Output 2 is now in the final review and recommendations phase.  

 
Represented at the workshop were CSIR-NRE (R. Durrheim, M. Roberts), University of 

the Witwatersrand (Mining: Prof. D. Stacey, H. Yilmaz), SANIRE and Pretoria University 
(Rock Engineering: Prof. M. Handley), ISSI (G. van Aswegen), MIDDindi (J. Hanekom), and 
SiM (F. Essrich). The workshop was facilitated by F. Essrich. Deon de Wet attended for 
SNOWDEN.  
 

The following statement was accepted verbally by all parties prior to reviewing training 
and educational materials presented by other agencies: 

 
The circulated training materials are protected by copyright laws. The use of this material 

is strictly for evaluation and review purposes only as defined in SIMRAC project SIM050302 
under Output 2 (Knowledge and technology transfer in Mine Seismology and Rockbursting). 

 
Any unauthorised use of this material for commercial or other purposes whatsoever and 

any duplication before or after modification is against the wishes of the authors.  
 

Brief course profiles were presented by SiM, MIDDindi, SNOWDEN, ISSI, and Pretoria 
University. A recurring issue related to teaching technical subjects to lower NQF levels from 
various cultural backgrounds is how to ensure that concepts are understood by the audience 
and that appropriate language is being used. Members of the task team agree that there 
must have been previous research on these matters and that a knowledge base should 
already exist. It is recommended that SIMRAC utilise the outcomes of previous work in this 
respect (see Part III below). 

 
The training materials consisting of printed manuals, CDs and booklets were pooled and 

passed through the member organisations of the task team. The agreed order was: 
MIDDindi, U. of Pretoria, CSIRE-NRE, Wits Mining, ISSI and SiM. The materials were 
supposed to reach SiM by 31 March, with comments and recommendations reaching 
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F.Essrich by no later than 7 April. The actual date materials reached SiM was 15 May due to 
a number of delays along the way. 

 
Dedicated written comments and suggestions on the materials were submitted by J. 

Hanekom, M. Handley and D. Stacey (all attached). The materials comprise training and 
educational materials, instruction manuals such as the Pre-conditioning booklet, material for 
self study such as the DeepMine, SiM and Snowden manuals and a number of slide 
presentations. J. Hanekom made useful remarks on the limited suitability of electronic media 
to teach lower NQF levels, the SAVUKA test facility and Terry Hagan’s stope models. 

 M. Handley summarised various courses and their contents, target NQF levels and the 
content relating to seismicity as percentage of the entire course. He estimated the value of 
each course in terms of ECSA credits and analysed course contents using Bloom’s taxonomy. 

 
When including those with emphasis on rock mechanics, courses cover the NQF band 

from 2 to 7 with the highest level audience being catered for by the Wits / ISSI module 
MIN521 and the University of Pretoria Strata Control course for hard rock mines (PSZ786). 
These courses can earn up to 16 credits in terms of ECSA qualification standards.  

 
The following table reflects the courses that were presented to members of the mining 

industry over the past decade, characterised by their seismology content, the form of 
attendants’ feedback given back to the presenters, the type of certification that was available 
and the approximate costs:  

 
Table 1: Overview of agencies and their courses (shaded: emphasis on rock mechanics topics) 
 
 

Agency Period Courses Attendants Seismology  NQF Feedback  Certification Cost per 10 

CSIR 1994-2005 RE for Senior Management 

Deep Mine Schools 

BSc Hon. (Geophysics) 

100 

60 

20 

20% 

20% 

100% 

4-7 Informal 

Informal 

Informal 

None 

None 

Pass / fail 

25 000 

25 000 

25 000 

ISSI 1995-2005 Intro to MS for Mine Management 

Mine Seismology 

Min521 

Advanced Mine Seismology 

Total: ˜250 100% 

100% 

100% 

100% 

4-7 None 

None 

Wits procedure 

Project eval. 

None 

Attendance 

Pass/ fail 

Pass / fail 

? 

? 

40 – 60 000 

? 

SiM 2001-05 MS for Rock Engineers (short) 

MS for Rock Engineers (strd) 

MS for Rock Engineers (long) 

Intro to Mine Seismology 

Total: 92 100% 

100% 

100% 

60% 

4-7 1 

3 

5 

5 

Attendance 

Attendance 

Pass / fail 

Attendance 

13 400 

32 200 

83 000 

29 000 

GHS 1998-2004 Intro to Mine Seismology ˜200 100% 4-7 Informal Attendance incl. in service 

MIDDindi 2004-05 Strata Control for RE Auditors 

Strata Control for Safety Reps 

RE preparation for COM 
Examinations 

Total: 108 15% 

<10% 

as in syllabus 

2-7 1 

3 

5 

None 

None 

None 

12 800 

21 700 

17 500 

SNOWDEN 1999-05 Strata Control (x8) 

CoM Certificate 

19 000 <10% 2-5 Informal Competence 

None 

6 300 

RockSSS ? Strata Control Total: 720 <50% 2-4 ? ? ? 
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Part I: Review of courses and training / education materials 
 
The following are general comments by M. Handley made in his submission to the task 

team as included at the end of this progress report: 

The current focus in seismology appears to lie almost exclusively in monitoring, seismic 
parameter determination, statistical treatment of seismic data, and seismic data 
representation.  The detailed mechanics of seismic events and rockbursts are almost 
completely neglected, and this subject is considered essential for any insight into and 
interpretation of seismic data.  

 If rock engineers are to interpret seismic data and its rockburst potential, and design 
support or layouts to minimise rockbursting, then the following knowledge is essential: 

 Ability to locate seismic events by hand … 

 A detailed anatomy of a seismic event starting with stress build-up on a slip surface, 
and the role of mining and rheological effects in this; the point where shear movement 
becomes sufficiently large for the transition from static to dynamic friction; …candidates 
should first work and understand problems of this nature before reverting to fancy computer 
models. 

 A detailed anatomy of a load-shedding brittle “crush type” seismic event following 
the principles above. 

 A detailed knowledge of the wave equation, wave transmission in solids, liquids, and 
along surfaces, wave energy, phase transitions and energy changes in reflection and 
refraction, and free surface spalling upon wave reflection. 

 Deeper insight into the workings, strengths, and weaknesses of both static and 
dynamic numerical models, and their application in seismic modelling and monitoring. 

Our courses tend to be “seat of the pants” courses that address only the immediate 
issues without providing a fundamental basis of understanding and insight into the processes 
involved in seismic events and rockbursts.  Hence, we have knowledge of the effects, but 
almost no knowledge of the causes.  Some of the courses are assessed, … none are yet 
registered or accredited by the MQA, while the two undergraduate courses in rock 
mechanics at Wits and UP are accredited by ECSA. 

The above figures suggest a shallow penetration of only 5% into the mining industry, 
which employed an average of 407000 people in the years 2001-2004 (DME, 2006).  These 
figures include surface mining operations, which are not exempt from rock-related hazards.   

The [seven] booklets … serve as quick reference handbooks, but in themselves do not 
[offer] sufficiently comprehensive information for rock engineering purposes when 
considering rockbursts, and should therefore be used only as additional information in any 
training programme. 

 
 Following booklets were included and circulated along with course materials. Many of 
these are no longer available from SIMRAC as their initial print run has been exhausted: 

Stability and Support of Stope Backs in the Shallow Depth Mining of Steeply Dipping Vein/Tabular Deposits 
by Johnson et al. (2000, SIMRAC Handbook); 

Practical Rock Engineering Practice for Shallow and Opencast Mines by Stacey et al. (2001, SIMRAC 
Handbook); 

Practice for Anomalous Geotechnical Areas in Platinum and Gold Mine Stopes by Leach et al. (2002, 
SIMRAC Handbook); 

Shaft Pillar Extraction in South African Gold Mines: A Guidebook Based on Past practice by Hagan et al. 
(2003, FutureMine, CSIR Report 2003-0222); 
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Guidelines for Measuring and Analysing Continuous Stope Closure Behaviour in Deep Tabular Excavations 
by Malan (2003, SIMRAC Booklet); 

Preconditioning Guidelines by Toper et al (2003, SIMRAC Handbook); 

Facilitator’s Booklet – Strata Control Bridging Course for Illiterate Mine Team Workers by Hagan et al. (2004, 
SIMRAC Handbook). 

 
The majority of these booklets are generally highly regarded in the industry and SIMRAC 
should strive to facilitate further publication. 

 
 
 

Following are comments2 on the individual courses: 
 

MIDDindi 

1. Course: Strata control for rock engineering auditors  
(Level 2-4, seismic content: 2%; K: 60%, U: 30% Ap: 10%) 

Format: Outcomes based with reference to MQA Unit Standards; manual + slide show 

Topics: Support, ground conditions, record and report information; 

Comment: Good rock engineering training material; does not refer to specific SIMRAC 
research; basic rock engineering knowledge, no further research required. 

 
2. Course: Strata control for safety coaches  
(Level 2-4, seismic content: 0%; K: 80% Ap: 20%) 

Format: manual + slide show; pre-, continuous and final evaluation 

Topics: Geology, making safe, tunnel and ASG support, drilling & blasting 

Comment: Good rock mechanics training material; does not refer to specific SIMRAC 
research; basic knowledge, no further research required. 

 
SNOWDEN 

1. Course: Strata control for supervisors  
(Level 2-4, seismic content: 0%; K: 60%, U: 30% Ap: 10%) 

Format: Outcomes based with reference to MQA Unit Standards; manual.  

Topics: Definitions, stress, blasting practice, support, mining methods; 

Comment: Comprehensive and adequate for the lower level audience. Does not refer to 
specific SIMRAC research; no further research required. 

 
2. Course: Rock Engineering for senior officials  
(Level 4, seismic content: 2%; K: 60%  U: 40%) 

Format: Manual.  

                                                
2Bloom’s Taxonomy: K: Knowledge; U: Understanding; Ap: Application: An: Analysis; S: Synthesis and Design. 
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Topics: Statistics, health & safety, definitions, stress and strain, geology, depth, seismicity, 
pillars, blasting practice, support, mining methods; 

Comment: Comprehensive but may be aimed too high and too technical for the target 
audience, thus transferring more knowledge than is required. Does not refer to specific 
SIMRAC research and no further research is required. 

 
Wits University / ISSI 

Comment by J. Hanekom on ISSI Courses (see the end of this report for the full text of 
J.Hanekom’s submission): “The fact that the courses are aimed at issues that the rock 
engineering practitioner has to know and understand, while less important (for them) issues 
such as the electronics in the monitoring system are excluded are commendable. The 
presentation method suits the level at which it is intended.” 

1. Course: Rock Engineering MINN430  
(Level 7, seismic content: 100%; K:20%, U:20%, Ap:20%, An:20%, S:20%) 

Format: Lecture notes, test, assignment, exam.  

Topics: Rock mass behaviour, dis-/continuum, beams, slope stability, excavation support, 
shafts, subsidence, rockbursts and rock falls, probability, risk; 

Comment: Theoretical, knowledge based material suitable for target audience; seismic 
content is limited and could benefit from a review: ESS is potentially useful but not proven to 
predict seismicity; ERR is based on an elastic model and is not directly linked to seismicity; 
the seismic event classification and the description of source and damage mechanisms are 
suitable for the general mining engineering audience.  

No reference is made to SIMRAC research; applied research could carry out a set of back-
analyses of ESS estimates to gauge its correlation with slip events on major faults. 

 
2. Course: Study Control of Mining Induced Seismicity - MIN521  
(Level 7, seismic content: 100%; K:30%, U:20%, Ap:20%, An:20%, S:10%) 

Format: Slide shows, handouts, published papers, project, exam.  

Topics: Tectonics, earthquake seismology, nomenclature, monitoring objectives, seismic 
systems, source parameters, wave types and propagation, quantitative seismology, seismic 
hazard assessment methods; 

Comment: Transfers theoretical and applied knowledge, detailed and broad based. Concepts 
are relevant and encourage attendants to create a mental picture of seismic processes. 
Material includes mathematical descriptions, but not in the exam. There is considerable focus 
on ISSI methodology incl. some promotional material, which should be omitted.  

Applied research should test the validity and relevance of routine seismic hazard 
assessments and the relationship between derived seismicity parameters used for short- and 
medium term hazard assessments and rock mass behaviour. 

 
Pretoria University 

1. Course: Strata Control – PSZ410  
(Level 6, seismic content: 3%; K:20%, U:20%, Ap:20%, An:20%, S:20%) 
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Format: Outcomes based; lectures with notes, assignments, practicals, exam.  

Topics: Stress, failure criteria, rock behaviour, support design, seismic events & locations, 
strata control, numerical models. 

Comment: The 4-page section on seismic events would benefit from a reduced focus on the 
Eccles & Ryder event location algorithm (3 pages) in favour of a description of other basic 
source parameters, for example seismic moment and energy release, Richter vs. local 
magnitude and a short discussion of failure mechanisms. References – Numerical Modelling I 
Chapter 4 is an excellent introduction to seismic events, wave types and their propagation.  

The material does not refer to specific SIMRAC research and no further research is required. 

 
2. Course: Strata control in hard rock mines – PSZ786 
(Level 7, seismic content: 50%; K:20%, Ap:20%, An:30%, S:30%) 

Format: References to reading material only (not provided).  

Topics: -    Comment: -  

 
SiM 

Comment by J. Hanekom on SiM Courses (see the end of this report for the full text of 
J.Hanekom’s submission): “The courses are aimed at specific targets making the training 
methodology easier to implement and include only issues that the target audience needs to 
know, rather than what is available to know”. 

1. Course: Mine Seismology for Rock Engineers - 1 day 
(Level 4, seismic content: 100%; K:100%) 

Format: Slide shows, study materials. 

Topics: Monitoring objectives, sensors and data transfer, limitations, processing, source 
parameters, data manipulation, seismological analysis tools. 

Comment: Adequate for a basic understanding of seismic data collection, some technical 
issues about network operation and seismogram processing. Basic source parameters are 
explained in line with a short course. 

Reference is made to GAP303 (geo-seismic hazard); no further research required. 

 
2. Course: Mine Seismology for Rock Engineers - 3 days 
(Level 4-6, seismic content: 100%; K:60%, U: 30%, Ap:10%) 

Format: Slide shows, study materials, exercises, re-cap tests. 

Topics: Monitoring objectives, sensors and data transfer, network design and performance, 
limitations, processing, source parameters, seismicity parameters, data manipulation, data 
analysis, case studies. 

Comment: Describes system hardware, seismograms and basic source parameters, 
introduces polygons and event groups; discusses relationship between field stress and 
seismicity and possible remedies. 
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References GAP017 (prevention, control & prediction), GAP409 (time-to-failure), GAP414 
(Jager&Ryder Handbook), GAP336 (pre-conditioning) and SIM040206 (summary of SIMRAC 
rock related research); no further research is required. 

 
3. Course: Mine Seismology for Rock Engineers - 10 days 
(Level 4-6, seismic content: 100%; K: 30%, U: 20%, Ap:20%, An:20%, S:10%) 

Format: Manual, slide shows, study materials, assignments, project work, re-cap tests, mid 
and final exam. 

Topics: Monitoring objectives, seismic system hard- and software, network design and 
performance, theory of rock mass failure, source types, wave propagation, raw data quality, 
seismic source parameters, seismicity parameters, seismic hazard, legal obligations, 
rockburst related losses, procedures. 

Comment: As in the 2nd course  plus added skills training in assignments and project: Use of 
seismic data processing and analysis software, statistical data analysis in EXCEL, data base 
design in ACCESS and integration of seismic with other mine data. Hands-on and suitable for 
rock engineers in training and rock engineers who are not already familiar with a rockburst 
prone environment.  

References same SIMRAC research as SiM course 2 plus GAP416 (geo-technical areas), 
GAP517 (statistical seismic hazard assessment) and GAP605 (geo-seismic hazard); applied 
research is recommended into ways to improve the relevance and success rate of seismic 
hazard assessment methods, the calibration of seismic source parameters such as seismic 
moment and energy release, and the calibration of rock mass models with seismic data. 
 
4. Course: Introduction to Mine Seismology - 5 days 
(Level 4-6, seismic content: 60%; K:70%, U: 20%, Ap:10%) 

Format: 2 days rock mechanics (MIDDindi) plus 3 days mine seismology (SiM); manual, slide 
shows, study materials, assignments, re-cap tests. 

Topics: Ground Control Districts, controlling rock behaviour, designs, accident investigation, 
law, plus all mine seismology topics from SiM course 3. 

Comment: As in course 3; attempts to embed a seismology course in relevant rock 
engineering issues for hard rock, seismically active mining environments. 

References same SIMRAC research as SiM Course 2.  

 
CSIR 

Comment by J. Hanekom on CSIR Courses:  

“The courses appear to be very complete and well presented but: 

 They were once-off and seem to indicate that knowledge transfer is a once-off 
occurrence, which is not true … 

 It was presented to a set of managers on mines that has already seen a complete 
change. This means that there is no proof exists that the current set of managers has this 
knowledge or are implementing it.” 
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1. Course: Deep Mine Schools – Seismic Management 
(Level 6, seismic content: 100%; K:60%, U:30%, Ap:10%) 

Format: Slide shows, study material, literature. 

Topics: Seismology theory, deep level seismic environment, delineation of structures, 
rockburst support systems, prediction, seismic hazard amelioration, effect of depth and 
mining layout, integration with rock mass modelling. 

 Comment: Comprehensive theory-based course that aims to present mining induced 
seismicity as part of a deep-level, geologically complex, hard rock mining environment. 
Greatest shortcoming is that it is not presented more regularly (last in 2001). 

Refers to DeepMine research results more than to SIMRAC research; additional applied 
research could evaluate experience gained from Sequential Grid and CSDP mining and from 
routine seismic hazard assessment methodologies applied over the past five years. 

 
2. Course: Deep Mine Schools – Stope Support  
(Level 6, seismic content: 10%; K:60%, U:30%, Ap:10%) 

Format: Slide shows, study material, hand-outs. 

Topics: Rock mass parameters, support system characteristics, support requirements, 
research topics (current and future). 

Comment: Mine seismology content is limited to the general effect of high field stress on the 
rock mass and the resulting dynamic loading conditions that support systems are exposed to.  

 
3. Course: Deep Mine Schools – The do’s and don’ts of mining at ultra depth 
(Level 6, seismic content: 14%; K:60%, U:30%, Ap:10%) 

Format: Slide shows, research task summaries. 

Topics: Mapping geological structures, access development & support, seismic management, 
stope support, transport, occupational health & ventilation / refrigeration. 

Comment: With this course being a summary of Deepmine research results, it contains no 
introductory sections into mine seismology and seismic monitoring. Instead, it communicates 
useful benchmarks that are found to represent best practice (APS, ERR, approach angle 
etc.), and makes valid comments on the state of integration of mine design tools with rock 
mass modelling tools and seismic data.  

Recommended research topics include: Review of prediction and seismic hazard assessment 
tools, evaluation of rockburst injury data, inclusion of day-to-day blasting data into the 
interpretation of short-term seismic trends.  

 

4. Course: Deep Mine Schools - Mine Design  
(Level 6, seismic content: 0%; K:60%, U:40%) 

Format: Slide shows, handouts. 

Topics: Deep mining environment, in-stope process technologies, ore passes, shaft design, 
in-shaft loading, modern mine design, Iponeneleng simulation (ore body, rock engineering, 
environment & energy, logistics, economic evaluation, 
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Comment: No mine seismology content. 
 
Excerpts from additional remarks by J. Hanekom on specific training and education 

related issues (full text of J. Hanekom’s submission below):  
 
“Terry Hagan models (SIM research) 

To our knowledge, no copies of these models have been built in the industry. The reasons for this 
could be: 

 Costs involved with the manufacturing of these models; 

 Non-applicability to all mining sectors; 

 The existence of other models on the mines that are deemed adequate…; 

 Poor interest in good quality training on some of the mines, where training is done for 
legal purposes rather than for effect. 

Savuka testing facility 

A Simrac project is currently in progress that is investigating ways and means to use this facility 
for knowledge and technology transfer. The main concerns include the low number of persons that 
can visit the site (distance and time)…. Learning material is in the process of being completed and 
several models are being constructed to transfer understanding of essential issues... 

Virtual reality 

Although a lot of work has been done in this area some years ago, it has never really ‘caught on’. 
Possible reasons could be: 

 Costs involved with setting up computer rooms that will allow access…; 

 Computer literacy is, even though not a lot is required, very poor and the use of training 
supervisors to assist is still required…no decrease in costs; 

 Understanding of the whole ‘picture’ as it is displayed to the user is a huge problem. 
…can be totally misunderstood by the lower level employees …and thus learns nothing in the process. 

Thus, high cost leading to confusion rather than knowledge transfer? …Not enough is understood 
in our industry of how to tamper with presentations so that all the learners ‘see’ the correct issue and 
understand the concerns.” 

 
There is a danger that researchers develop tools because they have the required 

knowledge and experience in the field, not necessarily because they represent the most 
suitable tool for a particular training programme. SIMRAC research has a tendency to 
produce at a standard that is close to the latest level of knowledge in the industry, partly 
because it has to appear to be at the forefront of development. This approach does not 
necessarily accommodate the project’s target group in terms of implementation. 

 
It is recommended that SIMRAC revise its mission towards a stronger element of 

technology transfer. In practice, this would mean that effective implementation becomes 
part and parcel of project scoping and submitting research organisation must include 
communication of research results and their practical implementation into their proposals.   

  
Part II: Comparison between mining and other industries 
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It was seen as potentially instructive by the task team to compare the mining with other 
high-hazard industrial sectors. According to a Dep. of Labour report3 on occupational injuries in 
1999, accident frequency rate was highest in the fishing industry (21.04) and second highest in 
mining (8.98, see Figure 1). Building & Construction and Chemical industry occupied rank 8 and 
9 respectively, slightly above the average for all industries: 3.92 per million hours worked. 
Fatality frequency rate (cases per million hours worked) was worst for Fishing (2.09), followed 
by Transport (0.14), Building & Construction (0.11) and Mining (0.10).  
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Figure 1: Accident frequency rate per industry in 1998/99 (top 11, Source: Dep. of Labour). 
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Figure 2: Accident severity rate per industry in 1998/99 (top 11, Source: Dep. of Labour) 
 
There seems to be a loose correlation between this ratio and the accident severity rate 

expressed in worker days lost due to accidents per one thousand hours worked, which was  
highest in Fishing (14.34) and second highest in Mining (1.66, Figure 2). The Building & 
Construction and the Chemical Sector are on rank 5 and 10 respectively (1.14 and 0.67). The 

                                                
3 COMPENSATION FOR OCCUPATIONAL INJURIES AND DISEASES ACT, 1993 (REPORT ON THE 1999 STATISTICS) 
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report also states that, with few exceptions, safety performance improved from 1998 to 
1999. 

 
Questions put forth to large firms active in industrial sectors other than the mining 

industry: 

1) Can the 1999 Labour Department figures be confirmed? What are current accident 
rates and has the year-on-year improvement continued? 

(Murray&Roberts4) The figures can be confirmed as they are still in the same ballpark; 
there has been no major improvement. Some firms include sub-contractors in their 
reporting, such as Murrob, others don’t. Additional detail could be obtained from the 
Occupational Health and Safety Council (OHSC). 

(SASOL5) Dep. of Labour records are not accurate as not all cases are reported; 
SASOL’s  Reportable Case Rate (cases per 200 000 hours worked) has dropped from 
around 2.5 in 2001 to 1.0 in 2004 (see SASOL News March 2006), current target being 
0.5. Thus, the trend is downward, but admittedly the counting system has changed: A 
fatality is no longer recorded simultaneously as a minor and a lost-day injury, creating 
three entries. On the other hand, contractors are considered part of the work force, their 
injuries included in the stats. 

2) If there are marked trends in the safety performance, what are seen as the main 
factors driving them? 

(Murray&Roberts) Systems and policies are in place, but are found insufficient (non-
compliance); training has shifted to be more explicit and more rigorous aiming at 
behavioural changes – intervention rather than safety campaigns. Current accident rates 
are a reflection of the tolerance level of our society, the company’s share holders and 
government. 

Known barriers to effective safety training are a lack of safety culture, a range of 
languages and low education levels (Murrob uses English, Xhosa, Sotho and Zulu), 
Similar to the mining industry, training ends with certification, impact assessments in the 
work place are not normally done. 

SASOL drives an internal ‘Safety Improvement Plan’ with a declared zero-tolerance 
approach. It acknowledges the role of human behaviour as an important cause of 
accidents and sees safety culture as one of three main elements to safe operations, the 
others being design (which may be flawed) and technology (which may not be well 
maintained). The competing nature of productivity and safety with respect to resources 
and management’s attention is acknowledged. 

3) Who in the industry transfers knowledge and technology, is the process deemed 
successful and which agencies are involved (e.g. employers, professional organisations, 

                                                
4 Interview w. Tyron Botha, SHE Mngr., Murray&Roberts, on 23/03/2006 

5 Interview w. Dr. Bernhard Eigenhuis, SHQ Advisor, SASOL on 7/04/2006 
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CSIR, technikons & universities, consultants)? Is there an initiative to research ways of 
improving knowledge and technology transfer? 

(Murray&Roberts) Mostly in-house or through consultants; the strong influence of the 
DME in safety related research and addressing accident causes is un-paralleled in the 
Building & Construction Sector. 

(SASOL) In the petro- & chemical operations technology is specialised and partly 
developed by SASOL, thus training uses internal resources and consultants. Skills levels 
are higher than in the coal mining operations (overall: 5% illiterate), the majority have 
matric with mathematics and science. ECSA serves for professional registration, not for 
training / education.  

4) Is a qualifications frame work in place and what role do the SETAs play in training? 

(Murray&Roberts) The Construction Education and Training Authority (CETA), 
established in 2000, accredits providers and monitors training delivery, but does not 
supply training itself. 

According to the CHIETA6, SASOL falls under the base chemicals and petroleum sector 
and should benefit from the implementation of an HET and FET program to facilitate 
entry of unemployed learners with maths and science matric into the industry. CHIETA 
co-operates with 50 constituent companies to develop skills development programs 
according to SAQA specification 

5) How does the industry cope with the wide range of skills levels and professions and 
how well are technological changes implemented? 
 
(Murray&Roberts) Technology transfer is a minor issue compared to behavioural safety, 
which dominates the discussion around accident avoidance. 

(SASOL) A severe shortage of skills on operator level is developing, similar to the artisan 
shortage in the mining sector. Contractors are frequently drawn on to fill this gap. 
 
There are glaring similarities between the mining, construction and petro-chemical 

sector and at least one major difference: 

 Behavioural safety issue dominate the causes for high accident rates rather than 
technical issues: We tend to know how to perform a task safely, but we often don’t 
comply to safe practice;  

 Accident rates are generally at a level at which they are tolerated, not were could 
be judging from what is known to be best practice; this raises the intriguing 
questions which safety targets are locally implemented by a company with 
international operations such as Australia and Europe: Local standards or 
international standards? 

 Although training initiatives are common and efforts to transfer skills are widely in 
place, their impact on the learner and his knowledge and skills level are rarely 

                                                
6 Summary of SETAs and their functions in Succeed Special Publication March 2006   
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assessed; even less so, where it comes to quantifiable changes to the safety 
performance in the workplace after training was received; 

The main factor separating the mining from the construction and the petro-chemical 
sector is the existence of the Mine Health and Safety Council and the DME’s safety 
inspectorate, which focuses solely on mining operations. It can be assumed that the DME’s 
dedicated resources have a positive impact on the overall safety performance of the mining 
industry. 

 

 
Part III: Technology Transfer in Mine Seismology and Rockbursting 
 

Technology transfer is the managed process of conveying a technology (be it a product, 
process or a body of knowledge) from one party to its adoption by another party, e.g. from a 
developed to a user, a seller to a buyer, one department to another” (Spann, Adams & 
Souder, 1993:63, cited by Willis et al. in GEN504) 

 
 

Technology transfer (TT) of SIMRAC research results is seen with critical eyes by many 
stakeholders in the mining industry, may they be SIMRAC administrators, researchers or 
professionals working on mines. TT plays only a minor role in the overall research effort 
overseen by SIMRAC, at least in rock related safety issues where it routinely consists of a 
slideshow presentation and the distribution of project reports via CDs and the SIMRAC web 
site. Until the current year, SIMRAC did not have a policy on intellectual property that would 
aide the commercial exploitation of research results (personal communication D. Adams, 
2006).  

 
 Exceptions from the rule are found where tangible, user-friendly outputs were 

generated such as the Handbook on RE practice (GAP633: Jager & Ryder, 1999) or when 
individual researchers had the initiative and capacity to promote and implement their 
methodology (GAP 336: Pre-conditioning, 1998). Incidentally, both projects dedicated to 
improving technology transfer within SIMRAC failed to produce tangible results (GEN504 and 
GEN604). 

 
TT is a process of offering and acceptance; it ought to be formalised to succeed and can 

take one or a combination of several modes (pers. comm., P. vd Heever):  

 Passive, i.e. reports, booklets, CDs and web sites  

 interactive, i.e. workshops, expert systems, software tools 

 active, i.e. user groups, commercialisation, piloting, champions. 
 
For passive transfer compact, illustrated handbooks have proven effective to share 
information. The main elements in formalised TT can be described as (vd Heever): 

 
vision  +  skills  + resources  +  incentives  +  action plan 

 
In order to achieve success, an existing industrial and cultural environment must have the 
capacity to change and to accept new technology, see the need for implementation and 
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make available a local champion, which is not always the case (pers. comm. R. Johnson). 
Also, researchers are not necessarily good implementers and the desire by research agencies 
to conduct research is not always matched by a corresponding need by potential users for 
the project outputs. 
 

Specifically, with rockburst related projects outputs we find a mixed record of successes 
and failures: 

 
 GAP017 Seismology for Rockbursts Prevention, Control and Prediction (Mendecki et 

al.) defined secondary source parameters and developed seismic data analysis 
methods that have become standard in the industry; claimed success rates of 35-
60% in the forward prediction of larger rock mass instabilities, results that have not 
been reproduced on seismically active mines over the past decade despite high 
expectations; linked successful prediction to high network sensitivity, which has not 
been confirmed. 

 
 GAP303 Mine layout, geological features and geol. hazard (v Aswegen et al.) 

introduced the concept of system stiffness and how rock mass characteristics, 
expressed through seismicity parameters, relate to seismic hazard; this has become 
widely used methodology on mines relying on ISSI technology and service 
contracts. 

 
 GAP409 Seismology for rockburst prediction - time-to-failure (de Beer) results were 

not very promising wrt. event prediction; ended in an unresolved dispute over 
intellectual property between SIMRAC and ISSI and a refusal to produce a 
functioning software tool as project output (pers. communication D. Adams); no 
funds were available to give the tested methodology a user friendly interface (pers. 
communication G v Aswegen).  

 
 GAP517 Quantification of seismic hazard from seismic events on mines (Kijko) 

developed a stand-alone software tool to quantify estimated recurrence time, 
probability of occurrence, Mmax and other hazard related parameters from a 
Gutenberg-Richter model; developed further by HAMERKOP Scientific Services and 
widely used by rock engineers on mines; transfer was successful through 
commercialisation.  

 
 GAP604 Routine moment tensor inversion (Linzer et al.) did not produce a stand-

alone software tool that could be used on mines; few users on mines have the 
expertise to apply MT inversion; ISS software already includes an inversion utility, 
as does the HAMERKOP suite; however, the tool was successfully applied in later 
SIMRAC projects on lead-lag and dip pillar design (pers. communication S. 
Spottiswoode). 

 
 GAP714 Software tool for managing rock related hazards and follow-on SIM030201 

TT of the risk assessment tool (vZ Brink) were not presented widely to practitioners 
and attracted two interested champions; the tool requires large amounts of input 
data that are regularly updated, such as area mined and seismic events recorded; 
did not receive the necessary support from the suppliers of the seismic information 
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system to link into or had no dedicated resources create the link (pers. 
communication vZ Brink, D. Adams and v. Aswegen).  

  
It appears clear that commercial interest is an important ingredient to successful 

implementation. Especially where there is already a technological platform to which a 
product or service can be added onto, such as an existing instrumentation product line or 
existing software suites with a wide customer base. All in all, the record of technology 
transfer is encouraging where these conditions were met, such as through ISSI or through 
HAMERKOP, and poor other wise. A notable exception is the pre-conditioning technology, 
although not widely implemented it well known and available for implementation where 
needed. 

 
The relevant recommendation for SIMRAC would be to include technology transfer into 

the SIMRAC project planning and make resource available for testing and implementation. 
The thought occurs that researchers and implementers do not necessarily have to be part of 
the same organisation.  

 
  

 
Friedemann Essrich 
(MSc Geoph., Pr.Sci.Nat) 
28 June 2006 
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Attendance and submission record of team members: 

Output 2: Knowledge & 
Technology Transfer 
 

Workshop 
attended 

 da
ys

 p
la

nn
ed

 

1 2 3 

Question-
naire 

completed 
(due 3-

Feb)  

Comment
s & 

Review 
submitted  

(due 14-
April) 

F Essrich (SiM)   Coordinator 20      
Tony Leach (Itasca / SANIRE) 4 - - - N/A - 
G van Aswegen (ISSI) 4    late - 
J Hanekom (MIDDindi) 4    late  
MF Handley (Pretoria U / 
SANIRE) 

4  -  late  

MKC Roberts (CSIR / SAIMM)  4    N/A - 
SM Spottiswoode (CSIR) 4   - N/A - 
RJ Durrheim (CSIR) 4    late - 
L Linzer (CSIR) 2  - - N/A - 
F Harvey (SRK) 2  - - late - 
H Yilmaz (Wits U) 2    N/A - 
TO Hagan (CSIR) 2  - -  - 

Total 56      
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Brief overview 

Some sixteen courses in rock engineering and seismology have been presented by seven 
organisations to industry, as either regular university courses or short courses to rock engineers 
and senior management.  Workshops (DeepMine) and short courses have also been presented 
to non-rock engineering personnel.  These courses range from levels 2-7, and have so far been 
presented to about 1900 candidates at different levels (including an estimated 600 
undergraduate and post-graduate students at the Universities of the Witwatersrand and 
Pretoria).  This excludes the low-level Snowden course on hazard identification, which has been 
presented to an additional 19000 mine employees, nearly exclusively in the gold sector, over 
the last seven years (1999-2005 inclusive).  Hence, the higher-level training has amounted to 
about 9% of the training effort in the period under review. 
 
The above figures suggest a shallow penetration of only 5% into the mining industry, which 
employed an average of 407000 people in the years 2001-2004 (DME, 2006).  These figures 
include surface mining operations, which are not exempt from rock-related hazards.  Employees 
at surface mines should be exposed to rock engineering principles, since there is an increasing 
demand for rock engineering input into these operations. 

Brief evaluation of course Notes 

The course notes were collated at the workshop on 17 March, and were circulated to all 
participants for evaluation during the succeeding three weeks.  The notes are listed together 
with other statistics in Table 1 below.  In addition to course notes, seven booklets on guidelines 
on research carried out were submitted for evaluation.  These booklets may or may not have 
been launched with a workshop in which attendees would have been familiarised with their 
contents.  They are guides and do not provide any in-depth training. 
 
 
Table 1: Brief assessment of reviewed course material 

Company Course Name 
MQA 
Level 

Seismic 
Content 
(%) 

No.  
Credits 
(ECSA) 

Bloom’s 
Taxonomy 
Level* 

Auditors and Safety 
Reps. 

2-4 2 3 
K2*: 60% 
U3*: 30% 
Ap4*: 10% Middindi 

Safety Reps. 2-4 0 1 
K: 80% 

Ap: 20% 

Strata Control for 
Supervisors 

2-4 0 2 
K: 60% 
U: 30%  
Ap: 10% 

Snowden 
Rock Engineering for 
Senior Officials 

4 2 5 
K: 60% 
U: 40% 

 

Wits 
MNN430 
Support of Mining 
Excavations 

6 5 16 

K: 20% 
U: 20% 
Ap: 20% 

An5*: 20% 
S6*: 20% 

Wits/ISSI 
MIN521 
Mine Seismology 

7 100 16 
K: 30%  
U: 20% 
Ap: 20% 
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An: 20% 
S6*: 10% 

PSZ410 
Strata Control 

6 3 16 

K: 20% 
U: 20% 
Ap: 20% 
An: 20% 
S: 20% 

University 
of Pretoria 

PSZ786 
Strata Control in Hard 
Rock Mines 

7 50 16 

K: 20% 
Ap: 20% 
An: 30% 
S: 30% 

1-day Seismic Course 4 100 1 K: 100% 

2-day Seismic Course 5 100 2 
K: 50% 
U: 50% 

3-day Seismic Course 5 100 3 
K: 60% 
U: 30% 
Ap: 10% SiM 

10-day course + 
project + exam. 

6 100 16 

K: 30% 
U: 20% 
Ap: 20% 
An: 20% 
S: 10% 

CSIR 
DeepMine Seismic 
Management 

6 100 3 
K: 60% 
U: 30% 
Ap: 10% 

CSIR 
DeepMine Guidelines 
– Do’s and Don’ts 

6 14 3-107* 
K: 60% 
U: 30% 
Ap: 10% 

CSIR 
DeepMine School – 
Stope Support 

6 40 3-10 
K: 60% 
U: 30% 
Ap: 10% 

CSIR 
DeepMine School – 
Mine Design 

6 0 3 
K: 60% 
U: 40% 

Notes: *: See Appendix I for Bloom’s Taxonomy; K2*: Knowledge; 
U3*: Understanding; Ap4*: Application: An5*: Analysis; S6*: Synthesis and Design; 3-107*: Credits 
depend on course length. 
 
 
The Guideline booklets are as follows: 
 
Johnson R, Quaye GB, and Roberts MKC (2000): Stability and Support of Stope Backs in the 
Shallow Depth Mining of Steeply Dipping Vein/Tabular Deposits.  SIMRAC Handbook ISBN 1-
919853-03-0. 
 
Stacey TR and Swart AH (2001): Practical Rock Engineering Practice for Shallow and Opencast 
Mines.  SIMRAC Handbook ISBN 1-919853-05-07. 
 
Leach A, Naidoo K, Rangasamy T, and Spencer D (2002): Practice for Anomalous 
Geotechnical Areas in Platinum and Gold Mine Stopes.  SIMRAC Handbook ISBN 1-919853-
07-03. 
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Hagan TO, Kiboko MK, Vieira FMCC, and Rangasamy T (2003): Shaft Pillar Extraction in South 
African Gold Mines: A Guidebook Based on Past practice.  FutureMine Collaborative Research 
Program Task 3.5.3, CSIR Report 2003-0222, Johannesburg, April 2003. 
 
Malan DF (2003): Guidelines for Measuring and Analysing Continuous Stope Closure Behaviour 
in Deep Tabular Excavations.  SIMRAC Booklet ISBN 1-919853-10-3. 
 
Toper AZ, Janse van Rensburg A, and Noble B (2003): Preconditioning Guidelines.  SIMRAC 
Handbook ISBN 1-919853-09-X. 
 
Hagan TO and Banning AJ (2004): Facilitator’s Booklet – Strata Control Bridging Course for 
Illiterate Mine Team Workers.  SIMRAC Handbook ISBN 1-919853-17-0. 
 
These booklets contain information on seismicity where it was relevant to the discussion and 
guidelines.  They serve as quick reference handbooks, but in themselves do not sufficiently 
comprehensive information for rock engineering purposes when considering rockbursts, and 
should therefore be used only as additional information in any training programme. 

Gaps in seismological training material 

The current focus in seismology appears to lie almost exclusively in monitoring, seismic 
parameter determination, statistical treatment of seismic data, and seismic data representation.  
The detailed mechanics of seismic events and rockbursts are almost completely neglected, and 
this subject is considered essential for any insight into and interpretation of seismic data.  
Furthermore, rockburst risk estimation for deep level mines remains at an elementary level, 
being confined mainly to the Gutenburg-Richter plots, and proximity of seismic events to mining 
excavations.  The author is not of the opinion that any further research needs to be carried out 
in these areas, but suggests that further development of SIMRAC and other research results be 
now undertaken to close these gaps. 
 
These would mainly be in the form of case studies, in which serious estimation of rockbursting 
probability is carried out using basic Newtonian mechanics and seismic data.  The author’s 
opinion is that if rock engineers are to interpret seismic data and its rockburst potential, and 
design support or layouts to minimise rockbursting, then the following knowledge is essential: 
 

 Ability to locate seismic events by hand – now everybody relies on computers, and few, 
if any know how locations are performed, the pitfalls, the difficulties, and error estimates. 

 A detailed anatomy of a seismic event starting with stress build-up on a slip surface, and 
the role of mining and rheological effects in this; the point where shear movement 
becomes sufficiently large for the transition from static to dynamic friction; contour 
integrals of rock energy content surrounding a seismic event, and estimates of the strain 
energy that can be released by the transition from static to dynamic friction; the division 
of this strain energy before the event into seismic shock energy, heat loss due to friction, 
kinetic energy in the rockmass itself, and strain energy remaining in the rock after the 
event; candidates should first work and understand problems of this nature before 
reverting to fancy computer models. 

 A detailed anatomy of a load-shedding brittle “crush type” seismic event following the 
principles above. 

 A detailed knowledge of the wave equation, wave transmission in solids, liquids, and 
along surfaces, wave energy, phase transitions and energy changes in reflection and 
refraction, and free surface spalling upon wave reflection. 
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 Deeper insight into the workings, strengths, and weaknesses of both static and dynamic 
numerical models, and their application in seismic modelling and monitoring. 

 
Our courses tend to be “seat of the pants” courses that address only the immediate issues 
without providing a fundamental basis of understanding and insight into the processes involved 
in seismic events and rockbursts.  Hence, we have knowledge of the effects, but almost no 
knowledge of the causes.  Some of the courses are assessed, mainly those offered by the 
universities and the advanced course offered by SiM.  None are yet registered or accredited by 
the MQA, while the two undergraduate courses in rock mechanics at Wits and UP are 
accredited by ECSA. 
 
In generating material for the above gaps, careful consideration must be given to the level of 
learning, insight, analysis, and synthesis the candidate should be capable of, since we do not 
need world experts in dynamic rock behaviour employed at every shaft, while we do need rock 
mechanics practitioners who can make consistent and reliable estimates of seismic risk (in so 
far as this is possible) based on a solid understanding of seismic mechanisms and seismic 
wave interaction with mine excavations. 
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27 march 2006 
Project Leader 
Output 2 : Knowledge and technology transfer in Mine Seismology and Rockbursting 
SIM 050203 
 
Attention:  F Essrich 
 
Summary of notes on existing courses in the Industry 
 

Introduction 

 

Several training packages, consisting of the actual learning material and presentations were 
circulated to the team members to be scrutinised for the appropriateness, shortcomings, areas 
of concern etc of the courses. This note is a summary of our findings. 

 

Summary of notes on specific courses 

 

Snowden courses 

 

These courses are aimed at a wide variety of NQF levels, but concentrates on mainly 
transferring rock engineering knowledge. Seismology and rockbursting is indirectly addressed 
through discussions of mining sequencing, geology, closure rates etc, but small portions in the 
higher NQF level material addresses it in more detail. Reference is made to the need for 
monitoring, seismic systems, energy absorption etc.  No references are made to SIMRAC 
research, mainly because the knowledge transferred in the courses have been in the industry 
for some time and are seen as ‘obvious’ rather than the results of research. 

 

For the levels and target audience intended, the courses if anything, is a bit technical in nature. 
It is thus transferring more knowledge than what is required by the target audience in their daily 
operations. The training methodology for the lower levels was discussed in detail and seems to 
be adequate (based on some visual material). The higher level courses are reportedly more of a 
pure lecture nature. 

  

Norman 738 
Montanapark 
0182 
PO Box 2937 
Montanapark 
0159 

 

MIDDindi Consulting (Pty) Ltd 

Technical Mining Services 
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SIM Courses 

 

We feel not adequately knowledgeable to comment on the completeness or the correctness of 
the content of these courses and will leave it to the qualified seismologists. The courses are 
aimed at specific targets making the training methodology easier to implement and include only 
issues that the target audience needs to know, rather than what is available to know. For 
instance, if the audience does not have to know much about ‘picking’ they do not practice that 
during the course, but if the target needs these skills, it is used in the course as a skill 
development exercise.  

 

CSIR courses 

 

There are a large number of courses that had been presented by the CSIR in the past, mainly 
based on research projects. The courses appear to be very complete and well presented but: 

 They were once-off and seem to indicate that knowledge transfer is a once-off 
occurrence. This is not true and ways and means of setting up training systems 
(long distance, internet etc) where this information will be constantly available to 
the miner / manager / rock engineering practitioner / mine seismologist should be 
investigated. 

 It was presented to a set of managers on mines that has already seen a 
complete change. This means that there is no proof exists that the current set of 
managers has this knowledge or are implementing it.  

 

If the knowledge is not ‘constantly’ available and in a place where it can be accessed, has 
knowledge really been transferred? (this comment goes for all the courses and material 
evaluated). 

 

The CSIR also provided several booklets on important issues that needed to be transferred to 
the industry in a more ‘educational’ manner. This is a great practice, but there is no control over 
who has a copy of these books, who knows it and who is implementing it, or not. This means 
(especially for the deep mine results) that there could be a large portion of the practitioners in 
the mining industry that has not been exposed to this knowledge. A method of ensuring that at 
least all rock engineering practitioners and sometimes mine seismologists, have copies of these 
booklets, are essential. An agreement with Sanire, at a special cost (if required) to provide all its 
members with copies could be investigated. In conclusion, great material but method of 
transferring needs investigation. 

 

ISSI course 
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This course is aimed at post-graduate students at Wits and is at a much higher level than the 
previous courses. Again, we feel not adequately knowledgeable to comment on the 
completeness or the correctness of the content of these courses and will leave it to the qualified 
seismologists. However, the fact that the courses are aimed at issues that the rock engineering 
practitioner has to know and understand, while less important (for them) issues such as the 
electronics in the monitoring system are excluded are commendable. The presentation methods 
suites the level at which it is intended. 

 

Tukkies and Wits 

 

These courses are aimed at the mining engineers and understandably only refer to a limited 
number of issues that are important for them to know. More detail is apparently available 
through specialisation courses at a later stage for these students. Since the target audience is 
of a wide interest nature the inclusion of more seismology etc is not really required at these 
levels. The existence of more detail knowledge is done through specific courses such as those 
presented by ISSI for post graduates. Method of transfer is largely lecture with some site visits. 

 

General comments 

 

Terry Hagan models (SIM research) 

 

Models were developed by the team responsible for this research and presented in a booklet to 
the industry. To our knowledge, no copies of these models have been built in the industry. The 
reasons for this could be: 

 Costs involved with the manufacturing of these models; 

 Non-applicability to all mining sectors; 

 The existence of other models on the mines that are deemed adequate for the 
mines’ conditions; 

 The existence of ‘technical pride’ on the mines where every manager / 
practitioner attempts to do ‘his own thing’ because ‘only he’ really understands 
his problems; 

 Poor interest in good quality training on some of the mines, where training is 
done for legal purposes rather than for effect. 

 

Savuka testing facility 
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A Simrac project is currently in progress that is investigating ways and means to use this facility 
for knowledge and technology transfer. The main concerns include the low number of persons 
that can visit the site (distance and time), but solutions such as the use of photographs and 
videos are investigated to allow training departments on the mines to transfer knowledge 
through this method. Learning material is in the process of being completed and several models 
are being constructed to transfer understanding of essential issues. The facility layout will be 
transformed to make transfer as interesting as possible, again for the lower levels (NQF 2 and 
3), but also for visualisation to higher level students (Wits, Tuks). 

 

Virtual reality 

 

Although a lot of work has been done in this area some years ago, it has never really ‘caught 
on’. Possible reasons could be: 

 Costs involved with setting up computer rooms that will allow access to the virtual 
reality by large numbers of people at a time; 

 Computer literacy is, even though not a lot is required, very poor and the use of 
training supervisors to assist is still required. This suggests no decrease in costs 
to implement these systems (has to employ enough training supervisors AND the 
computers etc); 

 Understanding of the whole ‘picture’ as it is displayed to the user is a huge 
problem. Experience has shown that pictures on a screen can be totally 
misunderstood by the lower level employees and virtual reality could fall within 
this ‘problematic area’. They therefore do not understand what is happening and 
thus learns nothing in the process. 

 

Thus, high cost leading to confusion rather than knowledge transfer? 

 

Understanding / perceptions at lower levels 

 

This is an area that MUST be developed / investigated further (Savuka project will also address 
this in some form). It is well known that visual presentations (experiencing the issues) are 
essential to use when transferring knowledge to lower level persons. However, in this good 
methodology lies a problem if the various cognitive levels and background (culture) of the 
learners, result in different understanding of visual presentations. 

 

Not enough is understood in our industry of how to tamper with presentations so that all the 
learners ‘see’ the correct issue and understand the concerns. 

 

Conclusion 
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I hope the comments will assist you in the summary that is required for this project. If you need 
more input, please call me. 

 

JWL Hanekom Pr.Sci.Nat 
Director 

 
 
 
 
 
 
 
Dick Stacey (by e-mail, 2 May 2006): 
 
Dear Friedemann,  
 
My apologies for not commenting sooner. My comments are as follows: 
 
MIDD: good rock engineering training material. 
CSIR: Deepmine stuff: good information on seismicity and rock mechanics, 
but not training material. I think that most of this information is included  
in the ISS material. 
ISSI: good seismic educational material, not really training material. 
SiM: good seismic education and training material. 
Snowden: Rather disappointing material in my opinion. 
 
I will not comment on my material or Matt’s material. 
 
Regards, 
Dick 
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