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Abstract 

Poor mine closure policy threatens both society and the environment. Some of the more prominent 

threats that have manifested are acid mine drainage, slimes dams and toxic dust from dumps. 

Current legislation requires that new mines set aside funds to cover their rehabilitation costs at 

closure. However, because of the difficulties in obtaining a closure certificate, many mines are left 

open and in a dormant state. While one reason may be the logistical and administrative difficulties 

of formal closure, another is the cost. Not only is the cost of closure significant, but the financial 

provision made is often inadequate. This paper addresses these problems in two distinct ways. 

Firstly, the accuracy of the closure cost estimates is assessed using a Monte Carlo analysis of several 

mines. Particular attention is given to the escalation of closure costs. The effects of uncertainty with 

respect to underlying master rates and the quantities of rehabilitation required are considered in 

particular. Secondly, it addresses the manner in which financial provision is made and 

recommendations for improving the current system of making financial provision are discussed.  The 

Monte Carlo analysis suggests that most mines currently underestimate their closure costs and 

hence make inadequate financial provision for closure. Uncertainty about master rates, inflation and 

the rehabilitation needed are key sources of error. Several mines do not correct their rehabilitation 

cost estimates for inflation at all, others simply use the CPI. The Monte Carlo analysis suggests that, 

as a result, closure cost estimates are significantly underestimated. Risk profiles generated from the 

Monte Carlo analysis show the financial implications of risk. These indicate that, even in a low 

uncertainty environment, the financial provision made using current closure cost estimates is likely 

to provide cover for less than 50% of the potential distribution of costs. This paper makes policy 

recommendations, key to which are calls for transparency and availability of documents, and how 

financial provision is made. 
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Chapter 1: Introduction 

1.1  Introduction 

“Mine closure has increasingly become the focus of mining companies, governments, non-

governmental organisations (NGOs) and other stakeholders and is destined to be the big mining 

issue of the new millennium. The issues involved in mine closure are usually complex and the risks 

significant,” (Laurence, 2001: 315). In the decade that has transpired since this paper was published, 

mine closures have increased in prominence and the methods for dealing with mine closures have 

been discussed, amended and reconsidered time and again. However, the risks associated with mine 

closure and the potential costs to society and the environment if they are not performed adequately 

remain as severe as ever.  

South Africa has an abundance of mineral wealth and as a result the country has a long, established 

legacy of mining. Whilst the mining industry in South Africa has generated significant economic 

benefit, it has also placed severe constraint on the environment and continues to do so. For this 

reason the need to perform adequate mine closures that yield sustainable results has become 

increasingly important. One of the most important issues regarding mine closures is how to 

determine what type of rehabilitation work will be necessary to successfully negate the 

environmental impacts caused by mining, as failure to perform adequate rehabilitation can result in 

negative environmental impacts after closure. The severity of many of the negative environmental 

impacts that were not considered when mines closed in the past are only beginning to emerge now.  

Acid mine drainage (AMD), in particular, has received notable attention recently in both the media 

and the scientific community because of the growing threat it poses to South Africa’s water quality 

and supply. Whilst AMD is by no means the only negative environmental impact associated with 

mining it is particularly severe in the damage it causes to the environment. The threat it poses to 

South Africa’s water resources is a troubling one. Part of the reason that acid mine drainage and 

other environmental impacts are so prevalent now is due to a lack of policies, historically, that 

addressed environmental damage at closure. The legacy of inadequate policy-making means that the 

current AMD problem originates from derelict and ownerless mines that are now the responsibility 

of the government (Adler et al., 2007, cited in Hobbs et al., 2008: 417). 

 The growing threat of AMD in Gauteng, Mpumalanga, Limpopo and the Free State points to the 

enormous impact that irresponsible mining activities can have on both the economy and the 

environment. AMD is widely regarded as the largest source of pollution and waste and the greatest 

environmental and socioeconomic threat facing South Africa (Adler et al., 2007; Hobbs et al., 2008; 
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van Zyl, 2002). The impact of AMD in South Africa is widespread and particularly prevalent in the 

Witwatersrand basin, the Western basin (Krugersdorp), the Central basin (Roodeport to Boksburg), 

the Eastern basin (Brakpan, Springs and Nigel) (McCarthy, 2011). In addition to the problems of AMD 

in these areas, are the issues of sinkholes in Carltonville, Tarlton and the South Deep mine area, 

slime dams across Gauteng and contamination of water supplies in surrounding areas, largely as a 

result of AMD. 

The severity of AMD and these other environmental impacts points to the need to perform adequate 

rehabilitation at closure so as to prevent these types of environmental problems from happening in 

the future. Adequate rehabilitation at closure not only requires understanding what type of 

rehabilitation work needs to be performed though. It also requires the funding to do so. If 

inadequate funding is provided by the mine at the time of closure then rehabilitation work cannot 

be performed adequately and many of the potential environmental problems associated with poor 

closure practices may manifest themselves at a later stage.   

Mines currently calculate the quantum for financial provision using a series of industry-accepted 

guidelines that are provided by the DME. However, there is much debate as to whether these 

guidelines are sufficient and whether mines are currently following the correct procedure. 

Questioning the certainty of these estimates is necessary because of the long-term nature of mining. 

Closure cost estimates are being made now, that it is hoped, will be accurate several years later. 

However, this assumption rests heavily on the assumption that not much will change between now 

and the time of closure. The fact that a mine’s date of closure is often only in a decade or longer 

means that correctly estimating costs now can be incredibly difficult, even with the most effective 

systems in place. Consequently, this dissertation is focused on contributing to the existing body of 

research on mine closures by investigating the accuracy of closure cost estimates and discussing how 

they can be improved. 

1.1 Rationale for this study 

Although more attention needs to be focused on addressing the current environmental problems 

that mining has created, particularly AMD, there are several organisations that are dedicated to 

raising awareness and enacting policies for improvement. Among these are the Federation for 

Sustainable Development, the Blue Scorpions and the Green Scorpions. The need to address 

environmental problems is urgent and it is crucial to raise more awareness about the dangers that 

these threats can pose if they are left untreated. However, that being said, it is also important to 

consider how these problems manifested in the first place – from inadequate and irresponsible mine 
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closure. It is critical to address these problems now, but what is equally important is to ensure that 

these types of environmental problems are avoided in the future. The South African Council for 

Geoscience estimated that the cost of rehabilitating South Africa’s abandoned mines stood at R30 

billion. However, as the 2009 Auditor-general’s report notes, this estimate did not include the long-

term treatment of AMD or the construction or operating fees of the plants required to do so, 

indicating that the figure may well be significantly higher (Auditor-general, 2009). The size of the 

liability facing government points to a need to improve the system of performing mine closures so 

that they not only performed with sustainability in mind, but also so that any damage associated 

with mining is contained to the extent that the rehabilitation required is funded by the mine 

concerned. However, this type of mine closure autonomy will require significant improvements in 

the manner in which mines make financial provision for closure and, crucially, the accuracy of their 

financial provision estimates.  

Until recently, very little attention has been focused on evaluating the accuracy of the financial 

provision estimates made by mines. There is speculation that many mines are not currently making 

adequate financial provision but proving this is a difficult task. In reality, the adequacy of a mine’s 

financial provision can only be known with certainty when the mine actually closes – which in most 

cases takes place many years down the line. The lack of adequate mine closures that have already 

taken place as well as issues regarding the transparency and accessibility of closure documents 

makes it very difficult to verify the adequacy of a mine’s financial provision. There is therefore a 

need for a method of assessing the accuracy of the financial provision that is made by a mine by 

hypothesising, with some degree of certainty, how the quantities of rehabilitation work might vary 

over the life of the mine and, importantly, how much the rehabilitation work is likely to cost.  

Monte Carlo analysis provides a potential solution to this problem by allowing a researcher to 

hypothesise what variations may take place and investigate what effect these variations may have 

on the accuracy of financial provision estimates. To date, the only studies on financial provision that 

have made use of Monte Carlo analysis are those by Du Plessis (2005) and Du Plessis and Brent 

(2006). Du Plessis (2005) used a Monte Carlo analysis to investigate the effect of variations in the 

quantities and master rates of rehabilitation on the accuracy of the quantum for financial provision 

of a mine. In addition, the author investigated what sort of financial provision would be needed by 

the mine to adequately provide for closure when different levels of risk are considered. However, 

this is just one study that focused on a single mine. There is a real need to investigate the effects of 

uncertainty in master rates and quantities on other mines, in a more general context. 
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This paper attempts to build on studies like those by Du Plessis (2005) and Du Plessis and Brent 

(2006) by using Monte Carlo analysis to assess the impact of uncertainty on the financial provision 

estimates made by several mines. Following Du Plessis (2005), the effect of escalation is also 

investigated. This is particularly important because of the current DMR method of escalating costs at 

inflation, which is an oversimplification, as well as the fact that many mines currently do not even 

bother to inflate master rates. The rational for doing so is that by escalating financial provision 

estimates at rates different to inflation an indication is given of what could potentially happen to 

financial provision estimates in the long term if current predictions regarding escalation prove to be 

incorrect.  

In addition, this dissertation aims to build on the current body of research on mine closures and the 

financial provision made for closure by considering what issues currently affect how financial 

provision is made and how the current system can be improved. This is done with the potential 

consequences of the Monte Carlo simulations firmly in mind. It is hoped that allowing quantities, 

master rates and escalation factors to vary will provide a more realistic indication of what may 

happen to financial provision estimates in the future. If the Monte Carlo results indicate that current 

financial provision estimates are proving to be inadequate then it points to the need to improve the 

current system of determining and making financial provision for closure.  

1.3 Research objectives 

This paper focuses on a Monte Carlo analysis of the closure costs of several mines but with several 

specific objectives in mind. The research conducted here distinguishes itself from previous studies by 

investigating how varying levels of risk affect closure costs in scenarios of varying uncertainty.  

Specific objectives that this research focuses on are: 

 How does varying the quantities and master rates associated with rehabilitation work affect 

the distribution of closure costs and, by association, affect the accuracy of the original 

closure cost estimates? 

 What effect does using more specific and often higher escalation factors for the costs of 

rehabilitation have on the distribution of closure costs? More specifically, how does also 

allowing these escalation factors to vary affect the accuracy of the original closure cost 

estimates? 

 What happens to the accuracy of closure costs when the Monte Carlo analysis is performed 

in scenarios that are based on different levels of uncertainty? Does more uncertainty about 
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closure costs necessarily mean the original closure cost estimates made by mines are more 

likely to be inadequate? 

 Given the potential for mines to provide inadequate financial provision for closure what are 

some of the recommendations that can be made for improvement? 

1.4 Structure of the dissertation 

The structure of this dissertation is as follows. Chapter 2 focuses on important literature concerning 

mine closures and sustainable development. Particular attention is given to the role of sustainable 

development in mining as well as the structure of the South African mining industry, the relevant 

legislation governing mine rehabilitation and closure, the mine closure process as well as what steps 

are necessary for mining companies to determine financial provision and how this provision is made. 

Chapter 3 focuses on the methodology used to perform a Monte Carlo analysis of the closure cost 

estimates of six different mines in three different scenarios. Particular attention is paid to how this is 

done using the methodology developed by Du Plessis (2005) as well as how a profile of the closure 

costs associated with different levels of risk can be developed for each of the mines using the Monte 

Carlo results. Chapter 4 presents the results of the Monte Carlo analysis as well as a series of risk 

profiles for each of the six mines in the three different scenarios. Chapter 5 presents a general 

discussion of the current issues regarding financial provision and discusses how the current system 

of making financial provision for closure can be improved. Chapter 6 concludes. 

1.5 Conclusion 

This chapter has provided a brief introduction to the mine closure process and the important issues 

regarding how mines determine the quantum for financial provision needed for closure. Motivation 

has been made for the need for a Monte Carlo analysis of the closure costs of several mines in 

scenarios of varying uncertainty. Furthermore, the structure of the dissertation has been discussed 

with mention of some of the pertinent issues in each chapter. The following chapter begins by 

discussing the prominent literature on mine closures and follows by discussing the importance of the 

need to correctly estimate closure cost. 
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Chapter 2: Literature Review 

2.1 Introduction 

The importance of conducting acceptable mine closures has only recently been recognised, with the 

precedent having been irresponsible closure policies or abandonment. The effects of these 

irresponsible practices, particularly the environmental impact, have only begun to be fully 

understood and acknowledged recently. Whilst there is a limited body of literature that has 

investigated the importance of adequate financial provision and how mines can be adequately 

rehabilitated at closure, there is a significant amount of literature on the importance of sustainable 

development and the pitfalls of not addressing it. Furthermore, research has been conducted on the 

environmental impact of mining. Additionally, extensive legislation has been drafted to regulate the 

closure practices of mines and to enforce their obligation in this regard. This chapter is a synthesis of 

the relevant legislation that attempts to draw together all the relevant elements that affect mine 

closures and discusses how these different areas ultimately affect the ability to perform mine 

closures adequately and effectively.  

2.2 Sustainable Development 

2.2.1 Origins 

The first well-known approach to the topic of sustainability was Malthus’ “Essay on the Principle of 

Population” (1798). A resurgence of Malthusian thinking came with the publication of the Club of 

Rome’s “Limits to Growth” (Meadows et al., 1972). This developed a model of global consumption 

patterns and predicted Malthusian outcomes following the exhaustion of non-renewable resources. 

Although less extreme in their approaches, modern Malthusian thinkers are still significant today in 

debates on sustainability (Rogers et al., 2005).  

In recent years two important schools of thought have emerged regarding sustainability. Crucial to 

the distinction between them is the degree of substitutability between natural capital and 

reproducible capital. These two approaches to sustainable development were distinguished by 

Victor (1991) when he referred to the ‘ecological’ and ‘neoclassical’ paradigms – also known as 

strong and weak sustainability, respectively. Strong and weak sustainability are defined by the 

degree of substitutability between reproducible and natural capital. Daly and Cobb (1994) note that 

weak sustainability requires a high degree of sustainability between natural capital and reproducible 

capital whilst strong sustainability regards these two types of capital as complements rather than 
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substitutes in the production function (Daly and Cobb, 1994: 54). The neoclassical paradigm 

associated with Solow (1974, 1993) and Hartwick (1977) contradicts the ecological view that natural 

capital constrains growth.  

Hartwick argued that for intergenerational equity, all profits or rents from exhaustible resources 

should be invested in reproducible capital. In other words, Hartwick advocated that the net profits 

from mining should be used to buy assets that provide a sustainable long term income. Specifically 

though, the net Hotelling rents of the mine need to be invested rather than considered as income 

for consumption. This means that the rehabilitation costs of mining should first be internalised by 

the mine. 

This point is taken further by arguing that mineral resources are non-renewable and the external 

indirect costs of mining affect the environment as well as the quality of life of future generations 

(DME, 2006). The DME (2006) argues that this does not have to be the case. The effects of mining on 

the environment and society welfare can be avoided by ensuring that rents that are currently 

derived from mining are captured and reinvested in alternative forms that are able to guarantee 

future capital. According to the DME (2006) if the external indirect costs are done by mining 

companies internalising the costs then there will be adequate provision for environmental 

rehabilitation. 

The Brundtland Commission Report, published in 1987, has also been significant in raising awareness 

about sustainable development. While the works of Georgescu-Roegen, Solow, Hartwick and others 

had already raised debate regarding weak and strong sustainability and their validity, the Brundtland 

Commission Report was significant because it popularised sustainable development and made the 

topic a mainstream issue. The approach of the report is captured by its definition of sustainable 

development as “…development that meets the needs of the present without compromising the 

ability of future generations to meet their own needs” (WCED, 1987). With sustainable development 

becoming increasingly prominent, the significance of sustainable development in mining followed 

soon after. 

2.2.2 Sustainable Development in Mining 

One of the first major acknowledgements of the importance of sustainability in mining took place at 

the International Round Table Conference on Mining and Environment in Berlin in 1991. Known as 

the Berlin Guidelines, these discussions acknowledged the necessity for environmental guidelines 

and strategies in mining with particular emphasis placed on the role of this process in developing 

countries (Hoskin, 2002: 2).  These guidelines were a start, but it was not until the United Nations 
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Conference on Environment and Development in 1992 (commonly known as the Rio Conference) 

that real progress was made in acknowledging the importance of environmental management in 

mining. The crux of the conference was the establishment of Agenda 21, the programme for 

environmental management for the 21st century (Hoskin, 2002: 2).  

Further conferences followed with increasing importance placed on the role of environmental 

management in the mining of natural resources. However, whilst institutions like the United Nations 

and the World Bank can increase awareness of the issue and provide guidelines on successful 

environmental management, it is ultimately up to the governments of countries to determine their 

approach to environmental management in mining, particularly with regard to mine closures. As a 

result, whilst it is useful to track the progress of sustainable development in mining and mine 

closures, the progress made by these international institutions only serves as a suggestion for 

effective environmental management and it is ultimately up to local law and policy-makers to 

implement effective sustainable development policies. 

The importance of sustainable development in mining is discussed in Cawood et al. (2001). The 

authors argue that the mining sector is one of the major sources of environmental degradation – 

mainly due to the large amount of waste that is generated by the mining process. This is a view that 

is gaining more momentum in both environmental management circles and in the mining industry as 

a whole as both mining houses and government realise that the importance of recognising the 

environmental impacts of mining cannot be overlooked, particularly because of their long-term 

ramifications on not only the environment, but also on communities and their inter-generational 

welfare. Therefore the environmental management of mines needs to take place with a view to 

minimising environmental degradation and reducing the impact of a mine’s closure on surrounding 

communities.  

The approaches to sustainable development in the mining industry have usually differed in both 

practice and in the literature though. According to Hilson and Murck (2000), the most striking 

feature from the literature on sustainable development in mining is that very little attention has 

been paid to mines themselves and to interpreting and discussing the roles of mining corporations in 

the sustainable development process. Furthermore, what little literature there is that has dealt with 

the subject has more often than not failed to take industrial, environmental and socioeconomic 

issues into account. There has also been little discussion of the issues that a mine needs to take into 

account when putting sustainable development into practice. The authors go on to suggest that 

“…sustainable development in the corporate mining context requires a commitment to continuous 

environmental and socioeconomic improvement, from mineral exploration, through operation, to 
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closure” (Hilson and Murck, 2000: 228). Whilst sustainable industry practices have certainly 

improved in the last decade the points raised by Hilson and Murck (2000) are still an important 

reminder of what needs to be done. 

Although sustainable development has only recently started to gain prominence in the mining 

industry there is evidence of efforts to increase its prominence. Institutes like the International 

Council on Mining and Metals (ICMM) have been specifically formed to address sustainable 

development in mining. The ICMM was established in 2001 to improve sustainable development 

performance in the mining and metals industry and today the organisation represents 21 mining and 

metals companies as well as 32 national and regional mining associations (ICMM, 2011). In addition 

to international institutions like the ICMM, companies like De Beers and Anglo American have begun 

to specifically address sustainable development issues to the extent that separate sustainability 

reports are compiled by these companies for their mining projects. In particular, De Beers’ 

recognition of the importance of sustainable development in mining has been recognised by the 

company being awarded as the overall winner in the ACCA South Africa Sustainability Reporting 

Awards for two consecutive years (De Beers, 2011). While some companies have begun to 

acknowledge the importance of sustainable development in mining, further work is needed to 

ensure that companies across the board place emphasis on sustainable development practices and 

that these practices are closely monitored and carefully implemented.  

2.3 South Africa’s Mining Sector   

Much of South Africa’s economic development, historically, has been based on its mining industry. 

The importance of the mining industry to the South African economy has declined over the past few 

decades though as the economy has diversified and industries like tourism and manufacturing have 

increased in size. The mining industry’s contribution to GDP has fallen from levels as high as 21% in 

1970 to around 6% in 2009. However, whilst the mining sector has declined since its peak and at 

present is only the sixth largest contributor to South Africa’s total Gross domestic product (GDP) by 

sector, it nevertheless remains a cornerstone of the country’s economy, particularly because of the 

industry’s position as the country’s largest source of employment (SAMI, 2010: 10). In addition, 

South Africa’s mining sector is particularly important because of the vast mineral wealth of the 

country and the potential this poses for future growth in mining activities. According to research 

conducted by Citigroup, South Africa is the world’s richest country in terms of mineral wealth as is 

shown by figure 2.1 below.  
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Figure 2.1: The Richest Mineral Resource Holders Globally (Excluding Energy Minerals) 

 

     Source: Citibank, 2010, cited in Chamber of Mines, 2009 

This abundance of mineral wealth has important implications for both the number of mining projects 

that can be expected to take place in the future as well as the potential environmental impact 

associated with mining these resources.  

2.3.1 Structure of the industry 

While there are a large number of regulatory frameworks in place in the industry and several 

organisational bodies, the focus of this paper is on the mine closure process and therefore the 

discussion of the industry’s structure takes place with their importance to mine closures in mind. 

The structure of the South African mining industry can best be described in terms of the involvement 

and responsibilities of the private sector (primarily mining companies) and the public sector 

(primarily government). 

2.3.1.1 Private Sector 

The mining industry’s private sector is dominated by some of the world’s largest mining companies 

and has been subject to on-going corporate restructuring over the last few years. This restructuring, 

with a view to transformation of the mining industry to restore historical imbalances, has resulted in 

the consolidation of ownership of mines through minority buyouts, the break-up of large, diversified 



U
ni
ve

rs
ity

 o
f C

ap
e 

Tow
n

11 
 

mining companies into smaller, more specialised ones, as well as increased foreign ownership in 

South African mining assets (SAMI, 2010: 10).  

South Africa is the world’s largest producer of platinum and one of the largest producers globally of 

gold, diamonds and coal (Chamber of Mines, 2009; SAMI, 2010). In total, the country produces 

approximately 53 different types of minerals from 1548 mines (2009 figures). Gold is produced from 

53 different mines, platinum-group metals (PGMs) from 45 mines, coal from 108 mines and 

diamonds from 395 mines (SAMI, 2010: 10). However, despite the large number of active mines, the 

mining industry is dominated by a small group of large mining companies.  

The structure of these large, often multinational mining companies with interests in a number of 

different mines has important implications for the structure of the mine industry. Large, publicly-

listed companies like Anglo American, De Beers and Rio Tinto are able to raise capital for mining 

projects by issuing shares to the public through an initial public offering (IPO). The size and extent to 

which these companies raise capital affects both the risk that these companies can manage as well 

as their accountability. Publicly-listed companies are more accountable from the point of view that 

they need to operate in the interests of shareholders. This means that in terms of the consultation 

process for mine closures, the parties that need to be engaged are government, stakeholders and 

the mining company. Smaller, privately owned mining companies by contrast cannot raise capital to 

the same degree and therefore face limitations to the amount of financing available to them. 

However, by contrast, they are not subject to the same transparency and accountability as publicly 

listed companies.  

These are important considerations in the context of mine closures. Larger mining companies are 

less likely to shirk responsibility regarding mine closures because of their greater degree of 

accountability. Furthermore, mining companies with interests in several mines are less likely to shirk 

responsibility because of the fact that they have a core business to protect. They cannot risk putting 

their other mines at risk because of a poorly conducted mine closure. Single operation mines, by 

contrast, do not have to make these considerations and are therefore more likely to shirk their 

responsibility at the time of closure. Size is therefore an important factor when assessing mine 

closures. 

In addition, larger mining companies are better equipped to deal with the risk of fluctuating project 

costs as they have a number of different mining projects and access to greater cash flows. This 

means that the potentially risky/expensive outcome of a project can be absorbed by larger 

companies. However, it is important to clarify this point further as this might suggest a lack of ring-
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fencing. Without ring-fencing it would be possible for larger mining companies, with a number of 

different mining projects on their books, to spread their risk across a number of different operations 

– i.e. so that higher risk mines could effectively be subsidised by lower risk mines. However, ring-

fencing prevents this type of risk-spreading behaviour from taking place.  

According to Harmony (2011), the assets of each mine within each fund are ring-fenced and may not 

be used directly to cross-subsidise one another. Contributions to the various funds will continue to 

be made over the operations’ life-of-mine and each fund is expected to be fully cash funded at the 

time of closure. Until such time as the trust funds are fully funded, bank guarantees are issued for 

the shortfall. This type of practice extends to other mining companies too. However, whilst ring 

fencing prevents mining companies from cross-subsidising their different mining operations, the 

important point, particularly for mine closures, is that larger mining companies can absorb cost 

fluctuations to a greater degree than smaller companies that may be operating closer to the margin.  

An important consideration is whether this type of ring-fencing restriction is prudent when 

considering the ability of the individual mines to make adequate financial provision for closure. In 

the absence of ring-fencing, larger mining companies with interests in several mines may be able to 

cross-subsidise mine closures that have not made adequate financial provision. Whilst this cross-

subsidising behaviour is currently regarded as undesirable it may be beneficial in reducing the load 

placed on other types of financial instruments such as bank guarantees in the event of mining 

projects not being able to adequately cover their rehabilitation costs at closure.  

Ring-fencing should generally be regarded as an important safety measure though as it prevents 

mines from downplaying the extent of some of their poorer-performing mines. Ring-fencing is 

important therefore because it makes it easier to identify mines that are not following acceptable 

closure practices. Whilst detractors may argue that ring-fencing may place some mines at risk that 

may have been able to cope, this is only true for larger companies who would be able to cross-

subsidise. Ring-fencing is necessary to ensure that inadequate financial provision is restricted to the 

actual mine at fault. This prevents a contagion type of effect where mines with poor closure policies 

could potentially jeopardise the entire company. Additionally, it places more accountability on those 

mines that are not adequately addressing closure.  

In addition to these mining companies are several private sector organisations. Two of the most 

important of these are South African Mining Development (SAMDA) and the Chamber of Mines of 

South Africa. SAMDA is an organisation that promotes an environment for raising finance and 

developing technical and other skills as well as promoting responsible environmental management 
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and sustainable development (SAMI, 2010: 11). The Chamber of Mines (2009) defines itself as a 

voluntary membership, private sector employer organisation that acts as an advocate of policy 

positions of employers and represents these positions to both government and other relevant 

policy-making bodies.  

In addition to these two organisations are a number of unions that represent workers in the mine 

industry. Three of the most important of these unions are the National Union of Mineworkers 

(NUM) that represents mineworkers in the industry; the United Association of South Africa (UASA) 

which plays a major role in the labour force; as well as Solidarity which represents the rights of its 

members and their communities (SAMI, 2010: 11).  

2.3.1.2 Public Sector 

Government’s interests in the South African mining industry are represented by the Department of 

Mineral Resources (DMR). Formerly the Department of Minerals and Energy (DME), the department 

was divided in two in 2009 resulting in the DMR and the Department of Energy. The DMR is regarded 

as the custodian of all of South Africa’s mineral resources and, as a result, its responsibilities include 

administering and regulating the mining industry (SAMI, 2010: 13).  

The structure of the mining industry, particularly in terms of government’s role, can be described in 

terms of the relevant mining legislation. There are two major pieces of legislation that govern the 

mining industry in South Africa. These are the Mineral and Petroleum Resources Development Act, 

2002 (MPRDA) and the Mine Health and Safety Act, 1996. According to the DMR (2010) the main 

objectives of the MPRDA are: 

 To recognise the State as custodian of all mineral resources 

 To promote equitable access to South Africa’s mineral resources – particularly among those 

previously disadvantaged 

 To promote investment, growth and employment in the mineral industry 

 To provide security of tenure regarding prospecting and mining operations 

 To ensure that the nation’s mineral resources are developed in an orderly and ecologically 

sustainable manner 

 To ensure that the holders of mining rights contribute towards the socioeconomic 

development of the areas where they operate 

It is evident from the aims of the act that it deals with a wide number of issues across the mining 

industry. However, the MPRDA is of particular interest for mine closures and sustainable 
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development because it regulates the prospecting and optimal exploitation of minerals as well as 

the rehabilitation of the surface of land during and after prospecting and mining operations (DME, 

2009). 

According to the MPRDA, in terms of issuing closure certificates, the holder of a prospecting right, 

mining right, retention permit or mining permit remains responsible for any environmental liability, 

pollution or ecological degradation, and the management thereof, until the Minister has issued a 

closure certificate to the holder concerned (Government Gazette, 2002: 46). This point is clarified 

further in Durand et al. (2009) whereby Regulation 56 of the Mineral and Petroleum Development 

Regulations (MPDR) prescribes the principles for mine closure as follows: “In accordance with 

applicable legislative requirements for mine closure, the holder of a mining right or mining permit 

must ensure that the closure of a mining operation incorporates a process which must start at the 

commencement of the operation and continue throughout the life of the operation and that the 

risks pertaining to environmental impacts must be quantified and managed, which includes the 

gathering of relevant information throughout the life of a mining operation” (Durand et al. 2008).  

Although the MPRDA is prominent in dictating the structure and agenda of regulation of the mining 

industry, there are several other pieces of legislation that have also played an important role in 

shaping the policies and structures of the mining industry over time, particularly with regard to mine 

closures. The Minerals Act, 1991, which preceded the MPRDA, is one such act. These additional acts, 

as well as a brief description of their objectives, are summarised in table 2.1 below.  
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Table 2.1: Additional Legislation Affecting Mine Closures 

Legislation Description 

Atmospheric Pollution Prevention Act, 1965 Established obligations regarding the prevention 

and control of dust pollution. 

Minerals Act, 1991 (Act No. 50 of 1991) Enforced environmental protection, 

management of environmental impacts and 

environmental rehabilitation. More specifically, 

it specified that an EMP must be submitted and 

officially approved. 

National Water Act, 1998 (Act No. 36 of 1998) Advocated the responsible and sustainable use 

of the nation’s water resources. 

National Environmental Management Act, 1998 

(Act No. 107 of 1998) 

Provided a framework and principle for 

sustainable development as well as standards 

for integrated environmental management. 

Nuclear Energy Act, 1999 Successful containment of radioactive elements 

such as uranium and its decay products must be 

met prior to the award of a closure certificate. 

National Environmental Management: Air 

Quality Act 39 of 2004 

Provide national standards for regulating air 

quality, monitoring, management and control. 

National Framework for Air Quality 

Management 2007 

Provide standards for all technical aspects of air 

quality management. 

National Environmental Management: Waste 

Act, No. 59 of 2008 

Provide national standards for regulating the 

management of waste as well as to provide for 

the remediation of contaminated land. 

Source: Swart (2003), Government Gazette (2005), (2009) 

In light of the legislation discussed above it is worthwhile to consider the mine closures that have 

taken place in the last decade. These are shown in Table 2.2. 
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Table 2.2: South African Mine Closures in the Past Decade 

Site Company Mineral Mined Closure 

Free State AngloGold Limited Gold 2002 

Ergo AngloGold Limited Gold 2004 

Bambanani AngloGold Limited Gold 2005 

Savuka AngloGold Limited Gold 2002 

Great Noligwa AngloGold Limited Gold 2009 

Namaqualand De Beers Diamonds 2010 

Tau Lekoa AngloGold Limited Gold 2008 

Tau Tona AngloGold Limited Gold 2011 

Tshepong AngloGold Limited Gold 2012* 

*Expected date of closure      Source: World Bank, 2002 

The closures shown in table 2.2 are significant because they are subject to the stipulations of the 

MPRDA whereas any earlier closures would not have had to meet the same requirements in terms of 

their plans for rehabilitation. This chapter deals with the mine closure process in more detail later 

but it is useful, nevertheless, to consider the number of mines that have closed and to be aware of 

the stipulations and responsibilities placed on them by the legislation that has been discussed.  

2.3.2 Recent Industry Performance 

The global recession that was caused by the 2008 financial crisis has certainly played a part in the 

sluggish performance of mining industries globally over the last few years. The global economic 

recession saw global gross domestic product decline by 0.6% and global trade volumes decline by 

10.9% (Chamber of Mines, 2009). Poor global economic performance also affected South Africa with 

the country’s economic growth declining during that period. However, due to prudent economic 

policies South Africa, along with the global economy, has been able to recover from the damage 

caused in early 2008. Negative quarterly GDP growth at the end of 2008 and early 2009 has been 

replaced by stronger growth of around 4% although the current European sovereign debt crisis has 

threatened to plunge global economies into a double-dip recession and this has been reflected in 

GDP growth of only 1% for the second quarter of 2011.  

Whilst the global mining industry responded well by restructuring budgets, curtailing production in 

certain areas, and generally implementing cost-saving strategies across the board, the South African 

mining industry has been slow to recover (Chamber of Mines, 2009). As shown by figures 2.2 and 2.3 

this sluggish recovery has taken place despite a surge in commodity prices, particularly in gold and 
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platinum. This slow recovery has significant implications for economic growth and job-creation due 

to the industry’s importance to the South African economy. The extent of the mining sector’s 

sluggish recovery is reflected in the fact that jobs in the mining industry have declined from 830 000 

in 1997 to 548 000 in 2009 (Mining Qualifications Authority, 2011, cited in National Planning 

Commission Report, 2011). This decrease in jobs can be mainly attributed to the fact that the 

recessionary environment resulted in a decrease in demand for minerals and metals which had 

previously seen a five-year period of growth in capital spending – primarily driven by demand from 

countries like China and India (SAMI, 2009: 28). This decrease in demand has seen a decline in 

investments in capital projects which have been a key part of job-creation in the mining industry.  

Figure 2.2: Historical Spot Price of Gold (US Dollars per troy ounce) 

 

Source: Thomson Reuters 
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Figure 2.3: Historical Spot Price of Platinum (US Dollars per troy ounce) 

 

Source: Thomson Reuters 

Figure 2.4: Historical Rand-Dollar Exchange Rate 

 

         Source: Thomson Reuters 

Because the mining industry exports refined materials and imports capital equipment it is heavily 

dependent on the South African exchange rate and the global prices of commodities. The exchange 
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rate is an important benchmark for industry performance. Rand strength reduces the cost of imports 

but it also reduces the revenue from mineral sales which are mainly exports. The reverse is true for a 

rand depreciation. Figure 2.4 indicates that the rand remained fairly strong against the US dollar 

until mid-2008 with the onset of the financial crisis. After gaining strength in 2010 and early 2011 it 

has since dropped to around eight rand to the dollar. As mentioned, the sluggish recovery of the 

mining industry has occurred despite sharp increases in commodity prices. The rand’s weakness and 

strong commodity prices point to future growth potential in the mining industry if current trends 

continue.  

The poor performance of the South African mining industry over the past decade can be partially 

explained by the decline of the country’s mature gold mining sector. Total South African mining has 

declined by 0.4% annually over the past two decades, largely driven by gold production, which has 

declined by 5.3% annually and diamond production, which has declined by 0.4% annually. In the last 

decade, the rate of decline of gold production has increased to 7.7% annually (Chamber of Mines, 

2009). However, this decline is not only restricted to the gold mining industry though as is shown by 

table 2.3. 

Table 2.3: Growth Rates of South African Mineral Sectors  

 Total 

Mining 

Iron 

Ore 

Manganese PGMs Coal Chrome Diamonds Gold 

1990 – 

1991 

-0.4 0.1 -0.3 7.1 2.3 5.4 1.3 -2.9 

2000 – 

2009 

-0.5 6.5 4.9 2.6 1.2 -0.1 -2.0 -7.7 

1990 -

2009 

-0.5 3.3 2.3 4.8 1.8 2.6 -0.4 -5.3 

2001 - 

2009 

-0.4 5.7 3.7 3.4 1.2 0.1 -3.1 -8.0 

          Source: StatsSA 

Whilst the most notable decline has taken place in the gold mining sector, there has also been 

negative growth in diamonds as well as, particularly in the last decade, stagnant growth in chrome 

mining. However, whilst these sectors of the mining industry have shown decline, the vast reserves 

of platinum, coal and several other minerals indicates that there is still a lot of potential in this sector 

for future growth and future exploration activities. The current performance of the South African 
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mining industry is therefore a consequence of the condition of the economy and the enormous 

reserve potential in South Africa points to potential growth in the industry in the future.  

2.4 Mine Closures 

Mine closures take place for a number of reasons - principal of which is usually economic. 

Commodity prices can fluctuate over time and declines in global commodity prices are usually the 

main factor forcing a mine to close for economic reasons. Laurence (2006) also identifies several 

other factors. Mine closures are often driven by geological causes such as unanticipated decreases in 

the size or grade of ore bodies. Technical issues can also be a factor such as equipment failure or 

unfavourable geotechnical conditions. Regulation and policy changes can also be a factor. In the case 

of regulation this can take the form of safety or environmental issues and in the case of policy 

changes mine closures usually occur as a result of regime changes - a problem that is most common 

in developing economies like the Democratic Republic of the Congo (DRC). Additionally, mines can 

close due to social or community pressure - often because of unfavourable mining practice or labour 

agreements.  

While there are a number of reasons for mine closures, the major issue facing policy-makers, 

regulators and mining houses is not identifying the cause of the closure but it is determining an 

effective plan of action for closing mines with as little environmental damage or cost to society as 

possible. What exactly this cost entails depends on who is looking at the problem, with mining 

houses looking to shut the mine down with as little financial cost as possible whilst regulators 

consider an effective mine closure one with the least cost to community and the environment. In the 

past these points of view were polarised but with more comprehensive legislation and a greater 

awareness of the impacts of mining on both the environment and society, there has been increased 

awareness of the importance of both.    

2.4.1 The Economic Theory of Mine Closures 

Mine closures can be described using traditional microeconomic theory. Prior to the introduction of 

regulation of mine closures, mines were able to externalise their costs – specifically the cost of 

rehabilitation and remediation of environmental damage. Adler et al. (2007) describe this 

externalisation in terms of microeconomic theory where a profit maximising firm continues to 

produce output so long as its marginal private benefit exceeds its marginal private cost. Therefore 

when a mine can avoid the short-term and long-term production costs associated with 

environmental damage and socioeconomic effects and is able to pass these on to a third party 

(society), this allows the mine to keep its private costs artificially low (Adler et al., 2007: 34). Adler et 
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al. (2007) argue that these negative externalities are imposed on stakeholders rather than the firm 

since they are not internalised as the firm makes production decisions. To achieve economic 

efficiency, the marginal social cost, rather than the private cost, should be used along with the 

marginal social benefits. But as Adler et al. (2007) note, determining the extent of the negative 

externalities is difficult and this makes it difficult to know what the true social cost may be.  

The costs and benefits associated with the profit maximising firm’s production function can be 

described graphically as shown in figure 2.5. 

Figure 2.5: Mine Closure as a function of revenue and cost 

 

Source: Adler et al. (2007) 

Here the Development and Operational Cost Curve (DOCC) refers to the developing and operating 

costs of a mine. The Revenue Curve (RC) refers to the revenue generated by the mine whilst the 

Environmental and Social Remediation Curve (ESRC) refers to the cost of rehabilitating the mine 

after it has been decommissioned. This rehabilitation includes both environmental and 

socioeconomic effects. As described by Adler et al. (2007), the difference between RC and DOCC 

depicts the mine’s profit at any given point in time. Mine closure therefore takes place at time T1 

when the revenue and cost curves intersect. Beyond T1 it is no longer economically viable for the 

mine to continue operating as costs exceed revenue. What is notable from the figure though is that 

ESRC continues to increase, exponentially, after closure. According to figure 2.5, the full 

environmental and social cost is only realised some time after the mine closes. This indicates that it 
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is important that the rehabilitation performed at mine closure takes into account that the 

environmental and social costs continue to increase long after the mine has closed. Therefore the 

rehabilitation performed by the mine needs to be sustainable in the long term.  

2.4.2 An Undesirable Legacy 

Commercial natural resource extraction has taken place for over a century. The very recent 

acknowledgement of the importance of sustainable development and the negative environmental 

impact of mining means that there is an established history of mine closures that were not 

performed adequately or that still remain liabilities to this day. These abandoned mines sites pose 

one of the major environmental challenges as a result of inadequate, insufficient or non-existent 

mine closure practices (Hoskin, 2003: 4).  

The development of environmental management in mining, and the problem of abandoned mines, is 

closely linked to South African mining legislation. The first piece of legislation to regulate mining and 

prospecting was the Mines and Works Act (Act 12 of 1911) which later became the Mines and Works 

Act (Act 27 of 1956). The revised act made provision for the regulation and prevention of water 

pollution (Watkins, 2009: 40).  

However, prior to 1956, the rehabilitation of closed mine sites was not required and no provision 

was made for mitigating negative environmental impacts that may have been caused by abandoned 

mine sites (Watkins, 2009: 40). The mine sites that closed prior to 1956 became the responsibility of 

the State and, as a result, there are now a large number of abandoned mine sites that continue to 

create environmental problems.  

According to a report compiled for the DME by the Council of Geoscience (CGS), South Africa had 

5906 officially listed abandoned mines as of the end of May 2008 with most of these having closed 

prior to the introduction of the MPRDA in 2002 (Auditor-general, 2009: 7). The same report 

compiled by the CGS estimated that the cost of rehabilitating South Africa’s mines could be as high 

as R30 billion. Quite significantly though, neither the long-term treatment of acid mine drainage nor 

the construction and operating fees of plants were included in this estimate. As a result, the 

rehabilitation cost is likely to be significantly higher. In addition, the CGS report found that of the 

5906 abandoned mines, 1730 were classified as high-risk and would require R28.5 billion of the R30 

billion estimated (Auditor-general, 2009: 9).  
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2.4.3 Environmental Impact of Mining 

It is worth discussing some of these abandoned mine sites in more detail to get a better idea of how 

much environmental damage these sites cause. Bell et al. (2001) found that the environmental 

effects from an abandoned mine in the Witbank Coalfield included the spontaneous combustion of 

coal mined as well as a noticeable deterioration in the quality of groundwater as a result of AMD. 

This second effect was so significant that it destroyed vegetation over a three hectare area (Bell et 

al., 2001: 215).  

Limpitlaw (2004) discusses the impacts of the abandoned Transvaal and Delagoa Bay Colliery in 

Witbank. Although the mine was closed in 1953, there have been uncontrollable coal fires on the 

site – to the point where, since 1993, these fires have been visible above ground. In addition, acid 

mine drainage from the site into the nearby Brugspruit river has been so significant that a R30 

million water treatment plant has been established to treat the water (Limpitlaw, 2004: 3).  

Naicker et al. (2003) found that gold mining in the Witwatersrand area has caused a significant 

amount of water deterioration. Many of the tailings dumps from gold mines that have not been in 

operation since the early 1960s have been exposed to oxygenated rainwater and have become 

acidic. This acidic water has seeped through to the ground water beneath the dumps and 

contaminated the large part of the general Witwatersrand’s water system. Naicker et al. (2003) also 

note that these dumps have not only resulted in acid mine drainage but have also contributed heavy 

metals to the water supply and this has deteriorated the water quality to the extent that aquatic life 

struggles to survive. The negative impact of acid mine drainage from gold mines is noted by 

Liefferink (2011) who argues that whilst the Witwatersrand Goldfield is in decline, the post-closure 

decant of acid mine drainage is an enormous environmental threat and could become worse if 

remedial activities are delayed or not implemented. In short, the waste from gold mines constitutes 

one of the largest sources of pollution in South Africa (Liefferink, 2011). 

The negative environmental impacts of abandoned mines are far-reaching and can take years to 

address. Although the mines discussed above now lie abandoned and ownerless and are the 

responsibility of the State, they are a reminder of why mines need to be rehabilitated and 

continually managed long after their operations have ceased. Abandoned mines are an important 

reminder of why mine closure needs to be planned well before closure, with adequate financial 

provision, and with the potential long-term effects of mining firmly in mind.  
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In addition to the abandoned mines discussed already it is important to discuss the environmental 

impact of mining in more detail. Particularly because these are the issues that rehabilitation work 

needs to address at the time of closure. These impacts are discussed in detail in table 2.4 below.  

Table 2.4: The environmental impact of various mining activities 

Mining Activity Environmental Impacts 

Mineral Extraction Erosion 

Landform changes 

Alteration of water tables 

Vegetation and habit destruction 

Dust  

Aesthetics 

Water Discharge Acid mine drainage 

Heavy metals overloading 

Dewatering Ecological impacts 

Sediment runoff 

Effluent contamination 

Impacts on water resources 

Smelting Air pollution 

Acidic deposition 

Heavy metals contamination 

Transportation Noise pollution 

Dust and sediment 

Gaseous emissions 

Oil and fuel spills 

Soil contamination 

                Source: Hilson and Murck, 2000 

Mining companies need to be aware of these impacts when they plan for closure particularly 

because some of these impacts may not become apparent until much later in the life of the mine. It 

is therefore important to be mindful of the environmental impacts that a mine needs to address 

before the mine closure process is discussed in more detail. 
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2.4.4 Preparing for Closure 

Understanding the effect of mining on the environment and society is important because it 

highlights the need for more effective closure planning. However, it is equally important to 

understand how mine closures are planned and formulated in more detail since this is how mining 

companies ultimately determine what type of rehabilitation work needs to be performed at closure 

and, consequently, how much financial provision is needed.  

Integrated Environmental Management (IEM) is a process that takes place continuously over a 

project’s lifecycle and its purpose is to ensure that environmental impacts are avoided or mitigated 

from design through to implementation, operation and decommissioning (DEAT, 2004). If the IEM is 

considered a toolkit then one of those tools would be the Environmental Management System (EMS) 

which is specifically focused on managing impacts at the implementation stage of the project (DEAT, 

2004). The EMS framework is governed by a set of environmental standards, principal of which is ISO 

14001 which provides a definition of what constitutes a sound EMS. ISO 14001 also allows 

independent certification that proves that the environmental management system of a project has 

met this standard (George, 2000, cited in DEAT, 2004). According to George (2000), ISO 14001 is also 

important because it requires that environmental impacts should not only be controlled but also 

reduced, specifically, by outlining targets and plans of action for the project.  

An Environmental Management Programme is the term typically used to refer to the overall 

framework for environmental management of a project (DEAT, 2004). Whilst these programmes are 

standardised, to a degree, in terms of their format and in terms of the mitigation procedures that 

the document needs to include, they do differ with in terms of the types and costs of environmental 

management. This is due to the varied impact that different projects have on the environment.   

Whilst the EMS framework is governed by ISO 14001, the Environmental Management Programme 

that is put together for a prospective project is done so using a specific set of guidelines established 

by the Department of Mineral Resources (DMR).  According to the DMR, there are three different 

categories of Environmental Management Plans (EMPs) that are recognised in the lifecycle of a 

project. These EMPs are the construction phase EMP, the operational phase EMP and the 

decommissioning phase EMP. The DME defines the objectives of these three EMPs equally as: 

 Identifying the possible environmental impacts of the proposed activity  

 Developing measures to minimise, mitigate and manage these impacts 
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At the moment there is no universally accepted format for EMPs but according to the World Bank 

(1999), the format of the EMP should be adapted to fit the circumstances and requirements of the 

particular project at hand. As discussed in the DEAT’s Environmental Management Plans, the World 

Bank (1999) emphasises that EMPs should include the following: 

 A summary of impacts 

 A description of the mitigation measures needed 

 A description of the monitoring programme 

 Institutional arrangements 

 Legal enforceability 

 An implementation schedule and reporting procedures  

 Importantly, cost estimates 

These points are the main focus of the EMP and its effectiveness ultimately depends on how well it 

addresses each of these issues. Whilst each of these measures is important in terms of effective 

environmental management, the area of the EMP that has the greatest impact on whether the 

rehabilitation of a site will even be viable is the cost estimate. This area of the EMP is specifically 

concerned with determining the quantum for financial provision that will be needed by the mine to 

close a site. The ability to accurately determine this financial provision will affect the ability of a mine 

to successfully finance a mine closure. It is essential therefore that a mine correctly estimates its cost 

of closure as the ability to finance the closure rests on the accuracy of this estimate.  

The methodology involved in calculating the cost of rehabilitation is discussed in greater detail in the 

following chapter and therefore is not discussed in any further detail here. Additionally, the manner 

in which a mine makes financial provision is discussed at length in chapter five. The discussion of 

financial provision in this chapter is therefore restricted to some of the regulatory literature on the 

subject.  

2.4.5 Financial Provision 

Financial provision is particularly important in the context of mine closures because the feasibility of 

the mine closure rests on the assumption that the financial provision that has been made by a mine 

is adequate to cover the rehabilitation costs. Put differently, ensuring that adequate financial 

provision is made by a mine is critical because it means that even if the mine is liquidated or 

abandoned, government will have adequate funds available to perform the clean-up costs itself. 
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South African legislation has dictated the enforcement of financial provision made by mines. As has 

been mentioned already, prior to the Minerals Act of 1991, mines were not required to make 

financial provision for closure. With the introduction of this act financial provision became a legal 

requirement. However, as noted by Watkins (2009), a significant number of mining operations had 

already been authorised prior to this act and as a result these mines simply did not bother to make 

financial provision for rehabilitation. This lack of financial provision made the possibility of 

abandoned mines in the future a significant threat. 

However, the practice of making financial provision for closure was extended and clarified by the 

MPRDA. Several sections of the act specifically address financial provision and are listed below. 

 Section 41(1) requires that an applicant for a mining right must make the prescribed 

financial provision for the rehabilitation or management of negative environmental impacts 

before an Environmental Management Programme (EMP) is approved.  

 Section 41(2) makes it possible for government to use all or part of the financial provision to 

rehabilitate or manage negative environmental impacts associated with the mine in the 

event that the holder of the mining permit or mining right is unable or unwilling to perform 

the necessary rehabilitation themselves. 

 Section 41(3) makes it a requirement for the holder of the mining permit or mining right to 

annually assess their environmental liability and adjust the financial provision needed 

accordingly.  

Source: DME (2004) 

Furthermore, regulation 54 of the MPRDA requires that the quantum of financial provision of a mine 

must be based on the requirements of the EMP and needs to include a detailed cost itemisation for 

both premature closure and final closure. The specific areas that the quantum of financial provision 

needs to account for include: 

 Rehabilitation of the land surface 

 Prevention and management of atmospheric pollution  

 Prevention and management of water and soil pollution 

 Prevention of leakage of water and minerals  

Source: DME (2004) 

In addition to the MPRDA, the DMR’s guideline document on financial provision provides guidance 

on best practice for mine closure regulation. According to the guidelines, “The personnel within the 
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Department of Minerals and Energy (DME) Regional Offices are required to review and approve the 

quantum, that is, the monetary value of the financial provision that has been computed by the 

holder of a prospecting right, mining right or mining permit during the annual review as being 

sufficient to cover the environmental liability at that time and at closure of the mine” (DME, 2004: 

2). 

Determining the quantum of financial provision with accuracy is difficult though, particularly as costs 

are likely to fluctuate on a regular basis. Assessing the financial provision of a project irregularly is 

not enough – a concerted effort needs to be made to regularly assess whether the financial 

provision made is accurate. This is currently not being done. As a result, whilst mining legislation in 

South Africa has certainly helped to clarify the obligations of mining companies there is still much 

work to be done on the implementation of this regulation.  

In addition to the accuracy of the financial provision estimated by a mine is the issue of how a mine 

makes this financial provision. The MPRDA outlines the appropriate means of making financial 

provision as: 

 Approved contributions to a dedicated trust fund 

 A financial guarantee from a South African registered bank or any other bank or financial 

institution that is approved by the Director-general 

 Any other method approved by the Director-general 

Source: DME (2004) 

Typically only trust funds and bank guarantees are used by mining companies for determining 

financial provision in South Africa. Whilst other options such as insurance are available, as Van Zyl 

and Bond-Smith (2011) note, these types of products are fairly untested and are therefore used 

infrequently. Furthermore, the authors note that many mining companies in South Africa are in the 

process of building up their trust funds to an adequate level to cover planned closures. This would 

mean that any form of bank guarantee or insurance is only needed in the event of an unplanned 

closure where there may be a shortfall. The reason for this shortfall is that mines tailor their annual 

contributions to the trust fund according to the financial provision needed at the end of the project. 

Therefore any premature closure will lead to a shortfall as these annual contributions will not yet 

have cumulatively met the amount needed. The shortfall is represented graphically by figure 2.3 as 

the difference between the normal provision made by the mine and its environmental liability. As 

shown by the figure, this shortfall can become quite substantial if a mine is closed prematurely 
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Figure 2.6: The relationship between the Environmental Liability and the Quantum  

 

Source: Du Plessis and Brent, 2006 

However, the adequacy of the financial provision at closure ultimately depends on the accuracy of 

the closure cost estimate, irrespective of how the provision has been made. It is therefore crucial 

that mines first correctly estimate the cost of closure.  This paper assesses the accuracy of these 

estimates using Monte Carlo simulations, the methodology for which is discussed in the following 

chapter. There is also then the issue of the adequacy of financial provision. According to AngloGold 

Ashanti, the calculation of environmental liabilities is such that there is currently a shortfall between 

the presently declared environmental liabilities and the current balance in the company's trust fund 

(AngloGold, 2004: 15). This is concerning as this shortfall is apparent even when only static rates and 

quantities estimated for the rehabilitation of a site are taken into account. When one considers that 

these rates and quantities can be dynamic in nature and fluctuate over time then it becomes 

increasingly likely that a shortfall will arise even when planned mine closures take place. This risk is 

not currently adequately taken into account and places severe limitations on the viability of the 

mine closure process. 

2.5 Conclusion 

This chapter has presented a discussion of the literature on mine closures as well as a discussion of 

sustainable development, the structure of the mining industry and the governing legislation and why 

mine closures need to be adequate and sustainable in the long term. This discussion contextualises 

the importance of mine closures and, in particular, why financial provision needs to be adequate to 

fund the costs of closing mines. The next chapter continues by formulating the methodology used to 

assess the accuracy of the closure cost estimates made by mines.  
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Chapter 3: Research Methodology 

3.1 Introduction 

This study applies a Monte Carlo analysis to data drawn from the environmental management plans 

(EMPs) of several mining operations across South Africa and includes cost escalation factors that are 

constructed using indices provided by StatsSA. The construction of the escalation factors and the 

Monte Carlo analysis used in this paper follow the method used by Du Plessis (2005). This chapter 

discusses both the data collection methods used in this study and the Monte Carlo analysis. 

Particular attention is paid to the manner in which data was compiled as well as its validity and 

accuracy. The rules-based method used by mines to calculate their rehabilitation costs is discussed, 

followed by a discussion of the methodology used to construct the escalation factors. Following this, 

the Monte Carlo analysis that was performed for three different scenarios is described. Particular 

attention is paid to describing the scenarios and how they differ from one another. The intention of 

using three different scenarios is to analyse how different levels of uncertainty affect the accuracy of 

closure cost estimates. The estimation of the probability distributions and the application of the 

Monte Carlo analysis are then discussed in order to provide a framework for the application of the 

model to the costs of the several mines investigated. Finally, the method used to construct risk 

profiles for the six mines in each of the three scenarios is discussed.  

3.2 Data Collection 

3.2.1 Methods used for data collection 

The primary data used in this study are the costs of rehabilitation calculations presented by each 

mine in its EMP. In addition, several StatsSA indices are used to create a set of escalation factors that 

are used to assess the effect of cost escalation.  

Environmental Management Plans (EMPs) 

Gathering primary data for this study proved to be problematic. This was unexpected as EMPs are 

supposed to be public documents that, technically, can be accessed anyone. However, this is clearly 

not the case and points to a need to address the transparency of these documents. The data needed 

was the quantum for financial provision table outlined in the EMP of a mine which describes the 

rehabilitation costs necessary for closure. Collection of this data was performed by consulting with 

players in the industry, retrieving the documents from online sources or by contacting the mines 

directly. However, these documents were particularly difficult to locate and as a result the number 
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of EMPs collected was not as large as initially hoped. Despite these difficulties though, the EMPs of 

several mines were collected and based on this, six mines were selected to be used in this analysis.  

Escalation Factors 

Following the methodology of Du Plessis (2005), escalation factors were calculated using several 

indices that are reported by StatsSA. Following the method used in that study, seven indices were 

used, based on figures from Producer Price Indices (PPI), Consumer Price Indices (CPI), the SEIFSA 

index of labour costs as well as the wholesale price of diesel. The data collection for most of these 

indices was unproblematic as the data, for the appropriate time series specified, was freely available 

on the StatsSA website, although collecting SEIFSA data was problematic. The methodology used to 

transform the data to the form needed is discussed further in section 3.4.2. 

Contractor Rates 

The rates for different types of rehabilitation work that were provided by several contractors were 

compiled and the averages were used to illustrate the potential variability in rates that may exist in 

reality. The rates submitted were standardised by only considering those types of rehabilitation 

work for which all contractors had submitted estimates. In this way the sample of contractor rates 

was used as a proxy for the potential variability in master rates. These rates are presented 

graphically and discussed in more detail later in section 3.3.3.1 which describes the scenario analysis. 

The actual contractor rates are provided in appendix D. 

3.2.2 Quality of Data and Validity 

Whilst data collection proved to be particularly problematic the issue of data validity and accuracy 

was less of a concern. The quantum for financial provision provided in an EMP is independently 

verified by a consulting firm on behalf of the mining company and is subjected to several drafts 

before the final EMP is submitted to the DMR. Questioning whether the costs that have been 

presented in these tables are valid is not the issue here as these figures reflect the cost that the 

mine has deemed necessary to perform closure. Therefore in terms of the quality and validity of 

data, it is adequate to assume that the figures given in the quantum for financial provision table are 

the figures that the mining company has stated are accurate and representative of the costs 

involved in performing closure. The issue that is addressed later, of course, is whether these costs 

can be estimated accurately. However, in terms of validity, the costs presented in the quantum for 

financial provision are reflective of the costs estimated by the mine. 
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The indices used for the Monte Carlo analysis were sourced from StatsSA and as such are also 

deemed to be valid and accurate. StatsSA provides a number of different indicators on the South 

African economy and its data is regarded as highly accurate. The fact that the figures generated by 

StatsSA are referenced by industry-recognised research reports further establishes this point.  

3.3 Data Construction and Monte Carlo Analysis 

The Monte Carlo method used in this paper is applied to the components of the mine’s cost 

calculation that is presented in its EMP. In order to conduct the Monte Carlo analysis though, 

distributions need to be assigned to the variables in question – the quantities and master rates. In 

addition, this study aims to investigate the effect of escalation factors on the final cost of closure – 

escalation factors that are intended to be a more accurate representation of cost increases than 

merely using CPI. These rates need to be constructed using the base indices that have been 

described above. However, before this is discussed further, it is first necessary to discuss the 

components of the mine’s cost calculation in more detail and how it goes about this process.  

3.3.1 Determining the Cost of Closure 

Table 3.1 below shows the cost calculation table that is provided by mine A in its EMP. Mine A’s cost 

calculation table is specifically discussed here in order to provide a generic example of the cost 

calculation process. The quantum for financial provision tables of the six mines that were used in this 

analysis are given in appendix A. 
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Table 3.1 Closure Cost Calculation of Mine A 

 

Table 3.1 shows the typical cost calculation table that is presented in the EMP of a mining project. 

Using the rules-based approach that is provided by the DMR in its guideline document for the 

calculation of the closure-related financial provision the mine calculates the closure cost as follows: 

Step 1:  The mine is identified as an open-cast mine, an underground mine or a combination of both 

and, based on this, the components required to rehabilitate the mine are identified. 

Step 2: Quantities for each of the types of rehabilitation activities are estimated and based on the 

DMR’s guidelines, master rates are applied to these rehabilitation components. In addition, a 

multiplication factor is included, based on the risk class and the area sensitivity associated with the 

rehabilitation activity.  

Step 3: Weighting factors are applied. Weighting factor 1 is used to capture the nature of the terrain 

of the mine site. This factor is applicable because more rugged terrain makes rehabilitation more 

difficult and therefore more costly. A factor of 1 is applied if the terrain is flat, 1.1 if the terrain is 

undulating and 1.2 if it is rugged. Weighting factor 2 is used to capture the proximity of the mine site 

to urban areas. This factor is applicable because the further away a mine is from these areas the 

greater the cost to transport personnel and machinery to the site. A factor of 1 is applied if the site is 

Year 0

A B C D E = A*B*C*D

No Description Unit Quantity

Master 

Rate

Multiplication 

Factor

Weighting 

Factor 1 Amount (ZAR)

1

Dismantling of processing plant and related structures 

(including overland conveyors and powerlines) m
3

122000 6.82 1.00 1.10 R 915 244.00

2(A) Demolition of steel buildings and structures m
2

10000 95 1.00 1.10 R 1 045 000.00

2(B) Demolition of reinforced concrete building structures m2
14480 140 1.00 1.10 R 2 229 920.00

3 Rehabilitation of access roads m2
83200 17 1.00 1.10 R 1 555 840.00

5 Demolition of housing or administration facilities m
2

15000 190 1.00 1.10 R 3 135 000.00

6 Opencast rehabilitation including final voids and ramps ha 104 99600 1.00 1.10 R 11 394 240.00

8(A) Rehabilitation of overburden and spoils ha 234 66400 1.00 1.10 R 17 091 360.00

8(B)

Rehabilitation of processing waste deposits and evaporation 

ponds ha 4 240200 1.00 1.10 R 1 056 880.00

9 Rehabiltiation of subsided areas ha 3 55600 1.00 1.10 R 183 480.00

10 General surface rehabilitation ha 100 35000 1.00 1.10 R 3 850 000.00

12 Fencing ha 8600 60 1.00 1.10 R 567 600.00

13 Water management ha 4 20000 1.00 1.10 R 88 000.00

14 2 to 3 years maintenance and after care ha 1502 7000 1.00 1.10 R 11 565 400.00

15(A) Specialist study Sum 5% - - - R 100 000.00

15(B) Specialist study Sum 5% - - - R 855 090.50

Sum 1-15 R 55 633 054.50

R 55 633 054.50

Preliminary and general R 0.00

Contingency R 5 563 305.45

R 61 196 359.95

R 8 567 490.39

R 69 763 850.34Grand Total

Subtotal 1

0% of Subtotal 1

10% of Subtotal 1

Subtotal 2

VAT (14%)

Weighting Factor 2 1
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in an urban area, a factor of 1.05 if it is peri-urban1 and 1.1 if the site is remote2. Weighting factor 2 

is applied to the preliminary and general items only. 

Step 4: The costs of specialist studies required to rehabilitate the mine are estimated and included in 

the cost calculation. 

Once all these steps have been completed, the costs of immediate closure and final closure can be 

estimated. Subtotal 1 is the cost of final closure whilst the grand total is the cost of immediate 

closure as it includes additional costs that the mine will need to include to account for this 

immediacy.  

The process describe above is an example of the closure cost calculation performed by a mine. 

However, in order to investigate the effect of risk using a Monte Carlo analysis it is necessary to 

estimate a series of distributions and escalation factors that can be applied to the items listed in the 

table. This discussion involves a mine that is used in this study but the discussion of the actual 

process is intended to be a generic example and it remains a general discussion of the methodology 

used to generate the results presented in chapter 4.  

3.3.2 Constructing the Escalation Factors 

One of the major issues surrounding the financial provision made for mine closures is the issue of 

escalating costs. The DMR specifies that costs should be escalated at the rate of CPI but this is very 

often ignored. In addition, it is unlikely that CPI, an index constructed from a weighted basket 

average, will be an accurate estimate of the individual rehabilitation cost escalations likely to occur. 

As a result, this paper builds on the construction of escalation factors proposed by Du Plessis (2005) 

by constructing updated, accurate escalation factors for each of the rehabilitation components. This 

process is outlined below. 

As discussed already, several indices were collected using the data provided by StatsSA. Following 

Du Plessis (2005), the indices used to construct the escalation factors are: 

 CPI for metropolitan areas – Running costs – Petrol 

 PPI for materials used in certain industries –Civil engineering 

 PPI for all commodities for consumption in SA – Manufacturing – Transport equipment – 

Motor vehicles, parts and accessories 

 PPI for materials used in certain industries – Civil Engineering Plant 

                                                           
1
 Less than 150km from a developed urban area 

2
 Greater than 150km from a developed urban area 
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 PPI for materials used in certain industries – Building and Construction 

 SEIFSA index of actual labour cost – All hourly paid employees  

 Wholesale price of diesel – Coast 

Time series for these indices were constructed for a period of 15 years, from January 1997 to 

December 2010. The year 1997 was used as a starting point for the time series as no data for CPI was 

available before this period. The data was transformed by calculating annual percentage changes for 

each of the indices. This eliminated any problems that may have arisen due to indices using different 

base years. As mentioned though, data collection for the SEIFSA index was problematic with only 

2009 through to 2011 values collected. As a result, in the case of this index a mean value was used 

throughout. The time series for these indices, along with the described transformations, are 

presented in appendix B. After compiling annual percentage changes, triangular probability 

distributions were calculated for each of the indices using Crystal Ball. The mean values for the 

distributions of each of the indices are listed in table 3.2 below. 

Table 3.2: Indices used to construct escalation factors and their mean values 

 

As Du Plessis (2005) notes, because of the variation across these indices, it is important to use a 

probability distribution of values rather than just a single value. Using these distributions allows the 

calculation of the financial provision to incorporate the impact of fluctuations in values – a very real 

world phenomenon.  

Having a probability distribution for each of the indices listed above is necessary to construct a 

model that can accurately incorporate the effects of risk. However, in order to construct an 

escalation factor for each of the rehabilitation items it is necessary to establish how each of these 

indices contributes to the respective items. As a result, the effect of each of the indices listed above 

is broken down for each of the rehabilitation items. Determining the contribution of the respective 

indices to each rehabilitation item is based on the same weightings employed by Du Plessis (2005). 

Once the individual contributions of the indices to the rehabilitation items can be established, it is 

then possible to construct an escalation factor for each rehabilitation item. This escalation factor is 

No Index

Mean 

Value

1 CPI - Metro - Transport Running Costs 9.80%

2 PPI - Materials Used in Certain Industries - Civil Engineering 7.68%

3 PPI - Commodities for Cons in SA - Manuf - Transport Equipment 7.65%

4 PPI - Selected Materials - Civil Engineering Plant 7.04%

5 SEIFSA Index of labour costs 8.29%

6 PPI - Building and Construction Materials 7.78%

7 Wholesale Price of Diesel: Coast 11.61%
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therefore effectively a rate that captures the cumulative effects of each of the indices. The results of 

this process are summarised in table 3.3 below.  

Table 3.3: Escalation Factors and the Percentage Contribution of the Respective Indices 

 

3.3.3 Probability Distributions and Scenario Analysis 

In order to conduct a Monte Carlo analysis of the data it is necessary to assign probability 

distributions to the variables that are expected to vary – the quantities, master rates and escalation 

factors. Following the methodology of Du Plessis (2005), triangular probability distributions are 

assigned to the master rates and quantities provided in the quantum for financial provision table. In 

addition, this study also assigns triangular probability distributions to the escalation factors. It is 

possible to estimate triangular probability distributions for these variables because of the fact that 

the Monte Carlo simulation performed runs 5000 independent trials of these samples. This results in 

a final distribution of costs that are normally distributed.  

3.3.3.1 Scenario Analysis 

An important distinction that this paper makes is to incorporate several scenarios into the Monte 

Carlo simulations. In this respect three scenarios are considered in order to investigate the effect of 

greater uncertainty (captured by different probability distributions) on the effects of closure cost 

estimates. The three scenarios that were used in this analysis can be described as low uncertainty, 

moderate uncertainty and high uncertainty environments. Before continuing, it is important to 

realise that the master rates and quantities are allowed to fluctuate but that this is not in lieu of 

escalating these figures. The quantities are allowed to fluctuate for project-specific reasons such as 

unexpected increases in the size of ore bodies or potential improvements in technology (Du Plessis, 

No Description 1 2 3 4 5 6 7

1 Dismantling of processing plant and related structures 10 0 10 0 70 0 10 8.71%

2(A) Demolition of steel buildings and structures 10 10 10 20 30 0 20 8.73%

2(B) Demolition of reinforced concrete buildings and structures 10 10 10 20 30 0 20 8.73%

3 Rehabilitation of access roads 15 10 10 20 15 0 30 9.14%

5 Demolition of housing and facilities 10 10 10 20 30 0 20 8.73%

6 Opencast rehabilitation including final voids and ramps 0 10 10 20 20 10 30 8.86%

8(A) Rehabilitation of overburden and spoils 0 10 10 20 20 10 30 8.86%

8(B) Rehabilitation of processing waste deposits and evaporation ponds 0 10 10 30 20 0 30 8.79%

10 General surface rehabilitation 0 10 10 20 20 10 30 8.86%

11 River diversions 0 10 10 20 20 10 30 8.86%

12 Fencing 0 0 10 0 60 30 0 8.07%

13 Water management 0 20 10 20 20 10 20 8.47%

14 2 to 3 years of maintenance and aftercare 0 0 10 10 50 10 10 7.55%

15(A) Specialist study 0 90 0 0 10 0 0 7.74%

Escalation

Indices

Percentage Contribution
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2005: 32). This is also true for the master rates where they are allowed to fluctuate for project-

specific reasons such as having to use an independent contractor to perform some of the work. The 

fluctuations in the master rates in particular are a separate issue from the need to escalate the rates 

which is captured by using the escalation factors that have been discussed already. Furthermore 

whilst the probability distributions assigned to the quantities and rates differ for the three scenarios, 

the probability distributions for the escalation factors remains constant throughout.  

Scenario One 

This scenario represents an environment of very little uncertainty. In order to capture this, the rates 

and quantities used in the rehabilitation cost calculation are only allowed to increase or decrease by 

5%. This gives a triangular probability distribution for the quantities and rates like that shown in 

figure 3.1 below for general surface rehabilitation of mine A. The purpose of constructing a scenario 

like this is to investigate the effects on closure costs when there is very little fluctuation in rates and 

quantities and mines effectively have almost perfect foresight about what the rates and quantities 

are likely to be in the future.  

Figure 3.1: Probability distributions used for scenario one 
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Scenario Two 

This scenario uses the same probability distributions that were used by Du Plessis (2005), to 

replicate an environment of moderate uncertainty. Du Plessis (2005) makes the assumption that the 

probability of work increasing is greater than the probability of work decreasing and therefore 

assumes that quantities can increase by 20% or decrease by 5%. These assumptions are used in this 

scenario and allow triangular probability distributions to be constructed for each of the quantities 

provided in the financial provision table.  The same assumptions made by Du Plessis (2005) regarding 

the distribution of master rates are also made here. It is assumed that the rates can increase by 20% 

or decrease by 10%. According to Du Plessis (2005) this is a conservative assumption and is based on 

the precedent of budgeted rates generally being lower than the actual rates used in rehabilitating 

the site. However, whilst these are conservative estimates, the larger probability distributions of 

both quantities and rates in this scenario capture the effect of greater uncertainty about the actual 

quantities and rates that may prevail.  

Figure 3.2: Probability distributions used for scenario two 
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Scenario Three 

This scenario is based on the variability of rates that appears to be possible based on the submitted 

rates of several contractors for rehabilitation work. The rates submitted by these contractors were 

broken down for very specific types of rehabilitation work such as rehabilitation of access roads, 

removal of fencing etc and as such the rates submitted by these contractors can be directly 

compared with one another. The variability in these rates is shown in figure 3.3 below.   

Figure 3.3: Contractors’ cost estimates for rehabilitation work 

 

Figure 3.3 indicates that there is potentially even more variation in rates than that used in scenario 

two. The large degree of variation depicted here can be attributed, to an extent, to the nature of the 

tender process and the fact that some companies are likely to underestimate their costs in order to 

submit attractive bids. However, what is quite surprising is the great deal of variability on the upside. 

The fact that one contractor’s estimated cost of rehabilitation was more than double the mean cost 
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gives an indication of the variability in rates. However, these rates were submitted as tenders by 15 

different contractors. In reality there is likely to be less variation in the cost of actual rehabilitation 

work. As a result, the distribution of master rates is more conservative than figure 3.3 might suggest 

but the distribution is still larger than scenario two’s which indicates a greater level of uncertainty 

about the master rates. The distribution of the master rates is still assumed to be positively skewed 

and as a result the master rates in scenario three are allowed to increase by 60% or decrease by 

20%. The probability distributions assigned to the quantities remain the same as those used in 

scenario two. The two types of triangular distributions that scenario three uses are shown in figure 

3.4 below. The purpose of scenario three therefore is to keep the quantity distributions constant but 

investigate the effect that greater variability in master rates has on the final distribution of closure 

costs.  

Figure 3.4: Probability distributions used for scenario three 
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3.3.3.2 Escalation Factors 

The escalation factors that have been constructed are also allowed to vary in order to account for 

unanticipated fluctuations from year to year. The rationale for constructing an average escalation 

factor is that only one escalation rate needs to be applied to each rehabilitation item to calculate its 

future value rather than having to use a rate that changes yearly. However, it is still likely that the 

actual rate of escalation will deviate from the mean escalation rate from year to year and therefore 

a probability distribution is assigned to these escalation factors. Missing data points and the fact that 

the time series of the indices differed in length made fitting distributions to the escalation factors 

difficult. As a result, triangular probability distributions were assigned to the escalation factors with 

a probability of increase or decrease being 50% in order to capture the fluctuations that were 

evident in the time series values of the indices. The type of triangular distribution used for the 

escalation factors is shown in figure 3.5 below.  

Figure 3.5: Probability distributions used for escalation factors 

 

3.3.4. Preparing the Data for the Monte Carlo Simulation 

Once distributions for the master rates and quantities of the rehabilitation items have been 

estimated and escalation factors for each of these items have been constructed it is possible to 

apply the Monte Carlo simulation to each of the mines’ rehabilitation cost estimates for each of the 

three scenarios discussed above.  

Oracle’s Crystal Ball software was used to perform the Monte Carlo analysis as it runs in Excel and 

therefore allows the analysis to be conducted directly from the spreadsheet. When assessing the 

mine’s rehabilitation cost calculation this means that the distributions can be directly assigned to the 

quantities and the master rates in the financial provision table. All that remains is to include the 
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escalation factors in the calculation of the totals for each of the rehabilitation items and assign their 

probability distributions in the same manner. The escalation factors are used to calculate the total 

cumulative cost of rehabilitation using the following simple compounding formula: 

Fv = Pv(1+ r)t 

Here Pv represents the present value of the cost estimated for the rehabilitation item after the 

quantities, rates and weighting factors have been taken into account. Fv represents the future value 

of the rehabilitation cost, t the number of years until closure and r the escalation factor for that 

item. Figure 3.7 shows the same cost calculation table that was used earlier to describe how the 

rehabilitation cost is calculated but with the inclusion of escalation factors. The cells highlighted in 

green in figure 3.7 indicate that triangular probability distributions, of the order discussed above, 

have been assigned to their values.  

These escalated costs are then compared with the DMR escalated totals. The DMR specifies that 

escalation should be at the rate of inflation and as a result a figure of 6% was used to inflate the 

mines cost of final closure (Subtotal 1). 

Figure 3.7: Mine A’s closure cost calculation with escalation factors and probability distributions 

included 

 

 

Year 0 Year 29

A B C D E = A*B*C*D E = A*B*C*D

No Description Unit Quantity

Master 

Rate

Multiplication 

Factor

Weighting 

Factor 1 Amount (ZAR) Escalation Amount (ZAR)

1

Dismantling of processing plant and related structures 

(including overland conveyors and powerlines) m3
122000 6.82 1.00 1.10 R 915 244.00 8.71% R 10 306 975.21

2(A) Demolition of steel buildings and structures m2
10000 95 1.00 1.10 R 1 045 000.00 8.73% R 11 835 267.13

2(B) Demolition of reinforced concrete building structures m2
14480 140 1.00 1.10 R 2 229 920.00 8.73% R 25 255 214.24

3 Rehabilitation of access roads m2
83200 17 1.00 1.10 R 1 555 840.00 9.14% R 19 637 255.92

5 Demolition of housing or administration facilities m2
15000 190 1.00 1.10 R 3 135 000.00 8.73% R 35 505 801.39

6 Opencast rehabilitation including final voids and ramps ha 104 99600 1.00 1.10 R 11 394 240.00 8.86% R 133 619 126.95

8(A) Rehabilitation of overburden and spoils ha 234 66400 1.00 1.10 R 17 091 360.00 8.86% R 200 428 690.42

8(B)

Rehabilitation of processing waste deposits and evaporation 

ponds ha 4 240200 1.00 1.10 R 1 056 880.00 8.79% R 12 151 220.79

9 Rehabiltiation of subsided areas ha 3 55600 1.00 1.10 R 183 480.00 8.86% R 2 151 651.84

10 General surface rehabilitation ha 100 35000 1.00 1.10 R 3 850 000.00 8.86% R 45 148 569.69

12 Fencing ha 8600 60 1.00 1.10 R 567 600.00 8.07% R 5 395 024.27

13 Water management ha 4 20000 1.00 1.10 R 88 000.00 8.47% R 929 300.05

14 2 to 3 years maintenance and after care ha 1502 7000 1.00 1.10 R 11 565 400.00 7.55% R 95 553 962.74

15(A) Specialist study Sum 5% - - - R 100 000.00 7.74% R 869 153.25

15(B) Specialist study Sum 5% - - - R 855 090.50 7.74% R 7 432 046.85

Sum 1-15 R 55 633 054.50 R 606 219 260.75

R 55 633 054.50 R 606 219 260.75

Preliminary and general R 0.00 R 0.00

Contingency R 5 563 305.45 R 60 621 926.07

R 61 196 359.95 R 666 841 186.82

R 8 567 490.39 R 93 357 766.15

R 69 763 850.34 R 760 198 952.97Grand Total

Subtotal 1

0% of Subtotal 1

10% of Subtotal 1

Subtotal 2

VAT (14%)

Weighting Factor 2 1
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Once distributions for the quantities and rates have been assigned and the escalation factors have 

been used to calculate the escalated cost of closure it is possible to run the Monte Carlo analysis for 

each of the six mines and for each of the three scenarios.  

The Monte Carlo model is run using 5000 trials – a number large enough to create a significant 

normal distribution. The model is run by selecting a “Forecast” cell in the table – the item that will be 

investigated. These cells are highlighted in blue above. The analysis is first run on the estimated cost 

of final closure (Subtotal 1), then again on the estimated cost of immediate closure (Grand total) and 

finally on the escalated total. In this way, three sets of Crystal Ball output are generated for each 

mine in each scenario. In the case of the escalated total, the escalated subtotal was used as this 

represents the cost of final closure performed by the mine. 

Once the analysis has been run, a normal distribution of cost estimates is generated, along with 

several descriptive statistics. It is then possible to compare the distributions for immediate closure, 

final closure and escalated closure and in doing so estimate the likelihood of the estimated cost 

being the actual cost at the end of the life of the mine. These results are presented in detail in 

chapter 4.   

3.3.5 Constructing Risk Coverage Profiles 

Performing the Monte Carlo analysis described above for each of the mines in each of the scenarios 

provides a distribution of costs for these different permutations. Using these distributions, it is then 

possible to evaluate what levels of closure costs are needed to cover certain areas of the 

distribution. Following the method used by Du Plessis (2005), a series of risk levels can be outlined 

and the closure costs necessary to cover these levels of risk can be determined. The levels of risk 

that are looked at for each of the mines in each of the scenarios correspond with a certain level of 

coverage. The levels of coverage that are considered are 25%, 50%, 75% and 100% respectively with 

25% being the highest amount of risk and 100% being the lowest amount of risk. Using the Crystal 

Ball output, it is possible to determine what the closure cost estimate would need to be for, say, 

mine A to cover 50% of the risk in scenario two. This type of analysis is performed for all six mines in 

the three different scenarios using the four risk levels described. While fairly easy to generate, these 

results are important because they give an indication of the financial set-asides that will be 

necessary for mines to provide adequate financial provision in different scenarios and for different 

levels of risk. Furthermore, the ease of generating these results depends on the underlying Monte 

Carlo simulations being correctly specified using the methodology described above.  In the case of 

the escalated totals, rather than using the base case that was generated by the Monte Carlo 

simulations, the escalated totals of the DMR-generated totals are used as a point of reference. This 
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is done to compare the effect of escalating at the rate of inflation with the escalation that occurs 

using the escalation factors described earlier.  

3.4 Conclusion 

This chapter has focused in detail on the methodology used to conduct a Monte Carlo analysis for 

each of the mines for the three different scenarios. Care has been taken to present the methodology 

in its entirety so that these results can be easily replicated should the need arise. The description of 

the process outlined above has been generic in nature and in practice it was applied to each of the 

six mines in turn, for each of the three scenarios. The results generated using the methodology 

described here are presented in the next chapter. 
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Chapter 4: Results and Discussion 

4.1 Introduction 

This chapter discusses the results of the Monte Carlo simulations that were performed using the 

methodology described in the previous chapter. In addition, risk coverage profiles for each of the 

mines are presented and discussed along with the costs necessary for different levels of coverage in 

the three scenarios. 

Several points need to be raised though before the results are discussed in more detail. Firstly, the 

Monte Carlo simulation is run simultaneously for both the subtotals and the grand totals. This means 

the distribution of costs is identical for both the subtotal and the grand total - only the size of the 

costs in these two distributions differ. Secondly, the results for the escalated totals differ 

significantly from the results for the subtotals and grand totals because of the inclusion of escalation 

factors which introduce an additional element of uncertainty into the cost calculation process as well 

as a compounding effect that becomes more pronounced over time.  

The purpose of performing Monte Carlo simulations on all three sets of rehabilitation costs is to 

provide an indication of the possible outcomes for these six different mines in terms of immediate 

closure, final closure and the escalated cost of closure. This type of cost schedule could be used by a 

mine to determine what kind of cost fluctuations may be possible in different scenarios. A mine 

could hypothetically use this schedule to estimate, with greater certainty, the level of financial 

provision that will be needed at closure. 

4.2 Monte Carlo Simulations 

Tables 4.1, 4.2 and 4.3 present the results of the Monte Carlo simulations that were run for each of 

the six mines in the three different scenarios. Before discussing each of the scenarios in detail, some 

of the terminology that is used should be discussed. When discussing the likelihood of closure costs 

this refers to the probability of accuracy of the current closure cost that has been estimated by the 

mine. Therefore to say, for example, that the likelihood of mine A’s subtotal in scenario 1 is 50.68% 

means that there is a 50.68% probability that mine A’s current financial provision will be adequate 

should there actually be the same type of variability in quantities and rates as assumed in scenario 1. 

This would correspond to point b in figure 4.1. The financial provision made by the mine would 

therefore be adequate to provide for any level of closure cost to the left of point b. If considering 

mine E in scenario two, for example, the probability that the estimated cost of final closure was 

correct was 3.32%. This would be reflected as point a in figure 4.1. 
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Figure 4.1: Determining the probability of accuracy of closure costs using the normal distribution 

curve 

 

4.2.1 Scenario One 

Likelihoods of original estimates 

Scenario one presents an environment of least uncertainty and therefore there is very little 

variability in quantities and rates – as indicated by the probability that rates could increase or 

decrease was only five percent. This type of scenario means that the closure costs estimated by the 

six mines are more likely to be accurate at the end of the life of the mine. The results confirm this 

with the subtotals and grand totals of all of the mines analysed having likelihoods of around 50%. 

More specifically, the mine with the lowest probability, mine B, had a likelihood of 49.28% while the 

mine with the highest probability, mine D, had a likelihood of 51.44%. Therefore in a low uncertainty 

environment there is about a 50% probability that the closure costs estimated by these mines will be 

correct at the end of the life of the mine. It follows therefore that if the mine makes financial 

provision using this calculation, and that this financial provision is available at the time of closure, 

there is about a 50% chance, on average, that the financial provision that is made by the mine now 

will be adequate at closure. 

Given the very low variability assigned to these simulations, it is quite surprising that even in a low 

risk environment the likelihood of financial provision being adequate is only around 50%. A five 

percent variation in quantities and rates is not unfeasible and the variation in quantities and rates is 

likely to be larger in reality. However, once the other scenarios are analysed it becomes apparent 

how large an effect uncertainty has on the accuracy of the closure cost calculations.  
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Descriptive statistics 

The standard deviation of the non-escalated totals of the mines is not particularly important here 

but becomes more so in the next two scenarios when comparing how higher levels of uncertainty 

affect the distribution of closure costs. Scenario one’s results therefore act as a benchmark for 

comparison purposes.  

Escalated totals 

Table 4.1’s results indicate that, for the escalated totals, even in an environment of low uncertainty 

the effect of escalation drastically reduces the accuracy of the original closure cost estimates. Four 

of the six mines had probabilities of 0% whilst the mine that fared best in scenario one, mine C, only 

had a likelihood of 2.37%. The significance of these results cannot be understated. Essentially, if the 

cost of the rehabilitation work that needs to be performed by the mine escalates by around 8% or 

9% rather than the current rate of 6% then four of the six mines have absolutely no likelihood of 

their original closure cost calculations being correct at time of closure. Since the financial provision 

made by the mine is based on this estimate, it is highly unlikely that these mines will be able to 

adequately fund the cost of the rehabilitation needed at the time of closure 

The life span of each mine is an important consideration when looking at the escalated totals. The 

importance becomes apparent when considering the minimum and maximum values of the 

escalated totals of each of the mines. The lengths of operation of the six mines, shown in the 

rehabilitation tables in appendix A, indicate that mines with greater life spans are subject to greater 

variation in costs when escalation is applied. This is evident from table 4.1 where mine A, with a life 

of 29 years, has a minimum of R336 494 956 whilst its maximum is R1 237 478 297. Mine A’s 

escalated standard deviation is R139 417 511, compared to a standard deviation of only R885 630 

without escalation. The important point is that this large variation takes place even when there is 

little variability in quantities and rates – this is essentially a compounding effect that arises because 

the escalation factors used are, on average, much higher than the inflation rate of 6% that was used 

according to the DMR method. Mine B, with a life of mine of only 1.5 years, is less affected with a 

minimum of R578 670 and a maximum of R641 655. Mine B’s standard deviation is R4 259 490 with 

escalation and R627 997 without escalation. This indicates that the compounding effect becomes 

more pronounced over time, as would be expected. The implication therefore is that mines with 

longer life spans will find it increasingly difficult to estimate their closure costs with any degree of 

certainty. 
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4.2.2 Scenario Two 

Likelihoods of original estimates 

Scenario two presents the level of uncertainty described by Du Plessis (2005) and refined in Brent 

and Du Plessis (2006) where the quantities of different types of rehabilitation work can vary 

downwards by 5% or upwards by 20% and master rates can vary downwards by 10% or upwards by 

20%. The results of the simulations for this scenario are shown in table 4.2 below. The simulations 

run using this scenario provided similar results to those generated by Du Plessis (2005) with 

likelihoods of less than 4% for the subtotals and grand totals of the six mines. The escalated totals of 

the six mines, however, have much lower probabilities. What is noticeable from these results is that 

they vary significantly from one mine to the next. The Monte Carlo simulation run on mine F 

generated a likelihood of 0.66% whilst mine E generated a much higher probability of 3.32%. This 

indicates the importance of using the results of several mines when drawing conclusions. The Monte 

Carlo simulation is by nature random and as a result no two simulations run on the same costs will 

generate identical results. However, running the simulations on different mines with different costs 

provides an indication of some of the variation in results that is present. What is clear from the 

results of scenario two is that even a relatively small change in the distribution of quantities and 

master rates affects the accuracy of closure cost estimations. 

Descriptive statistics 

The standard deviations of the subtotals and grand totals of the six mines all increased significantly 

in comparison to scenario one, indicating the effect of greater uncertainty on the distributions. The 

standard deviation of mine C’s grand total, for example, increased from R13 279 to R32 430 whilst 

the standard deviation of mine E’s grand total increased from R59 674 to R166 441. These increases 

were consistent with the other mines too. The result is that the minimum and maximum values for 

each distribution are greater than in the previous scenario. The important statistic to focus on here 

is the maximum value as values lower than the original cost estimates can be adequately funded. 

Critically, values higher than the original closure costs estimates are potential outcomes that will 

lead to a funding shortfall at closure and therefore should be treated with caution. Table 4.2 shows 

the maximum values of the six mines are all significantly higher which indicates that there is a 

greater risk of inadequate financial provision at closure than was the case in scenario one.  
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Escalated totals 

Similarly to scenario one, the escalated totals of each of the mines in scenario two had a much larger 

effect on the original closure cost estimates made by the mines. In this scenario the probability of 

accuracy of the original estimates of five of the six mines fell to zero whilst the probability of mine 

C’s original estimate being accurate at closure was only 0.15%. These results indicate that escalating 

the costs using higher escalation factors shows the compounding effect that occurs when the 

original cost estimates are only inflated at the DMR-specified rate of 6%. This compounding effect is 

also shown in the much larger standard deviations of the escalated totals of the mines. Mine A, for 

example, had a standard deviation of only R2 638 065 for immediate closure but a standard 

deviation of R158 267 947 for the escalated total. Although not as extreme, the standard deviation 

of the other mines also tended to be significantly higher for the escalated totals. The exception was 

mine C whose standard deviation did not differ significantly. The standard deviation of mine C’s 

escalated total was actually lower than the standard deviation of its grand total – a fact that shows 

the significance of duration when escalating as mine C only had a life of mine of 1.5 years. Whilst the 

effect of escalation is noticeable here, it becomes even more so later when looking at the increase in 

the original cost estimates that is necessary to provide coverage against different levels of risk. 
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Table 4.1: Summary results of the Monte Carlo analysis for scenario one 

 

Subtotal 1 Grand Total Escalated Total Subtotal 1 Grand Total Escalated Total Subtotal 1 Grand Total Escalated Total

DMR Method R 55 633 054.50 R 69 763 850.34 R 301 441 469.29 R 29 947 603.40 R 41 651 126.81 R 47 731 930.02 R 608 008.80 R 762 443.04 R 663 542.38

Mode Results

Mean R 55 625 959.97 R 69 754 953.80 R 670 751 172.21 R 29 950 825.78 R 41 655 608.49 R 59 563 431.94 R 608 051.51 R 762 496.60 R 690 142.61

Minimum R 53 292 554.19 R 66 828 862.96 R 336 494 955.82 R 28 428 581.93 R 39 538 471.74 R 45 358 024.81 R 578 669.76 R 725 651.88 R 640 691.65

Maximum R 58 076 110.84 R 72 827 442.99 R 1 237 478 296.80 R 31 500 568.65 R 43 810 990.88 R 74 509 803.75 R 641 665.22 R 804 648.18 R 751 515.63

Standard Deviation R 706 243.74 R 885 629.65 R 139 417 511.33 R 451 536.52 R 627 996.99 R 4 259 490.31 R 8 975.51 R 11 255.29 R 13 278.85

Probability 50.68% 50.68% 0% 49.28% 49.28% 0.13% 50.05% 50.05% 2.37%

Subtotal 1 Grand Total Escalated Total Subtotal 1 Grand Total Escalated Total Subtotal 1 Grand Total Escalated Total

DMR Method R 4 982 151.94 R 6 963 254.84 R 7 940 793.28 R 2 904 422.00 R 4 370 574.23 R 4 119 978.12 R 2 669 074.17R 3 837 661.57 R 6 396 591.57

Mode Results

Mean R 4 980 193.33 R 6 960 517.40 R 9 878 959.66 R 2 904 406.19 R 4 370 550.43 R 4 857 012.61 R 2 669 377.63R 3 838 097.90 R 9 499 371.96

Minimum R 4 778 001.56 R 6 677 926.11 R 8 018 891.86 R 2 774 199.14 R 4 174 614.87 R 4 121 423.28 R 2 568 689.13R 3 693 325.45 R 6 732 681.33

Maximum R 5 196 197.35 R 7 262 413.27 R 11 742 903.92 R 3 044 989.81 R 4 582 100.67 R 5 598 450.39 R 2 771 569.49R 3 985 031.90 R 13 113 765.49

Standard Deviation R 63 007.06 R 88 061.19 R 589 128.07 R 39 655.53 R 59 673.64 R 242 259.18 R 32 294.77 R 46 434.23 R 1 008 097.14

Probability 51.44% 51.44% 0% 49.55% 49.55% 0% 49.70% 49.70% 0%

Scenario 1 

Mine D Mine E Mine F

Mine A Mine B Mine C
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Table 4.2: Summary results of the Monte Carlo analysis for scenario two 

 

 

Subtotal 1 Grand Total Escalated Total Subtotal 1 Grand Total Escalated Total Subtotal 1 Grand Total Escalated Total

DMR Method R 55 633 054.50 R 69 763 850.34 R 301 441 469.29 R 29 947 603.40 R 41 651 126.81 R 47 731 930.02 R 608 008.80 R 762 443.04 R 663 542.38

Mode Results

Mean R 60 296 948.86 R 75 612 373.87 R 728 515 855.65 R 35 677 084.19 R 49 619 688.69 R 69 910 182.05 R 659 944.14 R 827 569.95 R 748 801.74

Minimum R 54 295 150.27 R 68 086 118.44 R 366 253 764.76 R 28 061 075.56 R 39 027 343.89 R 47 472 859.52 R 579 603.99 R 726 823.40 R 651 715.08

Maximum R 69 057 288.37 R 86 597 839.61 R 1 433 861 060.76 R 46 535 387.36 R 64 721 416.74 R 98 086 325.28 R 787 571.20 R 987 614.28 R 876 706.54

Standard Deviation R 2 103 720.19 R 2 638 065.12 R 158 267 946.57 R 2 965 009.38 R 4 123 735.05 R 7 590 554.36 R 26 776.49 R 33 577.72 R 32 430.46

Probability 0.82% 0.82% 0% 1.56% 1.56% 0.02% 1.77% 1.77% 0.15%

Subtotal 1 Grand Total Escalated Total Subtotal 1 Grand Total Escalated Total Subtotal 1 Grand Total Escalated Total

DMR Method R 4 982 151.94 R 6 963 254.84 R 7 940 793.28 R 2 904 422.00 R 4 370 574.23 R 4 119 978.12 R 2 669 074.17R 3 837 661.57 R 6 396 591.57

Mode Results

Mean R 5 401 126.40 R 7 548 830.31 R 10 715 039.24 R 3 094 178.76 R 4 656 120.20 R 5 268 290.84 R 2 895 382.97R 4 163 054.02 R 10 341 816.63

Minimum R 4 775 514.05 R 6 674 449.45 R 8 359 052.37 R 2 790 511.18 R 4 199 161.23 R 4 304 066.57 R 2 571 435.99R 3 697 274.96 R 7 041 056.82

Maximum R 6 147 779.65 R 8 592 382.76 R 13 702 916.23 R 3 485 573.19 R 5 245 090.54 R 6 507 207.24 R 3 248 349.69R 4 670 558.39 R 14 747 769.23

Standard Deviation R 189 608.02 R 265 003.76 R 728 385.04 R 110 606.41 R 166 440.53 R 321 921.35 R 97 339.85 R 139 957.67 R 1 147 863.27

Probability 1% 1% 0% 3.32% 3.32% 0% 0.66% 0.66% 0%

Mine D Mine E Mine F

Scenario 2

Mine A Mine B Mine C

I I 
I I 
I I 
I I 



U
ni
ve

rs
ity

 o
f C

ap
e 

Tow
n

52 
 

Table 4.3: Summary results of the Monte Carlo analysis for scenario three 

 

Subtotal 1 Grand Total Escalated Total Subtotal 1 Grand Total Escalated Total Subtotal 1 Grand Total Escalated Total

DMR Method R 55 633 054.50 R 69 763 850.34 R 301 441 469.29 R 29 947 603.40 R 41 651 126.81 R 47 731 930.02 R 608 008.80 R 762 443.04 R 663 542.38

Mode Results

Mean R 65 972 513.99 R 82 729 532.54 R 791 335 239.54 R 35 644 949.97 R 49 574 996.42 R 70 124 149.48 R 724 088.40 R 908 006.86 R 820 386.21

Minimum R 53 198 614.58 R 66 711 062.69 R 386 332 035.16 R 27 915 415.73 R 38 824 760.19 R 49 688 390.86 R 555 747.63 R 696 907.52 R 625 195.95

Maximum R 84 418 093.22 R 105 860 288.90 R 1 633 188 649.34 R 48 004 699.88 R 66 764 936.60 R 103 784 289.86 R 944 409.69 R 1 184 289.75 R 1 064 575.58

Standard Deviation R 4 585 915.60 R 5 750 738.17 R 178 718 143.29 R 2 842 856.56 R 3 953 844.91 R 7 662 030.28 R 59 053.70 R 74 053.34 R 66 934.14

Probability 0.49% 0.49% 0% 1.04% 1.04% 0% 1.07% 1.07% 0.18%

Subtotal 1 Grand Total Escalated Total Subtotal 1 Grand Total Escalated Total Subtotal 1 Grand Total Escalated Total

DMR Method R 4 982 151.94 R 6 963 254.84 R 7 940 793.28 R 2 904 422.00 R 4 370 574.23 R 4 119 978.12 R 2 669 074.17R 3 837 661.57 R 6 396 591.57

Mode Results

Mean R 5 925 197.29 R 8 281 292.73 R 11 760 135.60 R 3 402 653.06 R 5 120 312.32 R 5 789 272.11 R 3 041 824.59R 4 373 611.45 R 10 827 250.74

Minimum R 4 764 003.75 R 6 658 362.20 R 8 858 102.17 R 2 726 622.69 R 4 103 021.82 R 4 336 940.75 R 2 243 134.41R 3 225 234.74 R 6 738 145.10

Maximum R 7 379 443.25 R 10 313 805.06 R 16 329 375.64 R 4 312 869.95 R 6 490 006.71 R 7 649 433.13 R 3 888 827.34R 5 591 453.17 R 17 672 179.14

Standard Deviation R 408 823.62 R 571 388.24 R 1 085 468.70 R 251 902.55 R 379 062.96 R 520 530.77 R 241 807.01 R 347 676.17 R 1 456 387.71

Probability 0.46% 0.46% 0% 0.99% 0.99% 0% 5.48% 5.48% 0%

Mine D Mine E Mine F

Scenario 3

Mine A Mine B Mine C

I I 
I I 
I I 
I I 
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4.2.3 Scenario Three 

Likelihoods of original estimates 

This scenario represents the most uncertainty of the three scenarios. However, despite the larger 

variability in quantities and rates in scenario three, the results were less severe than might have 

been concluded given scenarios one and two. Despite the much larger upside variability in scenario 

three, the likelihoods of five of the mines remained around 1% with mine F being the noticeable 

exception. Despite the larger variability of scenario three, mine F’s likelihood increased compared to 

scenario two from 0.66% to 5.48%. However, this cannot be viewed in isolation as the standard 

deviation indicates. It is important to note that the distribution used for the master rates in scenario 

three was still heavily skewed upwards despite rates being allowed to fluctuate downwards by 20%.  

On the whole this should reduce the accuracy of the original closure cost estimates. However, since 

the Monte Carlo analysis is run by generating random samples it is possible that one of the 

distributions generated could be more concentrated about the mean which would improve the 

accuracy of the original estimate, as was the case with mine F. Again, this shows why it is necessary 

to consider several mines when drawing conclusions about the results as there may well be one or 

two results that appear to be ‘anomalies’.  

Descriptive statistics 

As noted, mine F appeared to be an exception when considering the likelihood of its original closure 

cost estimate. However, the standard deviation of mine F, as well as the other mines, increased 

substantially compared to scenarios one and two. The obvious exception was mine B whose 

standard deviations for both subtotal 1 and the grand total decreased compared to scenario two. 

This aside, the increase in standard deviation of the other mines was notable with mine D’s grand 

total standard deviation, for example, increasing from R 88 061 in scenario one to R265 004 in 

scenario two to R571 388 in scenario three. The significant increase in the standard deviation of five 

of the six mines in scenario three indicated that increasing the further variation in master rates has 

increased the potential for inadequate financial provision at closure. Again, the maximum values of 

the six mines are particularly important and table 4.3 indicates that the maximum values of the 

mines have increased substantially, increasing the possibility of inadequate financial provision at 

closure. 
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Escalated totals 

As expected, the likelihoods of the escalated totals for five of the six mines were 0% with only mine 

C faring better with a likelihood of 0.18%. This was slightly higher than the likelihood of mine C’s 

escalated total in scenario two but this can be attributed to the fact that, although the distribution 

of master rates was larger and more positively skewed than in scenario two, the escalation factors 

are allowed to vary upwards or downwards by 50% which means that some of the Monte Carlo 

results can actually be more evenly distributed. The minimum and maximum values of some of the 

mines reiterate this point. Despite the much larger variation in scenario three, mine A’s minimum 

remained roughly the same as scenario one whilst its maximum only increased from R1 237 478 297 

to R1 633 188 649. However, the increase in mine C’s standard deviation is noticeable and this 

shows the effect of the increased variation in master rates as well as the effect of the variable 

escalation factors. The standard deviation of the escalated total of mine C was R32 430 while it more 

than doubled to R66 932 in scenario three. The standard deviations of the other mines indicate that 

the standard deviation of the escalated totals was generally significantly higher in scenario three. 

Once again the results show that the higher escalation factors significantly affect the original closure 

cost estimates, effectively rendering them insignificant. 

What is important to note from the results of these three scenarios therefore is that the subtotals 

and grand totals give a better indication of the effect of varying quantities and rates on financial 

provision. The effect of escalation should then be considered as a separate issue in order to establish 

how varying all three variables affects the distribution of costs. Inspecting the results of these three 

scenarios gives an indication of the possible shortfall in financial provision that may take place 

should mines continue to make financial provision using their current closure cost estimates. The 

following section provides a potential solution to the shortfall predicted here by showing how mines 

can increase their original closure cost estimates to provide greater levels of coverage against the 

risk of fluctuating rehabilitation costs.  

4.3 Risk Coverage Profiles 

Tables 4.4, 4.5 and 4.6 summarise the risk coverage profiles for the mines in the three scenarios. 

When discussing risk coverage this refers to the distribution of possible closure costs and how much 

of this potential cost will be accounted for by the financial provision made by the mine. The risk is 

that the actual closure cost at the time of closure will be greater than the financial provision made 

by the mine. This means that, for example, determining what level of financial provision will be 

needed to cover 50% of the risk will involve determining what level of financial provision is greater 
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than 50% of the possible costs in the distribution. This is reflected as point b in figure 4.2 below. The 

level of provision that is needed, the value of b, will differ in size according to the different 

distributions of the six mines. Similarly, points a, c and d represent the amount of financial provision 

needed to cover 25%, 75% and 100% of the risk respectively3. This means that greater levels of risk 

coverage will require greater levels of financial provision. Crucial too, is the fact that the shape of the 

distribution will affect the level of financial provision needed for different levels of risk coverage.  

Figure 4.2: Determining different levels of risk using the normal distribution curve 

 

The results presented in tables 4.4, 4.5 and 4.6 are the actual closure cost figures for the different 

levels of coverage. However, because of the large differences in the size of operations of the six 

mines the results need to be adjusted in order to make comparison of the mines possible. Therefore 

additional tables are constructed for each of the scenarios that show the percentage changes in 

rehabilitation cost for each of the mines. This percentage change refers to the change in closure 

costs required (this may be interpreted as the financial provision needed) for different levels of 

coverage based on the mine’s original closure cost estimate. A figure of 20% for the 50% level of 

coverage, for example, would mean that the mine needs to increase its original closure cost estimate 

by 20% to have 50% coverage. These points are marked appropriately in tables 4.7, 4.8 and 4.9. 

 

 

                                                           
3
 Note 100% is actually 99.99% due to the continuous nature of the distribution. It is rounded up to 100% for 

simplicity’s sake 
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4.3.1 Scenario One 

The low uncertainty environment of scenario one means that there is less risk involved in estimating 

rehabilitation costs. This is reflected in the fact that most of the original closure cost estimates in 

scenario one fall within the 50% probability range. This means that when there is very little 

variability in quantities and rates the original closure cost estimates made by mines are likely to 

provide a moderate level of coverage against risk – that risk being the potential change of costs over 

time. The results shown in table 4.5 are consistent with the summary results of scenario one that 

were presented in table 4.1 earlier. Table 4.1 indicated that the six mines’ original closure cost 

estimates all had probabilities around 50%. This result is reiterated here by the fact that the original 

estimates of three of the mines are sufficient to cover 50% of the risk whilst the other three mines’ 

estimates fell just below this level. 

Given the results of scenario one, the important question is how much risk should be covered? 

Clearly a cost estimate that fell in the 25% region or less is risky and should not to be considered by 

many mining operations as it is very likely that the financial provision will be inadequate at closure. 

On the other hand, mines would ideally want to be completely covered for any changes in rates that 

may take place but the question is at what cost? In an environment of low uncertainty, the 

distribution of costs is concentrated around the mean and therefore there is a much smaller 

difference between the cost estimate that covers 50% of the risk versus the cost estimate that 

covers 75% or even 100% of the risk. The results of table 4.5 verify this. In order to cover 50% of the 

risk, mine A’s cost estimate, for example, needs to be R55 619 288 (which is lower than its original 

estimate). In order to increase its coverage to 75% of the risk the mine needs to increase its original 

estimate by R 488 464 to R56 107 752. In order to provide 100% coverage, mine A will need to 

increase its original estimate by R2 430 110 to R58 063 165. This is a fairly small amount to be fully 

covered against changes in closure costs that might occur and it reflects the low uncertainty 

environment of scenario one. These types of results are consistent with the other five mines shown 

in table 4.5. 

In order to compare the results of different mines, table 4.4 is used since it reflects the percentage 

changes required for each of the mines. The top figure for each mine for the different levels of 

coverage is the percentage increase needed in the case of immediate closure and final closure whilst 

the bottom figure refers to the percentage increase needed for the escalated total of each mine.  
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Table 4.4: Percentage increase in rehabilitation costs required for different levels of risk coverage 

in scenario one 

 

The results shown in table 4.4 reiterate the comments made earlier. All six of the mines can increase 

their level of coverage to a level of 75%, thereby reducing their exposure to the risk of increasing 

closure costs, by increasing their original closure cost estimates by around 1%. Furthermore, mines 

can fully cover themselves against any variation in costs for a 5% increase in their original estimates. 

Clearly, in a scenario of low variation like this all six of the mines can eliminate their exposure for a 

very marginal increase in costs. The implication is that in a low uncertainty environment without 

escalation, assuming the closure cost estimates made by mines are adequate, most mines should be 

able to make adequate financial provision at closure. 

However, this is not the case when looking at the escalated totals. Table 4.4 indicates that the 

differences in the life spans of the six mines affect the distribution of closure costs. This point was 

noted earlier. Mine A has the longest time until closure and therefore needs to increase its original 

cost estimate by 151.41% to cover itself against 75% of the risk whilst mine C only needs to increase 

its costs by 5.4% to cover itself against 75% of the risk. The escalated total results vary significantly 

here because of the differences in the life spans of the different mining operations. Mine B, D and E 

are more similar in length but mines A and C are certainly both extremes. In fact, the results of table 

4.4 and that of the other scenarios indicate that, for the escalated totals, mines with longer life 

spans will need to make increasingly higher financial provision estimates in order to provide the 

same level of coverage.  

 

A B C D E F

0% 0% 0% 0% 0% 0%

88.62% 18.37% 2.65% 19.14% 13.75% 37.17%

0% 0.03% 0% 0% 0.01% 0.01%

117.38% 24.61% 4.00% 24.25% 17.77% 47.65%

0.85% 1.05% 1.00% 0.78% 0.91% 0.84%

151.41% 30.92% 5.40% 29.38% 21.97% 59.27%

4.37% 5.17% 5.48% 4.22% 4.58% 3.81%

308.40% 54.89% 12.72% 47.48% 35.87% 103.83%

MineLevel of 

Coverage

25%

50%

75%

100%
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Table 4.5: Scenario one risk profiles and their costs 

 

Subtotal 1 Grand Total Escalated Total Subtotal 1 Grand Total Escalated Total Subtotal 1 Grand Total Escalated Total

25% R 55 140 251.08 R 69 145 874.86 R 568 584 039.17 R 29 642 631.37 R 41 226 971.71 R 56 498 912.28 R 601 777.51 R 754 629.00 R 681 132.24

50% R 55 619 287.54 R 69 746 586.58 R 655 278 260.82 R 29 957 288.48 R 41 664 596.82 R 59 478 591.51 R 607 991.44 R 762 421.27 R 690 111.34

75% R 56 107 752.17 R 70 359 121.22 R 757 863 981.90 R 30 261 874.56 R 42 088 215.13 R 62 492 068.59 R 614 112.79 R 770 097.44 R 699 374.43

100% R 58 063 165.20 R 72 811 209.16 R 1 231 089 165.81 R 31 495 260.51 R 43 803 608.32 R 73 931 956.65 R 641 336.06 R 804 235.42 R 747 932.46

Subtotal 1 Grand Total Escalated Total Subtotal 1 Grand Total Escalated Total Subtotal 1 Grand Total Escalated Total

25% R 4 939 289.63 R 6 903 348.76 R 9 460 324.46 R 2 877 028.75 R 4 329 352.87 R 4 686 608.68 R 2 646 898.06 R 3 805 776.21 R 8 774 094.35

50% R 4 979 708.11 R 6 959 839.24 R 9 866 584.86 R 2 904 772.41 R 4 371 101.53 R 4 852 187.79 R 2 669 229.01 R 3 837 884.19 R 9 444 504.50

75% R 5 020 806.35 R 7 017 279.78 R 10 273 709.72 R 2 930 981.10 R 4 410 540.37 R 5 025 276.06 R 2 691 403.21 R 3 869 766.82 R 10 187 665.08

100% R 5 192 366.43 R 7 257 059.02 R 11 710 898.17 R 3 037 478.85 R 4 570 798.18 R 5 597 668.55 R 2 770 748.52 R 3 983 851.49 R 13 037 966.73

Mine E Mine F

Scenario 1

Mine A Mine B Mine C

Mine D
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Table 4.6: Scenario two risk profiles and their costs 

 

Subtotal 1 Grand Total Escalated Total Subtotal 1 Grand Total Escalated Total Subtotal 1 Grand Total Escalated Total

25% R 58 835 654.50 R 73 779 910.74 R 613 532 043.93 R 33 544 535.23 R 46 653 739.60 R 64 454 280.29 R 641 190.79 R 804 053.25 R 726 102.55

50% R 60 270 207.94 R 75 578 840.76 R 708 902 249.82 R 35 511 214.25 R 49 388 996.78 R 69 436 119.67 R 658 300.85 R 825 509.27 R 747 230.72

75% R 61 670 918.41 R 77 335 331.68 R 825 488 134.97 R 37 647 107.64 R 52 359 597.30 R 74 810 506.10 R 677 730.73 R 849 874.34 R 770 497.50

100% R 68 534 080.41 R 85 941 736.84 R 1 429 762 513.47 R 46 448 998.99 R 64 601 267.79 R 98 032 825.30 R 774 077.00 R 970 692.56 R 873 799.66

Subtotal 1 Grand Total Escalated Total Subtotal 1 Grand Total Escalated Total Subtotal 1 Grand Total Escalated Total

25% R 5 267 360.61 R 7 361 873.89 R 10 205 473.64 R 3 015 185.90 R 4 537 251.73 R 5 041 711.03 R 2 828 195.03 R 4 066 449.53 R 9 515 590.62

50% R 5 397 305.63 R 7 543 490.24 R 10 679 412.84 R 3 088 100.63 R 4 646 973.82 R 5 257 301.41 R 2 893 161.23 R 4 159 859.54 R 10 283 267.31

75% R 5 526 190.11 R 7 723 624.35 R 11 197 190.67 R 3 167 850.63 R 4 766 981.63 R 5 483 840.94 R 2 959 183.04 R 4 254 787.36 R 11 112 282.99

100% R 6 122 810.22 R 8 557 484.48 R 13 570 286.12 R 3 484 083.99 R 5 242 849.59 R 6 486 892.68 R 3 247 019.39 R 4 668 645.66 R 14 707 302.11

Mine D Mine E Mine F

Scenario 2

Mine A Mine B Mine C
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Table 4.7: Scenario three risk profiles and their costs 

 

Subtotal 1 Grand Total Escalated Total Subtotal 1 Grand Total Escalated Total Subtotal 1 Grand Total Escalated Total

25% R 62 697 931.60 R 78 623 206.22 R 661 127 496.43 R 33 611 809.87 R 46 747 305.17 R 64 727 505.60 R 680 966.89 R 853 932.49 R 772 214.53

50% R 65 754 046.87 R 82 455 574.77 R 766 752 033.14 R 35 477 991.67 R 49 342 790.82 R 69 654 276.76 R 720 705.85 R 903 765.13 R 817 636.27

75% R 69 004 856.73 R 86 532 090.34 R 897 405 928.85 R 37 456 470.76 R 52 094 459.53 R 75 123 378.72 R 762 211.36 R 955 813.04 R 863 477.86

100% R 84 020 835.30 R 105 362 127.47R 1 629 604 860.76 R 47 179 430.28 R 65 617 151.63 R 103 517 104.04 R 939 383.18 R 1 177 986.51 R 1 056 471.19

Subtotal 1 Grand Total Escalated Total Subtotal 1 Grand Total Escalated Total Subtotal 1 Grand Total Escalated Total

25% R 5 635 110.82 R 7 875 856.28 R 11 018 414.67 R 3 216 841.19 R 4 840 702.63 R 5 414 372.74 R 2 872 717.59 R 4 130 465.17 R 9 785 365.17

50% R 5 899 441.74 R 8 245 295.75 R 11 677 203.71 R 3 389 155.25 R 5 100 000.82 R 5 754 412.24 R 3 031 896.28 R 4 359 336.27 R 10 718 917.29

75% R 6 200 525.87 R 8 666 102.98 R 12 420 890.82 R 3 571 655.90 R 5 374 627.79 R 6 137 230.94 R 3 209 433.79 R 4 614 604.14 R 11 747 712.95

100% R 7 310 047.24 R 10 216 814.42 R 16 297 280.23 R 4 270 243.68 R 6 425 862.69 R 7 636 990.56 R 3 854 045.49 R 5 541 442.95 R 17 648 253.65

Mine D Mine E Mine F

Scenario 3

Mine A Mine B Mine C
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4.3.2 Scenario Two 

Scenario two reflects the same assumptions used by Du Plessis (2005) where the quantities and 

rates are now skewed towards the higher side. This skewed type of distribution is reflected in the 

probability distributions of mines A to F, given in appendix C. The fact that the probability 

distributions are now skewed towards the right should have a significant impact on the risk profiles 

of the mines as the majority of potential closure costs will be greater than the original closure cost 

estimate made by each mine. As shown in table 4.6, the original closure cost estimates made by the 

six mines are now below the 25% level of risk – a fact that was reflected by the low probabilities of 

accuracy of the original closure cost estimates in table 4.2. 

In order to provide a moderate level of risk coverage (say 50%) mine D, for example, would need to 

increase its rehabilitation cost estimate from R4 982 152 to R5 397 306, an increase of R415 154. 

Effectively, it would cost mine D almost half a million rand just to ensure that it has covered 50% of 

the risk when it is faced with the level of uncertainty assumed in scenario two. When a mine with 

much larger rehabilitation costs, such as mine A is considered, the figure is obviously much larger. In 

order to provide 50% coverage in scenario two, mine A would need to increase its original closure 

cost estimate by R4 637 153.  

Again, while table 4.6 provides an important indication of the closure costs associated with each 

mine for scenario two, it is necessary to construct a table of percentage increases for comparison 

purposes.  

Table 4.8: Percentage increase in rehabilitation costs required for different levels of risk coverage 

in scenario two 

 

A B C D E F

5.76% 12.01% 5.46% 5.72% 3.81% 5.96%

103.53% 35.03% 9.43% 28.52% 22.37% 48.76%

8.34% 18.58% 8.27% 8.33% 6.32% 8.40%

135.17% 45.47% 12.61% 34.49% 27.61% 60.76%

10.85% 25.71% 11.47% 10.92% 9.07% 10.87%

173.85% 56.73% 16.12% 41.01% 33.10% 73.72%

23.19% 55.10% 27.31% 22.89% 19.96% 21.65%

374.31% 105.38% 31.69% 70.89% 57.45% 129.92%

25%

50%

75%

100%

MineLevel of 

Coverage



U
ni
ve

rs
ity

 o
f C

ap
e 

Tow
n

62 
 

As shown by table 4.8, comparison of the results for scenario two indicates that for a roughly 10% 

increase in their rehabilitation cost estimates, five of the six mines can eliminate most of the risk 

involved by covering themselves against 75% of the variation in costs. However, in order to fully 

cover themselves against any fluctuations in costs and eliminate risk altogether they would need to 

increase their costs by 20% or more. In this type of scenario it may be too costly for a mine to fully 

cover itself against risk and a 75% level of coverage may seem more appropriate.  

In this case mine B appears to have a more skewed distribution than the other mines and this is 

reflected in its much higher percentage increases for each level of risk cover. Once again, this shows  

why examining several mines provides a better indication of the trends associated with uncertainty 

than simply looking at one mine in isolation. It is also important to reiterate that the effect of these 

increases ultimately depends on the level of risk aversion of the respective mines but it seems 

reasonable to conclude that, in this type of scenario, most mines would be content to take a 

relatively high level of cover of 75% by increasing their costs by around 10% on average.  

As was noted in scenario one, the escalated totals do not show the same consistency in results, 

mainly because of the different life spans of the mines. Mine A requires a 374% increase in its 

original closure cost estimate to fully cover itself in this scenario. Even for a moderate, 50% level of 

coverage it needs to increase its original estimate by 135%. Therefore, a mine like mine A is highly 

unlikely to make adequate financial provision at closure in this scenario if it does so using its current 

closure cost estimate. 

The compounding effect is less pronounced for other mines but relatively speaking may still be 

significant. Mines B, D and E require a more than 30% increase in their original closure cost 

estimates to cover against 75% of the risk in this scenario. Once again, these are selected results and 

the purpose of the tables like those discussed above is to provide an indication of what sort of 

closure costs may actually prevail and allow mines to plan accordingly.  

4.3.3 Scenario Three 

Scenario three presents an environment with the greatest uncertainty. The master rates are allowed 

to vary upwards by 60% or downwards by 20% and the effect of this is that the probability 

distributions of the cost estimates are far more skewed to the upper extreme. These probability 

distributions are shown in appendix C. These more skewed distributions should have an effect on the 

risk profiles of each of the mines as the higher upper bounds of the distribution will mean that 

greater increases in the original cost estimates will be necessary to provide the same levels of 

coverage against risk. 
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Table 4.9: Percentage increase in rehabilitation costs required for different levels of risk coverage 

in scenario three 

 

The results in table 4.6 showed of the affect of greater uncertainty on the likelihood of the original 

closure cost estimates with most of the probabilities falling to around 1% or less. The significance of 

this uncertainty is shown again in table 4.9. To account for even a moderate level of risk, mines 

facing the type of uncertainty in scenario three will need to increase their original cost estimates by 

almost 20%. A mine with much larger rehabilitation costs, such as mine A, would need to increase its 

original cost estimates by R10 120 992 just to ensure that 50% of the possible variation in costs has 

been covered.  

In order for mines in this type of scenario to cover all of the risk, mines would need to increase their 

original cost estimates by 44% or more. Considering that almost all of the mines that have been 

reviewed in this paper have rehabilitation costs in excess of R2 million, this would mean that to be 

fully covered against risk most mines would need to increase their rehabilitation estimates in excess 

of almost R1 000 000, with even the smallest operation reviewed needing to increase its costs by 

more than R300 000. Generally, the rest of the results for scenario three are more symmetrical for 

the six mines than the other scenarios. In this scenario, mines typically need to increase their original 

cost estimates by around 17 or 18% to cover themselves against 50% of the variation in costs – a 

moderate level of coverage. In order to provide 75% coverage, mines A to F would need to increase 

their original cost estimates by 20 to 25%. These results indicate that increasing the upside variation 

in master rates, in particular, has affected the distribution of closure cost estimates, skewing them 

upwards. 

 

A B C D E F

12.70% 12.24% 12.00% 13.11% 10.76% 7.63%

119.32% 35.61% 16.38% 38.76% 31.42% 52.98%

18.19% 18.47% 18.54% 18.41% 16.69% 13.59%

154.36% 45.93% 23.22% 47.05% 39.67% 67.57%

24.04% 25.07% 25.36% 24.45% 22.97% 20.25%

197.70% 57.39% 30.13% 56.42% 48.96% 83.66%

51.03% 57.54% 54.50% 46.72% 47.03% 44.40%

440.60% 116.87% 59.22% 105.23% 85.36% 175.90%

25%

50%

75%

100%

MineLevel of 

Coverage
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The effect of compounding is again apparent in the results of the escalated totals. Mine A now needs 

to increase its original estimate by 400% to be completely protected in this type of environment 

whilst even mine C, with a short life span, needs to increase its costs by more than 50% to be fully 

covered. These results are fairly predictable as the greater variability of scenario three has slightly 

increased the cost estimates that are necessary to obtain the different levels of coverage. However, 

what has become apparent in general is that the effect of compounding is a significant factor and 

one that needs to be considered in addition to the issues of variability in quantities and rates. Even if 

the escalation factors were allowed to remain constant in these scenarios, the effect of escalating at 

rates that are 50% higher than inflation has significant effects on the distribution of closure cost 

estimates particularly, as shown by mine A, for mines with longer life spans. 

4.4 Conclusion 

The results discussed in this chapter have shown how uncertainty about the rehabilitation costs of 

mines and the escalation rates used to increase these costs over time can affect the accuracy of the 

closure cost estimates made by mines. Since the financial provision that is made for closure is based 

on these cost estimates, the adequacy of this financial provision made by mines becomes 

questionable.  

The results of the Monte Carlo simulations have raised several important points. The shape of the 

probability distributions had a significant effect on both the accuracy of the original closure costs 

estimates and the increase in cost that would be necessary for each mine to improve its cover 

against risk. It is therefore important to establish whether quantities and rates are more likely to 

increase or decrease. As discussed in the previous chapter, either may be possible. The quantity of 

rehabilitation work may turn out to have been overestimated or underestimated at the time of 

closure. Similarly, factors such as improvements in technology may bring down the costs of 

rehabilitation work whilst other factors could also potentially increase the costs of performing 

rehabilitation. As noted though, the concerning factor is the potential for rehabilitation costs to 

fluctuate upwards as this marginalises the financial provision made by the mine using its original 

estimate. Even mines whose closure costs can account for around 50% of the risk will still find that 

their financial provision is inadequate should costs fluctuate any more than anticipated. Mines 

therefore need to acknowledge this potential threat and plan accordingly. 

The Monte Carlo results also indicated that the rehabilitation cost estimates are highly sensitive to 

any variation in quantities and rates. Even with very little variability, mines still face an increased 

likelihood of their financial provision being inadequate at closure. Mines therefore need to be aware 
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that there is a strong possibility that their financial provision will not be adequate to cover their 

rehabilitation costs at closure even with the best planning in place. They therefore need to not only 

improve their rehabilitation cost estimates but they also need to investigate potential ways of 

funding a shortfall should there be one at closure. This is discussed in more detail in the next 

chapter.  

The results also indicate the potential threat that escalating costs pose. The fact that rehabilitation 

costs may escalate at a rate above inflation means that the escalated totals that mines calculated 

using inflation will be inadequate at the time of closure even if there is no variation in quantities, 

rates or escalation factors. This is simply due to the effect of compounding and, as shown in the 

results, becomes particularly severe for mines with longer life spans. If variation in the escalation 

factors is considered as well as variation in quantities and rates, the effect of escalation over time 

becomes even more severe. The results verify this point. Both mines and policy makers need to 

acknowledge that escalating at the rate of inflation is an oversimplification and it is highly probable, 

particularly in the long term, that continuing this trend will almost guarantee that a mine’s financial 

provision is inadequate at the time of closure.  

In addition to the points raised above, the results also show how mines can increase their original 

closure cost estimates to eliminate some of the risk that fluctuating closure costs pose. The results 

show that even with very little variability in quantities and rates mines still need to increase their 

original cost estimates to gain even a 50% level of cover. This indicates that the current financial 

provision made by mines will not be adequate at closure if there is any variation in quantities, rates 

or escalation. Since even in an extreme case there is likely to be some variation this indicates that 

most mines will not be able to provide adequate financial provision at closure. Mines need to 

acknowledge that their current cost estimates are inadequate and adjust their estimates 

accordingly, perhaps using a system similar to the one discussed here.  

In conclusion, the purpose of discussing the results in this chapter is to highlight the inadequacy of 

the current closure cost estimates made by mines. Since the financial provision that is used to fund 

mine closure is based on this estimate it follows that the current levels of financial provision that are 

made by mines are generally inadequate. Discussing the risk coverage of the mines showed how 

much mines need to increase their current cost estimates to improve the accuracy of their estimates 

and therefore the adequacy of the financial provision they have made by the time of closure. This 

chapter has therefore focused on the accuracy of closure cost estimates and how the accuracy of 

these estimates can be improved. Attention now turns to how mines make financial provision for 

closure based on this estimate. The following chapter discusses the issues regarding how financial 
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provision is made and discusses some of the recommendations for improving the current system of 

doing so. 
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Chapter 5: General Discussion and Recommendations 

5.1 Introduction 

This chapter uses the conclusions drawn in the previous chapter and the large body of literature that 

was discussed in chapter two to discuss a more realistic, policy analysis approach for mine closure – 

particularly the manner in which mines make financial provision for closure. Additionally, several 

factors are discussed that are important to both the mine closure process and, in particular, their 

ability to make adequate financial provision for closure. In addition, several recommendations are 

made and these recommendations are discussed with regard to how they can be implemented into 

current practice in order to improve the ability of mines to adequately provide for closure. 

Whilst much of the methodology used to generate the Monte Carlo results was hypothetical in 

nature, this was necessary because of the extreme difficulty in not only gaining access to information 

regarding the rehabilitation costs of mines but also in the ability to objectively assess whether mines 

have made adequate financial provision for closure. The fact that only a handful of closure 

certificates have been awarded since the introduction of the MPRDA as well as the fact that most of 

the mines that were used in this study will only close in more than a decade’s time means that the 

true extent of the accuracy of a mine’s closure cost estimate will only be realised several years down 

the line. This made it necessary to hypothesise what may happen to rates and costs in the interim.  

This chapter focuses on the problems that inadequate financial provision creates as well as some of 

the recommendations that can be made to address inadequate provision. This chapter presents a 

more policy-focused approach to making financial provision for closure with the results of the 

previous chapter firmly in mind. The issues and recommendations discussed in this chapter are 

drawn from the findings of this research as well as the research of several other publications, 

particularly the work by van Zyl et al. (Forthcoming). As a result, this chapter is intended not only as 

a means of contextualising the results of chapter four but also as a synopsis of the findings of several 

other important pieces of research and as a result the discussion and findings outlined here should 

be viewed as a comprehensive discussion of the issues and recommendations concerning mine 

closure policy.  
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5.2 General Discussion 

5.2.1 Inconsistent and Unavailable EMPs 

One of the major problems facing research in this field is the unavailability of EMPs. The current 

system dictates that copies of the EMPs of mines are only kept at the regional DMR offices in the 

area where the mine is located. This presents a major problem when trying to access data as each 

regional office of the DMR is to a large degree autonomous from other regional offices, particularly 

in terms of providing access to information. This practice is compounded by the fact that there is no 

online access to these regional DMR offices and furthermore, the EMPs are not kept in an electronic 

format that can be easily accessed remotely. This means that someone attempting to access the 

EMP of a platinum mine in Rustenburg for example would either have to try and correspond with 

the Rustenburg DMR office or be forced to physically travel to Rustenburg to access the EMPs.  

In addition to the problematic manner in which the DMR keeps records of EMPs is the difficulty in 

gaining access to the EMPs from the mines themselves. One of the mining companies used in this 

research was very cooperative and provided EMPs for two of its mines with very little effort. 

However, this was the exception to the rule and, for the large part, accessing the EMPs of the mines 

that were studied depended on having to access the documents from an environmental 

management company’s website or by having the documents made available by interested parties.  

In addition to the issue of the availability of EMPs is the inconsistency of many of the EMPs 

submitted by mines. This is a point that is noted in particular by van Zyl et al. (Forthcoming) and is 

evident from the research conducted for this study. Several mines that were considered in this 

research either did not have any financial provision made in the EMP at all or they had blatant errors 

in the rehabilitation cost calculation. Van Zyl et al. (Forthcoming) found a degree of variability in the 

quality of EMPs with some EMPs not having any rehabilitation plans at all. This lack of information 

made it difficult to establish what sort of financial provision calculations had taken place. The 

authors refer to these types of EMPs as ‘black boxes’ because of their lack of information and 

transparency (Van Zyl et al., Forthcoming: 12). This research revealed that the EMPs of several 

profile mines could be regarded as ‘black boxes’. In fact whilst one set of EMPs did have 

rehabilitation plans, the blatant inaccuracy of the estimate was troubling. In addition, the EMPs of 

several coal-bed methane projects that were operated by the same company all had identical 

closure cost estimates. These closure cost estimates were identical to one another despite the fact 

that the projects were situated in different areas. It seems likely in a case like this that these closure 

cost estimates have just been put in the EMPs out of necessity and the fact that the rehabilitation 
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plans have not been tailored for each of the sites independently indicates how little attention has 

been given to the process. 

5.2.2 Outdated Master Rates 

One particular problem when estimating the financial provision needed for closure is the choice of 

the master rates that are used in the rehabilitation cost calculation. The DMR specifies that master 

rates should be updated on an annual basis by mines but as van Zyl et al. (Forthcoming) note, several 

EMPs appear to still be reporting 2005 master rates. This was also the case with several of the mines 

investigated in this study. 

The rehabilitation plans of the six mines used in this study indicate that only two mines explicitly 

escalated their closure costs at the rate of inflation. The other four mines simply used the 2005 DMR 

master rates to calculate their closure costs without considering the possibility of inflation. These 

rehabilitation plans are shown in appendix A. Furthermore, whilst there were discrepancies in the 

escalation of costs there were also discrepancies in terms of the master rates that the mines chose 

to use. Of particular interest is item 14, “2 to 3 years of maintenance and aftercare”. The DMR 

guidelines stipulate that a master rate of 7000 should be used for this item. However, two of the 

mines that were used in this study, mines C and D, instead used a master rate of 700 as is shown in 

the rehabilitation plans in appendix A. There is very clear evidence therefore that incorrect or out-

dated master rates are used to estimate closure costs.  

What is also important, particularly considering the results of chapter four, is that while some mines 

may be cooperating and escalating their master rates at the rate of inflation, this does not mean that 

their closure costs are necessarily accurate. The results of chapter four showed the effect that 

compounding at a higher than expected rate of escalation can have on the accuracy of the closure 

cost estimated by a mine. Even if a mine were to have perfect foresight and could, say, predict the 

rate of inflation for the life of the mine, the results of the Monte Carlo simulations have shown that 

if some of the master rates increase at different rates the final closure cost estimates have the 

potential to be understated. However, this is a difficult issue to address and an important first step is 

to ensure that the correct master rates are used by mines to calculate their financial provision for 

closure. More discussion of the improvements that can be made are provided in the next section.  

5.2.3 Choice of Financial Instruments 

Chapter 4 showed the effect of uncertainty on closure costs, particularly in terms of the much higher 

costs present when a mine needs to cover itself against risk in an environment with greater 
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uncertainty. This has important implications when it comes to the type of financial instruments that 

are used by a mine and how these instruments are used to generate the amount of financial 

provision needed for closure. Whilst cash deposits and insurance are also stipulated as acceptable 

forms of financial provision, the use of either trust funds or bank guarantees is more common and as 

such this section focuses exclusively on these two types of financial instrument.  

Several of the mines used in this study stated the use of bank guarantees for financial provision 

rather than the use of trust funds. While the MPRDA makes provision for using either of these 

financial instruments, van Zyl et al. (Forthcoming) note that it is typically trust funds that are used to 

fund the financial provision and bank guarantees are typically only used in the event of an 

unexpected shortfall. The fact that some mines are using bank guarantees to secure financial 

provision whilst others are using trust funds has important implications because of the fact that trust 

funds are a form of financial instrument controlled by the mining company whilst using bank 

guarantees relies on a third party, the bank, to provide funding. A further consideration, and one of 

importance, is premature closure. Mines that close prematurely will not yet have made adequate 

financial provision for closure should they have opted to use a trust fund to make provision4. 

However, in the case of premature closure a bank guarantee would be desirable as the mine would 

still be able to make adequate provision at closure due to the fact that the provision is financed by a 

third party. These instruments are discussed in further detail below.  

5.2.3.1 Bank Guarantees 

The cost involved for a mining company to use a bank guarantee is a major disadvantage for using 

this type of financial instrument. This cost occurs because bank guarantees are typically renewed 

annually and the fee for the bank guarantee is based on the guaranteed amount (Van Zyl et al., 

Forthcoming: 21). As a result, mines that claim to use bank guarantees for financial provision for 

closure avoid the cash flow issues that a trust fund presents but the fact that the guarantee requires 

a fee based on the size of the provision means that there is still an incentive to understate the size of 

the rehabilitation cost. Van Zyl et al. (Forthcoming) also identify the creditworthiness of the 

counterparty as well as the ability of the counterparty to on-sell some or all of its risk as issues that 

need to be considered. The other issue with a bank guarantee is that it relies on the closure cost 

estimate made by the mine. Given the high likelihood that the cost estimated by the mine will not be 

correct at closure, the bank guarantee will not be adequate if it is based on the mine’s original 

                                                           
4
 This is due to the fact that the mine will have discounted its closure cost over a longer period. Therefore the 

contributions made to the trust fund at the time of premature closure will not be adequate. 
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estimate. There will therefore be a larger than anticipated liability on the part of the bank at the 

time of the mine’s closure. 

These factors allude to the fact that best practice should typically dictate that mines use trust finds 

rather than bank guarantees to make financial provision for closure and that bank guarantees only 

be used in the event of an unexpected shortfall. However, this is the case for mines that close as 

planned. In the case of premature closure bank guarantees may be a more effective means of 

providing financial provision due to the inadequate size of the mine’s trust fund at that stage. 

5.2.3.2 Trust Funds 

As noted already, most mines make financial provision using trust funds. These are preferred to bank 

guarantees not only because of the reasons outlined above but because of the fact that they allow 

the mine to make financial provision on its own accord. While this may appear to be an advantage, it 

is also a reason for some mines to turn to bank guarantees for financial provision because of the 

smaller degree of responsibility required. Trust funds are the most desirable type of financial 

instrument from the point of view of regulators and society because they force the mine to assume 

responsibility for funding its rehabilitation at closure but this autonomy also presents challenges. 

One of these challenges is to ensure that a company trust fund remains liquid and accessible to the 

DMR in the event that the company goes insolvent. This is particularly important since there may be 

an incentive for the company to attempt to dissolve its assets in the event of insolvency. 

Furthermore, if a company realises that it may soon be bankrupt it may be tempted to reduce its 

trust fund contributions since this may only be established much later. These types of concerns point 

to a need for a possible revision of the accounting practices used by mining companies with regard 

to how they make financial provision. As a result, this problem may be more prevalent amongst 

smaller, single-operation mines as larger mining companies are accountable to their boards of 

directors and their shareholders as well as the fact that they have stricter regulations regarding 

corporate governance. A further important issue is that the trust fund is set up independently of 

other liabilities of the mining company so that debtors do not have a claim against the trust fund in 

the event of insolvency.  

In addition, there are several other issues that are worth addressing. Firstly, that greater clarity is 

needed regarding the legal process that will be followed in order to ensure access to funds intended 

for closure rehabilitation in the event of insolvency. Secondly, a need to ensure that the trustees 

who have been made responsible for the trusts funds become personally liable themselves if 

adequate provisions are not met. Thirdly, that there is currently not enough clarity regarding the 
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limitations on investments that may be made by trust funds (Van Zyl et al., Forthcoming: 23). Van Zyl 

et al. (Forthcoming) go on to discuss the legal issues regarding financial provisions made by trust 

funds in more detail but for the purposes of this research it is suffice to acknowledge that several 

legal reforms are necessary to improve the access to trust fund money as well as tighten the 

restrictions on how these trust funds are managed. Finally, the size of the trust fund at closure will 

only be adequate if the closure cost estimation is correct. As chapter four indicated, the accuracy of 

current closure cost estimates is questionable. This needs to be addressed by assessing the quantum 

for financial provision on a regular basis so that the size of the trust fund contributions increase as 

the rehabilitation costs of closure increase. 

5.2.4 Lack of Incentives for Concurrent Rehabilitation 

Van Zyl et al. (Forthcoming) argue that the current lack of concurrent rehabilitation can be 

considered a major reason for the large number of instances where rehabilitation at closure has 

been inadequate. The cause for concern about a lack of concurrent rehabilitation is that this affects 

the extent of the final rehabilitation work that needs to be performed. If mines adopt a responsible 

attitude to concurrent rehabilitation and do so over the life of the mine, the final rehabilitation 

needed when the mine closes can be drastically reduced.  

The fact that several EMPs make no distinction between concurrent and final rehabilitation is 

concerning because this makes it difficult to establish exactly how much concurrent rehabilitation 

has taken place. The fact that it is difficult to establish the full extent of rehabilitation work that will 

need to be performed at closure anyway as well as exactly what this rehabilitation work will cost 

means that many mines may well have much higher final rehabilitation costs because of the lack of 

concurrent rehabilitation. Whilst most of the mines used in this study did make mention of the need 

to perform rehabilitation concurrently with mining, they did so without providing more than general 

indications of how this concurrent rehabilitation would take place. This makes it incredibly difficult 

to assess whether the concurrent rehabilitation outlined in the EMP is adequate. In addition, no 

mention is made of the costs of this concurrent rehabilitation or how this concurrent rehabilitation 

can be monitored on a yearly basis.  

5.2.5 Inadequate financial provision  

The results of the Monte Carlo simulations indicated that it is unlikely the closure cost estimates 

made by mines now will be adequate at closure. This has important implications for the adequacy of 

the financial provision made by a mine as the provision is based on the estimated cost of 

rehabilitation at closure. If the closure cost estimate made now is not accurate then it follows that 
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the financial provision made by the mine won’t be accurate and therefore will likely be inadequate 

at closure.5 However, as mentioned, the Monte Carlo results are hypothetical. This is necessary 

because the actual closure costs that transpire will only be in several years’ time. As van Zyl et al. 

(Forthcoming) note, it is difficult to provide conclusive proof that a mine has not made adequate 

financial provision for closure. There is therefore an information asymmetry problem. 

The Monte Carlo results indicated that mines that are not inflating their master rates are clearly 

understating the level of financial provision needed. Secondly, even those mines that are following 

the appropriate procedure when making financial provision may well find this provision estimate 

inadequate several years down the line if the actual increase in costs is higher than inflation. These 

factors point to a need to not only improve the current monitoring capacity, but also the need to 

formulate a system of guidelines that take variation in both costs and escalation into account. 

Van Zyl et al. (Forthcoming) note several other important points that indicate many mines may not 

be making adequate financial provision. An area of concern may be the financial provision that is 

made by mines for water treatment. This is mainly because the costs associated with water 

treatment can be particularly high and that there is uncertainty over what type of rehabilitation may 

be necessary or adequate for this. They note that this can “…lead to mines effectively trying to 

downplay or even ignore acceptable risks,” (Van Zyl et al., Forthcoming: 14). This is particularly true 

in the case of AMD.  

The other issue the authors identify is the likelihood of many mines understating their financial 

provision. They note that many mines do not currently have adequate trust funds available to make 

financial provision if closure were to take place now but that they are thought to be in the process of 

doing so. They also note that understating the financial provision needed is beneficial to the mine 

because it reduces the closure liability of the mine. This can give “…non-compliant mines an unfair 

cost advantage over their competitors,” (van Zyl et al., Forthcoming: 14). A similar point is the 

potential tendency of mines to understate their financial provision because the mine may either be 

smaller in size or may have just started its mining operations and is unwilling to recognise such a 

large liability before any mining revenue has been generated.  

The tendency of mines to be non-compliant due to cost advantages may also result in a tragedy of 

the commons type problem where mines that were compliant realise the benefits of non-

compliance, as well as the fact that non-compliance is not adequately monitored, and they too 

                                                           
5
 There is the possibility that the closure cost estimate is exaggerated in which case the financial provision 

made by the mine at closure will be greater than the cost required to perform rehabilitation. However, this is 
unlikely. 
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become non-compliant. Some recommendations for improving the level of compliance by mines are 

made in the following section.  

5.2.6 Negative Externalities Associated with Pollution 

The effects of negative externalities in mining are significant and warrant discussion here. While the 

impacts of acid mine drainage (AMD) have been highlighted already it is useful to discuss AMD again 

as it is a prime example of how negative externalities can arise in mining. Understanding the effect 

of AMD is important because it contaminates the groundwater supply, which is not only crucial to 

mining operations (particularly gold and coal mining) but also to society. As Braune and Xu (2006) 

note, groundwater still has an unjustifiably low profile in South Africa. This is significant since almost 

two-thirds of the country’s population rely on groundwater for domestic water needs (Cobbing, 

2008: 458). Avoiding AMD in the future will require mines to be fully cooperative and compliant in 

addressing the rehabilitation that is necessary at closure. However, this could be threatened by the 

persistence of negative externalities such as groundwater pollution. 

The impact of AMD as an externality is noted by Pulles et al. (2005) in Hobbs et al. (2008) who argue 

that “…the interconnectedness of underground mine workings associated with different mining 

companies increases the liabilities associated with AMD, especially for those companies last in 

operation, since ‘the cumulative impact resulting from all the mines in a region could be imposed 

upon the last mine in the region to cease operations’” (Pulles et al., 2005 cited in Hobbs et al., 2008: 

422). This needs to be addressed as there is clearly an incentive for mines that close earlier to avoid 

addressing water pollution at closure since this externality can be passed on to those mines that 

terminate operations later. 

Externalities like these are problematic because they requires collective action from both mining 

companies and government to ensure that all mines address their own respective environmental 

damage, significant of which is groundwater pollution. As soon as several mines begin to shirk their 

responsibility, more will follow. Furthermore, this is difficult to regulate after the fact because the 

environmental damage caused by a mining operation may only manifest several years later. 

Therefore what is required is a concerted effort to increase the penalty of not performing adequate 

rehabilitation at closure and also to increase the incentives of conducting mine closures adequately. 

Central to this is addressing the current issues of transparency and accountability. The means of 

addressing these issues, as well as several others, is discussed in the next section. 
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5.3 Recommendations 

5.3.1 Updating the DMR Guidelines 

A major issue identified by this research and by van Zyl et al. (Forthcoming) as well as several 

stakeholders in the industry is the fact that the DMR guidelines on mine closure are out of date. It is 

crucial that these guidelines be updated to a standard that is adequate for current mine closure 

planning. Furthermore, the DMR guidelines then need to be updated on an annual basis so that 

mine closure planning can take place with the up to date figures.  

The DMR guidelines, in particular, are a problem because the master rates outlined in the guideline 

are out of date. This means that the responsibility currently lies with the mines as they need to 

update the master rates themselves, and in many cases this is clearly not being done. Updating the 

DMR guidelines annually would mean that, at the very least, mines have calculated the financial 

provision need for closure using rates that are current and have been deemed acceptable by the 

DMR. The results of chapter four have indicated that if the variability of the master rates is taken 

into account then it becomes increasingly difficult to determine the financial provision needed with 

any certainty. The current DMR system of updating master rates at the rate of inflation should be 

regarded as a compromise as the actual cost increases for rehabilitation work is likely to either be 

higher or lower than CPI. A significant improvement to the current system would be to address the 

escalation of each of the master rates and update each of the master rates individually. Whilst this 

system would mean that mines are forced to use rates that have been updated there is still the 

possibility of the actual master rates deviating from these guidelines. However, if the mater rates are 

updated annually by the DMR then the financial provision made by mines is more likely to be 

accurate on a year-to-year basis. This would be a significant improvement to the current system 

which creates too much ambiguity about what the actual master rates should be.  

5.3.2 Improving the DMR’s Monitoring and Implementation Capacity  

In addition to the difficulty in estimating the cost of closure is the fact that government is simply not 

equipped to adequately enforce adequate, accurate financial provision. As a result, the problem is 

two-fold. Not only is the current, DMR-based method likely to leave many mines without adequate 

financial provision at the time of closure, but there is also an opportunity for mines to shirk 

responsibility in the current regulatory environment as the DMR simply doesn’t have enough 

monitoring capacity. 
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The current issues facing the DMR’s monitoring and implementation capacity were assessed by 

Watkins (2009). Watkins found that there were severe capacity issues which limited the DMR’s 

ability to monitor mines adequately. Several areas for improvement were identified. Firstly, record-

keeping needs to be improved and there needs to be more cooperative governance between the 

DMR and other government departments. There is obviously a need to increase the number of DMR 

staff responsible for monitoring compliance and a need to improve the qualifications of these staff 

to an acceptable standard. However, there is also a general lack of awareness about the true extent 

of the level of monitoring that is required and this needs to be addressed by increasing public 

participation as well as the participation of stakeholders and mining companies in the monitoring 

and implementation process. Watkins goes on to argue that the current system could be improved 

by employing qualified compliance officers, in a manner similar to that currently used by the DEAT.  

However, this is a difficult area to address overnight and it will take some time before the 

compliance and implementation capacity of the DMR can be increased to the levels that are 

currently needed. The logistical difficulties involved in improving this capacity mean that this is likely 

to be an issue that can only be rectified in the medium to long term. It is therefore important that 

the other issues that have been discussed are addressed in the meantime. Doing so will greatly 

improve the ability of mines to finance the rehabilitation work needed at closure. 

5.3.3 Independent Review Mechanism 

In its 2005 guideline document, the DMR makes provision for commissioning an independent 

review, if required, in the event that there is a dispute between the DMR and the mining company 

over the quantum of financial provision. The question is should the independent review mechanism 

be used on a regular basis or as a last resort in the event of settling disputes over the quantum? Van 

Zyl et al. (Forthcoming) argue that there would be greater confidence in the financial provision 

calculations performed by mining companies if an independent review mechanism was applied more 

regularly and in different contexts. The authors also argue that in the case where an independent 

review reveals that a mine is clearly under-stating the size of its financial provision then there should 

be an option of fining the mine by forcing it to pay for the cost of the review as well as ensuring that 

the mines’ financial provision estimate is increased to an adequate level (Van Zyl et al., Forthcoming: 

18). This ‘policing’ type of scheme could be an important means of ensuring compliance when it 

comes to financial provision estimates made by mines. However, greater regulation will be costly 

and before this type of ‘policing’ system can be put into practice, policy makers need to identify 

whether the benefits of a regular independent review outweigh the higher costs of doing so. 
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5.3.4 Improvement of the SAMREC Code 

Van Zyl et al. (Forthcoming) also identified the need to enhance the SAMREC code. This is not an 

issue that was specifically identified in this research but including this recommendation is important 

because of the potential for improving its scope. Van Zyl et al. (Forthcoming) argue that although the 

SAMREC code is not particularly detailed in terms of financial provision, there is scope for expanding 

the manner in which environmental liabilities can be recognised and quantified. The ability to better 

quantify environmental liabilities has the potential to drastically improve the accuracy of 

rehabilitation cost estimates and if these estimates can be improved then the financial provision 

needed to finance these rehabilitation costs will follow suit.  

5.4.5 Improving the Access and Transparency of Closure-related Documents 

The unavailability of EMPs was identified as a major issue hampering the assessment of the 

rehabilitation plans of mines. A large part of the blame for this lies with the DMR. Ideally all mines 

should make their closure documents available to interested parties but there needs to be an 

acceptable alternative when this isn’t possible. That alternative should be the DMR and, in 

particular, its regional offices. A major issue is that the DMR cannot currently provide this 

documentation. This is largely due to a disorganised regional office network where regional offices 

operate autonomously to one another in terms of access to information. A major improvement 

needs to be made to the current system of accessing closure-related documentation and this 

improvement needs to take the form of a coordinated, central DMR database of closure-related 

documents for all prospecting and mining rights that have been submitted to the DMR. This will 

greatly improve the transparency of rehabilitation plans and allow interested parties to not only 

access information with greater ease but also, hopefully, allow those mines that are not adequately 

planning for rehabilitation to be identified. Van Zyl et al. (Forthcoming) argue that this type of 

system would allow for a benchmarking exercise that could identify those mines that are currently 

understating their rehabilitation costs. Input from industry stakeholders would help to streamline 

the process and improving the accountability of DMR staff would also help to improve the 

availability of closure-related documents.  

Addressing the transparency and accessibility of closure-related documents is critical. Greater 

transparency will help to eliminate the inconsistent, often blatantly incorrect practices that currently 

take place with regard to financial provision estimates by allowing interested parties to act as 

whistle blowers for those mines that are not cooperating. The risk of being exposed will force mines 

to comply with acceptable industry practice and this will help to remove some of the monitoring 
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capacity strain on the DMR. Government also needs to remain mindful of the fact that it stands to 

lose the most from mines that drastically understate their financial liabilities when it comes to mine 

closures. It is ultimately the state that needs to step in and perform these closures when these 

mines have inadequate funding and, given the large number of abandoned mines that government 

still needs to deal with, it really cannot afford to risk increasing this burden any more than it has 

already. Improving the DMR’s database needs to be coordinated from within the department itself 

and that can only happen if government takes stock of the severity of the issue at hand.  

5.3.6 Incentivising Mines to Accurately Estimate Financial Provision 

Incentivising mines to accurately estimate their financial provisions could further improve the 

current system governing financial provision. Improving the compliance of mines by incentivising 

them rather than monitoring and regulating them could be very effective. The obvious issue then 

would be how this could be achieved. The major challenge of incentivising mines to provide accurate 

financial provision estimates therefore requires the design of a suitable contract.  

In order to incentivise mines to increase their financial provision estimates there needs to be a 

suitable way of addressing the hesitation mines have about unnecessarily increasing the size of their 

closure liabilities. Increasing the size of the financial provision needed means that mines will be 

forced to contribute larger amounts to trust funds or larger fees in order to secure bank guarantees. 

Mines could potentially be incentivised to state their provision accurately by constructing a tax 

shield or a similar type of scheme. Allowing mines to use these trust funds as a tax shield would 

eliminate a lot of the opportunity cost of having to invest large amounts of money in these trust 

funds used for financing closure. Alternatively, these trust funds could be viewed as a type of 

government-backed bond with government offering surety on the principle and the mine paying out 

returns in excess of inflation as dividends to its shareholders. This scheme would obviously raise 

issues though about the risk profile of trust funds and what type of investments are appropriate for 

this type of financial instrument. These issues need to be looked at in more detail. A potential 

problem facing incentives that increase trust fund contributions is the issue of liquidity as mines may 

be unwilling to invest in a dedicated closure trust fund that will only become liquid several years 

down the line.  

However, despite these reservations there is a real need for an incentive scheme to be considered. 

The costs may outweigh the benefits in the short term but it is certainly an area that needs to be 

investigated in more detail to assess whether there is potential for this type of practice, particularly 

because of the potential it has to improve financial provision compliance.  
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5.4 Conclusion 

This chapter has formulated a general discussion of some of the more important issues concerning 

how financial provision is made for mine closure. Additionally, several recommendations were 

discussed outlining how greater compliance and accountability can be achieved and how the 

transparency and effectiveness of the DMR can be improved. The research conducted by van Zyl et 

al. (Forthcoming) formed an important foundation for many of the discussions and 

recommendations that took place in this chapter. Furthermore, it is necessary to consider the 

discussion and recommendations made in this chapter in light of the Monte Carlo results that were 

discussed in chapter four. The fact that the current rehabilitation estimates made by mines are 

unlikely to be accurate and that even if these estimates are correct, mines are unlikely to provide 

adequate financial provision in any case has important ramifications.  

These issues raise concerns about the effect of mining on society and the environment in the long 

term and the burden that this places on government who is forced to shoulder the responsibility of 

rehabilitation if mines cannot do this themselves. Impacts such as acid mine drainage have only 

recently been fully understood and this indicates the importance of adequately planning for future 

closure now. However, if that funding is unavailable rehabilitation is simply not possible. This 

chapter has therefore attempted to discuss the challenges regarding the manner in which financial 

provision is made and how these challenges can be addressed. In conclusion, both the accuracy of 

closure cost estimates and the manner in which financial provision is made need to be improved. 

Only when mines have adequate finances available to perform acceptable rehabilitation at closure 

and when harsher penalties have been imposed on mines who shirk this responsibility will impacts 

such as acid mine drainage be avoided in the future. 
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Chapter 6: Conclusions 

Several important conclusions have emerged from this research about the adequacy of financial 

provision estimates that are made by mines as well as the issues that need to be addressed in order 

to improve the current system of estimating and making financial provision. This chapter discusses 

these conclusions and makes recommendations for areas where future research may be important.  

The results of the Monte Carlo analysis performed in this research were significant in establishing 

the effects of uncertainty and escalation on closure cost estimates. More specifically, the results 

indicated that even minor fluctuations in the quantities and master rates used to determine 

rehabilitation costs can have a profound impact on the accuracy of the original cost estimates. By 

considering three different scenarios for the Monte Carlo analysis, it was possible to establish what 

effect different levels of uncertainty have on the accuracy of closure costs. An important 

contribution in this paper was that the variability in master rates may in fact be higher than thought 

in previous studies, based on the variability in rates submitted by several contractors. This higher 

level of uncertainty was reflected in the results as a wider distribution of closure costs for each of 

the mines. The effect of this on the risk profiles for each of the mines was that each mine would 

need to increase its original closure cost estimate by a greater degree to account for varying levels of 

risk.  

One important conclusion that has emerged from the results is that it is the nature of the 

distribution of costs which is equally, if not more, important than the magnitude of the distribution. 

Distributions that are more symmetrical will have a less profound effect on the original closure cost 

estimates because more values will be distributed to the left of the mean. As a result, in the case 

where costs are more symmetrically distributed, smaller increases in closure costs will be necessary 

to account for different levels of risk. However, as noted in chapter 3, the probability of quantities 

and rates increasing is more likely than the probability of them decreasing and therefore the 

distribution of closure costs can generally be assumed to be positively skewed. This fact means that 

mines can expect their original closure cost estimates to generally be inadequate in the event of any 

variation in rehabilitation costs.  

Another important result that emerged from this research was the effect of escalation. One of the 

main purposes of this study was to investigate the effect of using specific escalation factors for the 

rehabilitation costs rather than just inflating the total at the rate of inflation. The specific escalation 

factors that were used for the different types of rehabilitation work were, on average, 50% higher 

than the 6% used to escalate costs according to the DMR method. These higher escalated totals 



U
ni
ve

rs
ity

 o
f C

ap
e 

Tow
n

81 
 

inflated the rehabilitation costs to such a degree that the accuracy of the DMR method was 

effectively zero.  

Therefore an important conclusion is that more research needs to investigate what sort of escalation 

in rehabilitation costs is likely to transpire. The results of the Monte Carlo analysis indicate that, in 

the event of escalation being higher than expected, original closure cost estimates become 

inadequate and therefore much greater financial provision will be needed at closure. The results 

point to a need to establish a more accurate method for escalating the costs of closure. Part of the 

problem is that many mines are currently ignoring the escalation of master rates altogether but the 

main issue is that the current system of inflating costs at inflation is inadequate. If the actual 

escalation in costs is less than inflation then mines will have overstated their financial provision – an 

undesirable outcome for mining companies but a much more manageable situation for the state 

than under-provision. However, the reality is that escalation is likely to be in excess of inflation and 

for mines with longer life spans this is a real concern because of the compounding effect on the 

escalated total. Therefore as the current method of inflating costs at inflation stands, the quantum 

for financial provision made by most mines will be inadequate. 

In addition to the conclusions that have been made already this research has identified several areas 

for future research, much of which has been mentioned in chapter five already. Firstly, the 

inadequate monitoring capacity of the DMR is one of the main reasons for concerns that many 

mines are not currently making adequate financial provision. More studies need to focus on the 

monitoring capacity of the DMR and establish what can be done to improve this. Secondly, more 

research needs to be conducted on the financial instruments used by mines for closure. A handful of 

papers have explored the subject already but what is required is a focused, quantitative analysis of 

trust funds and bank guarantees and how the use of these financial instruments for the financial 

provision of mine closures can be improved. Particular attention should be paid to trust funds and 

whether the way they are currently used for financial provision is adequate, particularly since they 

should be low-risk investments. 

The issue of the accessibility and transparency of closure documents such as EMPs is something that 

has already been noted. This is something that has already been identified as a problem area and it 

requires the cooperation of government to improve both the availability and transparency of closure 

documents that are available from the DMR as well as from mines. Improving this availability and 

transparency will pave the way for future research to establish with greater accuracy whether 

closure costs are misreported and whether inadequate financial provision has been made or the 

financial instruments used for financial provision have been used inappropriately. As van Zyl et al. 
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(Forthcoming) suggest, greater transparency would allow for more benchmarking type exercises that 

can illustrate the inadequacy of financial provision empirically, rather than having to rely on 

hypothetical results to draw conclusions.  

In conclusion, this paper has focused on evaluating the effects of uncertainty and escalation on the 

rehabilitation cost estimates of six different mines. The purpose of doing so is to illustrate what can 

happen to the quantum for financial provision made by these mines in three different scenarios. 

Whilst hypothetical in nature, the results are intended to generate discussion about the need to 

improve the current system that mines use to determine the extent of their rehabilitation costs and 

how financial provision is made. It is hoped that this research will form the basis for continued 

discussion on the issues of rehabilitation cost estimates and financial provision and improve dialogue 

about how the current system can be improved.  
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Appendix A: Quantum for Financial Provision Tables 
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A1: Mine A 

 

A2: Mine B 

 

A3: Mine C 

 

 

Year 0 Year 29

A B C D E = A*B*C*D E = A*B*C*D

No Description Unit Quantity

Master 

Rate

Multiplication 

Factor

Weighting 

Factor 1 Amount (ZAR) Escalation Amount (ZAR)

1

Dismantling of processing plant and related structures (including 

overland conveyors and powerlines) m
3

122000 6.82 1.00 1.10 R 915 244.00 8.71% R 10 306 975.21

2(A) Demolition of steel buildings and structures m2
10000 95 1.00 1.10 R 1 045 000.00 8.73% R 11 835 267.13

2(B) Demolition of reinforced concrete building structures m
2

14480 140 1.00 1.10 R 2 229 920.00 8.73% R 25 255 214.24

3 Rehabilitation of access roads m
2

83200 17 1.00 1.10 R 1 555 840.00 9.14% R 19 637 255.92

5 Demolition of housing or administration facilities m
2

15000 190 1.00 1.10 R 3 135 000.00 8.73% R 35 505 801.39

6 Opencast rehabilitation including final voids and ramps ha 104 99600 1.00 1.10 R 11 394 240.00 8.86% R 133 619 126.95

8(A) Rehabilitation of overburden and spoils ha 234 66400 1.00 1.10 R 17 091 360.00 8.86% R 200 428 690.42

8(B)

Rehabilitation of processing waste deposits and evaporation 

ponds ha 4 240200 1.00 1.10 R 1 056 880.00 8.79% R 12 151 220.79

9 Rehabiltiation of subsided areas ha 3 55600 1.00 1.10 R 183 480.00 8.86% R 2 151 651.84

10 General surface rehabilitation ha 100 35000 1.00 1.10 R 3 850 000.00 8.86% R 45 148 569.69

12 Fencing ha 8600 60 1.00 1.10 R 567 600.00 8.07% R 5 395 024.27

13 Water management ha 4 20000 1.00 1.10 R 88 000.00 8.47% R 929 300.05

14 2 to 3 years maintenance and after care ha 1502 7000 1.00 1.10 R 11 565 400.00 7.55% R 95 553 962.74

15(A) Specialist study Sum 5% - - - R 100 000.00 7.74% R 869 153.25

15(B) Specialist study Sum 5% - - - R 855 090.50 7.74% R 7 432 046.85

Sum 1-15 R 55 633 054.50 R 606 219 260.75

R 55 633 054.50 R 606 219 260.75

Preliminary and general R 0.00 R 0.00

Contingency R 5 563 305.45 R 60 621 926.07

R 61 196 359.95 R 666 841 186.82

R 8 567 490.39 R 93 357 766.15

R 69 763 850.34 R 760 198 952.97

Weighting Factor 2 1

Grand Total

Subtotal 1

0% of Subtotal 1

10% of Subtotal 1

Subtotal 2

VAT (14%)

Year 0 Year 8

A B C D E = A*B*C*D E = A*B*C*D

No Description Unit Quantity Master Rate

Multiplication 

Factor

Weighting 

Factor 1 Amount (ZAR) Escalation Amount (ZAR)

1

Dismantling of processing plant and related structures 

(including overland conveyors and power lines m
3

288300 7 1.00 1.00 R 2 018 100.00 8.71% R 3 935 842.16

2(A) Demolition of steel buildings and structures m2
61844 95 1.00 1.00 R 5 875 180.00 8.73% R 11 476 166.45

3 Rehabilitation of access roads m2
587696 17 1.00 1.00 R 9 990 832.00 9.14% R 20 107 485.19

5 Demolition of housing and/or administration facilities m2
40083 190 1.00 1.00 R 7 615 770.00 8.73% R 14 876 113.44

10 General surface rehabilitation ha 20 52600 1.00 1.00 R 1 052 000.00 8.86% R 2 074 736.02

12 Fencing m 11220.2 60 1.00 1.00 R 673 212.00 8.07% R 1 252 943.36

Sum 1-12 R 27 225 094.00 R 53 723 286.63

R 29 947 603.40 R 59 095 615.29

-

R 3 593 712.41 R 7 091 473.83

Contingency R 2 994 760.34 R 5 909 561.53

R 36 536 076.15 R 72 096 650.65

R 5 115 050.66 R 10 093 531.09

R 41 651 126.81 R 82 190 181.74

Subtotal 2

VAT (14%)

Grand Total

Subtotal 1

Weighting Factor 2 1.1

10.0% of Subtotal 1

Preliminary and General: Add 6.0% if Subtotal 1 > 100 000 000

12.0% if Subtotal 1 < 100 000 000

Year 0 Year 1.5

A B C D E = A*B*C*D E = A*B*C*D

No Description Unit Quantity Master Rate

Multiplication 

Factor

Weighting 

Factor 1 Amount (ZAR) Escalation

Amount 

(ZAR)

1 Dismantling of processing plant and related structures m3
40 6.82 1.00 1.00 R 272.80 8.71% R 309.20

3 Rehabilitation of access roads m
2

4500 17 1.00 1.00 R 76 500.00 9.14% R 87 219.92

5 Demolition of housing and facilities m2
120 190 1.00 1.00 R 22 800.00 8.73% R 25 849.69

6 Opencast rehabilitation including final voids and ramps ha 4 96700 0.52 1.00 R 201 136.00 8.86% R 228 450.65

10 General surface rehabilitation, including grassing of all denuded areas ha 4 52600 1.00 1.00 R 210 400.00 8.86% R 238 972.72

12 Fencing ha 1200 60 1.00 1.00 R 72 000.00 8.07% R 80 893.97

13 Water management ha 4 20000 0.25 1.00 R 20 000.00 8.47% R 22 593.25

14 2 to 3 years of maintenance and aftercare ha 7 700 1.00 1.00 R 4 900.00 7.55% R 5 465.52

Sum (1-14) R 608 008.80 R 689 754.91

R 608 008.80 R 689 754.91

- -

- -

Contingency R 60 800.88 R 68 975.49

R 668 809.68 R 758 730.40

R 93 633.36 R 106 222.26

R 762 443.04 R 864 952.66

Preliminary and General: Add 6.0% if Subtotal 1 > 100 000 000

12.0% if Subtotal 1 < 100 000 000

Weighting Factor 2

Subtotal 1

1

10.0% of Subtotal 1

Subtotal 2

VAT (14%)

Grand Total
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A4: Mine D 

 

A5: Mine E 

 

 

 

 

 

 

Year 0 Year 8

A B C D E=A*B*C*D E=A*B*C*D

No Description Unit Quantity Master Rate

Multiplication 

Factor

Weighting 

Factor 1 Amount (ZAR) Escalation Amount (ZAR)

1

Dismantling of processing plant and related structures (including 

overland conveyors and powerlines) m3
92 6.82 1.00 1.10 R 690.18 8.71% R 1 346.05

2(A) Demolition of steel buildings and structures m
2

500 95 1.00 1.10 R 52 250.00 8.73% R 102 061.50

2(B) Demolition of reinforced concrete buildings and structures m2
60 140 1.00 1.10 R 9 240.00 8.73% R 18 048.77

3 Rehabilitation of access roads m2
43200 17 1.00 1.10 R 807 840.00 9.14% R 1 625 853.67

4(A) Demolition and rehabilitation of electrified railway lines m 0 0 0.00 0.00 R 0.00

4(B) Demolition and rehabilitation of non-electirifed railway lines m 0 0 0.00 0.00 R 0.00

5 Demolition of housing and/or administration facilities m2
900 190 1.00 1.10 R 188 100.00 8.73% R 367 421.41

6 Openacst rehabilitation including final voids and ramps ha 30 96700 0.52 1.10 R 1 659 372.00 8.86% R 3 272 584.47

7 Sealing of shafts adits and inclines m
3

0 0 0.00 0.00 R 0.00

8(A) Rehabliitation of overburden and spoils ha 8.3 66400 1.00 1.10 R 606 232.00 8.86% R 1 195 600.16

8(B)

Rehabilitation of processing waste deposits and evaporation ponds 

(basic salt-producing waste) ha 0 82700 1.00 1.10 R 0.00

8(C )

Rehabilitation of processing waste deposits and evaporation ponds 

(acidic, metal-rich waste) ha 3.11 240200 0.80 1.10 R 657 379.36 8.79% R 1 289 418.16

9 Rehabilitation of subsided areas ha 0 0 0.00 0.00 R 0.00

10 General surface rehabilitation ha 4.89 52600 1.00 1.10 R 282 935.40 8.86% R 558 000.25

11 River diversions ha 0 0 0.00 0.00 R 0.00

12 Fencing m 0 0 0.00 0.00 R 0.00

13 Water management ha 46.3 20000 0.67 1.10 R 682 462.00 8.47% R 1 307 588.54

14 2 to 3 years of maintenance and aftercare ha 46.3 700 1.00 1.10 R 35 651.00 7.55% R 63 835.39

15(A) Specialist study Sum 0 0 0.00 0.00 R 0.00

15(B) Specialist studies (soil remediation) ha 0 0 0.00 0.00 R 0.00

R 4 982 151.94 R 9 801 758.38

R 627 751.14 R 1 176 211.01

7 Contingency R 498 215.19 R 980 175.84

R 6 108 118.28 R 11 958 145.22

R 855 136.56 R 1 674 140.33

R 6 963 254.84 R 13 632 285.55

R 1.05Weighting Factor 2

6.0% if Subtotal 1 > 100 000 000

1

10.0% of Subtotal 1

Subtotal 1

Subtotal 2

VAT(14%)

Grand Total

Preliminary and General 12.0% if Subtotal 1 < 100 000 000

Year 0 Year 6

A B C D E=A*B*C*D E=A*B*C*D

No Description Unit Quantity Master rate

Multiplication 

Factor

Weighting 

Factor 1 Amount Escalation Amount 

1 Dismantling of processing plant & related structures m
3

0 6.82 1.00 1.10 R 0.00 R 0.00

2 (A) Demolition of  steel buildings & Structures m2
0 95 1.00 1.10 R 0.00 R 0.00

2 (B) Demolition of reinforced concrete buildings & structures m2
0 140 1.00 1.10 R 0.00 R 0.00

3 Rehabilitation of access roads m
2

60000 17 1.00 1.10 R 1 122 000.00 9.14% R 1 895 876.02

4 (A) Demolition & rehabilitation of electrified railway lines m 0 165 1.00 1.10 R 0.00 R 0.00

4 (B) Demolition & rehabilitation of non electrified railway lines m 0 90 1.00 1.10 R 0.00 R 0.00

5 Demolition of housing &/or administration facilities m2
190 1.00 1.10 R 0.00 R 0.00

6 Opencast rehabilitation including final voids & ramps ha 3 96700 1.00 1.10 R 319 110.00 8.86% R 531 068.75

7 Sealing of shafts, adits & inclines m3
0 51 1.00 1.10 R 0.00 R 0.00

8 (A) Rehabilitation of overburden & spoils ha 5 66400 1.00 1.10 R 365 200.00 8.86% R 607 772.58

8 (B) Rehabilitation of processing waste deposits & evaporation ponds (basic) ha 0 82700 0.80 1.10 R 0.00 R 0.00

8 (C) Rehabilitation of processing waste deposits & evaporation ponds (acidic) ha 2 240200 0.80 1.10 R 422 752.00 8.79% R 700 678.77

9 Rehabilitation of subsidised areas ha 0 55600 1.00 1.10 R 0.00 R 0.00

10 General surface rehabilitation ha 6 52600 1.00 1.10 R 347 160.00 8.86% R 577 750.08

11 River diversions ha 0 52600 1.00 1.10 R 0.00 R 0.00

12 Fencing ha 0 60 1.00 1.10 R 0.00 R 0.00

13 Water management ha 6 20000 1.00 1.10 R 132 000.00 8.47% R 214 965.32

14 2 to 3 years of maintenance & aftercare ha 6 7000 1.00 1.10 R 46 200.00 7.55% R 71 512.89

15 (A) Specialist study SUM 1 150000 1.00 1.00 R 150 000.00 7.74% R 234 631.90

15 (B) Specialist study SUM 0 0 1.00 1.00 R 0.00 R 0.00

1.1 R 290 442.20 R 290 442.20 R 483 425.63

1 Preliminary and general R 348 530.64 R 580 110.76

2 Contingencies R 290 442.20 R 483 425.63

VAT (14%) R 536 737.19 R 893 370.56

R 4 370 574.23 R 7 274 588.88

R 4 834 256.30

R 6 381 218.32

(Subtotal 2 plus VAT)

Subtotal 2

GRAND TOTAL 

Subtotal 1

R 2 904 422.00(Sum of items 1 to 15 Above)

Multiply by Weighting factor 2

Add 12% if subtotal 1 is less than R100,000,000.00

Add 10% of subtotal 1

R 3 833 837.04(Subtotal 1 plus sum of management & contingencies)
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A6: Mine F 

 

  

Year 0 Year 15

A B C D E=A*B*C*D E=A*B*C*D

No Description Unit Quantity

Master 

Rate

Multiplication 

Factor

Weighting 

Factor 1 Amount (ZAR) Escalation Amount (ZAR)

1

Dismantling of processing plant and related structures (including overland 

conveyors and powerlines) m3
0 6.82 1 1.05 R 0.00

2(A) Demolition of steel buildings and structures m2
3000 245 1 1.05 R 771 750.00 8.73% R 2 708 201.69

2(B) Demolition of reinforced concrete buildings and structures m
2

0 140 1 1.05 R 0.00

3 Rehabilitation of access roads m2
20178 10.3 1 1.05 R 218 225.07 9.14% R 809 929.71

4(A) Demolition and rehabilitation of electrified railway lines m 0 165 1 1.05 R 0.00

4(B) Demolition and rehabilitation of non-electirifed railway lines m 0 90 1 1.05 R 0.00

5 Demolition of housing and/or administration facilities m2
0 155 1 1.05 R 0.00

6 Openacst rehabilitation including final voids and ramps ha 4.75 99600 1 1.05 R 496 755.00 8.86% R 1 774 876.24

7 Sealing of shafts adits and inclines m3
0 51 1 1.05 R 0.00

8(A) Rehabliitation of overburden and spoils ha 5.53 66400 1 1.05 R 385 551.60 8.86% R 1 377 553.07

8(B)

Rehabilitation of processing waste deposits and evaporation ponds (basic 

salt-producing waste) ha 0 82700 1 1.05 R 0.00

8©

Rehabilitation of processing waste deposits and evaporation ponds 

(acidic, metal-rich waste) ha 0 240200 0 1.05 R 0.00

9 Rehabilitation of subsided areas ha 0 55600 1 1.05 R 0.00

10 General surface rehabilitation ha 1 52600 1 1.05 R 55 230.00 8.86% R 197 333.52

11 River diversions ha 0 52600 1 1.05 R 0.00

12 Fencing m 0 60 1 1.05 R 0.00

13 Water management ha 18.75 20000 1 1.05 R 393 750.00 8.47% R 1 332 621.30

14 2 to 3 years of maintenance and aftercare ha 18.75 7000 1 1.05 R 137 812.50 7.55% R 410 813.30

15(A) Specialist study Sum 1 200000 1 1.05 R 210 000.00 7.74% R 642 626.74

15(B) Specialist studies (soil remediation) ha 0 0 0 1.05 R 0.00

R 2 669 074.17 R 9 253 955.56

1 Preliminary and General R 350 315.98 R 1 214 581.67

2 Administration and supervision costs R 160 144.45 R 555 237.33

3 Engineering drawings and specifications R 53 381.48 R 185 079.11

4 Engineering and procurement of specialist work R 66 726.85 R 231 348.89

5 Development of a closure plan

6 Final groundwater modelling 

R 3 366 369.80 R 11 440 202.56

7 Contingency R 0.00 R 0.00

R 471 291.77 R 1 601 628.36

R 3 837 661.57 R 13 041 830.92

R 231 348.89

Subtotal 1

Weighting Factor 2 1.05

12.5% of Subtotal 1

R 66 726.85

10.0% of Subtotal 1

6.0% of Subtotal 1 

2.0% of Subtotal 1

2.5% of Subtotal 1

2.5% of Subtotal 1

Subtotal 2

VAT(14%)

Grand Total
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Appendix B: StatsSA Tables and Summary 
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Date

CPI - 

Metro - 

Transport 

Running 

Costs

Montly 

Change

Yearly 

Change Date

CPI - 

Metro - 

Transport 

Running 

Costs

Montly 

Change

Yearly 

Change

Jan-97 65.7 Jul-00 104.3 6.10%

Feb-97 66.6 1.37% Aug-00 106.9 2.49%

Mar-97 66.2 -0.60% Sep-00 107.8 0.84%

Apr-97 65.1 -1.66% Oct-00 110.5 2.50%

May-97 66 1.38% Nov-00 111.1 0.54%

Jun-97 64.3 -2.58% Dec-00 110.5 -0.54% 28.34%

Jul-97 63.4 -1.40% Jan-01 107.5 -2.71%

Aug-97 63.4 0.00% Feb-01 103.6 -3.63%

Sep-97 64.9 2.37% Mar-01 106.5 2.80%

Oct-97 65.3 0.62% Apr-01 111.9 5.07%

Nov-97 66.7 2.14% May-01 114.8 2.59%

Dec-97 67 0.45% 1.98% Jun-01 118.9 3.57%

Jan-98 65.8 -1.79% Jul-01 117.4 -1.26%

Feb-98 65.8 0.00% Aug-01 109.8 -6.47%

Mar-98 64.3 -2.28% Sep-01 107.7 -1.91%

Apr-98 63.6 -1.09% Oct-01 111.3 3.34%

May-98 67 5.35% Nov-01 112.4 0.99%

Jun-98 68.8 2.69% Dec-01 106.2 -5.52% -3.89%

Jul-98 69.1 0.44% Jan-02 108.6 2.26%

Aug-98 72.4 4.78% Feb-02 110.4 1.66%

Sep-98 72.7 0.41% Mar-02 112.2 1.63%

Oct-98 71.8 -1.24% Apr-02 119.6 6.60%

Nov-98 70 -2.51% May-02 128.2 7.19%

Dec-98 69.4 -0.86% 3.58% Jun-02 124.3 -3.04%

Jan-99 68.2 -1.73% Jul-02 118.7 -4.51%

Feb-99 67.9 -0.44% Aug-02 118.7 0.00%

Mar-99 68.5 0.88% Sep-02 121.4 2.27%

Apr-99 70.6 3.07% Oct-02 124.9 2.88%

May-99 75.9 7.51% Nov-02 126.4 1.20%

Jun-99 79.5 4.74% Dec-02 121.7 -3.72% 14.60%

Jul-99 79.5 0.00% Jan-03 116.3 -4.44%

Aug-99 79.8 0.38% Feb-03 116.3 0.00%

Sep-99 83.7 4.89% Mar-03 125.2 7.65%

Oct-99 86.1 2.87% Apr-03 126.5 1.04%

Nov-99 86.4 0.35% May-03 115.2 -8.93%

Dec-99 86.1 -0.35% 24.06% Jun-03 107.2 -6.94%

Jan-00 86.7 0.70% Jul-03 113.4 5.78%

Feb-00 84.9 -2.08% Aug-03 118.8 4.76%

Mar-00 87.6 3.18% Sep-03 120.5 1.43%

Apr-00 95.6 9.13% Oct-03 114 -5.39%

May-00 95.9 0.31% Nov-03 113.4 -0.53%

Jun-00 98.3 2.50% Dec-03 113.4 0.00% -6.82%
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Date

CPI - 

Metro - 

Transport 

Running 

Costs

Montly 

Change

Yearly 

Change Date

CPI - 

Metro - 

Transport 

Running 

Costs

Montly 

Change

Yearly 

Change

Jan-04 112.2 -1.06% Jul-07 207.9 -1.19%

Feb-04 121.1 7.93% Aug-07 203.5 -2.12%

Mar-04 123.8 2.23% Sep-07 200.6 -1.43%

Apr-04 130.2 5.17% Oct-07 203.3 1.35%

May-04 130.8 0.46% Nov-07 204.2 0.44%

Jun-04 139.7 6.80% Dec-07 217 6.27% 27.05%

Jul-04 134.7 -3.58% Jan-08 217 0.00%

Aug-04 127.9 -5.05% Feb-08 222 2.30%

Sep-04 134.7 5.32% Mar-08 240.1 8.15%

Oct-04 138.7 2.97% Apr-08 259.9 8.25%

Nov-04 143.7 3.60% May-08 276.2 6.27%

Dec-04 138.1 -3.90% 21.78% Jun-08 291 5.36%

Jan-05 124.9 -9.56% Jul-08 311.2 6.94%

Feb-05 124.3 -0.48% Aug-08 303.5 -2.47%

Mar-05 136.8 10.06% Sep-08 281.7 -7.18%

Apr-05 148.6 8.63% Oct-08 274 -2.73%

May-05 154.5 3.97% Nov-08 260.6 -4.89%

Jun-05 149.8 -3.04% Dec-08 212.9 -18.30% -1.89%

Jul-05 158.8 6.01% Jan-09 65.9 -69.05%

Aug-05 166.8 5.04% Feb-09 72.8 10.47%

Sep-05 175.4 5.16% Mar-09 77.9 7.01%

Oct-05 178.8 1.94% Apr-09 81.7 4.88%

Nov-05 169.6 -5.15% May-09 81.3 -0.49%

Dec-05 160.7 -5.25% 16.36% Jun-09 83.1 2.21%

Jan-06 158.5 -1.37% Jul-09 87.4 5.17%

Feb-06 162.7 2.65% Aug-09 85 -2.75%

Mar-06 159.5 -1.97% Sep-09 89.1 4.82%

Apr-06 165.5 3.76% Oct-09 84.6 -5.05%

May-06 177.3 7.13% Nov-09 84.6 0.00%

Jun-06 188 6.03% Dec-09 87.7 3.66% -1.83%

Jul-06 195.4 3.94% Jan-10 86.8 -1.03%

Aug-06 204.6 4.71% Feb-10 88.9 2.42%

Sep-06 193.9 -5.23% Mar-10 89.5 0.67%

Oct-06 179.1 -7.63% Apr-10 95 6.15%

Nov-06 172.8 -3.52% May-10 96.6 1.68%

Dec-06 170.8 -1.16% 6.29% Jun-10 93.5 -3.21%

Jan-07 172.8 1.17% Jul-10 91.7 -1.93%

Feb-07 165.9 -3.99% Aug-10 90.5 -1.31%

Mar-07 173.1 4.34% Sep-10 89.4 -1.22%

Apr-07 193.4 11.73% Oct-10 89.9 0.56%

May-07 203.5 5.22% Nov-10 92.2 2.56%

Jun-07 210.4 3.39% Dec-10 93.6 1.52% 6.73%
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Date

PPI - 

Materials 

Used in 

Certain 

Industries - 

Civil 

Engineering

Monthly 

Change

Yearly 

Change Date

PPI - 

Materials 

Used in 

Certain 

Industries - 

Civil 

Engineering

Monthly 

Change

Yearly 

Change

Jan-90 45.9 Jul-93 61.8 0.00%

Feb-90 47.6 3.70% Aug-93 62.2 0.65%

Mar-90 47.6 0.00% Sep-93 62.2 0.00%

Apr-90 46.9 -1.47% Oct-93 62.2 0.00%

May-90 47.6 1.49% Nov-93 61.8 -0.64%

Jun-90 47.6 0.00% Dec-93 61.9 0.16% 7.65%

Jul-90 48.3 1.47% Jan-94 63.3 2.26%

Aug-90 48.6 0.62% Feb-94 64.8 2.37%

Sep-90 48.6 0.00% Mar-94 64.8 0.00%

Oct-90 48.6 0.00% Apr-94 64.8 0.00%

Nov-90 49.2 1.23% May-94 64.8 0.00%

Dec-90 49.2 0.00% 7.19% Jun-94 64.8 0.00%

Jan-91 52.4 6.50% Jul-94 65 0.31%

Feb-91 53.3 1.72% Aug-94 65.9 1.38%

Mar-91 53 -0.56% Sep-94 65.9 0.00%

Apr-91 53.3 0.57% Oct-94 66 0.15%

May-91 54.2 1.69% Nov-94 67.2 1.82%

Jun-91 54 -0.37% Dec-94 67.2 0.00% 8.56%

Jul-91 54.3 0.56% Jan-95 67.4 0.30%

Aug-91 54.8 0.92% Feb-95 68.9 2.23%

Sep-91 54.8 0.00% Mar-95 68.9 0.00%

Oct-91 53.4 -2.55% Apr-95 69.1 0.29%

Nov-91 53.3 -0.19% May-95 70.2 1.59%

Dec-91 53.3 0.00% 8.33% Jun-95 70.5 0.43%

Jan-92 53.6 0.56% Jul-95 70.5 0.00%

Feb-92 55.5 3.54% Aug-95 70.8 0.43%

Mar-92 55.5 0.00% Sep-95 70.9 0.14%

Apr-92 56 0.90% Oct-95 71 0.14%

May-92 56.1 0.18% Nov-95 71.3 0.42%

Jun-92 56.1 0.00% Dec-95 71.5 0.28% 6.40%

Jul-92 56.1 0.00% Jan-96 71.5 0.00%

Aug-92 56.9 1.43% Feb-96 75 4.90%

Sep-92 56.9 0.00% Mar-96 75 0.00%

Oct-92 57.2 0.53% Apr-96 75.7 0.93%

Nov-92 57.5 0.52% May-96 76.3 0.79%

Dec-92 57.5 0.00% 7.88% Jun-96 76.3 0.00%

Jan-93 59.1 2.78% Jul-96 76.8 0.66%

Feb-93 61.2 3.55% Aug-96 77.4 0.78%

Mar-93 61.2 0.00% Sep-96 77.4 0.00%

Apr-93 61.4 0.33% Oct-96 78.3 1.16%

May-93 61.8 0.65% Nov-96 78.9 0.77%

Jun-93 61.8 0.00% Dec-96 79.1 0.25% 10.63%
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Date

PPI - 

Materials 

Used in 

Certain 

Industries - 

Civil 

Engineering

Monthly 

Change

Yearly 

Change Date

PPI - 

Materials 

Used in 

Certain 

Industries - 

Civil 

Engineering

Monthly 

Change

Yearly 

Change

Jan-97 79.4 0.38% Jul-00 100.6 1.41%

Feb-97 82.4 3.78% Aug-00 102.7 2.09%

Mar-97 82.4 0.00% Sep-00 103.1 0.39%

Apr-97 83.4 1.21% Oct-00 101.2 -1.84%

May-97 83.9 0.60% Nov-00 101.3 0.10%

Jun-97 83.9 0.00% Dec-00 101.8 0.49% 5.60%

Jul-97 84.6 0.83% Jan-01 103.7 1.87%

Aug-97 85.1 0.59% Feb-01 103.6 -0.10%

Sep-97 84.8 -0.35% Mar-01 103.7 0.10%

Oct-97 85.8 1.18% Apr-01 103.7 0.00%

Nov-97 86.5 0.82% May-01 105.1 1.35%

Dec-97 86.6 0.12% 9.48% Jun-01 105 -0.10%

Jan-98 86.9 0.35% Jul-01 107.9 2.76%

Feb-98 87.3 0.46% Aug-01 108.4 0.46%

Mar-98 87.2 -0.11% Sep-01 108.6 0.18%

Apr-98 87.9 0.80% Oct-01 108.8 0.18%

May-98 88.6 0.80% Nov-01 108.7 -0.09%

Jun-98 88.4 -0.23% Dec-01 108.9 0.18% 6.97%

Jul-98 88.5 0.11% Jan-02 113.2 3.95%

Aug-98 89.3 0.90% Feb-02 113.4 0.18%

Sep-98 89.4 0.11% Mar-02 113.5 0.09%

Oct-98 90.5 1.23% Apr-02 118.2 4.14%

Nov-98 91.3 0.88% May-02 119 0.68%

Dec-98 91.3 0.00% 5.43% Jun-02 119.9 0.76%

Jan-99 91.5 0.22% Jul-02 120.6 0.58%

Feb-99 94.6 3.39% Aug-02 120.7 0.08%

Mar-99 94.7 0.11% Sep-02 120.9 0.17%

Apr-99 94.9 0.21% Oct-02 125.2 3.56%

May-99 94.9 0.00% Nov-02 125.6 0.32%

Jun-99 94.9 0.00% Dec-02 125.5 -0.08% 15.24%

Jul-99 94.9 0.00% Jan-03 128.3 2.23%

Aug-99 96.2 1.37% Feb-03 129.6 1.01%

Sep-99 96.2 0.00% Mar-03 129.4 -0.15%

Oct-99 96.3 0.10% Apr-03 129.8 0.31%

Nov-99 96.4 0.10% May-03 129.7 -0.08%

Dec-99 96.4 0.00% 5.59% Jun-03 130.5 0.62%

Jan-00 97 0.62% Jul-03 131.7 0.92%

Feb-00 97.7 0.72% Aug-03 132.7 0.76%

Mar-00 97.7 0.00% Sep-03 132.7 0.00%

Apr-00 98 0.31% Oct-03 132.9 0.15%

May-00 99.1 1.12% Nov-03 134.7 1.35%

Jun-00 99.2 0.10% Dec-03 134.4 -0.22% 7.09%
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Date

PPI - 

Materials 

Used in 

Certain 

Industries - 

Civil 

Engineering

Monthly 

Change

Yearly 

Change Date

PPI - 

Materials 

Used in 

Certain 

Industries - 

Civil 

Engineering

Monthly 

Change

Yearly 

Change

Jan-04 137.3 2.16% Jul-07 179.7 1.70%

Feb-04 137.6 0.22% Aug-07 178.1 -0.89%

Mar-04 137.6 0.00% Sep-07 178.7 0.34%

Apr-04 142.2 3.34% Oct-07 179.5 0.45%

May-04 147 3.38% Nov-07 181.3 1.00%

Jun-04 145.1 -1.29% Dec-07 181.9 0.33% 8.34%

Jul-04 146.3 0.83% Jan-08 184.1 1.21%

Aug-04 147.6 0.89% Feb-08 186.8 1.47%

Sep-04 147.6 0.00% Mar-08 187.8 0.54%

Oct-04 150.8 2.17% Apr-08 191 1.70%

Nov-04 153.9 2.06% May-08 199 4.19%

Dec-04 153.6 -0.19% 14.29% Jun-08 201.8 1.41%

Jan-05 155.2 1.04% Jul-08 203.9 1.04%

Feb-05 156.7 0.97% Aug-08 217.3 6.57%

Mar-05 156.8 0.06% Sep-08 218.8 0.69%

Apr-05 157.2 0.26% Oct-08 219.6 0.37%

May-05 157.5 0.19% Nov-08 219.2 -0.18%

Jun-05 157.6 0.06% Dec-08 216.6 -1.19% 19.08%

Jul-05 159.1 0.95% Jan-09 219.7 1.43%

Aug-05 159.3 0.13% Feb-09 215.7 -1.82%

Sep-05 159.3 0.00% Mar-09 214.8 -0.42%

Oct-05 159.5 0.13% Apr-09 213.3 -0.70%

Nov-05 159.5 0.00% May-09 209 -2.02%

Dec-05 160 0.31% 4.17% Jun-09 208.9 -0.05%

Jan-06 161 0.63% Jul-09 211.3 1.15%

Feb-06 161.1 0.06% Aug-09 210.1 -0.57%

Mar-06 161 -0.06% Sep-09 209.8 -0.14%

Apr-06 161.1 0.06% Oct-09 209.5 -0.14%

May-06 161.4 0.19% Nov-09 209.8 0.14%

Jun-06 161.6 0.12% Dec-09 209.8 0.00% -3.14%

Jul-06 165.9 2.66% Jan-10 212.5 1.29%

Aug-06 167.3 0.84% Feb-10 213 0.24%

Sep-06 167.5 0.12% Mar-10 213 0.00%

Oct-06 167.6 0.06% Apr-10 212.8 -0.09%

Nov-06 167.9 0.18% May-10 215.4 1.22%

Dec-06 167.9 0.00% 4.94% Jun-10 216.7 0.60%

Jan-07 171.6 2.20% Jul-10 214.1 -1.20%

Feb-07 172.5 0.52% Aug-10 212.6 -0.70%

Mar-07 172.5 0.00% Sep-10 212.6 0.00%

Apr-07 172.8 0.17% Oct-10 213.7 0.52%

May-07 176.4 2.08% Nov-10 212.9 -0.37%

Jun-07 176.7 0.17% Dec-10 213.1 0.09% 1.57%
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Date

PPI - 

Commodities 

for Cons in SA - 

Manuf - 

Transport 

Equipment

Monthly 

Change

Yearly 

Change Date

PPI - 

Commodities 

for Cons in SA - 

Manuf - 

Transport 

Equipment

Monthly 

Change

Yearly 

Change

Jan-90 38.2 Jul-93 57.7 0.00%

Feb-90 39.2 2.62% Aug-93 60.1 4.16%

Mar-90 39.2 0.00% Sep-93 60.1 0.00%

Apr-90 39.2 0.00% Oct-93 61.5 2.33%

May-90 40 2.04% Nov-93 62.5 1.63%

Jun-90 40 0.00% Dec-93 62.5 0.00% 14.68%

Jul-90 40.3 0.75% Jan-94 62.6 0.16%

Aug-90 41.6 3.23% Feb-94 64 2.24%

Sep-90 41.6 0.00% Mar-94 64 0.00%

Oct-90 40.8 -1.92% Apr-94 64.1 0.16%

Nov-90 42.6 4.41% May-94 65.4 2.03%

Dec-90 42.7 0.23% 11.78% Jun-94 65.5 0.15%

Jan-91 42.7 0.00% Jul-94 65.5 0.00%

Feb-91 43.8 2.58% Aug-94 66 0.76%

Mar-91 43.9 0.23% Sep-94 66.3 0.45%

Apr-91 44 0.23% Oct-94 66.6 0.45%

May-91 45 2.27% Nov-94 67.7 1.65%

Jun-91 45.1 0.22% Dec-94 67.7 0.00% 8.32%

Jul-91 45.3 0.44% Jan-95 67.7 0.00%

Aug-91 46.5 2.65% Feb-95 69.4 2.51%

Sep-91 46.5 0.00% Mar-95 70.5 1.59%

Oct-91 46.7 0.43% Apr-95 70.5 0.00%

Nov-91 48.4 3.64% May-95 72.3 2.55%

Dec-91 48.9 1.03% 14.52% Jun-95 72.4 0.14%

Jan-92 48.8 -0.20% Jul-95 72.4 0.00%

Feb-92 51.1 4.71% Aug-95 72.5 0.14%

Mar-92 51.1 0.00% Sep-95 72.5 0.00%

Apr-92 51.2 0.20% Oct-95 72.5 0.00%

May-92 52.4 2.34% Nov-95 73 0.69%

Jun-92 52.4 0.00% Dec-95 73 0.00% 7.83%

Jul-92 52.4 0.00% Jan-96 73 0.00%

Aug-92 53.9 2.86% Feb-96 73.8 1.10%

Sep-92 53.9 0.00% Mar-96 73.8 0.00%

Oct-92 53.9 0.00% Apr-96 73.9 0.14%

Nov-92 54.4 0.93% May-96 75.1 1.62%

Dec-92 54.5 0.18% 11.45% Jun-96 75.1 0.00%

Jan-93 54.7 0.37% Jul-96 75 -0.13%

Feb-93 56.5 3.29% Aug-96 76.3 1.73%

Mar-93 56.6 0.18% Sep-96 76.4 0.13%

Apr-93 56.6 0.00% Oct-96 78 2.09%

May-93 57.6 1.77% Nov-96 79.2 1.54%

Jun-93 57.7 0.17% Dec-96 80.8 2.02% 10.68%
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Date

PPI - 

Commodities 

for Cons in SA - 

Manuf - 

Transport 

Equipment

Monthly 

Change

Yearly 

Change Date

PPI - 

Commodities 

for Cons in SA - 

Manuf - 

Transport 

Equipment

Monthly 

Change

Yearly 

Change

Jan-97 80.8 0.00% Jul-00 99 -0.20%

Feb-97 81.9 1.36% Aug-00 101.8 2.83%

Mar-97 82.2 0.37% Sep-00 101.7 -0.10%

Apr-97 82.2 0.00% Oct-00 101.9 0.20%

May-97 84.1 2.31% Nov-00 103.7 1.77%

Jun-97 84.2 0.12% Dec-00 105.3 1.54% 9.57%

Jul-97 84.2 0.00% Jan-01 106.1 0.76%

Aug-97 84.5 0.36% Feb-01 107.5 1.32%

Sep-97 84.5 0.00% Mar-01 107.5 0.00%

Oct-97 84.5 0.00% Apr-01 108 0.47%

Nov-97 85.1 0.71% May-01 108.8 0.74%

Dec-97 85.2 0.12% 5.45% Jun-01 108.6 -0.18%

Jan-98 85.2 0.00% Jul-01 108.6 0.00%

Feb-98 85.7 0.59% Aug-01 109.8 1.10%

Mar-98 86.1 0.47% Sep-01 110.9 1.00%

Apr-98 87.8 1.97% Oct-01 111.8 0.81%

May-98 88.2 0.46% Nov-01 113.1 1.16%

Jun-98 88.4 0.23% Dec-01 113.9 0.71% 8.17%

Jul-98 91.1 3.05% Jan-02 115.7 1.58%

Aug-98 92 0.99% Feb-02 117 1.12%

Sep-98 92 0.00% Mar-02 117.9 0.77%

Oct-98 92 0.00% Apr-02 118.3 0.34%

Nov-98 92.8 0.87% May-02 121.8 2.96%

Dec-98 92.8 0.00% 8.92% Jun-02 121.9 0.08%

Jan-99 92.8 0.00% Jul-02 122.3 0.33%

Feb-99 94.1 1.40% Aug-02 124.5 1.80%

Mar-99 94.1 0.00% Sep-02 124.8 0.24%

Apr-99 94.1 0.00% Oct-02 125.4 0.48%

May-99 94.9 0.85% Nov-02 126.4 0.80%

Jun-99 95 0.11% Dec-02 126 -0.32% 10.62%

Jul-99 95 0.00% Jan-03 125.6 -0.32%

Aug-99 94.8 -0.21% Feb-03 127.2 1.27%

Sep-99 94.5 -0.32% Mar-03 126.7 -0.39%

Oct-99 95.1 0.63% Apr-03 127 0.24%

Nov-99 95.7 0.63% May-03 128.2 0.94%

Dec-99 96.1 0.42% 3.56% Jun-03 128.4 0.16%

Jan-00 96 -0.10% Jul-03 127.3 -0.86%

Feb-00 97.2 1.25% Aug-03 127 -0.24%

Mar-00 97.4 0.21% Sep-03 126.7 -0.24%

Apr-00 97.7 0.31% Oct-03 126.6 -0.08%

May-00 99.1 1.43% Nov-03 127 0.32%

Jun-00 99.2 0.10% Dec-03 126.9 -0.08% 0.71%
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Date

PPI - 

Commodities 

for Cons in SA - 

Manuf - 

Transport 

Equipment

Monthly 

Change

Yearly 

Change Date

PPI - 

Commodities 

for Cons in SA - 

Manuf - 

Transport 

Equipment

Monthly 

Change

Yearly 

Change

Jan-04 126.9 0.00% Jul-07 140 -0.14%

Feb-04 127.2 0.24% Aug-07 140.3 0.21%

Mar-04 127.1 -0.08% Sep-07 140.4 0.07%

Apr-04 127.3 0.16% Oct-07 140.4 0.00%

May-04 127.8 0.39% Nov-07 141.8 1.00%

Jun-04 127.5 -0.23% Dec-07 141.9 0.07% 2.75%

Jul-04 127.3 -0.16%

Aug-04 127.8 0.39%

Sep-04 128.5 0.55%

Oct-04 127.9 -0.47%

Nov-04 127.8 -0.08%

Dec-04 128 0.16% 0.87%

Jan-05 128.2 0.16%

Feb-05 128.1 -0.08%

Mar-05 128.2 0.08%

Apr-05 128.6 0.31%

May-05 129.2 0.47%

Jun-05 129.4 0.15%

Jul-05 129.4 0.00%

Aug-05 130 0.46%

Sep-05 130 0.00%

Oct-05 130 0.00%

Nov-05 130.2 0.15%

Dec-05 130.2 0.00% 1.72%

Jan-06 130.2 0.00%

Feb-06 131 0.61%

Mar-06 131 0.00%

Apr-06 131.4 0.31%

May-06 131.7 0.23%

Jun-06 133.2 1.14%

Jul-06 133.7 0.38%

Aug-06 134.4 0.52%

Sep-06 135 0.45%

Oct-06 137.2 1.63%

Nov-06 138.3 0.80%

Dec-06 138.1 -0.14% 6.07%

Jan-07 138.2 0.07%

Feb-07 138.5 0.22%

Mar-07 138.4 -0.07%

Apr-07 139.9 1.08%

May-07 140.1 0.14%

Jun-07 140.2 0.07%
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Date

PPI - 

Selected 

Materials - 

Civil 

Engineering 

Plant

Monthly 

Change

Yearly 

Change Date

PPI - 

Selected 

Materials - 

Civil 

Engineering 

Plant

Monthly 

Change

Yearly 

Change

Jan-90 47 Jul-93 55.4 2.03%

Feb-90 47.8 1.70% Aug-93 55.6 0.36%

Mar-90 48.3 1.05% Sep-93 56.2 1.08%

Apr-90 48.2 -0.21% Oct-93 57.5 2.31%

May-90 48.1 -0.21% Nov-93 58.2 1.22%

Jun-90 48.1 0.00% Dec-93 58.2 0.00% 15.94%

Jul-90 48.6 1.04% Jan-94 58.3 0.17%

Aug-90 48.7 0.21% Feb-94 59 1.20%

Sep-90 48.2 -1.03% Mar-94 59.2 0.34%

Oct-90 48.7 1.04% Apr-94 59.4 0.34%

Nov-90 48.8 0.21% May-94 60.2 1.35%

Dec-90 49 0.41% 4.26% Jun-94 60.7 0.83%

Jan-91 50.9 3.88% Jul-94 61.8 1.81%

Feb-91 51 0.20% Aug-94 62.1 0.49%

Mar-91 51 0.00% Sep-94 62.1 0.00%

Apr-91 51.6 1.18% Oct-94 62.1 0.00%

May-91 51.9 0.58% Nov-94 62.5 0.64%

Jun-91 52 0.19% Dec-94 62.5 0.00% 7.39%

Jul-91 52.6 1.15% Jan-95 62.8 0.48%

Aug-91 52.9 0.57% Feb-95 63.2 0.64%

Sep-91 53.1 0.38% Mar-95 63.2 0.00%

Oct-91 47.4 -10.73% Apr-95 63.9 1.11%

Nov-91 47.8 0.84% May-95 63.8 -0.16%

Dec-91 47.8 0.00% -2.45% Jun-95 63.9 0.16%

Jan-92 48.5 1.46% Jul-95 64.7 1.25%

Feb-92 48.5 0.00% Aug-95 64.9 0.31%

Mar-92 48.5 0.00% Sep-95 65.4 0.77%

Apr-92 49 1.03% Oct-95 65.4 0.00%

May-92 49.2 0.41% Nov-95 65.7 0.46%

Jun-92 49.2 0.00% Dec-95 65.7 0.00% 5.12%

Jul-92 49 -0.41% Jan-96 66.6 1.37%

Aug-92 49 0.00% Feb-96 66.7 0.15%

Sep-92 49.5 1.02% Mar-96 67 0.45%

Oct-92 49.8 0.61% Apr-96 68.2 1.79%

Nov-92 50.2 0.80% May-96 70.8 3.81%

Dec-92 50.2 0.00% 5.02% Jun-96 71.2 0.56%

Jan-93 50.8 1.20% Jul-96 72.7 2.11%

Feb-93 51.4 1.18% Aug-96 72.2 -0.69%

Mar-93 51.9 0.97% Sep-96 72.5 0.42%

Apr-93 53.4 2.89% Oct-96 73.3 1.10%

May-93 53.6 0.37% Nov-96 73.3 0.00%

Jun-93 54.3 1.31% Dec-96 73.8 0.68% 12.33%
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Date

PPI - 

Selected 

Materials - 

Civil 

Engineering 

Plant

Monthly 

Change

Yearly 

Change Date

PPI - 

Selected 

Materials - 

Civil 

Engineering 

Plant

Monthly 

Change

Yearly 

Change

Jan-97 74.2 0.54% Jul-00 99.2 0.51%

Feb-97 75.7 2.02% Aug-00 102.4 3.23%

Mar-97 75.8 0.13% Sep-00 102.4 0.00%

Apr-97 75.8 0.00% Oct-00 102.4 0.00%

May-97 76 0.26% Nov-00 104 1.56%

Jun-97 76.2 0.26% Dec-00 104.7 0.67% 9.86%

Jul-97 76.2 0.00% Jan-01 104.7 0.00%

Aug-97 76.2 0.00% Feb-01 108.2 3.34%

Sep-97 77.1 1.18% Mar-01 108.2 0.00%

Oct-97 77.2 0.13% Apr-01 108.2 0.00%

Nov-97 77 -0.26% May-01 112.2 3.70%

Dec-97 77.2 0.26% 4.61% Jun-01 112.2 0.00%

Jan-98 77.7 0.65% Jul-01 112.2 0.00%

Feb-98 79.1 1.80% Aug-01 114.3 1.87%

Mar-98 79.3 0.25% Sep-01 114.3 0.00%

Apr-98 80.4 1.39% Oct-01 114.3 0.00%

May-98 80.4 0.00% Nov-01 119.8 4.81%

Jun-98 80.6 0.25% Dec-01 119.8 0.00% 14.42%

Jul-98 82.9 2.85% Jan-02 119.8 0.00%

Aug-98 85.5 3.14% Feb-02 135.8 13.36%

Sep-98 86.3 0.94% Mar-02 135.8 0.00%

Oct-98 88.3 2.32% Apr-02 136.1 0.22%

Nov-98 92.1 4.30% May-02 143.9 5.73%

Dec-98 92.1 0.00% 19.30% Jun-02 143.9 0.00%

Jan-99 92.5 0.43% Jul-02 144.2 0.21%

Feb-99 93.1 0.65% Aug-02 144.9 0.49%

Mar-99 93.1 0.00% Sep-02 144.9 0.00%

Apr-99 94.2 1.18% Oct-02 145.5 0.41%

May-99 94.5 0.32% Nov-02 146.8 0.89%

Jun-99 94.6 0.11% Dec-02 146.5 -0.20% 22.29%

Jul-99 94 -0.63% Jan-03 146.2 -0.20%

Aug-99 94.6 0.64% Feb-03 147.2 0.68%

Sep-99 94.8 0.21% Mar-03 146.9 -0.20%

Oct-99 94.8 0.00% Apr-03 146.9 0.00%

Nov-99 95.3 0.53% May-03 141.4 -3.74%

Dec-99 95.3 0.00% 3.47% Jun-03 141.4 0.00%

Jan-00 95.3 0.00% Jul-03 140.8 -0.42%

Feb-00 97.4 2.20% Aug-03 138.8 -1.42%

Mar-00 97.4 0.00% Sep-03 138.5 -0.22%

Apr-00 97.4 0.00% Oct-03 138.5 0.00%

May-00 98.7 1.33% Nov-03 135.7 -2.02%

Jun-00 98.7 0.00% Dec-03 135.7 0.00% -7.37%
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Date

PPI - 

Selected 

Materials - 

Civil 

Engineering 

Plant

Monthly 

Change

Yearly 

Change Date

PPI - 

Selected 

Materials - 

Civil 

Engineering 

Plant

Monthly 

Change

Yearly 

Change

Jan-04 135.7 0.00% Jul-07 150.3 0.00%

Feb-04 133.8 -1.40% Aug-07 152.1 1.20%

Mar-04 133.8 0.00% Sep-07 152.1 0.00%

Apr-04 133.9 0.07% Oct-07 152.1 0.00%

May-04 132.4 -1.12% Nov-07 153.7 1.05%

Jun-04 132.1 -0.23% Dec-07 153.7 0.00% 4.99%

Jul-04 132.1 0.00% Jan-08 153.7 0.00%

Aug-04 133.1 0.76% Feb-08 161.4 5.01%

Sep-04 133.4 0.23% Mar-08 161.4 0.00%

Oct-04 133.1 -0.22% Apr-08 161.4 0.00%

Nov-04 133.1 0.00% May-08 168.3 4.28%

Dec-04 133.1 0.00% -1.92% Jun-08 168.3 0.00%

Jan-05 133.4 0.23% Jul-08 168.3 0.00%

Feb-05 132.2 -0.90% Aug-08 175.4 4.22%

Mar-05 132.5 0.23% Sep-08 175.4 0.00%

Apr-05 132.5 0.00% Oct-08 175.4 0.00%

May-05 133.8 0.98% Nov-08 184.8 5.36%

Jun-05 133.8 0.00% Dec-08 184.8 0.00% 20.23%

Jul-05 134.1 0.22% Jan-09 184.8 0.00%

Aug-05 134.7 0.45% Feb-09 193 4.44%

Sep-05 134.7 0.00% Mar-09 193 0.00%

Oct-05 134.7 0.00% Apr-09 193 0.00%

Nov-05 135.5 0.59% May-09 189.2 -1.97%

Dec-05 135.5 0.00% 1.80% Jun-09 189.2 0.00%

Jan-06 135.5 0.00% Jul-09 189.2 0.00%

Feb-06 135.4 -0.07% Aug-09 190.9 0.90%

Mar-06 135.4 0.00% Sep-09 190.9 0.00%

Apr-06 135.8 0.30% Oct-09 190.9 0.00%

May-06 137.2 1.03% Nov-09 188.1 -1.47%

Jun-06 138.5 0.95% Dec-09 188.1 0.00% 1.79%

Jul-06 138.8 0.22% Jan-10 188.1 0.00%

Aug-06 141.4 1.87% Feb-10 188 -0.05%

Sep-06 141.7 0.21% Mar-10 188.9 0.48%

Oct-06 143.3 1.13% Apr-10 188.9 0.00%

Nov-06 146.4 2.16% May-10 187.6 -0.69%

Dec-06 146.4 0.00% 8.04% Jun-10 187.4 -0.11%

Jan-07 146.5 0.07% Jul-10 187.2 -0.11%

Feb-07 148.3 1.23% Aug-10 186.7 -0.27%

Mar-07 148 -0.20% Sep-10 186.7 0.00%

Apr-07 148.9 0.61% Oct-10 186.8 0.05%

May-07 150.3 0.94% Nov-10 187.5 0.37%

Jun-07 150.3 0.00% Dec-10 185.8 -0.91% -1.22%
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Date

PPI - Building 

and 

Construction 

Materials

Monthly 

Change

Yearly 

Change Date

PPI - Building 

and 

Construction 

Materials

Monthly 

Change

Yearly 

Change

Jan-90 45.8 Jul-93 60.9 0.16%

Feb-90 46.7 1.97% Aug-93 61.2 0.49%

Mar-90 46.8 0.21% Sep-93 61.2 0.00%

Apr-90 47 0.43% Oct-93 61.3 0.16%

May-90 47.7 1.49% Nov-93 61.3 0.00%

Jun-90 47.7 0.00% Dec-93 61.5 0.33% 6.96%

Jul-90 48.2 1.05% Jan-94 62.5 1.63%

Aug-90 48.7 1.04% Feb-94 63.5 1.60%

Sep-90 48.8 0.21% Mar-94 63.6 0.16%

Oct-90 48.9 0.20% Apr-94 63.7 0.16%

Nov-90 49.5 1.23% May-94 64.2 0.78%

Dec-90 49.5 0.00% 8.08% Jun-94 64.3 0.16%

Jan-91 51.5 4.04% Jul-94 64.5 0.31%

Feb-91 52.3 1.55% Aug-94 65.6 1.71%

Mar-91 52.3 0.00% Sep-94 65.7 0.15%

Apr-91 52.6 0.57% Oct-94 66 0.46%

May-91 53.3 1.33% Nov-94 66.8 1.21%

Jun-91 53.2 -0.19% Dec-94 66.9 0.15% 8.78%

Jul-91 53.5 0.56% Jan-95 67.4 0.75%

Aug-91 54 0.93% Feb-95 69.4 2.97%

Sep-91 54.2 0.37% Mar-95 69.6 0.29%

Oct-91 53.6 -1.11% Apr-95 70.1 0.72%

Nov-91 54 0.75% May-95 71.1 1.43%

Dec-91 54 0.00% 9.09% Jun-95 71.6 0.70%

Jan-92 54.4 0.74% Jul-95 71.7 0.14%

Feb-92 55.8 2.57% Aug-95 72.2 0.70%

Mar-92 55.9 0.18% Sep-95 72.2 0.00%

Apr-92 56.2 0.54% Oct-95 72.4 0.28%

May-92 56.5 0.53% Nov-95 73.4 1.38%

Jun-92 56.5 0.00% Dec-95 73.4 0.00% 9.72%

Jul-92 56.7 0.35% Jan-96 73.7 0.41%

Aug-92 57.3 1.06% Feb-96 75.1 1.90%

Sep-92 57.3 0.00% Mar-96 75.2 0.13%

Oct-92 57.2 -0.17% Apr-96 75.8 0.80%

Nov-92 57.5 0.52% May-96 77 1.58%

Dec-92 57.5 0.00% 6.48% Jun-96 77.5 0.65%

Jan-93 58.4 1.57% Jul-96 78.1 0.77%

Feb-93 59.8 2.40% Aug-96 79.4 1.66%

Mar-93 59.8 0.00% Sep-96 79.5 0.13%

Apr-93 60 0.33% Oct-96 80.1 0.75%

May-93 60.6 1.00% Nov-96 80.5 0.50%

Jun-93 60.8 0.33% Dec-96 80.7 0.25% 9.95%
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Date

PPI - Building 

and 

Construction 

Materials

Monthly 

Change

Yearly 

Change Date

PPI - Building 

and 

Construction 

Materials

Monthly 

Change

Yearly 

Change

Jan-97 81.2 0.62% Jul-00 100.2 0.80%

Feb-97 83 2.22% Aug-00 102.3 2.10%

Mar-97 82.9 -0.12% Sep-00 102.5 0.20%

Apr-97 83.6 0.84% Oct-00 102.3 -0.20%

May-97 84.2 0.72% Nov-00 102.8 0.49%

Jun-97 84.2 0.00% Dec-00 103.1 0.29% 7.96%

Jul-97 84.3 0.12% Jan-01 104 0.87%

Aug-97 85.1 0.95% Feb-01 104.4 0.38%

Sep-97 85 -0.12% Mar-01 104.7 0.29%

Oct-97 85.5 0.59% Apr-01 105.2 0.48%

Nov-97 85.8 0.35% May-01 106.7 1.43%

Dec-97 85.9 0.12% 6.44% Jun-01 106.9 0.19%

Jan-98 86.1 0.23% Jul-01 108.7 1.68%

Feb-98 86.7 0.70% Aug-01 109.2 0.46%

Mar-98 86.5 -0.23% Sep-01 109.3 0.09%

Apr-98 87.3 0.92% Oct-01 109.7 0.37%

May-98 87.8 0.57% Nov-01 110 0.27%

Jun-98 87.9 0.11% Dec-01 110.2 0.18% 6.89%

Jul-98 88 0.11% Jan-02 113.4 2.90%

Aug-98 89.2 1.36% Feb-02 115.8 2.12%

Sep-98 89 -0.22% Mar-02 116.2 0.35%

Oct-98 89.6 0.67% Apr-02 119.7 3.01%

Nov-98 90.8 1.34% May-02 121.9 1.84%

Dec-98 90.5 -0.33% 5.36% Jun-02 122.6 0.57%

Jan-99 90.5 0.00% Jul-02 123.4 0.65%

Feb-99 92.2 1.88% Aug-02 124.5 0.89%

Mar-99 92.3 0.11% Sep-02 124.9 0.32%

Apr-99 92.5 0.22% Oct-02 127.1 1.76%

May-99 93.3 0.86% Nov-02 128.6 1.18%

Jun-99 93.5 0.21% Dec-02 127.8 -0.62% 15.97%

Jul-99 93.6 0.11% Jan-03 129.5 1.33%

Aug-99 94.6 1.07% Feb-03 130.9 1.08%

Sep-99 94.7 0.11% Mar-03 131.3 0.31%

Oct-99 95.1 0.42% Apr-03 131 -0.23%

Nov-99 95.4 0.32% May-03 130.5 -0.38%

Dec-99 95.5 0.10% 5.52% Jun-03 131.7 0.92%

Jan-00 96 0.52% Jul-03 132 0.23%

Feb-00 96.9 0.94% Aug-03 132.3 0.23%

Mar-00 97.2 0.31% Sep-03 132.4 0.08%

Apr-00 97.9 0.72% Oct-03 131.9 -0.38%

May-00 99.3 1.43% Nov-03 132 0.08%

Jun-00 99.4 0.10% Dec-03 131.9 -0.08% 3.21%
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Date

PPI - Building 

and 

Construction 

Materials

Monthly 

Change

Yearly 

Change Date

PPI - Building 

and 

Construction 

Materials

Monthly 

Change

Yearly 

Change

Jan-04 132.2 0.23% Jul-07 181.2 1.00%

Feb-04 133.4 0.91% Aug-07 181 -0.11%

Mar-04 133.6 0.15% Sep-07 181.2 0.11%

Apr-04 136.1 1.87% Oct-07 182.6 0.77%

May-04 139.7 2.65% Nov-07 183.6 0.55%

Jun-04 140 0.21% Dec-07 185.5 1.03% 9.57%

Jul-04 140.3 0.21% Jan-08 187.6 1.13%

Aug-04 141.2 0.64% Feb-08 190.4 1.49%

Sep-04 141 -0.14% Mar-08 192.7 1.21%

Oct-04 143.1 1.49% Apr-08 197.7 2.59%

Nov-04 145.3 1.54% May-08 204.1 3.24%

Dec-04 145.6 0.21% 10.39% Jun-08 206 0.93%

Jan-05 146.1 0.34% Jul-08 211.3 2.57%

Feb-05 147.3 0.82% Aug-08 215.4 1.94%

Mar-05 147.5 0.14% Sep-08 216.2 0.37%

Apr-05 149.2 1.15% Oct-08 219.1 1.34%

May-05 150.3 0.74% Nov-08 218.3 -0.37%

Jun-05 150.6 0.20% Dec-08 215.8 -1.15% 16.33%

Jul-05 151.9 0.86% Jan-09 214.9 -0.42%

Aug-05 152.8 0.59% Feb-09 212.9 -0.93%

Sep-05 152.6 -0.13% Mar-09 213.5 0.28%

Oct-05 152.8 0.13% Apr-09 212.2 -0.61%

Nov-05 153.1 0.20% May-09 210.7 -0.71%

Dec-05 152.9 -0.13% 5.01% Jun-09 210.4 -0.14%

Jan-06 153.7 0.52% Jul-09 211 0.29%

Feb-06 154.7 0.65% Aug-09 211 0.00%

Mar-06 154.7 0.00% Sep-09 211.5 0.24%

Apr-06 155.6 0.58% Oct-09 211.5 0.00%

May-06 157.4 1.16% Nov-09 211.8 0.14%

Jun-06 158.4 0.64% Dec-09 212.6 0.38% -1.48%

Jul-06 161.5 1.96% Jan-10 213.4 0.38%

Aug-06 165.8 2.66% Feb-10 214 0.28%

Sep-06 166.3 0.30% Mar-10 214.4 0.19%

Oct-06 167.5 0.72% Apr-10 215 0.28%

Nov-06 169.2 1.01% May-10 216.6 0.74%

Dec-06 169.3 0.06% 10.73% Jun-10 217.5 0.42%

Jan-07 171.4 1.24% Jul-10 217.1 -0.18%

Feb-07 172.7 0.76% Aug-10 216.5 -0.28%

Mar-07 173.3 0.35% Sep-10 216.8 0.14%

Apr-07 174.8 0.87% Oct-10 217.5 0.32%

May-07 178.3 2.00% Nov-10 217.3 -0.09%

Jun-07 179.4 0.62% Dec-10 218 0.32% 2.54%
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Date

Wholesale 

Price of 

Diesel: Coast

Monthly 

Change

Yearly 

Change Date

Wholesale 

Price of 

Diesel: 

Coast

Monthly 

Change

Yearly 

Change

Jan-95 154.90 1.31% Jul-98 188.10 -1.57%

Feb-95 153.90 -0.65% Aug-98 195.10 3.72%

Mar-95 153.90 0.00% Sep-98 195.10 0.00%

Apr-95 154.90 0.65% Oct-98 200.10 2.56%

May-95 155.90 0.65% Nov-98 200.10 0.00%

Jun-95 159.90 2.57% Dec-98 196.10 -2.00% 0.67%

Jul-95 162.90 1.88% Jan-99 192.10 -2.04%

Aug-95 159.90 -1.84% Feb-99 195.10 1.56%

Sep-95 155.90 -2.50% Mar-99 201.10 3.08%

Oct-95 154.90 -0.64% Apr-99 201.10 0.00%

Nov-95 155.90 0.65% May-99 209.10 3.98%

Dec-95 157.90 1.28% 3.27% Jun-99 214.10 2.39%

Jan-96 162.90 3.17% Jul-99 213.10 -0.47%

Feb-96 171.90 5.52% Aug-99 215.25 1.01%

Mar-96 174.90 1.75% Sep-99 226.25 5.11%

Apr-96 181.90 4.00% Oct-99 233.25 3.09%

May-96 184.90 1.65% Nov-99 239.75 2.79%

Jun-96 189.90 2.70% Dec-99 241.75 0.83% 23.28%

Jul-96 187.90 -1.05% Jan-00 235.55 -2.56%

Aug-96 183.90 -2.13% Feb-00 231.55 -1.70%

Sep-96 185.90 1.09% Mar-00 241.55 4.32%

Oct-96 191.90 3.23% Apr-00 266.55 10.35%

Nov-96 200.90 4.69% May-00 266.55 0.00%

Dec-96 209.90 4.48% 32.93% Jun-00 260.55 -2.25%

Jan-97 213.90 1.91% Jul-00 268.55 3.07%

Feb-97 210.90 -1.40% Aug-00 281.55 4.84%

Mar-97 191.90 -9.01% Sep-00 296.55 5.33%

Apr-97 187.90 -2.08% Oct-00 333.55 12.48%

May-97 193.90 3.19% Nov-00 345.55 3.60%

Jun-97 194.80 0.46% Dec-00 336.75 -2.55% 39.30%

Jul-97 189.80 -2.57% Jan-01 317.75 -5.64%

Aug-97 180.80 -4.74% Feb-01 301.75 -5.04%

Sep-97 179.80 -0.55% Mar-01 300.75 -0.33%

Oct-97 183.80 2.22% Apr-01 306.75 2.00%

Nov-97 190.80 3.81% May-01 318.75 3.91%

Dec-97 194.80 2.10% -7.19% Jun-01 319.75 0.31%

Jan-98 189.80 -2.57% Jul-01 323.95 1.31%

Feb-98 182.80 -3.69% Aug-01 311.95 -3.70%

Mar-98 176.80 -3.28% Sep-01 310.95 -0.32%

Apr-98 183.10 3.56% Oct-01 314.15 1.03%

May-98 186.10 1.64% Nov-01 321.15 2.23%

Jun-98 191.10 2.69% Dec-01 317.95 -1.00% -5.58%
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Date

Wholesale 

Price of 

Diesel: Coast

Monthly 

Change

Yearly 

Change Date

Wholesale 

Price of 

Diesel: 

Coast

Monthly 

Change

Yearly 

Change

Jan-02 329.50 3.63% Jul-05 503.60 10.78%

Feb-02 334.50 1.52% Aug-05 519.60 3.18%

Mar-02 325.50 -2.69% Sep-05 517.60 -0.38%

Apr-02 330.50 1.54% Oct-05 522.60 0.97%

May-02 356.80 7.96% Nov-05 523.60 0.19%

Jun-02 351.80 -1.40% Dec-05 497.60 -4.97% 19.16%

Jul-02 339.80 -3.41% Jan-06 504.50 1.39%

Aug-02 338.80 -0.29% Feb-06 504.50 0.00%

Sep-02 347.80 2.66% Mar-06 504.50 0.00%

Oct-02 362.80 4.31% Apr-06 530.50 5.15%

Nov-02 381.60 5.18% May-06 557.50 5.09%

Dec-02 370.70 -2.86% 16.59% Jun-06 586.50 5.20%

Jan-03 343.70 -7.28% Jul-06 618.50 5.46%

Feb-03 343.70 0.00% Aug-06 640.50 3.56%

Mar-03 359.70 4.66% Sep-06 615.50 -3.90%

Apr-03 379.70 5.56% Oct-06 578.50 -6.01%

May-03 326.70 -13.96% Nov-06 579.50 0.17%

Jun-03 286.70 -12.24% Dec-06 554.50 -4.31% 11.43%

Jul-03 306.70 6.98% Jan-07 537.50 -3.07%

Aug-03 312.70 1.96% Feb-07 528.50 -1.67%

Sep-03 313.70 0.32% Mar-07 538.50 1.89%

Oct-03 308.70 -1.59% Apr-07 576.50 7.06%

Nov-03 318.30 3.11% May-07 606.50 5.20%

Dec-03 323.27 1.56% -12.79% Jun-07 611.50 0.82%

Jan-04 313.30 -3.08% Jul-07 622.50 1.80%

Feb-04 335.30 7.02% Aug-07 637.50 2.41%

Mar-04 338.30 0.89% Sep-07 642.50 0.78%

Apr-04 352.30 4.14% Oct-07 665.50 3.58%

May-04 354.30 0.57% Nov-07 659.50 -0.90%

Jun-04 384.30 8.47% Dec-07 710.50 7.73% 28.13%

Jul-04 371.30 -3.38% Jan-08 711.50 0.14%

Aug-04 359.30 -3.23% Feb-08 718.50 0.98%

Sep-04 391.30 8.91% Mar-08 796.50 10.86%

Oct-04 415.30 6.13% Apr-08 924.50 16.07%

Nov-04 438.30 5.54% May-08 955.50 3.35%

Dec-04 417.60 -4.72% 29.18% Jun-08 1066.50 11.62%

Jan-05 379.60 -9.10% Jul-08 1129.50 5.91%

Feb-05 371.60 -2.11% Aug-08 1113.50 -1.42%

Mar-05 404.60 8.88% Sep-08 969.50 -12.93%

Apr-05 460.60 13.84% Oct-08 913.50 -5.78%

May-05 470.60 2.17% Nov-08 889.50 -2.63%

Jun-05 454.60 -3.40% Dec-08 808.50 -9.11% 13.79%
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Date

Wholesale 

Price of 

Diesel: Coast

Monthly 

Change

Yearly 

Change

Jan-09 639.65 -20.88%

Feb-09 634.65 -0.78%

Mar-09 596.65 -5.99%

Apr-09 636.15 6.62%

May-09 644.15 1.26%

Jun-09 632.65 -1.79%

Jul-09 672.65 6.32%

Aug-09 652.65 -2.97%

Sep-09 687.65 5.36%

Oct-09 655.15 -4.73%

Nov-09 665.15 1.53%

Dec-09 690.15 3.76% -14.64%

Jan-10 676.15 -2.03%

Feb-10 686.15 1.48%

Mar-10 690.15 0.58%

Apr-10 738.65 7.03%

May-10 767.65 3.93%

Jun-10 752.65 -1.95%

Jul-10 737.65 -1.99%

Aug-10 724.65 -1.76%

Sep-10 724.65 0.00%

Oct-10 721.65 -0.41%

Nov-10 732.65 1.52%

Dec-10 746.65 1.91% 8.19%

Description

CPI - Metro - 

Transport 

Running Costs

Yearly 

Change

PPI - Materials 

Used in Certain 

Industries - Civil 

Engineering

Yearly 

Change

PPI - Commodities 

for Cons in SA - 

Manuf - Transport 

Equipment

Yearly 

Change

PPI - Selected 

Materials - Civil 

Engineering 

Plant

Yearly 

Change

Labour 

Costs

Yearly 

Change

PPI - Building 

and 

Construction 

Materials

Yearly 

Change

Wholesale 

Price of 

Diesel: Coast

Yearly 

Change

1990 - - 49.2 7.19% 42.7 11.78% 49 4.26% 49.5 8.08% - -

1991 - - 53.3 8.33% 48.9 14.52% 47.8 -2.45% 54 9.09% - -

1992 - - 57.5 7.88% 54.5 11.45% 50.2 5.02% 57.5 6.48% - -

1993 - - 61.9 7.65% 62.5 14.68% 58.2 15.94% 61.5 6.96% - -

1994 - - 67.2 8.56% 67.7 8.32% 62.5 7.39% 66.9 8.78% 152.90 -

1995 - - 71.5 6.40% 73 7.83% 65.7 5.12% 73.4 9.72% 157.90 3.27%

1996 - - 79.1 10.63% 80.8 10.68% 73.8 12.33% 80.7 9.95% 209.90 32.93%

1997 67 1.98% 86.6 9.48% 85.2 5.45% 77.2 4.61% 85.9 6.44% 194.80 -7.19%

1998 69.4 3.58% 91.3 5.43% 92.8 8.92% 92.1 19.30% 90.5 5.36% 196.10 0.67%

1999 86.1 24.06% 96.4 5.59% 96.1 3.56% 95.3 3.47% 95.5 5.52% 241.75 23.28%

2000 110.5 28.34% 101.8 5.60% 105.3 9.57% 104.7 9.86% 103.1 7.96% 336.75 39.30%

2001 106.2 -3.89% 108.9 6.97% 113.9 8.17% 119.8 14.42% 110.2 6.89% 317.95 -5.58%

2002 121.7 14.60% 125.5 15.24% 126 10.62% 146.5 22.29% 127.8 15.97% 370.70 16.59%

2003 113.4 -6.82% 134.4 7.09% 126.9 0.71% 135.7 -7.37% 131.9 3.21% 323.27 -12.79%

2004 138.1 21.78% 153.6 14.29% 128 0.87% 133.1 -1.92% 145.6 10.39% 417.60 29.18%

2005 160.7 16.36% 160 4.17% 130.2 1.72% 135.5 1.80% 152.9 5.01% 497.60 19.16%

2006 170.8 6.29% 167.9 4.94% 138.1 6.07% 146.4 8.04% 169.3 10.73% 554.50 11.43%

2007 217 27.05% 181.9 8.34% 141.9 2.75% 153.7 4.99% 185.5 9.57% 710.50 28.13%

2008 212.9 -1.89% 216.6 19.08% - - 184.8 20.23% 2009 137570 215.8 16.33% 808.50 13.79%

2009 87.7 -1.03% 209.8 -3.14% - - 188.1 1.79% 2010 148025 7.60% 212.6 -1.48% 690.15 -14.64%

2010 93.6 6.73% 213.1 1.57% - - 185.8 -1.22% 2011 161327 8.99% 218 2.54% 746.65 8.19%

Average 9.80% 7.68% 7.65% 7.04% 8.29% 7.78% 11.61%
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Appendix C: Crystal Ball Output 
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Certoiflly 1 m:IOO I % 

5000 TrioIs 

EscalatedTotal 

f '", t------
~ 

0.01 +-----

" 
Certointy: 1100.00 

Tn<ll. 

~ec...e 

~ 

'~M -SlMlMrd Oevimion 
V"';<>nee -_. 
Kmosi. 
Coeff. cI V"'; obilily 

Minimum 

~-
MeM Std. Err", 

Tfiol. 
~ec...e 

~ 

~M -SIMwIOfd Oeviolim 
V"';ooce -_. -.. Coeff. cI V"",ability 
","",mum 

~-
Mean Std. &ro< 

Stotl"c 
Tn"', 

~ec...e ,-
~M -Stondofd Oevlotion 

V,..;"""" -_. 
Kmosi. 
Coeff. of V"';obility 
Mini","" 

M~m<>:n 

MeM Std. Err", 

For=»t v<ll ... 
,~ 

R 55 633!l5< 50 

R 55 625959.97 

R 55 619 32101 

R 706 24174 

R 4>8 700 21 5 587.73 

0.01 35 
,~ 

0.0127 

R !i3292554.19 

R 58 076 110.84 
R 9987.7!J 

,~ 

R 69 763 l!5O. 34 
R69754953.OO 
R 69746623.55 

R 8&5 629.&5 
R 784 339 S69 4!l5.15 

00135 
,~ 

0.0127 

R 66 818362.96 
R n8174.t2.99 

R 12 524.59 

4 961 !lispIoyed 

Forec.»t vole .... 
,~ 

R 60621 9 260.75 

R 67Il7511n.l1 
R G55 287 91128 

R 139417 511.33 

R 19 437 242 4&t 45 

0. 5200 
112 

O.2!l7!J 
R 3364!)4 955.81 

R l237478 296.80 

R 1971661.35 
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C2: Mine B 

 

 

 

 

 

5 000 TrioIs 

Sublolar 1 

f '" +--------
~ 

0 .01 t------= 

~ I-tt'ny C.minty: 1100.00 1% ~ II+rir 

5 000 TrioIs "'-
Grand Tolar 

' 00 

' 00 

' W 

~ 
' 00 

n 
.00 " 

~ 00 

00 

0 .01 
W 

00 

~ I-tt'ny C.mifl!y: 1100.00 1% ~ II+rir 

5 000 TrioIs "'-
EscalaledTolal 

' 00 

' 00 

, W 

~ 
' 00 

" .00 

~ 00 

00 
0 .01 

W 

00 

~ I-Hriy C.mifl!y: 1100.00 1% ~ Ittriy 

T" aI. 
~e c:...e ,
'~M -St"OOo,d Devimion 

V""","", 

~-. 
KOOo.i. 
Coeff. 01 V""ablily 

Mini """" --Me.>n Sid. Error 

St..ti.oc 
T" aI. 
~e c:...e ,-
'~M -St"OOo,d Devimion 

V""","", 

~-. 
KOOo.i. 
Coeff. 01 V""ablily 

Mini """" --Me.>n Sid. Error 

Stoti.tic 

T" aI. 
~e c:...e ,-
'~M -St"OOo,d Devimion 

V""","", 

~-. 
Kmo:!i, 
Coeff. 01 V""ablily 

Mini"""" --Me.>n Sid. Error 

4979 [lspOryed 

Forec.>st values ,= 
R299476OJ.40 
R 29 950 825. 78 
R29957 32V5 

R451 536.52 
R 2!IJ S&5 224 398.68 

~.0183 
,~ 

0.0151 
R28 428581 93 

R 31 500 568.65 
R6 385.69 

4979~ 

ForOC«lt val""" ,= 
R4165112G.81 
R41G55608.49 
R416G4&17.2G 

R627 996.99 
R 394 380 213 286.30 

~.0183 

' 00 
0.0151 

R39538 471.74 
R43810990.&8 

R8&8122 

4981~ 

F""""",t val..,. ,= 
R59 095615.29 
R 59 56343194 
R 59478 765.95 

R4 259490.31 
R 18143257707 605 

0.1275 

m 
0.071 5 

R45358 024.81 
R745098OJ.75 

R60238.29 

5000 TriaIs 

S ubtotal 1 

f " ,t--------
~ 

0 .01 t------= 

~ I~riy C"""'nIy 110000 1% ~ il-1Wy 

5000T.,. "'-
Grand Tolal 

'00 

'00 

'" 
~ 

,~ 

n 
@ 0 

~ 00 

00 

0.01 

" 
~ 

~ 1-HnIy c.rto;rrty: 1100.00 1% ~ Ittriy 

5 000 TnoIs "'-
E sc alated To lai 

'00 

,. 
'" 

~ 
,~ 

" @ 

~ 00 

00 
0.01 

" 
~ 

~ 1-HriI< C""'1mty: 1100.00 [% ~ ItI'riy 

Triol. 
~e c:...e 

~ 

~M -StondO«! Deviotion 
Voriooce 

~-. 
I(ooooi, 

Coeff. 01 VMi~lily 

Mini"""" --'-leon SId. Error 

SIMi.1i<; 
Triol, 

~ec...e ,-
'~M -St.wdo<d Devi otion 

V"""""" 
~-. 
Kurtosi, 

Coeff. 01 V""obility 
Minimum --Me... SId. Error 

Stoti.1i<; 

Tn.h 
&.eCase ,-
'~M -StondMd Deviotioo 

'M_ 
~-. 
Ka1o:Ii. 
CoeII_ 01 VOfioblity 

Minimum --Meon Sid. Error 

,= 
R299476OJ.40 

R 29 950 S25. 78 
R29957J:>4.75 

R451 ~.52 
R203&!5224398.68 

-iI.Ol83 
,~ 

0.0151 
R28428581.93 

R31~568.65 

R63!!5.69 

497S~ 

F ... OC«Il val""" ,= 
R 41 G5112l;.81 
R41G55608.49 
R416&t".7.~ 

R627 996.99 
R 394 J8t1213 286.30 

-0.0183 
,~ 

0.0151 
R 39.'>:lB47174 
R 43 810 990.&8 

RB &81.22 

4 981 [)spIoyed 

For""""t v_ "",, ,= 
R5909561529 
R59563431.94 
R594787G5.95 

R059490.11 
R18143257 707605 

0.1275 

m 
0.0715 

R45J58024.81 
R74!i1l9l1OJ.7!i 

R60238.2'.l 
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C3: Mine C 

 

 

 

 

 

500D T, . .. - ~ 97!1 0;.,>.,... 

" lola SImi. tic F""""",t v..-..,. 

Tn..-. ,~ 

' 00 ~e c...e R 608008.OO ,- R 608!151.51 

'~M R 60799197 
oro -St"OOo,d Oevimioo R8 975.51 

V"";<>nee R OO 559751.18 
' 00 ~-. 0-

~ KOOos i. 2.91 
~ 002 000 Coeff. 01 V"";ablily 00148 

~ 00 
Mifli !OOlTl R578669.7G -- R G41 6G5.L' 

00 Me.>n Std. Error R 126.93 

0.01 
W 

00 

~ l-ttny C<rioOnIy: 1100.00 1% ~ II+rir 

5000 TrioIs .. - 4978~ 

Grand Tola l Stati. tic Forecast v .. """ 
Tn..-. ,~ 

' 00 ~e c...e R 76244104 ,- R 762496.60 

'~M R 762424.44 
oro -S«.oJoo J o.,.,'dtiu , R 11 2''''.29 

V"";<>nee R l 26681 497.68 
' 00 ~-. 0-

~ KOOos i. 2.91 
~ 0.02 000 Coeff. 01 V"";ablily 0.0148 

~ 00 
M,fIi !OOlTl R 725651.88 -- R 804G48.18 

00 Me.>n Std. Error R 159.17 

0.01 
W 

00 

R 7W OOO.00 R 7511 000.00 R 760 000.00 R 770 000.00 R 700 000.00 R 790 000.00 

~ l-ttny C<rioOnIy: 11110.00 

5_T_ ."'-- ,--,- S .. 
.~ ... -'- lII"'l'5oIl1 

~ 
.... '''10101211 - 111$$1)11110 

~ ... 
.~ -- IIUVlJI!. 

'00 - R'''WlWln 
~ 

J'~ :1 ~- "'" .... s • 

"""- 00'''' -- R~m0 .. - IIIl1U'SCl ......... R 11"115 .. 
•• 

00 

~ ... ~ . 
~ - ~ lDelOCl , 

5000 T,'" 

u lola 

• ro +----------------c~ 

~ 
-lil 0.02 +--------- . 
~ W 

00 

0.0\ +-----------
• 
W 

5 001 T""'" 

Grand ToIa! 

~ 
-lil o.o:' +---------~ 

~ 
0.01 +-----------

R HlIOOO.oo R 750000.00 R 700000.00 R 770000.00 R 700000.00 R 790000.00 

C.monty: 1100.00 1 ~ 

Escalalad T otl!I 

'" 
'D 

'D ,. 
'~f '" 
D 

" ,. 
• 
~ 

' .. . ' 

SWi.tic 

Tnal. 
~eC ... e ,-
,~ . -Stondord Devimion 
V"";ooce 

~-. 
Kmosi. 
Coeff. of V"",obil ily 
Mi",rrom 

~ 

Me..n Std. Error 

$IaO.tie 

Tnal. 
~eC40e 

~ 

~. -Sk.oJ..~ o..v;~""" 
V",,<>oce 

~-. -" Coef!. of V""obilily 
Mioo..um --Me..n Sid. Error 

-, .... 
-'-.... -... ---~-
""-
CNlItI~ ---_ ..... 

~ S7lI oo.p.y..d 

f <>«><=1 val""" 

"'" R 608008.1IO 
R608051.51 
RG0799197 

R8975_51 

R 1IO 559 751.18 
0.0].46 

2.91 
00148 

R57B669.76 
R&416G5.L' 

R 1;>\;.93 

,~ 

R 76.2.:4104 
R 76.2496.60 
R 762424.44 

R n=.:F.l 
R1;>\;G81497.68 

0.0].46 

2.91 
0.0148 

Rn5G51.&'l 
R l!O4 648.18 

R 159.17 

" 1'5~ --... 
iltfltfS&-'1 
'''''1OtQI1 
f'tfi:llOllUO 

"lU1U!i 
II. 1"5 l1l' "1Il1 

''''' ,m 
DOl'" 

1II~"U5 
iltl"!U1H3 

"111'" 
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C4: Mine D 

 

 

 

 

 

5000 TMIs "'- 4974~ 

blola l 1 Stoti. tic F""""",t v..-..,. 

Tn..-. ,~ 

= ~eCme R4982 151.9< ,- R4900 19133 

' 00 '~M R497'.l 711 .37 -SI.>OOofd Oevimioo R63 oo706 
v..n<>flC'e R3 969 &89744.92 

~ ~-. 0.11514 

' W l(OOo, i. 1 07 n 

" CoeII. oj V..nablily 0.0127 
{3 0 02 000 '-liflimum R4778oo1. 56 < ~mum R 5 196 197.35 00 

'-Ie.>n Std. Error R891.05 
00 

0 .01 
W 

W 

. I-Hriy CertoOnIy 1100 00 I ~ ~ lW'riy 

5000 TMIs "'- 4974~ 

Grand Tola l Stoti.tic F""""",t v..-..,. 

Tn..-. ,~ 

= ~eCme R6963254.84 ,- R696051740 

' 00 '~M R695984181 -SI.>OOofd Oevimioo R88061.19 

"'"~ R 7754m97'.l.31 

~ ~-. 0.11514 

' W l(OOo, i. 1 07 n 

" CoeII. oj V..nablily 0.0127 
{3 0 02 000 '-liflimum R 6 677 926.11 < -- R 7 26]413.27 00 

'-Ie.>n Std. Error R 1 245.37 
00 

0 .01 
W 

W 

R 6 1100 OQIJ. 00 R 6 90IJ OQIJ. 00 R 7 0000QlJ.00 R7 1OOOQlJ.00 " 
. I-Hriy CertoOnIy: 1100.00 1% ~ li'friy 

5000 TMIs "'- 4900~ 

EscalaledTolal S!aIi. tic Fore.=lt v..-""" 

Tn..-. ,~ 

= ~eCme R9 801 758.38 

' 00 
,- R9 878959.66 

'~M R 9866642.72 -SI.>OOofd Oevimioo R 589 12807 
V..n<>flC'e R 347 071 881 300.27 

~ ~-. 0.1003 
, W 

l(OOo, i. '00 n 
0.0596 " 000 CoeII. oj V..nablily 

~ '-liflimum R8018891.86 
00 -- R 11 742903.92 

'-Ie.>n Std. Error R8331. 53 
00 

0 .01 
W 

W 

. I-Hriy CertoOnIy: 1100.00 1% ~ li'friy 

5000 T .... ,..- 4974~ 

Subtotal 1 S\oti"c For~t v"""" 
Tnal, ,~ 

Base u..e R4m151.9.t 

~ R4900 19133 

'00 '''m R 497'.1711 .l7 -StaoMrd Devimion R 63oo706 
V...-iOflC<> R3969&9744.92 

~ ~-. 0.0524 
1(000" , 1 07 n 

0.0117 " CoeII. ol V ..... obil,1y 

~ '00 Minimum R4778 oo1. 56 

• '"'- R5196197.35 
"'-' Std. Error R89H15 

00 
0 .01 

W 

" 

. I-wnty CeMnIy 110000 I ~ ~ :Wriy 

5 000 T .... ,..- 4974~ 

Grand Total $l&51ic F~t v",,", 

Tn ol, ,~ 

= Base u..e R6963254.8< 
~ R6 960517.40 ,. '''m R6959 843.81 -' 00 .5I0000<<1 Devimion R M061.19 

' W ""~ R 77~m979. 11 

~ ~-. 0.0524 
i(OOo,is 1 07 n 

0.0127 " CoeII. ol V...-iobilily 
-g 0 02 ' 00 Mini!TUTI R 6 677 926.11 < '"'- R 7 'l£l 41117 00 

Me.><> st:!. Err", R 1 245.37 
00 

0 .01 
W 

" 
R 6 BOO 000.00 R69QO COO.OO R 1000COO.00 R71OO000.00 

. I#ri)' Ce<toOnIy: 1100.00 1% ~ IITriy 

5 000 TriaI:I ,..- 4980~ 

EscalatedTotal $toO,lie For.,.,.,t v""", 
T"oI, ,~ 

= Baseu..e R9001758.18 ,. ,- R9 878959.66 
~m R 936664.2 72 -StaoMrd Deviolioo R 589 12807 

,W V...-i"""" R:l47071 881300.l7 

~ ~-. 0.1003 
' 00 Koo"", ,. 

n 
1l 0 .W CoeI!. ol V"",ablily 0.0596 

" 
Mini"...." R8 018E91.86 

00 '"'- R 11 742903.92 

Me.><>St:!. &ro< R 8 331.53 
00 

0.01 
W 

" 

. I-Hrir Ce<to;nIy 110000 1% ~ IITriy 
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C5: Mine E 

 

 

 

 

 

498.2~ 

blolal 1 Stoti.tic F""""",t v..-..,. 

Tn..-. ,~ 

~eCme R2 904422.00 ,- R2 904406.19 

'~M R2 904 7l!5.45 -SI.>OOofd Devimioo R39G55.53 
V..n<>flC'e R 1 5n 5611n .84 

~-. ~.0194 

l(OOo, i. ,~ 

CoeII. oj V..nablily 0.0137 
'-liflimum R2 T14199.14 

~mum R 3044989.81 

~ 
~ 002 +---------
~ 

--------+ '00 

'-Ie.>n Std. Error R 560.81 

0 .01 t------

I ~ 

498.2~ 

Grand Tola l Stoti.tic F""""",t v..-..,. 

Tn..-. ,~ 

~eCme R437l1574.23 ,- R437l1550.43 

'~M R4371 121.14 -SI.>OOofd Devimioo R59671G4 

"'"~ R 3560943751.~ 

~-. ~.0194 

l(OOo, i. ,~ 

CoeII. oj V..nablily 0.0137 
'-liflimum R4174 614.87 -- R4 58] 100.67 

~ " ' i--------
~ 

--------+ '00 

'-Ie.>n Std. Error R84191 

0 .01 t------

R4260 000.00 R 4 J20 000.00 R 4 :lOO 000 .00 R 4 4WOOO.OO R 4500000.00 

certoOnIy 1100.00 

5000 T""" 4988~ 

EscalaledTolal S!aIi. tic Fore.=lt v..-""" 

Tn..-. ,~ 

~eCme R4834 256.30 '~F========~========~= ,- R4 l!57 012.61 

'~M R4 l!52287.07 -SI.>OOofd Devimioo R242259.18 

v..n<>flC'e R~689511109.84 

~-. 0.1090 
l(OOo, i. ,~ 

CoeII. oj V..nablily 0.0499 
'-liflimum R412142128 -- R5598 45!1.39 

~ .~ +----
~ 

--------+ '00 

'-Ie.>n Std. Error R 3426.06 

0 .01 t-----c: 

5000 TrilOs ,..- 4S82~ 

Subtotal 1 S\oti"c For~t v"""" 
Tnal, ,~ 

' 00 
Baseu..e R2 904422.oo 

~ R 2 904 406.19 

'''m R2904 7&5.45 -StaoMrd Devimion R39G55.53 

V...-iOflC<> R 1 572 561 172.84 

~ ~-. 00194 
I(ooo,is ,~ 

-g OIl:' CoeII. ol V ..... obilily 0.0137 

~ Minimum R2T14 199.14 
00 '"'- RJOU939.81 

00 
_ Std. Error R 560.81 

000 

• 
" 

. I-wnty '"""'" 110000 I ~ ~ :Wriy 

5 000 TrilOs ,..- 4S82~ 

Grand Total $l&51ic F~t v",,", 

Tn ol, ,~ 

'W 
Baseu..e R4J70 S74.23 

~ R4370 550.43 

' 00 ' ''m R43711l1.14 -,OO .5I0000<<1 Devimion R 59673&1 

""~ R3 560943751. >8 

~ ~-. -\).0194 

i(OOo,is ,~ 

-g 0 .1I:' CoeII. ol V...-iobilily 0.0137 

~ Mini!TUTI R4174614.87 
00 '"'- R 4 582100.67 

00 
Me.><> st:!. Err", R84191 

0.01 

• 
" 

Ce<toOnIy 1100.00 

5 000 TriaI:I 4S&8~ 

EscalatedTotal $toO, lie For.,.,.,t v""", 
Triol, ,~ 

= Baseu..e R 4 8:l4 2'56.30 ,. ,- R4857 012.61 

~m R 4&5l237.07 -StaoMrd Deviolioo R242259.1B 
,OO V...-i"""" R 58 689 511109.84 

~-. 0.1090 
' 00 Koo""s ,~ 

CoeI!. ol V"",ablily 0.0499 

Mini"...." R4121 42123 

00 '"'- RS598 450.39 

i 
1l 011:' +---------

" Me.><>St:!. &ro< R34~.06 

00 

0 .01 t-----c: 
00 

" 
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C6: Mine F 

 

 

 

 

 

5000 TriaIs "'- 4981~ 

Subtotal 1 Stati.1ic F,..OC«It v .. """ 
Tn", ,~ 

~e c:...e R2669 074.17 ,- R2669377.63 

'~M R2669229.58 -SI.>OOofd Devimoo R 32 29477 

V""<>nee R l042952218.33 

~ ~-. 0.11523 
l(OOo, i. 'M n 

0.0121 " Coeff. 01 V""ablily 

~ '-lini"""" R2568689.13 -- R2 771569.49 
'-Ie.>n SId. Err,.. R 456.7l 

c.m;nty: 1100.00 1 % ~ li'friy 

"'- 4981~ 

Grand Tola l Stoti.tic F,..e.=It v .. ..,. 

Tn", ,~ 

= ~e c:...e R3837661.57 ,- R3838 097.9!I 
' 00 '~M R3837S&5.02 

' 00 -SI.>OOofd Devimion R464J.t.23 

' 00 V""<>nee R2 156137601.04 

~ ~-. 0.11523 

120 ~ l(OOo, i. m 
Coeff. 01 V""aIlilily 0.0121 

100 ~ 
'-lini"""" R369333.45 

oo~ -- R39E5 OJ1.9!I 

f 
~ .00 +---------.1: 

Me.>n SId. Err,.. RG56.68 
00 

00 

W 

C.m;nty 110000 1 % ~ li'friy 

5000 TriaIs "'- 4981~ 

Escalated Total Stati.oc Fm'ca.t v ..... 

= Tn", ,~ 

~e c:...e R9253955.56 

' 00 ,- R 9499 371.96 

'~M R9 444l!5!1.OJ 
' 00 -.ro st"oo,yd Llev<mion K 1 OOIHf.l1.14 
' 00 V""<>nee R 1 016 259 841 1152 

, W ~-. 0.2397 
l(OOo, i • ,~ 

.00 Coeff. 01 V""aIlilily 0.1061 

Mini"""" R6 732681.33 
00 -- R 13113 765.49 

f . 00+----
~ 

Me.>n Sid. Err,.. R 14 256.65 
00 

00 

W 

R 7 200000.00 R ~ 0100 000.00 R 9 600 000.00 R IO 1100000.00 R 12 000000.00 

c ..... nty IHID.oo 

5000TrioIs "'- 4981~ 

Subtotal 1 51 ..... 0 F ... ..-tv .. """ 

Tri al. ,~ 

&:ie c;""e R2669 074.17 - Rl669 377.63 

Medi"" R 266921958 -StoOOoord Devim on RJ2294.77. 

VMi"""" Rl042952118.33 

~ ~-. 0.0523 
K<.ot"", i. m n 

0.0121 · @ 
Coef!. of VMiabiily 

~ M< ni ..... Rl5G8689.13 

00 ,-~ R 2 771 569.49 
Mean Std. Error R456.n 

00 

~ 

w 

~ I-Hrit C«I.mly: 1100.00 1 % ~ I~ 

5000TrioIs "'~. 4 981 00piIryed 

Grand Tolal Stoti.1ic F.,....,..t .... ues 

Trial , ,~ 

= &:ieC ... e R3837661.57 
~ R3 838097.90 ,. 
~~ R3B37&!5.01 

,ro -.5t.>n<Io«l Deviotion R464J.t.l3 

' 00 VMii>OCe R2156137601.04 

~ - . 0.0523 
, W K<.oto. i, 'M n 

0.0121 · '00 
Coef!. of V...-ioblity 

~ '-Ii,.. """" R 369J 315.45 

00 -~ R39S5 031.90 
Me..... SId. Error R G56.68 

00 
0.01 

00 

W 

~ 1M ...,. CertoifJly: 1100.00 I'" ~ II-tiTt 

5000TnaIs "'- 4981~ 

EscalaledTotal S."1ic F"""""'t .... _ 

= Tnol. ,~ 

&:ieC ... e R92~955. 56 

' 00 - R9499371.96 
'-Iedj .... R9 ..... l!5O.OJ 

'00 -oro ~LIevlo1lon Kluot!\f.l 1.14 
' 00 V"'; ooce R 1 016 259 841 05.2 

~ '" ~-. 0.2397 

~" m n 
0.1061 · 000 Coef!. of V""aI>lity 

~ Minimum R6732681.33 
00 
-~ R13 1137G5.49 
'-I_SIll. Error R 14256.&5 

00 

• 
00 

R7lOOooo.00 R~ WIIooo.00 R9600000.00 Rl0SOO000.00 R 12 000 000.00 

~ 1.Hriv C ..... "'" ~ 1"- ~ 1...-...,. 
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Scenario Two 

C7: Mine A 

 

 

 

 

5000 TriaIs "'- 497G~ 

S ubtota l 1 Stati.ti<; F!>'eCaSt vol ... 

T"oI. ,~ 

= ~eCme R 55 633 054.50 ,- RG0296948.86 
' 00 

'~M R G0270l33.35 -SI.>OOofd Oevimion R2 1OJno.19 
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Tn", ,~ 

~e c:...e R9253955.56 ,- R 10 341816.63 

'~M R 10 183515.83 -SI.>OOofd Devim oo R 1147 863.27 
V"";<>nee R 1 317 590 096 767 

~ ~-. 0.2987 
l(OOo, i. ' 00 n 

0.1110 " Coeff. 01 V"";abl ily 

~ Mini"""" R 7041 !I56.K' 

00 -- R 14 747 769.23 
'-Ie.>n SId. Err,.. R 1623324 

00 

W 

W 

~ I-Hriy c«toOnIy: 11011.00 1 % ~ li'friy 

5000 TrioIs "'- 4977~ 

S ubtotal 1 51 ..... 0 F ... ..-tv .. """ 
Tri ... ,~ 

&se c;""e R2669 074.17 - Rl395:l8l.97 

' 00 Medi"" R2893191.47 -StoOOoord Devimon R 97 339.&5 

,OO VMi"""" R9475047097.81 

~ ~-. 0.1699 

' 00 K<.ot"", i. ,. 
n 

O~ · Coef!. of VMiabiily 

~ "'" ni ..... R1571435.99 

00 ,-~ R314l!349.69 
Mean Std. Error R 1376.59 

00 

• 
00 

~ I-Hrit e«l.mly: 11(10.00 1% ~ I~ 

5000 TriaIo "'- '977~ 

Grand Tolal St • .,ti<: For<>=lt"'"""" 
OM. ,~ 

&sec;""e R3&3766157 ,- R 4163054.02 

~M R 41599OJ.OJ -StOfll!Md Devilrion R 139957.67 
VMiooce R195S31~789.91 

~ ~-. 0.1699 -" '00 · CoeII. of V""abi ity O~ 

~ ","",mum R3697174.96 

00 ~~ R 4670558.39 

"'-' Std. Error R 1 97'130 
00 

• 
00 

~ I ~riy eortoiflly: 11011.00 1% ~ I~ 

5000 Tnals "'- 4 973 0spI0yed 

'"' • " . Sto1i,tic For""""t v_ "",, 

Tn", ,~ 

&se c;""e R9253955.56 - RlO341B16.63 
,~. R 10 2&3 525.&3 -~Devilrion R 1 147863.27 

'M~ R 1 317 590 096 767 

~ ~-. 0.2987 
l(OO.,.i, '00 n 

0.1110 · Coef!. of VMiabi ity 

~ Minimcm R7041056.81 

00 Maximum R 14 747 769.13 

Mean Std. Error R 1613324 
00 

• 
00 

~ I-Wriy e""."" y : 11011.00 1 ,. ~ il-tny 
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Scenario Three 

C13: Mine A  

 

 

 

 

5000 TriaIs "'- 497'.l~ 

S ubtotal 1 Stati,ti<; F!>'eCaSt vol ... 

= Tnol, ,~ 

~eCme R 55 633 054.50 

' 00 ,- RG5 9n51l99 

'~M RG5 754 125.91 -SI.>OOofd Oevimion R 4 585915.60 

V ..... """'" R21030621 923177 

~ , W ~-. 0.2700 
l(OOo, is ,~ 

n 
.~ " 000 Coef!. oj V ..... ablily 

~ Minimum R 53 198 614.58 
00 ~- R8U1809122 

'-ie.>n Std. Error R &I&54.&I 
00 

0 .01 
W 

W 

~ 1-t1dy C<rioOfIIy: 1100.00 1% ~ II-tdy 

5 000 Triais "' - 497'.l~ 

" "" Stoti, tic F""""",t vol..,. 

= Tnol, ,~ 

~eCme R 69763&50.J.t 

' 00 ,- R K'm5X'.54 

'~M R K'45567190 -SI.>OOofd Oevimion R 5 750 738.17 

V ..... """'" R 33 O7tl989 4G4 148 

~ , W ~-. 0.2780 
l(OOo, i, ,~ 

~ 000 Coef!. 01 V ..... ablily .~ 

~ Mini"""" R66 711 06].69 

00 ~- R 105860 288.90 
Me.>n Std. Error R 81 ran 

00 
0 .01 

W 

W 

~ l-<-triy C<rioOfIIy: 1100.00 1% ~ II-tdy 

5 000 Triais "'- ,~""""' 

EscalaledTolai Stoti,tic Fore.=lt vol..,. 

Tnol, ,~ 

~eCme R 606219260.75 
' 00 ,- R m 335239.54 

'~M R7G6 78394145 -SI.>OOofd Oevimion R 178 718 14129 

V ..... """'" R 31 940174 74Q 02 

~ 
, W ~-. 0.7137 

l(OOo, i, '" n 
"' 0.02 000 Coef!. 01 V ..... ablily .= 
~ Mini"""" R 386 332035.16 

00 
~- R l 633 1S8G49.J.t 
Me.>n Std. Error R 2 527 456.22 

00 
0 .01 

W 

W 

" 
~ l-ttnr C<rioOnIy: 1100.00 1% ~ II-tdy 

5001 T""" ,..- 4979~ 

Subtotal 1 Stoti.tic F~t_ 

= T,.;oI, ,~ 

Boseu..e R 55 613 Q5.t. 50 ,. ~ RG597251199 
,~. R G5 754 125.91 

'00 -StonMrd Oeviotioo R45S5915.60 

Vooi"""" Rll 0J(l 6l1 923 177 

~ ,~ "'-, 0.27&0 
Kartosis '00 

" 1l 0 11:' Coef!. oj Vooiobil ily .~ 

Ii Mini"..." R5319861458 
00 '-- R3U18091n 

MeM Std. Error RG4&54.G4 
00 

0 .01 
W 

" 

~ 1-t1dY Ce<toOnIy: 1100.00 I·' ~ 1t1rir 

5000 T""" ""- 4979~ 

Grand Total Stoti.1ic F""""",tYillues - Tri ol. ,~ 

Bose=e R6976385034 ,- RSl7l9532.54 

~. RSl45567190 -SlMdNrl Deviotioo R5 750 733.17 

Vooiooce R 13 070 989 .:&1148 

~ 
",-, 0.2780 

Kartos i. '00 
~ Coelf. 01 V~lily .~ 

~ Min<room R66 711 062.69 
00 '-- R 105860288.90 

Meon Std. Error R 81 32772 
00 

0.01 
W 

~ 

~ I~ CertoOnIy: 1100.00 I:.: ~ lH'ny 

5 000 TMls ,..- 4954~ 

EscalaledTolal' Sta!J.1ic FOfec<>st v,""", 

Tn ... ,~ 

Bose =e R606219260.75 ,- R m 335239.54 
,~. R 7667339<3.45 -SIMldMd Deviotion R 178 718 14129 
,.~ RJ1~17474(102 

~ "'-, 0.7137 

KIxIos i. ,~ 

" "' 0.02 Coef!. 01 Vooiobilily .= 
~ Mini!TUTI R 336 JJ:2 035.16 

• '-- R l6l3183G49.34 
Mean Std. Er,or Rl 5.27 456.n 

00 
0.01 

W 

~ 

" 
~ 1.ffi-lr Cotloinly: 1100.00 I:.: ~ 1t1rir 
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C14: Mine B 

 

 

 

 

 

5000 TriaIs "'- 4981~ 

Subtotal 1 Slati.oc Fm' cast vol ... 

Tnol. ,~ 

~e c:...e R 2'.l9476OJ4Q 

' 00 ,- R35 G44949.97 

'~M R35 478250.00 

' 00 -St"OOo,d Devimion R l841&56.56 
'w Variaree R 8 081 833 436 875 

~ ' 00 ~-. O~ 

KOOos i. ,ro 
n o.om " .00 Coeff. 01 V""aIlility 

~ Minimom R17915415.73 
00 -- R 48 004 69988 

Me.>n SId. Error R 4QlQ406 
00 

W 

00 

~ l-ttrir C""';fIIy: 1100.00 1% ~ li"friy 

5000 TriaIs "'- 4981~ 

Grand Total Slati. oc Forocast vol ... 

Tnol. ,~ 

~e c:...e R 41 G5112G.81 

' 00 ,- R 49574996.41 

'~M R 49343 150.10 

' 00 -St"OOo,d Devimion R 39538U.91 
' W V"""""" R 15 632&9 553 324 

~ ' 00 ~-. O~ 

KOOosi. ,ro 
n o.om " .00 Coeff. 01 V""aIlility 

~ Mini """" R lBK'4760.19 
00 -- R66 7G4936.6!1 

Me.>n Sid. Error R55 915.81 
00 

W 

00 

~ l-ttny C""';fIIy: 1100.00 1% ~ li'triy 

5000 TriaIs "'- 497!i~ 

Escalated Total Slati. oc Forocast vol ... 

Tnol. ,~ 

= ~e c:...e R59095615.2'.l ,- R 7tl114 149.48 
' 00 

'~M R 69 G54 7tI5.19 

' 00 -St"OOo,d Devimion R 766203028 
, W V"""""" R 58 706 708 !156 184 

~ ~-. 0.3341 
' 00 KOOosi. ,~ 

n 
0.1093 " .00 Coeff. 01 V""aIlility 

~ Mini """" R 49688390.86 

00 -- R l OJ 784189.86 

Me.>n Sid. Error R 108 357.47 
00 

W 

00 

~ l-ttny C""';fIIy: 1100.00 1% ~ li'triy 

5000 TrioIs '*- 4931 ~oyed 

Sublolal l Stati. tic F<Jf<>CaSt v,"""" 

Tri ol. ,~ 

~e~e R299476014!l ,. ,- R J5fM94g97 

~. R J5 478311.00 

' 00 -SIM:!oro o.."m;oo R 2s.t2&!:6.56 
'w Villi,"", R S 081 &33 436 875 

~ ' 00 ~-. O~ 

KOOo.i. m n o.om · ' 00 CoeIf. 01 V...-iabilily 

~ Mi", rTUTl R17915 415.73 

00 ,-- R 4l!004699&8 
Mean Std. Err", R 4!l 10406 

00 

W 

00 

~ I#ri)' C«toinly: IUXUJ) 1% ~ :I-triy 

5000 T".., '*- 4981~ 

Grand Tolar Stati.tic FOfocast v .. """ 
Triol. ,~ 

~e~e R 41 G51 1~. 81 

' 00 ,- R 49 574 9%.42 

Modi "" R 493<31~.10 

' 00 -SIM:!oro o..,,<>!ioo R 3953844.91 
' W V...-ionce R1563l839~ 314 

~ ' 00 ~-. O~ 

Ka-tOSlS ,ro 
n 

O.O7'l8 · 000 Coelf. 01 V ..... obilily 

~ Minimum R38824760. 19 
00 -- R 66 7f><936.60 

Mean Std. Error R 5!i91 5.81 
00 

0.01 
W 

00 

~ I~ ~~ 110000 1% ~ !i'triy 

5 000 TrioIs '*- 497!i ~oyed 

Escalaled Tolaf Stati.tic F<Jf<>CaSt v,"""" 

Tri ol. ,~ 

~e~e R 59!l95 61 5.29 

~ R ro 124 14g .. 18 ,. 
~. R 69G54 705.19 

' 00 -SIM:!oro o.."m;oo R 7662030.28 
, W V...-i...,., R 58 706 700 056 1s.t 

~ ~-. 0.3341 
' 00 KOOo.i. ,~ 

n 
0.1093 · 000 CoeIf. 01 V...-iobilily 

~ Mi""""m R 49G88390.116 

00 -- R 103 7&1289.86 

Mean Std. Error R 108 357.47 
00 

W 

00 

~ I-Hrir C«toinly; 110000 1% ~ :i'tny 
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C15: Mine C 

 

 

 

 

 

5000 TriaIs "'- 4972~ 

Subtotal 1 Slati.oc Fm'cast vol ... 

Tnol. ,~ 

~e c:...e R 608008.80 

' 00 ,- R 724!1S8.411 

'~M R 720719.31 

' 00 -St"OOo,d Devimion R 591153.70 
, W V"""'"'" R3487339933.l!5 

~ ~-. 0.3410 
' 00 KOOos i. 2.91 n 

0.0816 " .00 Coeff. 01 V""aIlility 

~ Miflimom R 555 747.63 

00 -- R 944409.69 
Me.>n SId. Error R83!i.15 

00 

W 

00 

~ l-ttrir C<rioOfIIy: 1100.00 1% ~ li"friy 

5000 TriaIs "'- 4972~ 

Grand Total Slati.oc Forocast vol ... 

Tnol. ,~ 

~e c:...e R 76]44104 

' 00 ,- R 908 !ni.86 

'~M R 90J 782.02 

' 00 -St"OOo,d Devimion R 741153.34 
, W V"""'"'" R548389784141 

~ ~-. 0.3410 
' 00 KOOos i. 2.91 n 

0.0816 " .00 Coeff. 01 V""aIlility 

~ Miflimom R696 907.51 
00 -- R 1184289.75 

Me.>n SId. Error R 1 047.27 
00 

W 

00 

~ l-ttrir C<rioOfIIy: 1100.00 1% ~ li"friy 

5000 TriaIs "'- 4978~ 

Escala ted Total Stoti.tic F""""",tvol[JeS 

Tnol. ,~ 

~e c:...e R689 754.91 ,- R 82!I386.11 

' 00 '~M R 817644.26 -' 00 St"OOo,d Devimion R66934.14 

V"""'"'" R 4480178662.23 
' W 

~-. 0.2975 
~ ' 00 KOOos i. 'ID n 

" Coeff. 01 V""aIlility 0.0816 

~ .00 Miflimom R615 195.95 -- R 1 064 575.58 
00 

Me.>n SId. Error R 946.59 

00 

W 

00 

~ l-ttrir C<rioOfIIy: 1100.00 1% ~ li"friy 

5000 TrioIs '*- 4972~ored 

Sublolal l Stati.tic F<Jf<>CaStv,"""" 
Triol. ,~ 

~e~e R 600008.00 

,ro ,- R 724083.411 

~. R 72() 719.31 

' 00 -SIM:!oro o.."m;oo R 590!i3.70 
, 00 V1Ifi"""" R 3. 487 l39 933.&5 

~ ~-. 0.3410 
,~ 

KOOo.;. 2.91 n 
0.0816 · 000 CoeIf. 01 V...-iabil ;1y 

~ Mi",rTUTl R 555 747.63 

00 ,-- R 94441l9.69 

Mean Std. Err", Rr05.15 
00 

00 

~ 

~ I#ri)' C«toinly: IUXUJ) 1% ~ :I-triy 

5000 T".., '*- 4972~ 

Grand Tolar Stati.tic F«ocast v .. """ 
Triol. ,~ 

~e~e R 76244104 

'"'" R~!ni.E6 
,~. R 903 782.02 -StondMd o.."mi"" R 74053.34 ,- R54&3897843.41 

~ ~-. 0.3410 
KOOo.;. 2.91 n 

0.0816 · CoeIf. 01 V...-iabilily 

~ Mi",mum R696907.52 

00 -- R 11842&9.75 
Mean Std. Err.,.. R 1 047.27 

00 

00 

~ 

~ I#riy Ce<t1Ionly: 1100.00 1% ~ li"friy 

5000 TrioIs '*- 49711 !h!>Iored 

Escalaled Tola! Stati.tic Fcrecast v .. "", 

Triol. ,~ 

~e~e RG8'.I754.91 

~ RlQ() 33621 ,. ~. R 817644.2G -' 00 5toOOo<d o.."mioo R66934.14 

V1Ifi"""" R 4 4&l17S 662.23 
' 00 

~-. 0]975 

~ ,~ KOOo.;. ,~ 

n · CoeIf. 01 V...-iabil ;1y 0 .0816 

~ 000 Mi",rTUTl R6251~.95 

Maximum R 1 C64 575.58 
00 

Mean Std. Err« R946.!'.9 

00 

00 

~ 

~ I#ri)' C«toinly 110000 1% ~ II-triy 
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C16: Mine D 

 

 

 

 

 

5000 TriaIs "'- 4981~ 

Subtotal 1 Stati.k F<n>east v .. """ 

Tn.-. ,~ 

= ~e c...e R 4M11 51.94 

' 00 ,- R5925 197.29 

'~M R5 899514.25 

' 00 -St..OOo<d Devi~tioo R 4088216l 
' 00 V"";<>OCe R 167 136 749 235.31 

~ 120 I ~-. 0.2478 

n KOOosi. ,~ 

" 100 &i Coeff. 01 V"";abOlily .~ 

~ oo~ 
Miflimom R 4764003.75 -- R 7 37'.)44125 

Me..... Std. ErrCO'" R 5 781&1 
00 

00 

w 

~ I-Hriy c ertoOfIIy: 1100.00 1 % ~ li"friy 

5000 TriaIs "'- 4981~ 

" "" Stoti.tic F""""",t v.-LJeS 

= Tn.-. ,~ 

~e c...e R 6963254.84 

' 00 ,- R 8281292.73 

'~M R 8245397.10 
,ro -St..OOo<d Devi~tioo R 571 38824 
' 00 V"";<>OCe R 326484 519 747.09 

~ 120 I ~-. 02 478 

n KOOos i. ,~ 

" 100 &i Coeff. 01 V"";abO lily .~ 

~ oo~ Miflimom R 6 G58 362.20 -- R 1031300506 
Me..... Std. ErrCO'" R 8!I8QG5 

00 

00 

w 

~ I-Hriy c ertoOfIIy: 1100.00 1 % ~ li"friy 

5000 TriaIs "'- 4963~ 

Es cala ledTolai Stoti.tic F""""",t v.-LJeS 

= Tn.-. ,~ 

~e c...e R9 801758.38 

' 00 ,- R 11 760 135.60 
~M R 11 6T15OJ.99 

' 00 -St..OOo<d Devi~tioo R 1005468.7tI 
' 00 V"";<>OCe R 1178 242 292 849 

~ 120 I ~-. 0.4015 

n KOOosi. 121 

" 100 &i Coeff. 01 V"";abOlily 0.0923 

~ oo~ Miflimom R 8 858 102.17 -- R 16 329375&1 
Me.>n Std. ErrCO'" R 15 350.&5 

00 

00 

W 

100000.00 R 10olOOooo.00 R 11 700000.00 R 13 000000.00 R 14 JOOooo.00 

~ I-Hrit CertoOfIIy: 1100.00 1 % ~ I,","" 

5000TrioIs .. - 4SRI~ 

Sublo lal l $laO. tic F<n<:«It v ...... 

Triol. ,~ 

= ~e C""e R 4SB1 15\.!l4 ,. ~ R 592'5 197.29 ,- R589951425 

' 00 -SloOOo<d Devio"oo R 4008.2162 
, W 

¥"""""" R 167 136 749 235.31 

~ ,~ ~-. 0.2478 

Kmooi. ,~ 

n 
.~ · '00 CoefI. 01 ¥",,;,b;lity 

~ Mi"" .... '" R 4764 003.75 

00 -- R 7 37'.1.\.13.25 

MeM Std. Erro..- R 5 781.64 
00 

W 

~ 

~ I~riy Certoiflly: 1100.00 I~ ~ liTriy 

5 000 Tnals .. - 4 SRI !litpIoyed 

G rand Tola r Stati. 1ic F«=tvol """ 

= Tn", ,~ 

~e C",e R6963254.&< 

' 00 ,- R 8281292.73 

'M_ R 8245397.10 

' 00 "'" StorwIoorrl Deviotioo R 571 388.24 
' W ¥""<>fICe R 326 4&1 519 747.09 

~ 120~ ~-. 0.2478 

n liOOoo i. ,~ 

· 100 ~ CoefI. 01 ¥on obility .~ 

~ oo ~ Minimum R6G58 36:.!.20 -- R 10 31300506 

MeM SW. Error R 8000.65 
00 

00 

~ 

~ 1-WRy Certoo nty 110000 I ~ ~ liTriy 

5 000 Tna. .. - 4 9G3!litp1oyed 

EscalaledTolai Slob. tic For<>C«lt volues 

= Triol. ,~ 

~e c;..,.e R 9801758.38 ,. ,- R 11 760 135.60 ....- R 11 GT/5OJ.99 
' 00 -Standofd 0.,.,; 0"00 R 1 005 4GB. 70 
' 00 

¥ ..... """" R 1178 242 292 &<9 

~ 12tl~ ~-. 0.4lI15 

n 
Koo.,.IS 121 · 100 ~ CoefI. of ¥~Iity 0.0923 

~ oo ~ MinifOOm R8l!.58102.17 -- R 16 329 375.64 

M""" Std. ErrCO'" R 15J50.l!.5 
00 

W 

00 

100000.00 Rl0_ 000.oo R 11 700 000.00 R 1]000 000.00 A 14 300000.00 

~ 1-WRy Certoinly ~OO I ~ ~ II-friy 
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C17: Mine E 

 

 

 

 

 

5000 TriaIs "'- 4987~ 

S ubtota l 1 Slati.oc Fm'cast vol ... 

Tnol. ,~ 

' 00 ~e c:...e R2904 422.00 ,- R 34Q265306 

' 00 '~M R 3 389 17!l.43 -, W St"OOo,d Devimion R251 902.55 

V"""'"'" R 63 454 896 039.91 

~ 
' 00 ~-. 0.2687 

KOOos i. ,~ 

n .00 0074Q " Coeff. 01 V""ablity 

~ Miflimom R272G6Z'.69 
00 -- R 4 312869.95 

00 Me.>n SId. Error R 3 562.44 

W 

00 

~ l-ttrir C<rioiflly 110000 1% ~ li"friy 

5000 TriaIs "'- 4987~ 

Grand Tota l Slati. oc Forocast vol ... 

Tnol. ,~ 

' 00 ~e c:...e R 4 370 574.23 ,- R 5 120 31232 

' 00 '~M R5100OJ7.20 -' W St"OOo,d Devimion R37!l06].96 

V"""'"'" R 143 688 728 593.58 

~ 
' 00 ~-. 0.2687 

KOOos i. ,~ 

n .00 0074Q " Coeff. 01 V""ablity 

~ Miflimom R 41OJ021.K' 
00 -- R 6 490 006. 71 

00 Me.>n SId. Error R5 360.76 

W 

00 

~ l-ttrir C<rioiflly: 1100.00 1% ~ li"friy 

5000 TriaIs "'- 497!i~ 

Esca la ted Total Stoti.tic F""""",t vol[JeS 

Tnol. ,~ 

~e c:...e R 4834256.30 

' 00 ,- R 5 789 272.11 

'~M R5 754650.63 
' 00 -St"OOo,d Devimion R 520 530.77 
, W 

V"""'"'" R270 952 27!l488.98 

~ ' 00 ~-. 0.3286 

KOOos i. '00 n 
O~ " .00 Coeff. 01 V""ablity 

~ Miflimom R 433694O.75 
00 -- R 7 649 433.13 

Me.>n SId. Error R 7 361.42 
00 

W 

00 

~ l-ttrir C<rioiflly: 1100.00 1% ~ li"friy 

5000TrioIs '*- 4937lb!>1ored 

Sublolal l Stati.tic F<Jf<>CaStv,"""" 
Tri ol. ,~ ,. ~e~e R 1904422.00 ,- R 34OlG53.06 

' 00 ~. R 3 38917!1.43 -, W SIM:!oro o.."m;oo R251902.55 

V1Ifi"""" R 63 454 e96 039.91 

~ 
' 00 ~-. 0.lG87 

KOOo.;. ,~ 

n ' 00 0.0740 · CoeIf. 01 V...-iabil;ty 

~ Mi",rTUTl R1726622.69 
00 ,-- R 431l869.95 

00 
Mean Std. Err", R 3 56:'.44 

W 

00 

~ I#ri)' C«toinly IUXUJ) 1% ~ :I-triy 

5000T".., '*- 4987~ 

Grand Tolar Stati.tic F«ocast v .. """ 
Triol. ,~ ,. ~e~e R 4 370574.23 

'"'" R5 120Jl]J] 

' 00 ,~. R5 1OO037.20 -' W StondMd o.."m;"" R37!1062.96 ,- R 143688 728 59J .~ 

~ 
' 00 ~-. O.lG87 

KOOo.;. ,~ 

n 000 0.0740 · CoeIf. 01 V...-iability 

~ Mi",mum R41OJ021.Sl 
00 -- R6 490006.71 

00 
Mean Std. Err.,.. R 5 360.76 

W 

00 

~ I#riy Ce<t1Ionly: 1100.00 1% ~ li"friy 

5 000 TrioIs '*- 4975 CIs!>Iored 

Escalaled Tola! Stati.tic Fcrecast v .. "", 

Triol. ,~ 

~e~e R 4 a:J.I256.JO ,. ~ R 5 7&1272.11 

~. R5754G50.63 
' 00 -5toOOo<d o.."m;oo R 520 530.77 
' 00 V1Ifi"""" R 270 952 279 41l8.93 

~ ' 00 ~-. 0.3286 
KOOo.;. '00 n 

O~ · 000 CoeIf. 01 V...-iabil ;ty 

~ Mi",rTUTl R 4 3369.t!1.75 
00 Maximum R 7 &19 433.13 

Mean Std. Err« R 7 361.41 
00 

W 

00 

~ I#ri)' C«toinly: IUXUJ) 1% ~ II-triy 
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C18: Mine F 

 

 

 

 

 

5000 TriaIs "'- 498.2~ 

Subtotal 1 Stati.ti<; F!>'eCaSt vol ... 

T" oI. ,~ 

~e c...e R2669 074.17 
' 00 ,- R3 041 824.59 

'~M R3 OJl 92G.87 -St"OOo,d Oevimion R241807.o1 

V"";<>nee R58 47t1630605.&5 

~ 
' 00 ~-. 0.1287 

KOOoo i. ' 00 n 
.00 0.07'Y.i " Coeff. 01 V"";abiily 

~ Mini"""" R2243134.41 
00 -- R 3&88827.34 

Me.>n Sid. Error R 3419.67 
00 

W 

00 

~ l-ttny C<rioOnIy 110000 1% ~ II+rir 

5000 TriaIs "'- 498.2~ 

Grand Total Stati.ti<; F!>'eCaSt vol ... 

T" oI. ,~ 

~e c...e R3 837661. 57 
' 00 ,- R 437361145 

'~M R 4359300.25 -St"OOo,d Oevimion R 347676.17 
V"";<>nee R 120878 716 196.81 

~ 
' 00 ~-. 0.1287 

KOOoo i. ' 00 n 
.00 0.07'Y.i " Coeff. 01 V"";abiily 

~ Mini"""" R3225234.74 
00 -- R 5 591 453.17 

Me.>n Sid. Error R 4 916.&8 
00 

W 

00 

~ l-ttny C<rioOnIy 110000 1% ~ II+rir 

5000 TriaIs "'- 4959~ 

Escala ledTolal' Stati.ti~ Fore.=lt vol""" 

T" oI. ,~ 

= ~e c...e R9253955.56 ,- R 10827 25!1.74 

' 00 '~M R 10718 919.68 -St"OOo,d Oevimion R 1 456 387.71 

V"";<>nee R2 121 065 147 796 

~ ~-. .-
' 00 KOOoo i. ,. 

n 
0.1345 " Coeff. 01 V"";abiily 

~ 
.00 

Mini"""" R 6 738 145.10 

00 -- R 17 672 17'1 14 

Me.>n Sid. Error R 20 596.43 
00 

W 

00 

RUooo ooo.OO R 10000000.00 R 12 ooo ooo.00 R 14000 000.00 

~ l-ttny C<rioOnIy: 1100.00 1% ~ II+rir 

5000 TrioIs "'- .~-
Subtotal 1 Sla .. tK: Forecast v.h.oeo 

T"~. ,~ 

EWec...e R 2669074.17 
~ R 3041824.59 

'~M R3 031 9l6.87 -SIoMMd Oovimion R 241807.G1 

Varimce R 53 470 630 605.S5 

~ ~-. 0.1287 
Kmo.i. '00 n 

0.0795 · Coeff. of Variollilily 

~ Mini!TUTI R 2243134.41 
00 -- R 3 &38l127.34 

Me.>n Std. Error R 3419.67 
00 

W 

" 

~ I-Hrir C.minty; 1100.00 1% ~ Ittny 

5000 T".., "'- .~-.. 

Grand Tolal SIah1i<: F~t v.h ... 

T<i~. ,~ 

EWec...e R 3837661.57 
~ R 4373611.45 

~M R4:l59:l8O.25 -Stondo<d Oovimioo R 347676.17 
Vari....,., R 1:10878 716 196.B1 

~ '" ~-. 0.1287 
Kooosi. '00 n 

0.0795 · Coeff. of Variot>lily 

~ Minimum R 3 225234.74 

" -- R 5 591453.17 
Meo<> Std. Error R4916.88 

00 

• 
" 

~ I~ Ce<tajnly 110000 1 % ~ IHriy 

5 000 T .... "'~. 4959~ 

EscalaledTolal' $toO.tic Fore.=lt val ... 

Tfi~. ,~ 

EWeC ... e R 9253955.56 
~ R 10827250.74 

~M R 10 718919.68 -StondMd o.,.,"'tlon R 1456 387.71 

Vari"""" R 2121 065 147 7% 

~ ~-. .-
Kmosi. '" n 

0.1345 · Coeff. of Variolli!ily 

~ MinimLm R 6 DB 145.10 

00 ,-- R 17 672 17'l.14 

M""" StlI. Error RlO596.43 
00 

• 
" 

RHOOOOO.oo R 10000000.00 RI2 000COO.00 R 14000000.00 

~ I-Hrit C.minty: 1100.00 1% ~ IHriy 
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Appendix D: Contractor Rates for Rehabilitation Work 
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Rehabilitation Work Contractor A Contractor B Contractor C Contractor D Contractor E Contractor F Contractor G Contractor H

Gabions and related works including materials 28225.34 33196 44024.25 27660.33 34199.89 27780.14 41876.76 33387

Fencing including labour and materials 5283.13 15261 13935 10080 7113 5575.3 6902 10020.78

Construction, earthmoving, backfilling, excavations , 

soil shaping, road building and other major works 3767.91 1795.07 1904.1 3067.98 4480.47 1205.7 1431.7 2675.3

Materials supply 14365 40501.31 26950 70163 32841.78 14875.45 24573.7 8700.5

Site management and facilities 161571.03 144631 103352.48 80150 99193.32 45481.5 57789.18 50015

Dayworks Rates 25821 4333.63 3116.5 3942 5880 5022 4305 6785

Site Preparation 41700 23400 111670 106450 317500 517500 147000 25000

Grand Total 280733.41 263118.01 304952.33 301513.31 501208.46 617440.09 283878.34 136583.58

Mean 303959.7847 303959.7847 303959.7847 303959.7847 303959.7847 303959.7847 303959.7847 303959.7847

Rehabilitation Work Contractor I Contractor J Contractor K Contractor L Contractor MContractor N Contractor O

Gabions and related works including materials 26323.22 42398 43101.5 23701 27835.23 19858.09 59892.35

Fencing including labour and materials 5212.24 7784.47 6050 5456.8 5884 5010.36 5772.73

Construction, earthmoving, backfilling, excavations , 

soil shaping, road building and other major works 1486.7 2625.01 4665.02 1037.11 2644.65 990.86 6166.75

Materials supply 11271.79 38066.43 12091.25 15315 608727 14007.64 15936.5

Site management and facilities 203613.96 54300.43 115029.88 46569.25 27759.69 40668.83 33156

Dayworks Rates 3856.19 4175.32 3864.7 4097 2840 5142.5 5496

Site Preparation 29723.75 57554.26 39720 48150 59750 24939.78 40250

Grand Total 281487.85 206903.92 224522.35 144326.16 735440.57 110618.06 166670.33

Mean 303959.7847 303959.7847 303959.7847 303959.7847 303959.7847 303959.7847 303959.7847
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