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1.1 Why sustainable development?

Both new mining developments and existing mines are increasingly under challenge from sections of
society. The social and environmental impacts associated with mining are generally perceived as negative
in the wider community, and numerous examples exist where mines have not gone ahead or have been
closed for reasons other than their financial viability. Concerns regarding the implications of negative
impacts are not confined to lobby groups – increasingly customers of mineral products such as large
electronics corporations consuming copper and overseas power generators purchasing coal are focusing
on the performance of their suppliers in such areas.

The broad concept of sustainable development is emerging as the umbrella under which these issues are
being explored. The recent Global Mining Initiative, convened by the world’s leading mining houses, com-
missioned an in-depth research programme entitled Mining, Minerals and Sustainable Development
(MMSD) spanning two years to investigate the issues facing the industry. Completed in 2002, the study
highlighted nine key challenges and suggested approaches to take the agenda forward. The identification
and management of all the impacts of mining activities, both positive and negative, in an integrated frame-
work was emphasised as an essential part of the improvement process.

1.2 The SOTA Project

The Sustainability Opportunity and Threat Analysis (SOTA) project uses familiar risk management tech-
niques to allow sites to identify and prioritise their own key issues which could impact either positively or
negatively on their sustainability performance. The project arose from discussions between researchers at
the University of Queensland’s Sustainable Minerals Institute (SMI) and a group of industry sponsors,
which focused on practical ways to measure and improve the sustainability performance of operating sites.
In reviewing the status of sustainability indicators for the mineral industry, and in particular how such
metrics could be applied at individual sites, it was suggested that risk management could provide a useful
tool to explore the area.

The concept of sustainable development provides a logical way of integrating a number of different impact
areas into a coherent framework. This project has adopted conventional sustainability impact categories
and combined them with risk management methodology. The outcome is designed to be a simple, prac-
tical tool to assist operations to explore the concept of sustainable development in their own context.

During 2002/3 the SMI team developed a framework and trialled the application of this approach, using
a participative site-based workshop process. Thus the key inputs come from those most acquainted with
the issues. Particular emphasis has been placed on the need to identify opportunities as well as negative
outcomes.
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1.3 About this workbook

This workbook is intended to provide sufficient information and resources to allow anyone to conduct or
participate in a SOTA exercise. It is divided into three parts:

• This first section describes the background to the project, and also briefly summarises the twin themes
of sustainable development and risk management which underlie the project. It concludes by providing
an overview of the SOTA process which brings these themes together.

• The second section steps through the SOTA process one stage at a time. It describes the purpose and
outputs of each stage, providing relevant examples to illustrate key points wherever possible. The dis-
cussion of each step is concluded with a list of key issues to be considered.

• The third and final section provides generic resources that could be used and adapted to form the basis
of a site-focused exercise. These include risk analysis protocols (consequence tables and probability
scales), and generic prompt lists. The latter will, by definition, require modification and expansion for any
particular site. They are designed to provide an initial framework for further information gathering prior
to a workshop.

Throughout the manual examples are provided in shaded sections to illustrate the points being discussed.
In addition key messages are presented in highlighted boxes.

1.4 About the Sustainable Minerals Institute

SMI was formed in 2001 as an initiative of the University of Queensland, the Queensland State
Government and the local mineral industry. It brought together the existing experience base of a number
of Research Centres and University departments already active in the minerals area, with a view to better
co-ordinating their activities in response to the increasing importance of sustainable development issues
for the mining industry.

The SOTA project was carried out by two SMI research centres: the Minerals Industry Safety and Health
Centre (MISHC), which since 1997 has conducted internal and external courses on risk management for
mining industry professionals; and the Centre for Social Responsibility in Mining (CSRM).
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2.1 What is sustainable development?

The concept of sustainable development has become a popular focus of debate and research over the
last twenty years. The phrase attracted wide attention following the 1987 publication of the UN World
Commission on Environment and Development’s “Our Common Future” report, which contained the
often quoted Brundtland definition:

“development that meets the needs of the present whilst preserving the ability of future generations to
meet their own needs”

The report emphasised the need for continued economic development to address pressing issues of
poverty and inequality in developing nations, but at the same time recognized that the social and
environmental impacts of this development needed to be addressed far more effectively than had been
the case to date. The central theme of sustainable development is therefore the integration of economic,
environmental and social considerations in terms of how organisations carry out their activities and the
manner in which decisions are made.

Subsequent international conferences such as the Rio “Earth Summit” in 1992 and the more recent World
Summit on Sustainable Development in Johannesburg in 2002 have provided forums for the concept to
be further debated and international protocols defined. There remain significant differences in interpreta-
tion of the concept between different groups in society. Some of the more commonly expressed principles
of sustainable development are listed below, several of them arising directly from principles defined in the
Rio Declaration.

Commonly expressed principles of sustainable development
Conservation of biodiversity and ecological integrity – recognition that the “carrying capacity” of
natural systems should not be damaged or exceeded, and that human and environmental systems
are inextricably linked together.

Inter-generational equity – ensuring the prosperity of future generations by leaving a healthy 
environment and stock of resources.

Intra-generational equity – ensuring that current resources are shared fairly, human rights respected,
and the pressing issues of world poverty are addressed.

Internalisation of environmental values and natural resources – the “polluter pays” principle,
whereby the full social and environmental costs of activities should be identified and allocated to
those responsible in order to prevent wasteful use of natural resources.

Precautionary principle – not using scientific uncertainty to justify avoiding action where significant
environmental damage might result.

Global perspective – recognition that the world is a large system, and that problems should not be
shifted from one location to another.

In seeking to apply these broad principles to specific industry sectors or activities, various codes and
initiatives have been developed that aim to specify more clearly and in context the relevant process and
performance principles required. An example is that implemented by the Forest Stewardship Council,
which has developed an accreditation scheme for wood products from forests that are assessed as being
managed in a “sustainable” manner. Each of the ten principles in the scheme has defined criteria and indi-
cators attached to it that allows progress to be assessed.

Such schemes have not always been widely accepted, and there remains controversy about their effec-
tiveness. Nevertheless, they remain an important method of attempting to connect the broad principles
of sustainable development with the practicalities of a specific context and activity.
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2.2 Sustainable development and mining

While some groups view activities associated with the extraction of non-renewable resources such as
minerals as inherently non-sustainable, a broader approach recognises that natural resources may be
converted to other types of capital with associated benefits for society as a whole.

Historically, several industry organisations have developed initiatives to encourage and promote con-
sideration of environmental and social issues in the management of mineral developments. The Australian
Mineral Industry Code for Environmental Management, developed by the Minerals Council of Australia
(MCA) and first released in 1997, has been recognised internationally and become well-established
amongst larger companies based in this country. It features seven key principles relating to business
processes to improve performance, mainly in the environmental area.

In 2001 the Mining Association of Canada released a set of thirteen principles as a “Sustainable Mining
Initiative”. The principles address business process and general impact areas covering both environ-
mental and social issues, in particular the effects of operations on local communities and indigenous
peoples. Another example can be found in the set of key principles and objectives developed by the
World Coal Institute.

As mentioned previously, between 2000 and 2002 a group of major national and international mining
companies sponsored the MMSD project. The project was carried out by an independent group which
commissioned extensive research in various regions of the world to identify and analyse the key issues
facing the global mining industry. Following on from the MMSD the International Council for Mining and
Metals (ICMM), which is the peak international association for the industry, released a Code of Sustainable
Development featuring ten principles as shown below.

ICMM Principles of Sustainable Development
• Implement and maintain ethical business practices and sound systems of corporate governance.

• Integrate sustainable development considerations within the corporate decision-making process.

• Uphold fundamental human rights and respect cultures, customs and values in dealings with employees
and others who are affected by our activities.

• Implement risk management strategies based on valid data and sound science.

• Seek continual improvement of our health and safety performance.

• Seek continual improvement of our environmental performance.

• Contribute to conservation of biodiversity and integrated approaches to land use planning.

• Facilitate and encourage responsible product design, use, re-use, recycling and disposal of our products.

• Contribute to the social, economic and institutional development of the communities in which we
operate.

• Implement effective and transparent engagement, communication and independently verified reporting
arrangements with our stakeholders.

To date, the ICMM members who have agreed to measure corporate performance against these principles
include Alcoa, Anglo American, AngloGold, BHPBilliton, Freeport-McMoRan Copper & Gold, Mitsubishi
Materials Corporation, Newmont Mining Corporation, Nippon Mining & Metals, Noranda, Pasminco, Placer
Dome, Rio Tinto, Sumitomo Metal Mining Co., Umicore and WMC Resources.
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Within Australia, the MCA is working on converting the existing Code for Environmental Management
into a Sustainable Development Code based around the ICMM Principles.A group of industry companies
including Placer Dome and BHPB have also combined with WWF Australia to develop and trial a certifi-
cation process similar to that developed by the Forestry Stewardship Council, but focused on certifying
individual mining operations based around their performance in social and environmental areas. These ini-
tiatives represent the best chance of realising a widely-accepted framework for sustainable development
in the minerals industry.

In the meantime, many companies are moving towards producing integrated sustainability reports, reflect-
ing performance not only in traditional safety and environmental areas, but also incorporating broader
social impacts. The current view is perhaps best expressed by Western Mining Corporation in their 2002
Sustainability Report, which uses the image of three overlapping circles to represent the gradual integra-
tion of economic benefit, environmental stewardship and social responsibility into a totally unified
approach to doing business.

Figure 1 WMC Model of Sustainable Development

The use of three overlapping circles is a common portrayal of the concept of sustainable development in
several forums and organisations. Governance, the combination of internal policies and procedures with
external codes and regulations, is here portrayed by WMC as a supporting medium for the three princi-
pal dimensions of sustainable development.
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2.3 Sustainable development and the minesite

Increasingly, individual sites are under pressure to explore their performance and impacts in relation to
sustainable development. Increasing emphasis is being placed on the need to integrate consideration of
impacts across a wide range of areas.

Generic reporting frameworks such as the Global Reporting Initiative (GRI) often do not reveal the detail
of the particular issues and challenges facing an operation. A mining industry sector supplement to the
GRI is currently being negotiated, but significant differences in the nature of operations and their environ-
ment will always mean that some indicators are more relevant than others. It is important that context is
used to guide decision-making, and a key aim of this project is to provide a tool to identify and use rele-
vant information at the site level.

2.4 Additional information

The intent of this chapter has been to provide a short overview of the topic of sustainable development
and mining. Further information on the specific initiatives mentioned above can be found at the internet
addresses listed below.

Organisation Initiative Internet home page

Australian Federal Government Policy on ecologically sustainable www.ea.gov.au/esd/
development

Forestry Stewardship Council Principles and Criteria www.fscoax.org

Minerals Council of Australia Australian Mineral Industry Code www.minerals.org.au
for Environmental Management

Mining Association of Canada Principles of sustainable mining www.mining.ca

World Coal Institute Sustainable Development Principles www.wci-coal.com

International Council for Mining Code of Sustainable Development www.icmm.com
and Metals

06 SOTA Workbook

2. Sustainable Development



3.1 What is risk management?

According to Australian Standard AS4360 (a draft update to this standard is currently undergoing review),
risk can be defined as follows:

“the chance of something happening that will have an impact upon objectives. It is measured in terms of
consequence and likelihood” – AS4360

Risk management is a systematic method of identifying, analysing and treating risks associated with any
activity. It is a recognised discipline and the subject of a large volume of literature, and is described in basic
form in AS4360. Although usually applied to minimise negative outcomes, it can also be used to maximise
positive results.

“Risk management is as much about identifying opportunities as avoiding or mitigating losses” – AS4360

Risk management can be applied to an enormous variety of situations, at any stage of the life of a par-
ticular activity or project. Maximum benefit is usually obtained by carrying out the process as early as
possible in order to allow identified controls or actions to be built into the design of a project. However,
it is also an iterative process which should be used to provide ongoing feedback to inform management
practice and decision-making.

Figure 2 – The risk management process (adapted from AS4360)

Risk management can be broken down into a series of formal process steps, as shown in Figure 2. The
activities associated with each step are explained in broad terms in the following sections, and a more
specific discussion of each step in the context of the SOTA Project can be found in Part B of this work-
book. Risk assessment is here represented as the combination of risk identification, analysis, evaluation and
treatment, in line with current National Mineral Industry guidelines (see section 3.4).
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3.2 Process steps

Establish the context – the first stage involves addressing the reasons for undertaking the risk assessment
and the environment in which it is to be conducted, and agreeing on the scope of the exercise. This is
often the most crucial part of the whole process, since it should provide everyone involved with a clear
picture of the whole process and desired outcomes.

Risk identification – this stage involves the identification of specific events or outcomes that have typically
negative impacts.

Risk analysis – following identification of all possible events or outcomes, each is analysed in terms of its
likelihood and consequences to produce an overall level of risk.

Risk evaluation – once every identified event or outcome has been analysed, the outcome is a list with a
level of risk assigned to each one. This list is compared with thresholds, and decisions made on whether
further action is necessary.

Risk treatment – this stage systematically decides on treatment options for each prioritised risk. Risks that
fall into higher categories may require controls to be defined which reduce either the consequences or
likelihood of the event, in order to move the overall level of risk into a lower category.

Monitor and review – an important element in the overall risk management process is continued moni-
toring and review of risks and controls. The effectiveness of controls needs to be evaluated on a regular
basis, given that the environment within which a system operates can change rapidly. Therefore it is essen-
tial that provision is made for monitoring the agreed outcomes of a risk assessment, and provision made
for repeating it at an appropriate opportunity.

Communicate and consult – perceptions on the level of risk associated with particular outcomes will vary
due to differences in assumptions and needs between different stakeholders, both internal and external.
It is important to establish and maintain an effective two-way dialogue with stakeholders to ensure that
variations in perceptions of risk are understood and incorporated as part of the overall process.

3.3 Applications of risk management

Within the boundaries of this broad process, there are many different methods of risk analysis available.
A key distinction is between qualitative and quantitative approaches.

Qualitative risk analysis generally involves the use of descriptive scales for likelihood and consequence,
whereby each identified event or outcome is evaluated subjectively against these standard descriptions. It is
therefore often carried out in a workshop process involving a group of participants with detailed knowledge
of the system under review.A well known example of such qualitative scales as developed by NASA and the
US Military is provided below, where the consequence or severity dimension is focused on the impact on
people’s health. Note that, despite the assignment of numbers and rank orders, it is still a subjective approach
based on the group’s perception of the issues.

Quantitative risk analysis seeks to use more specific data to assign discrete probabilities to events, based
on historical data applicable to the system under consideration. Examples of this type of approach can be
found in engineering applications, where failure rates for specific system components can be estimated
with some confidence.

Hybrid semi-quantitative approaches have also been adopted in recent years in a variety of fields. The
SOTA project adopts a qualitative approach since the nature of the issues under discussion are often not
well-enough defined to assign discrete values to. The remainder of the discussion in this workbook is
focused on this method.
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NASA/US MIL SPEC 882D Risk Ranking Method

PROBABILITY ESTIMATE

Identifier Descriptor

A Common event or likely to occur (>0.1)*

B Probably will occur or “it has happened” (0.1 – 0.01)

C May occur or “heard of it happening” (0.01 – 0.001)

D Not likely to occur or “never heard of it” (0.001 – 0.000001)

E Practically impossible (< 0.000001)

*Event expected to happen 1 in 10 times the circumstances occur

MAXIMUM REASONABLE SEVERITY CLASS (PEOPLE)

Identifier Descriptor

I Catastrophic – fatality or permanent disability

II Critical serious lost time injury/illness

III Moderate – average lost time injury/illness

IV Minor lost time injury/illness

RISK RANKING TABLE

Probability Probability Probability Probability Probability
A B C D E

Severity I 1 1 2 3 4

Severity II 1 2 3 4 5

Severity III 2 3 4 5 6

Severity IV 3 4 5 6 7

Those events or outcomes with significant severity and high probability will there-
fore fall in the upper left quadrant of the risk ranking table, requiring immediate
controls. Those events considered practically impossible and with minor severity fall
in the lower right corner, and are unlikely to warrant further consideration.
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3.4 Risk and mining

The minerals industry in Australia has developed a significant history of applying risk management tech-
niques over recent years. The rapid growth in this area has been driven largely by a focus on the need to
improve health and safety performance in many parts of the sector, but the techniques have also been
applied to other specific issues such as environmental performance and broader aspects of business risk.
For example, it is common to find qualitative risk ranking tables within Environmental Impact Assessment
documents, and the field of Environmental Risk Management has been actively developed in recent years.

In 2001, the Minerals Council of Australia commissioned a national project to derive “good practice”
guidelines for the application of risk assessment. Several large mining companies and government agencies
provided input and guidance to the project, the outcomes of which were generally consistent with the
process model described in AS4360. The most recent version of the guideline was published in July 2003,
and reviews in detail the various types of risk assessment methods and their applicability to different
situations.

Many mining companies have existing risk management procedures that include qualitative scales of the
type shown in the previous example, some with several different consequence or severity scales that
reflect different dimensions of concern such as health and safety, environmental, and financial impacts.
Formal risk management is now effectively a key part of the business process for most operations in the
industry.

3.5 Further information

Additional information on risk management and its applications including within the minerals industry can
be found at the following locations.

Organisation Initiative Internet home page

Australian Standards AS4360 – Australian Standard www.standards.com.au
for Risk Management

HB203 – Environmental Risk 
Management – Principles and 
Processes

Minerals Council of Australia National Mineral Industry Safety www.mishc.uq.edu.au
and Health Risk Assessment 
Guidelines
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4.1 Objectives

The broad objective for the SOTA Project is to draw together the themes of sustainable development
and risk management into a tool that can usefully be applied at the operational level. The aims of the tool
are to identify the issues of most significance at a site, and to develop controls for improving performance
and monitoring of those issues.

4.2 Overall process

The SOTA process can best be portrayed as a series of discrete steps corresponding to the principal
stages of the AS4360 model shown earlier. Thus the process is defined by the risk management approach.

Figure 3 SOTA process steps

In the above diagram, the “Analyse risk” and “Evaluate risk” steps from AS4360 are merged into a single
step, since evaluation fits naturally at the end of the analysis process. In addition, the “Monitor and Review”
and “Communicate and Consult” feedback loops are omitted for simplicity. SOTA is presented here as a
discrete one-off exercise, but a key to its success will be how well it can be integrated into existing busi-
ness processes. Ongoing communication and monitoring are clearly essential elements in this regard.

An additional step of “Information gathering” has been explicitly added between the “Scoping” and “Risk
identification” phases. This is to emphasise the importance of collecting and organising relevant information
into a framework suitable to explore the theme of sustainable development. Further details on how each
step is carried out, together with illustrative examples, are presented in the next section of this manual.

The main part of the process comprising the identification, assessment and treatment of specific oppor-
tunities and threats is carried out in an interactive workshop, where the experience base of site-based
participants is used to focus on the issues of most significance and relevance.

4.3 An impact-based approach to sustainable development

There are many definitions and models of sustainable development available, and most could be combined
with the risk management process outlined above. For the purposes of the project, it was decided to
develop a model which used the overlapping circle image, combined with some broad impact categories
which reflect the concerns of all stakeholders. It therefore reflects specific outcomes rather than process
issues. This approach is used to illustrate the process in the following sections.
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A key point to remember at this stage is that impacts can be positive as well as negative. This is a point
addressed during most formal impact assessment processes, where the benefits of proceeding with a pro-
ject should be identified as well as potential negative impacts. However, approaches to identifying and
assessing the potential positive impacts are not always as well addressed during subsequent risk assess-
ment processes.

Figure 4 an impact-based description of sustainable development

The above diagram provides broad categories of impacts that together cover the three main dimensions
of sustainable development. The categories are summarised as follows:

Resource efficiencies – How well are we conserving scarce resources and making our processes more
efficient? What are the implications of current consumption patterns?

Emissions and pollutants – What are the main emissions from the site that have the potential to cause
environmental damage both locally and globally?

Land use and biodiversity – What are the impacts of the mine on local land use and biodiversity? How
can the operation make a positive impact? What risks exist in the rehabilitation processes?

General waste streams – What are the main types of waste from mining and processing? What are the
impacts of waste disposal practices? What opportunities exist to reduce the amount of waste, and re-use
or recycle more?

Local disturbances – What environmental issues directly affect neighbouring communities? What changes
has the operation caused?

Workplace management – How does the operation impact on the people who work there? Are there
specific health and safety impacts? What opportunities exist to assist employees in managing work/home
conflict issues?
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Community interactions – How does the mine affect the community, local and otherwise? Are there any
health and safety concerns? What benefits to the community have arisen from the presence of the mining
operation?

Other stakeholder impacts – What impacts arise from interactions with other stakeholders? How has the
operation engaged with stakeholders in the broader community?

Local and regional economic impacts – What are the impacts of the economic activity associated with
the mining operation at a local and regional level?

This model is used to organise the identification of “hazards” and specific events during the risk assess-
ment process, thereby adding the sustainable development dimension to the risk management approach.

It is important to recognise that alternative frameworks are equally appropriate for this task, and indeed
if the organisation involved in a SOTA exercise has an established reporting framework for sustainable
development then it would be more beneficial to use such a model. An example of a framework
developed by Rio Tinto Borax is provided below. Alternatively, an emerging framework such as the ICMM
Principles described earlier could also be used.

Rio Tinto Borax Sustainable Development Principles

ENVIRONMENTAL PRINCIPLES
• Product Stewardship: Borax will operate a product stewardship program in

cooperation with customers. Health, safety and environmental considerations will
be a priority in planning for all existing and new products and processes.

• Pollution Prevention: Borax will minimise air, water and soil pollution through the
pursuit of source-control technology, technical innovation and employee involvement.

• Resource Stewardship: Borax will maximize efficiency in our mining and process
operation, minimise product losses, and maximize efficient use of water, energy
and raw materials.

SOCIAL PRINCIPLES
• Safety & human health: Borax is committed to protecting the health and safety

of our employees, contractors, community neighbours, and the public

• Stakeholder engagement and transparency: Borax will develop partnerships with,
and seek input from key stakeholders, and will provide them with information 
relevant to their needs and interests through timely and open reporting.

• Community Partnerships: Borax seeks to make a lasting contribution to the
communities where we operate by partnering with our local communities for
long-term, mutual benefit.

ECONOMIC PRINCIPLES
• Shareholder Return: Borax will maximize return on investment over the long

term, which provides the resources necessary to maximize our contribution to
sustainable development.

• Economic contribution: Borax will provide opportunities for equitable
economic development, improved living conditions, and access to transferable
skills development for employees and the communities where we operate.

(Source: www.borax.com)
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4.4 Risk analysis protocols

As discussed previously, SOTA is best approached using a qualitative risk analysis method, since many of
the events and outcomes being considered will not lend themselves to quantitative analysis. Due to the
fact that many operations will already have established qualitative scales in place, the project has not set
out to produce a definitive set. However, it will usually be necessary to modify the descriptors to account
for positive outcomes – experience suggests that most existing protocols do not allow for this aspect.
Examples of suitable risk assessment scales that could be used for a SOTA exercise are included in
Appendix A.

Another factor to evaluate when considering existing risk assessment procedures is whether the con-
sequence scales provide enough breadth to account for impacts in all of the impact categories under
consideration. Sometimes, it may be necessary to modify the protocols to suit the particular context.

4.5 Workshop

Many applications of qualitative risk assessment are carried out using participative workshops, with a range
of people familiar with the system under consideration. SOTA is designed for this purpose, since it is also
intended to develop the concept of sustainable development in an interactive environment.

Such workshops are usually best run in an environment away from the distractions of day-to-day opera-
tions. The duration will depend on the scope of the exercise under consideration, but it is important to
allow sufficient time for the different stages to be completed, as well as designing a timetable that allows
breaks and provides a comfortable environment.

4.6 Applications

The SOTA technique can be applied to a wide variety of situations, either specific aspects of a particular
operation or a broad review. Examples where the technique has been used to date to address sustain-
ability issues include the following:

• A broad review of an existing mining operation, scanning each impact category in turn and examining
those of concern in more detail. This type of application is the main focus of this workbook.

• The evaluation of options for locating a workforce at a new operation, where choices included a fly-in
fly-out arrangement, the creation of local accommodation at an existing small rural community, or a
drive-in arrangement from a larger but more distant urban centre. This exercise focused on impacts in
the social dimension.

• The review of impacts associated with a mining company’s water supply system in Central Queensland,
extracting water from a river system and distributing it to graziers, residential mining communities and
mine operations. The exercise examined economic, environmental and social impacts associated with
the system from extraction to disposal.
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The first stage of the process involves scoping the project. This requires the definition of the overall strategic
context, and then agreeing the boundaries and methods which will guide how the process develops. This
is one of the most important stages of all:

“The success or otherwise of a risk assessment exercise is mainly determined by the integrity of its
fundamental design” – Mineral Industry Risk Assessment Guidelines

5.1 Scope document

The scope of the project should be discussed and documented at a meeting of the key stakeholders rep-
resenting the organisation(s) commissioning the process. The intended facilitator should also be present.
In some cases, it may be beneficial for initial site visits and discussions with key stakeholders to have
occurred prior to this meeting to assist in understanding the overall context and designing the scope
appropriately.

Following the meeting, the agreed points should be collated in a formal document and circulated back to
all those involved to ensure common understanding of the process to be followed and the resources
required.

5.2 Scope content

For the purposes of SOTA, the scope document should address the following issues as a minimum.

Project objectives – a brief paragraph outlining the broad nature of the desired outcome and scope of
the exercise.

Objectives
The objective of the project will be to review the operations of the mine and pro-
cessing plant using the team-based SOTA technique in order to identify priority
opportunities and threats affecting sustainability criteria in the areas of social and
environmental performance.

System definition – for any risk assessment process, it is essential to define the system under considera-
tion and its boundaries. Typically, the focus of a SOTA exercise will be on a particular site and its immediate
impacts. Sustainable development can be a very broad topic, extending to product lifecycle issues, e.g. what
are the environmental implications of the use of the product being mined? However, the influence over
such an issue is likely to be low at an operating site level, and it is likely to be more appropriate to limit
the analysis to a fixed point in the product cycle such as a train load-out facility.
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Similarly the exercise could be applied to all activities at a particular site, or could be confined to a spe-
cific process or decision – examples include the management of water in a particular system, or the
location of a workforce for a new operation.

Another key issue to be decided is the timeframe involved for the analysis. Given the forward-looking
nature of sustainable development, it is difficult to exclude longer term considerations. However, if mine
closure is sufficiently far off then it could be agreed to focus the exercise on immediate impacts, and defer
issues such as mine closure to a separate exercise.

Broad site system definition
The system to be reviewed will include all activities associated with current and
projected mining operations, up to and including coal loading at the railhead. It will
cover the full range of sustainability impacts including social and environmental
issues.

No timeframe limit will be set in terms of impacts to be considered. An objective
of the exercise will be to identify both short and longer term impacts that require
management attention in the near future. This could include the relinquishment
of certain areas of current operations, and also deal with some aspects of mine
closure.

Sustainability framework and other workshop resources – it is important to provide a sustainable devel-
opment framework within which the opportunities and threats can be identified and organised. Existing
corporate frameworks would be the best starting point, but if none exist then a generic model should be
specified. One example is the overlapping three circle model with various impact categories identified, as
shown earlier in section 4.3.Whatever approach is adopted, it is important to overtly introduce this con-
cept early in the process in order to emphasise the range and nature of the impacts to be considered.
The focusing question then becomes what opportunities or threats exist which will influence performance
against each particular criteria. The format for this and other information to be brought to the workshop
as prompts should be agreed.

Risk analysis method – as mentioned previously, qualitative risk analysis scales are most suited to the types
of issues which may arise during a SOTA exercise. It is therefore necessary to agree on the tables and
scales to be used. Many operations will have such scales available, and these should be used if they per-
mit consideration of broad impacts in social, environmental and financial terms. It is also important to have
positive consequence scales which may need to be constructed by inverting the more common negative
tables. Note that it is preferable to use existing, familiar tools as the starting point wherever possible.

In addition to consequences, a scale that provides descriptions of probabilities for both negative and posi-
tive outcomes must also be available. Note that it is preferable to use a separate definition of probability
for opportunities, since the interpretation of the phrase is distinctly different. For an opportunity, the scale
will reflect the achievability of the outcome assuming that some proactive action is taken.

A set of example risk analysis protocols is provided in Appendix A. This comprises a set of consequence
scales with descriptive text to cover a broad range of outcomes, separate probability scales for oppor-
tunities and threats, and a matrix for combining these values into an overall risk rating.
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External stakeholder input – a key part of the SOTA process is recognising the range of stakeholders
involved and incorporating their viewpoints into the process in some form. Impacts that affect neighbours
and local communities are clearly part of the sustainable development equation, as are interactions with
other groups such as regulators.

One approach is to involve external stakeholders in the workshop itself. However, if that is not practical
for logistical or other reasons, some information gathering may be carried out with relevant stakeholders
prior to the workshop, and a workshop participant allocated the role of ensuring that their input is heard.
Concerns on issues of confidentiality and information management should be noted where appropriate.

Team selection – team members for the workshop should be chosen to provide sufficient knowledge
around the table to address the types of issues identified in the earlier sections on system and framework.
Operational experience close to the issues is essential.

Logistics – the proposed date and location of the workshop should be nominated to provide everyone
with an estimate of the time available for information gathering. A location should be chosen that will
allow participants to focus on the task and not be distracted by minor work issues. Duration will vary
according to the system and issues under consideration, but should be a minimum of one day to allow
the full risk assessment cycle to be completed.

Reporting method – the method of collating and reporting the output of the workshop should be speci-
fied, including expectations of the level of risk controls to be included in the risk register. The methods of
allowing participant input into the final report, for example through circulation of a draft, should also be
identified.

5.3 Key issues

• Sufficient time must be allocated to the scoping process to ensure that everyone is clear about the
nature of the process and the information required. Confusion at this point will cause problems later.

• Clarity regarding the system boundaries and timeframes to be considered is essential.

• Incorporation of other stakeholder viewpoints in some form is important, and the guidelines and
methods for achieving this should be discussed at this point.

• It is important to specify what the outputs of the process will be, and how these will link in to
subsequent follow-up activities, e.g. review and development of an action plan.
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The second stage of the process involves gathering information and producing the prompt lists designed
to help workshop participants focus on the relevant issues. To this end it is useful to circulate the mate-
rial produced prior to the workshop.

6.1 Stakeholder list

As mentioned, an important part of the process is the consideration of consequences from the point
of view of all stakeholders, not just the mine operators. To aid this outcome, a list of all relevant stake-
holders should be organised incorporating a brief description of their role and key interactions and
objectives.

Stakeholder descriptions
Consider a fictitious open cut mine in a remote area operating on a fly-in fly-out
basis from coastal centres. The site is close to a local aboriginal community, and
the mining lease extends over a significant grazing property.

Stakeholder Description

Landowner • Grazier

• Continues to graze cattle on adjoining property, water
supplied via mine pipeline and dam.Will re-introduce 
grazing on mine lease on relinquishment. Some complaints
re downstream water quality in Murphy’s Creek.

• Aims to sell property once lease has been returned and
restocked.

Local community • Indigenous community located 50km from site.

• Agreement negotiated five years ago includes targets for
local business development and employment.

• Focused on improving performance in these areas which
has proved difficult.

Workforce • Employed on FIFO basis from coastal towns on a 9:5 
roster featuring 12 hour shifts.
etc...
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Listing as complete a collection of stakeholders as possible, helps define the context of the operation
more clearly for all participants of the process, who may not be familiar with every aspect of the various
relationships.

It may be useful to divide the various stakeholders into internal and external groups, internal being those
who are involved in some way in supporting the operations of the mine on a routine basis, e.g. workforce,
suppliers, contractors.

6.2 Breakdown of the system

In order to help participants in the workshop focus logically across all areas of the system defined in the
project scope, it is useful to provide visual representations of the system under consideration. This should
include a map of the operation showing all the relevant facilities being considered, and a generic process
flow diagram that encourages participants to think in terms of the whole process, rather than focus just
on the parts that they are most familiar with. For example, a project focusing on a particular aspect such
as water management would require an overall water flow schematic with relevant inputs and outputs
identified.

6.3 Sources of opportunities and threats

In a risk management process, the source of a threat is generally referred to as a “Hazard”. An important
part of the process is constructing a “Hazard Inventory”, which lists the sources of potential threats in a
particular system. It is important to distinguish between a hazard, an event which arises from that hazard,
and the consequences of the event. For example, the on-site storage of diesel represents a hazard; an
unwanted event that might arise would be a spill of the diesel into the local water system; the con-
sequences could include financial costs of a clean-up, reputational damage and quantifiable environmental
impacts on the ecosystem.

In the case of SOTA, the aim is to construct the equivalent of a Hazard Inventory that lists the source of
both opportunities and threats which could impact on a given sustainability criteria. As for stakeholders,
adding some context is important in order to allow participants to share existing knowledge prior to the
workshop, and to consider the types of opportunities and threats that might arise from these “Hazards”.
These prompt lists are constructed using the agreed sustainable development criteria.

Sources of opportunities and threats

Criteria – Resource efficiencies

Water use • Overall site use of fresh water is 2400MLpa, with prep
plant consuming 1500, office and workshops 750.

• Water use is monitored monthly.

• Mine water is used preferentially for road watering 
wherever possible.

Coal excavation • Some coal edge loss during highwall blasting, currently no
estimate of quantity.

Coal storage in • ROM product stored an average of two weeks. stockpiles
stockpiles Occasional spontaneous combustion of coal in stockpiles.

etc...
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Note that these prompts do not seek to identify specific events or outcomes (that is the purpose of the
workshop), but rather the source and the overall context. A set of generic prompts and relevant con-
textual information covering both surface and underground mines is provided in Appendix B. The list can
be used to highlight areas of good performance and successful controls, so that this information can be
used to guide the workshop process away from areas that are already well-covered. It is included as a
starting point and to provide examples of “Hazards”, but it is not intended to be comprehensive or
detailed since relevant contextual information is essential in presenting information in this form.

6.4 Key issues

• Focus on the source of the opportunity or threat, rather than specific events. These will be identified
in the next stage of identifying risks;

• Use the prompt list to identify the areas of largest impact and highlight relativities. For example, when
considering water use the quantities for human use on-site will often be trivial when compared to pro-
cessing and other uses.

• Some areas may already be well covered by existing systems or recent projects, in which case it may
be decided that there is little value in considering further. For example, workplace health and safety
issues are generally thoroughly covered on most minesites. Even though the area is a key impact area
for most models of sustainable development, there may be little value in considering further in this
workshop.

• Highlight existing systems and controls that are in place already.

• Distribute the material generated prior to the workshop so that participants can come prepared.
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The identification of risks is the first part of the SOTA workshop phase. This involves the systematic iden-
tification of both opportunities and threats, using the prompt lists developed in the previous section. This
should be an open process, whereby any participant can nominate events or outcomes they wish to
discuss regardless of existing systems or controls in place.

7.1 Identification of opportunities and threats

Workshop participants should be asked to suggest specific events or outcomes that would impact either
positively or negatively on the criteria involved. The sustainability framework and the system process dia-
grams are used to guide people through the exercise. At this stage the intent is to canvas all possibilities
without exploring the relative likelihood or degree of consequence.

Identification of opportunities and threats
Capture the ideas in a table or spreadsheet, linking the specific opportunity (O) or
threat (T) with the prompt that produced it. The first example in this table deals
with vehicle washdown, currently carried out using high pressure fresh water. A 
relatively clean minewater dam nearby could be used to provide a constant 
recycling supply for this activity, compared with the current straight-through single
use approach consuming fresh water.

Criteria – Resource efficiencies

Water use O – reduce fresh water consumption by using good quality
mine water for vehicle washdown

Water use T – make-up water on thickener could be left on, significantly
increasing prep plant consumption of fresh water

Water use O – use more water-efficient nozzles for hosing activities in
plant and workshops

Coal recovery O – reduce coal edge loss through improved control of drilling
and blasting practice along front rows

Coal recovery T – major spontaneous combustion event in stockpile results in
significant loss of coal

etc... etc...
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7.2 Key issues

• Capture as many ideas as possible. The process should be akin to “brainstorming” with active par-
ticipation encouraged. Probabilities and consequences for each opportunity or threat identified will be
reviewed in the next section, so unless the group as a whole believes that something is not possible or
irrelevant, it should be captured.

• It is important to use precise language to specify the outcome being discussed, rather than just repeat
the nature of the hazard.

• Focus on the possibilities for realising positive impacts. Since risk management is usually applied to avoid
or mitigate negative impacts, there is a natural tendency for participants to focus on threats. Good
facilitation is required to ensure that this aspect of identifying opportunities is covered.
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The second stage of the workshop involves analysing the identified opportunities and threats in terms of
two parameters: the likelihood of their occurrence, and the consequences if they do occur. The con-
solidated list is then evaluated against a risk ranking scale.

8.1 Assigning likelihood and consequence

Using the scales agreed upon during the scoping process, assign a likelihood and consequence value to
each of the opportunities and threats identified in the previous step. It is useful to provide participants
with copies of the scales to refer to during this stage of the process.

Assigning likelihood and consequence
Using the first opportunity from the previous example, additional columns are 
provided for likelihood (L) and consequence (C).

Criteria – Resource Efficiencies L C

Water use O – reduce fresh water consumption by using good 4 2
quality mine water for vehicle washdown

Water use T – make-up water on thickener could be left on, 2 �2
increasing prep plant consumption of fresh water

... ... ... ...

The likelihood of the opportunity is rated as 4 (definition – “high probability of suc-
cess with low to medium resource requirement”), since the consensus is that the
recycled water would be suitable for the task, and the implementation is relatively
straightforward involving some additional pipework and a small local pump.

The consequence is rated as 2 on the financial scale (definition – “in the range 
$10 000 – $100 000 NPV”). The current variable cost of water to the operation is
approx. $500 per megalitre, and it is estimated that the current usage of 50MLpa
for this purpose could be totally eliminated. This produces an annual saving of 
$25 000, which allowing for initial expenditure would result in an NPV at the high
end of the second scale interval.

Note that in the list of examples, threats are distinguished from opportunities by specifying a negative mag-
nitude to the consequences.
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Often, a specific opportunity or threat may have consequences in more than one dimension. In the example
used, there may be environmental benefit to local water resources in terms of reducing overall consumption,
or alternatively significant social consequences. For the purposes of this exercise, it is best to use the single
highest consequence that the participants agree on. More complex analyses can allow for integration of a
range of consequences, but this aspect will not be pursued further here.

8.2 Evaluating risks

Overall risk is a function of the likelihood and consequence combined, and can be assigned using a rating
system.

Evaluating risks
Continuing the same example, reference is made to the risk rating table as 
discussed in more detail in Appendix A.

Consequence Likelihood Rating

Rating 5 4 3 2 1
High Medium Low

5 – High 9 8 7 6 5

4 8 7 6 5 4

3 – Medium 7 6 5 4 3

2 6 5 4 3 2

1 – Low 5 4 3 2 1

Applying this rating system to the list of opportunities and threats produces the
following type of information:

Prompt Opportunity or Threat L C RR

Water use O – reduce fresh water consumption by using 4 2 5 
good quality mine water for vehicle 
washdown

Water use T – make-up water on thickener could be left 2 �2 �3
on, increasing consumption of fresh water

. . . . . . . . . . . .

The list can then be sorted according to the risk rating value, allowing the most significant opportunities
(the highest positive values of RR) and threats (the most negative values of RR) to be identified. If desired,
threshold values can be set to filter the list prior to the next step.
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8.3 Key issues

• Do not focus on matching events to exact definitions in the ratings scales for consequences. Inevitably
some risks will be discussed where the consequences do not correspond directly to the descriptions
in the scales. The intent is to provide a comparative assessment of the magnitude of the consequences
involved, and some degree of subjectivity will be involved.

• Use the scales to think of broader consequences beyond the direct financial impact on the operation
involved. For example, an accidental release of a pollutant may have minimal financial impact in terms of
potential fines involved, but could have quite serious impacts on the relationship with a local community.

• If multiple consequences are involved for the same issue, consideration could be given to increasing the
overall rating if the event in question is perceived as more significant than others rated at that level.

• When considering opportunities with positive outcomes in areas other than financial, do not focus
solely on the cost of implementation when considering probabilities. The cost-effectiveness of controls
is a separate issue to be considered later – the purpose of SOTA is to identify and prioritise those
opportunities and threats worthy of further evaluation.
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The final stage of the workshop involves reviewing the prioritised list of risks (analysed opportunities and
threats), and deciding on appropriate controls to achieve the desired outcome.

9.1 Definition of controls

When considering a group of identified and prioritised risks, there are a number of options available for
addressing them. These can seek to modify the likelihood or the consequence of the event, or (in the case
of a threat) seek to eliminate it by totally removing the hazard at source.

The prioritised list of risks should be considered, starting with the most significant opportunities or threats.
Existing controls can be discussed, bearing in mind that these should usually have been considered when
assigning a likelihood in the previous stage, and possible new controls proposed.

Defining possible new controls

Opportunity

or Threat L C RR Possible new controls

O – reduce fresh water 4 2 5 • Review water quality data 
consumption by using for dam
good quality mine water • Evaluate pump and other
for vehicle washdown infrastructure required

T – make-up water on 2 –2 –3 • Install timer control on 
thickener could be left on, make-up valve
increasing consumption • Conduct awareness sessions
of fresh water with operators

. . . . . . . . .

In considering controls for practical outcomes, experience has shown that physical, engineering-based
solutions for problems are an order of magnitude more effective than procedural or system-based
solutions. In the second example above, the use of a timed shut-off valve would be a more effective
method of preventing an extended overuse of water in the thickener than simply reminding operators of
the importance of water consumption in that area.
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This issue is described by the Hierarchy of Controls, as listed in the National Mineral Industry Guidelines.
In order of decreasing effectiveness, controls to address negative risks could include:

• Elimination – remove the hazard so consequence is virtually zero;

• Substitution – replace or reduce the magnitude of the hazard so there is less consequence;

• Isolation – remove the hazard or the target at the time of exposure;

• Engineering controls – reduce the probability of the unwanted event through procedural approaches;

• Administrative controls – reduce the probability of the unwanted event through procedural
approaches;

• Personal protective equipment – reduce the consequences at the target.

For positive risks, the nature of the controls will need further consideration. They may vary from broad
actions such as commissioning a project to investigate further, to more specific procedural changes, etc.

9.2 Key Issues

• The output of SOTA will normally be a risk register with suggestions for possible controls, but it will
not normally extend to an implementation plan unless that is agreed as part of the scoping process.

• Where more than one control is suggested, capture all as possibilities rather than trying to decide on
a single “best” option.
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The final stage of the process involves the production of a report summarising the process and the out-
comes, and a review session to capture the learning and agree on the outcomes.

10.1 Final report

All risk assessment processes should be formally documented in a final report that provides all information
required for further reference. The final report should address both the process used and the principal
outcomes of the workshop. It should be capable of informing those not involved as to how and why the
process was carried out.

An example of a suitable format can be found in the National Mineral Industry Safety and Health Risk
Assessment Guideline. The following example is adapted from that source with minor modifications.

Report format checklist adapted from NMISHRAG 2003

Executive Summary • Context and objectives
• Methodology
• Conclusions

Introduction • Context (strategic, corporate and risk management)
• Issues / reason for review
• Project objective and broad scope

Method • System description and boundaries
• Risk assessment protocols and methods
• Prompt lists (include in Appendices)
• Team (names, positions & related experience)
• Workshop details

Documentation used • Stakeholder list
(refer to Appendices) • Hazard inventory

• System schematics

Results • Priority risks (opportunities and threats)
• Possible new controls

Conclusions • Summary of priority areas
• Further action and timelines
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The report should be circulated in draft form prior to finalisation. Opportunities should be provided for
participants to review the results and recommended controls, and raise any concerns that might arise.

10.2 Review process

Once the final version of the report has been circulated and sufficient time has elapsed, a review session
is an important step in agreeing the outcomes of the process. It is an opportunity for process learnings to
be captured, and the value of the process to be debated.

Whilst some feedback can be collected remotely, it is recommended that a face-to-face meeting with key
participants and stakeholders be organised for this purpose.

10.3 Key issues

• Generation of the report should be as interactive a process as possible. It should not be seen as one
individual or organisation’s view, but rather be accepted by workshop participants as a true reflection
of the process.

• Whilst monitoring and evaluation was omitted from the SOTA process, it is clearly an important part
of risk management. Outcomes from the process should be captured in existing business processes that
offer regular monitoring opportunities.

SOTA Workbook

10. Reporting and Review

32



The following sections provide examples of the types of scales used for qualitative risk analysis processes.
These may be used to conduct a SOTA exercise, but it is preferable to use existing corporate guidelines
as a starting point and modify as required, e.g. to include positive consequence outcomes.

A.1 Likelihood scales

Threats

The probability of a negative event or outcome being realised from a threat can be expressed as the com-
bination of the exposure to that situation and the likelihood of it occurring once the situation is present.
In most qualitative risk assessment studies, these two aspects are intuitively combined to provide an overall
description. The following example is that referred to in section 2.3 from NASA/US MIL SPEC 882D.

Likelihood Description

Rare Practically impossible 

Unlikely Not likely to occur, or “never heard of it”

Possible May occur, or “heard of it happening”

Probable Probably will occur, or “it has happened”

Almost certain Common event, or likely to occur

Opportunities

The probability of a positive outcome is not often considered in the same manner, and requires a change
in definition: whereas threats are evaluated assuming no additional controls, i.e. the status quo, oppor-
tunities must be evaluated assuming an appropriate level of proactive action. Factors to be considered
include the exposure to the circumstances whereby the opportunity could be realised, the resources
required and the inherent difficulty of achieving the desired outcome.

Likelihood Description

Rare Practically impossible, resources unlikely to be available, low
probability of successful outcome

Unlikely Not likely to occur, has not been achieved elsewhere, very 
difficult to achieve

Possible May occur, resources possible and even chance of successful 
outcome

Probable Probably will occur, achievable with practical resources, has been
done elsewhere without difficulty

Almost certain Common outcome, resources accessible and relatively easy to
achieve
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A.3 Risk Ranking table

The combination of consequence and probability can be used to provide an overall risk ranking, as shown
in the table below.

Consequence Rating Likelihood Rating

5 4 3 2 1
High Medium Low

5 – High 9 8 7 6 5

4 8 7 6 5 4

3 – Medium 7 6 5 4 3

2 6 5 4 3 2

1 – Low 5 4 3 2 1

The overall risk ranking can then be used to sort the outcomes of the analysis process. The type of sys-
tem shown above is modelled on the example from NASA shown earlier. Alternatives include numbering
each box individually, with a bias for those locations on the same diagonal towards higher consequence, i.e.

Consequence Rating Likelihood Rating

5 4 3 2 1
High Medium Low

5 – High 25 24 22 19 15

4 23 21 18 14 10

3 – Medium 20 17 13 9 6

2 16 12 8 5 3

1 – Low 11 7 4 2 1

Both of these examples then allow a numerical threshold to be set in order to select those issues which
warrant priority attention.Another common alternative is to provide broad bands across the matrix which
identify high, medium and low priorities with associated management guidelines.

Consequence Rating Likelihood Rating

5 4 3 2 1
High Medium Low

5 – High H H H M M

4 H H M M M

3 – Medium M M M M L

2 M M L L L

1 – Low M L L L L

As discussed in previous sections, if a corporate standard exists then it is clearly best to use a system
familiar to the participants.
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