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FOREWORD
AngloGold Ashanti is one of the top three gold producers in the world, with 20
operations on 4 continents. Our vision is to be a leading and innovative mining
company in respect of safety, the environment, operating efficiency, financial returns
and the positive impact that we have on the communities in which we operate.
To us at AngloGold, respect for and protection of the environment is a core value.
With these principles in mind, AngloGold Ashanti Australia is proud to be the major
sponsor of the 2008 GEMG Workshop, and is committed to supporting leading
environmental practices across the industry.
The Goldfield Environmental Management Group aims to facilitate the transfer of
knowledge between environmental practitioners to achieve environmental excellence
in the WA Goldfields. Since the 2006 workshop, the demand for natural resources
has continued to place increasing pressure on the environmental management. This
includes the skilled personnel within industry, regulatory agencies, public interest
groups and interested individuals who all play an important role in acquiring
environmental information, providing environmental leadership and achieving a
balance between economic development and environmental management.
The scope of the workshop has evolved over 18-years from focusing on rehabilitation
and general environmental management, to this year covering all aspects affecting
the industry from troglofauna to greenhouse gas abatement. These issues reflect the
increasing community concern for the environment as well as demonstrating the
mining industry’s commitment to implementing innovative and proactive
environmental practices across WA.
As one of the few truly “practitioner” focused workshops, this forum is critical to the
success of our industry in this pursuit.
This forum facilitates the sharing of environmental initiatives within the WA Goldfields
and across the State.
AngloGold Ashanti wishes you all the best for the workshop, and we hope that the
knowledge you gain will continue to move our industry forward on our journey to
providing leading environmental practices.
Graham Ehm
Executive Vice President: Australasia
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CONSERVATION AND THE
ENVIRONMENTAL ASSESSMENT PROCESS
Tim Nicol
Resources Liaison Officer, Conservation Council of WA
ABSTRACT
Western Australia is working towards the sometimes conflicting objectives of protecting
biodiversity and promoting exploitation of the states mineral wealth. Such conflict can
manifest in the environmental assessment process for projects, often with unsatisfactory
outcomes for the project and for the environment. This paper discusses some of the less
talked about reasons for delays in the assessment process, and suggests that a more
strategic approach to biodiversity survey and planning through initiatives such as an
effective Biodiversity Conservation Act could offer benefits for both conservation and mining.
Acronyms
CAR
DEC
DoIR
EIA
EPA
LNG
NGO
NDT

Comprehensive, Adequate and Representative
Department of Environment and Conservation
Department of Industry and Resources
Environmental Impact Assessment
Environmental Protection Authority
Liquified Natural Gas
Non-Government Organisation
Northern Development Taskforce

INTRODUCTION
Despite growing environmental awareness across the businesses, government and
community sectors, biodiversity loss is still accelerating in WA. The environmental impact
assessment process for projects is a key tool that Governments have available to reduce the
impact of human development on biodiversity.
Modern environmental assessment processes typically involve significant consultation with
the community and in some cases can result in significantly improved environmental
outcomes for projects. In other cases the assessment process can result in delays for the
project, conflicts with the community, and compromised outcomes that give little benefit to
the environment with significant restrictions on the proponent.
In recent years the resources boom has put significant pressure on environmental impact
assessment processes. This paper considers a number of approaches that proponents and
government can take at both the operational level, and at a strategic level, to assist this
situation.
In practice, the tool of environmental assessment also interacts with other tools used by
Government. These other tools include biodiversity planning and management, a critical
component being the advancement of the Comprehensive, Adequate and Representative
(CAR) reserve system. It is argued that advancing the application of these tools will result in
better outcomes for the environmental assessment process.
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FRAMEWORK AND STATUS OF BIODIVERSITY PROTECTION IN WA
International and National Commitments to Biodiversity Protection
In June 1992 Australia signed the Convention on Biological Diversity in Rio de Janeiro along
with 187 other countries and the European Community. Included in measures to implement
the convention is a commitment to conserve at least 10% of all the bioregions on Earth and
that areas of particular importance to biodiversity will be protected (DEC, 2007).
Australia is also a member of the IUCN (World Conservation Union). The IUCN has set a
key target for all member countries to have ‘a system of protected areas representing all the
worlds ecosystems in place’ by the 6th IUCN World Parks Congress, scheduled for 2012
(DEC, 2007).
In 1996 a roadmap to fulfilment of these international obligations was achieved when
Australia produced the National Strategy for the Conservation of Australia’s Biological
Diversity. Amongst other objectives this strategy, signed by all states and territories, seeks to
“establish and manage a comprehensive, adequate and representative system of protected
areas covering Australia’s biodiversity.” (DEC, 2007). It is estimated that approximately 15%
of WA’s land area will be required to fulfil this objective (EPA, 2007).
Currently Australia ranks 16th out of the 30 OECD countries in terms of the per cent of land
protected in reserves. (Sattler, Glanznig, 2006).
The Status of WA’s Biodiversity
Australia is one of a group of 17 countries that support more than 70% of the biological
diversity on earth. The Commonwealth government has identified fifteen national biodiversity
hotspots that support most of this diversity, of these, eight are in WA. Southwest WA has
also been identified by Conservation International as an international biodiversity hotspot,
one of only 25 worldwide. (DEWHA, 2008)
For context it is worth comparing, for example, the mega-diverse Stirling Range National
Park which houses approximately 1625 vascular plant taxa, with all of Great Britain which
has been estimated to house around 1756 taxa (Cheffings et al, 2005). WA also has a very
high level of species endemism, one of the criteria for selection as an international
biodiversity hotspot (DEWHA, 2008).
WA is clearly nationally, and internationally, significant for biodiversity conservation.
The Western Australian State of the Environment (SoE) Report 2007 (EPA, 2007) gives an
indication of the state of WA’s biodiversity in a number of key areas as identified by the EPA.
The overall assessment of the EPA is that there is insufficient knowledge about biodiversity
in WA. Most biodiversity issues are serious and appear to be getting worse.
In terms of mining, the SoE report states there has been significant progress at the individual
business level, but a uniform sector approach to sustainability is lacking.
With the resources boom, mining has now become the largest sector for land clearing.
Between 2005 and 2007 DEC and DoIR approved 16,500ha of land clearing of which 54%
was approved for mining purposes, although this is spread across all of WA. 16,500ha
equates to roughly ten football fields per day. (Auditor General, 2007).
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Mining can also directly influence the status of threatened species and ecological
communities; particularly if restricted populations are associated with geological formations
targeted for mining, such as can be found in the Banded Iron Formation (BIF) ranges (EPA,
2007).
Non-compliance with regulatory conditions has also emerged as an issue in recent times,
with the DOIR environment branch reporting targeted inspections finding 82% noncompliance with conditions, including illegal clearing and failure to cap drill holes, to the
media in November 2007 (ABC News, 13/11/07)
The influence of the mining industry on biodiversity indicators is not restricted to direct
influence. The industry also has influence over other environmental indicators used in the
SoE report, such as the land area in the conservation reserve system. There are numerous
examples of prospective conservation reserves being abandoned by Government on behalf
of the mining industry due to the presence of economic or potentially economic mineral
deposits; one example being the long history of the proposed extended Mt Manning A-Class
reserve, another the excision of the Marandoo iron-ore deposit from Karajini National Park.
THE ENVIRONMENTAL ASSESSMENT PROCESS
A critical tool available to Government in managing declining biodiversity in WA is the
environmental impact assessment process for projects (often referred to as the “approvals
process”). In recent times unprecedented economic development driven by the resources
boom has put significant pressure on this process. Many proponents and industry groups
have expressed concerns about slow progress of their proposals through the system.
There are a number of reasons why a project may have slower than expected progress
through the environmental assessment process. There is a growing literature from industry
bodies and government (through processes such as the Keating Review) that outlines
various ideas about how the assessment process for projects might be sped up through
legislative reform and changed government practice.
However, there are also a number of “other” potential reasons for slower than expected
progress through the environmental assessment process. These are discussed below, along
with some ideas of ways that proponents might improve the situation. The ideas presented
are based on personal experience of the WA environmental impact assessment process
from the point of view of a peak NGO, and on numerous personal communications with
individuals in NGOs, industry and government.
Some Basics
Some proponents get basic processes right and others do not. These can make a big
difference to the assessment process on many projects where other factors are not
interfering.
•

Consultation

Early and effective consultation is a good way to scope the reaction of the community and
regulators to a project and to understand other points of view about the project. From a
proponent’s point of view, it is an opportunity to collect different ideas that may allow the
project to be designed or managed to better meet environmental objectives and community
expectations; an opportunity to test the proposed scope of the environmental impact
assessment; and, an important part of obtaining license to operate from the community.
Additionally, no organisation has a complete knowledge of the environment and
consideration of different information and viewpoints can significantly improve a project.
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But what does early and effective consultation mean form the point of view of a NGO? Often
there is a difference in understanding between NGO’s and companies about the purpose and
scope of consultation. If the approach is made in the wrong way, companies can easily give
the impression of simply wishing to “tick the box” in the assessment process (i.e. simply turn
up to fulfil the requirements of the regulator).
In the minds of the community there is a distinctive difference between consultation and
simply giving a project briefing. The Oxford dictionary gives the following definitions which
are useful to consider:
Consult: (1) Seek information or advice from; (2) Seek permission or approval from.
Briefing: A meeting for giving information or instructions.
The best consultation is when adequate information is provided and a full and frank
discussion about the proposed project is allowed for. Often agreement cannot be reached,
but it is possible to foster a better understanding of the project and develop a more mutual
understanding of the critical issues with the project. This allows for better project scoping
early in the process and generally ensures that debates through the public environmental
assessment process are more focussed, detailed and ultimately result in better decision
making and environmental outcomes.
Consultation with the community, including environmental NGOs, is being increasingly
recognised by government and industry.
One example of this recognition is the
establishment of the Minerals Liaison Officer project at the Conservation Council of WA in
partnership with the Environment Division of the DoIR. The project was set up in recognition
of the benefit of resourcing the community conservation sector to communicate with the DoIR
and the mining industry, and to enable the Conservation Council to provide more feedback
on mining projects and policy. To date the position has continued to hold broad support from
government, industry and the NGO sector.
•

Provision of Adequate Data to Regulator and Community

It is surprisingly common to see proponents coming to the EPA or community prematurely,
with inadequate information to allow a reasoned assessment of the environmental impacts;
for example, without having completed adequate flora and fauna surveys or even without
having fully defined the project scope. Whilst there are times when early consultation is
valuable for initial feedback, gauging interest, and for scoping a project; it should be
remembered that the EPA, Government Departments and NGO’s can only be expected to
provide feedback on the information provided.
Providing inadequate information can often waste time and is likely to result in either the EPA
or other decision making authority placing the assessment of a project on hold (‘stopping the
clock’) until sufficient information is provided. Community groups may also successfully
appeal on the basis of inadequate information if the EPA recommends in favour of the
project.
Consultation with inadequate information can also result in issues being missed in
discussions and lead to frustration for proponents further down the track when groups raise
what appear to be “new” concerns.
•

Failure to Accurately Anticipate Timelines

It is surprising how many companies operating in potentially environmentally sensitive areas
expect to have approval from Government within unrealistically short timelines.
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Past projects and EPA, DoIR or other regulator guidelines should be researched to estimate
how long the assessment process will take. In the current climate, the skills shortage that is
being felt most acutely by Government departments should also be taken into account.
It is a good assumption that any project that is assessed by the EPA is environmentally
sensitive. As a rule the community and Government agencies will regard the environmental
issues more seriously than the proponent, and will be less confident in the ability of the
proponent to manage these effectively.
Some Unavoidables
•

Lack of Biodiversity Information

Prospective proponents in WA should understand that we live in a biodiversity hotspot that is
significantly under-surveyed, where biodiversity is struggling, and even much of our known
biodiversity is not well understood. At times this will lead to delays as the regulatory
agencies seek further information in order to meet their responsibility to understand the
impacts of a proposal. It may also involve the proponent undertaking significant research and
survey work to put the impacts of their proposal into context.
Managing the biodiversity situation should be seen as a natural part of doing business in WA,
in much the same way as hot temperatures and lack of water are inevitable factors affecting
business.
•

Government Staff Shortages (and Poaching by Industry)

In the current boom staff shortages are being felt across the community, but particularly hard
amongst Government regulators where pay is below industry levels.
Brendon Hammond, head of WA’s Office of Development Approvals Coordination, made the
following comments on this situation in the WA Business News on the 28th June 2007:
“We have an emerging critical shortage of manpower across the agencies,” Mr
Hammond told WA Business News.
He believes the drain on corporate knowledge has been felt particularly hard.
The staff shortages, and in particular loss of experienced senior staff, is a major reason why
it is difficult for Government departments to meet timelines for assessments. Staff shortages
are made more acute by the need to inspect and regulate an increasingly large industry with
a workforce that is decreasing in numbers and experience.
Poaching of senior staff by industry is common and probably inevitable. Ironically, a number
of these staff move into “approvals coordinator” positions, trying to speed up progress of
projects through a system that has been weakened by them leaving.
•

Increasing Knowledge and Public Awareness

The environmental literacy of the general public is on the increase. The surge in public
interest in climate change has been one demonstration of this. This increase in public
knowledge is accompanied by, and perhaps driven by, the increasingly degraded state of the
environment as discussed earlier. The inevitable conclusion of these trends is that the
public, and hence the regulators who represent them in the public service, will continue to
require ever increasing standards of environmental assessment and environmental
performance.
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Environmental concerns will increasingly need to become integrated into the design of
projects from the beginning. To achieve this, the environment must become a core concern
of businesses operating in WA. This means a real understanding of, and interest in, the
environmental issues affected by the mining industry throughout all levels of an organisation.
Such an elevated environmental literacy will be a significant challenge for the industry to
achieve across the board.
Some Avoidables
•

Failure of Some Companies and Lobbyists to Accept Basic Environmental Principles

Companies and industry groups have a choice when a project is entering the assessment
process as to whether they wish to use the process as a philosophical battle ground over the
validity of various conservation theories, or whether they want to accept these theories and
work through any issues raised.
These issues were notable in the early stages of the recent public debate about mining of the
Banded Ironstone Formation ranges in WA’s Midwest. For example, in this debate, rare and
restricted flora were referred to as “weeds” and floristic communities as “two weeds and a
tulip.” These and other similar comments were designed to discredit the science used by the
DEC and the EPA to argue for conservation. In other cases the value of the assessment
process and the reserve system have been directly challenged.
But what is the relevance of these issues to the environmental assessment of mining
project?
Brendon Hammond, head of WA’s Office of Development Approvals Coordination, made
some interesting comments on this situation in the WA Business News on the 28th June
2007:
“The opportunity that is being lost here is for the industry to present itself to the
community as an industry that can be trusted.
“What [the industry] has actually said here is that left to our own devices, we ought to
put the bulldozers in.
“That’s the hard reality of what those decisions say, and that has a direct impact on
legislative reform and the approvals process.”
Brendan Hammond says the mining industry's stance ‘‘reinforces the view that
industry, left to its own devices, would render the place into a desert, destroy valuable
plants and species, and wander off into the sunset with their pockets full of cash."
For the point of view of an environmental NGO, Brendan Hammond is correct in his reading
of the situation. Reform of the assessment process is contingent on license to operate and
public trust. Rejection of the need to protect environmental values by some in the industry
undermines this trust and increases opposition to reform. It also increases opposition to
individual projects and reduces trust in the companies involved and by association the
industry in general.
•

Consultants or Advocates?

The WA environmental assessment process is proponent driven; this means the information
and advice provided by consultants paid by proponents heavily influences EPA decisions
and is an essential part of the assessment process.
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As such, the operation of the assessment process is reliant on the EPA and community
trusting in the professionalism and independence of consultants’ advice.
But is this trust warranted, and what are the consequences if it is not?
Overall, there remains a high degree of trust in the WA consulting sector, and a high degree
of knowledge about the merits of various operators amongst industry, regulators and NGOs.
However, vigilance is required.
In one instance, in an email forwarded to the Conservation Council of WA, a consultant
stated the following:
“We see our role as ensuring that the developments proceed provided that they are
environmentally acceptable and also provided that they minimise their impacts.”
Implicit in this statement is an assumption by at least one individual in the WA consulting
industry that the role of a consultant is in fact the role of the EPA (i.e. to assess the merit or
otherwise of a project), or that of a paid advocate for a project – the role of a lobbyist or
public relations firm rather than an independent consultant.
The Conservation Council also hears occasional rumours about proponents changing
consultants for a more pro-project outcome. None of these allegations have ever been
substantiated, and it would be very difficult to do so.
However, if occurring, such practices will do damage to the assessment system in the long
term, perhaps resulting in increased regulation of consultants that would place further
pressure on the system – resulting in more pressure on assessment timelines.
The public and regulators need to have unbiased science (or science based advice)
presented to them in order to understand the impacts of proposals and make informed and
timely decisions.
A search of the Environmental Consultants Association of Australia website found that there
is no explicit policy relating to the degree to which consultants should act independent of the
interests of the proponent. However, there are policy statements about integrity and
professionalism, and the second item in the Code of Conduct has the following to say:
“The responsibility of members to the community will come before their responsibility
to the profession, to sectional or private interests, or to other consultants.”
It is important that the sector continues to emphasize the importance of consultants providing
professional independent third party science and advice, regardless of who is paying for that
advice.
SUPPORTING THE ENVIRONMENTAL ASSESSMENT PROCESS
Strategic Planning
The importance of planning strategically for biodiversity protection is increasingly being
recognised by Government, industry and the community, as evidenced in the case studies
discussed below. Strategic planning can be as a part of the environmental assessment
process, or can be conducted in support of the process.
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In both instances it allows the impact assessment process to take a broader view of the
biodiversity consequences of development and consider how affected biodiversity values
might be managed more holistically. It can enable community concerns to be better
addressed by simultaneously considering how biodiversity protection might be achieved,
rather than just trying to mitigate or justify the impacts of a specific proposal.
The benefits of strategic assessment for the assessment process are many. Some of these
benefits include:
• Community concerns may be about a broader biodiversity or conservation issue, but
these can become focused on how a specific proposal impacts on the issue. Strategic
planning that can demonstrate that the issue is being managed more broadly may
mitigate many concerns about the specific proposal;
• Community concerns are often about the cumulative impacts of many proposals
(death by a thousand cuts), or about possible future growth on the back of a proposal
(thin edge of the wedge). Strategic planning can address these concerns by
producing policy and plans than limit or manage future growth and cumulative
impacts;
• Community concerns may be about the lack of protection of certain biodiversity
values in the conservation estate. Strategic planning can allow for development to be
balanced with protection of those values more broadly, potentially taking the focus
away from the specific proposal whilst also advancing WA’s commitment to
establishing a CAR reserve system;
• Strategic planning can address the cumulative impacts of multiple proponents on the
biodiversity values in a region;
• Strategic planning can provide proponents with valuable information about which
areas are of highest priority for protection or management;
• Strategic planning can provide Government agencies and the community with
valuable information about which areas are of highest value to industry, and allow
these to be compared systematically with the overlapping biodiversity values;
• Strategic planning allows for all issues to be taken into consideration in a measured
and informed manner, thus reducing conflict and increasing understanding of the
issues that need to be balanced in the development and/or protection of an area.
Two recent examples from WA highlight two different models of strategic planning with
different benefits for the environmental assessment process:
The Strategic Review of the Conservation and Resource Values of the Banded Iron
Formation of the Yilgarn Craton
In 2007, as a response to concern from the public, the EPA and the DEC about the impacts
of a proposed expansion of iron ore mining in the Banded Ironstone Formation (BIF) ranges
of the Midwest and Yilgarn; the State Government set up a joint strategic review process
undertaken by the DoIR and the DEC.
The strategic review compared the known biodiversity and iron ore resources of the BIF. It
resulted in a report, endorsed by State Cabinet, that outlined the Governments’
predisposition towards mining and/or conservation over different parts of the BIF.
Biodiversity hotspots such as Mt Manning and Mt Karara/Mungada/Blue Hills were singled
out for increased conservation in A-Class reserves. Other areas were indicated as likely to
be open for mining subject to appropriate environmental impact assessment and
management arrangements.
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Before the review there was a high level of concern about all activities impacting on BIF
ranges, resulting in strong opposition to any BIF mining proposal. The results of the review
have now given an opportunity to balance conservation of BIF biodiversity and landscape
values with mining interests through creation of reserves over some higher biodiversity value
ranges and allowing mining in others. Mining proponents have a clearer picture of which
ranges are likely to be off-limits for mining and the community has a better idea of which
ranges must be protected to preserve the values of the BIF.
The strategic review can now act as a document that supports and guides the EPA and the
Minister in the assessment of each individual proposal.
Implementation of the
recommendations in the review will assist in meeting community concerns about cumulative
impacts and the lack of protection of any BIF ranges that would otherwise have resulted in
continued opposition to all BIF mining proposals.
The document is thus acting as a basis for more informed discussions about how to balance
iron ore mining in the Yilgarn craton with protection of the unique biodiversity and landscape
values of the BIF as a part of the CAR reserve system. Resolution of this conflict at the
strategic level will allow less damaging proposals to move forward through the assessment
system with more certainty than before the review.
Cabinet level endorsement of the strategic review has been an important factor in ensuring
that the recommendations and commitments in the review are being taken seriously by
mining proponents and the conservation community. At the time of writing the Governments’
commitment to the review recommendations remains untested by a mining proposal or
official reserve recommendation.
The Northern Development Taskforce; the Strategic Assessment; and the Kimberley
Hub
Also in 2007 the State Government responded to rising community concerns about the
development of the Browse Basin gas reserves in proposed LNG plants along the Kimberley
Coast by establishing the Northern Development Taskforce (NDT). The NDT is a high level
taskforce chaired by the Director General of the DoIR.
One of the primary goals of the NDT is to manage the impacts of the development of the
Browse Basin on the Kimberley, in particular to avoid the ad-hoc and often unnecessarily
destructive and divisive nature of development in the Pilbara. The NDT has a broad
mandate to consult widely with traditional owners, environmental groups, other local
communities and industry to determine the best location for a common user LNG processing
hub.
Following from the work started by the NDT, the State and Federal Governments agreed in
late 2007 to formalise the search for a Browse Basin gas processing hub. A joint strategic
assessment under the State Environmental Protection Act 1986 and the Commonwealth
Environmental Protection and Biodiversity Conservation Act was announced. The
assessment is being conducted at a level of Strategic Assessment under both acts. At the
time of writing the Terms of Reference for the assessment are still being finalised; however, it
is expected that possible sites from Karratha to Darwin will be considered, including offshore
options such as offshore floating LNG processing.
The intended result of the NDT process and the joint strategic assessment is to find a
location for a common user hub for all current and future LNG processing proposals from the
Browse Basin. The process seeks to minimise or avoid impacts on the Kimberley; seek
informed consent along with meaningful and sustainable benefits for traditional owners; and
to avoid proponent driven and largely unplanned ad-hoc development that would be
destructive to the outstanding biodiversity, wilderness and cultural values of the Kimberley.
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Proponents are expected to benefit by avoiding lengthy and potentially costly environmental
assessment and negotiations with traditional owners. If a suitable location for a hub can be
found, then the Strategic Assessment will result in environmental conditions that allow for the
development of the hub and associated port facilities.
Such a result could not be achieved without undertaking a strategic assessment.
•

Other Backing for Strategic Assessments

Other reviews have backed the use of strategic assessment as a tool for achieving better
outcomes from the environmental assessment process. The following is an extract from the
Government’s Keating Review into the environmental assessment process in WA:
Sustainability – Regional Forward Planning (Section 6.2.1)
47. Government should undertake strategic planning for development sites on a
regional basis. Government should encourage development projects and industries to
locate where there are fewer environmental and social constraints by the greater use
of strategic level EPA assessments, strategic planning for industrial estates, and
regional environmental management plans. These plans should be made available to
potential developers as a basis for development so that developers could expect
approval so long as their proposal complied with the plans. This planning should be
undertaken within the State Sustainability Strategy framework.
An Effective Biodiversity Conservation Act for Western Australia
A number of environmental NGOs including the Conservation Council of WA are advocating
for a new Biodiversity Conservation Act for Western Australia. The WA Government and the
Premier have also committed to this legislation. Drafting of the Act has been ongoing for a
number of years.
Given that drafting of the Act has not been completed it is difficult to comment on how it will
affect the environmental assessment process. However, a number of opportunities exist in
the drafting of this Act to improve the management of biodiversity and hence the
environmental assessment process in WA. Some of these are briefly introduced below.
•

Legislative Framework for Habitat Protection

The new Biodiversity Conservation Act is an opportunity to improve and clarify the legislative
protection for habitat and ecological communities. This will provide more certainty around
conservation objectives for biodiversity and allow for better protection of threatened species
and communities.
•

Strategic Biodiversity Surveying

The establishment of a Biodiversity Conservation Act is one of a number of opportunities that
exist to establish a more systematic biodiversity survey of WA. Currently biodiversity survey
in WA is run by a number of agencies and scientific institutions, NGOs and by private
interests for project development purposes. Increasing the resourcing and coordination of
the biodiversity research undertaken by these entities through the establishment of a
Biodiversity Institute or similar support collaboration could provide great benefits to WA –
both in increased survey and taxonomy capacity as well as in research into managing or
mitigating threatening processes.
The task of mapping WA’s biodiversity is a daunting one. Whilst significant projects have
been completed or are underway in WA, the pace of data collection and taxonomy is well
behind the growth of existing threats such as weeds, fire, salinity, feral animals and climate
change; and of new threats such as land clearing and water abstraction created by rapid
development in the current resources boom.
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However, there would be numerous benefits to a better understanding of WA’s biodiversity.
In terms of the environmental assessment process the information would be of great value to
proponents and the EPA where contextual information for site based surveys is essential to
understanding the potential impacts of a proposal. The information could also inform more
strategic planning for biodiversity to support the assessment process.
A process similar to the geological survey - that has mapped the broad scale geology of WA
to assist the minerals industry in exploration - could be undertaken for biodiversity. A
combination of the geological maps of WA and a biodiversity map would be of great value for
early identification and strategic resolution of potential conflicts between biodiversity
conservation and development (or other threatening processes); along with other benefits for
conservation management and planning. The map would allow scientists to develop a better
understanding of the relationships between biodiversity and landscape, and to better predict
the processes driving biodiversity in the landscape.
•

Regional Biodiversity Planning

The Biodiversity Conservation Act is an opportunity to provide a legislative framework for
biodiversity planning in WA. Currently non-government multi-stakeholder groups are
attempting biodiversity plans for the Southwest Eco-Region (Southwest Eco-Region
Initiative) and for the Pilbara (Pilbara Living Country). Such planning attempts will provide
useful experience for future regional planning.
Under the model proposed by the environmental NGOs a Biodiversity Commission would be
established with responsibility for the biodiversity of WA (not just for DEC managed lands as
has been mooted by some in Government). This commission would be responsible for
overseeing the development, implementation and auditing of biodiversity plans with
measurable scientific objectives. The biodiversity plans would cover all activities utilising or
impacting on biodiversity.
The advantage for the environmental assessment process would be a defined framework for
the protection of biodiversity to inform environmental assessment decisions. The biodiversity
implications of a proposal could be identified and assessed against regional biodiversity
targets, including the cumulative impacts of other activities affecting biodiversity. Project
proponents and the EPA could quickly ascertain if and how a project might fit into the
regional biodiversity framework.
There is potential for much greater certainty around assessment requirements, scoping,
biodiversity values and management requirements, and potential offsets.
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CONCLUSION
Western Australia is struggling to balance the competing goals of economic development
and preservation of our diminishing biodiversity. The assessment process is one of many
tools for managing biodiversity that is feeling the pressure of rapid development in WA driven
by the resources boom.
This paper has discussed a number of measures that can improve both biodiversity
conservation in WA, and the environmental assessment process. Improving the application
of other biodiversity conservation tools and the overall commitment of industry to the
protection and enhancement of WA’s biodiversity will take pressure off the environmental
assessment process.
In particular, a broad commitment to more systematic and strategic biodiversity planning will
allow controversial and often critical biodiversity decisions, such as conflicts between
resource development and the expansion of the CAR reserve system, to be made in a more
appropriate decision making processes than the assessment of individual development
proposals.
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TROGLOFAUNA IN WESTERN AUSTRALIA: IMPLICATIONS FOR
EIA AND THE NEED FOR IMPROVED SAMPLING METHODS.
An oral presentation by Gilbert Whyte
ecologia Environment
INTRODUCTION
Troglofauna are communities of terrestrial subterranean animals that inhabit air chambers in
underground caves or small, humid voids. They are divided into three ecological categories:
a) Troglobites - obligate underground species that are unable to survive outside their
subterranean environment, b) Troglofiles - facultative species that live and reproduce
underground but are also found in similar dark, humid microhabitats on the surface and c)
Trogloxenes - species that regularly inhabit underground cavities for refuge but normally
return to the surface environment to feed. Accidentals are species which wander into cave
systems but cannot survive there (Howarth 1983).
A species is considered truly troglobitic if it displays morphological characters adapted for a
subterranean existence (Howarth 1983). These include a significant reduction or complete
loss of eyes, pigmentation, wings, and a circadian rhythm (24-hour biological cycle), as well
as development of elongated appendages, slender body form and a lower metabolism.
Troglobitic faunal assemblages are dominated by arthropods such as isopods, schizomids,
pseudoscorpions, spiders, harvestmen, mites, centipedes, millipedes, diplurans and
silverfish. Many species are relict rainforest litter fauna from previous tropical climates that
have become dependent on subterranean habitats which are constantly humid (Humphreys
1993).
Food resources in subterranean ecosystems are largely allochthonous (i.e. not formed in the
region where found) and carried into cavities by plant roots and rain water (Howarth 1983).
Subterranean ecosystems have low levels of carbon in the form of organic matter, which is
the main food resource for most troglobitic species.
TROGLOFAUNA IN WESTERN AUSTRALIA
The presence of troglofauna in Western Australia is still poorly documented (Eberhard 2001).
Until recently troglofauna were thought to be largely confined to cave environments.
However, this is likely to be a function of ease of access. Troglofauna are now being found in
subterranean habitats which lack obvious entry points such as cave entrances. The current
mining boom in W.A. however, has provided unprecedented access to the subterranean
environment through exploration drilling. To date, troglofauna have been recorded from a
range of locations and geologies in Western Australia including karstic limestone systems at
Cape Range, Barrow Island, Yanchep, Margaret River, the Nullarbor Plain and the
Kimberley, from pisolitic mesa formations in the Pilbara, from Marra Mamba formations in the
Pilbara, from banded iron stone formations in the Midwest region and most surprisingly, from
Aeolian sand systems in the Great Victorian Desert, just north of the Nullarbor Basin.
The invertebrate team at ecologia Environment has conducted troglofauna surveys
throughout Western Australia (i.e. Goldfields, Midwest and Pilbara) and recorded several
invertebrate groups to date, including pseudoscorpions, aranaeomorph spiders, mites,
silverfish, beetles and isopods. Due to a paucity of historic troglofauna data, it is not
surprising that all of these species are new to science.
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CONSERVATION SIGNIFICANCE
Troglofauna are generally spatially restricted due to habitat availability and because of their
poor dispersal capabilities; all truly troglobitic species are incapable of dispersing on the
surface. Because troglobitic species tend to display high levels of endemicity at a local scale
(i.e. a characteristic of subterranean fauna worldwide). An example of this is the Western
Australian millipede Stygiochiropus peculiaris, which is restricted to a single cave system at
Cape Range. Due to the high endemicity of species there is considerable potential to impact
upon populations during localised disturbance activities. Developments such as mining
operations may impact upon species by directly removing or dividing their habitat and by
restricting the inflow of oxygen, water and food sources. Sealing of the surface for the
construction of camps, roads and other related infrastructure may also affect infiltration
processes.
SAMPLING METHODOLOGY
The methodology for sampling troglofauna as described in Guidance Statement 54a involves
placing specially built traps filled with heat sterilized vegetation within subterranean habitats.
Because carbon availability is low within subterranean systems, troglofauna colonize and
feed on the vegetation within the traps. After a six week colonization period the traps are
removed and the vegetation is sorted using tullgren funnels.
Due to a relative lack of troglofauna research, this methodology is still in its infancy and there
is considerable potential for improving its efficiency. For example different trapping mediums
may be more effective at attracting certain species. Modified trap designs may facilitate
colonization of species by allowing greater contact between the vegetation and the adjacent
substrate. Sterilizing vegetation with heat prior to filling the trap may kill micro-organisms
which may actually attract troglobitic species. To counter these effects, it may be possible to
re-inoculate the sample with cultures of fungi and bacteria and therefore increase the
attractiveness of the bait. By maximizing colonization of troglofauna, there is a greater
chance of sampling predatory species as well as prey species in communities. Predators
may be attracted to traps by an abundance of prey species. All of these methods may be
further improved by sampling during certain conditions such as after rain and extending the
sampling period.
In this presentation, I will discuss the ecology of troglofauna in Western Australia while
describing the current methodology used to conduct troglofauna surveys. The aim of the
presentation is to stimulate discussion about troglofauna sampling between those in industry
and in the scientific community which will lead to improved sampling methodologies, which in
turn will lead to greater certainty regarding the data generated in the environmental impact
assessments process and thus improved confidence in the outcomes of the process.
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SEARCHING AND MONITORING FOR MALLEEFOWL; GROUND,
AERIAL AND THERMAL SURVEYS
Scott A Thompson
Coffey Environments
Graham G Thompson
Edith Cowan University, Joondalup, Western Australia
INTRODUCTION
Malleefowl (Leipoa ocellata; Gould 1840) is a member of the family of mound building birds
(Megapodiidae) and it is unique in that it manipulates external heat sources to incubate its
eggs (Clark, 1964). The Malleefowl is the only species in the genus Leipoa. Adult males (6567.5cm) are slightly larger than females (56.5-62cm) but are much heavier (1.7-2.1kg versus
1.5-1.6kg).
ECOLOGY
This relatively large, mostly terrestrial species tends to be sedentary, nesting in the same
general area year-after-year (Firth, 1962a; Priddel and Wheeler, 2003). Males display greater
nest-site fidelity than females. With the loss of a partner, males tend to continue to use
mounds previously utilised, whereas females often relocate to a new mound. Individuals are
monogamous, pairing for life, but with the death of a partner, new bonds are quickly
established (Priddel and Wheeler, 2003). Outside of the breeding period, birds will range
over several square kilometres (Booth, 1987; Benshemesh, 2000). Chicks are independent
from hatching and disperse widely, moving up to 2km per day (Benshemesh, 2000) and do
not appear to respond to habitat boundaries. This is of particular concern as chicks that
hatch in remnant vegetation patches often move into adjacent cleared areas and are more
easily predated on and may find it more difficult to find food and shelter.
Adult birds feed on seeds, flowers and fruit of shrubs and herbs, but they will also eat
invertebrates and fungi. Their diet often reflects foods that are locally available and seasonal
variations (Kentish and Westbrooke, 1994; Harlen and Priddel, 1996; Reichelt and May,
1997; Harold and Dennings, 1998). The diet of chicks seems to be very similar to that of the
adults (Benshemesh, 2000).
Malleefowl build large mounds of sand, gravel and vegetation, 3-5m wide and over 1m high
in which they incubate their eggs. This is mostly done between autumn and spring as a
combined effort of the pair intending to use the mound. Once completed, the male then
spends most of his time tending the mound, whereas the female spends most of her time
foraging. Malleefowl will reuse ‘old’ mounds.
HABITAT
The habitat requirements of Malleefowl are generally not well understood. A sandy substrate
and abundance of leaf litter are clear requirements for the construction of the birds'
incubator-nests (Frith, 1959, 1962a). Densities of the birds are generally highest in areas of
higher rainfall and on more fertile soils (Frith 1962a, Copley and Williams 1995;
Benshemesh, 2000) and where shrub diversity is greatest (Woinarski, 1989b). The
Malleefowl is now primarily found in semi-arid and arid shrublands and low woodlands
dominated by mallee (Frith, 1962a, b) in the more temperate area but further to the north old
abandoned mounds seem to be constructed mostly from pebbles. Ambient temperature in
these areas may have been high enough to maintain mound temperature within the desired
range without using heat generated from decomposition.
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The vegetation is often broombush (Melaleuca uncinata; Woinarski, 1989a, b) and scrub pine
(Callitris verrucosa). They also occur in woodlands dominated by eucalypts such as wandoo
(E. wandoo), marri (E. calophylla) and mallet (E. astringens), and in some shrublands
dominated by acacia in WA (Johnstone and Storr, 1998).
Density of the canopy cover is an important feature associated with high breeding densities
(Firth, 1962a; Benshemesh, 2000), and the best predictor of clutch size is rainfall between
May and December (Priddel and Wheeler, 2005). As a consequence clutch size will vary
from year-to-year. Grazed areas generally have much lower densities (Benshemesh, 2000).
EGG INCUBATION AND MOUNDS
Megapodes, or mound builders, incubate their eggs underground where heat is generated
from organic decomposition, solar radiation or geothermal sources. Frith (1956) showed that
for Malleefowl, egg incubation was largely achieved by heat generated by decomposition of
organic matter and manipulating the covering of soil to keep the temperature within the range
suitable for egg development. In most cases, and certainly during late spring and early
summer, mounds are opened to release heat. Toward the end of the incubation period i.e.
summer, solar radiation becomes important, as the heat generated from microbial
decomposition declines as the litter dries out. This strategy enables the Malleefowl to retain a
temperature of about 34oC within the mound for about 9 months of the year. Mound building
by the male commences in mid-to-late winter. Between 1-28 eggs are laid with a mean about
14 (Priddel and Wheeler, 2005) between mid-August and mid-February (Firth, 1959; Priddel
and Wheeler, 2005). Incubation takes about 60 days (Benshemesh, 2000). Chicks receive no
parental assistance once they have hatched. Mortality of chicks is about 80% in their first 10
days (Priddel, 1989) and the centre of the mound is 50-60cm below the surface. Males have
the primary responsibility for managing the mounds, but females are often involved in
opening and closing mounds once eggs have been laid. Mound opening and closing
normally occurs after sun rise and is completed by about 0900 hrs.
CONSERVATION STATUS
Malleefowl are protected under Commonwealth and State legislation. They are listed as
Vulnerable under the Commonwealth Environment Protection and Biodiversity Conservation
(EPBC) Act 1999 and are a Schedule 1 species under the Western Australian Wildlife
Conservation (Specially Protected Fauna) Notice 2008. Where active Malleefowl mounds are
present in a development area it is likely that the Department of the Environment, Water,
Heritage and the Arts will issue the proponent with a ‘Control Action’ notice. In most
circumstances a management plan will be required to minimise potential impacts on
Malleefowl in the area. It is now common practice for state and commonwealth government
conservation agencies (e.g. Environment Protection Authority) to require that potential
impacts on Malleefowl be monitored for the life of the mine.
DISTRIBUTION AND ABUNDANCE
Malleefowl’s geographic distribution includes much of the southern half of Australia from the
Great Dividing Range to the west coast (Blakers et al., 1984), and originally as far north as
the Tanami Desert (Kimber, 1985). Its geographic range has contracted in recent years,
particularly in arid areas and around the periphery of its distribution (Benshemesh, 2000).
This is mostly attributed to clearing of habitat (Benshemesh, 2000).
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REGIONAL POPULATIONS
In Western Australia, Malleefowl occur as far north as Carnarvon, most of the south-west
corner and much of the inland semi-arid areas below the 26th latitude and the coastal strip of
mallee south of the Nullabor Plain between Cocklebiddy and Eucla (Benshemesh, 2000).
Johnstone and Storr (1998) recorded the current distribution of Malleefowl from Denham
south including most of the wheatbelt and extending east past Laverton and Norseman and
along the coastal strip to Eucla.
THREATS TO MALLEEFOWL
One of the major threats to the Malleefowl comes from predation by foxes (and feral dogs).
And to a lesser extent cats and raptors, which mostly predate on chicks. Vegetation clearing
and the consequential loss of and fragmentation of habitat, grazing and the consequential
loss and destruction of habitat, fires and the consequential loss of habitat have also been
recognised as significant contributors to the decline in the number of Malleefowl across its
earlier reported geographic distribution (Benshemesh, 2000).
Foxes predate on eggs, chicks and adult birds (Frith, 1962a; Benshemesh and Burton, 1997;
Benshemesh and Burton, 1999; Booth, 1987; Brickhill, 1987; Priddel and Wheeler, 1994;
Harlen and Priddel, 1992; Short, 2004) and are probably the most significant threat after
large scale vegetation clearing or burning (Short, 2004). It is therefore anticipated that an
intensive fox baiting program will increase the survival of Malleefowl in a local area (Copley
and Williams, 1995; Priddel and Wheeler, 1997).
Frith (1962a) showed that breeding densities for Malleefowl were reduced by 85-90% in
areas grazed by sheep compared to similar non-grazed habitats. Other herbivores, such as
goats, kangaroos, cattle and rabbits, in large numbers, will also reduce the suitability of the
habitat for Malleefowl and could lead to their declining numbers (Benshemesh, 2000).
Grazing is thought to open up habitats and increase predation. Habitat reduction due to
clearing or grazing can also result in starvation due to a reduction in invertebrates, seeds,
flowers and fruits (Benshemesh, 2000).
Fires may eliminate Malleefowl from some areas. Recruitment into burnt areas and the
subsequent development of breeding densities similar to those that existed before the fire
appears to be very slow and requires 30 to 60 years (Benshemesh, 2000).
Malleefowl seem to have little road sense and often only walk in open areas and can be
killed on roads and tracks by vehicles. Birds can be forced to move to adjacent areas by
noise, dust, lights and vibrations (Benshemesh, 2000), all of which will be present on an
active mine site.
Little is known of diseases that are likely to impact on Malleefowl populations (Benshemesh,
2000).
POTENTIAL IMPACTS OF MINING DEVELOPMENTS ON MALLEEFOWL
Clearing of vegetation, noise, vibration, vehicle traffic and an increase in feral fox, wild dogs
and cat numbers may all impact on Malleefowl on mine sites. The direct impacts are likely to
be:
Vegetation clearing - will result in a loss of foraging habitat and breeding mounds and will
increase the exposure of birds to predators.
Vehicle traffic - likely to result in road deaths.
Noise (from the mine’s operations) - may shift individuals out of the area.
Vibrations [(from the mine’s operations (e.g. blasting)] - could shift individuals out of the area,
even though blasting will occur at a regular time and only during daylight hours.
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Lighting (from night operations) - may result in individuals shifting out of the area.
An increase in fox, dog and cat numbers (may increase as a result of poor waste
management, new permanent water and food sources) - could increase predation
by these feral animals on Malleefowl.
PRE-DEVELOPMENT SURVEYS
For most mining developments, an environmental impact assessment (EIA) will be required,
or at least a native vegetation clearing permit will be required. In most circumstances, a
fauna assessment should be a mandatory requirement to support an EIA or clearing permit
application. For developments in the Goldfields, determining the presence of Malleefowl in
the disturbance area should be part of the fauna assessment.
Where the habitat is potentially suitable for Malleefowl, or Malleefowl have been recorded in
the area, it is advisable that the area be searched for active mounds. However, it should be
noted that Malleefowl can be present an area where there are no active mounds, but it is
unlikely there is a sustainable population. Search strategies are discussed below.
MANAGEMENT
In most circumstances a proactive management plan is required to actively manage the
Malleefowl population in the vicinity of a mine’s operations. This will often require a ‘no-go
zone’ of at least 250m around each active mound and any land clearing to only occur
between April and June, as this period is outside the mound building and egg incubation
period. Data indicates that bush fires have the potential to significantly impact on population
size and breeding activity. An effective fire management plan is therefore necessary in
maintaining Malleefowl numbers.
Recent investigations by Jessica van der Waag have indicated that incubating eggs,
maintaining the chicks in captivity for a period before releasing them increases their chances
of survival, as it reduces hatchling mortality which is about 80% in the first 10 days after
hatching. A mining company adopting such a proactive management strategy could enhance
the number of Malleefowl in an area.
SEARCHING AND MONITORING MALLEEFOWL NUMBERS
In most circumstances environmental regulators will require the mine to monitor potential
exploration and mining impacts on the population of Malleefowl. Malleefowl’s wariness,
cryptic habits and colouration make it difficult to reliably and accurately census their
numbers. A suitable proxy measure is therefore required. Brickhill (1985), Benshemesh and
Emison (1996) and Priddel and Wheeler (2003; 2005) have all used the number of active
mounds as an indicator of Malleefowl numbers. This is a relevant proxy to measure the
number of Malleefowl in the area, as it directly relates to the number of reproductively active
birds in the area, which is a good indicator of survival of the local population.
The number of Malleefowl that breed each year varies, as does the clutch size. Both are
probably based on the available resources, which is influenced by rainfall in the preceding
year. It is therefore important to establish a suitable ‘control’ site near the mine that can be
used to interpret natural variations in the number of active mounds as distinct from mine site
impacts.
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In addition to establishing a control site to assess natural variations, the areas adjacent to the
mine should also be monitored. Mining activity (e.g. dust, noise, vibrations and vehicle traffic)
may shift Malleefowl off the mining tenements into adjacent areas. If only the mining
tenement is monitored, a significant reduction in the number of active Malleefowl mounds
may be recorded, when what has really occurred is that birds have moved into adjacent
areas and the impact is less significant. This issue can be addressed by monitoring the
number of active mounds in adjacent areas, but this requires that good baseline data are
established before mine site construction commences for both the mine site and adjacent
areas.
The National Manual for Malleefowl Monitoring (Hopkins, nd) suggested two search
procedures and we have added a third:
• grid searching an area on foot;
• aerial surveys; and
• using thermal scanners to detect the heat source from open mounds.
Monitoring should occur between October and January as this is when the mounds are
potentially active. The search patterns for each site should be altered each year to enhance
the possibility of detecting additional mounds.
Two monitoring protocols are recommended by the National Monitoring System:
a) Detailed search of the entire area every 5 – 10 years; and
b) where known mounds are revisited annually.
Monitoring impacts may require more frequent searches using either of these protocols.
Malleefowl occasionally decide to construct new mounds, and even intensive searches can
often miss mounds.
GRID SEARCHES
The National Guidelines suggest the ideal number of people for a grid search is 12 people to
search a width of 200m, but this will vary enormously depending on the density of the
vegetation. Progress is about 1km/hr, but again this will vary based on the density of
vegetation.
It is important that strategies are put in place to ensure that the area is properly searched, as
it can be very difficult to walk a straight line through dense vegetation and it is also very easy
for people to be injured or to be come lost. Each searcher must accept responsibility for
searching all the area between them and their neighbour, and the health and safety of their
immediate neighbouring searchers. It is important to maintain either visual or verbal contact
with each neighbour, and to slow down and close gaps as they appear. We have found hand
held radios useful for maintaining contact, and for all searchers without a radio to carry a
whistle. A pre-search safety and search strategy briefing is essential.
The difficult of moving through dense vegetation often results in searchers focusing on
moving forward, or their immediate safety and it is easy to miss observing mounds,
particularly if they are old. Tired and exhausted searchers also often lose focus and
concentration and will miss mounds that they would have detected earlier in the day. Limiting
search periods and providing frequent rests is therefore important. Watching for the
characteristic Malleefowl footprints in soft surface soil is also very useful as it indicates the
presence of Malleefowl in an area.
Search lines are best loaded into a GPS before the search commences, and those with a
GPS constantly indicating the direction of movement. It will be constantly necessary to
deviate from the prescribed movement path because of trees and other obstacles, but it is
important to return to the prescribed search lines as soon as possible to ensure that all areas
are searched.
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AERIAL SURVEYS
Helicopters flying at about 80km/hr and about 60m above the ground are an effective method
for grid searching an area. The density of the vegetation and the canopy cover will affect the
accuracy of the number of mounds detected. Ideally, two observers and one person being
responsible for navigation and recording is suitable for larger helicopters (i.e. 4 seats) and in
the smaller helicopters, the pilot must accept responsibility to ensure the route is followed
and a single observer also records the locations of mounds. Loading search lines into a GPS
is an effective method to ensure that all areas are covered. Searches are undertaken
between 0900 and 1600 hrs to reduce the shadows. In most circumstances it will be
necessary for the helicopter to hover above a mound to record its position and status.
Helicopters can be particularly effective in searching vast areas, where suitable vegetation
patches are highly dispersed in a sparsely vegetated landscape. When monitoring in this
situation, a mound-to-mound search might be the most productive. The status of mounds,
particularly those thought to be active, might need to be subsequently ground-truthed.
THERMAL IMAGE SEARCHES
Benshemesh and Emison (1996) reported on the usefulness of airborne thermal scanners to
identify active Malleefowl mounds. Their methodology successfully detected up to 36% of
active mounds on cloudy mornings in mid-October and 25% of active mounds in midNovember and about 15% in mid-summer. They suggested that repeated scans would have
substantially increased detection rates. They concluded that the methodology was feasible,
cost-effective and capable of covering vast areas, although further development was
required for broad-scale application. Since then the technology has improved, and may have
the potential to record active mounds over a significant area (e.g. mine site, control and
adjacent areas).
Newer technology consisting of a tri-camera system that consists of a ultraviolet sensitive
camera, infrared long wave radiometric camera and a hi-res digital video camera has the
potential to improve on the work pioneered by Benshemesh and Emison (1996). We are
currently examining the usefulness of this approach to detect active mounds. A helicopter
with the three camera system is flown in a grid-search pattern over the search area during
the period that mounds are active and open (i.e. early in the morning).

Plate 1. Thermal image of an inactive Malleefowl
mound in the morning.
Plate 2. Photographic image of the mound in Plate 1
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Plate 3. Thermal image of an inactive
Malleefowl mound in the afternoon.
Plate 4. Photographic image of the mound in Plate 3

Plate 5. Mound open early in the
morning

Plate 6. Open mound seen through the vegetation early
in the morning
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Plate 7. Malleefowl closing the mound,
and the east side of the mounds temperature increasing
from the combined effects of solar radiation and warm
soil removed from the mound.
Plate 8. Thermal image of an active open Malleefowl
mound early in the morning
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As part of our investigations, we have recorded the thermal profile of various mounds
throughout the day to assess when they can be detected and grid searched an area known
to contain active and open Malleefowl mounds with a thermal imaging camera mounted
under a helicopter. Plate 1 shows the thermal profile of an inactive mound early in the
morning. Plate 2 is a photograph of the same Malleefowl mound. Plate 3 is a thermal image
of an active Malleefowl mound late in the afternoon and Plate 4 is a photograph of the same
mound. Solar radiation heating the outer surface of the mound shown in Plates 3 and 4
warms the surface so that it was not detectable from the adjacent area. Plates 5 and 6 show
the thermal profiles of two active mounds that have been opened by Malleefowl early in the
morning. The mound surface is detectably warmer than the surrounding surface soil. Plate 7
shows a Malleefowl closing a mound that had been open for about 90 minutes to release
some heat. The surface soil is detectably warmer than the surrounding area. Plate 8 is a
thermal image of the ground surface taken during the aerial survey showing an active
Malleefowl mound that had just been opened.
There are still numerous unresolved issues with using a thermal imaging system mounted on
a helicopter to detect active Malleefowl mounds, some of these are the varying times that
mounds are open, not all active mounds are opened each day, and the potential disturbance
to birds opening or closing mounds. These issues are currently being worked on.
DATA RECORDING
All known mounds in the mining tenement should be recorded. The record should include a
unique identifier, the status of the mound and its location. We routinely also photograph
mounds.
All mounds located should be classified. The national Malleefowl monitoring program
classification of mounds should be used. There are six profiles in this system and they are
shown in Plates 9 – 14 with descriptions below.
Profile 1 (crater rim apparent) – this is the typical mound shape but is inactive and without
any accumulated vegetation in the crater.
Profile 2 (mound dug out) – this is a recently fully dug out mound with steep sides to the
crater, with the base forming a box like structure with the sides normally 2030cm deep. Some times litter has been raked into windrows in readiness to be
placed in the mound
Profile 3 (mound filled with litter) – this mound contains litter in the crater, and is the next
construction stage after profile 2. It should be apparent where litter has been
raked into the mound.
Profile 4 (active mound with no crater) – this active mound is closed and dome shaped.
Profile 5 (mound with crater and often a peak at the centre) – this is an active mound that is
being opened or closed.
Profile 6 (disused or extinct mound) – this mound has not been used for some time and
weathering and erosion have ‘flattened’ the original mound.
In addition, it may also be useful to record whether there were tracks of Malleefowl, or fox,
cat or goanna tracks near the mound. Malleefowl tracks are large and easily identified as
they have an obvious digit pointing to the rear (Plate 17). The height above ground level and
width of the mound and the rim, if present, should also be recorded.
We would also encourage mine site environmental staff to record all sightings of Malleefowl.
This should include information on where, when, habitat type and what the bird(s) was doing.
Such information, when combined with data collected by others in the region, will assist in
developing an understanding of the abundance and location of Malleefowl in the Goldfields.
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Plate 9. Profile 1 (crater rim apparent)

Plate 10. Profile 2 (mound dug out)

Plate 11. Profile 3 (mound filled with litter)

Plate 12. Profile 4 (active mound with no crater)
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Plate 13. Profile 5 (mound with crater and often a peak at the centre)

Plate 14. Profile 6 (disused or extinct mound)

Plate 15. Recent active mound that has been abandoned – see eggs on the mounds

Plate 16. Extinct Malleefowl mounds in a Mulga woodland
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Plate 17. Malleefowl tracks
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WHAT DO YOU DO WHEN YOU FIND INJURED,
ORPHANED AND SICK WILDLIFE?
Putting You in the Solution
About Kanyana Wildlife Rehabilitation Centre
AIMS AND OBJECTIVES
To rehabilitate sick, injured, orphaned and displaced wildlife
To participate in DEC’s Western Shield endangered species captive breeding programs
To further the public’s knowledge and appreciation of wildlife as well as the need to preserve
wildlife habitat
To participate in research which will further the understanding of wildlife
ADMISSIONS
In 2007 Kanyana received over 1650 admissions of approx. 150 species of sick, injured and
orphaned wildlife, from all over the state. Approx. 50% of admissions are returned to their
natural habitat. This is very good success rate as an animal must be very sick if it can be
caught. Increasingly wildlife comes to us from remote mine sites in the North and South of
the state.
VOLUNTEERS
We have approx 120-130 active volunteers. An average of 20 people are on roster per day, 7
days a week. We also have release site volunteers and home care volunteers. Approx
26,000 hours of volunteer time was worked at the centre in the last financial year. We host
work experience students, work for the dole and people returning to the workforce after
injury. Approx 15-20 high school aged students attended through the year. Murdoch
University Veterinary students also attend as part of their course work. We also have
students from other universities studying Environmental Science, Biology, Conservation and
other related disciplines, doing their work experience with us.
EDUCATION
Kanyana conducts wildlife education visits to schools, DEC’s Eco Education program and
other community events and facilities. Our Education Team is made up of approx. 8-10
volunteers who take a number of our special education animals to schools and community
facilities and provide age appropriate information about wildlife. Last year Kanyana
volunteers contacted over 4,000 children and 3,000 adults directly through the education
program. The Rotary Club of Kalamunda and Forrestfield Branch of the Bendigo bank
recently donated a van specifically for Education use.
RESEARCH
Recently pioneering research conducted at Kanyana, by PhD candidates from Murdoch
University’s School of Veterinary and Biomedical Sciences has uncovered two novel viruses
from wart-like lesions in Western barred bandicoots (Perameles bougainville) and Southern
brown bandicoots (Isoodon obesulus). The next phase of the research project is currently in
progress. We are trialling an antiviral drug from Belgium to assess its effectiveness in
reducing the warts. We have a colony of Western Barred Bandicoots, formally a breeding
colony at Kanyana, which are being used for this study.
Kanyana has also been involved in other research projects such a 3 year Bilby Health study
and a two year study on Conservation of the Bobtail Skink.
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BILBY BREEDING PROGRAM
Kanyana has been breeding Bilbies since 1996, with 85 being born at the centre to date.
Currently we have 15 Bilbies on site, 5 babies have been born this season. This is a national
program so we are constantly exchanging animals with other Captive breeding programs
around Australia. The WA Bilby Breeding program is part of DEC’s Return to Dryandra
Project.
THE MOVE TO PAXWOLD
Kanyana will soon be moving to a new, much larger site. An agreement has been signed with
the Kalamunda Shire to operate Kanyana Wildlife Rehabilitation Centre at the former Girl
Guides Paxwold site. The site is heritage listed and is surrounded by National Park. We have
received part of the funding for the move from Lotterywest, with more due in the new
financial year. Work has begun on new enclosures and the alterations to the building which
will house the hospital. We are seeking additional funding for specific areas and projects for
Kanyana @ Paxwold.
THE PROBLEM
Human Impact
This is the greatest threat to wildlife.
Habitat destruction
Human habitat destruction is an ongoing issue. Even though land is revegetated after mining
and land clearing it will take up to 20 years before eco systems are re-established and
animals are able to return to their former habitat. As Tim Flannery explains, Australian eco
systems are cooperative rather than competitive. If key species are removed whole
coevolved structures can collapse.
During large scale mining operations many animals are displaced causing issues in local
populations for territory.
Introduced Feral animals
Our wildlife did not evolve with these highly successful predators. Introduced feral animals
not only destroy populations through hunting but leave behind disease such as
toxoplasmosis, from cats, which is equally as devastating. Native animals are not immune to
this introduced disease and Kangaroos and bandicoots never recover.
Cats, foxes and the advancing cane toad continue to reduce biodiversity and greatly disturb
the food chain. The cane toad invasion has devastated the Northern Quoll population in
Kakadu.
Most mining companies have feral animal control programs in place and are often seeking
solutions to these problems. We are able to assist with some of the issues which arise, such
as euthanasia, in our training programs
Climate change
Long droughts will have an adverse affect on populations, causing a crash in numbers thus
reducing genetic diversity. eg Western Barred Bandicoot on Herrison Prong, Dorre and
Bernier Islands. Their genetics have dwindled, making them vulnerable to future changes.
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A 20% reduction in rainfall in the SW of WA in the last 30 years and the continuing of this
trend will mean a loss of many plant species and the animals that depend on them.
Fire destruction of habitat in the Kimberleys is another result of climate change which has a
major impact on wildlife.
HISTORICAL SPECIES LOSS
Bilbies once occupied 70% of Australia. The distribution is now down to 20% which includes
the Kimberley and Pilbara area. Apart from the required food sources, Bilbies require stable
soils to dig their 1.5m spiral burrows. After the soil has been disturbed by mining it takes
many years before the soil is stable enough to sustain their burrows.
HEALTH AND SAFETY OF HANDLING WILDLIFE
Knowledge in handling wildlife is an important issue for mining staff.
We now know that bat colonies all around Australia could be affected by the lyssavirus. Care
needs to be taken with the handling of the small insectivorous bats and the large flying foxes.
Kanyana has dedicated people who are able to handle these animals as they have received
inoculation against the disease.
SOLUTIONS
One effective and immediate solution to some of the issues that result from human impact is
a strong partnership of mining companies and wildlife rehabilitators to help wildlife that
remain, especially in remote locations. The fly in fly out situation is helpful in being able to
transport animals to Perth for rehabilitation. Mining companies need to negotiate with their
carriers to facilitate this.
As a part of the solution Kanyana has set up wildlife First Aid course for mining personnel.
As well as training we also offer ongoing support and advice in wildlife care by phone or
email 7 days a week.
Environmental staff are at the forefront of dealing with injured or displaced wildlife. This
training enables them to confidently deal with problems as they arise.
The following is a course outline.
WILDLIFE FIRST AID FOR THE MINING INDUSTRY
COURSE OUTLINE
Basic Set up for onsite wildlife first aid facility
Health and Safety
Admission and Assessment
Euthanasia
Stages of Rehabilitation
Care of Oiled birds
Feeding -including hands on experience in tube feeding techniques
Reptiles
Mammals
Preparing Animal for Transport
Supplies
A full day course is held either in Perth or on site. Bound course notes are included.
We can accommodate up to 10-15 participants per session.
Course participants are always welcome to continue their practical training at Kanyana.
We also are able to supply a Joey care pack and other requirements for wildlife first aid.
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TELFER PARTNERSHIP
Our partnership with Newcrest’s Telfer mine has been operating successfully for 3 years and
has been satisfying for both parties.
The key areas addressed when forming the partnership were:
1. Basic first aid for wildlife training.
2. A dedicated first aid facility.
3. A safe, low stress and effective euthanasia facility.
4. Transportation arrangements.
5. Financial support to the volunteer group.
6. A cost effective solution for the mine site.
7. Significant time saving for environmental staff.
8. Promotion and public education.
9. Legal and ethical code obligations.
10. Longevity of the solution.
Implementation of these steps is quite simple for mine sites and requires little financial
outlay. As a result of our partnership with Telfer they have gone from little success in wildlife
rehabilitation to around a 50-60% success rate. Additionally environmental staff have less
pressure and find wildlife care now an interesting part of their work, as the solution and
systems have been made to support their long term needs. To set up the full facility the cost
is generally less than $2000. The facility took approximately one day to set up, a minimal
time commitment.
TIME SAVING FOR ENVIRONMENTAL STAFF
The most beneficial business outcome for a mine site partnership with a wildlife volunteer
group is the time saved on environmental staff resources. The average time to fully
rehabilitate one injured animal is generally 2 months. It would require at least a full time
employee at most times to complete the full stage of rehabilitation, and this is not a viable
option for most mine sites.
THE FUTURE
The partnership with Telfer has proved to be very successful for both parties. Kanyana is
now establishing similar partnerships with other mine sites located throughout WA. Each site
is unique in its needs and diversity of wildlife. Kanyana will meet this challenge with the
added capacity of the new facility at Paxwold. The new facility offers opportunities for more
research, training, rehabilitation and continuation of captive breeding of endangered species.
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CONCLUSION
Mining companies can make a difference to wildlife rehabilitation by implementing simple
processes or systems which will benefit themselves long term. It is important to recognise the
economics behind wildlife care systems so that both volunteer groups and mines sites enjoy
their partnerships benefits. Wildlife rehabilitators are not government funded, so require
partnerships with mining companies to achieve the shared goal of helping wildlife.
We must not however lose sight of the real reward, and that is rescuing animals and working
together for the conservation of wildlife.
Mining companies, because of their unique situation, are the only ones who can help us.
You have the resources. You have the connections. You have the will.
You are the solution.
Bibliography:
The Development of Wildlife Volunteer Group and Mining Industry Partnerships;
National Wildlife Rehabilitation Conference paper 2007: Wendy Paterson
The Future Eaters: Tim Flannery
Threatened Animals of Western Australia: Andrew A Burbidge
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CHANGING LAND USE AND MANAGEMENT ETHOS
IN WESTERN AUSTRALIA’S RANGELANDS:
HOW MINING COMPANIES MAY CONTRIBUTE TO LANDSCAPE TO
REGIONAL SCALE LAND MANAGEMENT AND CONSERVATION.
Eddie J.B. van Etten
Centre for Ecosystem Management, School of Natural Sciences
Edith Cowan University, Joondalup 6027
e.van_etten@ecu.edu.au
ABSTRACT
The vast majority of arid and semi-arid land north of the W.A. wheatbelt and west of 123oE
longitude has had a long history of domestic stock grazing within an extensive network of
family-held pastoral leases. Although still mainly leased crown land, a variety of new ‘owners’
have taken over such leases in recent years and, for many, making a profit from pastoralism
is no longer a priority. These groups include government agencies (mainly DEC), private
conservation organisations (such as Australian Wildlife Conservancy & Bush Heritage
Australia), aboriginal communities and groups (including Indigenous Protected Areas) and
mining companies. This paper summarises the extent and other characteristics of these
changes in land use and management objectives. It will demonstrate that large swathes of
contiguous land with no or reduced domestic stocking can now be found in many areas of
W.A.’s rangelands – particularly so in the Goldfields, Yalgoo-Paynes Find and Pilbara
regions. There are many examples of leaseholders actively managing land for conservation
of biodiversity and repairing sites degraded through past over-grazing. In places, such land
covers considerable proportions of sub-catchments, meaning broad-scale conservation
management and restoration objectives may be realised. This however would require
effective communication and co-ordination between land managers, including sharing of
ideas, view-points and resources. Mining companies, increasingly major holders of pastoral
leases in W.A., can play an important role in contributing to and even facilitating such
improvements.
INTRODUCTION
There has been a long history of pastoralism in the arid and semi-arid lands of Western
Australia. Europeans first began grazing domestic livestock in the southern Murchison in the
1860’s and by 1910 most of the land suitable for grazing had been allocated to pastoralists
(Burnside et al. 1995). Initially pastoralists made use of existing surface waters, which
involved breeding up and selling livestock during good seasons and maintaining smaller
herds through drought times. Higher and more permanent stocking was achieved from the
1920’s onwards as technology became available for constructing earthen dams and artificial
bores (Letnic 2007). Permanent or otherwise long-term watering points are now prolific
throughout rangeland areas with most places now within 5-10 km of surface water
(Landsberg et al. 1997).
The impacts of this increased and sustained grazing pressure (not only from domestic
livestock, but also native and exotic herbivores such as goats) have been substantial and
include loss of vegetation and microbial crusts with subsequent soil erosion, and changes in
plant species composition towards less palatable species (Landsberg et al. 1997; Ludwig et
al. 1997; Letnic 2007). Such impacts are generally more acute closer to waterpoints, the socalled ‘piosphere’ effect (Landsberg et al 1997, but see also Pringle & Landsberg 2004).
Regional rangeland surveys over the last two decades have indicated that 25% of W.A.
rangelands are in poor condition, with the Murchison having the highest proportion of land in
poor range condition (42%), and the Pilbara the lowest (12%) (EPA, 2004). Pastoralism is
also implicated as one of the primary causes of the loss of small to medium sized mammals
throughout arid/semi-arid Australia (Letnic 2007).
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This review examines changes to pastoral leases over the last few decades, chiefly in terms
of amendments to land tenure and underlying land management philosophies, and assesses
the potential for such changes to realise outcomes for nature conservation and the
restoration of degraded landscapes. It is particularly focussed on landscape to regional scale
processes, as well as the prospective role of mining companies in contributing to this
change. The study area includes the southern and central rangeland areas of the State,
which are predominantly Acacia shrublands/woodlands, and excludes the Kimberley and
Nullabor rangeland regions as mining interests are somewhat less and vegetation is
markedly different in these. This study area effectively covers seven IBRA bioregions Pilbara, Gascoyne, Carnarvon, Geraldton Sandplains (northern half), Yalgoo, Murchison and
Coolgardie - some 77 million hectares.
CHANGES IN LAND TENURE & USE IN W.A. RANGELANDS
The vast majority of land (~75%) in the study area is currently under pastoral lease, with
most of the rest being Unallocated (vacant) Crown Land (UCL) (~18%). There have however
been gradual reductions since 1955 in the area of land and number of leases held by families
and companies (‘non-indigenous leases’; Fig 1). Between 1955-1999, this area declined by
5.4 million hectares or about 9 % (Fig. 1). Most of this change occurred after 1985 and is
mostly attributable to pastoral leases being purchased by the DEC (when it was CALM) and
aboriginal groups. DEC leases are managed as conservation reserves (see Burrows, this
publ.).
Further change in land tenure and use has occurred since the completion of the National
Land & Water Resources Audit of rangelands in late 1990’s. Many of the DEC pastoral
leases were purchased as part of the Gascoyne-Murchison Strategy (GMS) and this
continued until 2004 with some 4 million hectares across 37 pastoral leases (including 19
part leases) being purchased (Brandis 2004). Non-government conservation organisations
(NGCO’s) have recently purchased two leases in the Yalgoo bioregion, namely Mt Gibson by
Australian Wildlife Conservancy (AWC) and White Wells by Bush Heritage Australia (BHA).
BHA also purchased Eurady Station near Kalbarri in 2005. Pastoral leases managed for
conservation by NGCO’s now cover some 132,000 ha of the study area (Fig. 2). Aboriginal
controlled pastoral leases have also increased, including land within leases set aside as
Indigenous Protected Areas (IPA’s), such as at Ninghan Station in the Yalgoo bioregion, to
around 4.2 million hectares. Lastly, it has been estimated that 44 pastoral leases covering
8.6 million hectares are controlled by mining companies or their subsidiary interests (DAWA,
2003). Typically mining companies have purchased pastoral leases where they have
considerable mining leases and/or activity. Although this area is an estimate and likely be to
in a state of flux given mining leases and mines are regularly changing hands, and
sometimes held indirectly via ownership of pastoral companies, it demonstrates that mining
companies now have at least as much pastoral land under their control as conservation
agencies and aboriginal groups combined (Fig. 2). Pastoral leases are currently of up to 50
years duration and will next expire in 2015.
The upshot of these recent purchases of pastoral leases is that approximately three quarters,
by both area and number of leases, are now being managed by traditional types of lessees
(mostly families, but also some pastoral companies), whilst the other quarter is being
managed by groups for whom making a profit from pastoralism isn’t necessarily a priority
(Fig. 2). For some (DEC, BHA, AWC), these leases are managed solely for the purposes of
nature conservation, with destocking and varying degrees of dewatering (ie closing artificial
waterpoints) being practiced.
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Many mining company have adopted more conservative stocking regimes on their pastoral
leases, with some practicing, at least temporarily, destocking (eg Mt Burgess, Black Flag &
Kanowna near Kalgoorlie; Three Rivers station in the eastern Gascoyne). Leaseholders are
however bound to use land for pastoral purposes under the conditions of Part 7 of the Land
Administration Act 1997 except where a diversification permit has been granted to enable an
alternative use. Temporary destocking, or spelling, is allowed under the Act to facilitate
recovery of severely degraded land. Section 108 of the Act states that “the lessee must use
methods of best pastoral and environmental practice, appropriate to the area where the land
is situated, for the management of stock and the management, conservation and
regeneration of pasture for grazing”. Therefore there is considerable scope to adjust stocking
regimes in accordance with more long-term sustainability objectives. A nice example of how
mining companies may strive to improve conservation values of their pastoral leases, whilst
maintaining conservative pastoralism, is Mt Weld Station which has a detailed sustainability
and biodiversity management plan (James et al 2001).
Although CALM/DEC aimed in part to disperse their pastoral lease purchases under the
GMS to improve representation and coverage of poorly reserved ecosystem/ vegetation
types, the more random and opportunistic nature of pastoral lease sales, as well as the
concentration of mining controlled pastoral leases in main mining belts, means that large
contiguous areas of these ‘non-traditional’ pastoral leases now occur (DAWA 2002; Fig. 3).
Ten main areas have been identified with extensive swathes of such pastoral land, often with
adjoining or intervening formal conservation reserves:
Pilbara:
Gascoyne:
Murchison:
Yalgoo :
Carnarvon:
Coolgardie:

Northern Hamersley Ranges
Upper Fortescue Valley
West Pilbara: Onslow-Pannawonica-Karratha
Meekatharra – Kumarina
Sandstone – Lake Mason – Cue
North of Perenjori to Koolyanobbing
Northern Geraldton Sandplains to Shark Bay
Northern Goldfields: Laverton to Lenora
Northern Goldfields: Leinster to Wiluna
Southern Goldfields: Kalgoorlie area

70,000,000
Unallocated Crown Land

60,000,000

Hectares

50,000,000

Non-Indigenous pastoral
lease *

40,000,000
Indigenous pastoral
lease *

30,000,000
Conservation Reserves
(NP, CR, not yet
gazetted)

20,000,000
10,000,000
0
1955

1965

1975
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Figure 1: Trends in area (ha) of various land tenure of central W.A. rangelands (7 IBRA regions: Pilbara,
Gascoyne, Murchison, Geraldton Sandplains, Carnavon, Coolgardie & Yalgoo) from 1955 to 1999.
(*Indigenous pastoral lease and non-indigenous pastoral lease are effectively the same tenure but have been
sub-divided to show the proportion of leases that come under indigenous administration. Indigenous
pastoral leases do not include aboriginal land administered or owned by Aboriginal land trusts, land
councils or Aboriginal local governments.) Source: National Land & Water Resources Audit, 2002.
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Number

Area (1000's ha)

8631

44

132

3

22

4143
Family & Company
4233

Aboriginal

25

DEC Managed
Mining
Non Gov't Conservation
51914

a)

280

b)

Figure 2: Current estimated ‘ownership’ of pastoral leases by a) area in hectares and b) number of
leases in the central rangelands of W.A. (Pilbara, Gascoyne, Goldfields and Murchison rangeland
regions).
Sources of data:
DAWA 2003; Brandis 2004; www.bushheritage.org.au;
www.australianwildlife.org. NB: ‘number’ doesn’t include 19 part leases purchased by CALM (now
DEC) between 1999 and 2004, although area does.

Figure 3: Land tenure in W.A. rangelands showing three types of pastoral lease: aboriginal, mining
and private (family and pastoral company). DEC leases are grouped with ‘CALM Estate’ in green.
Source: Draft NRM Strategy for the Rangeland Region of WA. Map dated: February 2005.
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Need for Manage Land at Landscape to Regional Scales
Through the emerging disciplines of landscape ecology and ecosystem management, there
is now a greater appreciation of ecological processes and other ecological phenomena
operating over broad spatial scales. Several examples of these relevant to our rangelands
are summarised in Table 1. Although individual pastoral leases in Western Australia cover
comparatively large expanses of land, the subdued topography, ancient and well-sorted
soils/landforms, and the sparse nature of the vegetation, mean many of these processes
need to be at least managed over several contiguous leases.
A clear example of a broad-scale process operating in arid rangelands is surface water flows
across catchments and subsequent coarse patterns of soil erosion and deposition (Pringle &
Tinley, 2003). Typically this process has been monitored and managed at within-landscape
scales through the quantification and, if necessary, restoration of (vegetation) patch to interpatch soil fluxes (Ludwig et al. 1997; Tongway & Hindley 1995). However, much remedial
action directed locally is likely to be of short-term value if base levels downslope have been
incised due to erosion causing faster, more confined flows which cause further gully and
lateral erosion, increased sedimentation downstream, and then widespread desiccation
upstream (Pringle & Tinley, 2003; Pringle et al. 2006). This can set in place a sequential
process of land degradation moving to upper parts of the catchment. In other words,
dysfunction at the catchment scale may take precedence over that at local and landscape
scales. Furthermore, it suggests that leaseholders must co-operate with neighbours within
catchments as management and remediation actions may have responses considerable
distance away, both upstream and downstream. An analogy which can be made is that good
management of your land may be futile if someone downstream ‘pulls the plug’ resulting in
draining, drying and subsequent erosion of your land.
Another key process tending to operate at broader spatial scales is the movement of fauna,
particularly larger vertebrates. Many of these are nomadic or semi-nomadic and may move
over large distances as they seek food resources generally available following large episodic
rain events (Davies 1984); fences and other structures of course can impede such
movements and may result in mass accumulations of large vertebrates which can, in turn,
cause severe grazing and trampling impacts. Such vertebrates are also dispersers of seed
over long distances thus facilitating regional gene flow (Calvino-Cancela et al. 2006, 2007).
Similarly, control of exotic vertebrates (foxes, wild-dogs, goats etc) is likely to be more
effective when practiced at a regional scale than lease or paddock scale.
Another key ecological factor operating at broader spatial scales is fire (Table 1). Most
rangelands within the study area can potentially experience fire, although most only following
abundant rain and/or sustained low grazing pressure (Hodgkinson 2002). Vegetation types
around the margins of the study area (eg shrublands on sandplains, hummock grassland)
however tend to experience widespread wildfire which often burn unchecked for days or
even weeks, often crossing lease and other land tenure boundaries. Such wildfires result in
homogenisation of landscapes in terms of fuel age and habitat characteristics (Burrows et al
2006). Management strategies to deal with such large fires include improving suppression
capabilities and/or introducing a patch burning scheme to lower fuel levels and create
landscape scale mosaic of different burn ages; both approaches tend to require co-operation
across properties/leases given the expanses of land involved.
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The establishment of nature reserves on pastoral leases as part of the GMS increased
proportion of vegetation associations represented in reserves from ~29% to ~58%, and the
proportion well represented in reserves (ie > 10% of their spatial extent) from ~7% to about a
third (Brandis 2004). Therefore despite the planned nature of lease acquisitions under the
GMS, many vegetation associations are not represented in reserves, which is not
unexpected given the many are of restricted distribution (<50,000 ha). The responsibility for
stewardship of these unreserved and poorly reserved vegetation types therefore fall to
leaseholders and emphases the need for off-reserve conservation strategies. It should be
noted however that these vegetation associations are defined at coarse spatial scales and
therefore do not include distinctive vegetation types (in terms of species composition)
associated with geomorphic features evident at finer scales, such as breakaways, cliff faces,
riparian zones and so forth (van Etten 2006). Furthermore, high levels of species turnover
within plant communities, particular on uplands such as ironstone and greenstone ridges,
mean that many species of plants within a community will not be represented in reserves
even when the community itself may be well reserved (Gibson et al. 2007; van Etten 2006,
2007) .
Table 1: Examples of ecological processes and phenomena operating at landscape to regional spatial
scales which may require co-operation amongst pastoral leaseholders to effectively manage, together
with examples and case studies from the Western Australian rangelands.
Ecological Process
Erosion-deposition patterns and
processes
Water, nutrient and energy flows
Seed and pollen dispersal
Movement of larger vertebrates

Maintenance of extensive habitat
for species with large home ranges
Maintenance of patch mosaic of
preferred habitats including refuge
areas in times of extremes
Wildlife ‘corridors’ to facilitate
movement between habitat
patches
Predator – prey interactions and
trophic cascades

Movement of wildfires and broadscale contiguous fuel
accumulation
Spatial and environmental
influences on species and
community distribution
Colonisation and invasion (of new
areas)

W.A. Rangelands Examples
Landscape incisions causing lowering of
base levels and upstream desiccation &
erosion
Disruption of sheet (surface) flow by
roads
Long distance seed dispersal by emus and
other birds
a) Seasonal migration of macropods and
emus;
b) Effective feral animal control, eg
goats, wild dogs;
c) Rotational grazing systems;
d) Control of watering points
Conservation of top order predators, such
as birds of prey and dingo (perhaps)

Reference(s)
Pringle & Tinley (2003);
Pringle et al. (2006)

a) Fire management to create replicated
post-fire seral stages;
b) Mallee fowl may require long unburnt
patches
Healthy riparian and floodplain zones

Burrows et al. (2006);
Benshemesh (1990)

Dingo re-introduction or maintenance
impacts on foxes, native mammals and
herbivores;
Dispersal of threatened fauna reintroductions
a) Wildfires burning across properties due
to lack of resources to control wildfires
b) Prescribed fire to control fuel build up
over landscapes
Reservation and off-reserve strategies to
protect biodiversity and communities

Letnic (2007)
Southgate et al. (2007)

Bertuch & van Etten (2004)
Calvino-Cancela et al. (2007)
Davies (1984)
Letnic (2007)
Pringle & Landsberg (2004)

Letnic (2007)

Burrows et al. (2006)
Hodgkinson (2002)
Brandis (2004)
Van Etten (2006)

a) Integrated weed control
b) Regional feral animal control
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CO-OPERATIVE LAND MANAGEMENT ACROSS PASTORAL LEASES
This paper has argued that co-ordination and co-operation across adjoining pastoral leases
is required to effectively manage certain ecological and threatening processes. Impairment of
some processes is resulting in catchment level dysfunction and requires a co-operative
approach over whole catchments or sub-catchments as need be (Pringle & Tinley 2003).
This may be more difficult to achieve, but there is now a huge amount of experience gained
from broad-acre agricultural regions in achieving an integrated, community-driven approach
to catchment management from which we can hopefully learn from. The additional hurdles to
jump to achieve effective co-operation in rangeland areas are, primarily, the large distances
between pastoral stations (as well as the agencies which administer them), and the
economic constraints faced by many lessees. It may be imperative therefore for the new,
‘non-traditional’ lessees and land managers, such as mining companies and conservation
organisations, to initiate and facilitate such co-operation, and help fund management actions
as required. This is already happening locally in some rangeland areas where neighbours
are building on existing working relationships to improve communication and better manage
threatening processes such as fire and feral animals. A good example is from the southern
Yalgoo area where managers of contiguous leases/land (BHA, AWC, DEC, Ninghan IPA,
pastoralists) are working towards forming an association (as yet unnamed). In certain
circumstances, it may be more productive to let such co-operatives evolve through local
contacts rather than imposing them remotely via government bureaucracy.
A major focus of co-operation between neighbouring lessees and managers will often revolve
around managing boundary issues, especially where land managed for conservation abuts
that managed principally for livestock production (Brandis 2006). These issues include
movement of unwanted animals (livestock straying into conservation areas, kangaroos
moving in pastoral leases etc), maintaining fences, weed invasion, fire movement, gate
closure and maintaining access. The DEC has recently released its “Good Neighbour Policy”
which establishes responsibilities in such circumstances (DEC, 2007). Most of times such
issues are resolved amicably, but problems may arise when managers are not consistently
stationed on the land.
Government agencies however may play a more important role where co-operative
approaches are desired over broader, catchment scales. A prime example of where this
worked was the Ecosystem Management Understanding (EMU) Project, initially an element
of the GMS, largely funded by the National Heritage Trust (NHT) and co-ordinated by CALM
and Dept of Agriculture Western Australia (DAWA). This involved employed ecologists
helping landholders prepare Environmental Management Systems (EMS) for their lease, as
well as fostering an ecological sustainable land management ethos in which catchment level
processes and management were considered integral. Lessees from some 77 properties
(including 10 DEC controlled leases) took part in the EMU project between 2000 & 2004
(Pringle 2004). The project was popular with pastoralists and was highly successful,
especially in terms of establishing working relationships between pastoralists, industry,
indigenous groups and the ecologists involved. There is a plan for a project similar in scope
and objectives to EMU to run under the auspices of the Rangelands NRM Co-ordinating
Group.
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CONCLUSIONS AND IMPLICATIONS
Mining companies, directly or indirectly, are managers of large expanses of pastoral leases
across the rangelands of arid and semi-arid Western Australia. The combined area of their
leases, some 8.6 million ha, exceeds that of the various conservation reserves in the region.
They are also concentrated around active mining areas resulting in contiguous expanses of
leases often linking with formal conservation reserves and aboriginal leases. As mining
companies are not dependent on earning a living from their leases, they may be in a better
position to not only employ ecologically sustainable pastoral practices and restoration on
their own leases, but also facilitate, fund and contribute to broader scale management and
nature conservation initiatives which cross lease and other land tenure boundaries.
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ABSTRACT
To maintain a safe and productive workplace, many mining operations in the Goldfields of
Western Australia commonly discharge groundwater inflow to nearby salt lakes to evaporate
excess water. However, with an increase in environmental understanding of salt lake
systems, there has been a corresponding increase in stricter regulatory conditions have been
imposed to promote the minimisation of harm from mine water discharge.
Outcome of an examination of impact of MWD on small salt lakes has indicated that these
systems are more complex than historically presented. This is primarily due to the fact that
each system derived from a unique set of characteristics. Finding critical system thresholds
is made difficult by the variability of environmental conditions, response capabilities of
impacted species across the ecosystem, and the scale at which the system is being
examined.
Broad-scale understanding and analysis of salt lake structure and function is considered
critical in the attempt to determine likely pathways of system response to MWD impact, and
for management actions to succeed
Key words: Salt Lakes, Mine Water Discharge, hypersaline, Goldfields, Western Australia,
system structure and function, ecological impacts.
BACKGROUND
Salt lake systems are being increasingly subject to degradation from a variety of impacts
caused by human interaction with the natural environment.
A majority of human impacts on salt lake ecosystems results from activities which are
economically driven. Mining operations dot the landscape in the Salinaland of Western
Australia, many linked to an adjacent salt lake ecosystem, whether it is by direct means,
such as mining in and under the lake bed, or apparently indirect where mining occurs in the
catchment, far away from the surface expression of rainfall capture and runoff.
Salt lakes contain or can be used to indicate the presence of materials (minerals, metals,
etc.) which are: concentrated through the process of erosion and runoff from their
catchments; generated in the lake bed as evaporites; or derived from metalliferous ore
bodies which occur beneath lake basins (Mazzuchelli, 1972; Reeves Jnr, 1978; Warren,
2000).
To maintain a safe and productive workplace, many surface and underground mining
operations in the Goldfields of Western Australia commonly discharge groundwater inflow to
nearby salt lakes to evaporate excess water. Salt lake systems were historically chosen as
evaporation basins due to economic imperatives – they were readily available and
accessible, and the discharge was considered to have minimal environmental impact.
However, with an increase in environmental understanding of salt lake systems, there has
been a corresponding tightening of regulatory conditions which have been imposed to
promote the minimisation of harm to salt lakes from mine water discharge.
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Alternative methods of disposal of mine water have been trialled (e.g. aquifer reinjection) with
various levels of success. Where recycling and direct return (not aquifer reinjection) cannot
be utilised in a minesite water management program, disposal to salt lake systems continues
to be a viable option.
Regulations, guidelines and licence conditions pertaining to Mine Water Discharge (MWD)
have been previously discussed (e.g. see Ward, 2002), indicating the increase in attention
paid to salt lake systems across Western Australia. However, salt lake systems are more
complex than previously indicated in literature (Williams, 1993), and the understanding of salt
lake systems is struggling to keep pace with regulatory controls.
This paper summarises the outcomes of a case study examining the impacts of MWD on
small salt lake systems and discusses the implications of alterations to dynamics of salt lake
system structure and function.
CASE STUDY
Guidelines and regulatory controls have been implemented in Western Australia in an
attempt to minimise deleterious impacts to salt lakes from MWD. However, there is
uncertainty as to how much Mine Water Discharge to which a salt lake system can be
exposed before the impacts become significant and potentially irreversible.
This study aimed to compare the characteristics of a number of small salt lake systems over
time which had been either exposed to MWD, or in their natural state.
Baseline Information
The comparison of lake systems against a single standard or baseline can be considered to
be misleading. This is due to the fact that each salt lake system is unique, with its own set of
defining characteristics.
Concentrations of substances in soil, lake sediments and water are dependent upon the
geological and biological environments within specific catchments and cannot be used as
overall standards because they may be different for each catchment (Downing & Mills, 2000).
In other words, baseline characteristics for the system studied cannot be assumed to be the
same as those of an adjacent system. It was determined that the best controls for this
scientific investigation were the baseline characteristics of the salt lake systems of interest.
These need to have been collected, investigated and understood prior to MWD.
Unfortunately, baseline data could not be collected for all systems studied.
The study identified that in an ideal situation baseline monitoring must examine structural
characteristics of a salt lake system observed over different stages in the hydrological cycle
(wet to dry and back), and, where possible, over multiple cycles. Rainfall events will be
episodic or ephemeral in nature, depending on location, with the period between events
potentially lengthy.
Once baseline information is gathered, and an understanding of salt lake system structure
and function is gleaned, basic prediction of likely response of systems to impact may be
considered.

44

Impacts of Mine Water Discharge
The main impacts from Mine Water Discharge (MWD) to salt lake systems are due to the
quality and quantity of mine waters received.
Quality
Mine Water Discharge (MWD) contains a higher loading of certain geochemical components
than natural runoff, due to the fact that suspended sediments are contained in the water from
material from fresh rock adjacent to high-metal content ores that were being mined.
In addition, MWD exhibits a water quality equivalent to the groundwater aquifers intersected
by mining operations. In the Goldfields of Western Australia, groundwater quality varies
enormously.
Groundwater and surface waters will always have differences in quality. Groundwater in the
eastern and southern Goldfields can reach salinities in excess of 300 g/L. Surface water
quality in salt lake systems will depend on the frequency and volume of rainfall and
associated catchment runoff levels, but may become as fresh as 23 g/L (Finucane et al.,
2002) before evaporating to dryness.
The sediments and catchment of each salt lake also have unique geochemical components
which are also expressed in the quality of surface waters. The impact on the receiving salt
lake environment will depend on the interactions between MWD and surface waters. Within
lake basins, the geochemical impact of MWD will be (generally) restricted to sediments and
the associated surface and groundwater columns.
Groundwater quality beneath salt lakes in the same regional catchment should exhibit
(although not always) a similar composition to MWD from a minesite within the same regional
catchment.
Major geochemical differences between natural surface waters and MWD can result in
alteration of metal and ion solubility, mobility and reactions influenced by particularly changes
in redox potentials. This will in turn alter the pathways of evaporite formation normally
experienced by natural salt lake systems. As an example, the case study found that the
metal being mined increased in concentration of the surface waters and sediments of salt
lakes subject to MWD.
The geochemical buffering capacities of the natural system and/or the MWD will have a large
bearing on the level of impact caused by discharge.
Although biological impacts were beyond the scope of the case study, an increase in ion
concentration as a result of MWD has been shown to have detrimental impact on biological
species diversity (e.g. John, 1999). The impact of alteration to metal content on the biology
of salt lakes is less well known.
Quantity
The quality of MWD may not necessarily indicate whether geochemical alteration will occur
without a concurrent consideration of the quantity of water discharged and the physical
capacity of the receiving salt lake. The case study found that the quantity of the discharge
was a limiting factor to the extent of the impact.
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Salt lake systems, by definition, have outputs (via evaporation and groundwater infiltration)
far in excess of inputs from precipitation, runoff and groundwater inflow – Neal (1975)
describes salt lakes as only being wet 25% of the time (Figure 1). In particular, salt lake
systems in the Goldfields of Western Australia have been historically chosen as disposal
points for mine water due to their potential capacity to evaporate excess waters. However,
evaporation rates are reduced as the salinity of the standing water increases. A portion of
surface waters on salt lake basins will be lost to the local and regional groundwater,
however, recharge rates are low (e.g. Bari and Ruprecht, 2003).

Rainfall
(Wetting)

DRY LAKE
75% of time

Evaporation
Infiltration

WET LAKE
25% of time

Figure 1 Simplified Salt Lake System Hydroperiod
The addition of Mine Water Discharge alters the input to output balance: and when the
quantity of inputs greatly exceeds outputs, standing waters may remain on the surface for a
substantial period of time.
Given a similar sized MWD volume, this study found that smaller salt lake systems will retain
surface waters for a longer period of time than larger systems. This resulted in an increased
risk of potential impacts to adjacent low-lying riparian lands by wind seiche effects, or in a
worst-case scenario, by salt creep and/or inundation.
Sediment is discharged to salt lake basins in natural storm events. For a given time period,
the estimates of sediment discharged to salt lake systems during storm events may be
equivalent, or greater than quantity of suspended sediment discharged to salt lakes by MWD.
However, the duration of any storm event will be much shorter than any period of artificial
discharge. Settling ponds, no matter how efficient, will not remove all suspended sediments
from mine waters before discharge to the receiving environment.
This case study found that the mass of sediments in MWD formed an artificial layer on the
surface of natural lake sediments (Figure 2). This discharge, as well as forming a layer on
the surface of lake basin sediments, may also be a possible loss of economically viable oreladen material, as concentrations of the metal being mined were present at elevated levels
within the MWD layer of sediment.

Figure 2 Layering of sediments suspended in Mine Water Discharge (black arrow) on salt lake basin
sediments (white arrow).
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The case study found that the greatest impact MWD had on the small salt lake systems
studied was through an alteration of the salinity of sediments in the basin. The salinity of the
MWD reflected the groundwater source from which it was derived, as was significantly
greater than that of natural catchment runoff. Combined with the large volume of MWD, the
artificial loading of salt has buffered any natural system function and recovery from impact
and pushed the system towards the dry end of the hydroperiod. The volume of rainfall (or
artificial freshwater) inputs will need to beyond current climate norm to ensure enough
dilution of surface salts such that the salt lake systems will exhibit natural (baseline) levels of
structure and function (including biological productivity).
Water (runoff) flowing down salt lake catchments is a major system driver, and although
surface outflows are rare, solute laden water loss to the groundwater indicates that pressure
will be placed on systems to move towards an equilibrium identical to that occurring prior to
impact, assuming a constant climate. Depending on the scale of impact, the length of time
required to allow for natural system recovery may be beyond the scope of company
management objectives.
Mine Water Discharge is not a permanent addition to a salt lake system. The feasibility of
the mining operations (economic and environmental) ultimately determines the length of time
MWD will occur. As such, MWD may be considered to be a point impact. In addition, as the
impact is confined within the lake basin (generally), Goldfields regional salt lake systems are
considered to have an inherent resistance to impact, provided the catchment hydrology
remains relatively unaltered (as opposed to Wheatbelt salt lakes where impacts are due a
combination of catchment clearing and rising groundwater).
Modelling
Modelling of salt lake system dynamics can be used as a predictive tool to determine
potential system response to impact. Modelling of salt lake system dynamics is currently in
its infancy. Following collection of data in this case study, attempts were made following to
use simple environmental models (e.g. Succession, State-and-transition, and Dynamic
Equilibrium) to explain patterns of impact.
No model was found to be completely adequate to explain patterns in system change without
a priori assumptions, primarily due to the fact that the whole system is made up of a complex
combination of characteristics. Models could not cope with the extreme variability exhibited
by a natural salt lake over its hydrological cycle – particularly as each model required an
inherent level of stability to explain system function.
State and Transition modelling may be applied to entire systems. In this case, it must be
proven that the system impacted by Mine Water Discharge (MWD) and has shifted to an
assumed alternative stable state. From a system perspective, the alternative stable state
can still be defined as a salt lake system, but the impact has essentially pushed it closer to
the dry end of the hydroperiod (Figure 3).
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Figure 3 Potential States and Transitions caused by MWD impact on salt lake systems
In addition, strength and direction of transitions caused by impact will not always be equal to
the transition indicated by system recovery.
Like State and Transition modelling, Dynamic Equilibrium is applicable to an entire salt lake
system by assuming the system is a discrete entity. The normal system characteristics
(XYZ) drive a system existing in a transient state towards an objective (O) (an apparently
stable state). Changes in the drivers caused by an impact such as Mine Water Discharge
(XYZ+M) will alter the system objective.
This impact will result in a change in the direction of the system from a natural objective (O)
towards an alternative objective (O+M). However, with each step towards the objective, the
system has different defining characteristics (Figure 4). As a result, the objective alters.
O

1
XYZ

O+M

O

2
XYZM
XYZ

O+MO+M+

3, etc

O+n

XYZ+M+n

XYZM
XYZ

Figure 4 Dynamic Equilibrium Model of Salt Lake System with MWD.
Maintaining an understanding of the system response to impact becomes increasingly
difficult with each step forward in time. Similar difficulties in the attempt to model whole salt
system responses to discharge have been indicated by Coleman (Coleman, 2001).
Analysis of dynamics of discrete characteristics was possible, with potential determination of
response pathways following impact by MWD. However, this required a major assumption
that each defining characteristic was mutually exclusive and functioned independently of
other characteristics.
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Thresholds
Thresholds can be determined to indicate whether an impact is significant. An ecological
threshold is considered the point at which there is an abrupt change in an ecosystem quality,
or where small changes in an environmental driver produce large responses in the
ecosystem. Finding a universal early warning threshold for salt lakes subject to impact from
MWD, is complicated by the fact that every salt lake system has its own set of unique
defining characteristics. This results in difficulties in the determination of the suitability of salt
lake system for receiving MWD.
Thresholds that could be considered to be broadly applicable to most salt lake systems
receiving MWD were identified within this case study. The choice of the threshold was
complicated by the data available and the scale at which the systems were examined. It was
found that which individual system parameters could be allocated a threshold relatively easily
any number of these thresholds could be crossed, without impacting the function of the salt
lake system.
Finding the critical system threshold became a much more difficult search. This is due to the
variability of environmental conditions, response capabilities of impacted species across the
ecosystem, and the scale at which the system is being examined. Thresholds are system
specific, landscape specific, patch specific, species specific, likely to be specific to
individuals, and are also considered to vary in space and time (Huggett, 2005).
Such a concern applies equally to large and small salt lake systems. An obvious conclusion
is that the larger the system, the higher the threshold. However, the loss of individual
components can still cause deleterious impacts on other characteristics.
System thresholds determined by the case study were based on salt lake system definition,
structure and function. The system thresholds were found to be very broad queries that
require a detailed examination to determine a viable answer:
• Does the system retain characteristics that define it as a salt lake?
• Does the system retain normal structure?
• Will the salt lake system have normal function in response to natural environmental
variation?
If it’s broken, can we fix it?
In a relatively recent paper, Hobbs, et al. (2003) examined management options and
responses to the threat that changing saline water tables have on agricultural production and
biodiversity conservation, with an indication that any treatment of the problem from a
hydrological perspective will be difficult, costly, and perhaps impossible.
Most investigations relating to mining and salt lake system interaction have hitherto been
undertaken in an attempt to prove that mine water discharge is a “harmless discharge to
land” process, or falls within an acceptable management or regulatory criteria.
The case study has illustrated that without a full understanding of the impacts of MWD on
salt lake systems and their subsequent recovery pathway, appropriate management may not
be achievable within the desired timeframes.
It must be understood that desirable management objectives may not be achievable,
particularly as salt lake systems are a reactive environment, rather than a predictive
environment, and will only respond to that which is added or changed.
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This study has found that as well as being the main system driver, water is also the main
factor that may limit system change, particularly in response to system impact. The addition
of MWD alters the dynamic equilibrium of a natural salt lake and effectively reduces their
capability to respond to natural rainfall events.
Beyond the deliberate cessation of MWD input to salt lake systems, the outcomes of
management actions to intervene and speed up natural recovery processes following impact
by MWD remains unknown. The speed of salt system change over the case study time
period was not long enough to indicate a perceptible response.
CONCLUSIONS
The risk of degradation of portions of the environment from the various options for disposal of
mine waters from mining industry operations in the Goldfields of Western Australia is
inevitable.
Protection of salt lake systems from impacts of Mine Water Discharge and maintenance of
the impacts within natural levels is not considered to be possible. To this end, a choice must
be made between: (a) cessation of an economically desirable industry, (b) the allocation of
some salt lake systems that will be deliberately impacted and the permanent protection of
others equally at risk; or (c) maintenance of the status quo and allow salt lake systems
interacting with mining operations to gradually degrade beyond their capability to naturally
recover from anthropogenic impact.
What is known is that risks can be minimised by: choosing salt lake systems with sufficient
physical capacity; management of volumes of MWD; choosing systems already impacted;
and the ongoing improvement in the understanding of salt lake system structure and function
by collection of sufficient, appropriate data from natural and impacted salt lakes.
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THE IMPLICATIONS OF DISCHARGING TO SALT LAKES –
MONITORING IMPACT AND RECOVERY
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ABSTRACT
In the Goldfields of Western Australia, excess water produced where mining is conducted
below the water table, is commonly disposed into nearby salt lakes. The implications of mine
water discharge to salt lakes have remained unknown. Since 2000, many mining companies
have been actively researching the impact of discharge to the salt lakes and this paper
summarises the results of these studies. Accurately determining these impacts on aquatic
biota and chemistry has been complicated, as the salt lakes are temporary in nature and can
remain dry for decades. This means that determining the productivity and the uniqueness of
the salt lake is difficult. In addition, for most cases there was no collection of baseline data
prior to commencing dewatering discharge. However, it appears from water and sediment
chemistry that there can be changes in pH, and increased metal, salt and nutrient load. This
has implications for aquatic biota, and reductions in species richness have been recorded.
These impacts can be amplified by site morphology, site hydrology, climatic conditions and
anthropogenic structures. It should be noted that some of these impacts appear to be
temporary and recovery of the system does occur naturally.
INTRODUCTION
Studies relating to the ecology of salt lakes in inland Western Australia have been on the
increase, primarily as a result of the greater levels of mining in and around these systems.
The salt lakes of the Goldfields region have been the preferred location for the disposal of
surplus groundwater (‘dewatering discharge’) produced during mining operations. This is
because the lakes typically provide a large surface area for dispersal and eventual
evaporation. This paper addresses the impacts of dewatering discharge on the ecology of
inland salt lakes of the Goldfields, by monitoring the abiotic parameters that regulate aquatic
biotic. In this paper we also consider the design of monitoring programs to assess these
impacts and to monitor recovery on the cessation of dewatering discharge.
SALT LAKES IN WESTERN AUSTRALIA
The arid and semi-arid zones of Western Australia have one of the highest concentrations of
salt lakes on the Australian continent (Gentilli 1979). Most of these are located within an
area known as the Salinaland, or the Salt Lake Division (Jutson 1934; Gentilli 1979).
Typically, salt lakes are defined as having a surface water salinity of 3 g/L or greater
(Geddes 1981; Williams 1998; 2002). Many are temporary water bodies that fill infrequently
(episodic) in response to heavy rainfall events (Roshier and Rumbachs 2004; Timms 2005;
Timms et al. 2006). Once filled, their drying cycle is rapid as a result of high evaporation
rates, with pooled surface water often lasting only a few months (Timms et al. 2006). The
lakes are generally shallow and rarely exceed a metre in depth (John 1999).
The salt lakes of the Goldfields region are the end point of drainage for the surrounding
areas. They are the surface expression of an ancient palaeodrainage system that developed
during the Late Cretaceous period (Morgan 1993) and were extensive throughout the interior
of the state during the Tertiary period (Johnson et al. 1999). These palaeodrainage systems
radiate from a broad drainage divide that bisects the Yilgarn Craton (Anand and Paine 2002).
Surface drainage is endorheic or internal (Williams 1998), with each of these lakes acting as
closed systems.
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The water quality (physicochemical parameters) in salt lakes tends to be highly variable with
a wide range of salinity, pH and nutrient fluctuations over the hydroperiod (Roshier and
Rumbachs 2004). For example, salinity in the surface water of the Goldfields salt lakes
ranges from 3 g/L (close to freshwater) to 300 g/L (hypersaline) (Gregory 2007). Sodium and
chloride are the dominant ions and generally the sequence of cation dominance follows:
Na>Mg>Ca>K, while for the anions, Cl>HCO3>SO4. These waters are classified as alkaline
(Williams and Buckney 1976) and nutrient concentrations are generally high in comparison to
freshwater ecosystems (John 2003b; URS 2003; Gregory 2007).
In terms of biota, the primary producers within salt lakes belong to the Cyanobacteria (bluegreen algae), Chlorophyta (green algae) and Bacillariophyta (diatoms) (Borowitzka 1981;
Hammer 1981; John 2003a). The productivity of these systems is often confined to the
benthic microbial communities (BMCs - biological associations with lake sediments) (Bauld
1981; 1986). The majority of BMCs are composed of cyanobacteria and diatoms, which in
some cases form extensive, cohesive mats (Bauld 1981). However in large playas these
BMCs usually consist of thin films of diatoms only (Boggs et al. 2007; Campagna 2007).
In terms of aquatic fauna, salt lakes in Western Australia display a high level of endemism
and species radiation in comparison to other salt lakes throughout Australia (Hebert and
Wilson 2000; Halse 2001; Remegio et al. 2001). Aquatic invertebrate fauna are dominated
by crustaceans , in particular the endemic brine shrimp, Parartemia (Anostraca) (Geddes
1981; Brendonck and Williams 2000; John 2003a). Representative from the Ostracoda also
occur (Pinder 2005) and this group is considered one of the most diverse groups of
crustaceans (Halse 2002). Other taxa recorded within the lakes include the Copepoda and
Cladocera (water fleas). For most of these lakes which are hypersaline systems, it is usually
the Parartemia and ostracods that persist into the later stages of the hydroperiod (i.e. period
in which the lake is wet) (Williams et al. 1990). Generally for episodically-filled lakes,
diversity is lower than freshwater lakes (De Deckker 1983) and factors such as the constant
habitat homogeneity (i.e. similar sediments and vegetation at most sites within a lake) that
tends to occur in these lakes also restricts the fauna diversity somewhat (Timms 1997).
Aquatic organisms that live in unpredictable environments, as a result of climatic conditions,
must develop survival mechanisms that include short lifecycles, the production of
desiccation-resistant stages or the ability to disperse (Caceres 1997; Simovich and
Hathaway 1997). The resident biotic community in temporary systems often remains buried
in the sediment as resting stages (Brendonck and Williams 2000), and may not emerge until
conditions are suitable. Resting stages are found in the upper layer of lake sediments and
are considered to be “active” (Caceres and Hairston 1998). The resting stages found in
these lakes consist of dormant eggs of invertebrates (resting eggs), the spores of algae or
the seeds of macrophytes such as Ruppia. The presence and viability of this dormant
egg/seed bank is vital to the resilience and therefore the recovery of these systems after
disturbance, including extended dry periods or anthropogenic impacts (Brock 1998; Brock et
al. 2003).
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RECENT RESEARCH
The following is a summary of work undertaken by Outback Ecology and associated
personnel, in relation to salt lake research in Western Australia over the past two years;
• Ongoing work; currently Outback Ecology are involved with annual monitoring
programs of 12 salt lakes within the Goldfields region. The majority of this work
examines the impact of dewatering discharge on the lake biota, in relation to changes
in sediment and water chemistry.
• Department of Water; a project which assesses the cumulative impacts of dewatering
discharge on the salt lakes of the Goldfields region.
• PhD Research (Curtin University); an integrated study of the limnology of Lake
Yindarlgooda examining the factors that uphold the integrity of inland waters. The
study incorporates the physicochemical and the biotic limnology of the lake. The
impact to the ecosystem from secondary salinisation caused by mining processes
was assessed using the dominant biotic communities, including the use of Parartemia
resting stages in hatching trials.
• Masters Research (a MERIWA funded project); this study investigated the
physicochemical properties of both water and sediment, as well as biotic parameters
such as algae and invertebrates, from 24 salt lakes within the Goldfields. This
information was then examined using multivariate analysis and a classification
system was established using these parameters.
OUTCOMES
This section summarises the results of the aforementioned work in regard to the impacts of
dewatering discharge on the salt lakes. In the context of this report, the term “impact” is
used to identify a negative effect from discharge on the aquatic ecosystem.
The impacts from dewatering discharge
The impact from dewatering discharge to the environment is dependant on the quality and
quantity of water entering the lake. While discharge water quality may be highly variable
throughout the region, the majority of the water released onto Western Australian inland salt
lakes comes from palaeochannels and is hypersaline. The focus in the following sections is
therefore on the impacts of hypersaline water on the salt lake environment.
Sampling sites established within the vicinity of dewatering discharge have higher
concentrations of salts, nutrients and certain metals, in both water and sediments compared
to ‘natural’ sites (i.e. lakes not receiving dewatering discharge) (Finucane 2001; Foster 2001;
Muir et al. 2004; Gregory 2007). Additionally, there is usually a shift in the surface water pH
at some of the discharge sites, reflecting the pH of the discharge water (Outback Ecology
2008c). Nutrient levels, particularly nitrogen, are typically elevated and increases in metals
and metalloids reflect local geology and therefore the groundwater of the area (Mann 1982;
Morgan 1993).
Aquatic biota, including water birds, invertebrates and algae are affected by hypersaline
discharge (Timms 2005). Species richness and productivity of groups such as with diatoms
and invertebrates, is generally lower at the discharge sites. This can be attributed to a
number of factors. For example; unfavourable substrates for diatom establishment resulting
from high flow rates from the dewatering discharge and eventual erosion of the surface
sediment are common (Gregory 2007). Increases in salinity beyond that of the threshold of
many of the biota may decrease the diversity and productivity of the wetland. For example,
the increased salinity, and heavy metal concentrations, can prevent the hatching of the
resting stages.
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If they do hatch, there is a chance that the offspring will be unable to reach maturity to
reproduce, consequently resulting in the depletion of the egg bank. The high number of
invertebrates that hatch during the “boom” period after rainfall in these salt lakes are an
important source of food for nomadic water birds (Roshier et al. 2002), and the loss of their
inland habitat can be detrimental to the survival of many species. Therefore, alterations to
the biological communities in these systems, commencing with the primary producers, such
as algae, will invariably affect higher order consumers such as waterbirds.
Flooding of salt lake margins and saturation of the soils as a result of dewatering discharge,
increases the likelihood of impact on the fringing vegetation (Foster 2001; Outback Ecology
2007). In the Goldfields, fringing vegetation of salt lakes occurs in distinct zones, reflecting
particular combinations of soil conditions, salinity and waterlogging (Barrett 2006; van Etten
and Vellekoop 2006). A particular example is the combined effects of salinity and waterlogging dictating the occurrence of Halosarcia species (English 2001; English 2004) and the
extent of their zones (van Etten and Vellekoop 2006). Increases in soil salinity and
waterlogging as a result of dewatering discharge has been found to have an adverse affect
on even the most tolerant of vegetation, including Halosarcia spp. (Timms et al. 2006).
Increased salinity and waterlogging of the riparian zone also has detrimental impacts on the
microbial soil crusts that play an important role in stabilising the dunes, preventing erosion
and increasing water flow to the lakes.
A change in the duration of the hydrocycle is a common occurrence in salt lakes receiving
dewatering discharge (Finucane 2001). The wetting phase (persistence of surface water) is
prolonged, and the discharge water may promote the development of a saturated salt crust,
reducing the evaporation rate of the water (Newson and Fahey 2003) and leading to
permanent flooding.
Localised erosion of playa zones by the discharge water stream is a common problem within
the vicinity of discharge sites (Finucane 2001). However, the degree to which this can occur
depends on the design of the discharge outfall. For example, traditionally discharge water
was released via a pipe line directly onto the lake, potentially leading to erosion of sediments
and the surrounding dunes. Recent designs, such as the practice of rock mulching, aim to
reduce erosion along the shore line of the lake.
In some cases, dewatering discharge can contain a high degree of suspended solids, which
increases turbidity and has serious implications for biota that inhabit surface waters.
Increased suspended solids may restrict photosynthesis and dissolved oxygen levels in the
water column (Boulton and Brock 1999). In addition, suspended solids may also contain
contaminants such as heavy metals, which have the potential to adversely affect aquatic
biota (ANZECC 2000). In an environment where excessive siltation is detrimental to the
aquatic biota (Williams 2005) efforts need to be made to limit any increases in sediment
loading.
Factors amplifying dewatering discharge impacts
There are several factors which can amplify the effects of dewatering discharge, including
local geology, hydrology and hydrogeology, site morphology and topography, local climate
conditions and the presence of structures related to mining operations.
Geology
The local geology within the mining void determines the quality and quantity of water being
discharged, and these are the key parameters that may influence the surrounding
ecosystem. The quantity of water in relation to the storage capacity of the lake can also
influence the impact of the dewatering discharge, with lakes that are maintained at capacity
being likely to display a greater impact than lakes with only portions disturbed (Gregory
2007).
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Hydrology and Hydrogeology
Discharge water is often contained within the localised discharge area when the lakes are
dry (van Etten 2004; Gregory 2007). With the onset of rainfall, the discharge water is diluted
and distributed more widely. Clearly, the impact of discharge water on surface water quality
after dilution is dependant on the volume of water in the lake. In smaller lakes there is less
capacity for dispersion to occur (Foster 2004), which may result in the death of fringing
vegetation and greater impacts on aquatic biota. In contrast, in larger lakes, potential
contaminants in the discharge water may be diluted to the extent that effects on abiotic and
biotic factors are negligible.
The hydrogeology of the site will also determine the level of impact from the dewatering
discharge. Sites with permeable sediments tend to show minimal impacts as materials move
quickly into the sub-surface. In comparison, sites with impermeable sediments may
accumulate the constituents, such as metals and salts, of the discharge water on the lake
surface. In this case, it is possible that the constituents may be distributed throughout the
lake surface on filling, rather than moving through the sub-surface profile.
Salt lakes in the Goldfields region overly hypersaline palaeodrainage, and are areas of
discharge for groundwater. Therefore salt crusts are a natural and common occurrence as
they reflect the natural groundwater conditions. The addition of hypersaline dewatering
discharge will increase the concentrations of salts and can lead to saturation of surface
water, resulting in a thicker, precipitated, salt crust within these lakes.
Morphology and Topography
Site morphology and topography is important in considering the impacts of dewatering
discharge. It has been found that embayments and low lying areas of natural lake systems
tend to be the most productive in terms of biota (Outback Ecology 2006; 2008c). However, if
embayments are used as the discharge point, the potential for flushing contaminants from
the discharge point is greatly reduced. By placing dewatering discharge outfalls within the
vicinity of creeklines, flushing of parameters throughout the lake is possible during
substantial rainfall events. However, previous studies have shown that there is the potential
for backflow of hypersaline discharge water to occur when conditions are dry (Outback
Ecology 2008a).
Vegetation present along low-lying lake margins, including dune systems, can be affected by
dewatering discharge, either by flooding, sub-surface movement of water into the dune zone
or the deposition of wind blown salt onto the dunes (Foster 2004; Outback Ecology 2008b).
Sites with rocky margins, or steep dunes, which are not common features of salt lakes of the
Goldfields, display less impact from the discharge than low-lying areas (Outback Ecology
2007) .
Climate
Climate can influence the impact of dewatering discharge on inland salt lakes. Frequent and
considerable rainfall events contribute to ameliorating the impacts of discharge by dissolving
the salt crusts and redistributing constituents from the vicinity of the discharge outfall.
Rainfall also aids in the dilution and movement of materials through the subsurface. This
was the case at Lake Carey during a flood event in 2004, with sites that were previously
impacted by dewatering discharge displaying characteristics similar to natural sites (Outback
Ecology 2004).
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Within these episodically-filled lakes, water is predominantly moved around the lake by the
wind, a process known as seiching. Therefore the prevailing wind direction will influence the
areas more likely to be affected by the discharge. Also as the water body dried out, it is likely
that windblown salt may be distributed to the surrounding dunes.
Anthropogenic Structures
Man-made structures such as causeways, tailings storage facilities and exploration pads on
the surface of salt lakes can contribute to the impact of dewatering discharge. Exploration on
the lake bed is a common occurrence, leading to the construction of causeways, and the
compaction and disturbance of sediments. Causeways effectively partition the lake and
increasing local salt loadings, as well as potentially inhibiting flow and restricting the
movement of biota (Timms 2005). Tailings storage facilities situated close to the lake can
lead to leaching of constituents into the lake system (Finucane 2001). This contamination is
believed to be exacerbated as a result of the greater flow of water from the discharge at this
site than would occur in natural conditions.
Recovery of the lakes
Although the impacts of dewatering discharge can be considerable, there is potential for
recovery from these impacts. Lakes within the Goldfields displaying signs of recovery
include Kurrawang White Lake, Lake Miranda, Lake Austin, Banker Lake, Lake
Koorkoordine, Southern Star Lake and parts of Lake Carey (Gregory 2007). However, with
the exception of Lake Miranda, there is little information available on pre- discharge or
baseline conditions. At Lake Miranda, water pH, as well as salinity, concentrations of
nutrients, chlorophyll a and cyanide were all within baseline survey ranges (pre-discharge) by
two years after discharge ceased. By contrast, concentrations of some metals remained
elevated above baseline conditions, indicating some residual impacts from dewatering
discharge (Finucane et al. 2003).
Outback Ecology has monitored Kurrawang White Lake, Banker Lake and sections of Lake
Carey following the cessation of dewatering discharge. While the period of discharge and
the length of time since active discharge were not consistent for all lakes, some common
trends were observed, and recovery from discharge conditions is apparent. Salt loads and
salt crusts have decreased over time, as have concentrations of certain metals. Although the
biota present in the surface waters have not been monitored due to a lack of filling events,
diatom productivity (i.e. a combination of diversity and abundance) in the BMCs has
increased during the monitoring period, indicating recovery. This rate of recovery appears to
be enhanced after large rainfall events (Outback Ecology 2006; 2007; 2008c). It should be
noted however, the original condition of these lakes is unknown, and recovery is in relation to
the conditions recorded from un-impacted sites during the discharge period.
MONITORING TO DETERMINE IMPACTS AND MONITOR RECOVERY
To adequately assess the impact and monitor the recovery of a salt lake from the impact of
dewatering discharge it is imperative to start with a robust baseline data set. There is a lack
of baseline data for many operations, and this issue is further complicated by the decrease in
reliable rainfall. In the absence of surface water in these systems, other monitoring
techniques have been utilized and are discussed below.
Baseline Data Collection
It is important to collect as much information as possible prior to the commencement of
discharge operations for a number of reasons including;
1. To determine whether there are unique, rare or protected flora/fauna inhabiting the
salt lake.

57

2. To establish the abiotic baseline conditions in relation to sediments and water quality
of the lake, prior to any discharge, against which future data can be compared.
3. To aid in deriving objectives and targets for managing the lakes involved.
When collecting baseline data, the following should be considered;
1. Collection of data should occur over a number of seasons, both in the wet and dry
phases of the hydrocycle to allow for an understanding of the productivity within the
lake and the diversity of the biota.
2. Abiotic parameters that are likely to be of concern should be identified (chemical
indicators), and included in the analyses of the water and sediment.
3. Sampling of both the zone of potential impact and comparable control sites is
required, identify different habitats in the lake. Sites with similar geology and
morphological characteristics should occur, as these parameters can have a profound
affect on the chemical properties of the lakes.
It is advantageous to sample at a minimum the parameters listed in Table 1. While the
productivity of the system can not be accurately measured without a filling event, it is
possible to obtain some idea of the potential productivity of the system during dry conditions
via hatching of sediments. When choosing sample sites, consideration should be given to
access during wet conditions.
Table 1 Potential components of a baseline monitoring program during both the dry and wet phases
of the hydrocycle.
Stage of Hydrocycle
Ecosystem Component
Wet Phase

Dry Phase

Water Quality

a

Sediment Quality

a

a

Aquatic Invertebrates

a

a (hatching trial)

Dormant Eggs

a

a

Invertebrates

Algae/Macrophytes
Phytoplankton

a

Benthic Microbial Community

a

a

Dormant Seeds/Oospores

a

a

Vegetation and Microbial Crusts

a

a

Avian Fauna

a

a

Operational Monitoring
It is not always possible to collect baseline data due to the long history of mining at some salt
lake in the Goldfields. Therefore every effort should be made to find sites within the lake
which have not been affected by dewatering discharge. If the entire lake is influenced by
dewatering discharge, then proxy lakes may be utilized. However these lakes should be
those within the same palaeodrainage system or with a similar geomorphology. Data
collected during the operational monitoring program should be similar to that collected during
the baseline studies.

58

Post Closure Monitoring
This type of monitoring is appropriate when discharge has ceased. Recovery of salt lakes
can be monitored over time and monitoring should be completed to determine potential long
term impacts. Changes expected in relation to recovery may include a reduction in salinity,
size of salt crusts, major anions and cations, metals and nutrients. In addition, increases in
the diversity of algae and invertebrates may indicate potential recovery of the system.
CONCLUSION
The impacts of dewatering discharge on the receiving environment are numerous and
include changes to the water and sediment quality. These changes also influence aquatic
biota and fringing vegetation. In addition, aeolian and fluvial erosion of shore lines and
dunes can affect the integrity of the lake ecosystem. Factors such as discharge quality,
quantity, local geology, climatic conditions, lake size, site morphology and topography and
anthropogenic structures can all amplify the impacts of the dewatering discharge. Although
these impacts can be significant in relation to the lake ecosystem, there is the capacity for
recovery.
Recent publication of studies relating to the impact of dewatering discharge in the Goldfields
region of Western Australia has led to increased knowledge in relation to the impacts of
dewatering discharge in recent times. This has resulted in the tailoring of monitoring
programs to adequately assess and monitor these impacts. In addition, there has been
substantial efforts by mining companies to determine the impact of dewatering discharge on
salt lakes which has contributed to the understanding of salt lake environments as a whole.
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ABSTRACT
At closure, some form of infiltration control is invariably required where reactive (e.g. acidforming) materials are contained within tailings storage facilities (TSFs) and other waste rock
landforms (WRDs). In this paper, an account is given of Newmont Australia's experiences
with field techniques used to monitor moisture variations in soil covers at the Mt Leyshon,
Woodcutters, Granites and Jundee mine sites. Critical comparison of the range of
techniques available to assess cover systems is important in determining the most reliable
and cost effective monitoring method and instrumentation to deliver sound and practical
results useful for making management decisions.
For a number of years it has been common practice at Newmont’s Australian operations to
install a range of monitoring equipment into soil covers constructed on TSFs and WRDs,
which often encapsulate material considered to be geochemically hostile. TSFs and WRDs
at various sites have been instrumented. However the performance of this instrumentation,
and the information it generates, has warranted scrutiny and consideration of the relative
merits of this approach.
Despite the common limitations of the techniques and
instrumentation used, the Closure and Reclamation Group within Newmont Australia has
endeavoured to maximise the value of the information obtained from the remaining
instrumentation which still functions in a meaningful manner.
The information presented is intended to inform those who manage these types of facilities
about important parameters and considerations involved in selecting methods to assess the
effectiveness of cover systems.
INTRODUCTION
Assessment of the ability of TSF and WRD cover systems to restrict moisture ‘break-through’
below the cover is a priority in determining the success of the cover for infiltration control.
Cover monitoring systems are often used to provide this information and thereby allow
assessment of the cover’s performance (Department of Industry, Tourism and Resources
2007). Soil-water storage cover systems, also known as ‘store and release’ covers, are
intended to be integrated into ecosystems as a component of an unsaturated soil system
subject to atmospheric forcing and whose long-term performance is directly linked to local
climate conditions (O’Kane Consultants 2003). The objective is to restrict leaching of solutes
or oxidation of acid-forming materials by minimising moisture and / or oxygen movement into
the tailings or waste materials (Department of Industry, Tourism and Resources 2007).
From basic hydrological research on natural systems (e.g. catchments for water-supply
purposes), it is well known that the water-balance of multi-hectare, vegetated landforms and
landscapes defy accurate quantification (Campbell and Milligan 2008). Many environmental
processes and patterns are scale dependant with the inherent complexities of scale
complicating the use of results from small scale hydrological processes to predict or model
processes at the whole-landform scale (Zhang et al. 2004). Since these same limitations
apply to multi-hectare covers, the high spatial and temporal accuracy obtained via
instrumentation with small sensing volumes, is undermined by the uncertainties associated
with up-scaling from the test-plot scale, to the full-cover scale (Campbell 2004).
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Recognising the uncertainties of up-scaling, as it applies to both natural and constructed
environments, management bodies responsible for the collection of such information need to
ensure that the value of the information obtained is proportionate to the expense and
demand on site resources, incurred by the cover monitoring programmes.
There is a need to critically appraise the necessity for, and benefits from, intensive cover-trial
monitoring and associated numerical modelling, that is currently undertaken at a number of
Australian mine sites. There is also a need for recognition of the limitations of the
instrumentation, and level of technology development. Alternative methods which are often
simpler and more direct, can have distinct advantages over more elaborate systems,
achieving the same outcomes once the issues of up-scaling are taken into account
(Campbell 2004). Agricultural research and technologies can provide information useful to
the mining industry, where the concepts of preventing ‘leaky-landscapes’ in the WA
Wheatbelt are comparable to development of vegetated store-release covers to prevent
‘leaky-landforms’ at mine sites (Campbell 2004).
Both of these concepts tailor
evapotranspiration to local weather conditions, such that deep-drainage rates are suitably
constrained. However, care must be taken when adapting agricultural methods to mine
based scenarios, due to the vast differences in the materials and landforms being monitored.
Professionals in many disciplines aspire to reduce problems to objective numbers or simple
indicators. Hence simple processes are often developed for what are in fact, very large,
spatially and temporally complex systems. Although often a worthy aspiration, if the
assumptions we use in building these processes are in any way flawed for the small scale
indicators we select on a spatial scale, they are magnified exponentially when applied to the
field setting. The small scale of area we use to generate data cannot be representative of
systems which might be hundreds of hectares in size, have multi-dimensional layers of
numerous types of waste in various patterns, characterised by variable control during
material handling and placement, and subject to local material consolidation, resulting in
infinitely variable micro and macro drainage topographies. When assessing cover and
landform development, the extrapolation of results obtained from short-term monitoring (e.g.
initial years following cover placement) to project performance over decades-to-centuries in
the future is questionable at best, and may easily result in misleading predictions and
unachievable expectations (Parsons et al. 2004).
Specific site conditions complicate our ability to quantify these processes. Surface ripping
treatments, structure and patchiness of vegetation, termite nests, burrowing animals, fire,
grazing and human disturbance subject the validity of monitoring systems to question and /
or expensive interpretation that may be of little pragmatic value to decision making. Factors
such as landform position, storm damage, and consolidation of landform materials in which
the instruments are installed, must be duly considered along with the outlay associated with
use of these techniques.
Use of high-resolution, state-of-the-art, vadose-zone moisture monitoring techniques can
create unrealistic expectations within regulator and stakeholder groups of the capacity to
understand and quantify cover performance. In some instances the very act of the
instrumentation itself may undermine the integrity of the cover system (e.g. slumping of
ground around large-scale lysimeters at the Woodcutters mine has created a sizeable watergaining area on the covered WRD, and thus an area for ponding and enhanced recharge
locally). Artefacts arising from instrumentation (e.g. by-pass flow along edges of access
tubes installed for moisture sensors) may also occur thereby invalidating the expensive data
sets produced from monitoring (see below).
Experience at a number of Newmont Australia's sites with monitoring instruments (e.g.
lysimeters, moisture and matric-suction sensors, and weirs) are discussed below with
relevance to installation, performance, outcomes and limitations.
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MONITORING SYSTEM INSTRUMENTS, INTENTIONS AND LIMITATIONS
Lysimeters
The use of lysimeters at the Woodcutters site in the Northern Territory and at the Mt Leyshon
site in Queensland has met with limited success. Issues have arisen at the Woodcutters site
with placement of the lysimeters in drainage areas of high flow feeding into a rock drain,
which are not representative of the majority of the cover environment. One lysimeter has
slumped to a degree that water ponds over it during winter, resulting in data that is only
representative of localised ‘water-gaining’ areas rather than of overall cover performance.
Remediation of this problem is not feasible as adding cover materials or raising the lysimeter
position will change its function and generate unrepresentative data.
Initial design and installation of the Woodcutters lysimeters is also questionable. The top of
the lysimeters, which were constructed using PVC water tanks, were distorted when
installed, resulting in a non-cylindrical shape, making it difficult to calculate cross-sectional
area as input into an infiltration formula. Two of the lysimeters at Woodcutters will be
decommissioned, while two are still functioning (with drainage collected via tipping bucket
mechanisms rather than pumps) although the accompanying EnviroSCAN® soil water
sensors were struck by lightning and are not functioning.
At Mt Leyshon, the original set of four lysimeters completely failed and were abandoned,
then replaced with new lysimeters which were trapezoidal in shape. The trapezoid shape
results in a funnelling and concentrating effect of soil water through the cover materials within
the lysimeters, resulting in drainage estimates that are biased on the high side. The tipping
bucket devices installed to collect drainage did not have the capacity to keep up with the
flow, resulting in drainage flow that was under-estimated. Photographic evidence of the
construction of these lysimeters indicates that the construction method of the material within
the lysimeter was different to that carried out on the main cover. The lysimeter material was
compacted with an excavator roller, whilst the material surrounding the lysimeter was traffic
compacted in most instances.
Appropriate location of lysimeters is paramount to allow assessment of the hydrological
behaviour of target landscape units, such as water-shedding or water-gaining areas, in order
to characterise the full-scale multi-hectare cover system. As the materials inevitably
consolidate in and around the lysimeters, their shape and accurate function are
compromised. Differences in compaction methods and the resulting material density are
inevitable when installing lysimeters, despite due care at installation. The question therefore
remains as to what extent such differences manifest themselves in terms of contrasting
hydraulic properties of the profiles within and outside the lysimeter.
EnviroSCAN® soil-moisture, matric suction sensors and diviners
Automated EnviroSCAN® soil-moisture and matric suction sensors have been installed at
Newmont’s Mt Leyshon, Woodcutters, Granites and Jundee sites. These methods produce
real time monitoring of soil-moisture dynamics at a high spatial and temporal resolution at the
point or plot scale, to assess the ability of covers to buffer rainfall inputs, and minimise
recharge of the underlying mine wastes or process tailings. This technology was originally
developed for agricultural scenarios, to continuously log soil moisture content at different
depths over time.
The cost of such instrumentation is significant. At the Woodcutters site, four nests of
EnviroSCAN® units were installed, each with 15 capacitance-type sensors, totalling $18,000.
This cost does not include the mounting stem and CPU for each nest, time and resources for
installation, calibration and data upload.
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Once installed, calibration is required for each of the EnviroSCAN® sensors to obtain
material-specific calibration curves at additional expense. The manufacturer-supplied
calibrations relate to finely textured soils, and cannot be directly applied to regolith materials
containing high proportions of gravel or larger coarse fragments (Campbell 2004). Once
installed and calibrated, maintenance issues may arise as the EnviroSCAN® tubes move with
consolidation, making their retrieval impossible if there is a technical problem. In such a
case, the overall monitoring effort is severely compromised. All four EnviroSCAN® sets at
the Woodcutters site have failed, two in a slumped area and two disabled by lightning.
As with lysimeters, the issue of scale is again relevant, with the small sensing volume of the
‘fringe-capacitance’ technique (mm to cm scale from the exterior to the PVC access tube)
meaning that the point-scale extrapolation challenge is even greater than that of lysimeters.
If the point of monitoring is generally representative of the cover and the cover is fairly
uniform, both vertically and laterally, then this resolution of monitoring can be appropriate.
This level of monitoring has a high associated cost, given requirements for installation,
calibration, routine download and data management, which may not be fully appreciated or
justified.
Approximately 30 access tubes (for Diviner® 2000 capacitance sensors) are used at the
Woodcutters site, with 8 at Mt Leyshon, and some in place at the Granites and Jundee. Like
EnviroSCAN® sensors and lysimeters, diviners are used to gain an understanding of water
penetration though the cover materials, although diviners are not automated and require
manual data capture. Diviner rods are inserted into access tubes, which are also subject to
the effects of material compaction around the tubes and consolidation over time. Tubes
have been known to break during construction or consolidation of waste materials, which can
cause difficulties inserting and retrieving the diviner rods. The access tubes themselves can
promote preferential flow of water along the outer surface of the tubes, changing local
hydrologic patterns in their location, and resulting in unrepresentative data.
At the Jundee site, access tubes for moisture monitoring were installed in the centre of small
evaporation basins as part of an elaborate field cover-trial programme. Through inadequate
design and appreciation of the realities of atmospheric forcing within the Australian arid zone,
the tops of the access tubes become submerged beneath ponded water generated from
major summer storms. Bypass flow down the sides of the access tubes results in spuriously
high moisture contents in the cover profiles following major storms. Such high moisture
contents are simply an artefact of the instrumentation approach employed. Furthermore,
such technique artefacts, and ensuing invalid monitoring data, were not identified when
collating and analysing the monitoring information obtained. Accordingly, interpretation of
the monitoring results, as outlined in consultants reports, has been incorrect and has led to
quite bizarre explanations of unsaturated-water flow in the cover profiles. Through a
combination of inadequate design, and lack of quality time given to analysis of the 'raw'
monitoring data, it is likely that only limited information can be salvaged from the field-trial
covers which will assist management decision making for closure of the TSFs at Jundee.
Weirs
Weirs were installed at three locations at Woodcutters to provide information on the water
balance, through assessing rainfall runoff on the waste landforms. However, as there was
only one weir on the WRD and three drop structures, the proportion of the top drainage
through the weir could only ever be roughly estimated. The weirs were subject to sediment
build-up below the measuring mechanism, which needs to be cleared after every storm to
ensure the weir continues to function accurately. This level of maintenance is not feasible in
tropical environments subject to high intensity and frequent storm events which can produce
high sediment loads in storm runoff.
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The concentration of run off from the Woodcutters WRD via concrete wings through the weir,
began to cause significant erosion and undermining of the rock drains. This weir was
subsequently removed to preserve the integrity of the WRD. Two weirs intended to measure
runoff collected from the WRD in formal drains, before transfer to Woodcutters Creek, also
suffered from sediment build up and invalid data results. In addition, the weirs were not of a
sufficient size to account for total flow, hence the water would back up and bypass the weirs,
further compromising the accuracy of the readings. The run-off measured in these weirs
sometimes included surface waters that did not originate from the WRD but rather from
surrounding areas, whilst some of the water originating from the WRD overtopped the
perimeter drain and was not collected through the weir system.
If the information provided by weirs is considered to be of value to justify the expense of
appropriate design and installation, then weirs need to be designed with the capacity to
receive the level of runoff that may occur and to maintain functionality in high sediment-load
environments. Weir drainage systems need to collect all intended runoff and exclude runoff
from surrounding areas. As with all monitoring systems, appropriate location of weirs is
needed to provide representative data of the runoff expected from a target area, with due
consideration of the potentially negative effects of concentrating flow on landform surfaces.
Alternative instrumentation
Newmont is currently investigating a range of alternate instruments available for cover
performance monitoring. In situ opportunistic field infiltrometer programs over representative
locations of completed covers may provide an option, where ring-infiltrometers of 0.5 m
diameter could be used in engineered water-gaining areas, where water may pond for up to
several weeks from major inundations, or floors of rip lines in ‘flat’ areas which makeup the
majority of the covers on top of waste-dumps. Manual tracking of wetting-front penetration
from major wet-spells (30 to 50+ mm of rainfall) using gypsum blocks or other low-cost
devices for measuring either water content or matric suction may provide a simple approach
which is especially suited to sites where the combination of climate and texture of cover
materials, produces a low-leaching regime (e.g. oxide-regoliths derived from lateritic profiles,
and rainfall seasonality within the WA Goldfields).
Aside from instrumentation for cover performance monitoring, weather station data is
consistently used and is of undeniable value for assessing site specific climatic conditions
that ultimately determine the performance of cover systems, and their ability to manage the
anticipated levels of rainfall, runoff, infiltration and evaporation they may encounter.
CONSIDERATION OF SITE SPECIFIC CONDITIONS
A range of climatic conditions are experienced at mine sites across Australia, from tropical, to
arid and temperate climates, with experiences at mine sites from one climatic region often
not directly comparable to another. As there are limitations to predicting how soil covers will
perform from natural soil processes (Bryan 2000), assessment of site specific needs and
risks, which are often dictated by climate as well as specific material properties, will indicate
the approach that needs to be taken in cover studies and modelling, as well as in the design
of the covers system itself (Campbell 2008). It is absolutely critical that any development of
a conceptual model for infiltration control, as a function of the cover system, is appropriate for
the climate and the biophysical setting of the mine site (Department of Industry, Tourism and
Resources 2007). This applies to both water-limited arid environments (e.g. WA Goldfields),
and seasonally well-watered semi-tropical environments (e.g. northern Australia).
Landform design is particularly relevant to both the installation and intended outcome of any
monitoring techniques. Inadequate landform drainage design causes difficulty when
nominating representative locations on the landform for monitoring.
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Furthermore, unnecessary monitoring can be avoided if site specific conditions, such as the
basic determination of the physical and geochemical characteristics of the materials within
the landform, are given due consideration in the initial closure planning stage of cover and
monitoring system development, with no single approach that is directly applicable to all
waste landforms (Russell 2008).
An added complication of generating site-specific calibrations is the inevitable variation in the
physicochemical character of the soil / regolith materials sourced for covering works. The
resulting spatial variation in physicochemical properties, even for a given geomorphic setting
(e.g. water-gaining and water-shedding areas) calls into question the concept of using pointscale plots for intensive monitoring of moisture dynamics (e.g. sensors every decimetre
which are measured every hour). Macropores, vegetation, preferential flowpaths and
heterogenous materials all contribute to spatial variability in a cover system and can greatly
influence soil hydrological response during storm events, the processes and impacts of
which are very difficult to account for when using detailed monitoring and modelling (Bryan
2000; Campbell 2004). Consolidation of deposited materials can result in cracks and
slumping and the encouragement of preferential flow paths, significantly increasing infiltration
(Department of Industry, Tourism and Resources 2007).
In the Australian arid zone, changes in soil-temperature can be another complicating factor if
not appropriately considered in monitoring results, as moisture-tracking sensors are variably
dependant on temperature (Campbell 2007; Campbell 2004). There is field evidence that,
under the conditions of the Australian interior, moisture contents recorded by the
EnviroSCAN® sensors (and likely capacitance-sensors generally) may be appreciably biased
on the high side in dry soils / covers, due to a soil-temperature effects. This can give the
impression that there is less pore-space available for water retention in the cover for summer
storms, and thereby erroneously imply that thicker covers are necessary.
RECOMMENDATIONS
Experiences with cover monitoring systems has highlighted the importance of investigating
the likely behaviour of the cover systems both before and after placement. Before cover
placement, potential cover profiles may be investigated using laboratory based column tests
(e.g. Outback Ecology, 2008), in addition to standard material characterisation, which are
applicable to characterise the performance of ‘loose’ cover designs given that tightlycompacted covers are now largely not used. After placement, periodic assessment of
infiltration parameters using infiltrometers on undisturbed, representative sections of the
cover system, excavations in representative locations to assess the level of cover integrity,
plant rooting patterns and the final cover profile structure, would provide sound data of
greater benefit to management of these sites. Ultimately, investigation of material behaviour
prior to final cover design and use in cover systems can minimise future maintenance and reworking costs, and allows for cover designs to be based on a solid database of site specific
information (Campbell 2004).
As cover systems are generally intended to be revegetated, the complications of vegetation
growth and resulting evapotranspiration on soil moisture dynamics can be assessed through
a simple process of observations to provide information that the results from high-resolution
soil-moisture content and matrix suction sensors cannot. Lysimeters are not recommended
in light of Newmont’s experiences, and indeed there is evidence in the literature that the
scale of lysimeter currently used is inadequate. Wilson (2008) suggests that that only large
scale lysimeter studies, both physically (10 – 20 m or larger) and temporally over long
periods of time (10 years or longer) provide useful results in their intended environments, as
it is impossible to generate realistic results in the short term.
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CONCLUSIONS
The majority of cover monitoring techniques use instrumentation that was originally designed
for use in agricultural scenarios, not in reconstructed landscapes, where entirely different
materials can be encountered, in reconstructed profiles that inevitably consolidate, and are
likely to compromise the functionality of the installed equipment. Much of the instrumentation
on Newmont Australia's closed sites has been decommissioned through becoming
debilitated, though persistence with some monitoring efforts is ongoing to allow comparison
with other techniques.
It has become clear that, in the past, there has been limited appreciation of the significant
shortfall between the true value of the information obtained, and the total cost in time,
resources and expenditure needed to implement real time monitoring programmes involving
intensive instrumentation. Cover system monitoring and modelling is a prolonged process
that can be very expensive, and the costs of this approach must be considered in
perspective of the design of store-release covers for specific climates (Campbell 2004).
Real time monitoring is an attractive option for those wanting objective measures, state-ofthe-art technologies, or purely to conduct fundamental research. However, in hydrological
terms at the multi-hectare scale for rehabilitated TSFs and WRDs, it is only possible to
broadly estimate the components of the water balance assessment for the landforms
(Campbell 2004). Furthermore, when infiltration control is necessary, the infiltration control
approach adopted in the design phase should be tailored to both the site's climate, and the
physical properties (especially water-retentive and water-transmissive properties) of the soil,
regolith or bedrock materials earmarked for the covering works.
Newmont Australia's experiences with cover monitoring technologies has revealed serious
technique limitations and equipment reliability issues when they are applied to cover profiles,
which are initially unconsolidated, under the harsh conditions of the Australian interior.
Ultimately, it is undesirable to install equipment that proves inaccurate or unreliable, to run
into additional maintenance expenditure or to produce artefacts from abandonment of
equipment. The usefulness of the information generated from these techniques must be
considered, as it is unlikely that management responses, such as expensive remedial
earthworks, could be based solely on the results of point-scale monitoring in a small number
of plots if there is no sign of significant off-site impact. Walkover surveys and inspections are
a more direct method of identifying areas where the cover system is compromised (e.g.
enhanced infiltration from slumping or piping), and in high-leaching situations groundwater
monitoring may prove a sensitive means of cover performance assessment, for example as
governed by the nature and flux of solutes, and lag times of infiltration and seepage.
Where there is a need for covers to control infiltration, there is clearly a need to have means
of gauging how well infiltration is being controlled. There exists a range of high-tech
gadgetry that, under conditions ideal for measurement, allows highly accurate determination
of moisture variations in soils and other porous media. However, it is by no means a given
that the physicochemical conditions required for such high accuracy are satisfied in soil cover
systems on TSFs and WRDs. In addition, the issue of up-scaling from the test-plot scale (or
'instrumented-monolith’ (Campbell 2004)) remains. Since real-time monitoring and numerical
modelling are demanding in terms of time, resources and budgets, careful thought needs to
be given to what is undertaken in cover-design studies, so that the final outcomes reflect a
balanced return-on-investment.
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ABSTRACT
Closure planning at most mines is typically left until near the end-of-mine life, often leaving
little time, financial provision or resources for effective planning and closure. This can
present a major hurdle to the operating company because mine closure occurs at a time
when the economic recovery of minerals has ceased, cash-flows are minimal or non-existent,
and resources for earthworks are often no longer accessible. Early planning for closure
takes commitment, resources and time, but can give increased financial return through
effective planning and enhanced efficiency.
La Mancha Resources has been integrating progressive closure planning into their daily
mining business at the Mungari project for five years. Outback Ecology worked with La
Mancha to establish a progressive rehabilitation and closure system for the Mungari project
in 2003. Since that time La Mancha has successfully used this system to facilitate
rehabilitation and closure planning.
In 2006, Outback Ecology started developing GIS-based software to facilitate a shift from
hardcopy to electronic management of rehabilitation and closure, to take advantage of the
increasing capabilities of GIS-based systems to manage information. This software is known
as the Progressive Rehabilitation and Closure (PRAC) System. In 2007 Outback Ecology
was commissioned to review and update the Mungari progressive rehabilitation and closure
system, and to re-format it into the electronic PRAC System.
The PRAC System is a web-based application, which means that it can be accessed
securely from anywhere on a computer with internet access. The strength of the PRAC
System is that tasks and documents can be managed in a spatial context, using standard
GIS-information and aerial photography. The basis of the system is that the current
knowledge base for any defined area forms the platform from which a rehabilitation and
closure strategy for that area can be established. Through the process of gap analysis, tasks
are identified to fill gaps and ultimately refine the rehabilitation and closure strategy for that
area. Tasks are prioritised using risk-assessment and then scheduled over time in a logical
order, rather than undertaken as a combined one-off activity at the time of mine closure.
INTRODUCTION
The mining industry makes an important economic contribution world wide. Australia is one
of the world’s leading mining nations and mining is our largest single export earner. A
sustainable mining industry is considered vital for Australia’s ongoing development and the
future of the mining industry is likely to become more and more dependant on its reputation
(Mackenzie et al., 2007).
La Mancha Resources Australia Pty Ltd (La Mancha) understands the benefits of integrating
progressive closure planning into their daily mining business and has been actively engaged
in this process at their Mungari project for five years.
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Outback Ecology worked with La Mancha, formerly Mines and Resources Australia Pty Ltd,
to establish a progressive rehabilitation and closure system for the Mungari project in 2003.
Since that time La Mancha has successfully used this system to facilitate rehabilitation and
closure planning. After initial development and implementation in 2003, the Mungari
progressive rehabilitation and closure system was reviewed and updated in 2004 and 2005.
In 2006, Outback Ecology started developing GIS-based software to facilitate a shift from
hardcopy to electronic management of rehabilitation and closure, to take advantage of the
increasing capabilities of GIS-based systems to manage large volumes of information,
supporting documents and progressive closure tasks. This software is known as Progressive
Rehabilitation and Closure (PRAC) System. In 2007 Outback Ecology was commissioned to
review and update the Mungari progressive rehabilitation and closure system, and to reformat it into the electronic PRAC System.
This paper presents some background information on the Mungari project, including the
history of mine closure planning, before detailing the concept and benefits of progressive
rehabilitation and closure, and outlining the process of development and implementation of
the Mungari PRAC System.
MUNGARI PROJECT
Location and background
The Mungari project is located in the Shire of Coolgardie, approximately 20 km north-east of
Coolgardie and 22 km west of Kalgoorlie. The Mungari project consists of Frog’s Leg and
White Foil mines, both of which lie within the Mungari pastoral station. The Mungari pastoral
station was de-stocked in 1998 (URS, 2001).
Frog’s Leg is an operational underground mine and White Foil is an open pit mine under care
and maintenance. All ore generated from the Mungari project is transported off-site for
crushing, milling and processing.
Existing environment
Surface Hydrology
The Mungari project lies within a salt lake system that flows to the north-east, is classed as
ephemeral, and fills only after significant rainfall (URS, 2001). Lakes Kopai and Kurrawang
border Frog’s Leg and White Foil mines respectively. A number of diversion drains and flood
protection bunds were constructed to minimise the impacts of surface water on the mining
operation, whilst aiming to maintain natural surface water flow (Townley and Associates,
2003).
Flora
Approximately 20 plant communities were identified during pre-mining surveys at the
Mungari project; these communities were dominated by Eucalyptus woodlands. Other plant
communities include Samphire communities and Eucalyptus yilgarnensis (Dames and
Moore, 1999) (Mattiske, 2002).
Fauna
Five fauna habitats were identified during a fauna survey in late-2002 (Townley and
Associates, 2003):
• Tall Eucalyptus woodlands
• Mallee Woodlands
• Woodlands over Spinifex
• Scrublands and heathlands
• Chenopod heathlands.
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Geology
Both Frog’s Leg and White Foil mines are located within the Archaean Yilgarn Craton, on the
western edge of the Norseman-Wiluna greenstone belt. The greenstone belt is generally
considered to consist of Archaean komatiites, high-magnesium basalts, volcaniclastics and
transported material intersected by gabbro-dolerite sills (URS, 2001).
The Mungari project was described as having varied thickness of transported material and as
variably truncated laterite on Archaean basement (Townley and Associates, 2003).
White Foil mine
The White Foil mine comprises the following key features (Figure 1):
• White Foil open pit
• Waste rock landform
• Three Mile Hill and Paddington ROM pads
• Surface water diversion channel
• White Foil to Kundana dewatering pipeline and transfer dam
• Evaporation and storage ponds
• Workshop and fuel storage
• Access and haul roads
• Three Mile Hill haul road
• Hardstand and laydown areas
• Site offices and ablutions
• Exploration yard
• Explosives Magazine
• Re-injection borefield (decommissioned)
Mining
Mining of the White Foil open pit commenced in late 2001 and continued until mining was
suspended in August 2003 due to issues with pit-dewatering. Dewatering of the White Foil
open pit re-commenced in November 2006 and continued until September 2007 when
dewatering rates stabilised. Dewatering at reduced rates has been ongoing since September
2007. Re-commencing mining of the White Foil pit will be subject to a feasibility study.
Rehabilitation
Rehabilitation of the White Foil waste landform commenced in 2004 and the majority of this
was completed by 2006. Approximately 70% of the batter area of the landform has been
rehabilitated; there is still a large area that needs to be filled and incorporated into the final
landform design. The details of the final design will be determined by the outcomes of the
feasibility study of White Foil. Landform batters were pushed down to 17-20 degrees and
were covered with topsoil, deep-ripped and then seeded. The waste landform has not
experienced significant erosion, most likely because of the competent and rocky nature of
the subsurface materials.
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Frog’s Leg mine
The Frog’s Leg mine comprises the following key features (Figure 2):
• Frog’s Leg open pit
• Waste landform
• Surface water diversion channel
• Access and haul roads
• Pit flood protection bund
• ROM pad
• Dewatering and injection bores
• Frog's Leg to White Foil dewatering pipeline
• Transfer pond
• Hardstand and laydown areas
• Workshop and hydrocarbon storage areas
• Office buildings
Mining
The Frog’s Leg project is a joint venture between La Mancha (51%) and Dioro Exploration
(49%), known as the Mungari East Joint Venture (MEJV). La Mancha is the manager and
operator of the Frog’s Leg project. Development of the Frog’s Leg open pit commenced in
2003 and the first ore was mined in March 2004. Open pit mining ceased in October 2005
(Areva, 2006). Underground mining from the Frog’s Leg open pit commenced in June 2007
(La Mancha, 2007).
As the underground mine is still under development, waste rock will continue to be dumped
on the waste landform. Waste rock will be used as underground backfill where practicable
once production has commenced. The landform will be rehabilitated to final design.
Rehabilitation
The Frog’s Leg waste landform is partially rehabilitated, with the lower batter on the western
side having been pushed down to a slope angle of approximately 16 degrees and covered
with topsoil. The lower batter has not been ripped or seeded, and vegetation establishment
is limited. The upper batter on the western side of the waste landform has been pushed
down to a slope of approximately 16 degrees, and is currently being covered with topsoil.
A single mid-slope berm, approximately two metres wide, separates the upper and lower
western batter. The upper batter and mid-slope berm consist of primary waste rock, and it is
likely that primary waste rock underlies the topsoil on the lower batter. The remainder of the
waste landform, including a low grade stockpile adjoining the southern batter, remains at an
angle of repose. This is currently being drawn from and allowing the final waste dump
design to be achieved.
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Figure 1

White Foil mine

Figure 2

Frog’s Leg mine
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PROGRESSIVE REHABILITATION AND CLOSURE PLANNING
Background
Closure planning at most mines is typically left until near the end-of-mine life, often leaving
little time, financial provision or resources for effective planning and closure. This can
present a major hurdle to the operating company because mine closure occurs at a time
when the economic recovery of minerals has ceased, cash-flows are minimal or non-existent,
and resources for earthworks are often no longer accessible. The end of mine-life is clearly
not the optimal time to be planning and undertaking the bulk of rehabilitation and closure
activities (Mackenzie et al., 2006).
Early planning for closure takes commitment, resources and time, but can give increased
financial return through effective planning and enhanced efficiency. Some of the benefits of
planned closure include (Mackenzie et al., 2006):
• Identification of high risk priorities for research or rehabilitation
• Reduction of ongoing environmental liabilities by progressive rehabilitation
• Allocation of rehabilitation and closure costs to the productive phase of mining rather
than deferral to the end of mine-life
• Increased efficiency through reduced double handling of waste rock and rehabilitation
materials
• Ongoing feedback, through monitoring, of the effectiveness of rehabilitation designs
• Anticipated closure outcomes are more reliable as they are the product of considered
decisions, scientific trials and investigation
• Opportunity to refine potentially costly closure strategies through research and trials
• Facilitation of timely bond recovery and tenement relinquishment
• Early confirmation of rehabilitation and closure costs so that sufficient financial and
material resources can be set-aside
• Improved access to capital from lending institutions
• Lower risk of regulatory non-compliances and less regulatory interest
• Improved access to land resources from governments
• Greater acceptance by key stakeholders, and
• Reduced period of post-closure monitoring and maintenance period, areas
rehabilitated earlier during the life of mine.
Progressive Rehabilitation and Closure; the concept
The concept of progressive rehabilitation and closure promotes a shift away from
conventional ‘static’ closure plans towards a systematic approach that makes provision for
planning and closure as life-of-mine processes. The concept has been developed in
accordance with the principles of the ‘Strategic Framework for Mine Closure’ developed by
the Australian and New Zealand Minerals and Energy Council and the Minerals Council of
Australia (ANZMEC/MCA, 2000).
The basis of the concept is that the current knowledge base for any defined area forms the
platform from which a rehabilitation and closure strategy for that area can be established.
Through the process of gap-analysis, tasks are identified to fill-gaps and ultimately refine the
rehabilitation and closure strategy for that area. Tasks are prioritised using risk-assessment
and then scheduled over time in a logical order, rather than undertaken as a combined oneoff activity at the time of mine closure.
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Mungari mine closure planning
La Mancha understands the benefits of integrating closure planning into their daily mining
business. Since 2003 La Mancha has used innovative tools to assist them in this process.
A progressive rehabilitation and closure system was developed for White Foil in 2003 by
Outback Ecology and Aquaterra in conjunction with La Mancha. La Mancha has used this
system to facilitate rehabilitation and closure planning from 2003 until the present. La
Mancha reviewed and updated the system internally in 2004 and 2005.
In 2007, Outback Ecology was commissioned to review and update the Mungari
rehabilitation and closure system for both Frog’s Leg and White Foil mines, and to re-format
it into the GIS-based PRAC System.
The PRAC System
Outback Ecology teamed with a Microsoft Certified software development company to
customize GIS-based software to ‘bring-to-life’ the concept of progressive rehabilitation and
closure. The software facilitates a shift from hardcopy to electronic systems to integrate the
benefits of GIS-based data management into mine closure planning. This software is known
as the PRAC System.
The PRAC System is a web-based application, which means that it can be accessed
securely from anywhere on a computer with internet access. The strength of the PRAC
System is that tasks and documents can be managed in a spatial context, using standard
GIS-information and aerial photography.
Task Management
The PRAC System manages tasks (eg investigative, monitoring or rehabilitation tasks) for
each area of interest or ‘project area’ on a mine. Once established, tasks can be scheduled
logically over time. Tasks can be managed via the GIS-interface or through an interactive
Gantt chart. Tasks are marked as ‘not-complete’, ‘in-progress’ or ‘completed’, allowing
effective tracking of achievements over time and re-establishment of planning priorities.
When viewed through the Gantt chart, tasks can be sorted by the project area they relate to,
their status and/or their category. Task queries can be generated for reporting requirements.
In addition, tasks can be emailed or printed by a project manager for the personnel
responsible for their completion.
Document Management
Missing documents are one of the challenges in mine closure planning. The PRAC System
hosts electronic copies of all relevant documents including monitoring data, historic
approvals documents and related reports. Copies of the documents are held in a secure
register. Links to specific documents are established for each project area. Registered
documents in the Mungari PRAC System are accessible through a global search function.
This function allows the user to search and access all documents hosted within the PRAC
System.
PRAC System; Mungari Project
There were two stages in establishing the Mungari PRAC System, development and
implementation.
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Development
The Mungari PRAC System consists of two core components. The first is the Closure
Framework which contains all the overarching information that provides the context for the
closure planning process. The second is the Progressive Rehabilitation and Closure
Strategy which details the strategy for application of the system achieving the closure
objectives. The format of the Mungari PRAC System is as follows:
Closure Framework

Introduction and background
Legal compliance register
End land use, closure objectives and draft
closure criteria
Bond reconciliation
framework

and

relinquishment

Stakeholder engagement strategy
Risk assessment
Progressive Rehabilitation
and Closure Planning

Project areas and current knowledge base
Gap identification
Progressive
rehabilitation
and
closure
strategy; including progressive rehabilitation
and closure tasks
Closure cost estimates

Interaction between various elements of the Mungari PRAC System is facilitated through a
geo-referenced detailed aerial photograph.
Implementation
The Mungari PRAC System is administered by the La Mancha environmental department in
consultation with the management team and service and planning departments. Many of the
tasks identified for each area can be managed directly by the environmental department, with
assistance from specialist consultants or internal departments where required.
The primary driver for the PRAC System is the process of review, which involves scheduled
updates. Periodical reviews can be undertaken at less frequent intervals early in the
operation’s history (biennially) and more frequently closer to the end of mine life (annually or
more often if required).
An important tool in managing the Mungari PRAC System is the annual environmental report
(AER). The AER is used as a transparent reporting document to describe accomplishment of
progressive rehabilitation and closure tasks, and to establish objectives for the coming
reporting period.
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SUMMARY
Closure planning at most mines is left until near the end-of-mine life, often leaving little time,
financial provision or resources for effective planning and closure. This can present a major
hurdle to the operating company because mine closure occurs at a time when the economic
recovery of minerals has ceased, cash-flows are minimal or non-existent, and resources for
earthworks are often no longer accessible. Early planning for closure takes commitment,
resources and time, but can give increased financial return through effective planning and
enhanced efficiency.
Progressive closure planning reduces the risk of a company suffering many of the
consequences of unplanned closure. La Mancha understands this and through the
development, implementation and maintenance of the Mungari PRAC System, La Mancha
has engaged in and realised the rewards of progressive mine closure planning.
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NORILSK NICKEL (WILDARA) NL: THUNDERBOX GOLD PROJECT
– WASTE DUMP AND TAILINGS STORAGE FACILITY
REHABILITATION – SUCCESS AND OPPORTUNITIES
An Environmental Advisor’s Rehabilitation Perspective.
Fiona Bennett
INTRODUCTION
The Thunderbox Gold Project (Thunderbox) is 60% owned by Norilsk Nickel (Wildara) NL
and 40 owned by Dalrymple Resources. Both companies are owned by Norilsk Nickel
Australia Pty Ltd. The decision to develop the Thunderbox open cut gold mine was made in
December 2001. Site works commenced in March 2002 with commissioning of the plant in
November 2002. The operation ceased mining in August 07, and milling in September 07
respectively. The site is currently under ‘Care and Maintenance’.
Norilsk Nickel (Wildara) NL established a good rehabilitation foundation at the Thunderbox
Gold Project site between 2002 –2006 (photo 1). An Environmental Advisor – Rehabilitation
was employed in January 2006 specifically to enable a prioritised focus on future
rehabilitation and closure of the site.
The (final) Closure Rehabilitation Plan was completed in November 2007 (URS Jan 08).
Sixty hectares (Ha) of waste dump rehabilitation was performed by a rehabilitation contractor
in Jan 08, and a further 100 Ha on the Tailings Storage Facilities, and 50 Ha of remaining
waste dumps is proposed for November 2008.
This paper has not been written as a scientific paper, but more as a presentation or a
reflection of the observations, trials and tribulations of an environmental advisor working on
the rehabilitation and closure of a large open cut gold mine.

Photo 1. Thunderbox Mine Site (taken August 2006)
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Location and the Local Environment
The Thunderbox Gold Project is located approximately 350km north of Kalgoorlie, and 45km
south of Leinster (Figure 1.)
The annual rainfall of 230mm falls mainly in summer from the tails of cyclones.
Temperatures range from minus three to plus 50 degrees Celsius and evaporation exceeds
3m per year.
Generally a shallow topsoil layer (0 -100mm) overlies lateritic caprock (metres) then variously
weathered regolith material. However, there are some deep sandy areas. Vegetation is
predominantly open mulga shrubland on the lateritic component, and some expanses of
spinifex grassland with emergent eucalypts on the sandy areas.
Rock and soils are neutral to slightly alkaline, with no Potential Acid Forming (PAF)
materials. Groundwater at Thunderbox is typically 500 – 600 ppm TDS.

Figure 1. Thunderbox Regional Location
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WHAT WAS DONE AND WHY IT WAS DONE (A SUMMARY)
Thunderbox Waste Dump Rehabilitation From 2002 – 2005
Similar to the majority of Western Australian mine sites today, the initial rehabilitation steps at
Thunderbox were waste rock characterisation of the regolith, the host rock and mineralization
to identify problem materials/areas requiring further planning and solutions, and (after
vegetation clearing) the salvaging and stockpiling of mulch, topsoil, and caprock for the
purpose of rehabilitation.
As the mining of ore proceeded waste materials were tipped in 10m lifts with 7m inward
sloping berms and batters were shaped to 20 degrees and armoured with a 300mm
caprock/topsoil blend. A further expansion of the pit provided the later opportunity for
stockpiling suitable cover materials for the proposed Tailings Storage Facility (TSF) Store
Release cover.
Thunderbox Waste Dump Rehabilitation From Jan 2006 - 2008
The varying rehabilitation requirements at Thunderbox (photo 1) warranted specific solutions
according to that particular areas rehabilitation needs and priorities. Each rehabilitation area
was assessed for stability, species germination and density. Surface water management
issues had led to piping, rilling and gullying in many cases (even when armoured with a
caprock/topsoil blend). Water ponding on berms or in wing ripped trenches had piped in
dispersive oxides, or found the least resistant route downward with gully erosion developing
(Photos 2 and 3).

Photo 3. Water ponding found the least

resistant route
Photo 2. Piping of dispersive materials led to failure of the wing ripped trenches

The mining of competent materials between 2006 and 2007, provided competent waste
materials (fortunately non PAF), hence, the opportunity arose to rock armour Thunderbox
waste dump batters.
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The proposal to remove, or outward slope berms, and armour with competent waste rock
from the pit was discussed with the Department of Industries and Resources (DoIR)
Inspector. Thunderbox was given the “discretion to create the most effective safe & stable
waste landform design with the most up to date information available” so set out to replicate
what had worked in creating stable batters whilst incorporating growth medium on the waste
dumps thus far.
To keep costs to a minimum the Thunderbox rehabilitation works occurred only if the mining
of ore was not possible at that time for example when machinery dependent on a dozer was
broken down, or a lack of blasted rock in the pit meant the digger or loader and part of the
dump truck fleet was available, or when less trucks were required for the removal of ore from
the pit because the slower mine haul cycle near the end of mine operations etc. The Mining
fleet tipped waste rock over batters and whenever machinery became available the dozer
operators spread it for armouring. Stockpiled caprock and topsoil was relocated to the top of
batters ready for the rehabilitation contractor to push down and spread.
Between November 2007 and January 2008, sixty hectares of the waste dumps were
rehabilitated by a Rehabilitation Contractor. This involved the final shaping of batters,
spreading topsoil, ripping and seeding, and the creation of rice paddies, basins, crestal
bunds and windrows.
Photo-points and Ecosystem Function Analysis (EFA) sites were established on newly
rehabilitated areas. Further mapping and risk assessment of the newly rehabilitated areas is
scheduled for the 2nd quarter of 2008 to document rehabilitation scenarios. Had the site
experienced extreme summer rains (only 29 mm rainfall fell between January 2008 and early
April 2008) a good opportunity to ascertain the waste dump stability success and the
requirement for further improvement of rehabilitation techniques during the next phase would
have been possible.
TAILINGS STORAGE FACILITY REHABILITATION.
Proposed Rehabilitation TSF Rehabilitation Planning
The two Thunderbox circular TSF’s (photo 1) were designed (by Doug Cooper and
Associates) to allow the drying of one facility whilst the other was in use. The intention was
to shorten the drying time required before materials became geotechnically stable enough to
allow safe movement of machinery and rehabilitation works sooner than at other mine sites.
Topsoil and mulch was salvaged and stockpiled from the cleared TSF footprint. Leaving the
caprock on the footprint was part of the TSF engineered design. The intention being that
ferricrete (caprock) would adsorb any leached arsenic (As) and cyanide (CN) in the unlikely
event that any leaching occurred.
Sampling and testwork
Sampling and testwork of primary ore solids performed early in the mine life, confirmed trace
sulphides of about 1- 2% Sulphide-S and accessory carbonates about 2 -5% (calcite
content). Hence, the surface zone tailings are termed (long lag) Potential Acid Forming
(PAF). Arsenic is discharged to the TSF as arsenopyrite and partly (amorphous) arsenical –
ferrihydrite-type phases (Campbell 2007). Later, geochemical testwork on the surface zone
tailings ascertained pH/salinity regimes, acid-forming tendencies through sulphide-oxidation,
and Total-As and Water-Extractable-As contents: ANC, (~80), As (4000 – 7000 ppm), As
(Water extractible 0.6-3.0 mg/kg), C (~ 1%), TOC + C (~0.05), colour change (none), EC
(0.8-3.4mS/cm), EC – Rpl (1-8) mS/cm, final pH (1.3), Fizz rate (3), pH (8.5), ph drop (2.9), S
(0.8%), S-SO4 ( 0.1%).
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Thunderbox tailings had much higher soluble As levels than other goldfields sites (3 – 4 X)
so dosing with Fe (III)-sulphate was undertaken to precipitate soluble As forms produced
during the milling. This brought the soluble As down to ‘acceptable levels’ (additionally
confirmed by a column leach experiment). A project on arsenic treatment of Thunderbox
tailings material exploring the various arsenic disposal methods available, their suitability for
use and their long-term stability was carried out by a 4th yr Metallurgy student in 2002. A
column leach trial was set up on site with tailings materials to model soluble As behaviour
(leaching from tailings) when flushed with deionised water (to mimic flushing by rainfall) on a
weekly and quarterly basis also provided information on the effect of the wetting and drying
cycles. This provided valuable information for our store release cover design.
The geochemical suitability, physicochemical mineralogy and water retention properties of
Thunderbox bedrock materials were analysed early with regolith, topsoil and caprock,
materials stockpiled for the cover earmarked as suitable - water storage capacity 200mm/m,
silty loam texture, fine earth with a non-extreme pH-salinity regime ((low to moderate soluble
salts – mainly chlorides and sulphates), low clay content dominated by low activity non
expansive clays (kaolinites), and exchangeable sodium potential (ESP)- threshold sodic,
Emerson stability Class 6)). For TSF-Cover planning, bulk samples of caprock and pallid
zone oxides were tested for particle-size distribution (PSD), and water-retention properties
(the latter using a number of techniques). Physical testing of bulk samples of waste-bedrock
from waste-dumps indicated that the waste-bedrock in the surface-zone of the waste-dump is
not chemically inhibitive to vegetation growth.
Various laboratory modelling was performed by the Geochemist to give an indication of how
the ripline into the caprock/topsoil layer of the SR Cover would behave hydrologically.
Modelling revealed the hardsetting character of the caprock, and lateral wicking beneath the
riplines. Evaporative drying dynamic was also researched.
Store Release Cover/Vegetated Cover System design requirements
Geochemical sampling and testwork placed into context what the vegetated-cover system
needed to achieve in terms of acting as a “sponge” to absorb and evapotranspire rainfall
infiltration thereby minimising the frequency, and amount, of drainage across the
cover/tailings-interface. Pulses of such drainage need to be kept to a minimum to minimise
both the production of additional soluble-As forms through oxidation of trace-arsenopyrite,
the rate of sulphide oxidation (driven by pulses of infiltration), and activity of isolated deeper
roots from woody shrubs (e.g. mulgas) and forbs (e.g. chenopods), so that uptake of As
forms is minimised.
The key purpose of the TSF-cover is to minimise recharge across the cover/tailings-interface
through infiltration (i.e. vegetated-cover functions as a store-release system). Central to
infiltration control is a cover-profile having a storage-capacity to retain water against gravity.
To create this storage capacity the cover will have a duplex-structure comprising caprock
(and topsoil) over oxide (see Figure 2).
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Figure 2. Indicative Cross-Section of Thunderbox Store Release Cover (Campbell 2007)
To reduce the amount of oxide material needing to be transported for the Store Release
Cover (SRC) internal bunds will be constructed (see Figure 3). These bunds will be
comprised of Thunderbox caprock (chosen for its observed rapid silicification/ hardsetting
properties within a few years), and likely a waste rock protection layer. The internal circular
bunds will create a series of runoff areas and evaporation basins.
Hydrological modelling (Olden et.al. 2007) determined the optimum number and positioning
of bunds to be two bunds constructed 125m, and 250m from the central decant, and that the
bunds need to be constructed at least 1.2 metres high to ensure containment of a 1:1000 or
several consecutive 1:100 year rainfall event(s).

Figure 3. Proposed design of the Store Release Cover for the Tailings Storage Facilities
Geotechnical advice has been sought to determine the degree of compaction required for the
internal bunds. They are also to be locked into the store release cover otherwise water
would likely seep/flow underneath bunds.
Information regarding the compaction
requirements of the evaporation basins has also been sought to determine a more specific
degree of compaction than somewhere between ‘compaction by machinery whilst tipping’
and less than that required for constructing road surfaces.
Subsidence of tailings beneath the store release cover is of concern especially under the
evaporation basins nearest the decant tower. If subsidence occurred and low lying areas
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developed they could allow enhanced infiltration and concentrated flow through an area of
the store release cover. Monitoring of tailings subsidence adjacent to the decant tower is
being undertaken to ensure enough drying/subsidence time is allowed before rehabilitation
proceeds.
Potential movement of store release cover materials into the waste rock of the decant tower
is also of concern, as illustrated in Figure 3. Removal of the bulk of the waste rock decant is
planned (it will be spread thinly on top of tailings, somewhere over outer perimeter tailings
pre SR Cover, or piled up for habitat provision post SR Cover). The decant rock will be
excavated 1 to 2 m below the adjacent tailings surface level prior to filling with oxide and
compacting into a water shedding mound.
During construction of the Store Release Cover twelve (12) samples of oxide materials will
be analysed for PSD and their corresponding placement locations documented. Further
field-trials will be carried out to model seepage/infiltration in typical years and wet years
under the evaporation basins using gypsum blocks, tensiometers, or a neutron probe, and to
verify the store release cover thickness. After construction, holes will be dug into the cover
with a back hoe to test (measure) the thickness of oxide, caprock, and topsoil. This will
assist Norilsk and others in refining the technique for future TSF-Cover Planning.
It was intended to perform a field trial to assist the application of the laboratory-testing data to
the field-scale prior to construction of the cover but budget restrictions prevailed. The trial
(constructed away from the TSF) was to mimic and assess the effects of extreme wet-spells
on SR Cover test plots in a relatively short period of time by monitoring infiltration and
evaporative-drying of worse-case pulses of water (based on analysis of rainfall records for
the mine-site region). The trial would consist of 6 or so 20m x 20m store release cover test
plots of varying thickness e.g. 0.5 m, and 1.0 m. The test-cover plots would be variously
instrumented to obtain data on the water-balance of store/release-cover systems by
modelling using the VADOSE/W code.
The modelling would allow projections to be made about the amount / frequency of deepdrainage past the cover / tailings-interface in years of average-rainfall, and in “boomeryears”, and thereby further assist in TSF-cover planning. The input-data in terms of soilhydraulic properties, etc. is already known from the caprock and pallid-zone-oxides. Using
climate data from Kalgoorlie (viz. daily-rainfall, daily-potential-evaporation, and dailymax/min-T, daily-max/min-RH) would allow a range of scenarios to be assessed.
Opportunities for further research regarding the Thunderbox Store Release Cover
design
Fine tuning of the Store Release Cover design in several areas requires further thought and
engineering input for example through:
• Estimating the optimum ratio of runoff to evaporation area on the cover surface. The
current plan is for evaporation basins to be 10 – 15% of the store release cover area.
Runoff to evaporation ratio in the local area will be researched, and the effects of
Climate Change incorporated (somehow).
• The assessment of thickness and degree of compaction of floors of evaporation
basins (>1 m thick and compacted but not to road building standard).
• The role of subsidence of the finer tailings in the short and long term (near the
decant tower especially):
 e.g. those that were saturated when the TSF was in use but have since dried are
being monitored to assess subsidence levels over time since tailings discharge
ceased.
 we will also need to monitor and assess subsidence of the SR Cover evaporation
basins (once built) before and after rainfall events because local subsidence of
evaporation basins could allow enhanced infiltration and flow through the cover.
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It is intended the Thunderbox tailings monitoring bores will continue to be monitored post
closure to ensure the adequacy of the SR cover even though the objective of closure is to
prove the site is physically and chemically stable and to ‘walk away’.
OWNER OPERATOR VERSUS USING OWN MINING FLEET FOR REHABILITATION
Prior to the appointment of the Environment Advisor in January 2006, rehabilitation many
batters at Thunderbox already had a topsoil/caprock blend spread. It was decided to rock
armour these slopes and use a large winged ripper to bring up the growth medium from
beneath the rock to create a mix of armouring and growth medium. Blasted waste rock PSD
varied enough to mean the number of loads required for armouring each batter was not
uniform. The Thunderbox operation did not always have the luxury of an available dozer to
spread the rock over a section of the batter to ascertain if the rock available was enough to
provide adequate armour thickness. Subsequently, errors in evaluating waste rock volumes
required for armouring batters led to the rock armour being too thick on some batters as the
operation tended to err toward stability in preference to being able to raise the growth
medium from underneath the rock armour with the winged ripper. Had a rehabilitation
contractor been undertaking the works, this is unlikely to have occurred as appropriate
equipment would have been available to test rock armour thickness once spread and enable
the optimum volume for spreading over the batter.
In areas where growth medium was spread over waste rock, the opportunity to test varying
thicknesses of topsoil once spread and wing ripped would have provided valuable indications
of optimum topsoil volume use over the various waste rock armour PSD’s.
Inexperienced dozer operators and limited machinery availability often lead to a rough or
uneven spreading of waste rock. The waste dump profiles would have ended up as a more
uniform job if the rehabilitation contractor spread the waste rock armour. The rehabilitation
contractor had to smooth the batters prior to seeding but couldn’t do much to fix the varying
thicknesses of rock armour. So Thunderbox waste dump batters have varying degrees of
growth medium available near the surface in the wing ripped trenches and, unfortunately,
sometimes no topsoil/caprock or oxide growth medium at all.
Experienced rehabilitation contractors are focused 100% on rehabilitation works. They work
with varying site conditions day in/day out and aim for best practice management on each.
Contractors liaise with the Department of Industries and Resources regularly so also tend to
be up to date with DoIR requirements/recommendations for varying sites.
Observations and feedback from sites add to the invaluable experience a rehabilitation
contractor brings to site. This information and their skills are readily shared whilst they work
toward the best possible rehabilitation job for the site using the latest best management
practice.
It is highly unlikely site Shift Supervisors and dozer drivers will have that range of skills and
experience. A Shift Supervisor or dozer operator may have some rehabilitation experience
(and this is hugely helpful especially if they’ve worked with a variety of site conditions) but it
is important to have the rehab job designed specifically for that particular site. Having an
(Environmental Advisor – rehabilitation) employee on site to coordinate/communicate the
exchange of rehabilitation experience, requirements and practicalities and be an
intermediatory between on site employees, rehabilitation contractors and DOIR was of
benefit to Norilsk in minimising costs whilst aiming for the best possible outcome.
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Rehabilitation Contractors are expensive (and you still need to oversee/supervise) – but how
expensive is it really if it means you don’t have to go back and fix an area? Returning to a
site to redo a rehabilitation job is not optimum (or necessarily possible!). Unplanned expense
is never greeted well for a start, but more pertinently it’s possible the rehabilitation can’t be
fixed without redoing an entire area, if it’s possible at all.
The Thunderbox open cut Shift Supervisors were skilled experts in juggling the rehabilitation
and mining works depending on machinery and personnel availability. One of the Norilsk
Shift Supervisors was an experienced dozer operator and would have liked to have done the
batter armouring work himself but was employed in a supervising role. The other disliked
supervising rehabilitation (but did such a professional job at it that I wondered whether
secretly he enjoyed the challenge of coordinating jobs with machinery availability?). None
the less owner operator Shift Supervisors don’t or cannot have the same rehabilitation caring
and focus a rehab contractor has.
Communication was so important; e.g. if more than one shift (crew) were involved in a
rehabilitation project the potential for errors in communicating directions increased, another
example was the challenge of ‘sticking to ones guns’ re obtaining the sought after result
especially if a job wasn’t done satisfactorily.
Rehabilitation planning, ordering provenance seed in good time to allow collection (it can
take years to get the desired species range), writing scopes, getting them approved for
putting to tender, the tender process, drawing up contracts, mobilization to site, teething
problems is a drawn out process and some things don’t wait! (It’s important to seed at the
optimum time of the year!).
Obtaining samples for geochemical analysis in good time to allow time for analysis and
report writing is also important.
SUCCESSES - WHAT WAS USEFUL?
Early in the mine life (Pers. Comm. Pritchard C. 2007)
Working with the mining contractor (and later owner operator) all the way through, not just at
the end, was so very important. Thunderbox was a site where the regolith and mine waste
planning was about having it on the agenda of all mine planning meetings, a part of the role
of mining engineers, taken seriously, not as a side project. Planning of ore grades in the
mining sequence is well managed and those skills can be applied to mine waste planning.
Later in the Mine Life
Thunderbox already having a good rehabilitation foundation meant there was a good base to
start from.
Working in a team with a range of environmental expertise and experience, e.g. group
environmental manager, environmental coordinator, geochemical, geotechnical, hydrological,
rehabilitation consultants (experienced rehab advice and recommendations), regulatory –
DoIR Inspector, & ex Mines Inspector, production operators , mining engineers, geologists,
surveyors, pit techs, earthmoving companies.
Communicating rehabilitation progress to site employees including the Environment News in
the dry mess – Letting people know what changes were taking place raised interest.
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Environmental Advisor employed specifically for the rehabilitation role
The previous Environmental Co-ordinator encouraged Management (LionOre in those days)
to employ an Environmental Advisor specifically for the rehabilitation role for a number of
reasons. This was to bring in rehabilitation experience, and so that the Environmental
Advisor – rehabilitation wouldn’t be distracted by other management responsibilities such as
attending meetings, preparing reports/approvals, investigating incidents, monitoring,
recycling etc. that often prevent a site environmental employee from having the time to look
after long term rehabilitation priorities.
The role provided involvement in day to day operations and importantly the mine planning
meetings ensuring a focus on rehabilitation was maintained.
Another reason (for the creation of a rehabilitation role on site) was to not use a consultant
for rehabilitation planning, and then have the mine plan change and have to go through the
whole process again (including the associated costs). Additionally, when a rehabilitation
contractor/consultant finishes the planning job, a lot of that site knowledge leaves with them.
The full site experience is not retained ‘in-house’.
The Environmental Advisor –
Rehabilitation role has ensured that knowledge has remained on site with the company for
the longer term.
Plan, Assess, Improve
The Notice of Intent (now termed a Mining Proposal), tenement conditions and
Environmental Protection Act Licence to Operate, and the Draft Rehabilitation Closure Plan
provided guidance and a plan to follow.
Periodic assessments of the rehabilitation works which had followed the plan included
observing success or failure of dump stability with various underlying mediums, revegetation
germination and density, and natural regeneration on various mediums. Visiting Technical
Consultants (e.g. Geochemical) and Rehabilitation Consultants added a particularly valuable
(more experienced) perspective.
Periodic audits by DoIR (Annual Environment Report Inspections and other visits) were
particularly useful. They provided a great opportunity to find out what would be acceptable in
the long run for bond return. Rehabilitation successes and failures were observed and
discussed - approval for proposed changes and direction on other issues were requested.
Obtaining the views of Rehabilitation and Earthmoving Contractors etc. re their preferred
rehabilitation methods was useful (there were trends but overall views differed).
Rehabilitation contractors were invited to site to discuss issues and solutions. Any
earthmoving or rehabilitation contractors that phoned seeking rehabilitation work were readily
invited to inspect the site. All received scopes of work and were invited to tender for the work
during the tender process. Insight was gained into the variety of ideas of what ‘the best’
rehabilitation methods for creating stable self-sustaining landforms (whilst bearing in mind
what Norilsk wanted to achieve). Each of the contractors had their ‘way to do it’, or view of
what was needed. This stimulated many ideas and the Norilsk Thunderbox rehabilitation
plans evolved for the better. The most useful rehabilitation contractors were those who had
up to date experience with DoIR requirements, and cutting edge best practice management,
as well as thorough rehabilitation experience. Over ten rehabilitation and earthmoving
contractors visited the site and were integral in rehabilitation assessment.
Observing and sharing others rehab experiences was really useful. The GEMG, and
Northern Goldfields Environmental Forum site visits, the recent ACG “Planning for Stable
Landforms” Workshop, and relevant conferences and seminars were useful forums for this.
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Having experienced people to call on to ask questions was invaluable. These people
included site personnel, surveyors, rehabilitation, earthmoving, geochemical, geotechnical,
hydrological and seed supply etc. contractors, the pastoralist for his view of species
usefulness etc. and especially the shift bosses (for sharing their experienced and practical
know how with earthmoving equipment), an ex mines inspector, other environmental
employees, experienced rehab dozer drivers.
DoIR’s flexibility with the rehabilitation guidelines was useful. Guidelines are just that - the
rehabilitation of each site is specific to that site. DoIR extends this (see excerpt from the
DoIR Thunderbox January 2007 AER Environmental Inspection report below)
“It is acknowledged by the Dept. that each site has specific waste characteristics and that as
knowledge of these characteristics over the life of the mine evolves, the waste dump design
may alter to best suit these characteristics. It is therefore left to the discretion of LionOre to
create the most effective safe and stable waste landform design with the most up to date
information available”
“As discussed, specific closure criteria is also needed for the waste landforms at the site
where rehabilitation is currently being completed. Tasks needed to achieve this closure
criteria should also be identified and tie in with the Depts. Bond policy. It should also make
reference to performance of the previously approved waste landform design and the changes
being carried out including surface armouring. This will ensure that work is progressing
toward sign off”
Norilsk believes it has a responsibility to share the latest rehabilitation knowledge (e.g.
forthcoming Rehab Workshop with DoIR to discuss Rehabilitation Key Performance
Indicators in August) so it’s important to document rehabilitation knowledge, experience, and
learning, in that way others can benefit from experiences and best practice management
progresses.
It is important changes or updates to rehabilitation and closure plans, and the reasons
behind the changes are documented so others can learn from these experiences. Mine
Closure plans are held with various Government Departments so records are kept and can
be referred to.
Using the Norilsk mining fleet for rehabilitation works when they were not being used for
mining works (due to machinery breakdown or other factors) as much as possible kept
rehabilitation costs down (there were some drawbacks though). Thunderbox managed to get
the waste dumps prepared for the rehabilitation contractor before the mining fleet and
operators left site.
It was especially important to have an employee dedicated to rehabilitation on site during the
last stages of mining.
A prioritised list of dozer/rehab jobs was available for the operators. These were tabled with
an aerial photo locating each job and a linked illustrative Memo of job directions, so if
personnel changed information was documented. These prioritised dozer job Memos
decorated the mine planning meeting room walls for anyone who was interested. They were
also used in the Thunderbox Rehabilitation Plan as part of the Thunderbox Closure Plan.
Having competent waste rock which was perfectly suitable geochemically available for rock
armouring was a blessing.
Having the Resident/Registered Manager’s ongoing environmental support made it all
possible. The Resident Manager knowing that environmental obligations and mine
rehabilitation is an integral part of mining and supporting rehabilitation co-ordination and
works ensured the role was worthwhile. Closure will occur – it’s the one certain thing about
mining.

90

Being able to make the best of mistakes that were made and learn from them
Issues and solutions learnt during the rehabilitation of the Thunderbox waste dumps and
surround included, but were not limited to:
• The Thunderbox ‘breakaway’ which arose from a waste rock tipping error mimics
local breakaway landforms.
• Oxide waste which was tipped on the top surface of a waste dump mistakenly higher
than maximum height provided material for valuable uses such as
o Filling large waste rock voids on top of a dump surface to provide truck or light
vehicle access to the area, a growth medium, and gross reduction of nearly
100% rainfall infiltration into the dump in that area which potentially may have
destabilised a lower oxide lift.
o Filling up an entire valley on the waste dump which was certain to concentrate
water flow and develop gullying in years to come.
o Stockpiling rows of oxide on a waste rock lift top surface so that it had a
growth medium available that can be easily spread at a later date (when the
remains of that lift is ready after armouring materials are removed for TSF and
associated rehabilitation works). These rows of stockpiled oxide later
provided a beneficial windbreak for rows of treated effluent sprinklers.
Rehabilitation Contractor
The Rehabilitation contractor provided the seeding mechanism. Norilsk would have
preferred to hand seed but this was deemed a Health and Safety issue due to the rocky
uneven surfaces on the waste dump batters (See Photo 4). As a result a rehabilitation
contractor that could provide a seeding mechanism was sought and subsequently seeding
occurred simultaneous to ripping with a winged ripper. Seed was mechanically dispersed
into the trenches created by the ripper in the waste rock armour and overlying growth
medium.

Photo 4 Uneven Waste Dump Surfaces Prevented Hand Seeding
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It would have been useful to:
• Tour many waste dumps in the Goldfields and surrounds prior to commencing
rehabilitation on site.
• Have been more experienced initially.
• Have had an unlimited bucket of money for the job? What if? Really the only major
change would have been to have ready availability of a dozer for rehabilitation works, and
an experienced rehabilitation dozer driver on hand. The final shaping, and subsequent
armouring of the dumps by the rehabilitation contractor instead of the mining
contractor/owner operator would have led to less errors in waste rock armouring
thickness, and crestal berms could have been constructed by rehabilitation dozer
operators on an as needs basis. Having equipment available purely for rehab use during
mining (rather than being required to wait until there was a breakdown in the pit) would
have been very expensive, as there would have been much stand by time.
• To have had the 20:20 vision of hindsight first up.
• It would have been good to have had the luxury of starting ands finishing each
rehabilitation job before the next was finished, rather than having up to 6 rehabilitation
jobs on the go at once due to relevant machinery availability (different jobs require
different machines). This was more a housekeeping issue than an efficiency issue.
POTENTIAL FUTURE ISSUES
Erosion of armoured oxide slopes, potential sedimentation issues, and the effectiveness of
the engineered creeklines each pose potential future problems and cannot be assessed until
the site experiences an adequate rainfall event(s). Had Thunderbox Experienced 100mm of
rainfall last summer it would have been a great opportunity to enable assessment of
rehabilitation success before heading into the next phase of rehabilitation. If changes are
needed after the proposed November 2008 rehabilitation works additional mobilisation costs
will be incurred.
Established vegetation does not provide 100% stability on slopes. There is still the possibility
that slumping of those waste dumps in areas underlain by oxide may occur.
CONCLUSIONS
Planning and provision for Thunderbox closure undertaken by Norilsk during the life of the
mine resulted in a successful Closure Plan (incorporating the Rehabilitation Plan) being
formulated and implemented. Rehabilitation was managed by the Environmental staff
throughout the life of the project. It was especially important to have a Norilsk employee able
to focus on rehabilitation onsite in the last stages of the mine life and critical to have a
rehabilitation contractor finish off the job.
Norilsk aimed to obtain an appropriate blend of armouring materials to protect underlying
oxide batters/surfaces from erosion, and topsoil/caprock (preferably), or oxide as growth
medium, so as to maximise the opportunity for stability and the establishment of self
sustaining vegetation. Using the Norilsk mining fleet for rehabilitation works (when it was not
being used for mining) kept rehabilitation costs down, and the rehabilitation contractor gave a
professional finish to the job
Many different rock armoured rehabilitation scenarios are demonstrated at Thunderbox. It
will be educational to observe vegetation germination, longevity, and succession over an
extended period. Unfortunately the 2006-2007 Summer was not favourable to germination
so there is no short term proven results as yet.
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During Nov 2008, it is proposed 50 Ha of waste dump, and 100 Ha of tailings storage facility
rehabilitation will be performed, again with the intention of seeding before the cyclone
season. An additional 7 Ha of the waste dump (domestic tip & treated effluent irrigation
areas) will remain open until the adjacent Norilsk owned Waterloo Nickel underground mine
closes.
The success of Thunderbox rehabilitation will become evident in the future!
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INTRODUCTION
Phosphorus (P) is an essential macro-nutrient that is required for plant growth, being
involved in the manufacture of nucleic acids, cell membranes and in energy storage and
transfer compounds (Moody and Bolland, 2001). Most native Australian soils have very low
natural available levels of P and subsequently native plants have evolved morphological
adaptations, such as very fine root morphology and mycorrhizal association, to extract these
low levels of P from the soil (Tinker, 1975; Bolan et al., 1984).
It is generally assumed that because native plants are adapted to these low P levels in the
soil, then there is no requirement for P addition during revegetation of mined land. Although
this is a valid assumption, very little research has been conducted to quantify the actual
growth responses of native plants to P addition; this is particular the case for native plants of
the Goldfields region. This investigation was therefore conducted to provide quantitative
data as to the P growth responses of selected native vegetation commonly used in minesite
rehabilitation in this region. If plant growth responses are observed in response to P, then
there is a potential that P application could be used to facilitate growth of revegetation
species to assist in stockpile stabilization and closure.
METHODS
This project focused on the phosphorus requirements of native plants that occur specifically
in the goldfields region and which are used for mine site rehabilitation. The sensitivity or
tolerance to goldfields native plant species was explored with replicated-dose-response to a
shade house study designed to test the hypothesis that native plant species have different
growth responses to the addition of P. Further to this, the P concentrations in the same plant
species growing on mine site rehabilitation were compared to the pot trial results. The P in
the mined soil and adjacent undisturbed soil was also tested to see if there was sufficient P
for optimal growth for the different plant species.
Field monitoring suggests that Atriplex and Maireana species occur as early pioneers on
mine site rehabilitation. These species have the lowest P seed content with the Acacias and
Eucalyptus having three times more P. Australian native plants are capable of storing large
amounts of P and redistributing it when soil P supply becomes depleted (Handreck, 1977).
These species may therefore benefit more from a high P application rate at the expense of
later successional species such as the Acacias and Eucalypus. This study therefore tests the
hypothesis that there are differential growth responses to P application and that only some
species may benefit from the addition of P at the expense of other species.
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Seed from seven plant species were collected from the goldfields region and germinated in a
yellow sand in a shade house. Post germination seedlings were transplanted into pots
containing 5kg of sand. Basal nutrient solution consisting of all essential plant nutrients
(NH4NO3, K2SO4, CaCl2.2H2O, MgSO4.7H2O, CuSO4.5H2O, MnSO4.H2O, H3BO3,
Na2MoO4.2H2O, ZnSO4.7H2O and CoSO4.7H20) except phosphorus was applied at the
beginning and half way through the experiment. Ammonium nitrate was added quarterly
adapted from ½ rate application of standard nutrient recipe. The concentrations of the basal
nutrients were based on nutrient levels of the low nutrient Western Australian soils ensuring
plants receive sufficient levels of all nutrients except P. To each pot a suite of phosphorus
nutrient concentrations ranging from low to high (0, 4, 8, 15, 30, 90 and 150 mg/kg) was
mixed in well to the pots (Table 1). Pots were placed on trays to stop the loss of nutrients and
watered to field capacity with tap water.
Table 1: Phosphorus fertilizer rates
Applied P (mg/kg
Equivalent Field
content
0
0
4
6.4
8
12.8
15
24
30
48
90
144
150
240

Equivalent superphosphate rate kg/ha
0
80
160
300
600
1800
3000

Seed germination
All seed used was local providence collected seed to the goldfields region. Each seed
species was tested for P content. The glass house trial began with seven species (Table 2).
Seed of the Acacia species were boiled in water for 10 minutes to break the dormancy. All
other species had no treatments prior to seeding. After germination seedlings were
transplanted into the prepared pots, labeled and replicated into four blocks.
Shade house trial
On the 12th December 2006 seedlings were transplanted into 5 litre pots in KalgoorlieBoulder WA (Plate 1). Throughout the experiment seedlings height was measured
approximately every 14 days and the number of leaves counted. The last measurements
before harvest were taken 136 days after sowing.
Harvest
Harvest occurred 26th -29th April approximately 4 months after the trial began. The roots and
shoots were separated and the soil removed from the roots by washing over a sieve (Plate
2a). Shoots and roots were weighed wet and then dried at 70 degrees in an oven for 24
hours. The shoots and roots were then reweighed and the dry weight recorded.
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Table 2: List of goldfield species selected for greenhouse and field experiments
Common
Scientific name
Family
Habitat & morphology
name
1.

Eucalyptus
torquata

2.

Cymbopogon
ambiguus

3.

Atriplex
nummularia

Old man
saltbush

4.

Atriplex vesicaria

Bladder
saltbush

5.

Maireana triptera

Three winged
bluebush

6.

Coral gum

Myrtaceae

Poaceace

Chenopodiaceae

Acacia hemiteles
Mimosaceae

7.

Acacia acuminata

Jam wattle

Trees, 4-11 m high, bark rough,
ironbark type. Fl* pink, red,
Aug-Dec. Stony loam or clay,
red sand. Hill sides
Aromatic, tufted perennial,
grass-like or herb, 0.3–1.8 m
high. Fl. green, Nov–Jun.
Rocky red loam, sand,
ironstone, granite, limestone,
sandstone. Creeks.
Erect bushy shrub, 1-3m high.
Clay, sandy loam
Erect shrub 0.3-1m high, sand,
clay skeletal soils. Salt pans,
salt lakes and sandy plains.
Drought tolerant, grazing and
forage production
Compact bluish green shrub,
0.2-0.6m high. Sandy loam, red
sand, clay rocky hills, samphire
flats
Dense, spreading shrub, 0.5-2
m high. Fl yellow, May-Oct.
Variety of soils
Shrub or tree, 1-7 m high. Fl
yellow, Jul-Oct. Variety of soils
and habitats

*Fl-flowers

Plate 1: Shade-house trial using a randomized-plot design
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Plate 2: a) Atriplex nummularia at harvest and b) The length of roots and shoots at harvest.
Phosphorus analysis
Plant material was ground and a sub sample weighed for digestion. P content was
determined using heterophony blue method, as there were low sample weights (<0.1g) and
low P concentrations (<0.1%). When digesting the NO3-(HNO3) was removed.
Field work
To further investigate the levels of P necessary for optimum plant growth plant leaf samples
were collected from the six selected species on waste landforms in the Goldfields region.
Samples were collected from different ages of mine site rehabilitation and adjacent native
vegetation to compare their P content. Plant samples were analysed for shoot P content
using nitric/perchloric acid digestion. Soil samples were also collected at 0 – 10 cm and 30 –
40 cm and analysed for total P and Colwell P (Plate 3).
RESULTS
Plant survival rates
There was generally a good survival rate for all species, except Cymbopogon ambiguus
where deaths occurred in all P replications; consequently this species was removed from the
investigation. No deaths occurred in the Atriplex vesicaria, Maireana triptera and only one
death occurred in the Acacia acuminata and Atriplex nummularia. Acacia hemiteles had 4
deaths at low P rates (P0, P8 and P15), whilst Eucalyptus torquata deaths occurred at the
P150 in three of the replicates and also at the P4 and P15 concentrations. No species death
was observed for the P8 treatment.
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Plate 3: Field work soil sampling, recording rooting depth and collecting leaf samples
Plant height and number of leaves (Figure 1)
In general, plant height and number of leaves increased for all plant species with increasing
P addition to a critical P content after which a decline was observed. The observed decrease
in plant growth suggests P toxicity, however the critical P content at which a reduction in
plant height and number of leaves varied between species (Figure 1).
Atriplex nummularia

Atriplex vesicaria

Maireana triptera

Eucalyptus torquata

Acacia hemiteles

Acacia acuminata

Number of leaves

350

number of leaves

300
250
200
150
100
50
0
PO

P4

P8

P15

P30

P90

P150

P (mg/kg)

Figure 1: Number of leaves recorded at harvest in response to P addition.
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Plant Biomass (Figure 2)

biomass (g)

All plant species responded to P addition by increasing their total plant biomass. For all
species, total plant biomass (dry mass of roots, stems and leaves) increased with increasing
P addition from P0 to P15. At P rates > 15 mg/kg total plant biomass for all plant species
either remained constant or decreased.

9
8
7
6
5
4
3
2
1
0

At nummularia
M triptera
Ac hemiteles

0

At vesicaria
E. torquata
Ac acuminata

4

8

Total Plant biomass

15
30
90
P (mg/kg)
Figure 2: Total plant biomass for all plant species in response to P addition.

150

Total plant P content (Figure 3)
Total plant P content (%) increased with increasing P application to a maximum rate of
90mg/kg, after which no further P uptake was observed. Roots and shoot P concentrations
also followed a similar pattern with higher concentrations of P in the roots than the shoots.
Atriplex nummularia had the lowest P concentrations of the species in the trial but the highest
biomass. The lowest biomass was Acacia acuminata which has just less than the twice the
concentration of P than in Atriplex nummularia. The species with the highest P
concentrations was Maireana triptera.
Fieldwork
The mean P content for each species in different ages of rehabilitation and native bush was
also measured and is provided in Table 5. Atriplex nummularia recorded the highest P
content in all ages of rehabilitation and also in the natural bush (Table 3). The majority of
roots are found in the top 0-10cm of soil and the root architecture showed low P availability
favored lateral root growth with little evidence of a dominant vertical root structure.
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Ac acuminata
Ac hemiteles
At vesicaria
Euc torquata
M triptera
At nummularia

3.0

P (%)

2.5

Total average P

2.0
1.5
1.0
0.5
0.0
0

4

8

15
P (mg/kg)

30

90

150

Figure 3: Total plant P content (%) in response to P addition.
Table 3 : Shoot P content (%) for species growing on rehabilitation and native bush
Species
Native bush
Rehab 1-2yrs
Rehab 3-5yrs
Acacia acuminata
0.05
0.08
0.05-0.07
Atriplex nummularia
0.06-0.07
0.08-0.11
0.08-0.17
Atriplex vesicaria
0.03-0.04
0.06-0.07
0.04-0.14
Maireana triptera
0.02-0.04
0.08-0.13
0.06-0.09
Eucalyptus torquata
0.03-0.04
0.01-0.07
0.05-0.15
P content of the soil (Figure 4)
Colwell P ranged from <1 to 10 mg/kg. The maximum Colwell P is found in the native areas.
The youngest areas rehabilitated had the highest soil P content, compared to the older
rehabilitation. Total P was also highest in the youngest disturbed soils and decreased with
age. The native area has more total P than the regeneration soil.
CONCLUSION
The results showed that for all plant species studied a positive relationship was observed
between P addition and plant growth and biomass. With increasing P additions, P toxicity in
some species was observed indicating that a maximum P level occurs. Based on these
findings it is suggested that P addition could be used to enhance the growth rates of
revegetation species, which would facilitate rehabilitation and stabilization of waste rock
dumps, and may ultimately shorten the time period for minesite/stockpile closure.
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Figure 4: Total P content of native and rehabilitated soils of varying age.
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ABSTRACT
Topsoil is an important resource for the rehabilitation of waste dumps on mine sites. Longterm sustainability of rehabilitation is dependant on good vegetation development, and in
many circumstances, vegetation development is directly linked to topsoil quality. Initial levels
of organic carbon (OC) and nitrogen (N) in topsoil can be crucial for vegetation establishment
and long-term sustainability.
Measurements from a range of mine sites across Australia have demonstrated that salinity
and extremes of pH are common limitations to early rehabilitation success. However, where
rehabilitation has been at least “reasonable”, data show rehabilitated areas may still be very
low in OC and total N relative to undisturbed land. These differences can be quite significant,
and trends in OC and total N can be extremely important indicators of the progress of
rehabilitated areas.
Soil organic matter levels are typically low in arid zones, especially where soils are sandy,
and the monitoring of soil OC is considerably more difficult where vegetation shows high
levels of spatial variability. Nonetheless, development of background information on soil
organic carbon levels and factors affecting its accumulation is an essential first step to
improving the management of topsoil and the assessment of vegetation condition.
INTRODUCTION
Soil organic matter contributes to the physical, chemical, and biological function of soils. In
soils low in clay, organic matter is critical for soil aggregation and structure, and an important
component of soil Cation Exchange Capacity (CEC). It is also generally the major source of
plant nutrients nitrogen (N), phosphorous (P), and sulphur (S), and therefore, has a major
impact on plant growth. Consequently, changes in, and loss of organic matter associated
with the stripping and management of topsoils harvested for minesite rehabilitation can have
dramatic impacts on revegetation success.
For rehabilitated sites, the trends through time in organic matter and plant nutrients are
important indicators of ecosystem development (Grant et al. 2007), and can be influenced by
a range of factors, including plant species selection, fertiliser practices, grazing, rainfall, and
fire.
Organic matter in soils also represents an important storage of carbon. The CRC for
Greenhouse Accounting reports data for western Queensland showing that after mulga
(Acacia aneura) clearing and 20 years of pasture and cropping, losses of carbon from the top
30cm of soil have been quantified at 2.65 t/ha for pasture and 5 t/ha for cropping
(http://www.greenhouse.crc.org.au/counting_carbon/soils.cfm). The potential for changes in
land-use or management to impact on soil carbon stores over large areas of land is therefore
of considerable interest.
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In more arid areas, the spatially heterogeneous organization of vegetation into sink/source
zones for runoff and nutrients makes the monitoring of soil organic matter status more
difficult, but no less important. This paper reviews some of the data available for Australian
arid zone rangelands, presents preliminary data for one Goldfields site, and considers the
need for further investigation.
DATA FOR MULGA RANGELANDS
Mulga (Acacia aneura) occupies a significant proportion of Australia’s arid and semi-arid
rangelands. The mulga lands show a distinct pattern referred to as grove and intergrove
(Slatyer 1961). The mulga bands have been referred to as either “narrow” (10-20 m wide
groves, with 50-100 m between groves) or “broad” (>20 m wide groves, with <50 m between
the groves) (Mabbutt and Fanning 1987). In western and central Australia, the broad pattern
is more typical (Tongway and Ludwig 1990). Areas between the mulga groves may support
a band of grass vegetation.
Investigation of nutrient status of grove and intergrove areas for a site in western NSW
(Tongway and Ludwig 1990) showed that plant nutrients and organic matter are accumulated
in, and tightly cycled by the mulga groves. The groves also showed higher infiltration
capacities, and are therefore able to intercept surface runoff. Organic carbon profiles in the
mulga zones showed strong variation with landscape location and depth (Figure 1).
Soil organic carbon (%)
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Figure 1: Effects of depth and vegetation type on
soil organic carbon content. (Data from Tongway
and Ludwig (1990).
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Mulga lands are widely used for grazing, with the mulga itself being used as fodder
(Pressland 1975). Grazing can impact strongly on mulga density. An area in western
Queensland cleared of mature mulga averaged 960 regenerating stems per hectare when
grazed with sheep, compared with an average of 3160 stems/ha when grazed with cattle.
Effects of trampling may also impact strongly on litter accumulation and retention within
mature grove areas.

103

DATA FOR MINESITES
Central Queensland
For a site in central Queensland, recent measurements of OC content in the 0-100 mm layer
showed an average of 3% for analogue (open woodland) sites. In comparison, sites
rehabilitated after mining showed an average of 0.65%, though with some sites reaching
1.5%. Assuming a soil bulk density of 1.0 g/cc, these data indicate relative quantities of C of
30 t/ha and 6.5 t/ha for analogue and rehabilitated areas respectively within the depth
increment measured. Nitrogen associated with soil organic matter would therefore be in the
order of 3 t/ha and .065 t/ha for the 0-100 mm layer of analogue and rehabilitated sites.
Vegetation growth in the central Queensland area is commonly strongly limited by availability
of N, and the data highlight two important issues for the site studied:


The total store of N in rehabilitated areas is low, with low N availability likely to
limit plant growth; and



Inputs of N will be needed to increase both soil organic matter and plant growth.

The magnitude of difference between analogue and rehabilitated sites raises a number of
issues, including the importance of managing topsoil stripping and storage to minimise
losses of C and N, and the long-term challenge of increasing soil C and N to levels
comparable with analogue areas. If relying on plants to fix atmospheric N, then the rates of
N accumulation will be slow, and events causing loss of N (such as grazing and fire) should
be avoided. Addition of such large quantities of N by repeated fertilization is likely to pose
off-site risks of contamination of runoff, and would be economically daunting.
Northern Goldfields of WA – Murrin Murrin Nickel Operation
Site overview
The Murrin Murrin Nickel Cobalt Project (Project) which is owned by subsidiaries of Minara
Resources Limited and Glencore International AG and operated by Murrin Murrin Operations
Pty Ltd (MMO), is located approximately 60 km east of Leonora in the North Eastern
Goldfields of Western Australia.
Vegetation on the mine lease is dominated by Mulga woodlands. Development of groves is
more pronounced in flatter areas lower in the landscape, and intergrove areas typically carry
little if any grass cover, probably due to the area’s pastoral history and also more recent
grazing pressure from feral goats. Litter accumulation under mature mulga trees is visibly
significant.
Soil sampling – analogue areas
An initial soil sampling was carried out to assess the magnitude of variation of soil OC levels
at various locations and vegetation types across MMO.
Samples were selected from a range of natural and disturbed soil profiles over the entire site
at MMO. The natural sites are established analogue monitoring sites representative of
various floristic assemblages found at MMO. The natural sites selected offer a disparity
between species-abundant and species-meagre sites with plant densities similarly reflected,
low on species-meagre areas and high on species-abundant areas.
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Topsoil samples were taken from three distinct locations at each analogue site:
A Under Tree – Acacia aneura all areas– 500mm away from trunk.
B Under shrub – Genera included Acacia, Solanum, Eremophila and Triodia–250mm
away from trunk.
C Bare earth – devoid of vegetation – a minimum of five metres in any direction clear of
vegetation.
At each sampling point, (A,B,C) five samples were obtained to a depth of 150mm. (Figure 1
shows little difference between sampling areas at depths below 150 mm, indicating that this
sampling depth should completely encapsulate differences between the various areas.) The
samples were selected on a radial geometry with the vegetation forming the centre of the
selections.
Analogue sites sampled where vegetation density and diversity are highest found on site
were.
Natural Analogue 101 – selected for atypical floristic assemblages representative of
vegetation community 2c (Very Open Shrubland of Acacia anuera over an understorey
dominated by Ptilotus obovatus in loam with quartz and ironstone pebbles on surface) as
defined by Mattiske (1998).
Natural Analogue 2DN2 – selected for atypical floristic assemblages representative of
vegetation community (Acacia woodlands) as defined by Mattiske (1998).
Analogue sites with the most sparse vegetation in any analogues surveyed on site upon
which sampling was conducted were:
Natural Analogue 304 – selected for atypical floristic assemblages representative of
vegetation community 2g (Very Open Shrubland of Acacia spp over an understorey of
mixed shrub species and grasses on a banded ironstone hill slope.) as defined by
Mattiske (1998).
Natural Analogue 10 – selected for atypical floristic assemblages representative of
vegetation community 2d (Shrubland to Dense Shrubland of Acacia aneura over Acacia
ramulosa and Eremophila spp. or open ground in red loam.) as defined by Mattiske
(1998).
Soil sampling – stockpiles
The disturbed sampling sites consisted of areas, which had been cleared of vegetation
and topsoil stripped using modern high volume machinery for open pit and infrastructure
developmental requirements. Topsoil was stockpiled in these areas in single rows up to
two meters high, twenty metres wide and hundreds of metres in length. Topsoil stockpile
ages vary from under twelve months to over four years.
Samples were taken from randomly selected positions on the piles, noting to exclude the
first 50 mm in each case. No sieving was undertaken
Stockpiled Topsoil Area 3/01- Stripped and stockpiled topsoil – over four years old.
Vegetation community in existence prior to mining operation consisted of Open Low
Shrubland of Acacia assimilis subsp. assimilis over grasses and Asteraceae spp.
Stockpiled Topsoil Area 5 - Stripped and stockpiled topsoil – under twelve months old.
Vegetation community in existence prior to mining operation consisted of Shrublands of
Acacia aneura, Acacia burkittii, Acacia stowardii and Acacia ramulosa over mixed low
shrubs, grasses and Asteraceae species on breakaways.
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Stockpiled Topsoil Area 6/1 - Stripped and stockpiled topsoil – over three years old.
Vegetation community in existence prior to mining operation consisted of Shrubland of
mixed Chenopod species dominated by Maireana georgei, Maireana triptera, and
Maireana pyramidata over Ptilotus obovatus with occasional emergent Acacia aneura and
Hakea preissii on undulating low stony (quartz and laterite) rises and flats. Combined with
Open Low Shrubland of Acacia assimilis subsp. assimilis over grasses and Asteraceae
spp.
Stockpiled Topsoil Area 13/1 - Stripped and stockpiled topsoil – over four years old.
Vegetation community in existence prior to mining operation consisted of Very Open
Shrubland of Acacia aneura and Acacia quadrimarginea on rocky outcrops and lower
slopes of a banded ironstone and dolerite hill.
Stockpiled Topsoil Area 14/4 - Stripped and stockpiled topsoil – over two years old.
Vegetation community in existence prior to mining operation consisted of Shrubland of
mixed Chenopod species dominated by Maireana georgei, Maireana triptera, Maireana
pyramidata over Ptilotus obovatus with occasional emergent Acacia aneura and Hakea
preissii on undulating low stony (quartz and laterite) rises and flats in combination with
Shrubland of Acacia aneura, Acacia burkittii, Acacia stowardii and Acacia ramulosa over
mixed low shrubs, grasses and Asteraceae species on breakaways.
Results for analogue areas
Soil organic carbon levels (Table 1) show marked differences with sampling location, though
the general vegetation density in the areas sampled appears to have had little effect at the
somewhat closer scale of, e.g., “under tree”. The data show relatively large differences
between the sampling locations, further evidence of the importance of litter areas under
trees. In comparison, approximate depth weighted data (to 150 mm) from Tongway and
Ludwig (1990) show slightly higher OC for grassland areas (0.39-0.53%) relative to the bare
soil at MMO, but lower OC for the grove areas (0.71%) relative to under tree data for MMO.
Table 1: Effects of sampling location on soil organic carbon (%)
Soil organic carbon (%) for sample locations of:
Vegetation density in area
Site
Under tree
Under shrub
Bare area
Dense
101
1.08
0.47
0.25
Dense
2DN2
1.20
0.68
0.34
Sparse
10/1
1.22
0.75
0.42
Sparse
304
0.92
0.47
0.17
Means
1.11
0.59
0.30
Data for topsoil stockpiles
Data (Table 2) show no obvious impact of stockpile age on OC, though there is a
considerable range in OC content typical of the vegetation in existence prior to
developmental works. Comparing OC levels between Tables 1 and 2, it is clear that some of
the topsoils stockpiled for rehabilitation (areas 14/4, 3/01) are consistent with the bare soil
areas in analogue sites that support no vegetation. Clearly, those bare soil areas in the
analogue sites are relatively hostile for plant establishment, and topsoils of similarly low OC
could be expected to be relatively “difficult” for establishment of vegetation. Collecting and
stockpiling of topsoil would be expected to mix all locations within a cleared area, resulting in
an averaged sample. As a consequence of this mixing, none of the stockpiled topsoils are
consistent with soil from under trees, indicating that even the best of the stockpiled materials
is of poorer quality than the best of the soil existing under natural conditions.
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Table 2: Soil organic carbon (%) in a range of topsoil stockpiles
Organic carbon
Stockpile age
content (%)
Stockpile area
(years)
3/01
4
0.37
5
1
0.57
6/1
3
0.42
13/1
4
0.55
14/4
2
0.28
Whilst noting that the data clearly demonstrate the difficulties facing revegetation efforts in
the northern Goldfields area, it can also be inferred that strategies to ameliorate or improve
soil conditions are likely to show consistent benefits in terms of vegetation establishment and
vigour. Soil nutrient data are not reported in this paper, but the low OC levels highlight that
N, P, and S are likely to be deficient. Similarly, soil physical condition is likely to be suboptimal, and it is not surprising that revegetation at MMO has been observed to be
considerably more successful where tree debris is spread – a response most apparent on
the poorer soils.
In the Northern Goldfields, although vegetation growth is strongly limited by availability of
moisture, the limitation of low nutrient availability becomes evident during periods of
extended precipitation and hence growth periods.
None of the stockpiled topsoils are consistent with soil OC levels from the best of the
analogue samples, indicating that conforming to industry best practice guidelines still delivers
topsoil to rehabilitated areas that is relatively low in OC. Further research work is required to
define causal pathways leading to the loss of OC in modified topsoil stockpiles.
CONCLUSIONS
The range of spatial variation within natural landscapes in the Goldfields region shows clearly
the gulf between good and poor soil condition. Available data highlight that there can be
large differences in soil organic carbon between undisturbed, disturbed and rehabilitated
areas, and that the magnitude of those differences can have considerable impacts on site
preparation and management decisions.
Whilst noting that the data clearly demonstrate the difficulties facing revegetation efforts in
the northern Goldfields area, it can also be inferred that strategies to ameliorate or improve
soil conditions of stockpiled topsoil are likely to demonstrate consistent benefits in terms of
vegetation establishment and vigour when reapplied to rehabilitation projects. With the costs
of fertilisers increasing rapidly, there is increasing need to manage soils and vegetation to
both conserve and – eventually – increase soil organic matter. Soil nutrient data were not
reported in this paper, but the low OC levels highlight that N, P, and S are also likely to be
deficient. Similarly, soil physical condition is likely to be sub-optimal, given the extended
grazing pressures and exposure to climatic fluctuations and it is not surprising that
revegetation at MMO has been observed to be considerably more successful where tree
debris is spread – a response most apparent on the poorer soils.
In preparing sites for rehabilitation, the recognition that the topsoil used in rehabilitation could
be considered at best sub-optimal and at worst, poor, imparts useful perspective.
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DOES IT EVER END? LEGAL ASPECTS OF MINE CLOSURE IN
WESTERN AUSTRALIA
SALLY AUDEYEV AND CLAIRE WHINNEN
INTRODUCTION
Mining companies' key objective when closing a site in Western Australia is usually to
receive the full return of performance bonds and to 'walk away' with no or minimal liability.
Similarly, Western Australian government departments seek to minimise the State's liability
and ensure the site is closed in a manner that is not likely to give rise to ongoing
environmental issues or liability for the State.
It is very difficult for a mining company to be confident that it has absolutely no outstanding
liability following closure. However, a mining company can minimise its potential liability by
carefully identifying and managing its compliance with environmental legal obligations
throughout the life of the mining operation.
This paper begins by explaining the main legal obligations applying to mine closure in
Western Australia under statutes (the Mining Act 1978 (WA), the Environmental Protection
Act 1986 (WA) and the Contaminated Sites Act 2003 (WA)), approval conditions, contracts
and the common law.
We then look at how mining companies can plan for closure throughout the life of a project to
ensure closure occurs in an orderly, cost effective and timely manner, with minimal liability.
THERE IS NO STATUTORY MINE CLOSURE PROCESS IN WESTERN AUSTRALIA
There is no clear statutory 'mine closure process' in Western Australia. Instead, legal
obligations that relate to mine closure come from a range of sources including legislation,
approval conditions, agreements and common law tort liability.
EACH PROJECT WILL HAVE DIFFERENT CLOSURE OBLIGATIONS AND PROCESSES.
MINE CLOSURE OBLIGATIONS HAVE MANY SOURCES
The mine closure obligations for each project depend on the legal regimes that apply to the
project. Some of the key sources of mine closure obligations are described below.
(a)

State Agreements
Many large mining operations in Western Australia are the subject of State
Agreements.1 A State Agreement is established by the State contracting with a
mining company in the form of a written agreement which is then ratified by a statute
of the Western Australian Parliament. State Agreements may include specific mine
closure provisions that a party to the State Agreement must comply with. The State
Agreement may modify the mine closure requirements under another Act or law for
the purposes of the State Agreement.
In addition to the terms of the State Agreement itself, the mining proposals submitted
under the State Agreement often include mine closure commitments that the mining
company must comply with.

1

A State Agreement is sometimes referred to as a "ratified agreement", "Agreement Act" or a "Government
Agreement".
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(b)

Mining Act 1978 (WA)
Effect of surrendering tenements
The word 'relinquishment' is often used when describing mine closure. This can be
misinterpreted. The rights that come with holding a mining tenement can be
relinquished by surrendering the tenement. However, it is difficult for a mining
company to be completely discharged from the obligations that come with the mining
tenement and obligations that come from other legal sources described in this paper.
All right, title and interest held under a tenement will end on the date the surrender of
the tenement is registered. However, the tenement holder is still liable:
•
•
•

to pay any outstanding money that was payable on or before the date of
surrender (such as rent, fee, royalty or penalty);
to comply with any obligation that was imposed on or before the date of
surrender; and
for any act done or default made on or before the date of surrender.

This means that the tenement holder's liability does not necessarily end when a
tenement is surrendered.
A tenement holder can surrender its mining tenements by lodging the appropriate
form under the Mining Act 1978 (WA) (Mining Act) together with the instrument of
lease or licence (if issued). If the mining tenement is encumbered by a mortgage the
Mining Regulations 1981 (WA) (Mining Regulations) also require a tenement holder
to obtain the written consent of the mortgagee before surrendering the tenements.
Sources of mine closure conditions
A mining tenement is subject to conditions included in the tenement instrument as
well as conditions imposed by the Mining Act.
Before a tenement holder can receive the full return of its performance bonds, it must
comply with all the tenement conditions. If a mining company fails to comply with a
mining lease condition, the penalty is a fine of up to $50,000 with a daily penalty of
$5,000 for each day the offence continues. If the conduct amounts to mining without
authority, the maximum penalty could be $500,000 and a daily penalty of $50,000.
Failure to comply with a condition also gives the Department of Industry and
Resources (DoIR) the power to issue a stop work order, increase the amount of the
performance bonds, impose more prescriptive tenement conditions or notify other
regulatory agencies such as the Department of Environment and Conservation
(DEC).
The commitments in Mining Proposals, Notices of Intent and programmes of work are
also legally binding and often contain commitments relating to mine closure. A
Mining Proposal, Notice of Intent or programme of work may incorporate standards in
various non-legal industry guidelines.2 Unless incorporated, such guidelines are not

2

The mine closure guidelines in Western Australia include Mine Closure and Completion, Leading Practice

Sustainable Development for the Mining Industry (2006) Commonwealth Department of Industry, Tourism and
Resources; Strategic Framework for Mine Closure (2000) Australian and New Zealand Minerals and Energy Council
(ANZMEC); Mine Closure Guidelines for Minerals Operations in Western Australia (October 2000) The Chamber of
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legally binding. However, many mining companies use guidelines to assist in
improving life of mine decision making and mine closure practice.
Return of performance bonds
Performance bonds are reviewed annually and may be increased in the future. DoIR
has recently decided to increase the minimum rate from $10,000/ha to $20,000/ha
from 1 July 2008. DoIR is considering adopting a risk based approach to the
calculation of performance bonds.
To receive the return of its performance bonds, a mining company will need to give
the Minister for Resources a written application accompanied by:
•
•

a statutory declaration confirming it has complied with the tenement conditions,
the Mining Act, the Mining Regulations and has carried out all commitments in
each of the Mining Proposals or Notices of Intent; and
a map showing the location and boundaries of the workings on each tenement
and the access routes to the workings.

DoIR will consider the mining company's application and when it is satisfied that it has
met the tenement conditions and commitments, DoIR will make a recommendation to
the Minister that the bond be released. The Minister ultimately determines whether
the bonds will be released.
(c)

Environmental Protection Act 1986 (WA)
If a Ministerial Statement granted under Part IV of the Environmental Protection Act
1986 (WA) (EP Act) applies to a mine, the tenement holder will need to comply with
any conditions in the statement and plans prepared under the statement that relate to
mine closure.
The tenement holder will also need to comply with any conditions related to mine
closure under any Part V licence or clearing permit that applies to the mine at the
time of closure.
The conditions of an authorisation under the EP Act may (now or in the future) require
a tenement holder to provide a financial assurance to ensure compliance with the
conditions of those authorisations. A financial assurance may be in the form of a
bank guarantee, a bond, an insurance policy or some other security.
Whether financial assurance is required is ultimately at the discretion of the Minister
for Environment. This power has not been used often, but the position may change in
the future.
The Chief Executive Officer of the DEC (CEO) will not return an assurance unless the
tenement holder can show it has satisfied the relevant conditions. If a tenement
holder provides an assurance, it should ensure that the criteria for the return of the
assurance are certain, achievable and consistent with the closure criteria for the
return of the performance bonds under the Mining Act.

Minerals and Energy; and It's Not Over When It's Over: Mine Closure Around the World (2002) World and
International Finance Corporation.
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(d)

Contaminated Sites Act 2003 (WA)
Potential liability for contamination
Following mine closure, a tenement holder is likely to be responsible (subject to some
exceptions) for contamination caused by it that remains on the land, including
ongoing monitoring and management. The liability for remediation will continue after
the tenement holder surrenders the tenements.
The Contaminated Sites Act 2003 (WA) (CS Act) requires tenement holders to report
contamination. To minimise potential liability for contamination, a tenement holder
will need to identify all contamination on its mine site and appropriately remediate the
contamination before, during and after closure. A tenement holder should also
prevent additional contamination by appropriately managing its closure activities.
Responsibility for remediation of contamination
The CS Act creates a hierarchy for allocating responsibility for remediation of
contaminated sites. The DEC can issue legally binding notices requiring the person
responsible for the contamination to remediate it or to pay for the remediation.
“Remediation” can include clean up, restriction of access or use of a site, mitigation of
the effect of a substance and protection of human health and the environment from
the contamination.
A mining company that fails to comply with a requirement of a notice from DEC
commits an offence and will be liable for a penalty of up to $2,500,000 and a daily
penalty up to $500,000 (these penalties are prescribed penalties for a body
corporate).
Under the CS Act, a tenement holder will be responsible for:
•
•
•

any contamination it caused before 1 December 2006 to the extent the
contamination resulted from an act done without lawful authority;
any contamination it caused after 1 December 2006 whether the
contamination resulted from an act done with or without lawful authority; or
any remediation required because the tenement holder is changing, or
proposes to change, the use to which the site is put. The final agreed land
use will determine the nature and extent of the remediation the tenement
holder is required to perform (including ongoing management).

There are some exceptional circumstances when a tenement holder will not be
responsible for contamination:
•
•

•

If the contamination was caused by an action or direction of the State, the
State is responsible to that extent.
If the CEO issued a clearance for a site which was in fact still contaminated
because of an error or failing by the CEO or his staff in identifying or
classifying the contamination (but not because of the limitations of the
approved technique or the errors of others) the State is responsible for the
remediation of the contamination which the error failed to identify.
If the tenement holder caused the contamination as a result of reasonably
responding to an emergency situation to protect human life or property, the
tenement holder will not be responsible.
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(e)

Contract
A tenement holder will need to identify and comply with the obligations for mine
closure in any contracts it has entered into in relation to the mine, such as any
agreements with native title holders.

(f)

Tort
In Western Australia there has not been any case of a mining company being held
liable at common law for damage or loss suffered by a third party as a result of the
mining company’s mine closure activities. Nevertheless, following closure, there is a
risk that a tenement holder will be responsible for negligence, nuisance or breach of
statutory duty arising from the closed site.
For example, a tenement holder could be liable if it negligently fails to adequately
secure the mine site and install appropriate signage after remediation and a person is
injured when they enter the site.

SOME PRACTICAL CONSIDERATIONS FOR MANAGING MINE CLOSURE
(a)

Mine closure is a life of mine consideration
Mining companies should incorporate measures to minimise legal liability following
mine closure into initial planning and design and then ongoing operational decisions.
Decisions made at the outset of a project will often determine the ease of minimising
liabilities at the end. Technical decisions made during project design (such as where
to locate infrastructure and how to build infrastructure) may have implications for mine
closure. For example, the location of a tailings dam or the design of a waste dump
may affect the quality of water entering local water ways after mine closure.
Minimising liabilities at closure should therefore be a key aspect of project design.
As we have seen above, many closure obligations come from approval conditions
and commitments that are made during project design. Those conditions should be
considered carefully to ensure they are realistic and achievable. Procedures should
be designed and implemented to ensure action taken during project implementation is
consistent with meeting the closure conditions.
Whenever new conditions or commitments are considered, they should be reviewed
to ensure they are consistent with conditions and commitments that already apply to
the project. For example, the closure conditions relating to a project expansion
should, so far as possible, be consistent with those that applied to the original project.
In some cases, it may be more appropriate to amend the conditions that apply to the
original project. This will assist to ensure all stakeholders agree with and are
applying the same standards.

(b)

Completion Criteria
When closure is imminent, it is beneficial to ensure all closure obligations are clear
and auditable, with an objective end point. For example, it should be clear when the
mining company's obligation to undertake monitoring ends. It is also helpful for the
government department or stakeholder (eg contract counterparty) to provide
confirmation that the objective end point has been reached.
To minimise potential liability, a mining company should gather evidence to show why
it has met the approval conditions and other closure requirements. If the obligations
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are objective and auditable, it will be easier to have comfort that the requirements
have been met.
This can often be achieved by including completion criteria in management plans or
closure plans that are required by approval conditions. Completion criteria should be
prepared carefully to ensure they are achievable and consistent across the various
closure requirements. If there is inconsistency between the closure requirements
contained in the various sources of legal closure requirements, the requirements may
need to be amended. This will require approval of the relevant government
departments and stakeholders.
(c)

Obtaining 'sign off'
Tenement and approval conditions often require standards to be met to the
satisfaction of a government department or Minister. Once a mining company
believes it has met the relevant condition, it should seek written confirmation from the
relevant government department that the condition has been met. Similarly, written
confirmation in the form of a release and discharge should be obtained from
counterparties to contracts.
As there is likely to be a risk of some liability remaining, it is always helpful to gather
specific evidence to show compliance with all legal requirements.

(d)

Contracts
When entering into contracts with parties who take on responsibility for parts of the
site, parties engaged in closure activities and parties who purchase infrastructure, the
tenement holder should negotiate obligations to minimise its liability. For example, if
the local government is taking responsibility for an airstrip or accommodation village,
the contract should provide that the local government takes all risk associated with
that infrastructure from a particular date and releases the mining company from any
residual liability. As part of the negotiation, the counterparty may require some
comfort as to the standard of the relevant infrastructure on the date responsibility is
transferred.

(e)

Tort
To close its mine site in a manner which minimises potential liability in tort, a
tenement holder should take reasonable measures to ensure that, following closure,
the site will not cause an ongoing unreasonable interference with another person’s
enjoyment of his or her land or cause a person to suffer injury or damage if they enter
the site. This will largely be a technical issue and will require an assessment of the
risk that damage could reasonably occur and the magnitude of that damage against
the measures (and cost) that would be required to minimise or completely eliminate
that risk.
The mining company should gather evidence of the condition it left the site in so that
if damage is caused in the future, it can use the evidence to assist it to establish the
extent of its liability. This may require evidence to be gathered well before the site is
finally closed (for example, evidence which shows what the waste dumps contain and
the extent of cover).
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(f)

Contamination
The mine site should also be closed in a manner which removes or minimises the risk
that any contamination will remain after closure. If there is some contamination or
potential contamination remaining, the mining company should gather evidence to
show why the substances that are (or are potentially) present are unlikely to cause
damage to human health or the environment. If there is a risk that damage might
occur if landforms are disturbed, the company should consider notifying the relevant
government departments and underlying land owners, for example through a
memorial on the underlying land title.

CONCLUSION
While it is difficult for mining companies to eliminate all risk of liability following mine closure,
careful management of the project during project design, implementation and closure
planning will assist to minimise liability following closure.
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ABSTRACT
The Goldfields region of Western Australia contains one of the largest remaining temperate
and semi-arid woodland on Earth. In this paper we synthesize available data from flora and
fauna surveys within this region which is known as the Great Western Woodlands (GWW).
Its ecosystems are relatively intact and largely undisturbed by modern human activities. We
suggest that, like other parts of the southwest of Western Australia, it has extremely highly
levels of species diversity. More than 3000 plant species have been recorded, representing
almost one-fifth of all Australia’s vascular plant species. The region has 416 vertebrate
species with a further 51 possibly occurring in the region based on their habitat requirements
and known distributions and is particularly rich in reptiles. In addition, 14 of Australia’s major
23 vegetation groups are represented even though the region represents less than 2% of
continental Australia. Yet, very little is known about this region. We argue that contemporary
conservation methods which aim to capture specific target levels of biodiversity in a reserve
will not guarantee protection because there is no adequate surrogate of the region’s
biodiversity given the high levels of heterogeneity. Instead, the continuing evolution of the
region’s biodiversity can only be ensured by appropriately managing key ecological
processes (e.g., fire, eco-hydrology, gross primary productivity, trophically important species)
over the entire landscape. This in turn can only be achieved by targeted research,
consultation with major stakeholders including Traditional Owners, State and Federal
Governments, local communities, and resource-based industry groups which are increasingly
utilizing the region.
INTRODUCTION
The Great Western Woodlands (GWW) bioregion encompasses the southern Goldfields
region of Western Australia (Fig. 1). It is a landscape dominated by a relatively undisturbed
natural vegetation; at almost 16 million hectares, it is more than twice the size of Tasmania
and is similar in size to England. Despite being biologically distinct, the bioregion has never
had a unique name, usually simply being referred to as part of the broader ‘Goldfields’
region.
The name ‘Great Western Woodlands’ was selected because it best reflects its
position and status as being in the west of the continent and containing the largest remaining
area of temperate woodland in Australia (Fig.1).
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Fig. 1.

The relative condition of Australia’s vegetation condition (from Thackway and
Lesslie 2006). The dark green colour that predominates in the Great Western
Woodlands suggests that the vegetation has not been significantly affected by
post European land use change. The black line shows the boundary of the Great
Western Woodlands. The Great Western Woodlands is the largest residual (or
‘intact’) non-arid landscape in southern Australia

The boundary of GWW was established by researchers from Australian National University
and was drawn using MODIS satellite data and methodology that identified a characteristic
“Eucalypt” spectral signature (Berry 2002) that is found throughout the Great Western
Woodlands.. The boundaries discriminate the eucalypt woodlands from the Mulga (Acacia
aneura) country to the north, the treeless Nullarbor Plain to the east, the moist coastal heath
to the southeast and agricultural land to the west and south (Fig. 2).
The GWW, unlike other bushland areas of southern Western Australia, is dominated by
eucalypt woodlands (Keally 1991) (woodland ecosystems resemble forests but with a more
open canopy) although it contains significant areas of mallee, shrublands and grasslands.
The aim of this paper is to summarise some components of the plant and vertebrate diversity
in the Great Western Woodlands.
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Fig.2. The boundary of the Great Western Woodlands

METHODS
Data collation
Our review included peer-reviewed published papers, selected non-refereed reports from
government departments and ENGOs and interviews with published ecologists who have
worked in the region. Data from the Western Australian Museum (Faunabase), the Western
Australian Department of Environment and Conservation’s Western Australian Herbarium
(Florabase) and Birds Australia (Birds Atlas) and the results of the relevant biological surveys
of the West Australian goldfields (Newbey, et al. 1984, How et al. 1988; Keighery et al. 1995)
were obtained and analysed.
Data analysis
We examined two common expressions of biological diversity. We tabulated and mapped the
geographical distribution of individual taxa of vascular plants and vertebrate species using
presence and absence in a series of half degree grid cells across the study area and used
these data to estimate species diversity. We also examined ecosystem diversity by analysis
of two different continent vegetation datasets (Beard, 1981; Commonwealth of Australia,
2001). As the methodologies for capturing this data were varied, and the data were captured
over a large temporal range, we made no effort to correct for sampling bias. The data simply
represented which taxa had so far been recorded in each of the half degree cells area and
thus should be treated as an inventory of the whole area at the broad-scale and not as a
measure of beta diversity.
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RESULTS
Plant Diversity
The Western Australian Herbarium has records of 3314 flowering plant species from 119
families in the Great Western Woodlands and over 4200 different ‘taxa’(which is a list that
includes undescribed species as well as subspecies, hybrids, varieties). It is estimated that
almost half of these species are endemic to the southwest of Australia (Burgman 1988;
Hopper and Gioia 2004). This is a large number relative to other regions of the world and
shows that GWW belongs as one of the cornerstones to the southwest of Western Australia’s
‘biodiversity hotspot’ (Myers et al. 2000).
Since the Great Western Woodlands bioregion is still largely intact there are fewer rare,
threatened or endangered species in this region than are found in more disturbed regions of
the state such as the “Wheatbelt”. Nevertheless, the Great Western Woodlands contains
many species that are listed as threatened by government. For example, forty-four plant
species are listed as ‘declared rare flora’ by the state government, because they are rare, in
danger of extinction, or in need of special protection. A further 422 species have been listed
as ‘priority’ species (Priority 1 = 129 sp. , Priority 2 = 103 sp. , Priority 3 = 131 sp. and Priority
4 = 59 sp.). The 464 declared rare flora and priority species are distributed across the Great
Western Woodlands although the western and southern boundary appears to contain many
more species per cell than recorded in other parts of the region (Fig. 3). This could reflect
sampling bias (that is more sampling has been conducted in these cells) as well as the fact
that this boundary abuts a landscape that has been heavily modified for agriculture.

Fig. 3 The distribution of the Declared Rare Flora and Priority plant species. A comparison of
the cells shows that priority species are spread across the landscape. Many of these are by nature
found only in tiny pockets and are threatened by a range of disturbances. It is likely that many of
those in the western and southern part of the Great Western Woodlands are threatened because
much of their original distribution has been cleared for agriculture.
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Vertebrate Diversity
The Western Australia Museum (Biological Survey of the Goldfields and FaunaBase) and
Birds Australia (the Australian Ornithological Club) atlas database has recorded 49
mammals, 138 reptiles, 14 frog species and 215 species of bird in the region. Our research,
which is also based on consultants reports, the notes of amateur enthusiasts and the
habitats requirements of species published in the peer-reviewed literature, suggests there
are likely to be an additional 51 species (9 species of mammals, 18 species of reptile, 6 frogs
and 18 bird species) present in the Great Western Woodlands. While the level of vertebrate
richness is not high on a world scale for mammals and birds, the number of different reptile
species makes the study area exceptional among the world’s reptile communities. Different
reptile communities are spatially and temporally variable, reflecting the heterogeneous
vegetation communities and periodic rainfall events that occur in the region (Cowan and How
2004; Thompson and Thompson 2005).
The region contains many rare and vulnerable animal species. On the State Government’s
rare and endangered fauna list there are 34 threatened vertebrate species that either exist,
or are likely to exist, in the Great Western Woodlands. These comprise fifteen mammal, ten
bird and nine reptile species. The Wilderness Society conducted a vertebrate fauna survey of
the Honman Ridge — Bremer Range, and found 19 species that were of conservation
significance in that area alone (Duncan et al. 2006). In addition, 4 species that are globally
extinct were once found in the Great Western Woodlands (Pig-footed Bandicoot, Long-tailed
hopping mouse, Crescent Nail-tailed Wallaby and the Broad-faced Potoroo) and a further 6
species are extinct in the Great Western Woodlands region and now only exist either on
predator free islands, in inclosures designed to keep cats and foxes out of them or in very
remote areas of Australia (Burrowing Bettong, Banded-Hare Wallaby, Western Barred
Bandicoot, Greater Stick-nest Rat, Plains Mouse and Djoongari). With improved
management, it could be possible to re-introduce these animals back into GWW.
Ecosystem Diversity
An analysis of Australia’s vegetation by the Australian Government in 2001 identified twentythree ‘vegetation groups’ across the continent (Commonwealth of Australia. 2001). Fourteen
of these vegetation groups are found in the Great Western Woodlands. The Great Western
Woodlands contains more vegetation groups than iconic areas such as Kakadu and Cape
York. With the exception of Tasmania (which contains 15 vegetation groups), there is no
other area in Australia of equivalent size to the Great Western Woodlands that has as many
vegetation groups. Four of the vegetation groups found in the GWW bioregion (‘Eucalypt
woodlands’, ‘Eucalypt open woodlands’, ‘Mallee woodlands’ and ‘Acacia forests and
woodland’) have been substantially cleared in other regions of Australia (Table 1). In the
Great Western Woodlands, these four ecosystems remain largely intact.
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Table 1 The land cover of each of the Australian Native Vegetation Assessment’s major vegetation
groups found in the Great Western Woodlands and a comparison of how much each type has been
cleared since European inhabitation

Major Vegetation Group
Eucalypt woodlands
Mallee
woodlands
and
shrublands
Low closed forests and tall
closed shrublands
Acacia shrublands
Inland aquatic - freshwater,
salt lakes, lagoons
Other shrublands
Hummock grasslands
Heathlands
Acacia forests and woodlands
Casuarina
forests
and
woodlands
Chenopod
shrublands,
samphire shrublands and
forblands
Cleared,
non-native
vegetation, buildings
Naturally bare - sand, rock,
claypan, mudflat
Acacia open woodlands
Eucalypt open woodlands
Callitris
forests
and
woodlands
Eucalypt low open forests
Total

Total cover
2001 (km2)

Proportion of
1788
cover
now cleared
(%)

1012047
383399

693449
250420

31.4
34.7

15864

8749

44.9

670737
NA-

654279
-

2.5
-

115824
1756962
47158
657582
73356

98947
1756104
25861
560649
60848

14.6
0.1
45.1
14.7
17.1

563389

552394

2

NA-

-

-

NA-

-

117993
513943
30963

114755
384310
27724

2.7
25.2
10.5

15066
5974283

12922
5201411

14.2
-

Total
pre
(km2)

Cover
1788

Area
in
the
Great
Western
Woodlands
(km2)
83738

Proportion of
the
Great
Western
Woodlands
occupied (%)
52.41

27497

17.21

10501
7499
6171

6.57
4.69
3.86

5280
3322
3051
3001

3.3
2.08
1.91
1.88

2279

1.43

2277
2243

1.43
1.4

2036

1.27

643
156

0.4
0.1

49
44
159786

0.03
0.03

DISCUSSION
The biological diversity in the study area has five distinct features. First, the high number of
different major vegetation groups in the region when compared to other bioregions of
Australia. Second, the extraordinarily high numbers of plant species makes this region
worthy of global recognition. Third. the floristic composition and structure of these groups
changes rapidly across small spatial scales across the landscape (Beard 1980, 1981; Newby
and Hnatiuk 1984, 1988; Burgman 1988; Newbey et al. 1995). Fourth, while the degree of
vertebrate richness is not high on a world scale for mammals and birds, the number of
different reptile species makes the study area exceptional among the world’s reptile
communities. Fifth, the significant ‘Wallacean’ (i.e. knowledge on species geographic and
temporal range in the region) and ‘Linnaen’ (i.e. knowledge on how many species actually
live in the region) shortfalls for all the major species groups. Thus more research is required
to understand the key values of the system and to optimise management strategies.
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Conservation management in the Great Western Woodlands
Historically, the environmental values of the Great Western Woodlands have been largely
overlooked, and the environmental impacts of economic activities in the area generally
discounted. Less than 15% of the bioregion is in conservation reserves, and the majority is
designated as ‘unallocated crown land’. Although it has become mandatory to assess the
local environmental impact of large, site-specific projects such as mining, the current process
frequently ignores cumulative environmental impacts outside the immediate local area.
Similarly, the widespread and pervasive impacts of activities such as infrastructure corridors
and their cumulative effects are not considered. We believe these are symptoms of an ad
hoc, episodic approach to land use and planning, with a narrow focus on site-specific, acute
development pressures. Such an approach will ultimately result in the incremental erosion of
the region’s outstanding biodiversity and natural values.
The conventional approach to conservation typically focuses on achieving (as efficiently as
possible), a minimal target level of protection for representative samples of each mappable
class of ecosystem (usually defined in terms of major vegetation types), or populations of
particular target species (typically threatened plants and animals), and/or other specified
special features (Woinarksi et al. 2007). We suggest that this type of planning exercise does
not work in, or acknowledge, such diverse and largely intact and functional landscapes as
the Great Western Woodlands (Soulé et al. 2004; 2006 ). The end result of such exercises is
often a landscape fragmented by contrasting isolated land uses, with conservation areas
scattered throughout a landscape largely transformed by modern land-use activities
(Woinarski et al. 2007). Generally, these conservation areas are isolated and few in size and
number, surrounded by disturbance, and in locations chosen for their low economic value
(often because these are infertile, too steep, or otherwise of low productivity) (Ford et al.
2001; Recher 2004).
We believe the conventional approach to conservation planning will not protect the values
and future of the Great Western Woodlands because it fails to incorporate the landscapewide ecological processes that sustain biodiversity (Soulé et al. 2004). These processes
include managing ‘eco-hydrology’ (defined as ‘the relationships between water - both surface
and ground water, vegetation, wildlife, and landform at local and regional scales) (Mackey et
al, 2001); trophically important species (e.g., Dingos, pollinators) (Soulé et al. 2003);
ecologically appropriate fire regimes (Woinarksi 1999), and understanding temporal and
spatial movements of species (Soulé et al. 2004). Management of these processes needs to
occur across the entire landscape, not just within the minimalist reserve system, to ensure
the conservation of the region’s biodiversity and other environmental values. This is
especially relevant in an era of rapidly changing climate; many ecologists now recognise that
the conventional park system will not ensure the conservation of species as they attempt to
move in order to find more favourable climate conditions (Hughes 2002; Howden et al. 2003).
We propose that managers of the region adopt the approach to land management and land
use that has been developed in sparsely populated and largely natural extensive landscapes
in North America (Soulé and Terborgh 1999), and subsequently adapted for Australian
conditions (Soulé et al. 2004; Mackey et al. 2007). This approach recognizes that
conservation can only ever be successful in Australia when it occurs across all land tenures
and when different stakeholders work together with a common aim of biodiversity
conservation. The central component of this approach is to identify and conserve the key
large-scale, long-term ecological processes and interactions that drive and enhance
‘connectivity’ between ecosystems and species and maintain biodiversity at all scales
(Bennett 1999; Soulé et al. 2004). In this context, connectivity draws attention to large-scale
phenomena and processes that contribute to the maintenance of landscape ecological
function and the diversity of native flora and fauna (Soulé et al. 2004; Mackey et al. 2007).
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CONCLUSION
We have synthesized all the readily available information on the plant and vertebrate
diversity of the Great Western Woodlands bioregion. Our findings highlight the enormous
gaps in our current knowledge of the area. GWW offers a unique opportunity to study a
highly distinctive, and in some places close to pristine, functioning and globally-significant
ecological region. The challenge now and in the coming decades is to maintain the natural
values of the Great Western Woodlands, protect the ecological processes that sustain these
values, and repair any environmental damage that has already occurred.
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CARBON SEQUESTRATION IN
THE ARID AREAS OF WA
John Law
Mining Rehabilitation Services
CARBON SINKS
Carbon sinks are a result of vegetation through photosynthesis capturing CO2 from the
atmosphere and with moisture and minerals from the ground converting this CO2 into carbon
which is stored in the tree. This process is called carbon sequestration. Approximately 50%
of the dry weight of the biomass in a forest is carbon. Through a series of equations and
measurements this dry weight biomass can be estimated and verified hence the amount of
carbon stored in the sink can be quantified. For every 1 ton of carbon sequestered there are
3.66 tons of CO2e removed from the atmosphere. A new forest will sequester carbon for a
number of years before the forest is regarded as carbon neutral i.e. the amount of carbon
sequestered is equivalent to the amount of carbon released through decaying and dying
trees in the forest. In the early stages of the life of the forest carbon sequestration is quite
slow but picks up after about 5 years and depending on the species, can continue to have a
positive sequestration rate for 30-50 years. The sequestered carbon can be in several forms,
stems of trees, branches, leaves, tree roots, soil carbon, understorey shrubs and litter. The
total amount of CO2 used in the life cycle of a growing forest is quite immense, but only about
7% of this is stored as carbon, so there are continual losses back to the atmosphere at all
times through respiration, losses of soil carbon etc. When the losses equal the gains the
forest is said to have reached a carbon neutral stage and is no longer growing i.e. trees have
reached maturity and as old ones die off the replacements take over but only replace the
losses caused by the decaying trees.
CARBON ACCOUNTING
A carbon accounting standard has been developed by Standards Australia. The methods for
measuring the amount of carbon sequestered needs to be sufficiently robust to allow
confidence in the carbon accounting system and adequately counteract the equivalent
carbon emissions released to the atmosphere as greenhouse gases. The Australian
Greenhouse Office has devised a toolbox to assess the amount of carbon sequestered in a
carbon sink. This toolbox is being continually upgraded as new information comes to light
and at this stage is not very useful in arid land accounting processes. The density of the
wood in arid areas in relation to the measurements taken quite often does not reflect the
amount of carbon stored in arid land trees. We need to get more information about our
particular forests before we can accurately predict the total amount of carbon in an arid land
sink. The sink must be a under the control of an accredited abatement certificate provider
who owns or controls the carbon that is to be sequestered. The audit is carried out once the
covenant has been placed and is the start of the first period for recording change in the net
carbon pool for that forest. Pastoralist cannot begin a rehabilitation program on degraded
land and then try to claim the carbon rights as this will not be possible under the act, it needs
to be audited and registered up front before it will be recognised. All the protocols need to be
in place prior to the commencement of credits that will be available to trade. As with most of
Australia’s arid lands they are not held in freehold title but are leased off the crown for
particular purposes e.g. mining and pastoralism
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CARBON RIGHTS ACT
A carbon right can only be created over Crown Land with the consent of every person having
a registered interest in that particular section of land i.e. The Minister for Lands, the lessee in
the case of a pastoral or mining leases. The fact that a covenant will need to be placed over
the proposed tract of land that is to be used as a ‘Carbon Sink’ also brings into play the
Native Title Act. The change to the permitted use of the land may be a future act in which
case native title processes will need to be gone through before the new title can be granted.
The costs of this new lease for carbon sinks has yet to be determined by the State
Government and until such time as this is determined then carbon credits in the arid
environments of WA will not be realised.
VERIFICATION OF CARBON ACCOUNTS
As with all greenhouse mitigation processes, verification of the amounts of carbon
sequestered in the sink will need to be confirmed. Independent assessors will assure that
correct and defensible accounting is undertaken before the carbon sequestered can be used
in emissions trading. Projects will need to be validated to ensure they comply with the
relevant protocols and a 100 year covenant put over the sink to ensure its permanence.
Whilst carbon credits or offsets are of positive value, if for some reason they have been
traded and are then lost through fire or severe droughts they become a liability. The owner
who sold the credits being liable to get the sink back in to production to the same level prior
to the loss before being able to trade further credits . There is also the 70% Rule which
means the abatement certificate provider must ensure there is a 70% probability that the Net
Carbon Change from one accounting period to the next is available for trading. In most cases
all the sequestered carbon will not be traded as most of the assessors will more than likely
leave 30% off the top to ensure they meet the required standards. If for some reason the
forest is harvested then this equates to an emission for the amount of carbon stored in the
harvested portions and needs to be replaced or subsequentially taxed at the CO2erate
ARID LAND BIOSEQUESTRATION A CASE STUDY
In 1997 my company started working with some Japanese scientists who were interested in
determining the potential of arid lands as possible ‘carbon sinks’ to mitigate global warming.
Their reasoning being that arid environments constitute almost 40% of the worlds land mass.
Many deserts had been created by man, and researching reafforestation techniques in these
areas would not only help to mitigate global warming, but bring these areas back into
production. Australia was chosen as the research site for several reasons some of which
included: a stable government, a similar time zone, in situ expertise and large expanses of
arid lands. I was the WA project director for a $10.5mill research project set up by the
Japanese research body, Japan Science and Technology (JST). The research project was
based on Sturt Meadows pastoral station 45 km north of Leonora and covered a wide range
of topics all directed towards carbon sequestration in arid environments. The biomass of the
numerous land systems was measured and sufficient destructive sampling was carried out to
determine the amount of carbon stored on these systems. As is typical of arid environments
the amount of carbon stored varied considerably from a few kilograms per hectare to tons
per hectare. All the systems that stored the higher amounts of carbon were areas that
received more water than just the rainfall, these areas were run-on sites that received
overland flow. Armed with this information a series of planting trials was initiated to ascertain
the amount of carbon that could be sequestered. Using earthworks and the natural lay of the
land, trial areas were constructed to maximise the rainfall and ensure any water running on
to the sites was held there to be made available to the emerging trees. Ground preparation
was such that infiltration was maximised on any given rainfall event an essential ingredient in
arid land reafforestation.

126

All aspects of sequestering carbon was measured and analysed by the students and
Professors from the Universities and research institutions in Japan. During the 10 year
investigation 8 Professors, 5 Associate Professors, 12 Post Doctoral Researchers and 141
University Students worked on the project. 65 of the students acquired their masters degrees
and 9 of them received their doctorates whilst working at Sturt Meadows. The students and
researchers would come out for 3-4 weeks at a time four times during the year. Sturt
Meadows could accommodate up to 16 at any one time.
This project ran for 5 years (1999-2003) and a subsequent research project continued with
the same theme from 2003 and was completed in March 2008. This research carried out at
Sturt Meadows is the only known research in Australia that can validate the potential of
carbon sequestration in our arid environments. The best of the trees planted now exceed 16
metres in height and have sequestered more than 120 kgs of carbon since being planted 10
years ago. This equates to about 8.5 tons CO2e /hectare/annum ( CO2e = carbon dioxide
equivalents) of above ground sequestered carbon. Results have also shown that the root
systems of trees below the ground contain about 1/3 of the total carbon in a tree, which can
be useful when the 70% rule is applied. We are only now beginning to measure a marked
increase in the amount of soil carbon, which has the potential to exceed the above ground
figures. Whilst it took ~ 4years for the project to become carbon neutral, being a research
project many of the carbon offsets would be reduced if moved to a larger scale. The capital
outlay to prepare the ground and plant the trees should be returned in less than10 years if
CO2e are costed at ~$20/ton. The research has shown that there is enormous potential for
arid areas to sequester carbon especially given the large expanses of this type of land
available. Results from the rangeland surveys show that there are some 3 million hectares of
this type of land that is categorised as severely degraded in the southern rangelands of WA.
If we can achieve similar results this degraded land system has the potential to sequester
annually about 40% of Western Australia’s total CO2 emissions. By planting the upper storey
vegetation the middle and lower storey vegetation is now returning by itself on what were
previously severely degraded rangelands, with little or no hope of self regeneration. This may
well be the only saviour for this land system, as current pastoral activities could never
generate or warrant the capital expenditure required to regenerate these sites.
The major stumbling blocks now confronting the Japanese researchers are, very few
interested Australian parties in collaborative research, Australia’s initial refusal to sign the
Kyoto Protocol, meant it was hard to secure funding for an ongoing research project and
finally the West Australian Government’s failure to clarify an exact position on the costs of
leasing the land for the carbon credits or offsets produced. This lack of clarity has stopped
private enterprise funding in Japan for a large scale reafforestation trials.
The success of carbon sequestration in arid areas will rely on optimal use of the limited
natural resources and understanding the carbon sequestration abilities of a wide range of the
natural vegetation growing in these areas. There is considerable scope for more research to
ensure the practices can be successful and sustaining. Ten years is a very short span in the
life of a carbon sink. There has been a wealth of knowledge gained from this project and
some very valuable data has been collected over the years. Unfortunately most of the
intellectual property rights on this research project have gone to Japan because we could not
secure any collaborative research partners in Australia. There have been in excess of 80
papers written on this project, regrettably many of them are in Japanese.
The potential in the world for trading in carbon credits is still an unknown quantity, but is
gaining momentum as the consequences of global warming are being realised. If the
techniques can be determined and refined for the successful establishment and sustainability
of arid agro-forestry projects, the impending benefits for 90% of Australia and throughout the
world would be invaluable. The issues of changing this environment will need to be
addressed, but the consequences of global warming will also lead to drastic changes in our
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environment. Counter measures to mitigate global warming must be put in perspective and
the overall effects determined on a very large scale.
Western Australia has some 95 million hectares of leased pastoral rangelands compared to
16 million hectares of arable cleared farming area. Yet all of our research monies are
confined to the cleared areas. The opportunity to become a world leader in arid agro-forestry
and repair some of our degraded rangelands certainly needs to be addressed by all levels of
government. 600 million trees planted on degraded sites in the southern rangelands can still
sequester very significant amounts of CO2e every year, certainly enough for Western
Australia to meet any global targets likely to be set for 2020.
REFERENCES
Australian Greenhouse Office Tools for Carbon Accounting
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Greenhouse Gas Benchmark Rule (Carbon Sequestration ) No.5 of 2003
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Sturt Meadows Arid Land Carbon Sequestration Research Project
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IN-PIT TAILINGS DEPOSITION; WHAT HAVE WE LEARNED ABOUT
THIS TAILINGS STORAGE OPTION?
J. C. (Chris) Lane
Coffey Mining Pty Ltd, Australia
ABSTRACT
It has been more than 10 years since in-pit tailings storage facilities (IPTSFs) commenced
operations in Western Australia. They currently represent about 11% of the total number of
tailings storage facilities (TSFs) in Western Australia. This paper examines the background
to the regulatory approval and design IPTSFs; some of the economic and environmental
benefits of these facilities; their costs; risk ranking; and the consequences of using this type
of TSF Updated data from the continued monitoring of the K1SE Pit at Marymia tells us
about the performance of this facility.
INTRODUCTION
The concept of using abandoned pits for tailings storage has been around for some time.
Much has been written about conventional paddock and valley tailings storage facilities,
however, little has been written about IPTSFs. This type of TSF is perhaps the most
practical example of a concept that maximises the use of existing resources.
IN-PIT TAILINGS STORAGE FACILITIES
Principle of an IPTSF
From a tailings management perspective an IPTSF is simply the controlled deposition of
tailings into, and recovery of water from, an abandoned mine pit to maximise the density of
the deposited tailings. Water recovery from an IPTSF is therefore essential.
Regulatory Considerations
From a regulatory perspective the key issues which the Department of Industry and
Resources (DoIR) will consider for IPTSFs are:
(i)
Presence of mineralisation in the base of the pit which may be economic.
(The grades and tonnages of mineralised materials would have to be
assessed by the mine to determine at what price any mineralised materials
would be economic.)
(ii)

Presence of a groundwater resource. The impact of the tailings storage needs
to be assessed to determine how the contamination of the groundwater can be
minimised.

(iii)

Stability of pit walls and potential impacts on any adjacent underground mining
operations.

(iv)

Characteristics of the tailings.

(v)

Operational aspects.

(vi)

The need for the final surface of tailings deposition to finish either 5m above
the natural water table or 5m below the natural water table where the volume
of tailings is not sufficient to fill the pit to the ground surface.
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It is my experience that both the DoIR and the Department of Environment (DoE) are keen to
see as many open pits as possible filled either with tailings or mine waste. All work, relevant
to regulatory approval, would be undertaken such that it satisfies the DoIR Guidelines on the
Safe Design and Operating Standards for Tailings Storage. The DoE will be interested in
issues relating to potential for groundwater contamination, hence the need to address the
hydrogeological aspects as part of the study.
Factors Controlling the Design
The operation of an IPTSF can only be considered for mature mining projects where pits are
available for tailings storage and there are no compelling economic reasons which can
preclude or prejudice this type of TSF.
The development or future development of an underground mine adjacent to the proposed
pit is an essential consideration and in-pit tailings storage should not be considered where
there is a possibility of some hydraulic connection between the pit and adjacent underground
workings.
Assuming the development of underground workings in the vicinity of the proposed IPTSF is
unlikely, the next most important factor to be considered is the impact of the tailings on the
local groundwater regime. The potential for contamination of local groundwater is one of the
major considerations for in-pit tailings storage and a number of precautions have to be
considered to reduce the likelihood of such an occurrence before in-pit storage is considered.
Analysis of the local geological and hydrogeological conditions must be conducted to
determine the most likely seepage paths, if any. Monitoring bores must be installed around
the perimeter of the pits and systematic analysis of water quality is commenced prior to
tailings deposition. The monitoring bores are generally designed such that in the event that
monitoring indicates the tailings water is having a detrimental effect on the groundwater, the
monitoring bores can be used for water recovery, with submersible pumps installed within
each bore.
Another factor to be considered is the location of the plant in relation to the pit.
Design Concept
Given that water recovery from the IPTSF is essential, the major design factor to be
considered is whether installation of an underdrainage system, in addition to a pontoon
mounted pump to recover supernatant, is warranted to maximise water recovery and hence
maximise the density of the tailings deposited within the pit. Tailings testwork is vital to
understand the settling characteristics of the tailings and both drained and undrained settling
tests should be undertaken. These tests also provide information on the viability of the
underdrainage system.
Potentially, very high water return of supernatant water from the IPTSF via a pontoon
mounted pump is possible, pumping and piping systems should be sized for return of 100%
of the water entrained in the tailings slurry at the point of discharge.
Large scale consolidation tests provide the parameters for engineering assessment of the
final settlement of the tailings surface post operation and the timing of that settlement.
Continuous removal of excess water from the tailings slurry promotes rapid consolidation of
the tailings. Experience indicates that upon completion of tailings deposition, the usual time
required to allow the tailings to dry before rehabilitation, is six to eighteen months depending
on the salinity of the tailings and the geographic location of the site.
Other aspects to be considered in the design process are the topographic shape of the pit
and the layout of the surface of the pit at the pit rim.
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Underdrainage Systems
The choice of whether to use an underdrainage system or not use an underdrainage system
comes down to a number of considerations, as follows:
(i)

The final insitu dry density you want to achieve. IPTSFs with underdrainages
systems fitted have historically given marginally higher final insitu dry densities
than those not fitted with underdrainage systems.

(ii)

The need to maximise water recovery.

(iii)

Benefits associated with higher water recovery such as reduction of reagent
consumption and, in the case of gold mining operations, potential for recovery
of additional gold.

(iv)

Potential for reduction of contamination.

There is an assumption by some that the primary purpose of installing underdrainage is to
reduce post closure settlement. This assumption is then backed by computer modeling to
demonstrate that there are no consolidation benefits associated with the installation of the
underdrainage. The modeling is correct. However, the initial assumption that the primary
purpose of installing underdrainage is to reduce post closure settlement is flawed, and
misses all the other reasons that you would consider the installation of an underdrainage
system.
However the important issue about the pits which have had underdrainages installed are
these:
(i)

They have generally tended to achieve much higher water return (in the order
of up to 10% to 15%) over the life of the pit than those without underdrainage.

(ii)

They have tended to achieve higher insitu dry densities than those pits without
underdrainage. Typically the density is 10% to 25% higher.

The consequences of underdrainage installation are:
(i)

A greater quantity of tailings can be stored.

(ii)

Capital costs, including underdrainage costs, are lower per tonne of tailings
stored.

(iii)

Increased reagent recovery, which means a reduction in demand for external
resources.

(iv)

Reduced cost of borefield operation with attendant savings in borefield
maintenance and operating costs, which means a reduction in demand for
external resources, primarily fuel.

(v)

Greater potential for recovery of residual gold from the tailings provided the
tailings are not derived from refractory ores. This is significant given the
current gold price (>US$900.00 per oz Jan 2009).

I disagree with the assertion that underdrainage provides a benefit of <1%, particularly given
a 25% increase in the final insitu dry density compared to the predicted design dry density
and increased water recoveries in the range of 10% to 15% over the life of the facility, not to
mention the reduced seepage to the environment. A 25% increase in tailings storage life on
most sites would pay for the installation of underdrainage, not even taking into account the
increased water recovery, reductions in reagent consumption, borefield operating costs and
of course increased gold recovery.
However, a word of caution, it may not be practical or safe to install an underdrainage
system in all proposed IPTSFs and where discontinuities such as shear zones are present

131

within the structure of the pit walls dewatering of tailings can be practical with bores installed
within these features.
Where have IPTSFs been used?
IPTSFs have been successfully implemented at various sites including those listed in Table
2.6.
Table 2.6

In-pit Tailings Storage Facilities
Project

Fisher Pit
Redeemer Pit
Bunyip Pit
Perch Pit
Perch North Pit
Perch West Pit
Callop Pit
Catfish Pit
Dogfish Pit
Federal Pit
Criterion Pit
HP Pit
Carolyn Pit
Lawlers East Pit
Great Eastern Pit
Manly North Pit
Scarborough Pit
Venture Pit
Gwendolyn Pit
Manly South Pit
Black Lady Sands Pit
LBE Pit
K1 Pit
K1SE Pit
Back of Beyond Pit
Laterite Pit
Pit 1
Yuletide Pit
Golden Hope North Pit
Bellevue Pit
Mt Goddard Pit
Twin Shafts Pit
NoA 4 Pit
NoA 6 Pit
Moonlight Pit
Pit 1 Mesa J
Argos Pit
IMA Pit
Pegasus Pit

Location

Company

Jundee
Agnew Mine
Cawse
Meekatharra
Meekatharra
Meekatharra
Meekatharra
Meekatharra
Meekatharra
Bulong
Bulong
Lawlers
Lawlers
Lawlers
Lawlers
Mt Pleasant
Mt Pleasant
Norseman
Diemals
Mt Pleasant
Mt Pleasant
Mt Pleasant
Marymia
Marymia
Mt Morgans, Laverton
Mt Gibson, Wubin
Bardoc, Ora Banda
Mt Magnet
Jubilee Mine
Jubilee Mine
Jubilee Mine
Sandstone
Burnakura
Burnakura
Wiluna
Pannawonica
Cawse
Yandi
Cawse

Newmont
Goldfields – Australia
OMG Cawse Nickel Operations
Barrick – Plutonic Gold Mine
Barrick – Plutonic Gold Mine
Barrick – Plutonic Gold Mine
Barrick – Plutonic Gold Mine
Barrick – Plutonic Gold Mine
Barrick – Plutonic Gold Mine
Bulong Nickel
Bulong Nickel
Barrick – Lawlers Gold Mine
Barrick – Lawlers Gold Mine
Barrick – Lawlers Gold Mine
Barrick – Lawlers Gold Mine
Mt Pleasant Gold Operations
Mt Pleasant Gold Operations
Norseman Mining
Herbert Mining
Mt Pleasant Gold Operations
Mt Pleasant Gold Operations
Mt Pleasant Gold Operations
Resolute Resources
Resolute Resources
Mt Morgans Gold Operations
Mt Gibson Gold
Bardoc Gold Mine
Mt Magnet Gold NL
Harmony South Kal Mines
Harmony South Kal Mines
Harmony South Kal Mines
Troy Resources
Tectonic Resources NL
Tectonic Resources NL
Agincourt
ROBE
OMG Cawse Nickel Operations
Pilbara Iron
OMG Cawse Nickel Operations
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In each case the IPTSF concept was chosen as the mine owners recognised the economic and
environmental advantages that this method of tailings storage offered over other alternatives.
A detailed case history of the K1 and K1SE Pits at Marymia is presented in the paper by Lane
(2003).

What benefits do IPTSFs have?
Environmental Benefits
Storage of tailings in abandoned pits has significant environmental advantages which not
only benefit the environment at each mine site, but may also have an impact outside the
immediate vicinity of the site. The direct benefits to the area immediately around the mine
include:
(i)

Storage of hazardous waste, asbestiform materials, as in the case of Marymia.

(ii)

Reduction in areas of natural vegetation to be cleared to provide alternative
tailings storage facilities.

(iii)

No aesthetic impact, which is normally associated with above ground tailings
storage facilities.

(iv)

Backfilling of pits which would otherwise collapse with time.

The direct benefits to areas beyond the mine include:
(i)

Reduction in reagent consumption, which reduces the external resource
requirements of the project.

(ii)

Significant reduction in water resource requirements. Evaporation is greatly
dependent upon exposure to sunlight, temperatures and wind movement
across the surface of the tailings, all of which are decreased in a below
ground, sheltered facility.
Sanders (1973) indicates that groundwater
recharge to calcrete aquifers, typical of the groundwater sources in the
Marymia area, represents 5.2% of the rainfall over the whole catchment. In
areas where water is extracted from paleochannels, ground water recharge is
typically as low as 0.1mm/yr over the catchment [Turner, Townley, Rosen and
Milligan (1994)]. The benefit to the environment of reducing the demand on
local water resources cannot be overstated.

(iii)

Significant reduction in greenhouse gas production from burning diesel fuel to
operate the borefield pumping system and transport reagents to site.

Economic Benefits
Storage of tailings in abandoned pits has significant economic advantages which benefit
each mine site. The direct economic benefits to the mine include:
(i)

Reduction in capital costs for development of new a tailings storage facility
(TSF) compared with alternatives forms of TSF.

(ii)

Reduction in operating costs, pumping, piping and labour.

(iii)

In the case of gold operations, increased gold recovery, except for refractory
ores.

(iv)

Increased recovery of reagents, reducing demand for external requirements.

(v)

Increased water recovery, reducing the operating and maintenance costs for
borefields.

(vi)

Reduction in rehabilitation costs when compared to alternative TSF options.
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Intangible benefits
Low risk for stakeholders, including regulators, project insurers and investors, providing a
high level of comfort when assessing ‘risk’ associated with tailings storage facilities.
What do IPTSFs cost?
The capital cost for the construction of an IPTSF will vary with the size of the pit (which
determines the life of the IPTSF); distance from the process plant; the nature of the
topography at the project site, which will determine whether the tailings are being pumped up
or down hill since this impacts on the pumping capability, size and pressure rating of the
tailings and return water pipelines; and the availability of existing infrastructure which can be
utilised such as powerlines, water lines etc. The range of capital costs, in terms of tonnes of
tailings stored, for IPTSFs is from <$0.01 up to $0.75 per tonne of tailings stored. Typically
IPTSF capital costs are at the lower end of the cost curve in capital cost terms per tonne of
tailings stored.
Similarly the operating costs for IPTSFs vary as a function of the gradient to the storage
facility from the plant. Operating costs vary, but are typically less than for other TSF options.
RANKING OF TSF OPTIONS
During the assessment of most mining projects the evaluation of whole of life costs, capital
and operating costs, together with the short and long term environmental impacts, for all
stakeholders, are considered to determine what is ‘best for project’.
The selection of TSF options and possibly mine waste dumps, as appropriate to the project,
are considered in the project evaluation process. The assessment of whether to use an
integrated waste landform (IWL) or whether to implement other alternatives needs to be part
of this ‘best for project’ assessment process.
A simple ranking of options is provided in Table 3 to allow a comparison of the most
commonly considered TSFs for most mining projects. It should be noted when viewing this
table that the following assumptions have been made:
(i)

In considering the economic ranking, the whole of life capital, operating and
rehabilitation costs have been considered, including savings such as reduced
water consumption which can be derived from using thickening of tailings. (It
should be noted that the whole of life capital and operating costs were derived
from a large scale mining project, > 1.0 million tonne per annum )

(ii)

All TSFs are designed with adequate factors of safety (FOS) in respect of
embankment stability during operation and post closure.
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Table 3 Ranking of TSF Options
TSF Option

Economic

Risk

Ranking*

Ranking+

IPTSF.

1

1

Integrated Waste Landform
(IWL).

2

1

Paddock (upstream raising
using tailings).

2

3

Paddock (upstream raising
using mine waste).

2

2

2 to 3

2 to 3

3

2

3

1

Valley storage.

Paddock centreline or
downstream raising using mine
waste.
Central Thickened Discharge
(CTD) and paste tailings to
surface storage.

Comment
Requires pits to be available for tailings storage. This option is generally not available
to start up projects. Progressive rehabilitation is not possible. Post closure erosion
risk is negligible.
Progressive rehabilitation is possible. Some post closure erosion potential but this is
limited where the composition of the downstream cover design is carefully considered
at the time of construction and maintenance or design changes are implemented
during operation to reduce the risk of erosion. Post closure erosion risks could be
negligible.
Progressive rehabilitation of outer embankment is possible. Post closure erosion has
a high risk of uncontrolled release of tailings unless the cover design is adequate to
reduce the risk of erosion.
Progressive rehabilitation of outer embankment is possible. Some post closure
erosion potential but this is limited where the composition of the downstream cover
design is carefully considered at the time of construction and maintenance, or design
changes are implemented during operation to reduce the risk of erosion. Post closure
erosion risks could be low.
Progressive rehabilitation of outer embankment is possible. Depending on the size
and location of the valley TSF, the risk ranking will generally remain in the medium to
high category, depending on the consequences of embankment failure. This type of
facility may require ongoing management post closure, to maintain the operation of
spillways etc.
Progressive rehabilitation is not possible. There is potential for post closure erosion
potential, unless the composition of the downstream cover design is carefully
considered at the time of construction and is adequate to reduce the risk of erosion.
Progressive rehabilitation of outer embankment is possible. CTD has the attraction of
low overall height in terms of stability but the tailings occupy a large area which can
give rise to water management problems during operation. Variations in slurry density
from the design can be a major operational problem. On large projects the costs of
rehabilitation are as much as 33% of the whole of life costs. Post closure erosion
risks are low.

Notes
*Economic Ranking
1 = low whole of life cost, 2 = medium whole of life cost, 3 = high whole of life cost.
+Risk Ranking 1 = low risk both during operation and post operation, 2 = medium risk both during operation and post operation.
3 = high risk both during operation and post operation.
GEMG Workshop on Environmental Management May 2008
Chris Lane
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MARYMIA CASE HISTORY
If we look at the K1SE Pit at the Marymia site (now owned by Barrick Gold of Australia) we
can see from the monitoring data, which spans more than 10 years, that the impact on the
environment is negligible.
Standing groundwater levels in the monitoring bores are declining and can reasonably be
expected to return to the original, pre-tailings deposition levels over the next 5 to 10 years.
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Figure 1 – Standing groundwater levels December 1995 to January 2008.
pH values (Figure 2) have fluctuated over the period of monitoring but remain within the
regulatory licence limits. There is no expectation that this is likely to change.
Total dissolved solids (TDS) (Figure 3) show a trend which, with the exception of K1SE2,
indicates an increase in TDS over the period of monitoring. The rate of increase in some
bores (K1SE1) is less than the rate of increase in other bores (K1SE8). Overall the TDS is
less than 5,000 mg/L. TDS can reasonably be expected to increase until the standing
ground water levels reach equilibrium, i.e. at or near the premining groundwater levels and
the groundwater flow mixes and dilutes the TDS.
Weak Acid Dissociable Cyanide (WADCN) (Figure 4) have fluctuated over the period of
monitoring but remain within the regulatory licence limits. There is no expectation that this is
likely to change and the more recent trend of declining values can reasonably be expected to
continue as the standing ground water levels decline and reach an equilibrium, ie at or near
the premining groundwater levels, and the groundwater flow mixes and dilutes the WADCN.
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Figure 2 – pH values December 1995 to October 2007
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Figure 3 – TDS values December 1995 to October 2007
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CONCLUSION
In conclusion the messages for selection of TSF options are:
(i)

When thinking about future tailings storage strategies, consider all the options
available and very carefully assess the advantages and disadvantages of
each. If you have a mature mine site inpit tailings storage must be an option
to be considered.

(ii)

Look at all the resources available. Abandoned open pits are a liability, but
can be a potential resource.

(iii)

Think about the short, medium and long term to see whether decisions made
now will prejudice future options.

(iv)

Not all ore reserves can be economically extracted. Cash flows from some
reserves may in fact be negative. When the mine planners and mining
engineers say “that pit can’t be touched” ask why not?

(v)

Use an NPV with realistic costs and definitely include all costs.

IPTSFs, where properly implemented and managed, have been demonstrated as being a
successful low cost, low risk and environmentally acceptable form of tailings storage facility.
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TECHNOLOGIES FOR THE MEASUREMENT AND
MITIGATION OF EVAPORATION AND
SEEPAGE LOSSES FROM WATER STORAGES
Evan Howard
Landloch Pty Ltd
PO Box 57, HARLAXTON, QLD, 4350
ABSTRACT
Water storages often form part of a minesite’s water infrastructure. They may be used to
capture and store raw water supplies, store and treat process water ready for reuse, or to
balance the requirements of a site’s processes with the supply from groundwater
infrastructure.
Water is lost from storages through evaporation and seepage. Losses are often estimated
and methods used are generally intrusive or use surrogate measures, resulting in potentially
significant errors in their estimation. Reduction of water storage losses will decrease water
supply requirements, increase the security of water supply, and reduce the risks and costs
associated with water scarcity.
Seepage and evaporation losses from four water storages on Northparkes Mine in New
South Wales were quantified using highly accurate water level sensing technology. Losses
were investigated as part of a Rio Tinto funded project aimed at evaluating the effectiveness
of their recently developed floating module cover for reducing evaporation losses.
Measured seepage losses varied between storages built from the same material, due to
differences in construction quality. Seepage rates ranged from 0.8 mm/day to 10 mm/day.
Evaporation from the storages was different to that measured using either the pan
evaporation method or estimating it using standard evapotranspiration equations.
Deployment of Rio Tinto’s floating modules reduced evaporation losses by 81 %.
This paper describes briefly the technology used to measure seepage and evaporation
losses. It discusses seepage and evaporation losses from four water storages at
Northparkes Mine and the water savings realised when floating modules were used to
mitigate evaporation.
INTRODUCTION
Water storages often form part of a minesite’s water infrastructure. They may be used to
capture and store raw water supplies, store and treat process water ready for reuse, or to
balance the requirements of a site’s processes with the supply from groundwater
infrastructure.
Losses from water storages can be considerable.

WATER BALANCE OF AN OPEN WATER STORAGE
Movement of water into and out of a water storage is described using a water balance.
Figure 1 shows a typical water balance for a water storage open to the atmosphere.
Components of the water balance include:
•
•
•
•
•
•

Rainfall;
Runoff;
Inflows from pumping;
Outflows from pumping or via a spillway;
Evaporation; and
Seepage.

Runoff

Rainfall

Inflows

Outflows

Evaporation

Seepage

Figure 1: Water balance of a water storage open to the atmosphere. Dashed arrows indicate losses
and solid arrows indicate gains in water.
Losses from water storages can amount to significant volumes of water. Reduction in losses
can increase the certainty of supply, and can enable sites to operate with more certainty.
Measurement of seepage loss
Unless storages are lined (and even then it sometimes occurs), seepage will always occur.
The magnitude of seepage loss can vary greatly and depends to a large extent on:
•
•
•

Soil properties,
Construction methods, and
The depth and size of storage.

Other factors do contribute to seepage losses.

Seepage losses can be estimated using measurements of soil hydraulic conductivity taken
from disturbed or undisturbed samples; however these techniques are generally expensive
and intrusive. Accuracy of these techniques (particularly using disturbed samples) is often
questionable (Pepper, 1976). Seepage can also be estimated using the particle size
distribution of the materials used in construction. This assumes a relationship between
particle size and hydraulic conductivity. However, this neglects other factors pertinent to
seepage, including possible impacts from clay dispersion and other cementation or
aggregation processes.
Reported seepage values vary widely, with large variations observed in materials of similar
particle size distributions. Raine (1999) cites seepage data from various studies of Australian
irrigation channels (Table 1).
Table 1: Seepage rates measured in irrigation channels across Australia (adapted from Raine, 1999).

Increasing
clay content

Soil Type
Fine sand
Sand
Fine sandy loam
Loam
Clay loam
Clay

Seepage Rate (mm/day)
Min
Max
6
9
9
11
4
9
3
5
1
3
1
23

Pepper (1976) reports seepage rates from 10 storages near Badgingarra (200km north of
Perth) all constructed from lateritic soils ranging from 0 – 6.3 mm/day. Clearly, no correlation
exists between a material’s particle size distribution and estimated seepage.
Estimating seepage using soil texture is highly likely to yield erroneous results. Estimation of
seepage using techniques that physically measure changes in water storage levels will be
more accurate. Physical measurement of water loss from a storage takes into consideration
the soil properties, the quality of construction, and the physical attributes (storage size,
position in relation to prevailing winds, other climate factors) of the storage.
Measurement of evaporation loss
Evaporation from open water storages has rarely been accurately measured due to the
difficulty of measuring the movement of water molecules between the surface of the water
and the atmosphere (Watts, 2005). As a result, surrogate (indirect) measures have been
developed to estimate evaporation. Two methods are commonly used today, evaporimeters
(evaporation pans) and evaporation (or more accurately evapotranspiration) equations.
The most common evaporimeter (US Class A) is a metal pan 1.22 m in diameter, 0.25 m
deep, and set on a wooden platform with the base of the pan 0.15 m above the ground.
Evaporimeters are usually (but not always) covered with a wire mesh to exclude birds and
other animals.
Actual evaporation from the surface of a water storage is different to that measured from an
evaporimeter, due predominantly to the following:
•
•

Heating of the metal pan accelerates evaporation and typically overestimates
storage evaporation.
The thermal mass of a pan is different to that of a water storage, hence a storage
can store more heat and reacts more slowly to changes in temperature.

•
•
•

Conditions are different at the air/water interface resulting in different evaporation
rates.
Wave action is much greater on large storages, increasing the effective surface area
subject to evaporation.
Wind movements are different. Moisture laden air must be moved from the air/water
interface for evaporation to continue. If it isn’t, evaporation can, in theory, stop.

To account for the difference in evaporation from evaporimeters and larger water storages,
pan evaporation is often adjusted using a pan coefficient. These coefficients are empirically
based and are often derived from limited data. Horton and Jobling (1984) suggest that pan
evaporation should be adjusted by a factor of 0.8 to estimate evaporation from an open body
of water. Weeks (1983) suggests coefficients ranging from 0.75 – 0.85 based on evaporation
from lakes in Queensland. Allen et al. (1998) state that pan coefficients are variable and
change with changing pan siting, climate conditions, and maintenance. They list coefficients
varying from 0.40 to 0.85. Watts (2005) lists coefficients varying from 0.4 – 1.2 and suggests
that they vary with season and locality. For areas in the goldfields of Western Australia, Luke
et al. (2003) lists coefficients ranging from 0.64 – 0.71.
Further uncertainty in the accuracy of evaporimeter data is caused by differences in
installation methods. Watts (2005) reports a 7 % reduction in measured pan evaporation
when wire mesh for exclusion of animals was installed. This detail is rarely (if ever) reported
with evaporimeter data. Because of the potential variability in the accuracy of evaporimeter
data, and the often simplistic nature of the derivation of pan coefficients, it is likely that
evaporimeters will give erroneous estimates of evaporation and should be used with caution
when attempting to account for evaporation losses from a storage within a water balance.
More recently, greater reliance is being placed on calculations of evaporation for assessment
of losses, particularly for sites with ready access to a weather station. Many weather stations
report reference evapotranspiration (ETo) as an output, however ETo is different to storage
evaporation. ETo is not a measure of evaporation solely, rather a measure of the combination
of evaporation and transpiration from a reference crop. The reference crop is very similar to a
large expanse of actively growing, well watered grass that completely shades the soil surface
(Allen et al., 1998).
Estimation of ETo of a crop other than the reference crop, requires the adjustment of ETo by
a “crop factor”. For the case of a water storage, evaporation can be estimated from ETo using
a “storage factor” that relates ETo to the actual storage evaporation loss. This assumes a
relationship between the climate in which a storage is located (and hence between
calculated ETo) and the actual storage evaporation. This relationship is more rigorous than
the relationship between pan evaporation and actual evaporation. Kashyap and Panda
(2001), in their study investigating various ETo equations, showed that the Penman-Monteith
equation for calculating ETo was the most accurate equation and was within 1.36 % of their
measured values of evaporation. Use of ETo as a measure for storage evaporation without
applying a storage factor, however, can lead to considerable errors. Storage factors differ
from storage to storage.

WATER LEVEL SENSING TECHNOLOGY
Highly accurate water level sensing technology was developed as part of a study
investigating evaporation mitigation technologies deployed on earth dams (Craig et al, 2005)
in Queensland. The technology consists of:
•
•
•
•
•
•

A pressure sensitive transducer (PST) deployed in the water;
A vented cable connecting the PST to the atmosphere;
A high resolution logger to record water level data at a set interval;
A solar panel to power the internal battery;
Cables to transfer the data; and
Water temperature sensors to enable temperature calibration.

Accompanying the water level sensing technology were climate sensors that enable logging
of the following:
• Wind speed;
• Relative humidity;
• Solar radiation;
• Air temperature and
• Rainfall.
Figure 2 shows a typical sensor installation. Sensors can also be deployed from the bank of
the storage, as was the case for the Northparkes Mine trial site. Installation does not require
emptying of the storage. The PST measures a gauge pressure via a vented cable that is
open to the atmosphere. The sensors used are highly accurate, with a maximum reading
error of ± 0.04 %. The vented cable also contains a data cable to convey the signal from the
sensor to the logger located on the bank of the storage or the pontoon. The logger is
powered by a 12 V rechargeable battery connected to a solar panel.

Figure 2: Typical installation of water depth sensors
The PST is positioned on a rope between a marine float and sinker, holding the sensor
vertically in the water. A water temperature sensor is also attached to the rope and
positioned near the PST. These data are used to correct the PST data for changes in water
temperature. For the Northparkes site, data were recorded every 15 minutes. These include
water level and climate data.

The recorded data are processed using linear regression techniques. Periods when rainfall,
surface runoff, or pumping occurred are not processed. Also, periods of high winds are also
not used. The change in water height can, therefore, be entirely attributed to either seepage
or evaporation.
SEEPAGE AND EVAPORATION FROM TRIAL STORAGES
Water level and climate data were recorded for four storages located at Northparkes Mine,
located approximately 300 km inland of Sydney, New South Wales. All four storages were
constructed with a 350 mm thick layer of expansive clay and were compacted to 98.5 %
maximum dry density. Variations in construction resulted in variations in seepage rates.
Data were recorded on two of the storages for approximately 90 days. These two storages
were 140 m long and 90 m wide. The storages were positioned adjacent to each other and
were separated by an area of undisturbed soil approximately 100 m wide. These storages
are referred to as “Original 1” and “Original 2” in this paper. Data were also recorded on two
other storages for approximately 340 days. These storages were 90 m long and 70 m wide
and were positioned side by side, separated by an earthen wall approximately 10 m wide.
One of these storages was covered with Rio Tinto’s floating modules for the entire
measurement period. The storage covered in modules is referred to as the “covered storage”
in this paper, while the uncovered storage is referred to as the “control storage”. Table 2 lists
the results of the regression analysis.
Table 2: Results of the data processing for all four storages
Parameter
Storage factor, Ks
Seepage
Coefficient of determination, R
Significance, P

Storage
Original 1

Original 2

Covered

Control

0.8
0.8
0.785
< 0.01

0.01
10.0
<0.05
NS

0.2
1.5
0.887
< 0.001

1.0
4.2
0.902
< 0.001

Seepage losses
Seepage rates varied from storage to storage and ranged from 0.8 mm/day to approximately
10.0 mm/day. Seepage from a corner of the bank of Original 2 manifested in more vigorous
grass growth in an area abutting the storage. This storage was drained, with the clay used
for other site purposes.
The materials located on the site used to construct the storages are capable of creating a
storage with very low seepage. Pepper (1957) classifies seepage rates greater than 1.7
mm/day as leaking. Variation in seepage losses is due to differences in the quality of
construction.
Evaporation losses
The storage factor varied between storages. Original 1 and Control storage had storage
factors of 0.8 and 1.0 respectively, and hence ETo as a measure of actual evaporation was
either accurate (for Control) or 20 % in error (for Original 1). If pan evaporation was used, the
error in estimation would be 50 %. Errors of this magnitude are significant, particularly if
storages are large or if storages are situated in high evaporation areas. Original 2 data
showed no correlation between the change in water height and ETo due to the high seepage
rates recorded. The change in water height recorded was, to a large extent, due to seepage
rather than evaporation. The Covered storage had a much lower storage factor due to the
deployment of the floating modules and the resultant reduction in evaporation.

EVAPORATION REDUCTION USING FLOATING MODULES
Floating modules were deployed on one of the storages at Northparkes and water level was
recorded on this storage and on an adjacent storage of the same size (Figure 3). The design
of the modules is described by Takos et al (2006). Briefly, they are 1.15 m in diameter and
are made from polypropylene. They are designed to pack together and cover 80 - 90 % of
the surface area. The floating modules have been designed to be partially submerged,
increasing their stability in high winds and minimising the risk of modules lifting from the
water surface.

Figure 3: Trial storages at Northparkes Mine, showing one storage covered and the other uncovered.
Figure 4 shows cumulative evaporation losses from both the control and covered storages.
Periods prior to and after the trial period are included in Figure 4, when both storages were
uncovered.
During the trial period the covered storage lost 205 mm in evaporation and the control
storage lost 1,056 mm, resulting in a saving of 851 mm or an 81 % reduction in evaporation
loss. On a daily basis, this equates to an average evaporation reduction of approximately 2.5
mm/day. A reduction in evaporation of 851 mm is equal to 8.5 ML for every hectare of water
in storages with surfaces in contact with the atmosphere.
Water saved through reduction in evaporation loss can be used to increase the certainty of
water supply, particularly in areas where water is derived from highly variable water sources
such as river or dam allocations. The same could be said for reduction in seepage losses
and remediation works to reduce these losses may result in significant water savings.
Savings due to reductions in losses are cumulative and can be used in subsequent years to
mitigate water shortfalls if storages are large enough.

Cumulative Evaporation Loss (mm)
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Figure 4: Evaporation losses from the control and covered storages..
Rio Tinto’s floating modules compared favourably with other evaporation mitigation products
available. Table 3 lists reductions in evaporation losses for a range of mitigation products
(adapted from Craig et al., 1999).
Table 3: Performance of evaporation mitigation products
Product
Chemical monolayer
Solid floating cover
Suspended cover
Rio Tinto’s floating modules

Average Evaporation Reduction
(% of total evaporation)
0 - 19
85 - 95
68
81

CONCLUSION
Losses from water storages can be significant, particularly in areas of high evaporation or
areas with relatively permeable soils. Current methods for estimating water storage losses
can lead to significant errors that decrease the accuracy of the water balance. Technologies
exist to more accurately determine seepage losses and develop relationships between actual
water storage evaporation and that estimated using surrogate methods.
Seepage for four storages on Northparkes Mine ranged from 0.8 mm/day to 10 mm/day,
even though they were constructed from the same materials and with the same construction
specifications. Inadequate compaction of the wall of one storage led to excessive seepage.
For the Northparkes site, estimates of actual storage evaporation can be as much as 20 % in
error if standard ETo equations are used. This error can be as much as 50 % if pan
evaporation is used. Each storage evaporates differently, and these errors will be different in
different regions and for different storages.

Seepage and evaporation losses can be similar in magnitude, and seepage can exceed
evaporation in certain circumstances. Deployment of Rio Tinto’s floating modules cover on a
storage at Northparkes Mine reduced evaporation by 81 %. This compared well with other
evaporation mitigation products.
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INTRODUCTION
Wildlife mortality on gold mine cyanide-bearing tailing storage facilities (TSFs) is a
contentious matter (Minerals Council of Australia 1996; Sinclair, McMullen Peters 1997) that
has been evident since the onset of cyanide tailing disposal systems using TSFs (Donato
1997; Donato 1999a). Loss of wildlife, in particular birds, as a result of interaction with TSFs
can result in significant adverse public relations (Chatterjee 1999; Clark 1991), loss of
corporate environmental integrity, non-compliance with regulatory conditions, significant
impact of mitigation costs, regulatory compliance costs and loss of future resource
exploitation opportunity (Sinclair, McMullen Peters 1997). It is considered by the author that
this issue has not historically been adequately monitored by all proponents in the gold
industry, and that this has led to an underestimation of wildlife deaths. Composition of at-risk
species (including threatened and protected species) is inconsistently monitored (Donato
1999a). This may have given the perception that no risk exists or the impact comes and
goes. There are now recognised requirements for deliberate wildlife observations on
cyanide-bearing mine tailings and there is a need to have established protocols for
associated analysis of monitoring data.
The issues of wildlife deaths will continue to exist if monitoring procedures do not improve
and the interaction between wildlife, cyanide toxicity and TSF features that attract wildlife is
not closely examined. A greater understanding of these issues will enable mining companies
to adopt a proactive approach to significantly reduce, or preferably eliminate, these
environmental risks.
Incidents of wildlife deaths resulting from exposure to cyanide-related mining wastewater
have attracted concern from the public (Anonymous 2001; Baksh 1996; Chatterjee 1999;
Clark 1991; Cordos, Rautiu, Roman et al. 2003) and from mining regulators (Anonymous
2000; Brooks and McGlynn 1987). Corresponding legislation has tightened to improve levels
of environmental protection (Environment Australia 2003).
TSFs are environmental control structures that are standard practice in the Australian
minerals industry (Earls, Jones D. R. James 1995; Environment Australia 2003; Minerals
Council of Australia 1996; Mudder and Botz 2004; Northern Territory Bird Study Group
1998), and their primary purpose is to provide safe and permanent storage of mining
residues (Minerals Council of Australia 1996). The size and shape of the impoundment is
determined by the requirement to retain the solid fraction of the tailing, not to manage
cyanide in solution (Botz, Devuyst, Mudder et al. 1995; Environment Australia 2003; Ou and
Zaidi 1995) or wildlife (Donato 1999b).

Consensus suggests (Environment Australia 2003; Minerals Council of Australia 1996) that
cyanide will generally not kill wildlife at a concentration of less than 50 mg/L WAD cyanide,
although this is regarded as an interim benchmark (Environment Australia 2003). Fieldwork
has not determined nor implied a specific cyanide concentration (Henny, Hallock Hill 1994),
although this is thought to be the case (Hagelstein 1997). No deaths were recorded by two
mining operations that consistently discharged below this threshold over a two-year period
(Donato 1999a; Donato 2003).
There is no evidence that birds are dying all the time or in large numbers, with a per annum
estimation of 1000 deaths for the 200 operational tailing dams in Australia (Minerals Council
of Australia 1996). Some unpublished data exists at most gold mines but it is usually not
publicly available. Reports of wildlife deaths are often unconfirmed (Donato 1999a; Resource
Assessment Commission 1991), underestimated, poorly measured (Donato 1999a) and
exceed previous estimates by the Minerals Council of Australia (Minerals Council of Australia
1996).
Heap leach facilities by nature operate at concentrations deemed toxic to wildlife and
consequent management is centred on denying wildlife access or eliminating open water
bodies with such solutions.
A significant knowledge gap exists in understanding, monitoring and managing the risks of
wildlife exposure to cyanide-bearing tailing, and improving this knowledge will assist
operations to gain Code compliance (Donato and Griffiths 2005; Donato, Noller, Moore et al.
2004). Gold mining cyanide-bearing solutions can pose a risk, cause significant wildlife
deaths and adverse public relations and result in non-compliance with regulatory conditions.
The International Cyanide Management Code for the Manufacture, Transport and Use of
Cyanide in the Production of Gold (the Code) was developed as a voluntary code to
encourage industry-wide improvements in managing cyanide responsibly. The Code requires
design and implementation of robust monitoring programs and management for compliance
under the following standards of practice: 4.1, 4.4 and 4.9.
Tailings systems are difficult to monitor accurately for assessing risk to wildlife and meeting
Code compliance. A robust monitoring regime can be complicated as each processing and
tailing system is different. The following systems are commonly used in Australia: carbon in
leach (CIL); carbon in pulp (CIP); heap leach process ponds; and tailing waste disposal
systems; peripheral discharge, central discharge and in-pit disposal.
Some terrestrial wildlife can be denied access by fencing tailing storage facilities (TSFs),
therefore limiting wildlife interaction with cyanide-bearing tailing and solutions to mainly birds
and bats.
While wildlife monitoring programs for processing and TSFs contain similar core attributes, it
is necessary to adapt monitoring to take into account the site-specific features of each
system. These core attributes are discussed in this paper, with reference made to cyanide
concentration and associated methodologies. The issue is considerably complicated if tailing
solutions are hypersaline (i.e. greater than 35 000 TDS).
Essentially cyanides are required to be measured to gain an understanding of the
concentrations to which wildlife may be exposed. This usually equates to measuring the
cyanide concentration of solutions entering and leaving a tailing system.

To assess the risk to wildlife presented by tailing and heap leach systems it is necessary to
monitor both the hazard (cyanide concentrations) and the exposure (live wildlife species,
presence and interaction). These tasks need not be arduous and a system of simple frequent
monitoring has been developed and implemented for Code compliance. Wildlife monitoring
procedures require to at least record observer effort, live wildlife presence, habit at and
behaviour in a tailing system, as well as deaths and carcasses.
A greater understanding of wildlife cyanide toxicosis associated with this monitoring
approach will enable mining companies to adopt a proactive approach to significantly reduce,
or preferably eliminate the impact on wildlife and assist in gaining Code compliance.
ESTABLISH A MONITORING REGIME FOR TAILING STORAGE FACILITIES
Prior to developing a wildlife monitoring regime, the at-risk species need to be determined.
At-risk species may be described as any species of wildlife that is likely to interact with a
habitat containing cyanide solutions. Essentially, this includes any wildlife that naturally
interact with open water or beach-type habitats. A summary of the guilds of species and their
behaviour at tailing systems is provided (Smith and Donato 2007). Site-specific guild or
species lists need to be developed according to habitats created by the TSFs. At risk guilds
are waterbirds, waders, terns and gulls, granivorous birds, raptors and corvids, passerines
and insectivorous bats.
Determining the habitat features, identifying the cyanide sampling points, understanding the
at-risk species behaviour in the associated habitats allows operations to develop appropriate
monitoring regimes. Such an approach has allowed compliance with the Code has been
developed (Smith and Donato 2007).
Nocturnal Wildlife Observations
Nocturnal wildlife recordings are crucial as most wildlife that interact with tailing systems are
nocturnal or crepuscular. Monitoring by spotlight is very limiting and does not provide any
new data in addition to diurnal wildlife monitoring. Monitoring of insectivorous bats is
fundamental as they are the most common mammals present at tailing systems.
Passive electronic monitoring can determine the species, frequency, seasonality and to a
lesser degree behaviour and habitat use. Passive electronic monitoring has been developed
and implemented at mining operations for Code compliance.
As nocturnal observations are difficult, to document the presence of carcasses from
nocturnal activities early morning observations are required. Consideration can be given to
monitoring control (non-cyanide-bearing) water bodies.
Cyanide monitoring
Cyanide concentrations at discharge into tailings systems have been found to be variable,
which maybe real or as a result of tailings field sampling techniques or laboratory analysis
procedures. Measuring cyanide in the field is not easy and guidelines are provided in the
Code (Noller 1997). Typically cyanide entering a tailings system should be monitored daily if
concentrations are approaching 50 mg/L (International Cyanide Management Institute 2007).
Training
To meet Code compliance requirements all data collected, including wildlife monitoring, must
be collected by those trained by a recognised expert. The training must remain valid and
refresher training is required.

Data management
All data collected must be collated and maintained in an auditable format.
TAILING STORAGE FACILITY HABITAT CONTRIBUTING TO THE RISK
The primary purpose of a TSF is to provide safe and permanent storage of mining waste
residues (Minerals Council of Australia 1996). The size and shape of the impoundment is
determined by the requirement to retain the solid fraction of the tailing, not to manage
cyanide in solution (Botz, Devuyst, Mudder et al. 1995; Environment Australia 2003; Ou and
Zaidi 1995) or the associated risks to wildlife (Donato 1999a). In ecological terms a range of
habitats that are attractive to wildlife are created within gold mining TSFs and an
understanding of these is crucial to effective wildlife monitoring.
Studies have shown that while wildlife prefer natural water bodies over artificial water bodies
(Jenni and Widmer 1996), artificial water bodies will still be used (although to a lesser
degree) by waterbirds (Ma, Li, Zhao et al. 2004). A list of species that interact with TSFs in
northern Australia has been produced (Donato 1999a).
The extent of these habitats, and consequent risk to wildlife, is determined by the design,
size, shape and disposal technique of the tailing systems. Valley-filled vegetated peripheraldischarge tailings are the most frequented by wildlife. Central discharge with no peripheral
pooling is less visited by wildlife.
MEASURING IMPACT: WILDLIFE DEATHS
The generic methodologies described in this paper do not have the ability to document the
number of deaths, or the specific impact to species level, to a high degree of accuracy. Field
observation by Donato Environmental Services (DES) consultants has found that
documenting carcass presence and carcass residence time is difficult, time-consuming and
requires a high level of skill and experience that is not expected on a mining operation.
To document the extent to species level with a high degree of accuracy, the impact of wildlife
cyanide toxicosis requires specialist input beyond the methodology prescribed here.
Compliance of hypersaline tailings systems above the prescribed cyanide limit
Compliance with the Code above the prescribed threshold “shall not and will not be easy”
(International Cyanide Management Institute 2007). Hypersaline tailings environments have
in one case been found compliant at concentrations above the guideline stipulated by the
code (Donato and Smith 2007). Such work to document hypersaline tailings as a protective
mechanism requires long-term specialist monitoring. The results must be peer-reviewed and
scientifically reproducible and causation established (International Cyanide Management
Institute 2007).

CONCLUSION
The lack of carcasses present is not an accurate measure of the extent of wildlife deaths
being experienced. Weak-acid-dissociable (WAD) cyanide concentrations of 50ppm at
discharge is considered as current industry standard at this time (Environment-Australia
2003). Wildlife deaths are routine on periphery discharge tailings dams that discharge
environmentally resilient WAD cyanide concentrations above 50ppm. The onus is upon
mining operations to document the risks, if any, to wildlife from cyanide-bearing tailings and
solutions (The International Cyanide Management Institute 2002).
The rationale in eliminating and reducing the risk to wildlife is three fold:
 elimination or reduction of the concentration of bioavailable cyanide in the tailings
environment;
 physical modification or elimination of the habitats that attract at-risk species to cyanidebearing tailings solutions; and
 restrict or reduce wildlife access, including the use of hazing techniques.
Reducing cyanide-bearing waste toxicity limits management options to merely cyanide
destruction. Cyanide waste impoundments will continue to be inhabited by at-risk wildlife
species. If wildlife deaths continue to be experienced then the only available management
option is further reduction of cyanide concentrations. There are significant infrastructure and
reagent costs (with or without cost recovery) and limits to cyanide manipulation in the mill
circuit such as gold recovery targets. Cyanide destruction procedures usually involve the
destruction of cyanide in the whole waste stream, not the component that is bioavailable to
wildlife (i.e. the top few centimetres of the tailings supernatant or liquor).
Developing wildlife cyanosis monitoring regimes can be complicated by case-specific
operational systems, environment and wildlife species. The essence is to measure cyanide
concentrations, the habitats that contain bioavailable cyanide, wildlife visitation (alive),
wildlife deaths and habitat use. Such data can competently be collected, with training, by
mine site staff. The monitoring regime also provides data and an understanding of those
factors that can contribute to risks, allowing for preventive management to be implemented.
In essence the monitoring methodologies remove the need to locate carcasses prior to
determining if risks exist.
Reliance on lack of carcasses has repeatedly proven inappropriate to predict, identify and
document wildlife cyanosis risk.
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A TECHNIQUE TO USE ON THE INDEFINITE JOURNEY TO AN
UNKNOWN DESTINATION THAT IS FREQUENTLY DEFINED.
Tiffaney George and Gordon McPhail
Metago Environmental Engineers
ABSTRACT
This paper describes a technique to aid understanding and, importantly, the implementation
of corporate sustainability by means of performance evaluation which is more frequently
used in economic management to provide rigorous assessment of achievement. A case is
made for raising the importance of environmental and social pillars to the level of the
economic pillar, underpinning sustainability. It is shown that Environmental Performance
Evaluation, via indicator development, can be used to provide impetus for the implementation
of sustainability.
INTRODUCTION
Industry experience is that the path to implementing sustainability is long, undulating and
fraught with obstacles which include a wide-ranging skill set and theories, increasing
legislation, technology and innovation. Not to mention the fact that sustainability is a moving
target, witness the global warming debate, and as a Sustainability Co-ordinator in the mining
industry recently mentioned “can include what you want it to include”. The analogy that
sustainability is a journey and not a destination is well documented, it has been described as
a voyage of discovery that the whole planet is taking.
Clearly the destination or outcome is difficult to define. But that has not halted the
formulation of many variants of the frequently quoted sustainable development Brundtland
definition (World Commission on Environment and Development, 1987)3 in attempts to get a
handle on the details of sustainability. Each definition is slightly different, trying to grapple
with the all encompassing concepts that sustainability involves for every community, culture,
organisation and event. Despite the efforts expended on the definition, it is the process of
implementation, the execution; that is all important and is where the real challenge for the
planet lies. A global survey of predominantly senior sustainability practitioners – from
business, civil society, and academia found that 75% of respondents believe that critical
issues related to sustainability are being ignored or inadequately implemented by both
government and business leaders (SustainAbility and GlobeScan, 2008). Further more, the
initial report from the recent Federal Government 2020 Summit states that there is a brief
opportunity to act now to safeguard our future prosperity and that by 2020 Australia aspires
to be the world’s leading green and sustainable economy (Australia 2020 Summit, 2008).
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Brundtland definition: “Sustainable development is development that meets the needs of the
present without compromising the ability of future generations to meet their own needs.”

For environmental scientists, the most common practitioner of sustainability in the mining
industry, implementation over definition, process over outcome, is familiar scientific thinking.
Scientists are trained to understand "objective reality" which exists independently of human
concept usually described by conceptual models.
Therefore, sustainability can be
considered a science, a combination of natural and social science (with economics being a
technology of social science (Richardson, 2001)), where the phenomenon is capable of
being experimental and available for validation by others working under the same conditions
(Popper, 2002).
However, for many people within the mining industry, such as
entrepreneurs, engineers, operators and project managers who may be tasked with
implementing sustainability, the fact that an outcome is experimental smacks of indefinite,
unclear, open-endedness and with validation taking its time, real progress is often difficult to
measure, tentative and frustrating.
Sustainability is a corporate activity that considers the organisation’s impact on its community
and its contribution to either the problem or the solution of sustainability. The illustration
below (Figure 1) outlines elements and focus areas within the three familiar pillars of
economic, environmental and social management which collectively contribute to
sustainability. Above the line each pillar contains strategies and activities pertinent to that
discipline and parallels similar strategies in the other two pillars.

Sustainability
Elements:

Economic
Accounting
policies
Financial
Management
System
Audit systems
Strategies to
improve
shareholder
returns
Reporting:
internal & external

Environmental
Environmental
policy and
commitments
EMS

Social
Values

SMS and
Community

Audit systems

Audit systems

Strategies to
improve
environmental
performance
(e.g EPE)

Strategies to
improve
stakeholder
engagement

Reporting:
internal & external

Reporting:
internal & external

Focus areas:

Sound financials and
production trends
Evaluated returns on
return on capital,
earnings per share
Comprehensive
management systems
yielding reliable
information

Departmental ownership
of environmental
management
Data on resources,
emissions, waste,
compliance
Comprehensive
management systems
yielding reliable
information

Employer of choice

Social licence to
operate
Comprehensive
management systems
yielding reliable
information

Figure 1: Elements and focus areas within the three pillar framework of sustainability.
The figure highlights focus areas below the line for each pillar of management; each area
being an example of a corporate objective, or potentially questions to be answered. In
achievement of these focus areas through the application of the elements, each pillar
generates an equally meaningful contribution to the overarching strategy of sustainability.

Sustainability is consistently described as needing to be defined by top level management so
that it forms part of the corporate culture and is integrated into the overall business strategy,
and not simply tacked on, or even welded on, as a side car. However, for that to occur,
sustainability must be visible in daily operations, meetings and decisions for people to
understand it and be familiar with it, perhaps similar to economic considerations, where cost,
budgets and financial principles are ever present in every organisation, department and
project. There is no question that economics form the foundations of a business and are
consequently carefully managed with systems and processes. It seems obvious then, for
sustainability to be fully integrated, that the other constituents of the triple bottom line;
environmental and social pillars, be examined and managed to a similar level of intensity as
economics (see Figure 1).
It is recognised that economics has a history and legislative background which elevates its
considerations in business decisions, however, in an operational capacity, it is possible for
environmental and social management to take on the rigour of economic management,
which is deeply ingrained in auditing, evaluation and transparency. In any business it is
important that every economic element is defined, measured and comprehended; the same
must be done for environmental and social elements. This is the great paradigm shift that
sustainability calls for (Edwards, 2005; Hartley, 2008), and these disciplines should use
economic management as an example to mimic. Stringent economic analysis frequently
uses financial management systems, evaluation techniques and indicators to measure and
review performance against economic policy. So, in using economics as a guide, it is
proposed that similar systems, evaluation techniques and indicators be used as a strategy in
environmental management to define the currently indefinite journey, if not the destination, of
sustainability.
Utilising the EMS
Implementation of sustainability raises the notion of a quantitative definition; in order to set
sustainability goals and achieve them, one has to know whether efforts are successful or not,
so one has to know what to measure. Quantitative analysis in sustainability typically uses
system dynamics modeling, because systems:
• are often non-linear, and
• feature feedback loops.
These are key factors frequently represented in complex natural situations. It is from this
premise that the journey of sustainability may use an established Environmental
Management System (EMS) to assist in development and management of sustainability.
Many EMS’s use the system dynamics model of the Plan-Do-Check-Act cycle for their
structure which can provide the necessary basics of activities, processes and impacts that
has been central to environmental management, and which are similarly central to
sustainability. Within the pillars of sustainability (Figure 1) an EMS can be positioned parallel
with the financial management system of an organisation.
EMS’s have, at their core,
• a method of prioritisation of aspects and impacts usually through risk assessment,
• a checking process (more often characterised as a monitoring program),
to enable measurement and recording of parameters and indicators from which to gain
compliance and improvement (or decline). Many organisations now have operating EMS’s
and since implementation of sustainability also calls for these activities it would seem logical,
therefore, to use an EMS to gather and track sustainability data.

For the purpose of this paper, it is assumed that the EMS being used as an element in
sustainability is:
• Being used to manage environmental impacts in terms of defining targets and
producing actions to meet those targets.
• Implemented across an organisation into operational activities.
• Developed to a standard, thus following the expectations of a systems model.
The purpose of an EMS, as defined by the ISO 14001 standard, is to implement the
environmental policy and achieve objectives which take into account legal requirements and
significant environmental aspects (ISO 14001:2004). The EMS is a tool to manage
environmental performance, and under the standard, requires evaluation and continual
improvement. To ensure the tool is effective in managing environmental performance, the
EMS’s effectiveness must be considered and measured. Measurement of an EMS’s
effectiveness could potentially take the form of a gap analysis or audit to determine what
elements of the system are implemented and functioning and what elements are not.
However, an audit tends to provide a comparison against a criterion which is often the
standard of reference (e.g ISO 14001), and not specifically the extent to which the
management tool is operating in a specific organisation in enabling the achievement of
specific environmental performance objectives. The question:
• “are we making real, relevant, measurable improvements in environmental
performance?” needs to be answered in addition to;
• “is the system functioning and being used correctly?” which is the main focus of a
system audit.
To measure the effectiveness of an EMS within an organisation, as an internal management
tool, it must be strategically assessed from a higher perspective than an audit process which
is conducted at the operational level. The measurement of effectiveness of a management
tool must consider the interactions between business objectives and the environment at a
management level. This is referred to as Environmental Performance Evaluation (EPE)
which is described below.
Environmental Performance Evaluation
Environmental Performance Evaluation is designed to provide reliable and verifiable
information to determine whether an organisation’s environmental performance is meeting
the objectives set by management (Cagno, Tardini and Trucco, 2007). Evaluation involves
the systematic, data based, determination of merit through quality and rigour of the
evaluation process. International organisations such as the World Bank and the United
Nations have independent evaluation functions to determine useful activities. Several
approaches and models for environmental evaluation have been developed and most are
based on performance indicators to synthesise and present environmental data and
information.
The ISO organisation has published a guidance document for EPE to support organisations
in designing a set of indicators that best represents and evaluates their environmental policy
and objectives. The ISO 14031 Environmental management – Environmental performance
evaluation – Guidelines assists the management of an organisation to assess the status of
its environmental performance and to identify areas for improvement (ISO 14031). The
synergies through the ISO 14031 guidelines and ISO 14001 are obvious in terms of
language and usage of the Plan-Do-Check-Act cycle, however, ISO 14031 is not for
certification. Therefore the application of ISO 14031 for an EMS based on ISO 14001 seems
logical, but not absolutely necessary, and potentially accounts for its limited use by industry.
However, it is the actual process of indicator development that potentially provides the
benefits for sustainability implementation. This is elaborated on below.

Performance Indicator Development
Just as in economic management, performance indicators play a critical role within
environmental management as they can combine data and information from the EMS and
support management in controlling environmental performance (Cagno, Tardini and Trucco,
2007). Figure 1, above, shows the position of an EPE strategy within the context of
environmental management.
The development and application of environmental
performance indicators is well established. The Global Reporting Initiative (GRI) reporting
framework is recognised as a leading example which provides metrics on a range of
economic, environmental and social indicators.
A good indicator delivers the benefits of:
• objectivity,
• simplicity,
• measurability,
• comparability,
• reliability, and
• low cost.
However, the benefits extend further through the development process, as it is the actual
development of indicators and obtaining the indicator value that will move the organisation
towards improved environmental performance and potentially, it is suggested, towards
sustainability. Indicator development at an organisational level is the process that has been
removed by such guidelines as the GRI where indicators have already been formulated to
aid the production of a sustainability report. GRI states that a sustainability report provides a
balanced and reasonable representation of the sustainability performance of the reporting
organisation (GRI, 2006).
SustainAbility Ltd., United Nations Environment Program (UNEP), and Standard & Poor’s
report, Tomorrow’s Value, examines the value of sustainability reporting. The report reveals
that “Top reporting companies often argue that reporting helps drive internal change. But the
fact remains that reading a company’s sustainability report is a poor substitute for getting in
close and carrying out a professional audit. And even the best audits are snapshots, poor
substitutes for knowing a company or industry inside out because you work there – and know
where the business model’s real flaws are. So, two points to remember: first, evaluating a
report is not the same as evaluating a business. And, second, the reported integration of
sustainability targets, however good the metrics and however accurate the reporting, does
not guarantee that a company is making a net positive contribution across the triple bottom
line of sustainable development” (SustainAbility, UNEP and Standard & Poor’s, 2006).
It seems, therefore, that simply using the GRI will not contribute to implementing
sustainability within an organisation. The GRI guideline recommends obtaining external
assurance to those who use the framework to ensure the reporting process maintains
integrity, credibility and potentially comparability. However, some companies that have
produced several sustainability reports see more value in the information gathering exercise
rather that the product, as it encourages employees to understand and work towards
sustainability goals.

ISO 14031 sets out a valuable framework to which an organisation may refer when designing
and implementing their own Environmental Performance Evaluation process. Specifically it
defines three categories of indicators that should be part of effective Environmental
Performance Evaluation:
•

Management performance indicators which provide information on an organisation’s
environmental efforts and help to keep the environmental problem in mind by
checking the state of the resources, skills and knowledge that can be used in
reaching the desired level of performance.

•

Operational performance indicators which guarantee information on the
environmental performance of an organisation’s operations, distinguishing between
input and output indicators.

•

Environmental condition indicators which reveal the state of the environment and
provide tools to assess the present and potential impact of company activities and to
plan periodic monitoring to assess possible improvement or deterioration.

The guideline describes a structure for indicator development paying particular attention to
the importance of flexibility of indicators and the availability and reliability of data generation.
ISO 14031 focuses efforts on environmental performance, however there may be merit in
combining the three categories above with selected indicators in the GRI as a basis for
guiding the indicator development process to include the other pillars of sustainability.
The value in developing indicators
The value in developing indicators through a process such as ISO 14031 is that companyspecific indicators are generated and these are likely to have greater meaning for the
organisation. The indicator development process has the ability to aid management by:
•

Internally airing “dirty laundry” by generating and using the indicator results
confidentially behind the scenes and not necessarily reporting them to the public.
The location of the information, information access points, gathering techniques and
data storage can provide transparency, accuracy and credibility of the indicators
produced and thus, transparency, accuracy and credibility of the management
decisions based on those indicator values.

•

Potentially aggregating indicators to provide further understanding of how the
organisation may work towards sustainability and to provide the data necessary for
public GRI reporting.

Delivering performance indicator results that are specific to the organisation in line with
business objectives at a corporate level can provide greater guidance towards the triple
bottom line, together with management buy-in, thus making the sustainability journey
curiously pertinent to the organisation and give it momentum. The benefits for an
organisation become two fold; firstly, setting the criteria for environmental performance
making it organisational specific and the second, contributing to the organisational journey
towards sustainability.

CONCLUSIONS
For many organisations sustainability has presented a significant challenge operating in an
era of increasing pressure to effectively manage economics, environmental and social issues
on an equal footing. This paper has set out an approach and technique which will aid
implementation of corporate sustainability and has highlighted the following points:
• Sustainability is proving to be difficult to implement;
• The most advanced pillar of the sustainability agenda is economics;
• Economic management which is rigorous and uses financial management systems,
audits and evaluation indicators to review performance against policy, objectives and
the business plan, provides an indication of what is required to obtain parity in the
environmental and social pillars of sustainability;
• Environmental management typically employs an EMS to implement policy and
manage impacts for continual improvement. The EMS is the equivalent of the
financial management system in economics;
• An EMS contains risk prioritisation and monitoring mechanisms to enable
measurement and recording of parameters and indicators, elements that are central
to sustainability;
• Environmental management is able to gain rigour, on a similar level to financial
management, through evaluation of the EMS via indicator development and
application to measure performance against objectives;
• Environmental Performance Evaluation, a technique to provide information to
determine whether an organisation’s environmental performance is meeting
management objectives, can assist in the development of company-specific
sustainability indicators, increase internal buy-in and give impetus to the
implementation of sustainability with credibility beyond reporting.
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CONTAMINATED SITES ACT 2003 - IMPLICATIONS FOR
ENVIRONMENTAL INCIDENT REPORTING ON MINE SITES IN
WESTERN AUSTRALIA
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ABSTRACT
There are currently obligations for mine sites to report details of environmental incidents to
relevant regulatory authorities in accordance with Licence Conditions under the
Environmental Protection Act 1986 and Tenement Conditions under the Mining Act 1978.
The Contaminated Sites Act 2003 adds another dimension to reporting environmental
incidents on mine sites in Western Australia, whereby all ‘known’ and ‘suspected’
contamination is require to be reported under Section 11 of the Contaminated Sites Act.
Any environmental incident involving the release of substances to land or water should
trigger an assessment to determine if contamination, as defined under the Contaminated
Sites Act, should be formally reported. Therefore, typical incident reporting procedures used
by mining companies need to be amended to include information relevant to ‘known’ or
‘suspected’ contamination.
This paper describes the type of information that should supplement current environmental
incident reports and therefore reduce the risk of mining / exploration companies, contractor
operations and other individuals failing to report relevant environmental incidents in
accordance with the Contaminated Sites Act.
Norilsk Nickel Australia is an example of a mining company that has taken a proactive
approach to complying with the Contaminated Sites Act. Norilsk Nickel Australia is currently
in the process of amending their current environmental incident reporting procedure to
capture the requirements of the Contaminated Sites Act.
The information in this paper provides, to the Western Australia mining industry, examples of
triggers for reporting environmental incidents under the Contaminated Sites Act, the
hierarchy of responsibility for contamination as a result of environmental incidents and
integration of incident reporting, investigation and management with current Environmental
Management Plans, Environmental Management Systems and / or Mine Closure Plans.
INTRODUCTION
Mining companies operating in Western Australia face stringent obligations to report details
of environmental incidents to relevant regulatory authorities. These obligations are required
by the following legal instruments:
 The Environmental Protection Act 1986 (EP Act) via the following:
S.72 of the EP Act (Duty to notify of discharges of waste); and
Specific Works Approval commitments for premises to be licensed under the EP Act; or
Specific Licence Conditions for premises licensed under the EP Act
 The Mining Act 1978, via specific Tenement Conditions that apply to a tenement(s)
The duty to notify under the EP Act applies to discharges that have caused or are likely to
cause pollution, material environmental harm or serious environmental harm. The obligation
to notify the Department of Environment and Conservation (DEC) applies to the “occupier” of
the premises on or from which the discharge took place, as soon as practicable after the
discharge. The notification can be verbal or electronic, provided it is soon followed up in
writing in accordance with prescribed details.

When the Contaminated Sites Act 2003 (CS Act) came into force on 1 December 2006
another dimension to environmental incident reporting was added to the list.
The objective of this paper is to provide information that will reduce the risk of individuals and
various companies involved in mining (including exploration and mining contractor / support
operations) failing to report relevant environmental incidents in accordance with the CS Act.
To accomplish this objective the paper explains how the CS Act can trigger another legal
requirement to notify the DEC of an environmental incident involving a release of substances
to ground, groundwater and/or surface water. The paper provides a recommendation for
mining companies to revisit their current environmental incident reporting procedures to
check if the existing procedures are adequate to determine if the incident has resulted in
‘known’ or ‘suspected’ contamination.
The focus of this paper is limited to the implications that the CS Act has on environmental
incident reporting at mining sites. It is written by technical individuals who are experienced in
contaminated site investigations and management. It should therefore not be taken as a
substitute for qualified legal advice.
GENERAL CS ACT DUTY TO REPORT
Under s.11 of the CS Act there is a duty to report the following:
 ‘Known’ contamination, within 21 days
 ‘Suspected’ contamination, as soon as practicable
Under the CS Act the obligation to notify the DEC extends beyond the “occupier” of the
premises and applies to all of the following parties:
 The owner or occupier
 The person who knows, or suspects, that he or she has caused, or contributed to, the
contamination
 A Contaminated Sites Auditor engaged to provide a report that is required for the
purposes of the CS Act
The notification of ‘suspected’ or ‘known’ contamination must be in writing, on the prescribed
form and verbal or e-mail reporting is not provided for. The only defences for not reporting
‘suspected’ or ‘known’ contamination under the CS Act are as follows:
 It has already been reported to the Chief Executive Officer (CEO) of the DEC
 It was caused by a discharge of waste of which the CEO had already been notified under
section 72 of the EP Act
Non-compliance with s.11 may result in a fine of $250,000 and $50,000 daily. Therefore any
incident involving the release of substances to land or water should trigger an appropriate
assessment to determine if the substance concentrations may have resulted in ‘suspected’ or
‘known’ contamination.
Since the CS Act came into force on 1 December 2006 mining companies have expressed
concern over the applicability of the CS Act and the Contaminated Sites Guidelines on
mining / exploration operations and have grappled with the meaning of ‘known’
contamination and ‘suspected’ contamination.
‘KNOWN’ AND ‘SUSPECTED’ CONTAMINATION
The CS Act provides the following legal and broad-reaching definition of contamination:
“contaminated, in relation to land, water or a site, means having a substance present in or on
that land, water or site at above background concentrations that presents, or has the
potential to present, a risk of harm to human health, the environment or any environmental
value”

It is no wonder that there is some confusion as to what constitutes ‘known’ contamination,
and what constitutes ‘suspected’ contamination, both of which are reportable under the CS
Act.
The following table was designed to reduce the confusion by taking into account the CS Act’s
formal definition of contamination and the Department of Environment and Conservation’s
(DEC’s) written policy positions in relation to what would reasonably be defined as
‘suspected’ or ‘known’ contamination. To provide further context liberty was taken to
introduce the concepts of ‘unknown’ contamination and ‘potential’ contamination into the mix.
This was necessary, because sometimes there is simply not enough information available
upon which anyone can base reasonable suspicion or knowledge of contamination.
Contamination
Status

CS Act Triggers


‘Unknown’ *


‘Potential’ *






‘Suspected’




There is no record of any potentially
contaminating activity, industry or land use at the
Site; and
there is no record of any environmental incidents
at the Site
Potentially contaminating activities, industries and
land uses are known to have existed on the Site;
and
there have been no records of environmental
incidents at the Site; but
no investigations have been conducted

Environmental incidents have occurred; and/or
contaminants are present, or likely to be present,
above background / default DEC contamination
assessment levels; and
it appears that contaminants could contact human
and/or ecological receptors; however
impact on human and/or ecological receptors is
unknown

Recommended Measures



None



Conduct desktop and/or field
investigations to assess the likelihood of
soil and water impacts and to check if
there is any measurable harm to human
and/or ecological receptors



Report ‘suspected’ contamination under
the CS Act 2003 **
Conduct investigations to determine if
harmful concentrations of contaminants
are present in migration pathway(s) and/or
accessible to human and/or ecological
receptors
Remediate / remove / attenuate
contaminant concentrations at the source
as practical
Assess, monitor, isolate or remove
receptors as appropriate
Report ‘known’ contamination under the
CS Act 2003 **
Remediate / remove / attenuate
contaminant concentrations at the source
as practical
Remediate / remove / attenuate
contaminant concentrations in the
pathway(s) as practical
Isolate or remove receptors so that they
do not come into contact with harmful
concentrations of contaminants while the
contamination is being addressed at the
source and along the pathway(s)










‘Known’


Environmental incidents have occurred; and/or
contaminants are present above background /
default DEC contamination assessment levels;
and
human and/or ecological receptors are subject to
contamination concentrations that above
background / default DEC contamination
assessment levels; and
human and/or ecological receptors are being
impacted, or are expected to be impacted, by the
contaminant concentrations





* Unknown and Potential are informal terms added in good faith, to provide further context
** Note that there may not be a requirement to report ‘suspected’ or ‘known’ contamination if it has already been reported to the CEO of the DEC
under s.72 of the EP Act

ENVIRONMENTAL INCIDENT INFORMATION
As a result of the CS Act, incident reporting procedures currently followed by mining
companies must be revisited to check if existing procedures are adequate to determine if the
incident has resulted in ‘known’ or ‘suspected’ contamination. It is quite likely that the
existing procedures do not contain adequate prompts to determine the following:





The potential for the incident to result in ‘suspected’ or ‘known’ contamination
The capacity to clean up after the incident to completely remove any suspicion or
knowledge of contamination
Who carries the obligation to report the incident
Who bears the responsibility for any contamination investigations and remediation

Experience on numerous mine sites has shown the following:
 There is typically inadequate detail on the nature and concentration of substances
released to land or water
 The clean up efforts are typically prompt, but there is limited proof of the clean up
 There is generally very little documentation on the sampling, analyses and clean up
methods
 The mining operation in control of the site generally reports the incident in accordance
with s.72 of the EP Act on behalf of the person(s) and/or contractor companies who may
have contributed to the incident
 There are some occasions where incidents with the potential to result in ‘suspected’ or
‘known’ contamination have not been reported under s.72 of the EP Act or s.11 of the CS
Act
It follows that current environmental incident investigation and reporting procedures may
need to be amended so that they are aligned with the relevant administrative and technical
DEC Contaminated Sites Management Series guidelines.
The following table aims to summarise the types of information that should be considered in
the event of environmental incidents involving a release (eg. spill, leak, or other discharge) to
land, surface water and / or groundwater. Consideration of this information is necessary in
order to determine if it is necessary to lodge a formal report under the CS Act.
Aspect

Supplementary Information


Substance(s)
released






Known background concentration range at the release site
Risk to local flora (eg. ‘substance A’ is toxic to salt bush @ concentrations > ‘x’ mg/L)
Risk to local fauna (eg. ‘substance B’ bioaccumulates in brine shrimp; or toxic to adult kangaroo @
concentrations > ‘y’ mg/L)
Aim to use information that has relevance to the site (eg. avoid quoting data related to freshwater
species if there are none on the release site or nearby)
Quote the most relevant default DEC assessment levels (DoE, 2003) (eg. Ecological Investigation
Levels, ANZECC etc.) if there is no site-specific information
Important notes:
 If the substance released accounts for concentrations > environmental background concentrations
and the environmental assessment levels listed above, then a Form 1 must be submitted for
suspected contamination at a minimum (complete Part A of Contaminated Sites Regulations Form 1)
 If the substance released has impacted, or is likely to impact on flora and / or fauna, then the Form 1
must be submitted for known contamination (complete Part B of Contaminated Sites Regulations
Form 1)




Environmental
hazard
information

Common name(s), relationship of substance(s) to the mining/beneficiation process, substance
analysis results, Material Safety Data Sheets
Known / estimated volume of release (provide reasonable basis of knowledge / estimate)
Location(s) of release (GPS GDA94 co-ordinates)
Photographs of release area (from fixed reference point eg. star picket with GPS co-ordinate)
Map / aerial photo showing release area with the following additional details noted on the map / aerial:
Nearest water courses / surface water features
Nearest stock wells / production wells / soaks / water supplies
Nearest groundwater monitoring wells
Nearest residences / accommodation / public access
Soil / sediment / water sampling locations

Aspect

Supplementary Information
Occupational risk information (for workers involved in cleanup / investigation):
Immediate Danger to Life or Health (IDLH) concentrations of the substance(s) involved
Other exposure limits (eg. TWA) concentrations of the substance(s) involved
Monitoring devices (to enable measurements of the above) for the substance(s) involved
Exposure routes (to determine appropriate safety management including PPE) for the substance(s)
involved:
Inhalation
Ingestion
Skin and/or eye contact
Skin absorption
 Public health risk information, depending on exposure scenarios relevant to the substance release
site, per the default DEC assessment levels (DoE, 2003) (eg. Health Investigation Level for
commercial/industrial (HIL-F) or Health Investigation Level for standard residential (HIL-A), or
Australian Drinking Water Guideline etc.)
Important notes:
 If the substance released accounts for concentrations > environmental background concentrations
and the health investigation levels listed above, then a Form 1 must be submitted for suspected
contamination at a minimum (complete Part A of Contaminated Sites Regulations Form 1)
 If the substance released has impacted, or is likely to impact on human health (occupational and / or
public health) then the Form 1 must be submitted for known contamination (complete Part B of
Contaminated Sites Regulations Form 1)


Health hazard
information

If the environmental incident is expected to result in a non-trivial impact to ground,
groundwater and/or surface water then the appropriate sampling and analyses are required
for any/all of the following reasons:






To assess the concentrations present at the point of release (source area) in the context
of site background / default DEC contamination assessment levels
To assess the extent of any concentrations above site background / default DEC
contamination assessment levels in surrounding ground, groundwater and/or surface
water
To determine the extent of clean up necessary and if it is feasible to appropriately clean
up the impacts of the incident within the 21 day period for reporting ‘known’ contamination
To validate that all concentrations above site background / default DEC contamination
assessment levels have been removed

The following table outlines aspects that need to be considered when investigating
environmental incidents.
Aspect
Sampling
programs

Details
Sampling programs need to be designed in accordance with data
quality objectives and should include sufficient:
 samples;
 analyte suites; and
 quality assurance information.

Analytical
laboratories

Confirmation must be sought from analytical laboratories that they can
achieve limits of reporting equal to or lower than background
concentrations and/or relevant default DEC assessment levels.
The laboratory must also supply quality assurance data, indicating their
performance against the data quality objectives of the sampling
program.

Reporting

Current incident investigation reports need to incorporate elements
of risk assessment to assess if there is suspected or known
contamination present at the incident site. This will determine if the
incident is reportable under the CS Act.
Incident close out reports need to have adequate information to
meet requirements of the DEC Contaminated Site Management
Series guidelines

Applicable DEC Guideline
Development of Sampling and
Analysis Programs (DEP, 2001b)

Reporting of Site Assessments
(DEP, 2001c)





The Use of Risk Assessment in
Contaminated Site
Assessment, Guidance on the
overall approach (DEC 2006)
Reporting of Site
Assessments (DEP, 2001c)

HIERARCHY OF RESPONSIBILITY FOR CONTAMINATION
Although the duty to report contamination applies to several parties (owner, occupier, person
who caused / contributed to the contamination and a Contaminated Sites Auditor) the
responsibility for the contamination itself lies with the polluter.
The responsibility for any contamination (investigation and remediation) will need to be
identified per the CS Act hierarchy (eg. polluter pays) outlined in Section 24 which states:
“A person is responsible for remediation of a site —
(a) in accordance with section 25, if the person has caused, or contributed to, the
contamination of the site;
(b) in accordance with section 26, if the person is an owner or occupier of the site
who has changed, or proposes to change, the use to which land that comprises all,
or part, of the site is put; and
(c) in accordance with section 27, if the person is an owner of the site, or of a source
site.”
Currently it appears that mining operations (via the site environmental department and mine
manager) voluntarily take on the duty to report ‘suspected’ or ‘known’ contamination
regardless of the fact that it may have been caused by other parties occupying or traversing
the mine tenements. The reason for this is probably a result of ‘habit’ due to the requirement
of the “occupier” of the premises to report pollution, material environmental harm or serious
environmental harm in accordance with s.72 of the EP Act.
It is important to note that a report of ‘suspected’ or ‘known’ contamination under the CS Act
(Form 1) may include the only information that the DEC has upon which to allocate
responsibility of contamination. Once the DEC receive a Form 1 report they begin to
correspond with the person who lodged the report. It therefore makes sense to push the
person(s) who caused / contributed to the contamination to lodge the Form 1 and provide
proof of lodgement with the DEC and a courtesy copy to the site owner / occupier for the
following reasons:





The owner / occupier may need to have a defence for not reporting the contamination
Other CS Act obligations (such as long-term monitoring and the requirement to disclosure
contamination to future occupants and purchasers) may apply beyond the tenure of the
party who caused / contributed to the contamination
The contamination may restrict the use (and value) of the land for the long term

Section 97 of the CS Act provides the force of law behind the DEC’s Contaminated Sites
Guidelines. These guidelines place significant burdens on parties responsible for proper
contamination investigations, contamination remediation and longer-term contamination
management.
It is therefore recommended that mining companies take proactive steps toward transferring
these burdens, as appropriate, onto parties that are prone to cause contamination on the
mining tenements. Key steps in the process of transferring these burdens are as follows:
 Reviewing existing and pending contracts with mining contractors to ensure that
obligations for environmental management and clean up of environmental incidents are
clearly understood
 Communicating / educating contractor operations on their corporate and individual
responsibilities in relation to the CS Act
 Requiring the contractors / individuals who caused / contributed to ‘suspected’ or ‘known’
contamination to formally report the contamination to the DEC in accordance with the CS
Act

MANAGING CONTAMINATION RISKS
Contaminations risks associated with environmental incidents must be evaluated and risk
management measures can be prioritised in accordance with existing corporate risk
assessment frameworks. Risk management measures must be designed to reduce
contamination risks in accordance with corporate risk management objectives such as those
that may be stated in Environmental Management Plans or Environmental Management
Systems (EMS) and / or mine Closure Plans.
Generic examples of contamination risk management measures are provided in the following
table and should be used as a guide toward developing site-specific risk management
measures.
Contamination Mediums

Risk Management Measures



Remove source of contamination
In-situ / ex-situ remediation or remove contaminated soil to less sensitive/designated location
for treatment/disposal (eg. bioremediation area)
Prevent leachate generation by appropriate cap or store-and-release cover
Prevent contact by humans, fauna and root zones as required (eg. fencing)
Implement drainage controls to prevent surface run-off and contamination of surface water
and/or infiltration to groundwater
Consolidate contaminated soil into smaller areas to limit affected areas







Remove source of contamination
Remove / isolate / treat contaminated soil to prevent further leaching to groundwater
Conduct in-situ / ex-situ remediation or Monitored Natural Attenuation (MNA)
Prevent / limit migration or discharge to sensitive ecosystems and receptor populations
Prevent use by sensitive receptors



Limit / prevent unacceptable discharges into surface water ecosystem by direct discharge or
indirect discharge (seepage or groundwater discharge)
Prevent use by sensitive receptors



Soil

Groundwater





Surface Water


Once site-specific risk management measures are determined they need to be adequately
resourced, prioritised and scheduled so that they can be integrated with (so as not to
compromise) the mining operations.
The DEC’s Contaminated Sites guidelines require a Site Management Plan (SMP) to be
written for complex and or large sites. Mining operations should therefore consider the
requirement to have a SMP as a stand-alone document, or having the requisite elements of a
SMP integrated with an existing Environmental Management Plan, Environmental
Management System and/or Mine Closure Plan.
Integrating the SMP into any one of these documents provides better assurance that the risk
management measures will be accomplished in context of all other environmental objectives
and within the overall life of the mine.
CASE EXAMPLE – NORILSK NICKEL AUSTRALIA
Norilsk Nickel Australia (Norilsk) is an example of a mining company that has taken a
proactive approach to complying with the CS Act.
In 2006 Norilsk commenced a thorough process to address the legal and technical aspects
associated with properly reporting current and historical operations in accordance with s.11
of the CS Act.
Following this process Norilsk developed site contamination management frameworks that
are specific to Norilsk mine sites in WA. The site contamination management frameworks
document the contamination risk management measures to be implemented during the
remaining life of these mining operations.

Now Norilsk is looking further ahead toward integrating their incident reporting, investigation
and close-out requirements with requirements of the EP Act, the Mining Act and the CS Act.
CONCLUSION
In the past mining companies bore requirements to report environmental incidents in
accordance with two main legal instruments, namely the Mining Act 1978 and the
Environmental Protection Act 1986. Since 1 December 2006 the Contaminated Sites Act
2003 introduced a further requirement to report ‘suspected’ or ‘known’ contamination,
therefore capturing any environmental incidents involving the release of substances to
ground, groundwater and/or surface water.
The responsibilities associated with reporting, investigating and managing the contamination
caused by environmental incidents are extensive. Mining companies in Western Australia
therefore need to revisit their current incident reporting, investigation and close-out
procedures to ensure that they are not left exposed to enforcement under the Contaminated
Sites Act 2003. In addition to this mining companies should ensure that all parties
(individuals and contractors) involved in the mining operation are aware of, and then fulfil,
their obligations under the Contaminated Sites Act 2003.
Identifying and managing contamination risks are probably on the minds of most mine
environmental departments and mine managers. It is common for mine sites to be facing
multiple contamination risks so there is a need to assess and prioritise the management of
these risks within a recognised corporate framework. Once the risk management measures
are prioritised they can either be written into a stand-alone Site Management Plan that
complies with DEC’s requirements or the key elements of the Site Management Plan could
be integrated with existing Environmental Management Plans, Environmental Management
Systems and/or Mine Closure Plans.
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