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Introduction to the GEMG
The Goldfields Environmental Management Group (GEMG) is a technical and professional body of
people working to achieve environmental excellence. Most of our members are located in the city of
Kalgoorlie-Boulder situated in the Eastern Goldfields region of Western Australia.
The GEMG provides a source of expertise and information on environmental management practices
with a focus on arid and semi arid environments exploring such issues as protection of biodiversity,
mine closure and rehabilitation, environmental management systems, environmental culture and
management of water issues.
The GEMG achieves this by providing information and education to the public and industry with a key
component being the sharing of knowledge and information between members.
The GEMG conducts biennial workshops which are an important component in achieving the above,
and are highly regarded for their low cost, high standard and productivity.
The GEMG was formed in 1988 by a small number of individuals involved in land rehabilitation in the
Eastern Goldfields region of Western Australia. Today we have approximately 200 members from a
broad range of backgrounds such as government organisations, consultants, rehabilitation contractors
and mine-site environmental personnel.

PROCEEDINGS- 2010 WORKSHOP ON ENVIRONMENTAL MANAGEMENT
1

FOREWORD

AngloGold Ashanti Ltd is one of the leading global gold mining companies with a portfolio of 21
operations spanning 10 countries on four continents. Our vision is to be the leading mining
company in all aspects including safety, the environment and in our local communities. Respecting
the environment is one of our core values and we are committed to continually improving our
processes in order to prevent pollution, minimise waste, increase our carbon efficiency and make
efficient use of natural resources. We aim to develop innovative solutions to mitigate
environmental and climate risks.
With these principles in mind, AngloGold Ashanti Australia is proud to be the major sponsor of the
2010 GEMG Workshop, and is committed to supporting leading environmental practices across the
industry.
In conducting this environmental management workshop, the Goldfields Environmental
Management Group aims to facilitate the transfer of knowledge between environmental
practitioners to achieve environmental excellence in the WA Goldfields.
With 2010 being the International Year of Biodiversity, it is encouraging to see that a proportion of
the presentations are focused on threatened species preservation and management and ecosystem
rehabilitation.
As one of the few truly “environmental practitioner” focused workshops, this forum is critical to the
success of our industry in achieving a sustainable outcome. This workshop provides an invaluable
forum for sharing knowledge and experiences in environmental management initiatives within
mining industry, not only within the Goldfields, but throughout Western Australia.
AngloGold Ashanti wishes you all the best for the workshop, and we hope that the knowledge and
contacts you gain through your involvement will continue to move the industry forward on our
journey to providing leading environmental practices.

Mike Erickson
Senior Vice President: Australasia

Community Engagement at Remote Sites
Belinda Bastow, Manager- Environment/Approvals, AngloGold Ashanti Australia Limited
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Goldfield Environmental Management Group
2010 Conference
Integrating Environmental Baseline Surveys
into Project Development
Belinda Bastow
Manager – Environment / Approvals
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AngloGold Ashanti Australia
•

Part of a global company with 21 operations in 10 countries

•

Operating in Australia since 2000 with production of 400,000 – 600,000 oz/annum
from the Sunrise Dam mine, near Laverton

•

Workforce ~ 300 employees and 400 contractors

•

Greenfield exploration holds over 22,500km2 tenure

•

.9
Proactive community partner
– local
communities a key focus for all business
Exclusive of
Ore Reserves
units

•

Sunrise Dam fully certified under International Cyanide Management Code

•

Exploration and Sunrise Dam are ISO14001 and OHSAS18001 certified

9%

Activities in Western Australia

WESTERN AUSTRALIA

Proposed Tropicana
Mine
Sunrise Dam
Gold Mine

SOUTH AUSTRALIA

NORTHERN
TERRITORY

Exploration Areas
Tropicana JV Project
Viking Project

400km

AngloGold Ashanti Values and Philosophies
AngloGold Ashanti believes that the key to success as a company are its people:
“People are the Business and Our Business is People”
To guide its employees and contractors the company has developed six key
values:
•

Safety is our first value

•

We treat each other with dignity and respect

•

We value diversity

•

We are accountable for our actions and undertake to deliver on our
commitments

•

Communities and societies in which we operate will be better off for AngloGold
Ashanti having been there

•

We respect the environment

Company Policies and Standards

•

Company values are
integrated into the business
through the Safety,
Environment and Community
Policies and Standards

•

AngloGold Ashanti has
developed an integrated
management system that
places safety, environment
and community on a level
playing field with production
and other business
considerations

Project Phases
Exploration

Scoping

Pre-feasibility

Feasibility

Construction

Operation

Environmental Knowledge

Mine Closure

R&D
Studies
Monitoring

Inspections
Survey
Reconnaissance

Desktop

Authorisation
Impact Assessment
(State / Federal)

POW

Secondary
Approvals

Licenses

Closure
Plan

Construction

Operation

Mine Closure

Exploration
Exploration

Scoping

Pre-feasibility

Feasibility

•

Exploration aims to identify resources that can be exploited

•

As most exploration generally fails to locate resources it is critical that
companies minimise their impacts
Exploration

•

Obligations extended beyond the Mining Act and exist under:

•

–

Aboriginal Heritage Act

–

Wildlife Conservation Act

–

Environmental Protection Act and

–

Environmental Protection and Biodiversity Conservation Act

Impact minimisation is achieved by taking into consideration existing natural
and heritage values and adopting a staged approach

Exploration
Exploration

•

Scoping

Pre-feasibility

Feasibility

Construction

Operation

Mine Closure

Exploration planning should consider publicly available data on:
–

Threatened species / community locations

–

Aboriginal and European heritage sites

–

Ecologically Sensitive Areas

–

Topographic data

–

Land titles

•

Data is available from government agencies including DEC, DIA, DMP,
DEWHA, LandGate and Geoscience Australia

•

When data is poor, supplementary information should be obtained during
specialist reconnaissance visits

Scoping Phase
Exploration

Scoping

Pre-feasibility

Feasibility

Construction

Operation

Mine Closure

•

Scoping Study is a preliminary economic assessment of a potential new
resource project

•

Actual scale of the project is still being determined during this phase

•

Information should be collected on:
–

historic baseline surveys completed: flora/fauna/archaeology etc

–

previous impact assessments

–

likely approvals process

–

key stakeholders

•

Data obtained during the exploration phase and state databases will guide
survey requirements

•

Site visits by specialist consultants helps define survey scope and
methodology

Scoping Phase
Exploration

Scoping

Pre-feasibility

Feasibility

Construction

Operation

Mine Closure

•

Geological databases should be reviewed to determine adequacy of information
on transport / weathered profile, water occurrence and potentially hazardous
minerals

•

Outcome of scoping study:
–
–
–
–
–
–

preliminary threatened species / communities list
a list of matters of “National Environmental Significance”
list of baseline surveys and studies
stakeholder engagement plan
anticipated assessment process
expanded geological database to capture information on soil, water and hazardous
minerals

Pre-feasibility Phase
Exploration

Scoping

Pre-feasibility

Feasibility

Construction

Operation

Mine Closure

•

A Pre-feasibility study is an intermediate assessment of the technical and
economic viability of a proposed project

•

Options are evaluated taking into consideration available baseline
knowledge

•

Resource definition drilling continues and sterilisation drilling occurs in
infrastructure areas

•

Large projects or projects with significant environmental emissions are likely
to trigger a formal impact assessment

•

Project referral will generally occur during this phase and scope of baseline
surveys will be agreed

Pre-feasibility Phase
Exploration

Scoping

Pre-feasibility

Feasibility

Construction

Operation

•

Key agencies should be consulted and sign-off on survey scope and
methodology should be obtained

•

Baseline surveys / studies include:
–

Vegetation mapping and flora surveys

–

Terrestrial and Subterranean fauna surveys

–

Short range endemic invertebrate surveys

–

Targeted threatened species / communities surveys

–

Archaeological and ethnographic surveys

–

Material characterisation studies

–

Surface and groundwater studies

Mine Closure

Pre-feasibility Phase
Exploration

Scoping

Pre-feasibility

Feasibility

Construction

Operation

Mine Closure

•

Survey reports should be carefully reviewed as results may raise further
questions and require additional work

•

To ensure adequacy of baseline surveys seasonal influence needs to be
considered

•

Site layouts and project design should consider:
–

survey information as it becomes available

–

stakeholder concerns

–

legal and company obligations

•

Effective stakeholder and community engagement should commence prior
to referring the project

•

Feedback is likely to influence the referral strategy and make life easier

Feasibility Phase
Exploration

Scoping

Pre-feasibility
Study

Feasibility

Construction

Operation

Mine Closure

•

Feasibility studies are preliminary investigations of the technical and
economic benefits of implementing a new project

•

Drilling activities generally focus on geotechnical assessments for key
infrastructure, pit stability and possibly resource variability or extensions

•

Project design and site layout must be influenced by:
–

•

baseline surveys

–

legal requirements

–

management measures included in approval documents

All baseline survey reports and the impact assessment document should
undergo Peer Review prior to submission to agencies

Feasibility Phase
Exploration

•

Scoping

Pre-feasibility
Study

Feasibility

Construction

Operation

Mine Closure

Draft impact assessment document submitted to key agencies,
supplementary work may be requested

•

Stakeholder and Community engagement continues through-out this phase

•

An indication of effectiveness of community engagement will be determined
by how many submissions are received during the public consultation period

•

Project team needs to be aware that changes to infrastructure location may
trigger additional approvals – implication to project timelines

•

Conceptual Mine Closure plan should be provided with assessment
documents and costed as part of feasibility study

•

Preliminary operational budgets for Sustainability Group need to be compiled

Feasibility Phase
Exploration

Scoping

Pre-feasibility
Study

Feasibility

Construction

Operation

Mine Closure

By the end of this phase:
•

the impact assessment process will generally have been completed

•

secondary approvals will have commenced

•

economic models for the project will include annual operational
budgets, indicative mine closure and rehabilitation costs and capital
expenditure

•

design basis will be developed for the detailed design phase

•

proposed approach for site environmental management will have been
established

•

proposed strategy for contractor compliance management will have
been determined

Greenfield Exploration Approach in Australia
•

Phased Approach to exploration
–

Phase 1 – No or very low clearing: Regional
Exploration and Prospect Identification

–

Phase 2 – Low clearing: Prospect confirmation

–

Phase 3 – Moderate clearing: Resource Definition

•

Where possible existing tracks and cleared areas are used

•

Environmentally sensitive areas / Heritage Sites /
environmental values are avoided

•

No clearing occurs without an inspection by trained personnel

Exploration Environmental and Heritage Management
•

Integrated Management System – structure based on Plan, Do, Check, Act

•

Incorporates management of environmental, safety, community and
operational matters

•

Responsibility for protection and management are allocated to all employees
and contractors

•

Exploration programs designed using GIS and baseline knowledge

•

Procedures developed are activity based rather than issues based
–

Approvals – internal and external

–

Land clearing and Drill Site Preparation

–

Track Management

–

Rehabilitation etc

•

System incorporates legal and company standards

•

Training and awareness sessions are provided to staff and contractors on
environmental and threatened species management

Tropicana Gold Project – Location
NB: Tenements Current a s a t 06/05/2009
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Tropicana Gold Project - Referral
•

Resource – 75.3Mt at 2.07g/t totaling
5.01Moz gold

•

Open pit mining, strip ratio of up to 8:1

•

Processing Plant – 7Mt/annum

•

Gold production – up to 430,000 ounces
per annum

•

Project footprint of up to 3,445ha

•

Operational life of up to 15 years

•

Fly-in / Fly-out workforce

•

Workforce approximately 700 during
construction, 400 for operation

•

Boston Shaker SZ

TROPICANA

Muddler SZ

HAVANA

Don Lino SZ

Supporting infrastructure proposed include:
–

all weather airstrip,

–

onsite 40MW power station

–

Site access road

Tropicana Gold Project – Survey Approach
•

Prior to the Tropicana JV commencing work, the area was poorly surveyed

•

Previous vegetation surveys were completed in the 1970s at 1:1 million scale

•

Baseline studies commenced in 2006

•

Scope of work designed to identify areas of high conservation value as well as
to provide regional context

•

Two pronged approach was adopted for surveys

•

Traditional survey method was employed, supported by targeted threatened or
cryptic species surveys

•

Total area covered by vegetation mapping was 230,000ha (compared to
project footprint of 3,495ha)

Tropicana Gold Project – Site layout
Site Layout has been designed to:
•

Limit impacts on conservation significant species and their habitats

•

Allow progressive adjustment of the layout as information has become available

•

Protect heritage sites

•

Optimise energy and water efficiency

•

Limit clearing to essential work areas (reduce impacts and dust sources)

•

Cap post-mining landforms to the maximum height of the surrounding natural
landscape

•

Address stakeholder concerns

Tropicana Gold Project – Engagement
Stakeholder and Community Engagement
•

Consultation commenced in 2002

•

Engagement Strategy expanded in 2007

–

Indigenous community, DEC, DMP and Local Government

–

Conservation groups, landholders along the proposed road route

–

Special interest groups – Access Road Steering Committee, NGO Steering Committee

•

Regular Departmental / Agency briefings since 2007

•

Prior to project referral, NGO Steering Committee briefed and feedback influenced
the referral strategy in April 2008

•

Peer Review Panel established in September 2008

•

First round of public briefings were held in February 2009 in Perth and Kalgoorlie

•

PER Information sessions held in Perth, Kalgoorlie & Menzies in November 2009

Things to remember
•

As exploration generally fails to identify new resources it is important to ensure
disturbance is minimised

•

Supplement existing knowledge with company data obtained during exploration
phase

•

Scope likely assessment process early and consult with stakeholders

•

Engage consultants with experience in the project area and are recognised
within the industry and assessing agencies

•

Ensure assessment documents provide appropriate regional context

•

Actively engage with government agencies, community members and interest
groups regularly over the life of the project

•

Adopt proactive environmental management through all phases

Beyond Best Practice: Case Study – Magellan Metals
Kane Backman, Acting General Manager - Operations / OHS&E Manager, Magellan Metals
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Abstract
Magellan Metals Pty Ltd (Magellan or the Company) owns and operates an open-cut lead carbonate
mine and processing facilities in the Western Australian Goldfields. Magellan began mining in
November 2004 and shipped bulk lead carbonate concentrate in covered kibbles through the Port of
Esperance from June 2005 until March 2007. The bulk handling process at the Port resulted in the
escape of fugitive lead and nickel dust from the Port precinct. Shipments of bulk lead carbonate
concentrate were halted in March 2007 and Magellan placed the Project on care and maintenance.
The solution to the problem of fugitive dust was simple enough in principle: containment at every
stage of the export process. The result was an innovative sealed handling and transport system.
Future lead carbonate concentrate would be packed in sealed double lined two-tonne bulk bags. In
August 2009, Magellan received final approval from the State Government of Western Australia to
handle and transport lead carbonate concentrate in sealed bulk bags inside locked shipping
containers through the Port of Fremantle. The first train shipment to Fremantle and the first export
shipment took place the end of September 2009, and the Magellan Mine was restarted in February
2010 with the recommencement of mining and processing activities.
The Magellan case sets a new industry benchmark for the safe handling and transport of lead
concentrate. Improvements—such as the avoidance of material re-handling, increased product
stewardship, greater transparency, better emergency planning, and regular public consultation—
provide government, industry and the community with an example of a proponent who has learnt from
experience and delivered an improved standard of both operational performance and public process.
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Introduction
Magellan Metals Pty Ltd (Magellan or the Company) owns and operates an open-cut lead carbonate
mine and processing facilities (the Project) located 30 km west of Wiluna in the Western Australian
Goldfields.
The Project is the only significant (by scale and grade) pure lead mine in the world. It produces some
2% of the world’s lead supply when running to full capacity, employs 165 people and creates a further
500 indirect jobs in Western Australia.
The ultimate users of Magellan’s lead manufacture lead-acid batteries for vehicles, power back-up
systems for critical infrastructure (such as computer and telecommunications networks and
emergency power and lighting) and large-scale systems to store renewable energy from intermittent
sources, such as solar and wind generators.
History
Magellan began mining in November 2004 and shipped bulk lead carbonate concentrate through the
Port of Esperance from June 2005 until March 2007. Lead carbonate concentrate was placed in
covered kibbles at the mine, transported via road to the railhead at Leonora (Plate 1), railed to the
Port of Esperance and unloaded (Plate 2). The concentrate was unloaded (Plate 3) and emptied into
a storage shed at the Port (Plate 4) and in due course loaded by conveyor onto ships for export to
customers in Asia.

Plate 1 Kibble being unloaded at the rail head

Plate 2 Kibbles transported on rail to the Port of Esperance
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Plate 3 Kibble unloaded and emptied at the Port of Esperance

Plate 4 Material stockpiled in shed at the Port of Esperance
However, fugitive lead and nickel dust was escaping from the Port precinct. Shipments of bulk lead
carbonate concentrate were halted in March 2007 and Magellan placed the Project on care and
maintenance and laid off up to 75% of the workforce.
A Parliamentary Inquiry was carried out by the WA State Parliament’s Education and Health Standing
Committee, with the brief to investigate the cause and extent of the lead pollution in the Esperance
area. The Committee reported in September 2007 and found multiple systemic failures on the part of
a number of different parties. The immediate consequences for Magellan were serious, including:


Direct costs
o

Inability to generate revenue.

o

Costs of more than $50 million (care and maintenance expenses, legal and
consulting fees, interest expenses, hedging losses, settlement costs, and cost to
research and develop more satisfactory ways of handling and shipping lead
concentrate).



Indirect and intangible impacts
o

Damage to corporate reputation with the public and customers.

o

Team morale (uncertainty, fear and doubt).

o

Loss of trust.

o

Management focus.
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Challenges
The inability of the bulk handling system to contain product required Magellan to investigate
alternative methods of transporting product from the mine to customers. The criteria for a new
handling and transport system were as follows:


Avoid re-handling of product.



Minimise the potential for product escape.



Allow greater product stewardship throughout the entire supply chain.



Be cost effective and sustainable.



Rebuild the Company’s reputation.

Clearly the new system had to meet its technical objectives: it had to be feasible, sufficient to meet its
environmental objectives and affordable. But it also required understandably skeptical stakeholders to
believe that these technical objectives could and would be met. How Magellan developed the solution
would be critical to whether the public accepted it or not. This challenge was particularly difficult at a
time when heavy negative publicity seemed to have damaged the company’s reputation beyond
retrieval.
Solution
The solution to the problem of fugitive dust was simple enough in principle: containment at every
stage of the export process. The real question was how to implement this principle in practice.
Magellan reviewed a number of alternatives, and it became apparent that small primary containers
offered a number of advantages. They were inherently simple and easy to handle, straightforward to
engineer to a high standard of structural integrity and entailed a lower capital cost than a new, sealed
bulk-handling system.
The result was an innovative ‘sealed handling and transport system’. Future lead carbonate
concentrate would be packed in two-tonne bulk bags, with an outer layer of woven polypropylene and
an inner layer of plastic (Plate 5). Double lining makes the bags water-resistant and sieve-proof and
four, cross-corner loops (extended to and sewn along the bag base) make the bags easy to pick up
and move. Magellan has since received approval for the use of the bags from the Western Australian
Government and the method has been endorsed by the United Nations.

Plate 5 Filled two tonne bulk bags
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The export process entails the following steps. The bags are first filled, sealed, vacuumed, and
independently inspected, and then loaded into standard shipping containers. Each container is closed
at the mine and secured by a uniquely numbered bolt lock. The containers remain closed until
Magellan’s overseas customers open them (Plate 6).

Plate 6 Locked shipping container being unloaded at the railhead
The containers and trucks are washed before they leave the mine site. They are transported by road
to the railhead at Leonora, and then by rail to the container port at Fremantle.
The system meets the stewardship criterion. Contractors—truck-drivers, railway personnel and port
operators—have their jobs to do, but the elimination of product double-handling downstream of the
mine establishes a chain of custody in which Magellan is able to take responsibility for product
containment all the way from the mine to the customer.
Stakeholders
Public confidence would always be a pre-requisite for government approval of the new sealed
handling and shipment system. This, in turn, would require Magellan to develop strong enough
relationships with its stakeholders for them to form clear opinions, not only of the ability of the
proposal to meet its technical objectives, but also of Magellan’s commitment and ability to implement
the new system.
Regulators
The sealed handling process through the Port of Fremantle has been one of the most extensively
reviewed proposals in Western Australia. The review took two years to complete and involved scrutiny
by multiple regulatory authorities, including:


Environmental Protection Authority.



Department of Environment and Conservation.
o

EPA Service Unit.

o

Air Quality Branch.

o

Contaminated Site Branch.
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o

Proposal Implementation Monitoring Section.

o

Regional Offices.

o

Pollution Response Unit.



Department of Health.



Department of Mines and Petroleum.



o

Dangerous Goods Safety Branch.

o

Environmental Health Management Branch.

Fire and Emergency Services Authority.

Community
There were numerous periods of public engagement during the two-year review period. Some of the
more important initiatives are listed below:


Public review of technical reports.



Advertisements and fact sheets placed in local and State newspapers, local libraries and mail
outs.



Meetings with local community groups, precincts and associations.



Presentations at environmental, health and safety, and mining conferences in Australia.



Emergency response exercises with the City of Cockburn, the City of Gosnells and the Port of
Fremantle.



Training of four fire crews from the Fire and Emergency Services Authority and a site
inspection of the Port of Fremantle.



Consultation during the development of the Emergency Response Plan (ERP) with the
twenty-two local government authorities crossed by the transport route between the mine site
at Wiluna and the Port of Fremantle. There followed a period of formal review of the ERP, on
which all of the twenty-two authorities provided written comments.

Magellan regularly provides project updates and audit reports to the ‘Fremantle Ports Inner Harbour
Community Liaison Group’. The Liaison Group is a conduit to the broader community, and creates a
forum for sharing knowledge, raising issues and evaluating progress and performance. At the
minesite, Magellan participates in a number of community projects and initiatives, the most recent
being the Constable Care Child Safety Foundation Day in Wiluna.

Plate 6 Constable Care Child Safety Foundation – Football Day
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The resumption of operations has also revived the several hundred jobs shed during the care-andmaintenance phase.
Website
Magellan has developed a new website (www.magellanmetals.com.au), on which to publish the
results from its operational monitoring stations along the transport route and at the Port of Fremantle.
These monitoring data have demonstrated the ability of the sealed handling and transport system to
meet its objectives. A ‘subscribe’ tab enables people to receive project updates by email. A ‘contact’
tab provides a forum for feedback and questions.
From a broader perspective, the long and complete process of review has established a model
framework, by which to learn from mistakes, to design ways of avoiding those mistakes in the future,
and to do all of this in a transparent and credible manner. As well, the process has led to a new
method of safe handling and transport of lead. It is not the only safe method, but it is a method, whose
low capital cost makes it accessible to projects not suited to the high capital demands of large, stateof-the-art, overhead conveyor systems. In other words, Magellan’s innovative ‘sealed handling and
transport process’ makes the environmental and public confidence advantages of best practice more
accessible across a wider range of projects than previously.
Industry Technical Developments
Magellan has given presentations on the new ‘sealed handling and shipment system’ at the following
conferences:


Emergency Management Conference of Western Australia. Title: ‘Learning and improving –
the Magellan Metals example’.



OSH and IFAP Conference of Western Australia. Title: ‘Identifying challenges and delivering
solutions – a look at Magellan Metals.



Mine Safe Conference – Western Australia. Title: ‘Beyond best practice: a case study of
Magellan Metals.



International Lead and Zinc Conference – Portugal. Title: ‘Magellan – the current position’.



Environmental Management in Mining Conference – Perth. Title: ‘Adopting a risk-based
approach to key stages of the EIA process’.

Meanwhile, the broader potential of the new technology is already in evidence. Magellan has received
a number of enquiries from other companies in the mining industry interested in its application to their
particular circumstances.
The environmental issues of bulk handling have long been a technical challenge for industry, and
product stewardship is assuming a higher priority. Magellan’s new process goes to both these issues.
It appears, therefore, that the development and implementation of the innovative sealed shipment
process will continue to benefit the wider mining community.
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Esperance Community Fund
The inhabitants of Esperance bore the brunt of worry over the environmental and health implications
of port bulk handling operations.
Magellan has therefore committed A$1 million over three years (2009-2011) to support not-for-profit
and

local

community

groups

within

Esperance.

The

Assessment

Committee

comprises

representatives from the Esperance community, the Esperance Shire Council and Magellan, and
assesses grant applications according to community benefit criteria. Ten Esperance-based
community organisations received A$298,273 in financial support in the first year:


Friends of Esperance Jetty.



Restore Hope Foundation.



Volunteer Sea Search and Rescue Group.



Bush Fire Brigade.



Historical Society.



Adventureland Park.



South East Runners Club.



St John Ambulance.



Surf Lifesaving Club.



Esperance Brass Band.

Raising the Bar – Beyond Regulatory Compliance
Over the past two years, Magellan has demonstrated a new, accessible and globally applicable
standard for the safe handling and transport of lead concentrates. The disadvantage of the system is
its higher operating cost. This, and a reluctance to change from general compliance and industry
standards, is likely to be the biggest hurdles to other organisations wishing to follow Magellan’s
example. However, Magellan has felt the cost of systems that lose public confidence and believes
that improved product stewardship and the avoidance of incidents and accidents will recover higher
operating costs over the long term.
Financial Commitment – Performance Bond
Magellan is the first organisation in the State to post an unconditional performance or ‘environmental’
bond of $A5 million. The terms enable the Government to access the bond, in order to deal with the
release of lead carbonate concentrate along the transport route or at the Port, or to otherwise address
Magellan’s non-compliance with the environmental conditions of its operations. The bond is unique in
the mining industry, where performance bonds are all linked with actual mining and exploration
tenements, and have no coverage of downstream operations.
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Auditing and Inspections
The importance of independent auditing and inspections is well understood in the financial industry,
as a measure to ensure transparency, accuracy, comparability and completeness. Magellan is
following these principles, in order to confirm that no lead carbonate concentrate is present on the
outside of the sealed bags. An independent auditor/inspector (approved by the Minister for
Environment) has therefore been engaged with the following roles and responsibilities:


Audit regularly the process for handling and transport of lead carbonate concentrate along the
entire supply.



Inspect all bags prior to loading in shipping container for the presence of lead carbonate
concentrate outside the bags.



Inspection all shipping containers and trucks after they have been washed for the presence of
lead carbonate concentrate.

The independent auditor/inspector reports the findings of the inspections, auditing and monitoring
directly to the Fremantle Ports Inner Harbour Community Liaison Group (see above). All these reports
are also made publically available on the Magellan website. The engagement of an independent
auditor/inspector is unique in the mining industry, and establishes a new standard of transparency.
Monitoring
The handling and transport of lead carbonate concentrate has been designed to have an inherently
low risk of releasing the material into the environment. Magellan undertakes monitoring along the
transport route to verify the integrity and effectiveness of the processes and procedures.
Environmental monitoring for lead includes the following:


Soil sampling every 10 km along transport route and every 0.5 km within residential areas.



Dust deposition monitoring in towns adjacent to the transport route.



Water in rainwater tanks in selected locations.



Air quality monitoring inside selected shipping containers.

The transport route sampling also includes dedicated environmental monitoring within and
surrounding the Port. This includes:


High-volume air sampling.



Soil sampling at rail terminal.



Dust deposition at selected locations.



Drainage sump sampling.



Benthic sediment sampling from Harbour.

The environmental monitoring results are being made available on Magellan’s website as soon as
they become available. The Fremantle Ports Inner Harbour Community Liaison Group is also
presented with the results.
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Each sampling location has been allocated an individual investigation trigger level, which is
conservatively below relevant national and international guidelines, and which, Magellan must not
exceed. Samples exceeding the level are sent for isotopic (chemical signature) testing, in order to
identify whether the lead in the sample is from the Magellan mine.
The program is unique, because it involves Magellan taking product stewardship along the transport
route and at the port – all downstream of the mine and not traditionally a part of a mine’s
responsibility. The thoroughness of monitoring, trigger levels, and the ability to demonstrate product
identity, combine to lift the standard above that of a traditional environmental management and
monitoring program.
Magellan’s initiative obviously reflects its immediate interests and the corporate survival imperative to
resume operations. However, the circumstances are a reminder of a common interest across the
mining industry in winning and keeping public confidence and of the importance of extending product
stewardship beyond the mine gate.
Current Status
The Magellan case sets a new industry benchmark for the safe handling and transport of lead
concentrate. Improvements—such as the avoidance of material re-handling, increased product
stewardship, greater transparency, better emergency planning, and regular public consultation—
provide government, industry and the community with an example of a proponent who has learnt from
experience and delivered an improved standard of both operational performance and public process.
In August 2009, Magellan received final approval from the State Government of Western Australia to
handle and transport lead carbonate concentrate in sealed bulk bags inside locked shipping
containers through the Port of Fremantle. The first train shipment to Fremantle and the first export
shipment took place the end of September 2009. Shipments have continued at a rate of two per week
since then. During this time, Magellan has complied with the environmental conditions of its operating
permits. No escape of Magellan’s lead carbonate concentrate has been identified in any of the
transport and Port monitoring programs, with the independent auditor/inspector reporting as follows:
Following a review of the bag and container loading operations and procedures to
which the independent inspector has responsibility to ensure ongoing compliance, it is
the assessment of Inspectorate Australia (Assay) Pty Ltd that Magellan Metals have
fully complied with Ministerial Statement 783 and the Implementation of Condition 10
document. Specifically, that all bags, containers and trucks have departed from the
Magellan mine site without lead carbonate concentrate dust on the outside of the
sealed bags, containers or trucks.
Magellan restarted processing operations at the Magellan Mine during the week commencing 22nd
February 2010, and is currently mining and producing new concentrate for export.
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Opportunities and difficulties in the application of waste
management techniques on remote mine sites
Healy, J. and Neville, B. D.
Sodexo Remote Sites
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Abstract
Waste management can be a topical issue for mining companies in WA, from a social, financial and
environmental perspective.

Sodexo has implemented an innovative waste management system

which aims to segregate, compact and remove recyclable material from remote sites across Western
Australia. In 2009, Sodexo received a Golden Gecko Award for Environmental Excellence for our
Resource Recovery programme.

The success of the programme has been built on excellent

partnerships with our valued clients in the mining community.

We recently launched our Better

Tomorrow Plan for corporate citizenship and our waste management program will be used as an
example of how a business such as Sodexo can successfully integrate sustainability with waste
management practices.
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Introduction
The disposable nature of the modern world is creating waste management issues for the packaging of
a variety of goods important in day to day living.

In Australia, waste is being produced at a

disproportionate rate relative to population levels, with landfill being the simple solution to the tonnes
of trash (Jackson, 2005).

The national average for municipal waste sits at around

600kg/person/annum, with WA sitting at around 650kg/person/annum (draft National Waste Report,
2009). It is estimated that 80% of municipal waste is recoverable (Assessment of Waste Disposal
and Material Recovery Infrastructure for Perth, 2008). It can be relatively safe to assume that the
waste generated from a mine site village, especially in the modern era, would closely reflect that of a
typical suburban environment.

Background
The quality of life for mine site workers has improved considerably over the last ten years. Where
once the use of shared ablutions, cramped rooms and common TV areas were acceptable practice,
modern expectations of the work force has changed the way people live when working away from
home. New villages are equipped with the latest technology, including LCD TV’s, stereo systems and
telecommunication/internet access in every room.

In addition to this, the provision of exercise

equipment, social functions and high quality food and sleeping arrangements makes for a lifestyle
similar to that which many of us are used to at home. While the benefits of these additions can be
reflected in the happiness of employees and the retention rates in the mining industry, one significant
side effect has been the generation of waste from these villages. Typical waste streams from a
village now include cardboard, paper, plastics, aluminium, steel, glass, cooking oil, eWaste and
organic material.
The mantra of Reduce, Re-use and Recycle has long been used as a waste management objective,
but there are limited examples of how this has been effectively applied to the remote site community.
Sodexo Remote Sites have identified the issue of packaging as one of the significant impacts that our
operations have on the environment. With large volumes of goods being transported throughout the
state, the amount of packaging required has been significant. This has resulted in the need to either
find more land to dispose of the waste, or find a way to remove the waste from sites and place it into
the recycled material industry.
Recycling is not new to the mining industry, with the value of used or ‘off-cut’ copper and steel long
been seen as viable fund raisers for social groups, community groups and charities. However, when
it came to common packaging products, such as plastic, aluminium and cardboard, there has been a
financial cost to recycling them and have therefore often been discounted and mixed with other
general waste going to landfill. Where mining companies attempted to be responsible corporate
citizens, the tyranny of distance and the extensive logistics in managing these materials consumed
more time and money than anticipated, with the end result being that recycling programmes are
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simply stopped or downscaled significantly.

Clearly the ultimate aim of any company handling

packaging is to reduce the amount generated, which is strongly reflected in the National Packaging
Covenant.
This paper focuses on our Resource Recovery programme, which deals with common waste products
in a village. We are currently undergoing negotiations to deal with eWaste and organic waste in a
manner that will be cost effective for our clients. We are also working towards reducing packaging
material being taken to our remote sites. These items are content for a separate paper.

Methodology
The management of waste on remote mine site villages tends to be similar across Western Australia,
with only a few exceptions of those sites located in or near a township.

Historically, waste

management has revolved around segregation of hazardous and dangerous goods (such as
batteries, tyres and hydrocarbons), as well as the segregation of ‘useful’ waste such as copper and
steel. All other waste generated across the entire mine site are then either left in lay-down areas or
placed into landfill.
This has resulted in thousands of tonnes of recyclable material such as cardboard, aluminium cans,
glass and steel tins being disposed of over time. To change this practice, Sodexo Remote Sites
identified the need for a re-imagining of waste management processes. To achieve this, there were
three key challenges identified:
•

How to ensure recyclable material is separated from the general waste stream;

•

How to ensure that Sodexo employees would contribute without the feeling of additional
burden being placed on them;

•

How to incorporate residents and clients into the process and attract interest and ultimate
‘buy-in’ to the process.

The first step was to identify what waste was recyclable. To this end, Sodexo determined that all nonputrescible, day to day waste generated by our operations will be recycled. In general, this material
would include: aluminium cans, steel tins, glass bottles, paper and cardboard products, plastic
products, waste cooking oil.
To achieve successful management of waste the Resource Recovery programme involves the
following steps:
•

Segregation of wastes;

•

Crushing and baling materials;

•

Removing recyclable material from site;

•

Processing;

•

Community support.
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Segregation
To encourage residents to take responsibility, Sodexo provides the opportunity to segregate
recyclable material from general waste. This is achieved using unique ‘recycling stations’, which are
a set of colour coded bins accompanied by a prominent banner. Each station also contains a general
waste bin to ensure the recycling bins are not contaminated. Sodexo employees are also encouraged
to segregate waste as part of their daily duties in the kitchen and around the camp.

Compaction and baling
Reducing the volume of recyclable material is a key step in this programme. In order to have an
easily transportable product, a specialised machine is used to crush the cardboard, plastic, aluminium
cans and steel tins into compact bales. The bales are stacked onto pallets, wrapped to prevent
movement during transport, and loaded onto the freight truck back to Perth. Glass is also crushed
and stored in 1000L steel bins to ensure ease of transport. By taking time on site to do this step, the
volume of material that can be transported is increased significantly. Given that everything is then
stored on pallets, transport of the material is also safer and acceptable to the freight company.

Removal from site
On talking with many clients, the logistics of waste removal is often the point at which many recycling
programme’s can ultimately fail. With Sodexo’s lifeline being with freight companies, we have the
flexibility and strong relationship to ensure that material is removed from sites in a timely manner and
taken back to Perth. Our logic and approach to transport is that many of our freight trucks will be
returning to Perth empty, so filling them with recyclable material makes for a sensible alternative to
devoted trips for pickups.

Processing
Although the story ends for the village once the recyclable material leaves site, the recycling program
ensures that all material reaches the appropriate recycling contractor in Perth. All recycling material
is delivered to reputable companies, who then provide data back to Sodexo for reporting purposes.
Despite the downturn in global demand, our contacts have realised the high value of this programme
and have continued to accept our material, which has been greatly appreciated by both Sodexo and
our clients.

Community support
While recycling is good for the environment, Sodexo also has a greater goal of being recognised with
strong Corporate Social Responsibility. To achieve this, we have committed 100% of funds raised
through the Resource Recovery programme to be donated to a charity. No money is taken for
payment of labour or materials, meaning that this programme is truly supporting of our community.
The charity of choice has been Ruggies Recycling, whose support of our programme has been
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invaluable and whose fund raising efforts have provided much needed support to Princess Margaret
Hospital for Children and the Royal Flying Doctor Service, both services of which are highly valued by
the employees and families of Sodexo and our clients.

Results
Currently there are 13 sites in Western Australia which have implemented the Resource Recovery
programme.

Our experience has found that there is a marked difference in the success of the

programme when comparing construction sites to production sites.

With a transient population,

construction sites tend to have greater contamination of segregation bins that are located around the
village. With fluctuating numbers of residents, employee levels for Sodexo tends to also follow,
resulting in greater employee turn over. As a result, management of waste from the kitchen area can
be hampered by delays in employee training. In comparison, production sites tend to have stable
population numbers, both residents and Sodexo employees. As a result, there is generally a greater
sense of community within the mining village (especially on sites that have long been established),
which translates into greater care and interest in the local environment.

Waste management

initiatives in remote locations tend to have an increased chance to become self-managing when the
community in which it operates perceives to have a vested interest in the well being of their ‘homes’.
Active client participation has also been found to have a positive result to the success of recycling
programmes.

Where the client actively encourages employees to take part in these initiatives,

through the use of pre-start and toolbox talks, information (for example lean) sessions and make use
of ‘recycle boards’, the volumes of waste recycled tend to be higher. This then feeds back into the
client’s reporting, reflecting favourably in terms of appropriate corporate social responsibility.

Opportunities
Realised opportunities
Sodexo started out on the road to sustainable waste management with the goal of minimal waste to
landfill. This was made up of a number of initiatives and processes that collectively made up the
Resource Recovery programme.

Some of these processes have worked well, while others are

currently being reviewed and refined to be appropriate to the conditions in which they are being
implemented.

The following are some of the realised opportunities of the Resource Recovery

programme.

Glass management
The transport of glass has been an issue. Using a unique glass crusher and specialised bin lifters
has allowed the glass to be safely removed from site to be recycled.
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Compaction of waste
The greatest issue for waste management is volume. There will always be issues with insufficient
space for both material going to land fill and, more importantly, material which is recycled. The
compaction of recyclable materials increases their movability and utility as saleable products.

Business relationships
Building strong business relationships, from freight companies to our clients, has been crucial to the
ongoing success of the programme and will ensure its growth into the future.

Community support
Often one of the greatest reasons for people failing to take part in recycling programme’s is that the
end result is money taken by the business for profit, or is given to social groups or local community
groups. While the support of these are important, Sodexo views the support of the RFDS and PMH
as integral, given the service they provide the entire state for children and people in remote locations.
This relationship with Ruggies has allowed Sodexo to promote at all sites the support of a highly
recognised and reputable charity in Western Australia.

Biodiesel
The use of canola oil for cooking in our kitchens has now provided the opportunity for Sodexo to make
use of this waste oil and convert it to biodiesel. Trials have been successful for changing site based
vehicles from mineral diesel to 100% biodiesel, which will reduce greenhouse gas emissions and the
demand for mineral diesel. We look at this as a successful ‘closing the loop’ process.

Effective Communication
Another successful process that has been a driving factor of the recycling programme is the tools
developed to communicate with employees and management. Some of these tools include:
•

Monthly recycling report;

•

Monthly environment and sustainability newsletter;

•

Posters/stickers;

•

Recycling information board

•

Recycle scorecard

•

Toolbox talks;

•

Table talkers.

Potential opportunities
While the realised opportunities have been successfully implemented across many of our remote
sites, there are a number of processes that have been identified that will increase the effectiveness of
the Resource Recovery programme. These are outlined below.
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Glass
Given that glass is a major safety issue, an area of opportunity is to find alternatives to glass
packaging. While many have applauded the 2009 announcement of a glass processing facility being
built in WA, reducing glass waste is preferable to recycling it. With most residents drinking beer
packaged in glass, it is not surprising that many sites have significant issues with the volumes
created. During the past year, research on Sodexo sites has shown that ~ 70% of beer sold is in
glass bottles. In addition to the safety issues of glass, many sites have problems with contamination
of glass with other materials (such as food waste, cigarette butts and other contaminants). Given the
high level of contamination, added to the high volumes of glass produced, it is increasingly difficult to
rationalise the recycling of glass.

There are several alternatives that are being investigated by

Sodexo, including the provision of popular beer products in cans, plastic bottles or even kegs.
Sodexo is also working with innovative businesses to develop other end uses for glass, such as using
it as an aggregate in concrete or the abrasive in strip blasting.

Recycled products
Sodexo is hoping to increase the purchase of recycle products in order to help close another loop in
the waste management process. There are several producers of recycle plastic products such as
bale frames, seating and landscaping products. All of these items are currently used in our villages
and the change over should only require education in the change of purchasing processes away from
those used in the past. The move to recycled products will not only further reduce our demand on
natural resources, but also help an industry struggling to make its mark in Australia.

Food waste
A significant proportion (up to 60%) of Sodexo’s waste generation in our villages tends to be food
waste. Typically this is from preparation of meals, but can also be made up of residents taking more
than needed and ultimately wasting the food. There are a number of processes that are currently
available for the management of food waste, including composting, food de-hydration and
vermiculture (worm farms). All the processes have significant benefits, however all have significant
difficulties unique to each. Sodexo continues to work with leaders in the field to find opportunities that
are both practical and cost effective for the mining industry.

Conclusion
Historical waste management processes are no longer acceptable, by regulators, company
stakeholders or the wider community in general. Sodexo has recognised the need for an effective
and long lasting waste management initiative for the mining industry. The success of the Resource
Recovery programme, from being recognised by peers and also the reduction in landfill and support
to the community, is testament to it’s long term viability. The provision of infrastructure, training and
logistics has enabled Sodexo to work with our clients to recycle material that once ended up in landfill.
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With many of the villages run by Sodexo being larger than some towns in Western Australia, it is
beholden on the lease holder to ensure that waste is managed appropriately. While the logistics
require a great deal of investment and patience, there are ample opportunities to ensure that any
product that can be recycled is separated from general waste and delivered to the recycling industry.
What this process does require is a commitment from businesses to see the process through initial
implementation and allow it the opportunity to grow and develop. Certainly, there is an up-front cost
to implementing a recycling programme, but both for the life of the mine and the investment of an
entire mine, the costs are relatively minimal, and the benefits will increasingly become apparent. The
Resource Recovery model has proven to work in general however may not be replicable in other
industries. What has been learnt is that with commitment at all levels of an industry, from senior
management to the employee on site, that waste management processes can be changed for the
benefit of not only the environment, but for all concerned.
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A Step Off the Veranda
Danicia Dutry, BCom, ACID
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Abstract
Tim Winton describes Australians as veranda dwellers, seated on the white sandy coast facing out to
sea, with our backs to the desert and our toes in the ocean.
The history of the goldfields has painted a different picture for its residents. From the early days of the
gold rush, through the nickel booms to the development of the Super Pit, the industry and local
residents have stepped off the veranda into difficult and challenging remote environments, found new
ways of dealing with boom-bust industry cycles and created communities entrenched in history,
tourism and spirit far from the coast.
The region has over 100 years of mining history, starting from a time when communities were created
next door to mining operations so workers could walk to work, through to large scale open cut
residential and fly-in-fly out operations. As many of these operations now face the end of their mine
lives, new challenges for these communities are emerging.
Measuring actual and perceived impacts of operations in this context, engaging with the complex
range of local stakeholders and working to find solutions on emerging issues require practitioners in
this arena to be both that of observer and participant.
This paper presents practical tools for understanding the context for effective engagement, engaging
with local stakeholders and measuring performance and attitudes in a quantitative way, drawing on
our local experience from detailed social and human rights assessments for a number of local
Goldfields based organisations such as KCGM, BHP Billiton Nickel West and Minara Resources.
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Introduction
“Out on the patio we’d sit,
And the humidity we’d breathe,
We’d watch the lightning crack over canefields
Laugh and think, this is Australia.”
Goes the famous Gangajang Son (M.Callaghan)
The songs lyrics take us immediately to a time and a place, a place where the sugar cane industry
was such a part of central Queensland – a time before the cane toad, pesticide awareness and the
consequences of changing natural habitats was part of the nations psyche.
As social performance management and external stakeholder relations become an increasing
priorities for developers and operators of major projects; and as international financial institutions,
governments and host communities become more sensitive to the risks of misalignment of
development goals, meeting human rights and unmet stakeholder expectations, we are sometimes
driven to apply prescriptive approaches to create certainty and an engineering solutions to these
issues.
In doing so, we often overlook the unique nature of each community, individual perceptions and the
biased nature of project decision-making and reporting. People create their worlds to suit their
cultures, aspirations and needs. These worlds are entrenched in the historical and physical
environment that individuals find themselves in and the economic and social forces from which they
derive their income and build their families.
If Sustainable Development is defined as meeting the needs of future generations, how do we access,
define and measure these needs and subsequent project impacts? My view is that we need to apply
strict evidence-based approaches that take into account community perceptions in an objective way.
Richard D Lewis in his book The Culture Imperative, Global Trends in the 21st Century states that like
Plato’s Allergy of the Cave, What happens is that we see the world and others in it, through a kind of
filter. Lewis goes on to describes this filter as cultural spectacles, in which our own particular bias
distorts our opinions of others, so we may not see them as they really are.
As an example, in many cases our project teams see themselves as articulate, intelligent, solution
driven professionals, globally focussed and assisting the world by providing the raw materials to meet
our societal needs and wants. They are often shocked and confused to find local stakeholders
describe them as “greedy”, “uncaring”, “abrupt”, “unapproachable” and “untrustworthy”.
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A series of recent projection images we have created for different organisations throughout Western
Australia illustrate this gap in mutual cultural spectacles in ways that only a picture can. With the
exception of one, we see local community stakeholders finding their resource neighbours, as different,
out of touch with their surroundings, isolated and not in a very positive light.

To understand this gap in perceptions, lets look at the context of regional Western Australian
communities (particularly the Goldfields), the salience of certain social indicators and gaps between
actual and perceived impacts, the way we align mutual or joint development goals and how we
measure outcomes using appropriate research techniques.
The Goldfields Context
Steeped in a long history, spanning the traditional lifestyle of the Maduwongga people to the more
recent European settlement, the Goldfields communities have proven themselves to be robust and
determined.
At a time when Western Australia was lagging behind the east coast, a discovery of gold at
Coolgardie in 1880s was to be the beginning of tremendous growth in Goldfield’s population. This
fruitful stretch of gold, and subsequent nickel discoveries, are still helping to drive the local economy
today.
With people came a growth in many markets that fed off the mining boom. For every miner there was
a need for accommodation, food and varied services. These were a tough brand of men and women
that dealt with the harsh arid conditions as best they could, forever determined to make the next big
discovery. It was this steely determination to make good on this red dirt that fuelled the rapid growth in
industry and population that put the Goldfields and indeed Western Australia, on the map. In part it is
the region’s isolation and challenging arid environment, especially from the state’s beachside capital
in Perth, that has borne a community that has made do with their surrounds and harnessed their
assets to the best of their ability. From its earliest beginnings with the discovery of the gold near the
turn of 20th Century to the engineering feat of the Goldfields water pipeline, the local culture has been
a unique one, which reflects its natural environment, industry and wide variety of people that call it
home.
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The racial diversity of the region is another defining factor and not always a pleasant one - from the
race riots of the 1930s between local European factions within the community to the alienation and
present-day challenges in cultural reconciliation between local Indigenous groups and mainstream
communities. Community cohesion remains an ongoing challenge.
Reminiscent of the idealised extremes of America’s Wild West, the Goldfields has a reputation for
hard living. Hard work, heavy gambling and drinking are but some of the defining elements of a
culture that was well entrenched many years ago. The strong drinking culture of Kalgoorlie-Boulder
for example was evident in 1903, when Kalgoorlie boasted 93 pubs in a town that had exploded to
almost 30,000 people. In more recent times, however, to define the Goldfields in these stereotypical
terms would provide an incomplete picture of a community that has evolved greatly. That said, social
issues such as alcohol abuse, mental health, family breakdown and child welfare sit below the surface
of the visible economic wealth of local mine employees and their fly-in-fly out companions.
The Goldfield’s reputation as a very masculine and extreme place has definitely altered over the
years, as more ethnic diversity, changing values and economic shifts have brought new opportunities
to the town. In more recent years, the shift in cultural values in the Goldfields (and throughout the
industrialised world) has seen communities come to value their own culture and history in a deeper
and more meaningful way. It is this shift in values that has facilitated the growth in cultural, mining and
eco tourism industries. Our research work in the region shows that while employment is a major driver
for why people live in the region – the sense of place, atmosphere and way of life are now strong
draw-cards.
In part, the shifting recognition and economic value of tourism that harnesses local mining history,
Indigenous culture and environmental beauty reflects the evolution of the local economy. In light of
the finite nature of mineral extraction and fluctuating commodity prices, these changing directions for
the Goldfield’s economy and culture are positive steps that point towards a more sustainable future –
particularly as the Super Pit and other traditional mines plan for the end of their mine lives.
This regional context means that social indicators around local employment and enterprise support,
community participation, use of water infrastructure and resources, relationships with communities
and local landholders and communication of future plans are consistently the highest ranked
attributes of community significance using Coffey PERIEX™ model for social impact assessment.
These communities demonstrate a high tolerance of mining activity alongside a high expectation for
mining employees and contractors to be an integrated and active participant in community life.

Aligning the Goals
These consistent results provide a unique opportunity for engaging with local stakeholders and
community representatives. In the main, these are not communities that need a “push it out” style of
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educative Power Point slides on operations and developments. Stakeholder groups and community
representatives are made up of individuals who have lived and breathed resource activity since they
arrived in the Goldfields. Engagement techniques need to be tailored and focus on finding creative
ways to establish joint development goals. Efforts need to be focused on finding ways to work with
different stakeholders responsible for the community development activities - from local business and
contractors, to local environmental groups, to social services and more significantly local government
development committees. By involving the groups that are active in building, growing and nurturing
the community, joint development goals and strategies can be created in an integrated and
sustainable way.
It is essential that these techniques are not about crafting ‘monologues’ designed to manipulate,
persuade or ‘educate’ stakeholders. The notion of ‘ethical’ discourse is a useful reality check on how
conductive your organisation’s communication practices are in building trust with stakeholders. For
ethical discourse to occur participants:
•

Must have an equal chance to initiate and maintain discourse,

•

Must have an equal chance to make challenges, explanations or interpretations

•

Are equal with respect to power

•

Interaction among participants is free of manipulation, domination or control (Pearson, 1989)

Visioning techniques, hands-on workshops, sponsorship of areas of community need, provision of
expertise, community participation strategies that enable local people to interact directly with the
mining populations on their doorstep (even if they are fly-in-fly-out) are important tools and techniques
for ensuring the cultural spectacles are removed and real differences are seen in the remote
community life of Goldfields towns and communities. It is not just about how we manage the negative
impacts of resource activity but rather reframing the focus to be how do we work together to mutually
benefit from the places in which we work, live and play.
These techniques then also provide a way to overcome consultation engagement and fatigue. If the
focus is on making a difference with real outcomes then participation becomes a rewarding and
fulfilling process rather than a cynical and disillusioned reality.
Measuring Outcomes
Now that we know where we are going from an internal and external perspective, how do we know if
we are making a difference and achieving success? The answer to this question requires
consideration of both what it is we are trying to measure and the limitations and advantages of each
method of measurement.
Internal assessment, be it in terms of audits to test alignment to global standards (in the case of
companies such as BHP Billiton and Newmont), documenting the number of stakeholder contacts,
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tracking issues raised, complaints logs and data, recording community investment and spend data
and quantifying impacts such as noise, dust and vibration monitoring, local procurement spend or
employment data/training (including Indigenous), creates vital measures of the organisation’s role and
impact. It provides a process for ‘getting the house in order’ and determining who in the organisation
holds responsibility for the success of these strategies – clearly not always the public affairs or
community liaison area.
Secondary research enables organisations to track and determine social drivers, context and broader
community understanding. A direct way of removing the cultural spectacles can be by looking at the
actual population and demographic statistics such as ABS Census data, environmental values that
influence perceptions around water, land use and revegetation, a community’s history to determine
modern day drivers, visioning exercises that may have been conducted by local governments and
their planners and economic trend data. This data provides the baseline for insight into what might
shape the future sustainability of communities. Caution must be exercised in the interpretation of this
data, determining validity of the source and understanding their limitations (e.g. how ABS Census
data gathers and manages fly-in-fly out population data, differences in definitions of statistical areas
and definitions of the communities being measured).
Qualitative assessment provides us with the detailed understanding of how individuals form their
perceptions, areas or indicators of importance, how they define their own community and culture and
the perceptions that sit behind any secondary data or quantitative analysis. Again this technique
requires an understanding of the bias that individual researchers may bring, an understanding of our
own cultural spectacles and the limitations of analysing qualitative information. It is also important that
some analysis is actually done of this social data whether it be through coding, theme analysis or
projection (as we have illustrated above) rather than relying on hearsay or the loudest voices. This
type of assessment includes focus group and workshop work, in-depth interviewing, consultation
techniques such as the world café workshops, planning techniques such as those favoured by the
previous State Government and community meetings. In many instances, such as with Indigenous
stakeholders, small stakeholder groups or individual stakeholder liaison, qualitative techniques are the
most appropriate forms of analysis given the small sample sizes or challenges in overcoming
numeracy or literacy within the population under consideration.
Quantitative assessment is a crucial element to providing trackable quantitative data around
community perceptions. It has only recently been used effectively by resource companies, which in
itself is surprising given the engineering and technical focus of these organisations. Social
performance was traditionally seen as an area that could not be quantified. Yet over the last decade I
have seen time and time again that when conducted appropriately, in a logical and statistically
accurate way, this type of assessment has the ability to set clear priorities, benchmark performance
and track subtle changes or shifts in community outcomes, desires and efforts. It includes telephone,
door-to-door and other representative samples of residential and business populations. At Coffey, our
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quantitative assessment process for social impact assessments or human rights assessments is
matrix based looking at measuring a series of indicators determined by qualitative and secondary
research results across two variables (e.g. importance and ability to manage, or exposure and
performance). As resource companies in the area grabble with end of mine life, cyclical commodity
prices and increasing costs, using quantitative assessment to determine key spend priorities will
become the only ways to ensure spend matches need and that overwhelming list of what needs to be
done becomes more strategic in its focus.

Conclusion
As social practitioners, often working with vastly different internal and external cultures, we may never
be able to remove our cultural spectacles totally but the use of effective engagement and
measurement tools will ensure we start to work together in way that enhances our local communities
and operational goals. Community engagement and stakeholder management doesn’t have to be
overly complex but it does require a clear understanding of the operational and social environmental
context, a genuineness of approach and a creative process to ensure joint development goals are
established, aligned and actually made reality.
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Abstract
Lake Carey is a large playa lake, 750km2 in area, in the north eastern goldfields 20 kilometers south
of Laverton. A number of mines have discharged mine dewatering brine to the Lake over the years.
Currently there are two main discharges into Lake Carey with the discharge at Wallaby by Barrick
(Granny Smith) Pty Ltd (BGS) being the most significant. At 270g/L these discharges are high in salt;
roughly eight times seawater concentration.
The current study has two aspects. The first is to document the magnitude of the salt scald and gain
an understanding of whether the scald represents the entire discharge and how much of the scald is
biologically active in the lake after flooding. The second is to describe the potential recharge into the
aquifer of the salt into the Lake’s sediment.
From estimates of the salt scald over three years it is evident that a significant part of the discharged
salt is not represented in the scald. Given the lack of a significant wetting event for the period of the
study it is unlikely that the salt migrated outside of the study area; the only potential method of salt
removal from the surface is as recharge into the playa sediments. It is argued that the removal rate
(recharge) in this scenario of low rainfall events is approximately 50% of the total salt discharged for
the period.
The groundwater study indicates that water in the sediments is being moved vertically downward. The
analysis of the sediments shows that there is adequate capacity for salt to be stored in the profile at
the rate of ≈1 m depth per year of discharge for an area less than 1000 ha. This is of the same
magnitude as the area of the measured salt scald.
The gradient of groundwater in the profile is downward in both control and discharge sites. These
conditions do not support any expectation that large amounts of salt could be brought back to the lake
surface to form a crust once discharge ceases. Equally, it is estimated that any salt crust that forms
during the discharge of mine water on to the lake surface would be moved downward in the profile
under conditions of rainfall producing inundation across the lake.
A secondary objective of the exercise was to estimate the potential impact of the salt scald elevating
the surface water during a flood event. The impact would depend on the flood height amongst other
variables. A number of assumptions have been made including the average flood height over the lake
specified in row 1 and that the entire salt load to a depth of 5cm depth into the playa is mobilised. The
background levels assume that the salt load is 7kg/m2 as calculated in the three surveys.
The impact of the discharge in the various discharge scenarios shows that the discharge would have
a measurable but perhaps not significant impact on Lake Carey’s salinity.
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Introduction
Barrick (Granny Smith) Pty Ltd (BGS) is a gold mining operation located approximately 20km south of
Laverton in WA. The most recent significant pit is the Wallaby Pit which borders the north-east edge
of Lake Carey - a large playa lake on the Carey Palaeodrainage system.

Lake Carey Environment
Lake Carey is a large playa lake, 750km2 in area, in the north eastern goldfields 20 kilometers south
of Laverton (Figure 1). It is one lake in a chain of lakes connected by subterranean drainage that
make up the Carey Palaeodrainage System, formed during the Tertiary Period, about 65 Million years
ago.
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Figure 1 Lake Carey Location
The Laverton region is pastoral with many historical and current mines. The rainfall is low and
episodic. Lake Carey is filled from rainfall falling directly on the playa and in runoff from a significant
catchment. The catchment is ten times greater than the lake area but only flows after significant rain
events. Typically there is no ponded water on the playa for most of the year and it is mostly dry with a
light salt crusting (efflorescence) apparently from evaporative wicking. The playa is covered with
water on average once a year and with a significant flood to a depth of half a meter once every
decade or so.
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In order to maintain a safe and dry working environment in the pit and underground working Barrick
(Granny Smith) use bore and sump pumps to dewater the aquifers adjacent to the mine. The pumping
causes a local drawdown of the aquifer(s) around the mine. This drawdown ‘cone’ extends beyond
the mine operation in a shape determined by the depth and pump rate of the bores and the
transmissivity of the sediment. Obviously the drawdown extends further along the zones of high
transmissivity such as the gravels in the palaeochannels and less into the playa clays. The
hypersaline groundwater is discharged (under license) from the Wallaby Pit onto Lake Carey.

Salt Balance
Models of the catchment and the contribution of salt from rainfall (Hingston and Gailitis 1976) suggest
that 7,000 tonnes of salt per year is deposited in the catchment. Estimates of the salt on the
immediate surface would only constitute about 100 years of salt from the catchment without
considering the significant contribution from aquifer evaporative wicking.
The natural input and output of salt into the system indicates that there must be a significant flow of
salt out of the surface system either downwards into the aquifer or over land to the south. The
southern flow has been discounted as there is no obvious channel and in any case the flow would
only happen extremely rarely when the water would be essentially fresh. The overflow would not be a
complete emptying of Lake Carey and could only constitute part of the volume and therefore salt load.
This leaves recharge of high saline brine to the aquifer as the only scenario. The mechanism of
recharging has only been described recently although the pathway has been hypothesised for much
longer.
There has been a significant amount of work describing the ability of salt lakes to recharge the aquifer
via convection in relatively small plumes or fingers. This work is supported by various papers on lakes
and theoretical modeling (Wooding, Tyler et al. 1997; Holzbecher 2005; Bauer-Gottwein, Langer et al.
2006; Nield, Simmons et al. 2008). Essentially evaporation of catchment runoff and evaporative
wicking accumulates hypersaline water on the surface of the playa. This layer is unstable in the sense
that a more saline (higher density) brine overlays a lower salinity (lower density) brine in the aquifer.
Diffusion occurs at the interface but is relatively slow. Episodically this instability causes convection
plumes to penetrate through the aquifer that relatively rapidly mix the two layers. The literature
differentiates between diffusion and convection. The rate of convection plume formation and their
continuity depends on the conductivity of the sediment and the difference in density of brine in the
aquifer and surface. The conductivity varies across Lake Carey with some sectors having more sand
than others. It is likely that there are sites of relatively rapid mixing.
The current study site is not the natural situation where the salt is accumulated over time from the
catchment and the aquifer is at the level of the playa surface. The salt is artificially pumped to the
surface from the playa paeleo aquifer and deposited on top of a drawdown cone. Both the discharge
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and recharge are artificial and accelerated. This is not to say that the ‘natural’ processes are not
occurring but they are not as significant in the area of study as the artificial pumping.

Regional Discharges
A number of mines have discharged mine dewatering brine to the Lake over the years. Currently
there are two main discharges into Lake Carey with the discharge at Wallaby by BGS being the most
significant. AngloGold Ashanti has a small discharge on the mid-eastern shore from their Sunrise
mine. At 270g/L these discharges are high in salt at eight times seawater concentration but roughly of
seawater ionic composition. Red October (SOG) pumped saline water onto the lake for a short period.
The Wallaby Open Pit and Underground Mine is operated by BGS. It is situated at the north-eastern
end of Lake Carey. Mining commenced in May 2001. Initially the discharge was to one part of the
playa southeast of the pit. This discharge started in May 2001 and discharged approximately
200,000KL at 270g/L per month (DEC Licence 7454). In 2007 another discharge site was set up to
the northwest of the pit. Between the two locations approximately 400,000KL of groundwater at
270g/L TDS was discharged per month for the period between May 07 and January 08. Except for a
short period in 2008 where the discharge decreased to 300,000 KL per month the discharge has
continued to average approximately 400,000 KL per month at 270g/L. The discharge amount does
vary from month to month depending on local variables.
The Wallaby discharge plume tends to follow the same pattern at Lake Carey. The groundwater
discharge from the mine spreads out across the playa in a thin layer as it evaporates, generating a
white salt footprint on the otherwise brown playa. Close to the discharge point there is no salt but a
depth of brine up to about 10cm deep. Further away the salt starts to precipitate and the salt gradually
gets thicker and deeper in the shallow basins typical of the playa. As the distance from the discharge
point increases the salt gradually gets thinner until it is a ‘dusting’ on the surface. The outer salt crust
is typically an ‘efflorescence’ type deposit, generated from evaporative wicking of the saturated
subsurface or superficial water table. This evaporative wicking is most evident next to the discharge
zone due to saturation of the subsurface and lateral movement of brine from the discharge. These
small wicked salt scalds also form without encouragement from discharge water but are generally
smaller and near natural groundwater expressions.
The dimensions of these salt scald characters depend on the volume of the discharge, the salinity of
the discharge, wind velocity and direction, and local micro topography. Typically the brine-only section
is relatively small, and the bulk of the area is taken up by the thinner salt layers. This variation across
the playa can be seen in Figure 2. The discharge pipe is shown in red. The western discharge has a
number of outlets in the same pipe to disperse the water over a larger area. The southern discharge
has a single pipes ending on the playa near the shore. The effect of local topography influence can be
seen in Figure 2.
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Figure 2 Discharge Character (Western Wallaby Discharge on the playa showing the white salt
scald surrounding the wetted area of exposed playa)
The brine evaporates in a localised area near the discharge. It can be assumed that the salt load in
the discharge scald increases until the next significant flooding at which time the salt is dissolved and
then dispersed across a greater part of the playa by wind and water flows. Small rain events such as
1mm will dissolve some precipitated discharge salt but it is unlikely to move the salt across the
surface of the lake to re-precipitate outside of the main scald. It is this assumption that forms the basis
of the comparison between apparent salt load and recorded salt discharge.
In terms of the impact on the lake environment by the discharge, the fundamental question is what the
final destination of the salt is and therefore how much salt will impact on the ecology within the
superficial water bodies during a wetting event?
The current study has two aspects. The first is to document the magnitude of the salt scald and gain
an understanding of whether the scald represents the entire discharge and how much of the scald is
biologically active in the lake after flooding. The second is to describe the potential recharge into the
aquifer of the salt in the Lake’s sediments.
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Salt Scald
Method
The principle of the method is that after periods of little or no rain at the discharge site, it is possible to
measure the salt load on the playa and compare the mass on the playa to the mass of salt discharged
from the Wallaby mine for a substantial period of time. The mass of salt on the playa should be
conservatively the same or more than the amount discharged if there had been no recharge into the
playa sediments. The discharge onto the dry lake pools in a local area while there is no or little rain.
The playa is geomorphologic relatively flat but has small variations that form basins and channels
about twenty centimeters in depth. The salt from the discharges precipitates out of solution to form a
readily identifiable salt scald that varies in thickness away from the discharge point.
Quantity of salt in discharge
The quantity of salt loaded onto the lake is known from laboratory analysis of the discharge samples
and flow meters at the discharge point. The period of time from the last significant rainfall month with
a total of 50mm per month till the time of sampling was defined as the period of accumulated
discharge represented by the scald.
Background salt load
The background levels were determined by sampling at a distance from the salt scald up to a hundred
kilometers away. This by itself would not be adequate except that background samples were taken
pre discharge across a large area that included the discharge region.
Area of scald
The salt scald forms an easily recognized surface layer and was readily identified by satellite images.
Therefore the horizontal distribution or area was estimated accurately using GIS programs (Mapinfo
10.0) and geo-referenced images. The area of scald was sampled by taking samples in a grid pattern
where the sample points were between 250 and 500 meters apart.
Determination of Salt Load at a Sample Site
An unknown factor is at what depth into the sediment the soluble salt or brine will re-enter the surface
water body and impact on the biology in the surface water. It has been assumed that the first five
centimeters of the playa mud may interact with the surface water during a flood event. It could be
assumed that during a flood event the hydrological head would be downwards and the salt in the
sediment would migrate downwards rather than integrate with the surface water. However biological
activity will agitate the playa sediments. Many of the invertebrates burrow and in general disturb the
sediment as part of feeding and avoidance behaviour. Diffusion may also be significant where the
sediment is sandy although it is more typically clay sediment. Therefore the salt in the first five
centimeters is conservatively considered to be available to the surface water in a flooding event.
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The scald itself was walked and samples taken at regular intervals. A cut off sample container was
used to core the salt and the sediment. The sample container had a diameter of 4cm and an area of
0.00125m2. A depth of five centimeters was marked on the container to ensure consistency of
sampling. The procedure was to core the salt scald if present, collect the salt and measure the depth
of salt crystal layer. The sediment was then cored to a depth of five centimeters and the sediment
sample collected into another marked bag. The location was recorded and a brief description made of
the location including depth of salt. In summary, at each site a description of the area and depth of
salt crust was recorded. If salt was present a salt sample with an area of 0.00125m2 was excised
down to the sediment or original surface of the playa. This sample was kept bagged and labeled. A
further sediment sample of an area of 0.00125m2 to a depth of 5cm was also collected.
The samples were analyzed for total salt concentration and the following derived: total dissolvable
salts in the sample, moisture content of the sample and total salts per m2 to a depth of 5cm.
The salt scald has been estimated three times between 2006 and 2008 inclusive using this technique.
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Figure 3 Sampling locations in 2008
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Results
A baseline survey was completed in June 1999 prior to the discharge and the study found that in the
top 1cm of the playa the salt load was 1.35± 0.11kg/m2/cm (mean/SE n=53). This has been
interpreted to mean that that the base-load is 6.75kg/m2/5cm.
Subsequent background sampling gave higher values (Table 1 and Figure 4). As a result the baseline
salt load of 7kg/m2/5cm has been used as the conservative lower limit of salt load.
Table 1 One-Sample T test of Salt load (kg/m2/5cm)
Variable

N

Mean

StDev

SE Mean

95% CI

2006 Salt Load K

15

8.19667

3.15752

0.81527

(6.44809,9.94524)

2007 Salt Load K

6

8.08333

0.88863

0.36278

(7.15077,9.01590)

2008 Salt Load K

7

7.57429

3.14144

1.18735

(4.66894, 10.47964)

All Years

28

8.01679

2.75293

0.52025

(6.94931,9.08426)

Figure 4 Boxplot of Background salt load (kg/m2/5cm)
15.0

Salt Load (Kg/m2)

12.5
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2008 Salt Load Kg/m2

All Years

The salt load within the scald less the base-load for the three years of the study is shown in
Table 2
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Table 2 Estimated tonnes of salt on playa from discharge
Survey Date

Oct-06

Oct-07

Sep-08

Accumulative discharge (t)

3,530,507

4,661,707

5,534,564

Estimated discharge over dry period at time of survey (t)

516,131

794,903

627,716

Measured salt from survey (t)

209,305

272,126

350,360

Percent difference

147%

192%

79%

Ratio Estimated/Measured

2.47

2.92

1.79

Area (ha)

2,313

2,710

2,805

The results show that under the conditions of this study there is always substantially less salt in the
scald than would be reasonably expected if the salt has not moved from the region of the discharge. It
is unlikely that the salt had been re-dissolved and transported by catchment runoff as the study was
always timed to be completed after and extended period of low rainfall.

Flow of Water and Salt within the Sediment
Method
Installation of piezometers for hydrological monitoring
Nine sites were selected at which nests of 3 or 4 piezometers were installed to maximum depth of 9m
in October 2006 (
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Figure 5). Three sites are located away from the immediate effect of the discharge (control sites), with
5 nests located in various positions within or adjacent to the zone affected by the discharge
(discharge sites). The 9th site contains only one piezometer and is in the discharge zone. During
piezometer installation a soil core was taken at each nest site for analysis of soil salt content several
months prior to commencing hypersaline water discharge. All the piezometers were surveyed for
location, height (relative to the Australian Height Datum) of the top of the piezometer pipe and ground
surface.
Nests of piezometers had been installed by Barrack (Granny Smith) for their use in observing
groundwater changes in and around the Wallaby mine. Four of these nests are included in the
monitoring programme – two nests are located about 200m on-shore with the other 2 nests located
within the discharge area. The x1 notation indicating the shallowest bore and the x4 the deepest bore.
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Figure 5 Location of Piezometers
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Data Acquisition and Analysis
Groundwater levels in piezometers have been measured on 8 occasions since 0ctober 2006. On 7 of
these occasions water samples were taken for detailed water quality analysis (conducted by the
Chem Centre of WA in Perth). Survey data have been obtained to allow the water levels to be
calculated to AHD values. Measurement of the specific gravity of the groundwater allows correction of
hydraulic head for water density as required. However, in the initial examination of the first year of
data the correction was not applied because the differences in the specific gravity in nests were quite
small. The correction will be applied, where possible, in the more detailed analyses anticipated in the
future. Rainfall data are available for the whole period. The daily volume and salt content of the
hypersaline water discharge to the lake playa are known.
The cores of the soil profile at each nest have been sampled and analysed for water content, salt
content and soil type. Soil salt content, soil solute concentration and an estimate of profile salt content
to 8 metres have been determined.
Water level data have been analysed to determine magnitude and direction of hydraulic gradients and
hydraulic flow. Good correlations have been obtained between EC and TDS, chloride ion and specific
gravity in the first year of sampling. This will allow future use of EC as the primary measurement of
water to obtain salt concentration and density.

Results
A major rainfall event during January 2007 provided a useful indication of infiltration of water into the
profile prior to the commencement of the discharge of hyper saline water.
Playa Sediment Salt
For the 8 cores taken, the soil salt content to depth of 8 metres has an average salt content of 560
kg/m2 (5600 tonne/ha), or 70 kg/m3. The soil solute concentrations at the different depths in the 8
metre profile for the 8 cores have a range from 165,000 mg/L to 459,500 mg/L with a median of
261,000 mg/L. The average soil solute concentration of 263,000 mg/L is similar to the concentration
of the hyper saline water (TDS 270,000 to 280,000 mg/L) being discharged from the mine onto the
playa.
Assisted by evaporation, the salinity of the discharge water entering the sediment profile could reach
375,000 mg/L (Baseggio 1974).. At this concentration the sediments are estimated to have a salt
storage capacity of 100 kg/m3. The 3 GL/year of discharge water required to enter the sediments has
a salt load of about 825,000 tonnes per year. It can be shown that the annual salt discharge could be
stored in a 1m depth zone covering 825ha. For each year of discharge, an additional 1 metre depth of
sediment is required to store the salt across about 1000ha of the lake sediments.
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Groundwater Level
At the time of installation of the piezometers (October 2006), the water table was found to be 5m to
7m or deeper beneath the playa surface. Significant rainfall, as in early January 2007 which flooded
the playa, was sufficient to develop a water table within the top 1 m of the sediment profile. Rainfall of
about 90mm on 4th January 2007 produced a response in all nests at all monitored depths within the
9 days before monitoring occurred on 13th January 2007. This groundwater persisted for at least the
next 6 months at the control sites. The measured downward hydraulic gradient at all sites has
indicated that, except for the immediate playa surface, the decline in the water table at control sites
(Figure 6) was due to the movement of water downward beyond 8m in the playa sediments
throughout 2007.
Figure 6 Water heights at control sites
Hydraulic Head of Groundwater beneath Lake Carey Playa
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06-Jul-09

22-Jan-10

As would be expected the measured water table in the sediments in the areas receiving mine water
discharge is at or above the ground surface since discharge began in March 2007 (Figure 7).
Figure 7 Water heights at discharge sites
Hydraulic Head of Groundwater beneath Lake Carey Playa
Piezometer Site N1 - Mine Water Discharge Site
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Groundwater Salinity
The groundwater salinity is generally in the range from 100,000 to 300,000 mg/L TDS. The infiltration
resulting from the major rainfall in January 2007 and associated inundation of the lake surface
produced a reduced salinity in less than 50% of sites and then only to a depth of about 4m despite the
hydraulic response at all depths to the event. This suggests dissolution of accumulated salt from the
near surface layers into the sediments.
Measurements of groundwater salinity 6 months after the commencement of discharge of hypersaline water to the lake (March 2007) gave the first indication of a response to the inundation of the
lake surface. At 3 of the 5 sites a response occurred to the full depth of sampling (~8m). The electrical
conductivity of the groundwater had increased from 45,000 to125,000 µS/cm (30g/L to 90g/L) in the
period July 2007 to January 2008. The control sites outside the discharge zone (C1 and C2) plus N4
site did not show the same response.
These data indicate that inundation by rainfall or mine water discharge is moving into the lake
sediment profile and producing changes to the groundwater quality at least to the 8m depth.
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Hydraulic Gradient and Solute Flow in Sediment Profile
Data from the nested piezometers support the calculation of hydraulic gradient and flux of water in the
sediments. The hydraulic gradient in both control and discharge sites is consistently downward (see
Figure 6 and Figure 7) indicating that the hyper-saline water is entering the profile and moving beyond
the 8m depth to deeper horizons. For the 5 sites monitoring discharge infiltration the estimate for
vertical flow is 24 ML/ha/year.

Conclusions
From the results in
Table 2 it is evident that a significant part of the discharged salt is not represented in the scald as
measured by the three surveys, and that given the lack of a significant wetting event to migrate the
salt outside of the study area, the only potential method of salt removal from the surface is as
recharge into the playa sediments. It is argued that the removal rate (recharge) in this scenario of low
rainfall events is approximately 50% of the total salt discharged for the period.
The groundwater study indicates that water in the sediments is being moved vertically downward and
dominated by piston flow, rather than preferred channel flow. The salinity of the groundwater 9
months after initial discharge indicates that the water entering the sediments has a salinity higher than
the salinity of the source water from the mine. The analysis of the sediments shows that there is
adequate capacity for salt to be stored in the profile at the rate of ≈1 m depth per year of discharge for
an area less than 1000 ha. This is of the same magnitude as the area of the measured salt scald.
The gradient of groundwater in the profile is downward in both control and discharge sites. These
conditions do not support any expectation that large amounts of salt could be brought back to the lake
surface to form a crust once discharge ceases. Equally, it is estimated that any salt crust that forms
during the discharge of mine water onto the lake surface would be moved downward in the profile
under conditions of rainfall or mine water discharge producing inundation across the lake.
A secondary objective of the exercise was to estimate the potential impact of the salt scald elevating
the surface water salinity during a rainfall flood event. The impact would depend on the flood height
amongst other variables so various scenarios have been explored in Table 3 and Figure 8. A number
of assumptions have been made including the average flood height over the lake specified in row 1
and that the entire salt load to a depth of 5cm depth into the playa is mobilized. The background
levels assume that the salt load is 7kg/m2 as calculated in the three surveys.
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Table 3 Impact on Lake Salinity from Scald and Discharge
Flood Depth scenario in Lake Carey (m)

0.1

0.2

0.5

Background (TDS g/L)

70.0

35.0

14.0

Month Discharge (TDS g/L) increment

1.3

0.7

0.3

2006 Survey (TDS g/L) increment

2.8

1.4

0.6

2007 Survey(TDS g/L) increment

3.6

1.8

0.7

2008 Survey(TDS g/L) increment

4.7

2.3

0.9

The impact of the discharge in the various discharge scenarios shows that the discharge would have
a measurable but perhaps not significant impact on Lake Carey’s salinity. This conclusion is
dependent on a number of assumptions already discussed in the report such as biological activity
within the surface of the playa and assumed background salinity. It is also true that the Barrick
Wallaby Pit discharge is not the only discharge, with at least one other current discharge and perhaps
two others that are being considered, none of which would have the same discharge rate.
Figure 8 Increase in salinity due to discharge
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60.0
50.0
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The final consideration is that the mine water discharge and its scald salt would have a significant
local impact, especially where the flood heights are low. For instance with a ten centimeter flood it is
likely that the scald would re-dissolve in a local area much smaller than the total area of Lake Carey
used in Table 3.
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Impacts of Dewatering on the Biodiversity of Lake Lefroy
What does ‘understanding’ really entail?
Renee Berry, Environmental Projects Coordinator, St Ives Gold Mine
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Abstract
Understanding salt lake biodiversity is vital in order to monitor potential impacts of mining activities
such as dewatering. Salt lakes have been the subject of numerous studies in the past, with sediment
quality, aquatic biota and terrestrial fauna being considered relevant in determining the health of a salt
lake system. However, studies on salt lakes in the Goldfields have in the past compared many lakes,
with only a few samples taken from each salt lake, and without addressing the specific impacts of
dewatering on salt lake biodiversity.
•

SIGM commissioned numerous studies of the biodiversity of Lake Lefroy in 2009, in support of a
Public Environmental Review submission. These studies indicated several key characteristics of
the biodiversity of Lake Lefroy, and the impacts that mine dewatering is having on its biodiversity
assets. Key findings were as follows:

•

The aquatic biota at Lake Lefroy, as with other salt lakes (Curtin University of Technology
1999a), is patchily distributed and highly variable;

•

Lake Lefroy has a relatively depauperate aquatic biota community when compared with other salt
lakes in the Goldfields, and with ephemeral pools around Lake Lefroy itself (Curtin University of
Technology 1999a, 1999b; Dalcon Environmental 2010);

•

Sediment loading (and concurrent increase of heavy metals) can be expected at discharge
points, but this effect is localized to the area around the discharge point (within approximately
1km of the discharge point in most cases);

•

The potential exists (and has been demonstrated) for discharge points to recover following
cessation of discharge;

•

Discharge activities alone do not influence the abundance and diversity of terrestrial
invertebrates and vertebrates in the riparian zone of the salt lake.

Of particular relevance to this study was the variation in results across the lake, both at discharge and
reference sites. This indicates that the lake system itself is highly variable.
Studies utilising small sample sizes and limited spatial distribution within such variable systems are by
their nature limited in scope for conclusion. Developing a true ‘understanding’ of lake biodiversity and
subsequent impacts likely requires a level of detail not previously undertaken, as demonstrated by the
2009 study on Lake Lefroy.
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Introduction
St Ives Gold Mine (SIGM) operates on the surface and surrounding areas of Lake Lefroy, a 554km2
salt lake with a thick halite crust, encapsulating over 90Mt of salt. Previous surveys conducted to date
indicate that Lake Lefroy (lake proper) does not contribute significantly to regional biodiversity, given
its hypersalinity (up to 450,000 mg/l TDS), its thick halite salt crust which excludes many species of
aquatic microflora, and its long history of dewatering and disturbance (Curtin University of Technology
1999a, Outback Ecology 2004).
Understanding salt lake biodiversity is vital in order to monitor potential impacts of mining activities
such as dewatering. Salt lakes have been the subject of numerous studies in the past, with sediment
quality, aquatic biota and terrestrial fauna being considered relevant in determining the health of a salt
lake system. Aquatic biota comprises microscopic, photosynthetic algae (including diatoms) and
cyanobacteria (including bacteria), as well as zooplankton and benthic macro-invertebrates, that
inhabit (in this case a lake) aquatic bed environment. Because microflora are usually the only primary
producers in a nutrient poor environment like a salt lake, they are an essential aspect of salt lake
ecosystem function. Similarly, terrestrial invertebrates play an important role in the structure and
function of ecosystems, and are considered excellent indicators of disturbance to ecosystems, with
their sensitivity to environmental change rendering them appropriate monitors of ecosystem health
(Curtin University of Technology 1999a).

While the importance of these communities has been

recognized in the past, the journey to understanding their linkages and responses to dewatering
activities is still continuing.
Operations on Lake Lefroy are controlled under a number of legal instruments, with the objective of
minimizing impacts to biodiversity in the riparian zone of the lake. over the past nine years, SIGM has
undertaken monitoring of biodiversity on Lake Lefroy in an effort to meet the objectives of these
approvals and to gain a better understanding of the biodiversity of Lake Lefroy. In 2009, as part of the
preparation of a Public Environmental Review in support of extending Ministerial approval (Ministerial
Statement No. 548), SIGM recognized the existing gap in its understanding of biodiversity on the lake,
and the impacts its operations may be having on these biodiversity values. During the course of
investigations into biodiversity on the lake and its riparian zone, SIGM reviewed previous studies and
methodology relating to water quality, sediment quality, aquatic biota, terrestrial invertebrates and
terrestrial vertebrates. This review indicated some limitations in methodology, and presented
opportunities for consolidating the data collected to date.
The methodologies employed in the 2009 studies yielded a more comprehensive set of results than
previous studies, and have assisted SIGM to understand both the baseline biodiversity of Lake
Lefroy, and the impacts that its dewatering operations have had on it.
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This paper outlines the process for determining the distribution and abundance of biodiversity on Lake
Lefroy, and the methodology required to gain a greater understanding of the impacts of mining
activities on salt lake biodiversity.

Developing a Framework for Assessment
Understanding the term ‘Understanding’
One of the key limitations of previous studies undertaken on salt lakes in Western Australia has been
the lack of definition around what constitutes an ‘understanding’ of impacts to salt lake biodiversity. In
2008 the Department of Water (WA), in conjunction with Outback Ecology, issued a draft guidance
entitled “Development of Framework for Assessing the Cumulative Impacts of Dewatering Discharge
to Salt Lakes in the Goldfields of Western Australia”. This document provided regional context for
understanding salt lake values in the Goldfields, and derived a set of matrices for calculating the
environmental risk of dewatering to salt lakes. However, the document was not intended to provide
guidance for individual systems, and acknowledged the limitations that still exist in terms of
understanding dewatering impacts to individual lake systems. SIGM selected the following key areas
identified by DoW for further investigation, in order to understand the impacts of mining activities
(including dewatering discharge) on aquatic biota on Lake Lefroy:
•

The effect of dewatering discharge on the sediment properties at discharge points;

•

The baseline conditions of receiving lakes; and

•

The effects of prolonged flooding as a result of dewatering discharge on the viability of resting
stages of aquatic biota, (DoW 2008).

Guidance on sampling methodology is available for certain components of terrestrial environments.
However, salt lake systems represent a unique environment with limited research, and therefore
limited understanding of requirements for survey, both in terms of understanding baseline values and
assessing impacts. For example, to understand the impact of dewatering on aquatic biota, it is
necessary to understand the aquatic biota that exists within the current environment. Because there is
no EPA Guidance Statement on this issue, there is no indication of how much sampling should be
conducted to achieve an accurate understanding of the aquatic biota assets within a system. In
addition, while it is considered best practice (Outback Ecology 2008, Dalcon Environmental 2010) to
consider resting stages of aquatic biota in an assessment of values, there is again no guidance in
relation to methodology for culturing resting stages.
In addition, while guidance statements do exist for terrestrial invertebrate and vertebrate surveys,
these are not specific to salt lake environments, and do not provide guidance in relation to
determining the impacts of dewatering on salt lakes.
Designing a Methodology – Continuous Improvement
Numerous studies have been undertaken at St Ives since 1999 in relation to aquatic biota, terrestrial
invertebrates and terrestrial vertebrates (Curtin University of Technology 1999a, 1999b; Outback
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Ecology 2004, 2005, 2006, 2007, 2009, Ninox Wildlife Consulting 2004, Western Wildlife 2006, ATA
Environmental 2006). In 2009 SIGM commissioned a review of existing data to determine the gaps in
understanding of aquatic biota in order that they could be addressed as part of the Public
Environmental Review submission. The gaps identified in relation to aquatic biota were specifically:
•

Insufficient monitoring points;

•

Validity of monitoring points;

•

Insufficient focus on ecological recovery at old discharge sites;

•

Insufficient data available following a substantial fill event.

Following the completion of the gap analysis, a risk assessment was conducted to determine the key
risks in relation to mining on Lake Lefroy. Not surprisingly, mine dewatering was considered the most
likely activity to impact on lake biodiversity, with the greatest impact predicted at dewatering discharge
points. The methodology outlined below was used to sample the sites as selected during the
development of the assessment framework. Sites were classified as reference, discharge and
recovery. Appendix 2 indicates the spatial distribution of sites across the extent of the lake.
Site Selection
During the development of the current assessment framework, monitoring sites were critically
reviewed to determine their relevant for monitoring impacts of operations on Lake Lefroy. In addition,
new sites were selected in accordance with the proposed ongoing footprint. Most importantly, sites
were not maintained simply because they had been monitored in the past.
As a result of this site review, SIGM rejected 5 of the 10 historical monitoring points, and
commissioned an additional 6 sites in conjunction with input from representatives of the Department
of Environment and Conservation (WA). The monitoring points selected for study in 2009 comprised
of points at discharge points and reference points (deemed not to have been impacted by mining
operations), as well as one ‘recovery’ point, which was a discharge site that has been inactive for over
18 months.
Zones of Influence
During the review of previous methodology, SIGM identified the need for a sampling methodology that
determined the zone of influence of discharge activities. In order to achieve this, samples were taken
in a linear fashion radiating from the discharge point to a point of presumed ‘no impact’, a distance of
at least 500m from the discharge point. This survey design was applied to the salt lake surface for
aquatic biota, water quality and sediment quality, and in the riparian zone for terrestrial invertebrates
and terrestrial vertebrates. It was anticipated that this survey design would assist with determining the
spatial extent of impact at each discharge point, and assist with an understanding of the extent of
impacts likely to be expected as a result of discharge of mine water to salt lakes.
Appendix 1 shows examples of the survey design undertaken to determine zones of influence.
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Specific Survey Methodology
Aquatic Biota
There were several key differences between past and current methodology employed for determining
the richness and diversity of aquatic biota. A summary of the key survey characteristics, and how
these were modified from past methodologies to the current methodology employed in 2009, is
provided in Table 1.
Table 1: Aquatic Biota Survey Methodology
Survey
Characteristic
Sediment quality

Previous Methodology (Outback
Ecology 2004-2008, 2009)
Single core sample taken at
several sites across Lake Lefroy,
including some discharge,
reference and recovery sites, as
well as ephemeral pools around
Lake Lefroy.

Algae and
Cyanobacteria
(Fresh); Diatoms
(Fresh)

Single core sample taken at
several sites across Lake Lefroy,
including some discharge,
reference and recovery sites, as
well as ephemeral pools around
Lake Lefroy.

Algae and
Cyanobacteria
(Cultured)

Not sampled

Resting Stages
(including
macroinvertebrates,
algae,
cyanobacteria and
diatoms)
Zooplankton and
Benthic Macroinvertebrates

Single quadrat sample taken at
several sites across Lake Lefroy,
including some discharge,
reference and recovery sites, as
well as ephemeral pools around
Lake Lefroy.
Not sampled

Current Methodology (Dalcon
Environmental 2010)
Samples taken from numerous locations at
each discharge and recovery site, radiating
from the discharge point to a point of
assumed no impact, and in a similarly
linear fashion at reference sites, to
illustrate within site differences. Reference
sites were chosen for their similarities to
discharge sites, in order to make direct
comparisons.
3 replicates taken of each sample at each
location.
Core samples taken from numerous
locations at each discharge and recovery
site, radiating from the discharge point to a
point of assumed no impact, and in a
similarly linear fashion at reference sites,
to illustrate within site differences. 3
replicates taken of each sample.
Samples collected and dried from each
location as above, with 3 replicates taken
of each sample, and cultures developed
over a range of salinities from 10,000 mg/L
TDS – 30,000mg/L TDS.
3 60cm x 60cm quadrats taken from each
sample location, with replicates taken of
each quadrat sample following mixing (one
to be set aside for salinity trials), and 3
locations sampled at each sampling site.
Single 50m transect sampled with bump
nets, where water present.

In addition to the studies outlined above, it was intended that any viable resting stages collected
during the survey would be subject to further testing to determine their tolerance (if any) to heavy
metals. This was proposed in order to understand the direct impact of increases in heavy metals (as
expected at discharge locations) on the viability of any aquatic biota resting stages present in the
ecosystem.
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Terrestrial Invertebrates
Initial studies on Lake Lefroy (Outback Ecology 2004) utilized several methods for sampling
invertebrates, however in later years only pitfall traps were employed (Outback Ecology 2005-2009).
During these subsequent surveys, 20 traps were deployed at each sampling site across the dune,
shoreline and playa areas, in parallel transects. Four sites were sampled, giving an overall trap
number of 80 traps for the lake as a whole (Outback Ecology 2004-2008, 2009). The 2009 survey
(Dalcon Environmental 2010) employed a range of different methodologies, targeting different
invertebrate orders, in order to understand the different types of invertebrates inhabiting the lake
edge. The survey employed pitfall traps spread as with previous studies, in dune, shoreline and playa
transects, and utilized 30 pitfall traps at each sampling site, (except for the Argo discharge site, which
used a longer transect to ensure a point of no impact was reached). 7 sites were surveyed, with a
total of 225 pitfall traps for the lake as a whole. As for the aquatic biota surveys, the terrestrial
invertebrate sampling was conducted in a transect radiating from the discharge point to a point of
assumed no impact.
The surveys conducted from 2004-2008 have provided historical context for both baseline and impact
sites, and have allowed for continuous improvement of methodology. Given the changes in
methodology from 2008-2009, comparisons with historical data must be limited to anecdotal, but do
provide significant context for both baseline and impact sites.
Table 2 outlines the methodologies employed during the 2009 survey.
Table 2: Terrestrial Invertebrate Methodology (2009 Survey)
Methodology
Dry pitfall traps with antifreeze (glycol)
attractant
Dry pitfall traps with beer attractant
Yellow bowls
Vegetation beats
Vegetation sweeps
Light traps
Leaf litter collection
Incidental collections

Target Invertebrate Orders
Invertebrates that are mobile on the surface, including
ants and beetles
Orthopteroid insects – Blattodea (crickets, grasshoppers
etc.) and Orthoptera (roaches, cockroaches etc.) which
are unlikely to be attracted to the glycol.
Flower living invertebrates including Diptera (two-winged
flies) and Coleoptera (beetles), as well as predators
such as wasps
Aranea (spiders), Hemiptera (true bugs) and arboreal
pseudoscorpions
Aranea (spiders), Hemiptera (true bugs) and arboreal
pseudoscorpions
Night flying insects such as Coleoptera (beetles) and
Lepidoptera (moths)
Pseudoscorpions, millipedes and snails
Larger insects that fly at different times of the year and
may not have been recorded during the timeframe of the
actual survey.

Terrestrial Vertebrates
Previous terrestrial vertebrate studies conducted at Lake Lefroy (as referred to above) have focused
on the region as a whole, with limited survey in the riparian zone of the lake. The 2009 survey
targeted only the riparian zone, and as with the other surveys outlined above, included a sampling
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design radiating from the discharge point to a point of no impact, as well as surveying areas that had
been disturbed by mining activities (such as clearing) within the riparian zone, as well as surveying
reference (unimpacted) points that represented similar habitat to that observed in discharge and
impact sites.

Key Findings
Sediment Quality
There was a clear distinction between reference and discharge sites for sediment and water quality,
however no directional trends were identified within discharge sites for water quality, indicating that
the zone of influence extends further than the immediate site, but does not affect the lake as a
system, as evidenced by the different results noted at reference sites. A slight directional trend in
sediment quality was observed at discharge sites, indicating that heavy metal loading decreases as
the distance from the point of discharge increases.
The recovery site displayed sediment chemistry ranging between the values displayed by reference
and discharge sites, indicating that the recovery site is beginning to return to baseline levels. This
indicates that discharge sites may recover to baseline levels following the cessation of discharge, and
provides a starting point for the argument for restricting discharge locations to previously impacted
sites. However, the fact that only one recovery site was surveyed indicates the need for further
research in this area.
Aquatic Biota
No algae species were recorded at discharge sites, indicating a localized impact of dewatering
activities, however algal growth appeared in culture trials at very low salinities (10,000mg/L TDS –
30,000mg/L TDS) from all sites. This indicates that the algal resting stages present on the lake may
be viable, however because Lake Lefroy does not exhibit a hyposaline phase during fill events
because of its thick salt crust, it is unlikely that aquatic biota would germinate during fill events on this
lake (URS 2010a). In addition, it is possible that adjacent ephemeral pools may provide a seeding
ground for Lake Lefroy, rather than the lake surface itself providing habitat for resting stages. Aquatic
invertebrate resting stages were observed at reference, discharge and recovery sites across the lake,
however none were found to be viable during the hatching trials (Dalcon Environmental 2010). This
indicates that the resting stages may be naturally sterile due to the thick salt crust, rather than being
affected by mining discharge. These culture trials may be relevant for determining the potential for
hatching in other salt lakes affected by dewatering that do not exhibit the thick salt crust that is evident
at Lake Lefroy.
Cyanobacteria and Diatoms were found at discharge, reference and recovery sites, indicating that the
effects of dewatering operations are not as significant on cyanobacteria as other aquatic biota. While
cyanobacteria and diatoms were present across the lake, the abundance and diversity of all aquatic
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biota was poor, both at reference and discharge sites, indicating it is likely that the depauperate
nature of aquatic biota distribution is due to the natural salt crust, and not a result of dewatering
activities. In addition, the species composition at reference sites and discharge sites varied greatly
(despite its poor representation), demonstrating the highly variable nature of the lake (Dalcon
Environmental 2009). These results highlighted the need for a high intensity of sampling in order to
obtain a true understanding of the aquatic biota on the lake.
Finally, previous studies, including those listed above, have sampled ephemeral pools adjacent to
Lake Lefroy as part of the survey of the lake itself, leading to some confusion in relation to the
biodiversity of the lake proper. The lake bed proper was found to be much less abundant in aquatic
biota than the ephemeral pools surrounding the lake, and this is supported by previous surveys. For
example, Schizothrix mats were found at one ephemeral pool adjacent to, but not connected to, Lake
Lefroy, but no Schizothrix mats were found at any of the sites on the lake proper. Aquatic macroinvertebrates have also historically been limited in distribution to the ephemeral pools surrounding
Lake Lefroy, rather than on the salt lake surface itself (Curtin University of Technology 1999a, 1999b;
Outback Ecology 2004-2008). It is important context to maintain a clear distinction between the
biodiversity of the lake proper, and its adjacent ephemeral pools.
Terrestrial Invertebrates
The changes to methodology in terms of an increased trap number, and the increase in survey
methods, led to a doubling of species recorded in the riparian zone of the lake, with 387 species
recorded in 2009 (Dalcon Environmental 2010), compared with a maximum of 75 recorded in previous
surveys (Outback Ecology 2009). This was not surprising given the increased focus on methodology
targeting all invertebrate orders, and indicates the limitations in fully describing the biodiversity of the
terrestrial invertebrates on the lake edge.
The directional trap layout did not indicate any trends as a result of discharge activities, and while
some habitats were more disturbed than others, there was no statistical difference in species richness
and abundance between reference and discharge sites.
Similarly to the aquatic survey, the terrestrial invertebrate survey indicated overwhelming variability in
community assemblages at different survey sites, most notably linked to vegetation types present
throughout the lake edge, and has outlined the requirement for increased sampling sites to better
understand the full range of species present in the riparian zone.
Terrestrial Vertebrates
The terrestrial vertebrate survey identified several species such as the Salt Pan Dragon (Ctenophorus
salinarum and the Bolam’s Mouse (Pseudomys bolami) which are restricted to salt lake environments.
This survey highlighted the need to focus on the riparian zone of the lake, and, as for the terrestrial
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invertebrate survey, did not indicate any significant difference in species abundance between
reference, discharge and sites that had been impacted by other activities such as clearing.

Discussion
The results of the studies conducted in support of the Public Environmental Review indicated several
key characteristics of the biodiversity of Lake Lefroy (Dalcon Environmental 2010, Bamford
Consulting Ecologists 2010):
•

The aquatic biota at Lake Lefroy, as with other salt lakes (Curtin University of Technology
1999a), is patchily distributed and highly variable;

•

Lake Lefroy has a relatively depauperate aquatic biota community when compared with other salt
lakes in the Goldfields, and with ephemeral pools around Lake Lefroy itself (Curtin University of
Technology 1999a, 1999b; Dalcon Environmental 2010);

•

Sediment loading (and concurrent increase of heavy metals) can be expected at discharge
points, but this effect is localized to the area around the discharge point (within approximately
1km of the discharge point in most cases);

•

The potential exists (and has been demonstrated) for discharge points to recover following
cessation of discharge;

•

As has been previously indicated, ephemeral pools and adjacent salt pans around Lake Lefroy
most likely represent a more viable and potentially valuable habitat for aquatic biota and other
supported organisms, especially during flood events;

•

The viability of resting stages at Lake Lefroy was low across the lake, indicating a naturally
depauperate system likely due to the salt crust on the lake. This may not be the case for other
salt lakes that do not exhibit a thick salt crust, and therefore culture of resting stages should be
included in any survey of lakes that do not exhibit a thick salt crust; and

•

Discharge activities alone do not influence the abundance and diversity of terrestrial
invertebrates and vertebrates in the riparian zone of the salt lake.

Of particular relevance to this study was the variation in results across the lake, both at discharge and
reference sites. This indicates that the lake system itself is highly variable, and that previous studies
conducted in the Goldfields which sampled only one or two points on a whole lake system cannot be
relied upon to present an accurate picture of aquatic biota diversity in salt lake systems. Developing a
true ‘understanding’ of lake biodiversity and subsequent impacts likely requires a level of detail not
previously undertaken, as demonstrated by the 2009 studies on Lake Lefroy.
Contribution to Salt Lake Ecology
Table 3 outlines the issues for further investigation identified by DoW in 2008, and how this study can
contribute to a better understanding of these issues.
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Table 3: Contribution to Research Recommended by DoW
Contribution by this Study

Area for Investigation
The effect of dewatering

This study indicated that heavy metals in sediment were significantly

discharge on the sediment

higher at discharge points, but that this impact is localized to a small area.

properties at discharge

In addition, study of the recovery site indicated the potential for discharge

points.

sites to recover towards baseline levels, following cessation of discharge.

The baseline conditions of

The baseline conditions of receiving lakes varies considerably, both within

receiving lakes.

and between lakes. Lakes with a thick salt crust are likely to exhibit lower
baseline aquatic biota, however this study highlights the variable nature of
saline lakes, and indicates that a spatially comprehensive sampling
regime is required to determine the baseline conditions of salt lakes.

The effect of prolonged

The lack of significant difference between reference and discharge sites

flooding as a result of

indicates that localized flooding at discharge points does not affect the

dewatering discharge on the

viability of resting stages at Lake Lefroy, because of the thick salt crust

viability of resting stages of

that exists under baseline conditions. This cannot be assumed for salt

aquatic biota.

lakes that do not exhibit such a crust, and highlights the need for
comprehensive baseline studies prior to discharge commencing in salt
lakes that do not have a salt crust.

Ongoing Monitoring of Biodiversity
This study has outlined the need for a comprehensive baseline analysis of salt lake biodiversity, with
a spatially diverse and scientifically rigorous sampling methodology, in order to understand the natural
variation of individual salt lake systems, and to better define impacts of dewatering activities. In
addition, a specific study of the zone of impacts of existing dewatering points is required to fully
understand the potential impacts of aquatic biota on salt lakes, particularly those that do not exhibit a
thick salt crust.
Dalcon Environmental (2010) indicated that sampling for aquatic biota from sediments during the
normal dry phase of the lake on an ongoing basis is unnecessary, as assemblages have a patchy
distribution and are unlikely to exhibit statistically significant changes from one year to the next as part
of the system’s normal variability. As such, bi-annual or tri-annual monitoring of aquatic biota following
the baseline survey may be more appropriate. Survey on an annual basis is also unlikely to be
necessary for terrestrial invertebrates and vertebrates, given the lack of influence discharge activities
appear to have on these assemblages. Therefore, bi-annual or tri-annual monitoring of terrestrial
invertebrates and vertebrates may be more relevant on an ongoing basis.
Given the depauperate nature of the aquatic biota at Lake Lefroy, it was not possible to carry out the
trials for heavy metal tolerance on viable resting stages within the existing environment. This study
however, could be relevant for those salt lakes that do contain viable resting stages and represents a
potential for ongoing study, particularly on salt lakes that do not contain a visible salt crust.
PROCEEDINGS- 2010 WORKSHOP ON ENVIRONMENTAL MANAGEMENT
76

There is a need to sample salt lakes in the Goldfields during fill events, to ground truth the culturing
trials conducted during this study, and to determine whether the lake being studied exhibits a
hyposaline phase during filling. The results of modelling for salt loading on Lake Lefroy (URS 2010a),
as well as field studies conducted in January 2009 (following 120mm of rain) indicate that Lake Lefroy
does not experience a hyposaline phase during a flood event, and as such does not represent an
appropriate hatching habitat for aquatic biota resting stages. This understanding is subject to future
studies which will be conducted on the lake during fill events, including installation of crest gauges to
determine salinity and water depth during a fill event, as well as a targeted aquatic biota survey
following a fill event.

Conclusions
The studies conducted to determine the biodiversity at baseline (reference) and impact (discharge)
points at Lake Lefroy were more comprehensive and scientifically rigorous than have been conducted
on Lake Lefroy previously, and have provided a greater understanding of biodiversity on the lake
proper. The study highlighted the potentially important habitat of ephemeral pools and adjacent salt
pans, which may indicate the need for further monitoring of these areas, to confirm that dewatering
operations are not impacting these areas outside of the lake bed.
The discharge activities on Lake Lefroy have contributed to localised increases in heavy metals at the
discharge sites. However, there does not appear to be a significant increase in surface water salinity
or sediment salinity on the lake system as a whole as a result of this activity, other than impacts
observed at the discharge sites themselves.
An understanding of baseline biodiversity is essential in order to effectively manage discharge
operations. The studies on Lake Lefroy, a highly modified system, indicate that for systems without a
thick salt crust, and those that have not received mine discharge water previously, this is a key
requirement in understanding impacts.
Finally, the 2009 study demonstrates the variability of the habitat and species composition at Lake
Lefroy. As such, broad scale studies have to be viewed in light of the limitations these studies
present.

This has implications for future studies on other lakes in the Goldfields, and should be

considered when preparing methodologies for comparison of impacted and unimpacted salt lake
systems.

Further Information
The study conducted by Dalcon Environmental (2010), as well as the surface water study conducted
by URS (2010a), in support of the Public Environmental Review at St Ives Gold Mine will be available
as part of the Public Environmental Review documentation, throughout the assessment process
conducted by the Office of the Environmental Protection Authority.
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Copies of the Public Environmental Review and supporting studies will be available during the public
review period (yet to be announced), by contacting the OEPA, or SIGM directly on 9088 1111 or
sigenviro@goldfields.com.au
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Appendix 1 – Examples of Sampling Distribution to determine Zone
of Influence of Dewatering Activities
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Appendix 2 – Extent of Sampling Sites Across Lake
Lefroy
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The Malleefowl, the Community, the Rangelands
Dennings, Susanne
Project Coordinator
Malleefowl Preservation Group Inc.
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Abstract:
Malleefowl, Leipoa ocellata are listed as ‘threatened’ Nationally, ‘rare or likely to become extinct’ in
WA (Western Australian Wildlife Conservation Act 1950) and ‘vulnerable’ IUCN 1994.
Australian communities have in the past, and are continuing to take an increasing leadership role in
driving malleefowl conservation particularly in Western Australia. In deed, the charismatic life style of
the malleefowl has captured hearts and minds across the country elevating the malleefowl’s status to
an iconic species now driving landscape change.
In response to concerns for the heritage values of ‘their malleehen’ or ‘Gnow’ (Noongar Aboriginal
word) as the Gnowangerup Shire faunal emblem, local residents met in 1992 at the only known
malleefowl breeding site in the area. Since then the Malleefowl Preservation Group Inc (MPG) has
established a state, Interstate and International membership of approximately 500 who support the
group’s projects in Western Australia.
Historical records and limited knowledge of current distribution of malleefowl in the Goldfields region
were identified in the National Malleefowl Recovery Plan (Benshemesh, 2000).

This lead to the

development of a Rangelands Implementation Plan to increase awareness of the species and
establish a series of long-term monitoring sites as the first step towards measuring population
changes over time.
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Introduction
The malleefowl is the most southerly distributed of three species of megapodes that occur in Australia.
The bird’s unique life style has attracted the support of landholders and communities to address its
serious decline over the last 50 years resulting in a National effort to conserve the species across a
broad range of habitats.
In south western Australian ‘mallee’ country (250-400 mm rainfall), an isolated community in Ongerup
400 km from Perth is one of three small towns within the Gnowangerup shire named after the Noongar
Aboriginal word for malleefowl, the ‘Gnow’. It features on the Shire coat of arms as their faunal
emblem, vehicle number plate, school emblem, hospital aged care building and a multitude of local
community group and business logos.

The slogan ‘It’s Gnow or Never’ was adopted by the

Malleefowl Preservation Group and is the title of a 30 minute documentary recently broadcast on ABC
TV (Feb 2010).
In response to concerns for the loss of ‘their malleehen’, local residents established the Malleefowl
Preservation Group in 1992. The group developed a Community Action Plan as the first stage in
addressing the decline of the species. Since then the MPG has increased its membership to a state,
interstate and international organisation of approximately 500 who provide support to community
initiative projects and guidance to the National Malleefowl Recovery Team based in Victoria.
With participation from goldfields members, associated organisations and the National Malleefowl
Recovery Plan, the Malleefowl Preservation Group sought corporate sector and government funding
to develop a Rangelands Implementation Plan with the key aims of a) increasing awareness, b)
identifying malleefowl populations and c) establishing a long-term monitoring program in the arid
zones of Western Australia.
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The Malleefowl

Photograph takenby J. van der Waag

Figure 1. The Malleefowl
Malleefowl (figure 1) are the most southerly distributed of three Australian megapode species that
belong to the family Megapodiidae, the ground dwelling birds that artificially incubate their eggs. They
differ from all other extant megapodes in that the species was once common throughout the arid/semiarid zones (figure 2). These dry regions are not conducive to the incubation methods employed by
megapodes, however the Malleefowl has developed the most sophisticated and elaborate incubation
technique of all 22 bird species in this family.

Map
provided
by
J.
Benshemesh,
National
Recovery Plan for Malleefowl,
2000

Figure 2. Malleefowl distribution
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Breeding:
Malleefowl invest up to 11 months of the year into building and maintaining a large incubation mound
measuring up to 20m in circumference. The nest is dug out late autumn, filled with leaf litter collected
from the forest floor then covered with soil following winter rains. By adjusting soil cover, the egg
chamber above the composting leaf litter is kept at a constant 32-34 degrees celcius during the
breeding season (Sept-Apr). Towards the end of summer, when the decomposition heat diminishes,
solar energy is harnessed by spreading the mound soil to heat in the sun.
Depending on seasonal conditions, egg laying commences in spring. The female lays a large egg
weighing approximately 10% of her body weight at 3-8 day intervals (figure 3).

Following an

incubation period of 60-90 days, the hatching chick will take 2-15 hours to emerge. It receives no
parental care; can run swiftly in one hour and fly within 24 hours. Its estimated survival rate is less
than 2%.

Figure 3. Emu, malleefowl and domestic hen eggs

Figure 4. 12 hr old chick

Decline and Threats
Populations have declined by at least 20% over the past three generations (estimated as 15 years
each), and it is likely that the species will further decline by at least another 20% over the next three
(Benshemesh, 2000).
By far the most serious threat to malleefowl is loss of habitat. Large areas have been cleared for
agriculture and further remnant degradation has occurred through grazing of sheep, cattle, goats,
rabbits, and camels. Added to this habitat decline is the loss of vegetation from increased salinity.
The effect of fire on Malleefowl is also severe. Breeding in burnt areas may be reduced for 10-30
years particularly in the lower rainfall regions, primarily due to the loss of food plants, ground cover
protection for migrating chicks and time required for accumulation of leaf litter essential for mound
building.
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Predation by the introduced fox in agricultural zones, ‘wild dogs’ (domestic dog/dingo cross) in arid
regions and feral cats are also thought to be limiting the abundance of Malleefowl across their range.

The Community
Community groups play a major role in malleefowl conservation particularly in Western Australia. On
ground conservation work and the surveying and monitoring of breeding pairs within established
survey sites relies heavily on unpaid volunteers.
In recogntion of the heritage values of the ‘malleehen’ or ‘gnow’ to the local Gnowangerup Shire
community, the Malleefowl Preservation Group was formed in 1992 and continues to operate on a
95% volunteer basis. The group is based in Ongerup, a small wheat and sheep farming town of 120
residents that has recently diversified into ecotourism to build the ‘Yongergnow Malleefowl Centre’
based on the community’s story of its links and efforts to preserve their faunal emblem.

Figure 5. Gnowangerup vehicle registration plate

Formation of the Malleefowl Preservation Group
In 1991 bulldozer and school bus driver, John Davis was commissioned
by a local resident to carve a malleefowl. On completion of the wooden
carving, it was donated to the community and is currently housed in the
Gnowangerup shire office reception area.
Figure 6. MPG logo

Having accepted the commission, John realised with concern that he could no longer take a short
drive out of town to study a malleefowl in natural bush land. His only option was a 700 km return trip
to the Perth Zoo. One year later John learnt this captive bird had been taken by a fox. This news
motivated him to ‘do something about the loss of our malleehens’.

So began the formation of the

Malleefowl Preservation Group, initially as a sub group of the local Landcare organisation, with an out
bush ‘on the back of the ute’ meeting at ‘Kelly’s block’ in north Ongerup; the only known remaining
Gnowangerup Shire breeding site.
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In developing its Community Action Plan, the MPG established the following programs through
working with landholder members:
¾

Community Awareness and ‘Malleefowl Magic’ education programs

¾

Surveys and monitoring of existing malleefowl populations

¾

Establishment of 63 km wildlife corridor to link existing remnant vegetation

¾

Corridor monitoring program (vegetation changes and all bird species)

¾

Feral animal control – introduced foxes, cats and rabbits

¾

Fencing existing remnant vegetation

¾

Assistance to research students

¾

Re-vegetating degraded landscapes using local providence seed and seedlings

The results and rewards of community partnerships, particularly in the goldfields have demonstrated
the ability of such organisations to:
•

Conduct professional and effective volunteer programs

•

Provide National standard data

•

Involve the community

•

Upskill volunteers

•

Engage an enthusiastic and dedicated group of volunteers by providing a ‘hands on’

opportunity to achieve real outcomes

Malleefowl in the Rangelands
Background:
Ecology studies have provided much information on the requirements of malleefowl and threats to its
conservation. Nonetheless, there has been insufficient information available to accurately assess the
population status of malleefowl across Australia except in broad terms.
Little is known of the current distribution of the sepcies in the arid parts of WA; an area that includes a
huge arc of uncleared land north and east of the agricultural area. It is possible that they still occur in
low numbers in some remote areas but have not been reported. Records of malleefowl in the northern
Great Victoria Desert near the Tomkinson Ranges (Pearson and Chapman, 1996) provide some hope
that the species may still persist in such remote areas (Benshemesh, 2000).
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Projects:
A Rangelands Implementation Plan was developed in 1999 through linking with MPG members,
Community Groups, associated conservation organisations and the corporate sector, with the aim of
implementing a series of projects over the following 10 years.

1.0

‘Malleefowl Magic in the Rangelands’ (in partnership with the Rangelands NRM Co-

ordinating Group)

Figure 7 The Malleefowl Magic education package
The Malleefowl Magic Primary School Education Program (figure 7) has been operating since 1998.
Introduced by David Attenborough, the program was developed by the Malleefowl Preservation Group
Environmental Education Officers in response to teachers’ requests for further education materials.
As a curriculum/outcome based program, Malleefowl Magic is one of the few education packs
available to teachers that focuses on an Australian species and has provided the bases for extended
programs for the Western Swamp tortoise and the panda (for direct links with a Chinese community).
In 2003 it was assessed and approved by the Department of Education as a recommended
Sustainable Schools Program and is currently under review to meet with the proposed National school
education curriculum, 2011.
In July-August, 2007 the ‘Malleefowl Magic in the Rangelands’ project was funded by the Natural
Heritage Trust (NHT) under the supervision of the Department of Environment and Conservation,
Kalgoorlie to deliver the program to 17 schools including remote Aboriginal communities between
Kalgoorlie and Warburton (table 1).
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The ‘Malleefowl Magic’ education program was delivered to the following schools over a four week
period:
Date

Student

School

number
th

330

Kambalda West Dist. High School

th

140

Coolgardie CAPS

st

60

Coolgardie Primary School

27 July
30 July
31 July
st

35

School of the Air

nd

728

O’Connor Primary School

rd

160

St Mary’s Primary School

th

18

Menzies

th

15

Mt Margaret Rem Com. School

150

Warburton Ranges Rem. Com. School

12

Cosmo Newbury Rem. Com. School

1 Aug
2 Aug
3 Aug
6 Aug
7 Aug
th

9 Aug
th

13 Aug
th

40

Laverton Primary School

th

150

Leonora Dist. High School

th

400

Boulder Primary School

14 Aug
15 Aug
20 Aug
21

st

Aug

606

North Kalgoorlie Primary School

22 Aug

180

Southern Cross/Moorine Rock/ Westonia (high and

nd
rd

primary schools)

23 Aug
Total students

3024

Table 1. Goldfields Schools visited in 2007

2.0

Surveys and Monitoring

West Australian survey data is currently providing a valuable contribution to the National Malleefowl
Population Analysis Project (J. Benshemesh, Vic) with the aim of implementing a long-term Adaptive
Management plan to address population declines throughout Australia.
In recognising the distribution ‘knowledge gap’ of arid zone populations in Western Australia,
Malleefowl Preservation Group volunteer teams have systematically searched 6 Rangelands sites
(figure 8) with the primary objective of describing the distribution of malleefowl in the regions and
establishing long-term monitoring sites:
1.

Yeelirrie Station (west of Leinster) – BHP Billiton

2.

Mt Jackson (north of Bullfinch) – Cliff’s Natural Resources Ltd

3.

Menangina Station (south east of Menzies) – Heron Resources Ltd

4.

Plumridge Lakes/Queen Victoria Springs Region (east, north east of Kalgoorlie) – AngloGold
Ashanti Australia/ Independence Group NL

5.

Eyre (Nullabor Coast) – partnership with Birds Australia, WA (funded by BHP Billiton)

6.

Mt Gibson Station (NE of Wubin) – partnership with the Australian Wildlife

Conservancy (funded by Caring for Country Program)
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Of interest in Rangelands sites is the frequent recording of very large mounds measuring up to 15 m in
diameter and 3m in height. The origin of such formations (known locally as ‘megamounds’), is not fully
understood however in some instances malleefowl nests have been constructed on the top of these
large mounds. Such findings have not been reported in south West Australian survey sites.

Figure 8. Rangelands Survey sites
The isolation of goldfields survey sites requires careful infrastructure planning and diligent
management of dedicated volunteers.

Individuals provide their own transport, camping

accommodation when required and *meals (*with exception to the Eyre survey on the Nullabor Coast).
Subject to volunteer capacity, general and opportunistic records of other bird species, feral animals
(primarily scats and tracks) and rare plant species are also recorded during the survey period.

1.

Yeelirrie Station: (BHP Billiton)

Between 2000 and 2006 the MPG undertook three systematic surveys for malleefowl at Yeelirrie
Station, a 2750 km2 pastoral property managed by BHP Billiton (formally BHP Billiton Nickel
West/Western Mining Corporation). Located approximately 400 km north-north-west of Kalgoorlie,
volunteers walked systematic transects in search of malleefowl tracks and mounds. Six widely
separated areas were found to be inhabited by malleefowl and breeding was confirmed in four of
these areas. Malleefowl are highly localised at Yeelirrie and we found no evidence of declines in 2006.
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Tracks of malleefowl were found in all five areas in which old mounds were located during previous
surveys, suggesting that malleefowl range had not contracted over the past few decades, and in 2006
the birds still occupied areas in which their tracks were detected in 2000 and 2003. All active mounds
located during transect surveys are being monitored annually by Malleefowl Preservation Group
volunteers for inclusion in the National Malleefowl Population Analysis data base (Vic). Recent
management of Yeelirrie thus appears to have been beneficial for malleefowl, although the frequency
and extent of wildfire during the past five years (in particular) is a concern and may have removed
some favorable habitat.
2.

Mt Jackson: (Cliff’s Natural Resources Ltd)

The Malleefowl Preservation Group has developed a long-term relationship with Cliffs Natural
Resources Ltd commencing in late 1990’s by providing guidance in developing the Koolyanobbing
Expansion Project Malleefowl Conservation Plan. Annual surveys commenced in 2003 using the
‘human chain’ survey methodology resulting in a commitment from Cliff’s Natural Resources Ltd
(formally Portman Iron Ore Ltd) to continue adding to that area so that this site now represents the
largest area (in excess of 2,300 ha) to be ‘human chain’ surveyed for malleefowl in Western Australia.
To date 217 malleefowl mounds have been located. The Mt Jackson site now represents an area of
National significance and processes are currently being addressed to elevate the monitoring data to
National standards.

3.

Menangina Station (Heron Resources Ltd)

The Menangina Station (south east of Menzies) malleefowl survey was planned in 2008.
Acknowledging the broad landscape of the WA rangelands possibly supporting lower malleefowl
populations requiring large scale searches, it was agreed however to use the ‘human chain’ system as
a comparison survey methodology to the more northerly site that adopted transect searches at
Yeelirrie Station. The aim was therefore to search as large an area as possible. The selected site was
subject to a broad scale fire in the mid 1970’s and according to past owners, had not been excessively
grazed due to its poor grazing and stock holding capacities. In general, the area appeared to be low
in diversity no doubt attributed to by drought conditions over the last 10 years. Above-average rainfall
was recorded at Menangina for the months of June and July, 2009 (15 ml of rain 2-4 weeks prior to
the survey and 25 ml during the survey).

The results of the 4.5 day Menangina site survey search were:Area Surveyed - 1,224 ha
Kilometers walked - approximately 1,044 (total of individual contributions)
Total Mounds located – 61
Mound Activity – 12 mounds supported recent activity
‘Megamounds’ – 7
Malleefowl tracks - 211 GPS locations. One live bird was observed during the survey.
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4.

Plumridge

Lakes/Queen

Victoria

Springs

Region

(AngloGold

Ashanti

Australia/

Independence Group NL)
The ‘Community Search for Malleefowl in the Plumridge Lakes/Queen Victoria Springs Region,
Western Australia’ project was conducted during the months of August-September, 2009 as the first
step towards identifying malleefowl populations in the more remote region of WA. The ‘human chain’’
search methodology was adopted following a site inspection that confirmed difficult tracking conditions
required for transect searches.
The survey covered a range of habitats including mulga and open casuarina woodlands, spinifex,
sand dunes, burnt areas and shrublands.
Many reptiles were also seen, particularly small dragons including the Crested Dragon, Ctenophorus
cristatus and Western Bearded Dragon Pogona m. minor. Of particular interest was the Southwest
Two-line Dragon Diporiphora reginae unique to the area.
In summary:
Area Surveyed - 1,251 ha
Kilometers walked - approximately 1,061.7 (total of individual contributions)
Total Mounds located – 32
Mound Activity – no ‘recently active’ mounds were located. Signs of egg shell were recorded in one
mound.
‘Megamounds’ – possibly one
Malleefowl tracks - nil
Given the broad landscapes of the Plumridge Lakes/Queen Victoria Springs area and the apparent
sparse malleefowl populations in the region, a recommendation has been made to extend the survey
area over the coming years to provide a truly representative survey site for this habitat association.

5.

Eyre - Nullabor Coast (in partnership with Birds Australia, Western Australia –BAWA.

Funded by BHP Billiton)
The 625,332 ha Nuytsland Nature Reserve extends from the Cape Arid National Park in the west to
Red Rocks Point approximately 450 kms east known as the Eucla Botanical District incorporating the
coastal Roe Plains.

Situated within the reserve approximately 48 km south east of Cocklebiddy and

1200 km east of Perth, Western Australia, is the historic Eyre Telegraph Station, now known as the
Eyre Bird Observatory. This was the temporary home for 30 volunteers for two weeks in June, 2005.
Given Eyre’s isolation, potential links to eastern states Malleefowl populations, previously uncharted
survey site soil types and dune vegetation associations, the results of this project are a valuable
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addition to the National Malleefowl Population Analysis project managed by the Victorian Malleefowl
Recovery Group.
A total of 900 km was walked by 30 volunteers over 10 days resulting in 1162 ha being surveyed by
the Human Chain method. Sixty three mounds were located, 2 classified as active.
Malleefowl mounds at Eyre were generally situated in the more densely vegetated lower landscape
gullies fed by water drainage from surrounding sand dunes. Profiles of Eyre mounds were low having
an average rim height of .389 m in comparison to south Western Australian mound rims measuring up
to 2.000 m. Eyre mounds often supported additional diggings close by and data from a surprising
number of inactive and old mounds (34.37%) recorded egg shell in mound rims.
6.

Mt Gibson Station (in partnership with the Australian Wildlife Conservancy funded by a

‘Caring for Country’ grant)
Mt Gibson has been purchased for conservation by the Australian Wildlife Conservancy and is
situated approximately 75 km north east of Wubin.
The report from this survey conducted in April/May this year is not yet complete.

Malleefowl – the Future
What of the future for the malleefowl?

Conservation efforts, particularly the community awareness,

surveying of habitat, annual monitoring and on ground conservation projects will continue to rely
heavily on community groups and volunteers. Such programs would not be possible without the
support of the corporate sector.

The Malleefowl Preservation Group and other West Australian

community groups would welcome the involvement of the Dept. of Conservation and Environment
(DEC) to match similar state government support in other states.

Conclusion
The baseline data collected through surveys now provides reliable information for future research,
long-term population analysis and measuring land management actions. Monitoring is an important
contribution to wildlife management, but it should not become an end in itself.
The key objective of the National Malleefowl Population Analysis project is to apply the findings to an
Adaptive Management Plan that identifies:
1.

Trends in malleefowl populations. Are malleefowl numbers increasing, decreasing or
remaining constant?

2.

Reasons for decline

3.

Management actions to reverse declines
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The MPG Rangelands survey reports include the following conservation action recommendations:
1.

Clearing: Loss of habitat remains the most serious threat to malleefowl and the associated
flora and fauna it relies upon.

2.

Habitat Decline: Existing populations are further threatened through the decline of habitat
from increased salinity and over grazing from sheep, cattle, goats, rabbits and camels. This
reduces food availability and habitat protection particularly for migrating chicks.

3.

Fire management: Malleefowl are known to survive fire however, depending on habitat and
rainfall, the loss of leaf litter essential for mound construction may result in the species not
returning to breed in burnt areas for up to 20 years (Benshemesh 1990, 1992).

4.

Feral Animal Predation: Evidence of foxes, wild dogs, feral cats have been recorded in
many sites.

Without such actions, long-term monitoring may only be useful in identifying extinct populations of the
species well in to the future.
In many farming areas, the future of the malleefowl has been intrinsically linked to the sustainable
future of landholders.

The health of the environment impacts on both. The health of the bushland

and the soil is now recognised as a primary indicator of the future of the malleefowl and the
community.
Malleefowl conservation in Western Australia is now taking on its own momentum. The broader
biodiversity conservation flag ship qualities of the malleefowl are increasingly benefiting a range of
associated endangered and threatened flora and fauna in Australian bushland.

The iconic value of

the malleefowl and its important place in the Australian bush must therefore never be lost.
Through linking and sharing our experiences with National and International groups and the corporate
sector, our aim is to showcase the Malleefowl Preservation Group’s example, form stronger
partnership links and most importantly contribute to the success of future malleefowl conservation
projects Australia wide.
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A Case Study of Water Licensing in Mining
Don Cummins, Acting Regional Manager Swan Avon Region, WA Department of Water
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Introduction
This Department of Water (DoW) draws on the Rights in Water and Irrigation Act 1914 and state-wide
policies to direct the management of the water licensing process in the Goldfields Groundwater
management Area (GGMA).

This process involves five stages that encourage effective

communication and the provision of accurate and well developed information to support the
application process.
Mining projects in the GGMA can have a significant impact on groundwater and surface water,
particularly where mining occurs below the watertable. Mine operators and developers have asked for
clear guidance from the DoW, as the water regulator, in dealing with the complexities of water
management and the approvals process. The approval requirements for a particular project will vary
depending on the local water regime, the scale and the details of the proposed mining operation. The
department’s staged process sets out a flexible process whereby proponents and the DoW work
together to define what the key issues are and what information is required for the licence
assessment process to proceed smoothly.
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Water licensing in mining – the objectives
The DoW undertakes its statutory obligations via the use of the ‘Rights in Water and Irrigation Act
1914’. The department also utilises the ‘Water in Mining’ guidelines when dealing with mining
activities in the GGMA. The guidelines have been developed to improve the information available on
the department’s regulatory processes with the outcome of improving how water is managed across
the mining industry. The over arching principle of the guidelines is to ensure water security for current
and future needs. The objectives are:
•

ensure that all possible water sources are considered when planning water supply for mining
operations;

•

plan for, and manage the effects of the highly variable climate;

•

ensure that high quality water is used only in situations where it is essential, or no other
suitable water source is available;

•

ensure that mining activity does not adversely affect the quality and quantity of public and
private drinking water supplies;

•

minimise the adverse effects of the abstraction and release of water on environmental, social
and cultural values

•

optimise the use of surplus water on site to reduce the effects of releases to the environment

•

maximise water use efficiency at the ports and water-deficit sites to reduce the need for water
to be abstracted from the environment

•

use a monitoring and evaluation process to adaptively manage the effects of abstractions and
releases on the water regime, both at mining sites and in the catchment in general;

•

ensure that water management planning includes consideration of the mine void after the
mining operations cease;

•

ensure that the cumulative effects of individual mining operations are considered and
managed;

•

maximise cooperation in water management activities between mining operations, to reduce
the impact on the environment; and

•

develop and maintain positive relationships between stakeholders so that information needed
to properly manage water resources is shared.

These guidelines support the assessment and issue of instruments under the Rights in Water and
Irrigation Act 1914:
•

Section 26D licence to construct and alter a well (26D licence)

•

Section 5C licence to take water and manage its use (5C licence)

•

Section 11/17/21A permit to interfere with bed and banks (bed and banks permit)

It should be noted that the DoW licenses the take of water
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The DoW is working to reduce the administrative process associated with existing and new licensees.
To do this the department is aiming for flexibility in its approval process and as such approval
requirements for a particular project will vary depending on the local water regime, the scale and the
details of the proposed mining operation. Water demand and economic fluctuations also mean the
department must maintain flexibility in the water management system to allow for temporary and/or
increased water allocation in the system.

The approvals process
The department recognises that proponents of mining projects may require approval from a number of
government agencies. To reduce duplication, the department has aligned the Water in Mining
guidelines with approvals processes administered by the Environmental Protection Agency (EPA), the
Department of Mines and Petroleum (DMP) and the Department of Environment and Conservation
(DEC).
There are five stages in the approvals process that DoW manages that correspond to mine life cycle.

Stage 1 – Preliminary consultation
In stage 1 the proponent provides an outline of the development concept to the department, this
includes a summary of water requirements, major water management issues and an indicative water
balance. In this stage an important working relationship is established between the proponents and
the department. Stages 1 and 2 correspond with the pre-feasibility stage of project development.

Stage 2 – Scoping the water management task
In stage 2 the proponent and the department define the regulatory requirements for the proposed
project and confirm the scope of studies and investigations to support the application for a 5C licence.
The proponent also needs to make applications for Section 26D licences, if they plan to construct
bores. The water management issues that the proponent and the department identify form the basis
of the proponent’s management plans. These plans will address the mining operation’s impact on the
water regime. The DoW considers most mine operators to be highly professional and has worked
closely with such organisations over many years to improve the type of information developed as part
of such scoping exercises. This includes ensuring accurate information regarding the water resource
targeted is identified.

Stage 3 – Preparation and assessment of a water management plan
In stage 3 the proponent conducts the agreed studies and investigations and prepares an application
for a 5C licence, which includes a draft water management plan. The plan describes and justifies how
the proponent intends to manage water issues over the life of the mine. At this stage, the proponent
needs to submit all of the relevant information to support the licence assessment process. The
PROCEEDINGS- 2010 WORKSHOP ON ENVIRONMENTAL MANAGEMENT
100

department then assesses the proponent’s water management plan against the objectives described
previously. The department may request that further information be provided throughout the
assessment process to support decision making.
The output of this stage is the proponent’s final water management plan that has been agreed by the
department. The plan then forms the basis for the proponent’s operating strategy developed in stage
4.
For straightforward proposals, the department may decide that the proponent does not need to
prepare a draft water management plan. If this is the case, the proponent’s proposal moves to stage
4.

Stage 4 – Preparation and assessment of an operating strategy
In stage 4 the proponent prepares and submits a detailed operating strategy based on their approved
water management plan. The proponent’s operating strategy sets out in detail how the proponent
intends to manage water over the life of the project, in accordance with their approved water
management plan. In stage 4 the department assesses the draft operating strategy and negotiates
changes with the proponent as necessary. The department also finishes assessing the proponent’s
application for a 5C licence and finalises licence conditions.
The output of this stage is a final licence, which includes an operating strategy and licence conditions.
Operating strategies are not considered to be static, they need to be reviewed and adapted over the
life of the mining operation, in consultation with DoW.

Stage 5 – Construction and operation
In stage 5 the proponent manages their taking and use of water, in accordance with the approved
operating strategy and other licence conditions. The proponent is responsible for managing water
take and use, as per the licence, throughout the life of the mine. This will typically involve the
proponent regularly reporting to the department and using adaptive management practices.

Goldfields case study
The DoW has been in consultation regarding the development of a gold mining project in the GGMA.
The project is proposed to start in 12 months time and the following has occurred as per the staged
process previously described:
Stage 1
•

The company has informed the DoW of its proposed activities and the estimated life of the
mine is between 8-10 years possibly up to 15 years.
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Stage 2
•

Exploration work has been undertaken at the proposed location by the mining company and
very little groundwater has been intersected.

•

The preliminary exploration work has been based on hydrogeological studies by the mining
company and has identified a unique situation that there isn’t a presence of large
paleochannels in the proposed location, therefore there would not be any issues with surplus
water, rather not having enough water for processing and construction may be a problem.

Stage 3
•

From preliminary exploration work the proponent has determined that the majority of the
water used will be abstracted from ‘a specified location. This water is hypersaline and will be
used for construction supply.

•

Due to varying salinity levels and presence of water the proponent is investigating options for
grey water reuse for mining operations (dewatering pit water is not expected to be sufficient
for mining needs) with regards to separating grey and black water initially rather than mixing
then cleaning for better water quality- reverse osmosis. All production water is to be reused
with little to no room for evaporation

•

Approximately 30 bores have been proposed, some production wells may be used to assist
tailing seepage and aquifer contamination (perched aquifer scenario)

•

Looking for good supply and require access to tenements – water efficiencies paramount.

Stage 4
Two 5C licenses have been
1. GWL16274
Combined Fractured Rock west aquifer– Minigwal subarea
40,000 kL for dust suppression, exploration and camp purposes
2. GWL168860
Combined Fractured Rock West aquifer – Minigwal subarea
15,000kL for exploration purposes
-

Tropicana Project is proposed to start production in 2011 and is a joint venture between
Anglogold and Independence Group NL. Anglogold owning 70% and being the manager.

-

Tropicana is unique in the Goldfields region

-

Good sufficient reporting and provide department with Form 2’s and all supporting docs in
very good time, for all works.
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Abstract
Water auditing of Newmont’s Jundee Goldmine covered all aspects of the operation and included
water sources, distribution and water quantity and quality of raw water abstraction, dewatering,
tailings decant and seepage recovery processes. As part of the review process from water audits
carried out in 2008, comparative water audits of the Jundee Goldmine and Jundee Village water
circuit were performed in 2009. Each exercise was based on 1 month’s water demand and water
usage reporting through the Jundee metallurgy, environment and village maintenance departments.
The Mine Return Circuit (MRC) is a key water delivery system around underground mining and opencut mine locations for the Jundee gold plant and dust suppression activities. The MRC water audit
provided a snapshot of the effectiveness of combining water quality results with water distribution
patterns and establishing a new framework for the mine to examine how water audit processes
leading to water audit closure are formulated. The 2009 village water audit was effectively closed and
highlighted water efficiencies generated by the previous water audit in 2008. Results from the MRC
audit were combined with the 2008 gold plant water audit and tested with a new and innovative
server-based program called ‘Waterminer’ (SMI-UQ). The findings illustrated how Jundee can become
more water efficient by running simulations at systems level baselines including alternative options in
site water distribution given site needs and efficient layout of water inputs and stores.
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Introduction
The Newmont Jundee Operation (NJO) is situated in the north eastern goldfields, 50 km northeast of
Wiluna in the Little Sandy Desert, WA. NJO is owned and operated by Newmont Yandal Operations
Ltd who acquired the mining lease from Normandy Mining Limited in 2001. Initially there were two
gold processing operations however, the nearby Nimary operation has been decommissioned and all
extracted gold ore is now processed solely at the Jundee gold plant. Geographically, NJO is situated
on the northern edge of the Yilgarn Block within the Yandal Gold Belt and is a major producer of gold
and silver in the region. At NJO, mineralisation of gold occurs within a strike zone of 4km by 2.5km
over a leased area that contains an underground mine consisting of ore bodies mined down to a
depth of 800M. Gold ore excavation is carried out in declines that include Barton’s Deep, Westside,
Nimary 3, Invicta and Hughes. From earlier times, ore is stock-piled from a series of open cut pits, 40
kms north of NJO, within the Gourdis- Vaude group of gold ore reserves. Gourdis ore and open pit
oxide ore are combined with harder underground ores and blended through the Jundee plant crusher
at a ratio of 40:60 respectively. The Jundee gold plant processes over 2 million (Mega) tons (MT) of
blended gold ore per year.
NJO’s Achaean gold reserves occur in the northern extremity of the regional Norseman/Wiluna
(Yandal) greenstone belt, within the Yilgarn Craton, and have yielded resources in excess of 5 M oz
(Au). On a regional scale, NJO is part of an 80 km line of magnetic anomalies, truncated by an
inferred south-east trending shear-zone and overlaid by sparse rocky outcrops caused by extensive
weathering of the lateritic profile. A package of mafic to ultramafic units, overlain by tholeitic and highMg basalt and dolerite with minor sediments hosts the mineralisation at NJO. The host sequence is
intruded by felsic, intermediate porphyries and dolerite dykes. The mineral sequence is bound to the
west with a package of felsic to intermediate volcanics associated with minor chert, basalt and shale.
To the east of the mine tenement gold mineralisation diminishes as mafic structures become higher in
magnesium to ultra-mafic in composition (Wels 2006).
In 2007 the mining operation abstracted 739,042 m³ from its bore-water supplies comprising the
Sandhill and Dingo well-fields. NJO is a remote area mine in a desert region with a nominal rainfall of
200mm/year ranging between 50-700mm indicating similar frequencies of high rainfall events in
isolated areas as is the case further north at the Granites Mine. Therefore, aquifer recharge is
variable and this affects well-field productivity and particularly in drier months where excessive draw
down impacts on future water availability and water quality. The wettest months for NJO are January
to July and drier months are August to December. The pan-evaporation rate for the region exceeds
4,000mm/year and daily temperatures reach 41°C for Dec/Jan. and as low as 14°C around mid-year
(RichConsultingServices 2008).
Field trips in April 2008 and May 2009 were undertaken to study the distribution and quality of water
used in mining operations and village accommodation facilities. During the field visits four water audits
were conducted. Throughout the first visit in 2008 a whole of site water audit was undertaken and a
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village facilities and camp accommodation water audit was carried out to measure and track water
usage. Another village water audit was conducted in 2009 along with a water audit of the mine return
circuit (MRC) and meter calibration exercise using ultrasonic measurement of water flows. The MRC
is a main water transfer pipeline and a vital source of raw water for the processing operations of the
Jundee gold plant. It also provides much needed stocks of lower quality water to manage the dust
levels around the mining declines, pit roads and accesses. The MRC water audit accounted for water
used in dust suppression, underground drilling and blasting water supplies and raw feed stock for the
Jundee Mill raw water tank and process water dam.
Assessments of water sources and flows were conducted to determine alternate water uses and
distribution for NJO and to establish the best way forward to plan for sustainable water use patterns
using ‘WaterMiner’ (Cote 2009). This paper presents the results of all the water audits carried out at
NJO and tests the findings using the WaterMiner program. The WaterMiner program is a product of
the Centre for Water in Mining Institute (CWIMI) based at the University of Queensland. The program
is running in conjunction with various academic case studies both nationally and abroad. Having been
granted administrative access, this paper has adopted the program as an extension of the results and
findings of the NJO water audit studies. By means of using WaterMiner, the site water sources, uses
and water flow measurements were transferred into the program via the data entry in site situations.
The breakdown of water objects, tasks, imports and exports were configured to provide a water flow
schematic alongside base-line climatic data to run simulations of NJO’s current water use patterns.
This paper presents the results of the 2008/9 water audits and combines the overall findings into the
WaterMiner program to provide an example of a format for reporting on and complying with site water
allocation targets.

2008/9 Water Audits at NJO

Methods
Apart from manually recording water flows from site meters, most water use data was gathered from
the NJO’s metallurgy and environment departments. The mining operation receives bore water from
the Sandhill and Dingo well-fields and is also supplied with raw and worked water from the MRC
dewatering processes that include turkey nests (TN), pits and declines. TN is a name given to lined
reservoirs or ponds with varying degrees of water quality and normally used as a supply for site dust
suppression activities. Further data retrieval on water supplies included decanted worked water from
tailing storage facilities (TSF) and from seepage interception trenches, ponds and seepage recovery
bores that supply the process water dam. Therefore NJO has many water sources with varying
degrees of water quality that range from fresh, brackish and saline. Data from NJO’s village
maintenance department reports on fresh water received from production bores TP4A and TP2, both
of the Dingo well-field. The gold plant also receives fresh water for high quality water requirements in
the final gold recovery process known as elution. Apart from dust suppression uses, dewatering
personnel report on brackish water that is pumped to underground services and then collected within
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underground sumps and pumped back to the TN settling ponds and either reused for road watering or
recycled back underground. Disturbed and non-disturbed land areas including embankments,
trenches and converted open-cut pits harvest rainfall run-off during the wetter months and supplement
the site’s raw water supply that is monitored by NJO’s environment personnel.

Results
Fig. 1 represents the results of the site water audit that was conducted in 2008. The exercise covered
all variables concerning water inputs including rainfall that provides coverage of well-field recharge, pit
dewatering, seepage recovery and pit water collection and storage. The bore-totaliser water transfer
pipe-line supplies metered raw water and TSF return water supplies recycled/worked water to the
process water dam. In all water schematic layouts, blue coloured water flow data indicates ‘water in’
from water sources including gold ore and red coloured figures depict ‘water out’ either by evaporation
or seepage. Gold ore moisture was calculated by determining the moisture content from selected
samples of crushed ore, analysed in the site laboratory. A nominal water flow figure was represented
from the total ore feed to the gold plant. Raw water from the bore-totaliser and MRC are brackish
whereas, water supply for the gold processing operation and NJO village water treatment plants is
fresh water and of very high quality.
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Figure 1. Jundee Goldmine Water Audit 2008

At the gold plant, freshwater passes through an ion-exchange filtration system and is held in two
potable water tanks. The potable feed-water reports to acid washing and elution prior to
electrowinning for gold and silver recovery. The village potable water supply undergoes reverse
osmosis filtration and storage for use in accommodation facilities. Adjacent to the NJO gold plant is
the core-shed, a gold ore sampling and testing facility, a bore-well and water storage tank supplying
freshwater for processing gold ore samples.

PROCEEDINGS- 2010 WORKSHOP ON ENVIRONMENTAL MANAGEMENT
108

Figure 2. MRC Water Audit 2009

In Fig. 2 the MRC water transfer line commences at the Nimary 3 TN. The Nimary 3 TN is supplied
water from both Nimary 3 and 4 pit dewatering operations. The main role of TNs is to supply water
trucks for water dispersal and dust control however, Nim. 3 TN also provides higher quality water for
raw water stocks at the gold plant. The demand for clean raw water (<5000 mg/L TDS) dictates the
prevailing decision making of water to be transferred and its uses. That is, higher quality water for the
gold plant and lesser quality for dust control and underground operations. The MRC’s first interception
is a spur line from dewatering operations of both Northwest and Deakin Pits. At a point between the
Deakin Pit and the MRC a T-section diverts water to the Envicta TN that supplies water to the Envicta
underground workings. Further de-watering from Envicta forms a small water circuit between the
decline and the 2 pits which adds to the complexity of the water audit domain. March 2009 usage
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figures indicate water transfers from Deakin Pit to the MRC and from Envicta TN to the Envicta
decline.
The MRC pumping system comprises a complex distribution circuit with essentially 3 main end-points
or consumers including the mill, main pit and for dust control using the Main and Nim3 TN’s. The Main
TN is situated along from Byrnecut Workshop and both areas are supplied water from the JBRP1
bore-well. During the MRC water audit, dust suppression activities were a big user of water from the
Main TN that is also supplied water from the mine dewatering operations. From the Main TN and W1
spurs the MRC diverts from the mine dewatering and dust control operations back to the gold plant.
Flow meter (FM) 14 monitors the inflow of mine/return water from an exit point of the MRC into the
gold plant raw water tank. The Main Pit is located in a strategic point of the MRC that supplies raw
water to it via the gold plant spur-line. Similarly, Barton TN has raw water diverted to it through the
MRC where the Silver Tank location can re-route water back to form another medium range water
circuit in the scale of water distribution around the MRC. Therefore, good quality water can be
extracted from favourable locations along the MRC and diverted through pipes, pumps and valves to
the gold plant raw water stocks. Water quality data was gathered through the Environment Dept. and
used as base–line data to contribute towards a water classification table that compiles a knowledge
base of ‘fit for purpose’ water use in unit operation water efficiency performance and continuous
improvement. A closer look at the table below highlights water quality (TDS) levels against flow
volumes and water uses.

Unit Op.
Deakin Pit to TN
and MRC
Nim 4 to Nim 3
TN
Barton TN to U/G
and MRC
Main Pit to MRC
Mill raw water
supply

FM
No.
FM27

TDS
ppm
19,600

FM43

5,400

FM38

5,000

FM36
FM14

17,000
>5,000

Water Use
U/ground & dust
control
Mill & dust
control
U/ground
Dust control
Raw (Mill)

Ultra vs Site
(kl/hr)
182
135
64

66

4.3

4.8

75
37.8

72
37.2

%
Diff.
+26
-3
-10
+4
+2
8%

Av.-

Table 1. Water audit meter calibration and water quality
Site water meter displays are read frequently to monitor and record the volumes of water passing in
and out of the MRC. They measure water flow-rates at most inlet and outlet points however, some
water meters are suspect and need replacing or there are points on the water distribution circuit that
require new meters to be installed. A meter calibration function was employed in most of the water
audit exercises and the aim was to test as many meters as possible to calibrate the accuracy of site
water flow measurement. An ultrasonic meter and pendant data loggers were used to demonstrate
both water transfer fluctuations and flow rate accuracy. The ultrasonic meter had a clamp-on
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transducer array that when calibrated to the pipe specifications, type of water, volume per hour or
minute and resulting transducer spacing’s, a ‘time of flight’ water flow rate is displayed on the hand
held computer screen. Where flow-rate displays were not present on meters, the ultrasonic meter was
used to test water flow measurement by comparing the hand held computer display to a stopwatch
timer on site meter dial revolutions and to calibrate site meter flow-rate accuracy.
Table 1 shows results of the meter calibration exercise and highlights water quality indicated by total
dissolved solids (TDS) and the percentage difference of the ultrasonic meter results compared to site
meter readouts. The overall difference was 8% and the variable results between some meters reveal
possible site meter inaccuracy where the difference is greater than the average and for example;
Deakin Pit to TN reading highlights a discrepancy of +26 %. The raw data was assessed and tables
have been drawn up to compare values and meter performance as input to the WaterMiner program.
To maximise water efficiency and as an end-point to the MRC (raw water feed to the mill tank) the aim
of the water audit was to target a <5,000 TDS limit on raw water tank inflows and develop a strategy
to monitor water quality by site testing for immediate feedback on water quality and origin. This would
enable dewatering staff to distribute water according to its level of TDS/pH for either dust control,
underground services or as higher quality water diverted to the gold plant water store.

Unit Op.
Nim.Pit4 to Nim3TN
Nim.Pit3 to Nim3TN
Nim.3TN to dust control
Deakin Pit to Invicta TN
Invicta TN to Invicta U/G
Cook/Keating Pits to MRC
JBRP1 to Byrnecut
Main TN to dust control
MRC to raw water tank
Main Pit to MRC
Barton TN to Barton U/G

FM No.
FM42
FM45
FM46
FM73
FM28
FM25
FM30
FM33
FM14
FM36
FM38

Water Use
TN storage
TN storage
Dust suppression
TN storage
U/ground
MRC supply
Byrnecut workshop
Dust suppression
Milling/CIL
MRC supply
U/ground
Water totals

Volume m³
Input
Output
4,749
1,580
10,532
1,733
4,730
15,674
1,234
22,400
17,683
45,892
20,470
69,628
77,049

Table 2. Water audit MRC (March 2009)
Therefore, dewatering is worked within the small or medium circuits and the interconnected MRC to
use water more efficiently based on site water quality checks around the mine/pit water audit domain.
The above water audit table is a preliminary review of the auditing process and based on initial
findings water audit closure was achieved at <10% inflows to outflows of the MRC over the period of
March 2009. Similarly, the Jundee village water audit review from March 2008 to March 2009
achieved a <10% form of closure. The village accommodation water audits revealed water savings,
where structural changes to water uses were impacting in a very positive way. Several water
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conservation measures were adopted from the previous 2008 audit and these were; returning RO
brine water to the non-potable water tank and treated wastewater (TWW) from the Jundee Village
evaporation ponds had commenced transferring to tailings storage facility 2 to be decanted along with
worked water.

Figure 3. 2008 Jundee Village Water Audit
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Water Audit

Water In

Water Out

Closure Y/N

Village 2008

5,881 kL

5,492 kL

Yes -6.6%

Village 2009

6,756 kL

7,252 kL

Yes +7.3%

347,850 kL

329,000 kL

Yes -5.4%

69,628 kL

75,938 kL

Yes +8.3%

Jundee Site 2008
MRC 2009

Table 3. Water Audit Results
The results in Table 3 indicate the success of the water auditing trials by the auditor achieving closure
in each water audit. More importantly, it illustrates how the Jundee mine site organizes and
administers the metering and tabulation of water uses around the mine site domain. The resources on
site enable a water audit to be carried out for any area of the site and for a selected time frame. For
example, a 1 month period was selected in each case however, a shorter period could be chosen to
provide a 1 or 2 day snapshot of water use for the purposes of targeting an area that may be losing
water or using water less efficiently than other areas within the lease boundary.
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Figure 4. 2009 Jundee Village Water Audit

A comparison between 2008 and 2009 Jundee Village water audits reveal water savings where in
2008, over half the amount of non-potable water required for the RO process was normally lost to
ground and since 2009, has now been re-routed to tank #41 (Fig. 3). On average a volume of 150 kL
per month was being reclaimed back into the system. Furthermore, during 2008 treated wastewater
from the evaporation ponds lost up to 5,500 kL per month through evaporation and since the new
pipeline has been installed in 2009, over 5,000 kL per month is piped to the TSF and is now a new
water source for the gold plant process water stocks.

Testing the Water Audit Findings
The ‘WaterMiner’ program is provided by a server-based facility at the Centre for Water in Mining
Institute on campus at the University of Queensland and was originally structured to run simulations
(what if scenarios) for coal mining. It now caters for all types of mining and mineral processing
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operations. The WaterMiner program has been applied to confirm the results of water auditing
exercises conducted at NJO in order to test their veracity. The site simulation engine is fed data that
includes water objects relating to imports, stores, tasks, water treatment facilities, discharges and
exports.

Figure 5. NJO Simulation Flowchart

Flowchart Legend
Import
Store
Task
Export
Treatment plant

The flows connect the objects from the water auditing data that include water flow volumes and water
quality. The program then builds a water flow chart that must conform to all relevant inputs and
outputs to provide the water balance from all water objects via the simulation run. Once the simulation
run was completed a series of data tables were produced to provide an overall snapshot of the NJO
site water use picture. In Table 4 the EN8 category represents the total volume of water withdrawn by
source. The EN21 category outlines the total amount of water discharged by destination and EN10
categorises the amount of water that was recycled (MCA 2004).
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EN8: Total water withdrawal by source (ML/yr)
Quality:

1

2

3

Total

Surface

2263

229

0

2492

Ground

0

2000

305

2305

Sea

0

0

0

0

Third Party

0

0

0

0

Unspecified

0

0

0

0

2263

2229

305

4797

Total

EN21: Total water discharge by destination (ML/yr)
Quality:

1

2

3

Total

Surface

0

642

0

642

Ground

0

263

0

263

Sea

0

0

0

0

Third Party

0

0

0

0

3321

449

0

3770

0

0

0

0

3321

1354

0

4674

Other
Unspecified
Total

EN10: Water reused and recycled
Volume (ML/yr ) :

2887

Percent:

59

Table 4. Results from NJO Simulation ML/yr
The water volumes were converted from kL to ML during the data input exercise and after combining
all of the NJO water audit results a water audit closure was confirmed by deducting the imports from
exports of the total volume of water used on site.
Storage Volumes (ML)

Imports and Exports (ML)

Storage at End of Period (ML) 3537 Imports (ML)

71947

Storage at Start of Period (ML) 1875 Exports (ML)

70102

Change in Storage (ML)

1662 Difference (Imports - Exports) 1845

Table 5. Results from NJO Simulation 1995 – 2010
The water quality in table 4 is governed by the simulation run where rainfall entering the site is
classed as ‘1’ indicating high quality whereas, all the raw and worked water used in tasks is classed
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as either ‘2’ or ‘3’ and of lesser quality. The classification of surface water also emphasizes the influx
or rainfall and is controlled by the rainfall data inputs taken over the 15 year simulation period. A 15
year timeslot was appropriate considering the age of the mine (~15 years) and the impacts of rainfall
and evaporation on mining operations over that period.

Discussion
A recent examination of NJO’s water supply and capacity to meet increasing demand was carried out
(RichConsultingServices 2008) and the study highlighted a probable deficiency in long-term water
availability. This is based on climatic predictions indicating a trend of less aquifer recharge through
decreasing rainfall averages caused by drying climatic influences in desert regions. Other findings
revealed gaps in the availability of water meters and the ensuing difficulty in quantifying water stocks
along the mine return circuit from various pits, TNs and dewatering bores (RichConsultingServices
2008). In order to meet increasing demand for raw water at NJO, other water sources and water
efficiency and conservation measures can be assessed using the WaterMiner program.
Recommendations put forward as result of the RCS study are primarily associated with the installation
of meters for key areas, more pipe-work and pumps. However, the fine-tuning of NJO’s water
metering and data gathering can be augmented through the process of a site-wide water audit and
modeling assessment program. Further data collation and information gathering is required to
complete the full picture of each of the respective water audit domain studies. In each case, more
meters are required to fully audit the distribution of water and particularly in view of the MRC, Nim. 3
inputs, Silver Tank bypass, Main TN to MRC and MRC to Main Pit. At the Jundee Village, meter
points are required at the non-potable feed to RO and raw sewage to the WWTT. Apart from new
meter installations, several meters may need replacing due to the age of the meter and that the kL/hr
seemed to drift and become less accurate as the flow-rate volume in the pipe increased. Meters to
come under notice included; FMs – 14, 27, 38 and the old Kent meter that record TWW transfers from
the evaporation ponds to TSF2.
Many water meters are in need of calibration and the use of an ultrasonic meter for pre-audit
preparations and re-adjustment of measured water flows should be employed in future. NJO’s
identification of installed meters and their location are comprehensive and include GPS tracking and
weigh-point data. There are current and historical records where data is maintained and managed by
the metallurgy and environment departments. Further to future comprehensive water auditing
exercises, water efficiencies and water conservation measures are recommended. These include
preventing evaporation in open pits by the use of shaded or floating covers, harvesting rainfall from
NJO structures and buildings, recycling treated domestic wastewater from the village WWTP and
reclaiming overflow volumes from freshwater tank and process water dam normally running to ground.
Furthermore, disturbed areas of site can be engineered to capture more runoff from rainfall events
and water can be channeled and harvested in open-pits and other water storage areas. This paper
has presented the results of the 2008/9 water audits conducted at NJO. It has combined the overall
findings into the WaterMiner program to firstly confirm water audit closure and secondly, to endorse
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its authenticity and potential as a water reporting mechanism. It validates further research in all
aspects of water use in gold mining and promotes climatic influences over baseline water data inputs.
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Abstract
There are currently eight known populations of the Declared Rare Flora species (DRF), Eucalyptus
steedmanii which stretch 80km along the Forrestania Nickel Province, seven of which occur within
Western Areas NL (WSA) tenements.
Maintaining mine development of WSA whilst conserving this DRF is quite a challenge as very little is
known about this species. In 2008 Botanica Consulting (BC) were commissioned by WSA to
commence biannual monitoring of the E. steedmanii populations to learn more about this species and
determine whether there are any adverse impacts on the E. steedmanii populations as a result of
mining prior to commencement of construction and operation; during construction and operation; and
post closure of the spotted Quoll project. In 2009 a DRF Management Plan was developed and
changes to the monitoring schedule were made. Currently monitoring of E. steedmanii populations is
conducted either weekly or monthly for certain populations and every four years on all populations.
This paper will discuss the methods used to gather information on the population dynamics of this
species (ie. sexual maturity, density) and methods used to monitor the health of plants within the
populations. This study demonstrates that with proper management, mining and proactive
environmental management can work together and provide positive outcomes.
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Introduction
The Forrestania Nickel Province, located approximately 80km east of Hyden contains a range of
diverse and threatened flora species. One of the most significant species found within the Forrestania
region is the Declared Rare Flora (DRF) species Eucalyptus steedmanii. There are currently eight
known populations of this species within the Forrestania region. In 1994 fire swept through the
Forrestania region, affecting the populations with many trees now present in mallee form.

E.

steedmanii is endemic to Western Australia.
The species is named in honour of Harry Steedman of the Zoological Gardens (Perth Zoo), who made
the first collection in 1928 at Forrestania, which was originally an agricultural settlement south of
Southern Cross. The species was listed as DRF in the original gazettal notice in 1980.
E. steedmanii is notable for the densely glandular and usually olive green leaves which have
numerous round oil glands. The most distinguishing feature is the pendulous, double conic bud which
is square in cross section. The bud has a scar present and often four sepals remain from the split
outer operculum (Figure 1).

Figure 1: Image of E. steedmanii fruits.
This species inhabits gravelly loams over ironstone on low hills and undulating plains and is confined
to the undulating country in the Ironcaps area, approximately 80km east of Hyden (CALM, 1998). It
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occurs in low dense woodlands with other Eucalyptus sp., Acacia sp. and Melaleuca sp. but, it also
commonly occurs in pure stands.
It has been noted in past records of specimens that this species densely recolonizes burnt areas
(WAHERB, 2010). This species is considered vulnerable as the known populations of this species are
not included in Conservation Reserves.
Wildfire, mining and related exploration activities are the most direct threat to this species as it occurs
on vacant Crown land where a number of mining tenements are located. Tenements are owned by a
variety of different mining companies, all exploring the Forrestania mineralisation zone. Protection
from fire and management of mining related activities is important to aid in maintaining the long-term
survival of this species. The populations south of the Hyden-Norseman Road all have good roads
around them which serve as reasonable fire breaks. There is no fire protection in the northern
populations.
In 2008 BC conducted biannual monitoring of five E. steedmanii populations located adjacent to the
then proposed Spotted Quoll Mine site. The monitoring was developed to enable early detection of
any adverse impacts as a result of construction and mining activities during all three phases of the
Spotted

Quoll

mine

life;

prior

to

commencement

of

construction/operation;

during

construction/operation; and post closure. In Spring 2009, the monitoring process was revised and a
sixth population was included in the monitoring (Population 7). In January 2010, two additional
populations were monitored; Population 6 which is not located within WSA tenements and Population
8.
Mining related activities have potential to impact on all populations over time, however with careful
management and awareness the impact should be minimal.

Materials and Methods
DRF Management Plan
Monitoring of E. steedmanii populations was commenced in April 2008. In February 2009 a
Management Plan outlined several measures to ensure the protection of Eucalyptus steedmanii.
These measures included:
•

Documenting the distribution of the species in the vicinity of the proposed Spotted Quoll
operations;

•

Providing detailed species description and its preferred habitat;

•

Identifying threatening processes to the species arising from the implementation of the
Spotted Quoll operation;

•

Developing strategies to reduce avoidable adverse impacts on the species;

•

Identifying offsets to mitigate potential adverse impacts on the species;
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•

Developing a monitoring program that aims to detect a decline in the health of local
Eucalyptus steedmanii populations associated with the proposed mining activities.

Population Mapping
Prior to monitoring, the boundary of each population was traversed by BC staff and recorded using a
hand held GPS in order to determine the total area of each population. Each population of Eucalyptus
steedmanii was carefully checked while mapping the population boundaries, however as there are
several sterile Eucalypts within the area, population boundaries may change. The fruits of the plant
are the main distinguishing characteristic to accurately identify this species as the juvenile form of E.
steedmanii looks very similar to other juvenile Eucalypts. Boundary tracks recorded on the GPS were
then uploaded to the GIS program Map Info where the total area (ha) of each population was
determined. Each population was numbered according to the order of discovery (ie. 1-8).

Sampling and Analysis
From Autumn 2008 to Autumn 2009, five E. steedmanii populations were monitored (Population 1-5).
Within each population a 50m transect and a 10m² quadrat was established. A total of five transects
and five quadrats were monitored. Monitoring of populations is conducted biannually (Autumn and
Spring). In April 2009 monitoring was repeated, however a second 10m X 10m quadrat was
established at the other end of each transect on the left hand side. A total of five transects and ten
quadrats were monitored.
In Spring 2009, the monitoring process was revised and a minimum of two 50m transects per
population were established. Another population was included in the monitoring (Population 7). Four
analogue transects were also established in E. steedmanii populations 4 and 5 (2 transects in each)
which are located more than 3km away from the main Spotted Quoll mine activities. A total of 22
transects and 44 quadrats were monitored from six populations.
In January 2010 an additional two populations were monitored; one known to the DEC (Population 6)
which occurs outside the WSA tenements, the other a new population discovered by BC in October
2009 (Population 8). Locations of transects were selected randomly in different areas of the
population to ensure data was representative of the entire population.

Monitoring of each Transect (50m)
•

50m Transects with GPS points recorded and fence droppers used to mark each end.

•

Individual Tree Health (0-3 rating: 0=Dead, 1=poor health, 2=moderate health and 3=very
healthy) of trees intersected by the transect.

•

Percentage Cover of DRF trees intersecting the transect.

•

A 10m x 10m quadrat established with fence droppers at each end of the transect on the left
hand side while looking down the transect.
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•

Eucalyptus steedmanii identification, density and abundance within each 10m x 10m
quadrat.

•

General Vegetation Health Assessment (Keighery, 1994) of each transect.

•

Photographic Image taken from each end of the Transect looking down the line.

Monitoring of each Quadrat (10m²)
•

10m x 10m quadrats were established on the left side at each end of the transect with fence
droppers and GPS coordinates incorporating known individual E. steedmanii trees outside of
the population boundaries.

•

Eucalyptus steedmanii identification, Density and Abundance within each 10m x 10m quadrat.

•

Individual Tree Health (0-3 rating: 0=Dead, 1=poor health, 2=moderate health and 3=very
healthy) of trees within the quadrat.

•

Photographic Image taken from one corner of the quadrat.

Data Analysis
Within each transect of every population, the total number of individual E. steedmanii plants within the
two 10m² quadrats (two per transect) was counted. The density of both quadrats per transect was
then averaged. This average density of plants per 100 square metres was then used to determine
density of individual plants per hectare.
The total number of plants per hectare was then extrapolated to the entire population by multiplying
the number of plants per hectare by the number of hectares covered by the population (determined
during population mapping). Once the number of plants per population area was determined the
population density of each transect (per population) was averaged. The percentage of individual
plants with either sterile, immature fruit or mature fruit was calculated for each transect and averaged
for all transects within each population. Percentage vegetation cover of E. steedmanii was also
calculated for each transect and averaged for each population (see Table 1 in Results).

Limitations
Within each population, stands of E. eremophila were present which have a similar appearance to E.
steedmanii with both displaying glossy olive green leaves with numerous round oil glands. Other
Eucalyptus species of juvenile form also have a similar appearance to juvenile E. steedmanii plants,
including E. salubris and E. annulata. The fruits of the trees were used to distinguish between
species, however not all plants had fruit as they had been disturbed by fire. E. eremophila has a long
horn-shaped operculum and a simple axillary inflorescence that is 7-9 flowered whereas E.
steedmanii is 3 flowered.
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BC contacted a genetics specialist to determine whether DNA testing would be useful in
distinguishing these two species. Unfortunately as these two species are very closely related this
would be a difficult process and BC was advised against DNA testing.
Another limitation to the survey was limited access. Several populations were difficult to access as the
vegetation both within each population and in the surrounding areas was quite dense.

Results
Population size of E. steedmanii
The greatest population size was recorded at Population 4 (analogue site) with approximately
1,139,575 trees followed by Population 6 with approximately 506,717 trees. The lowest population
size was recorded at Population 2 with approximately 6,059 trees. The spatial area of each population
roughly correlates with population size of this species with Population 4 having the largest spatial area
of 115.4ha, Population 6 having the second greatest (100.3ha). The exception however is Population
3 which had the lowest spatial area than Population 2 (2.67ha compared to 2.98ha) yet had a higher
level of plant density. The estimated total number of E. steedmanii plants within the eight known
populations is approximately 19 million.

Population dynamics of E. steedmanii.
Results of the monitoring show that Population 4 had the highest percentage of sterile trees and trees
with immature fruit, while population 2 and 6 had the highest percentage of trees with mature fruit
(Table 1). Percentage vegetation cover was highest at Population 6 (37.6%) whilst Population 8
recorded the lowest level of percentage vegetation cover at (6.8%).
The general health condition for all of the E. steedmanii populations was considered to be excellent
which depicts that vegetation was intact despite disturbance and any weed species present were non
aggressive (Keighery, 1994). Despite presence of the parasitic creeper Cassytha melantha (Large
Dodder-laurel) within all populations the majority of trees were functioning effectively and producing
mature fruits.
Based on field observations of the E. steedmanii populations, this species appears to regenerate well
after fire with the majority of plants from each population with mature fruits. However as there has not
been formal research into the fire regime of this species no conclusions can be drawn about the
effects of fire on this species.
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Table 1: Percentage of E. steedmanii trees with sterile, immature fruit, mature fruit and
vegetation cover.
Average

Immature

Average

Sterile

Fruit

Immature

E. steedmanii

E. steedmanii

Population #

Transect #

1

T1-1

60.71%

17.86%

21.43%

1

T1-2

33.33%

0.00%

66.67%

1

T1-3

62.50%

18.75%

18.75%

1

T1-4

21.05%

0.00%

1

T1-5

0.00%

1

T1-6

70.00%

1

T1-7

5.88%

41.18%

52.94%

1

T1-8

12.50%

12.50%

75.00%

2

T2-1

0.00%

0.00%

100.00%

2

T2-2

0.00%

2

T2-3

0.00%

0.00%

3

T3-1

68.75%

0.00%

31.25%

3

T3-2

14.29%

0.00%

85.71%

3

T3-3

50.00%

3

T3-4

14.29%

4

T4-1

40.00%

4

T4-2

40.00%

5

T5-1

51.22%

5

T5-2

0.00%

6

T6-1

0.00%

6

T6-2

18.18%

7

T7-1

35.29%

7

T7-2

55.56%

7

T7-3

28.57%

21.43%

50.00%

8

T8-1

0.00%

0.00%

100.00%

8

T8-2

0.00%

Sterile

33.25%

0.00%

11.29%

0.00%

0.00%

36.83%

0.00%

12.50%

25.61%
9.09%

15.00%
20.00%
17.07%
0.00%
0.00%
0.00%

0.00%

0.00%

0.00%

0.00%

100.00%

Mature

Average
vegetation
cover

55.47%

15.7%

100.00%

100.00%

32.7%

52.90%

12.1%

42.50%

27.9%

65.85%

26.0%

90.91%

37.6%

53.05%

18.0%

100.00%

6.8%

100.00%

10.27%

37.50%
57.14%

17.50%
8.54%
0.00%

0.00%
39.81%

78.95%

Average

30.00%

28.57%
40.00%

Mature Fruit

45.00%
40.00%
31.71%
100.00%
100.00%
81.82%
64.71%

7.14%

0.00%

44.44%

100.00%

Seed has been collected from five populations and provided to the Threatened Flora Seed Centre.
The most current seed that was collected (2009) has not yet been tested by the Threatened Flora
Seed Centre for germination success, however seed received in 2003 has recently been tested and
83% of the seed successfully germinated. There has also been seed successfully germinated in Jim’s
Seeds, Weeds & Trees Pty Ltd shade house in Kalgoorlie-Boulder (Figure 2).
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Figure 2: Image of E. steedmanii germinated at Jim’s Seeds, Weeds & Trees shade house.

Effects of mining on E. steedmanii
Results of the monitoring show that the health condition of the populations have not decreased over
this time and remains in excellent condition (BC, 2009). Population 1 has recorded a gradual increase
in percentage of plants with mature fruits since monitoring began increasing from 28.5% to 55.4%.
Population 2 has maintained a level of 100% mature fruits throughout the entire monitoring period.
Percentage of plants with mature fruits in Population 3 has increased from no plants containing
mature fruits in Autumn 2008 to 52.9% in Spring 2009. Population 4 which is used as an analogue
site as it is located approximately 16km from the Spotted Quoll mining operation was the only
population to record a decrease in the percentage of plants with mature fruits. In Autumn 2008
percentage of plants with mature fruits were high (82.2%) however it is currently at 42.5%. There are
no obvious signs of disturbance to population 4; however it appears that the population may be
encountering some form of stress, resulting in a decrease in reproductive ability. Percentage
vegetation cover of E. steedmanii plants has also been highly variable for this population increasing
from 32.6% in Autumn 2008 to 46.6% in Spring 2008. Vegetation cover remained at 46.6% in Autumn
2009 however in Spring 2009, vegetation cover of E. steedmanii decreased to 27.9%. As the
population is not located near any mining operations (i.e. the Flying Fox or Spotted Quoll mine sites),
any potential disturbance this population has experienced is unlikely to be as a result of mining
operations as all other populations located within close proximity to the Spotted Quoll Mine are
functioning effectively. Further monitoring is required to determine whether changes in mature fruit
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production and vegetation cover of this population is continuing and the possible cause of this
change. Population 5 is also located approximately 16km from the Spotted Quoll Mine site and was
used as an analogue site. Percentage of plants with mature fruits increased within this population
from 35.4% in Autumn 2008 to 65.85% in Spring 2009. Populations 6, 7 and 8 have only been
monitored once and conclusions about the effects of mining on these populations cannot be made at
this time.

Discussion
Potential threats to E. steedmanii populations
Mineral exploration including development of grid lines for drilling activities and geo-physical surveys
is the main potential threat to E. steedmanii populations. As nickel deposits in the Forrestania region
generally occur at depth, mining activities have been historically mainly restricted to underground
operations. This means that a boxcut excavation is used from the surface through the unstable
overburden and into the more competent rock where the underground mine access commences (i.e.
decline). This type of operation generally has a smaller footprint than open pit operations. The DEC
however have suggested that development of underground mining requires dewatering which may
produce additional threats to E. steedmanii populations by altering the hydrology of the region.
Monitoring of vegetation communities within the area since 2005 has not revealed any impact to
surface vegetation that could be attributed to dewatering operations however the impacts of
dewatering on this particular species is unknown and further research is required.
The majority of drilling grid lines within the Forrestania region were installed in the 1970s during the
original nickel boom. Anecdotal evidence is that the area was surveyed and straight drill lines were
installed every 1 kilometre east to west with base lines running north to south with a spacing of
~3kms.
The majority of these have revegetated naturally, however some remain open and are still useable as
access tracks. These grids intersect all the populations except the northern most population which is
intersected by the Holland track. These grids do not appear to have had a negative impact on the
populations and within the southern population these gridlines provide a fire break that protected the
species during large fires experienced in 1994. The most southern population has small sections that
contain mature older trees. Monitoring of vegetation communities since 2005 has not revealed any
impact to surface vegetation that could be attributed to dewatering operations.

Wildfire is a threat throughout the Great Western Woodlands and affects all populations; however fire
is a natural process within the woodlands and the species appears to recover well after fire.
The northern most population is affected by tourism with the Holland Track traversing through the
population. There is a risk of disease and fungus spreading through the area with movement of
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vehicles throughout the population. This threat is only suspected and good hygiene practices will
alleviate this problem.
There are also some camping sites within this population which may cause disturbance to this
species and may raise the threat of wildfire. The installation of signage would help protect this
population.
Insect attack affects all the Eucalypts within the area; however based on field observations this
species suffers no worse than other Eucalyptus species in the region. The Cassytha melantha (Large
Dodder-laurel) poses a potential threat to E. steedmanii populations as it is known to ‘cling’ to
Eucalypt species smothering them and in some instances results in death of the plant. This threat is
present in all populations and was particularly evident in population 6. The impact of this parasitic
plant on E. steedmanii populations appears to be low as these populations were still reproducing and
functioning effectively.
The northern population which has the Holland Track travelling through it is affected by vehicles
rubbing against the plants. However the greatest threat is disease or a fungus being transported into
this population as tourist vehicles traverse the Holland Track from the south west. There are no
vehicle hygiene practices in place.

Managing potential threats
WSA have put in considerable amount of time and research into identifying where this species occurs
and developing strategies to prevent any impacts on this species from mining activities. As outlined in
this paper population monitoring is conducted as per the E. steedmanii Management Plan to ensure
mining activities are not having a negative effect on population numbers. WSA also undertake flora
and vegetation surveys prior to any exploration and mining activities to ensure no E. steedmanii
plants are disturbed. WSA recognises that previously undiscovered populations of this species are
often found within their tenements.
They have also undertaken through BC, seed collection of this species within their tenements to
better understand the biology of this species. Currently seeding trials are taking place both by the
DEC Threatened Flora Seed Centre and Botanica Consulting to determine whether this species will
successfully germinate outside of the Forrestania area. The results of testing at the Threatened Flora
Seed Centre showed that the majority of seed successfully germinated and all remaining seed was
viable. There has also been seed successfully germinated in Jim Seeds, Weeds & Tree shade house
in Kalgoorlie.
Based on the germination success of this species outside of its natural environment WSA are
assessing the feasibility of developing a plantation on company owned vacant farm land south of the
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wild populations to increase plant numbers and provide a living seed bank that is protected from the
threat of mining and fire.

Conclusions
Studies of this species were conducted in the 1980’s by Andrew Brown and Steve Hopper and in
2002 monitoring was undertaken by Kim Kershaw and Lois Kerrigan (CALM). BC contacted Dr Ken
Atkins (DEC) in regards to obtaining information from these previous studies but this information was
unable to be obtained and it appears that there is very little available information about this species. In
2004 E. steedmanii was nominated to be de-listed by Narrogin District however it was unsuccessful
and remained a Declared Rare Flora species (DRF). Since this time several more populations and
locations of this species have been identified and more research has been conducted into this
species. In 2010 this species was again nominated for delisting by BC on behalf of WSA and is
currently undergoing assessment by the DEC. This species has been listed as DRF since 1980.
From current studies it appears that mining activities at the Spotted Quoll Mine site are not having
adverse affects on the E. steedmanii populations with all populations maintaining excellent condition
ratings and with the exception of population 4 (which is not located near the any mining operations)
recording increased levels of mature fruit production. Seeding trials of this species have shown that
germination success of this species is high even outside of the natural environment.
WSA is the principal mining company in the Forrestania belt and have commissioned several flora
and vegetation surveys within the Forrestania region to determine locations of this species prior to
any exploration or mining activities, produced exclusion zones around identified populations which are
clearly signposted to prevent disturbance and provide information about the significance of this
species to all staff entering WSA tenements as part of the induction process. They have also
developed an E. steedmanii management plan which involved monitoring of E. steedmanii
populations. WSA are also assessing the feasibility of establishing a E. steedmanii plantation on
company owned farmland outside of mining affected regions of Forrestania to provide a live seed
bank source and increase plant numbers. This property has a large piece of remnant bushland that
contains remnants of very old Eucalyptus salmonophloia woodland. This paper outlines that with
proper management and involvement of mining companies in the conservation of threatened flora
species, mining development does not necessarily result in destruction of significant flora species.
Prior to any disturbance, Western Areas conducts surveys of proposed development areas to ensure
that no E. steedmanii plants will be disturbed. As a result there are further unknown populations of
this species and extensions to previously known species being regularly discovered. The number of
E. steedmanii populations within the region appears to be much higher than previously thought.
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Abstract
During construction of onshore gas pipelines, long stretches of deep open trenches pose a threat to
native fauna that inhabit the adjacent landscapes. In Western Australia there have been significant
incidents resulting in large scale fauna deaths associated with pipeline construction.
In recent years, the regulatory environment for pipeline environmental management in Western
Australia has become more rigorous. In particular, the conditions imposed for fauna management
during pipeline construction have created a number of challenges.
With the growing demand for gas supplies to remote mining operations as well as ongoing gas
exploration, there is likely to be an increase in the number of pipeline constructions across the state.
MBS Environmental have Western Australian pipeline experience and in this presentation we identify
significant challenges associated with fauna management, highlighting regulatory compliance
requirements and detailing effective fauna management strategies.
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Introduction
During the construction of onshore gas pipelines, long stretches of deep, open trenches may pose a
threat to native fauna that inhabit the adjacent landscapes. Hazards to fauna from open trenches
include:

•

Falling into the trench, causing physical injury.

•

Lack of shelter in the trench, causing:
•

Hypothermia (by night)

•

Heat injury or dehydration (by day).

•

Increased predation within the confined trench environment.

•

Surface or groundwater that has collected in the trench causing drowning.

•

Burial within the trench as it is back filled.

•

Death due to physical encounter with mobile equipment or light vehicles.

•

Stress to individuals due to repeated capture and release during the construction process.

•

Restricted range and territory, causing increased conflict and competition in the surrounding
area.

Unless these hazards are understood and adequately managed, high levels of fauna mortalities can
and have occurred during gas pipeline construction. These mortalities are unacceptable to regulators
(EPA 2004) and have come to the attention of the press (ABC News 2004), environmental activists
and politicians (Robin Chapple 2004). Fauna injury or death in open trenches may also contravene
the Animal Welfare Act 2002 which provides for prosecution in cases where animals are caused
unnecessary harm.
In this presentation we draw from our gas pipeline experience to evaluate the effectiveness of
different fauna management measures at both the approval stage and during pipeline construction
activities. These measures have been implemented during a variety of Western Australian on shore
gas pipeline projects and may be imposed by regulators in explicit project approval (Ministerial)
conditions, or as approved management plans. The list of measures presented is not exhaustive.
MBS Environmental has gained pipeline fauna management experience through involvement with
several gas pipeline projects located in different parts of Western Australia with the majority being
within the Pilbara region. Conclusions presented should be taken in this context, however some
management measures may be effective in differing environments and equally relevant to buried
onshore pipelines carrying slurry, oil or water.
Evaluations presented, are solely based on our experience in pipeline fauna management and do not
represent project-specific data or constitute a scientific analysis. To establish scientifically verified
findings and conclusions, a control would be required. In this case, the control would consist of an
unmanaged duplicate section of trench located in a comparable environment and left open for a
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similar duration as the active trench. This is not a practical proposition and therefore pipeline fauna
management may be as much an art as it is a science.

The Pipeline Construction Process
The onshore pipeline construction process consists of a number of stages, which can be summarised
(with some simplification) as:

•

Survey: Marking out the pipeline corridor and trench line. Potholing may also be conducted to
locate foreign services, including cables and other pipelines.

•

Clear and grade: Vegetation and topsoil stripping on the pipeline corridor and other work
areas.

•

Pipe stringing: Delivery of pipe sections to the corridor and setting out in preparation for
welding.

•

Welding: cleaning of joints, welding, testing, repair and coating to join individual sections into
pipe ‘strings’.

•

Trenching: Cutting a trench for the pipe using trenching machines, rock saws, excavators,
rock hammers and explosives. Trenches are typically one to two metres deep depending on
the size and type of pipe and the required depth of cover, though in some places such as creek
crossings the trench may be much deeper. This is shown in Plate 1.

•

Lowering-in and backfill: Each pipe string is laid in the trench, often padded (underlain) and
shaded (covered) with layers of specially screened or imported material before being filled to
ground level with trench spoil material.

•

Special crossings: Technically difficult crossings of foreign services such as rivers, cables,
roads, and railways are dealt with separately, often using HDD (horizontal direct drilling)
methods where open trench is not an option.

•

Tie-in: Pipe strings and special crossings are welded together in the trench. Access is via
benched-back and ramped excavations known as ‘bellholes’.

•

Reinstatement: Backfill of bellholes, disposal of excess rock or trench spoil, reinstatement of
the soil profile, re-spreading of vegetation and implementation of erosion control works (dune
crossings, watercourse bed and banks).

•

Hydrotesting, facilities work and commissioning: The pipeline is pressurised with water to
test its integrity. Engineering or fabrication work at above-ground facilities (such as receiver
stations or compressor stations) may continue for several months after pipe laying activities are
complete.
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Plate 1:

Open Trench with Strung Pipe on Right and Lowering in Machine at Rear

Clear and grade, trenching and reinstatement activities represent the greatest environmental risks.
This presentation will focus on the open trench stage, in particular the risks to fauna, and how those
risks are understood and managed by regulators and pipeline construction companies.
Each stage has a very different production rate, and the spread from ‘clear and grade’ to ‘tying-in’ and
‘reinstatement’ may represent an active area several hundred kilometres long on major pipeline
projects. A dedicated crew and supervisor with highly specialised equipment is typically assigned to
each stage.
The process is not always a linear progression from one end of the line to the other, especially in
complex or urban environments with many special crossings or space constraints.

In such

environments, combined or ‘Poor Boy’ crews may be formed to start and complete a very short pipe
string before moving to the next section. Construction managers are under intense pressure to stick
to budgets and deadlines resulting in crews and equipment being mobilised and demobilised to
alternative sections of the pipeline at very short notice.

Fauna Management Measures
Assessment and Planning
As with any type of development, effective environmental management requires a thorough
understanding of the surrounding environment. This includes:

•

Habitat changes, including habitat condition.

•

The species of animals likely to be encountered within each habitat type.
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•

The climactic conditions over the duration of the project.

Understanding the environment and the risks from open trench allows more effective impact
assessment, discussions with regulators and other stakeholders during the initial planning and
development of practical and effective management plans.
Application of blanket conditions for fauna management on pipelines as a whole, or for a large project
which spans different environments and seasons, is ineffective and does not guarantee an outcome
of minimal fauna death. On large projects where the risks will change with time and location, it may
be preferable that Ministerial conditions specify a comprehensive, auditable management plan, rather
than listing a number of blanket measures.
Day to day assessment planning during construction is also critical to achieving outcomes. This may
include monitoring of weather forecasts, daily fauna numbers and species and close liaison with
construction crews and managers on construction forecasts.

Inspection in Pairs
Daily inspections of open trenches and the subsequent removal of trapped fauna comprises the
primary fauna management method implemented for pipeline projects.

Entry into the trench is

generally regarded as a ‘confined space entry’ and not permitted without special training and specific
safety controls. Fauna handlers retrieve fauna from the trench using nets and ‘jiggers’ mounted on
extendable poles (Plate 2).
For some projects, the requirement to inspect open trench in pairs is explicitly set in Ministerial
Conditions of approval. In others, the requirement may only be for a given number of trench fauna
handlers to be on site (and deployed as seen fit).
From our experience ,particularly in lager diameter pipelines, inspection in pairs is critical for effective
fauna management, to:

•

Enable sighting of the entire trench base from both sides,

•

Minimise stress and risk of injury to both animals and handlers during fauna capture,

•

Reduce safety risks to fauna handlers when working away from other construction crews.

Fauna can often be retrieved by one person, but this method usually requires twice the amount of
time for task completion compared to that of paired teams.
We believe that there should be flexibility incorporated into the paired fauna team method, as it can
be more efficient for one handler to inspect pipe-laid or part-filled trench located in low fauna density
environments and areas with shorter sections of open trench, provided that assistance is close at
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hand if required. ‘Open trench’ should be well defined in project documentation so that it is clear
which excavations require inspection in pairs.

Plate 2:

Pair of Fauna Officers inspecting Open Trench

Trench Inspection Deadlines
For all of the projects that we have worked on, Ministerial Conditions have set a time limit (typically
3.5 to 4.5 hours after sunrise) for completion of open trench inspections. We consider this to be a
critical measure in preventing fauna deaths from heat injury, dehydration or hypothermia. While it is
difficult to reliably determine in the field, we believe that this is the principal cause of fauna mortalities
(particularly reptiles) from pipeline trenching activities, for summer or spring projects in arid regions
such as the Pilbara.
Many animals rely on shade to help regulate their body temperature in arid environments, providing
protection both from direct radiation and heating of the ground. As the sun climbs in the sky, the
amount of shade in the trench may dwindle to nothing, depending on the time of year, latitude and
orientation of the trench.

Trench Lengths and Handler Numbers
To meet inspection deadlines, there must be sufficient fauna handlers to inspect the amount of trench
that is open. The most important driver of trench inspection rates is fauna density (captures per
kilometre), and fauna resource planning must consider this.
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Trench inspection rates can drop below one kilometre per hour where the trench fauna density is
high. Within the Pilbara region we have recorded well over 30 animals per kilometre of open trench,
depending on factors such as the overnight temperature and quality of the surrounding habitat. High
fauna densities can be managed to some extent by holding compatible species and releasing them
together at a suitable site or by employing a third person in each ‘pair’ to log and release animals.
While it is not really possible to control fauna densities, scheduling pipeline work for cooler, drier times
of the year when fauna are less active or abundant can help.

Some of our projects have had

restrictions on the time of year when trench could be open, although this was primarily intended to
prevent open trench in the cyclone season which carries the risk of mass drownings and where high
temperatures and humidity pose increased mortality risk.
The type of fauna can also impact on inspection rates. Some species of dragons and hopping mice,
for instance, are notoriously difficult to catch and encountering even a few can threaten inspection
deadlines on any given day. This is hard to predict and control resulting in the planning of inspections
to enable completion with plenty of time to spare.
Walking speeds above a moderate stroll (3.5 kilometres per hour) does not allow the trench to be
inspected with sufficient care to sight smaller animals (e.g. geckoes) and we suggest this should be
treated as an upper limit guide for trench inspection rates. Trench deadlines should not be met at the
expense of conducting effective inspections.
Some of the projects that we have worked on have prescribed the number of fauna handlers that are
to be employed for trench inspections, and the maximum amount of trench that can be open at any
time. On other projects, there has been no prescribed number of fauna handlers or limit on the
amount of open trench, provided that inspection deadlines are met.
Open trench limits can greatly increase the time and cost of pipeline construction, if they are too
restrictive or do not take into account the construction methodology. Lowering in and trenching often
face hold-ups for completely different reasons and if the spread is too tight, one crew will often be
waiting for the other, standing still at a very high hourly cost.
Generally, it is far cheaper to employ more fauna handlers, to provide construction managers with the
flexibility required for reasonably continuous production; however a very high degree of
communication, cooperation and planning is required. We have also found that there is a practical
limit on the number of teams that can be managed at any given time.
Construction managers are generally under intense budget pressure and reluctant to overstaff fauna
teams for contingencies (such as a breakdown on the lowering-in side), if given the option.
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Attempting to form and mobilise teams at short notice to cover additional open trench can be
extremely difficult- this has in some cases lead to failures to meet deadlines (and costly shutdowns).
We suggest that a combined approach to ensuring inspection deadlines can be taken in approval
conditions, comprising both:

•

A project upper limit on open trench that is sufficient to provide reasonable flexibility to
construction managers. This should consider the types of habitat likely to be encountered and
the risk to fauna i.e. the length of open trench in cleared agricultural land may safely be much
greater than a relatively pristine environment with likely profusion of reptiles in warm climatic
conditions.

•

A daily limit on open trench, based on the number of handlers available onsite, plus some
contingency.

Practical issues such as breakdowns and access1 can also threaten inspection deadlines. These are
generally within the control of the fauna team, and a high standard of preparation and planning is
essential. Fauna teams must be self-motivated and self-sufficient, to set out on site well ahead of
other work crews.

Shelters
Many projects require the installation of shade shelters in the trench, and generally this is set in
Ministerial Conditions. Shelter spacing is generally 50 to 100 metres.
We believe this to be a critical control for a number of reasons such as providing protection from
climatic extremes (shade and overnight warmth), providing protection from raptors and providing a
place for animals to congregate where they can be easily sighted and retrieved. In our experience,
hessian sacks have proven most effective, in terms of cost, ease of handling2 and popularity with
fauna. Shelters seem to be most popular with geckoes and all types of small mammals. Indeed, for
summer projects we have generally found that nearly all live geckoes are retrieved from under
shelters, most geckoes found in the open are found dead, although this may not be the case for
winter projects.
In reality, it may be difficult to demonstrate the ‘true’ effectiveness of shelters from our retrieval
statistics: just because we don’t see many geckoes out in open trench doesn’t mean they aren’t there,
buried or sheltering in crevices. We attempt to mitigate this by turning over as much rock or soil
debris as is practicable within the deadline constraints, and occasionally we find animals.

1

On one project, a 40 minute drive around a river crossing was required to get from one section of

open trench to the next
2

Not forgetting that these must be removed prior to lowering in.
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Trench Plugs
It is a standard requirement on pipeline projects for gaps in the trench (‘trench plugs’) to be left at a
certain minimum interval (typically around 1.2 kilometres).

We have found this measure to be

effective in allowing larger or more mobile fauna to self-rescue, though attention must be paid to
ensure that the plug is suitably ramped to allow fauna to exit.
It is in any case standard practice for trenching to leave a gap at the end of each string for
construction/ access reasons, to be excavated at lowering-in time- so this measure generally comes
at little or no cost. The approved spacing should of course be consistent with the string length, and
the plug should be wide enough to allow large fauna (stock, kangaroos, emus) to cross the pipeline.

Additional Inspections
One of our projects mandated several inspections: the ‘standard’ morning inspection, plus an
afternoon/ evening inspection, and inspection 30 minutes before backfill. These requirements we
found problematic to implement and generally of limited real benefit to fauna.
The requirement for inspection prior to backfill creates problems both for interpretation and
implementation. As described above, there are several stages to laying and covering a pipe string:
padding, lowering in, shading and final fill to ground level- something that did not seem to be
recognised in the environmental approvals or project procedures.

This again highlights the

importance of consulting experienced constructors in the approvals for these projects (indeed, any
project).

Significant issues have been experienced where approval documentation has been

prepared by the potential user of the gas whose core business isn’t building or operating pipelines.
Safety protocols allow nobody to work next to a pipe string being lowered in, which may take several
hours or even all day. Once a string is in, it becomes near-impossible to sight or rescue most animals
from underneath the pipe. For this reason we believe that pipe-laid trench is a greater danger to fauna
than open trench and there should be explicit limits on the length of pipe trench set in approvalshowever we are not familiar with any projects where this has been done.
Fortunately for the particular project where we encountered this condition, there was an engineering
requirement for laid pipe to be covered by the end of the shift, and the lowering-in, padding and
backfill operators were working as a tight combined crew. We were able to agree with the asset
owner representatives (as project proponent, with ultimate responsibility for compliance) that the
intent of the requirement would be met if we inspected the trench immediately prior to the
commencement of lowering-in on a given string. Additional inspection of any trench or bellholes left
open was undertaken as necessary prior to final backfill.
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This arrangement can however put a great deal of pressure on the fauna team to inspect a string
quickly, rather than effectively, while the lowering-in crews are waiting - particularly on fixed-price
pipeline contracts. Careful daily planning and very close co-operation with the spread boss and crews
is essential. A few animals were retrieved from the trench prior to lowering-in or shading, so the
measure does have some (but limited) benefit. Providing members of the lowering-in / backfill crews
with the training and equipment to remove any fauna that they see may be more cost-effective with
similar actual environmental benefit.
In our experience, few animals will enter open trench during the day as they generally move at night
and on this project (in the Pilbara summer), the risk of hypothermia for any animals trapped in the
trench overnight was probably low. A small number of live animals were retrieved during afternoon
inspections, however greater benefit in this case might have been had from another morning (rather
than afternoon) inspection as an additional mitigation for heat-related fatalities.
In developing measures and setting out resources for a pipeline construction project, it should be
remembered that trench is not the only hazard to fauna, albeit the most visible. Animals may perish
as a result of clear and grade (destruction of habitat), physical construction of the trench (we have
had numerous experiences of high localised mortality of burrowing frogs) and reinstatement (due to
animals hiding in rock or vegetation stockpiles- we have heard anecdotes from reinstatement
operators of high fauna mortalities). Inspections of high value habitats (such as habitat trees) or rock/
vegetation stockpiles might be considered in preference to additional trench inspections, depending
on the habitat and the spread of the construction operations.

Fauna Handler Certification
Some of our gas pipeline projects have required trench fauna handlers to be issued with a Licence to
Take Fauna from the Department of Environment and Conservation (DEC).

The idea of this

requirement is to ensure that handlers are suitably qualified to identify and handle fauna; however the
intent of the licensing system is really to regulate deliberate trapping and holding of native animals,
not rescue and release, so may not be appropriate. On other projects, Licences to Take Fauna have
not been required, but it was necessary to demonstrate to DEC that all handlers were suitable for the
role.
We believe that the identification of animals, while important, should be secondary to protection of
their welfare and survival- including timely completion of trench fauna inspections. To fulfil their role
effectively, we believe that it is more important that handlers are able to:

•

Understand the subtleties of the environment they are working in and the effect of sometimes
seemingly minor changes as the lateral extent of the pipeline changes. They need to be able to
use this understanding to better plan the fauna management measures necessary to minimise
fauna death or dislocation.

•

Walk long distances in harsh conditions, carrying their gear and under time pressure.
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•

Safely handle animals and give appropriate aid where necessary.

•

Communicate and work closely with construction crews.

•

Work safely on a construction site.

Some projects allow handlers with minimal experience (assistants) to be employed for trench
inspections, provided that they are working with another handler who has sufficient experience in
fauna identification, handling and release / treatment. This provides a reasonable degree of flexibility
in staffing. We have found that many (but certainly not all) construction workers with no directly
relevant education or experience have made capable fauna assistants, however their availability is
rarely guaranteed and so should be used for contingencies, rather than base load work.
Taking one project as a typical example, over 80% of animals found in the trench were accounted for
by just 15 species. Fauna handlers with little or no prior experience with the local fauna are generally
able to identify most species with reasonable confidence after a few days exposure, however we
recommend that a senior fauna handler or zoologist verifies the identifications from time to time and
provides feedback to improve accuracy.

Restricting the Duration of Open Trench
Some projects set a limit on the amount of time that any given section of trench may be open
(typically seven to 14 days, and less in designated environmentally sensitive areas). In terms of
fauna found in the trench, such requirements appear to have a diminishing return- generally, as the
trench gets older, fewer and fewer animals are found.
Animals may learn over a period of days to exclude the trench from their ranges- but this may be at
the expense of restricted territories, increased competition and conflict, an impact which is rather
harder to measure and assess. The trench also may become less hospitable as the subsoil dries and
hardens; fewer insects and consequently fewer larger animals are attracted to the trench.

Treating Bellholes as Open Trench
In some projects, while there has been provision for bellholes (the ramped and benched excavations
that allow access for repairs or tie-ins) to remain open longer than ‘mainline’ open trench, open trench
inspection requirements have still been enforced for bellholes, or bellholes greater than a certain
length.
Problems can arise where impractical bell-hole definitions are used. A bellhole must leave enough
pipe uncovered (typically two to three sections) to allow it to be shifted into place for tying-in, and
exemptions must allow for this. Again, consultation with pipeline constructors at the approval stage
can be critical if achievable measures are to be developed.
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We believe that fauna deaths in bellholes are extremely unlikely in most circumstances.

In our

experience, very, very few animals are sighted in bellholes, and those that are usually leave via a
ramp. To keep or send fauna people back to inspect bellholes when mainline trenching may be tens
or hundreds of kilometres ahead, is a poor use of resources and achieves little actual environmental
benefit.
The focus of fauna management at bellholes should, in our view, be about ensuring that bellholes are
properly constructed, with adequate ramps for fauna of all types and sizes to use. If there is a
residual concern for fauna ingress, it can be addressed with fencing (shadecloth or geotextile may be
effective for smaller animals).

Installation of Ladders
Some approvals or management plans require the installation of fauna escape ladders (in addition to
exit ramps).

These may be wooden ramps, pieces of vegetation or ladders constructed out of

hessian/ shadecloth ladders.
We have seen little evidence that fauna use these ladders: larger and more mobile fauna are seen to
run past ladders without a second glance, smaller fauna are often found adjacent to ladders, or
sometimes under them, taking advantage of the shade offered. Some types of dragons, for instance,
do indeed climb vegetation and posts out on the open plains, but do not appear to demonstrate this
behaviour in the open trench.

The Problem with Burrowing Frogs
Our experience is that large numbers of burrowing frogs are often found in open trenches.
Unfortunately, almost all are found dead. This tends to adversely skew mortality statistics: on one
project, the mortality rate was up to 30% including burrowing frogs, but only 5% excluding burrowing
frogs, an issue that had to be explained at length to a proponent concerned about its reputation.
The measures that we have discussed are not effective for controlling mortalities of burrowing frogs
(such as Neobatrachus aquilonius, the Northern Burrowing Frog), and no practicable measures are
apparent to us. Burrowing frogs are extremely susceptible to rapid overheating and dehydration if
disturbed and uncovered by earthworks. Many may be fatally injured or killed directly by trenching
works.
We have considered watering the trench to delay dehydration in burrowing frogs, but are concerned
that this would attract other fauna to the trench- and in any case we do not think that this measure
would be effective. We believe that burrowing frogs disturbed by trenching bury themselves into the
base of the trench (where they cannot be seen during inspections) and only emerge when they are
already very close to death, possibly in a final attempt to find water.
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We have however retrieved a small number of live frogs from open trench, even in very hot
conditions, and some of these have recovered with treatment. Increasing the frequency of trench
inspections may increase the likelihood of finding emerging frogs that can survive, but only marginally
and at high cost.
Other measures such as wetted sawdust bags may be effective in tropical environments for terrestrial
frogs, but we do not think they will be effective for burrowing frogs in the Pilbara. Potholing for, and
relocation of, burrowing frog pods ahead of trenching is a possible, but untested measure. Greater
understanding of potential locations would be needed to justify such a measure.
Correspondence we have had with the Western Australia Museum confirms that these frogs are
highly abundant, widely distributed and the mortalities are not considered environmentally important.
It may be necessary to gain environmental approval for ‘acceptable losses’ of burrowing frogs on
future pipeline projects, although the issue of animal welfare remains.

Conclusion
In this presentation, we have discussed a number of measures for fauna management on gas pipeline
projects, and offered on an opinion on which are the most effective, or how they are best
implemented. In summary, we offer the following key points for consideration in the environmental
approval or construction of a gas pipeline:

•

Understand the environment in which you are going to construct. This includes things such as
habitat changes, species of animals likely to be encountered within each habitat type and the
climatic conditions at the time of construction for the duration of construction. Comprehensive
understanding of the risk will allow more effective impact assessment, discussions with
regulators and other stakeholders during the initial planning and development of practical and
effective management plans.

•

Application of blanket conditions for fauna management on pipelines as a whole is ineffective
and does not guarantee an outcome of minimal fauna death.

•

Fauna management measures should focus on minimising fauna death and dislocation. Whilst
gaining additional scientific information is also important, it is a secondary role and should be
seen as a benefit, not a driver for fauna management,

•

Open trench fauna inspections should be done in pairs. ‘Open trench’ should however be
clearly defined and consider all the stages of construction.

•

Morning trench inspection deadlines should be set appropriate to the location and time of year.
Inspection rates are largely driven by fauna numbers.

•

Limits on open trench help ensure that deadlines are met, but can be costly. In general,
construction managers should be allowed to open trench within a reasonable upper limit,
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provided that inspection deadlines relevant to the location and climate can be met by additional
fauna handlers.

•

Shelters and trench plugs are effective, cheap and easily implemented. Attention should be
paid to plug ramps to ensure they form effective exits. Fauna ladders, while cheap, appear to
offer no benefit.

•

Additional trench inspections may have some, but limited, benefit. Inspections prior to backfill
may be difficult to implement. Fauna resources may be better used elsewhere.

•

The duration and/ or length of exposed pipe-laid trench should be limited to the practicable
minimum.

•

Individual fauna handlers need not have extensive experience in fauna identification, handling
and treatment, provided the team as a whole has sufficient experience. The ability to work
effectively as part of a fast-moving construction operation in harsh environments is often more
important.

•

Bellhole fauna inspections are of little value, but ramp construction should be carefully checked
to ensure that fauna can exit. ‘Bellholes’ should be properly defined to be exempt from trench
inspections.

•

Burrowing frogs are often killed in disproportionately large numbers by pipeline construction.
There appears to be little that can be done, but this should be identified in project approvals.

•

Constant planning and close liaison with the crews, spread boss and construction manager is
essential to implementing fauna management on gas pipelines.

•

Experienced constructors should be involved in the development of approval documentation
and management measures to ensure that the measures are practical, before they are put
forward for approval and become binding on the project.

We expect the natural gas infrastructure in Western Australia to grow extensively over the coming
years, to supply growing populations and an increasing number of large resources projects. Provided
that the lessons learned from previous projects are considered in project approvals and management
plans, we believe that the hazards to fauna can be adequately managed for future projects, while
meeting the commercial and engineering objectives. Please let us know if we can help with your
pipeline project.
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Abstract
Three, seasonal Level 2 fauna trapping surveys were conducted in the Parker Range Area
approximately 18 km south of Marvel Loch in Western Australia. The survey areas extended over
an area measuring approximately 4 km in length and 1 km in width, with a central linear area
comprising Banded Iron Formation. Two surveys were conducted in the northern portion of this
area, in spring 2008 and autumn 2009, and one survey in the southern portion in spring 2009.
While no amphibians were captured in any of the surveys, 21 species of reptiles and five species
of terrestrial mammals were captured and 42 bird species were recorded. However, no species of
reptiles, and only three species of terrestrial mammals and eleven species of birds were common
to all three surveys.
The spatial and temporal differences in the fauna captured between sites and in different seasons
will be discussed.
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1. Introduction
In the early 19th Century, Charles Darwin was responsible for initiating the most organised
collection and description of thousands of samples collected from all over the world. While the
vouchering of specimens, their identification and particularly their taxonomic positions have
continued to this day, the inventory of all species on this planet has received, overall, inadequate
attention.
This situation is particularly true in Australia which, while being the sixth largest country in the
world, supports a population of just over 22 million people and has, therefore, vast tracts of
uninhabited landscapes.

Notwithstanding this, since European settlement 200 years ago,

Australia has had more species extinctions that any other country: including 23 bird, 4 frog and 27
mammal species.

Substantial blame for these extinctions lies with the introduction of the

European rabbit Oryctolagus cuniculus, the European Red Fox Vulpes vulpes and the domestic
cat Felis catus. These three faunal species have successfully managed to decimate many native
species locally and are responsible for the disappearance of many ground-dwelling birds and
mammals in many ecosystems. In addition to the reduction in resources, undermining of substrate
and predation by these species, clearing of remnant vegetation has also removed habitat for
faunal species.
Notwithstanding this, the south west of Western Australia is still recognised as one of the 34
hotspots in the world, and attempts continue to be made by the authorities to regulate further
destruction of the our natural environment.
The Environmental Protection Authority (EPA) is a statutory body whose function is to regulate
environmental issues in Western Australia.

The EPA issues Guidance Statements to assist

proponents, and the public generally, to understand the minimum requirements for protection of
elements of the environment that the EPA expects to be met during assessment processes.

2. Background
Cazaly Resources Ltd (Cazaly) is an Australian based diversified mineral resources company that
controls a large portfolio of ground largely prospective for Gold, Uranium, Iron Ore and Base
Metals, mostly situated within Western Australia. In particular, the Parker Range Iron Ore Project
lies approximately 15 km southeast of Marvel Loch in the southwest of Western Australia (Figure
1).
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Figure 1. Location of the Parker Range Iron Ore project
As part of the development of mining operations at Parker Range, clearing and removal of native
vegetation will be required. Cazaly commissioned Keith Lindbeck and Associates (KLA) to assist
in gaining approval for these operations.
In accordance with EPA Guidelines and Statements (EPA 2002, 2004), and with particular
reference to the faunal component of the assessment process, multiple, seasonal Level 2
terrestrial fauna and faunal assemblage surveys were undertaken.
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3. Objective
The purpose of this paper is purely descriptive and provides the results of three seasonal Level 2
fauna surveys undertaken in the Parker Range Iron Ore project area. The intent is to describe
spatial and temporal differences in the fauna captures using a variety of trapping techniques. The
spatial differences relate to captures within a 4 km narrow corridor with eight trapping units in the
northern portion of the area, known as Mt Caudan, and four trapping units in the southern portion,
referred to as Rainmaker (Figure 2). Temporal variables refer to the three different times that the
surveys were undertaken, namely Spring 2008 (September), Autumn 2009 (May) and Spring 2009
(October).

4. Existing Environment
The Parker Range Iron Ore Project area comprises a long (± 4 km), narrow (±1 km) area
southwest of Marvel Loch and includes a north-south ridge of Banded Iron Formation (BIF) (Figure
2).

4.1 Climate
The climate of this area is temperate, typically characterised by wet winters and warm summers
with few extremes in weather conditions (Beard 1990).
Mean annual minimum temperature is 10.7oC and mean annual maximum temperature is 25.5oC.
The coldest month is July (mean minimum temperature 4.4oC), the hottest is January (mean
maximum temperature 34.5oC) and diurnal temperature variations are relatively consistent
throughout the year (BOM 2009).
The annual average rainfall at Southern Cross is 294.5 mm which falls on approximately 42.8 rain
days. Most of the rain usually falls between May and August and this amount varies greatly both
seasonally and annually.

4.2 Interim Biogeographic Regionalisation for Australia (IBRA)
The Parker Range Iron Ore Project tenements are located within the Coolgardie IBRA region and
within the Coolgardie 2 (COO2 – Southern Cross) subregion (Cowan et al. 2001). The subregional
area alone covers >7 million hectares.
The subregion is recognised as a centre of endemism for banded-ironstone hill flora, sandplain
Acacia, Myrtaceae, Goldfield woodlands and one sandplain skink (Ctenotus xenopleura). High
species and ecosystem diversity includes Banded ironstone ranges, ephermeral flora communities
of Tertiary sandplain scrubs and of valley floor woodlands.
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Figure 2. Location of trapping sites at Mt Caudan and Rainmaker
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4.3 Vegetation and Flora
The project area is located on the border of the Coolgardie Botanical District and the Avon
Botanical District of the South Western Interzone (Beard 1990). However, the vegetation is more
representative of the Coolgardie Botanical District and comprised predominantly eucalypt
woodlands.

The dominant families include the Myrtaceae, Asteraceae, Chenopodiaceae and

Poaceae.
An independent vegetation and flora study identified six broad vegetation communities within the
project area: Allocasuarina woodland, Mallee heath, vegetation in association with the Lateritic
Ridge, Eucalyptus woodland, Open Eucalyptus woodland and Eucalyptus salmonophloia
woodland (Table 1) (Botanica Consulting 2009).
Table 1. Site numbers and associated vegetation communities
(after Botanica Consulting 2009)

Site number

Vegetation Community

1

Mallee Heath

2

Laterite Ridge

3

Laterite Ridge

4

Eucalyptus Woodland

5

Open Eucalyptus Woodland

6

Eucalyptus Woodland

7

Eucalyptus Woodland

8

Open Eucalyptus Woodland

9

Eucalyptus woodland

10a

Allocasuarina Woodland

10b

Allocasuarina Woodland

10c

Allocasuarina Woodland

11

Eucalyptus salmonophloia Woodland

12

Eucalyptus salmonophloia Woodland
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5. Methodology
For the Level 2 vertebrate fauna surveys, an attempt was made to sample vertebrate fauna in
each of the representative vegetation communities, and replicate these within the groups where
possible. While vehicular access, road conditions and density of vegetation prevented sampling in
all associations, twelve trapping grids were located within or as close as possible to representative
vegetation communities (Table 1, Figure 2). Eight trapping units established in the (northern) Mt
Caudan area for the Spring 2008 survey (Sites 1 to 8) were replicated in the Autumn 2009 survey,
and the remaining four trapping units in the (southern) Rainmaker area were established in Spring
2009 (Sites 9, 10a, 10b, 10c, 11 and 12)(Figure 2).
The fauna surveys were each conducted over eight-day periods from 10 to 18 September 2008
and 5 to 13 May 2009 at Mt Caudan and 14 to 22 October 2009 at Rainmaker, with all traps open
for seven consecutive nights.
In order to maximise the capture rate of diverse faunal species, four trapping techniques were
used including pitfall trapping (20 L buckets buried in the ground with the rims flush with the
ground surface), funnel traps, Elliot-type traps and cage traps. A 6m x 30cm drift line fence was
extended over every bucket to increase the efficacy of the pit-fall traps. While bat echolocation
calls were recorded to detect presence of bats in the area, bats were not captured and will not be
included in the results.
Each trapping unit conventionally comprises 20 x 20L buckets, 20 funnel traps, 16 Elliot-type traps
and four large cage traps.

While most trapping units (nine of twelve) conformed to this

configuration, others were designed for practicality and access particularly in rocky areas along the
BIF and areas of vegetation fragmentation in association with exploration activities.
Traps were checked as soon after sunrise as possible.
Surveying of birds was carried out using a combination of techniques including:
•

20 minute surveys at each of the trapping unit sites in accordance with Atlas Search Methods
for the Atlas of Australian Birds.
Censuses were commenced as soon after sunrise as practicable and commencement was
rotated through the sites to reduce time of day bias where practicable.

•

Opportunistic observations when inspecting traps on site, when travelling between sites and
in the area, and when conducting other surveys in the area.

Two “Licences to Take Fauna for Scientific Purposes” were issued by DEC for these surveys
(SF006482 and SF007099).
PROCEEDINGS- 2010 WORKSHOP ON ENVIRONMENTAL MANAGEMENT
155

6. Results
6.1 Trap nights
Pitfall traps, Elliot-type traps, funnel traps and cage traps were open collectively for a total of 8155
trap nights. The same number of trap nights (n = 3150) was recorded at Mt Caudan in each of the
Spring 08 and Autumn 09 surveys and 1855 trap nights were recorded at Rainmaker in Spring 09.
Overall, 99 individuals from 26 terrestrial species representing 10 Families were captured during
the systematic sampling during the three seasonal surveys at Mt Caudan and Rainmaker. Of the
bird species, 675 individuals of 41 species representing 19 Families were recorded at the Mt
Caudan and Rainmaker sites during the same time periods.

6.2 Amphibians
No amphibians were captured during the systematic sampling and no adults or tadpoles were seen
during searches of moister areas. There was also no evidence of used burrows.
It is noted that only three specimens of frogs have been vouchered at the Western Australian
Museum (WAM) for this area.

6.3 Reptiles
A total of 58 reptiles representing 21 species were captured over the three trapping periods (Table
2).
Six families were represented with three species of Agamidae, eight of Diplodactylidae, one of
Gekkonidae, eight of Scincidae, one of Typhlopidae and one of Elapidae.
Three agamids were captured at Mt Caudan but only in Spring 08, whereas 10 were captured at
Rainmaker in Spring 09. Eight diplodactylids were captured at Mt Caudan, similarly only in Spring
08 with none captured in Autumn 09 whereas 14 were captured at Rainmaker in Spring 09.
Geckoes were not captured at Mt Caudan yet two were captured at Rainmaker in Spring 09. A
total of nine skinks were captured at Mt Caudan with an almost equal number captured in Spring
08 (n = 5) and in Autumn 09 (n = 4) whereas ten were captured at Rainmaker in Spring 09. Only
one typhlopid and one elapid were captured at Rainmaker in Spring 09.
Not one reptile species was common to all three trapping periods.

While four species were

common to both the Spring 08 and Spring 09 trapping periods (Ctenophorus cristatus, Pogona
minor, Oedura reticulata and Menetia greyii)(at Mt Caudan and Rainmaker), only one (Egernia
inornata) was common to the Spring 08 and Autumn 09 trapping periods at Mt Caudan. No
species were common to both the Autumn 09 and Spring 09 surveys (Mt Caudan and Rainmaker).
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Table 2. Reptiles captured at the Mt Caudan and Rainmaker sites during the Spring
2008, Autumn 2009 and Spring 2009 trapping surveys.
Mt Caudan

Rainmaker

Spring

Autumn

Spring
2009

Species

Common name

2008

2009

Ctenophorus cristatus

Bicycle Dragon

1

0

7

0

0

1

2

0

2

Diplodactylus ocellatus ocellatus

0

0

1

Diplodactylus granariensis

0

0

9

Diplodactylus pulcher

0

0

1

Lucasium maini

3

0

0

Oedura reticulata

4

0

2

Strophurus assimilis

0

0

1

Strophurus spinigerus inornatus

1

0

0

0

0

2

Cryptoblepharus plagiocephalus

0

0

1

Ctenotus leonardii

0

0

1

Ctenotus uber uber

0

0

1

Egernia inornata

1

1

0

Egernia multiscutata

0

0

6

Egernia richardii

0

2

0

Menetia greyii

4

0

1

Morethia butleri

0

1

0

0

0

1

0

0

1

Pitfall

16

4

31

Elliot-type

0

0

0

Funnel

0

0

7

Cage

0

0

0

Total

16

4

38

Ctenophorus maculatus
Western Bearded
Pogona minor

Dragon

Diplodactylidae

Gekkonidae
Christinus marmoratus

Marbled Gecko

Scincidae

Typhlopidae
Ramphotyphlops australis
Elapidae
Ringed
Pseudonaja modesta

Snake

Brown
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While no reptiles were captured in Elliot-type or cage traps, only seven (12%) were captured in
funnel traps with the remaining 51 (88%) captured in pitfall traps. Including all trap types the
overall trap rate was 0.7% and excluding the Elliot-type and cage traps the trap rate was 1.1%.
Thirty-eight specimens have been vouchered at the WAM for this area and include six species of
Agamidae, six of Gekkonidae, three of Pygopodidae, nine of Scincidae, two of Varanidae, two of
Typhlopidae, two of Boidae and two of Elapidae. Twelve of the listed species were captured
during the systematic sampling and 26 species were not captured. An additional eleven species
were captured during the seasonal surveys that were not recorded by WAM for the area.

6.4 Mammals
Forty-one terrestrial mammals representing four Families were captured, comprising three native
species and two non-native species (Table 3). Of the native mammals, one dasyurid species
(Sminthopsis dolichura Little Long-tailed Dunnart), one burramid species (Cercateutus concinnus
Western Pygmy-possum) and one murid species (Notomys mitchellii Mitchell’s Hopping Mouse)
were captured, and Mus musculus House Mouse and Felis catus represented the non-native
mammals captured.
While Sminthopsis dolichura was captured at both the Mt Caudan and Rainmaker sites and during
all three surveys, more (n = 7) were captured at Mt Caudan than at Rainmaker (n = 1). However,
six of the seven captured at Mt Caudan were captured in Spring 09 and only one in Autumn 09.
As mentioned above, only one was captured at the Rainmaker site and that in Spring 09.
Only one Cercateutus concinnus was captured at the Mt Caudan sites and that in Spring 08.
However, eight were captured at the Rainmaker sites during Spring 09.
Few (n = 7) Notomys mitchellii were captured. However, this small hopping mouse was captured
at both sites and in all three seasonal surveys.
Of the non-native species, only three Mus musculus were captured at the Mt Caudan sites with
only one in Spring 08 and two in Autumn 09. However, 13 were captured at the Rainmaker sites in
Spring 09. One Felis catus was captured and that at Mt Caudan in Spring 08.
Of the four trapping techniques used to capture mammals, only one animal (Felis catus) was
captured in a cage trap and none were captured in funnel traps. Elliot-type traps captured 15
animals (37%) and the most successful were the pitfall traps that yielded 25 animals (61%).
Including all four trapping techniques, the overall trap rate was 0.5%, excluding the funnel traps the
trap rate was 0.8% and excluding the funnel and cage traps, the trap rate was 0.9%.
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Table 3. Mammals captured at the Mt Caudan and Rainmaker sites during the Spring 2008,
Autumn 2009 and Spring 2009 trapping surveys.
Mt Caudan
Species

Rainmaker

Spring

Autumn

Spring

Common name

2008

2009

2009

Little Long-tailed Dunnart

6

1

1

Dasyuridae
Sminthopsis
dolichura
Burramyidae
Cercartetus

Western

Pygmy-possum,

concinnus

Mundarda

1

0

8

Mus musculus

House Mouse

1

2

13

Notomys mitchellii

Mitchell's Hopping-mouse

4

2

1

Cat

1

0

0

Pitfall

8

2

15

Elliot-type

4

3

8

Funnel

0

0

0

Cage

1

0

0

Total

13

5

23

Muridae

Felidae
Felis catus

Eight identified specimens have been vouchered at the WAM for this area including three
Chiroptera (bats). Excluding bats, three have been recorded for the area that were not captured
(Sminthopsis granulipes White-tailed Dunnart, Macrotis lagotis Bilby and Macropus robustus
erubescens Euro).

Of the larger species, neither the Bilby or Euro were recorded during

opportunistic observation during the surveys, including during spot-lighting forays. Of the species
captured during the surveys only Cercateutus concinnus and Mus musculus were recorded for the
area. Both Notomys mitchellii and Felis catus captured during the surveys had not been listed by
WAM for the area.

6.5 Birds
A total of 675 individual birds representing 42 species from 19 Families were recorded during the
20 minute surveys (Table 4).
Surveys at Mt Caudan recorded 458 birds of 34 species from 16 Families, and 217 birds were
recorded at Rainmaker with 28 species representing 13 Families. Overall only ten Families were
recorded

in

both

areas

and

only

19

species

were

common
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to

both

areas.

Table 4. Birds (non-passerine and passerine) recorded at the Mt Caudan and Rainmaker sites
during the Spring 2008, Autumn 2009 and Spring 2009 trapping surveys.

Species

Common name

Mt Caudan
Spring
Autumn
2008
2009

Rainmaker
Spring
2009

Non-passerines
Megapoidiae
Malleefowl

1

0

0

Wedge-tailed Eagle

3

2

0

Brown Falcon

1

0

0

Common Bronzewing

0

0

4

Cacatua roseicapilla

Galah

18

5

10

Glossopsitta porphyrocephala

Purple-crowned Lorikeet

0

0

26

Polytelis anthopeplus

Regent Parrot

0

0

5

Barnardius zonarius

Australian Ringneck

14

20

5

Platycercus icterotis

Western Rosella

0

2

0

Horsfield's Bronze Cuckoo

0

5

4

Tawny Frogmouth

0

0

1

Rainbow Bee-eater

0

0

3

37

34

58

Leipoa ocellata
Accipitridae
Aquila audax
Falconidae
Falco berigora
Columbidae
Phaps chalcoptera
Psittacidae

Cuculidae
Chrysococcyx basalis
Podargidae
Podargus strigoides
Meropidae
Merops ornatus
Sub-total
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Species

Common name

Mt Caudan
Spring
Autumn
2008
2009

Rainmaker
Spring
2009

Passerines
Maluridae
Malurus pulcherrimus

Blue-breasted Fairy-wren

0

10

0

Pardalotidae
Pardalotus punctatus

Spotted Pardalote

0

0

1

Pardalotus striatus

Striated Pardalote

22

25

19

Pyrrholaemus brunneus

Redthroat

1

2

0

Smicrornis brevirostris

Weebill
Broad-tailed Thornbill (Inland
Thornbill)

41

72

39

4

7

9

Lichmera indistincta

Brown Honeyeater

0

1

24

Certhionyx niger

Black Honeyeater

0

0

12

Lichenostomus virescens

Singing Honeyeater

10

20

2

Lichenostomus ornatus

Yellow-plummed Honeyeater

2

1

0

Lichenostomus leucotis

White-eared Honeyeater

15

25

7

Melithreptus brevirostris

Brown-headed Honeyeater

2

0

5

Phylidonyris albifrons

White-fronted Honeyeater

2

0

9

Manorina flavigula

Yellow-throated Miner

0

2

1

Anthochaera carunculata

Red Wattlebird

0

10

3

Petroica multicolor

Scarlet Robin

0

0

4

Petroica goodenovii

Red-capped Robin

0

3

1

Eopsaltria australis

Western Yellow Robin

0

2

0

Drymodes brunneopygia

Southern Scrub-robin

0

2

1

White-browed Babbler

12

3

2

Varied Sittella

2

2

0

Oreoica gutturalis

Crested Bellbird

2

0

0

Pachycephala pectoralis

Golden Whistler

2

0

3

Pachycephala rufiventris

Rufous Whistler

3

0

0

Colluricincla harmonica

Grey Shrike Thrush

7

6

6

Acanthizidae

Acanthiza apicalis
Meliphagidae

Petroicidae

Pomatostomidae
Pomatostomus superciliosus
Neosittidae
Daphoenositta chrysoptera
Pachycephalidae
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Species

Common name

Mt Caudan
Spring
Autumn
2008
2009

Rainmaker
Spring
2009

Dicruridae
Grey Fantail

0

1

0

Black-faced Cuckoo-shrike

1

6

2

Cracticus nigrogularis

Pied Butcherbird

3

1

0

Strepera versicolor

Grey Currawong

10

24

9

Australian Raven

5

16

0

Sub-total

146

241

159

Grand Total

183

275

217

Rhipidura fuliginosa
Campephagidae
Coracina novaehollandiae
Cracticidae

Corvidae
Corvus coronoides

The number of non-passerine Families recorded were the same (n = 5) at Mt Caudan and at
Rainmaker. However these differed between sites inasmuch as only two Families were common
to both. Similarly, while the number of non-passerine species were similar at Mt Caudan (n = 7)
and at Rainmaker (n = 8) only three species were recorded at both sites.
Differences in these parameters were greater, but not substantially, for the Passerines. Twelve
Passerine families were recorded at Mt Caudan and only eight at Rainmaker, with all eight
common to both sites. Of the species recorded, 27 species were recorded at Mt Caudan, 20
species at Rainmaker with 17 species common to both.
For the non-passerines, similar numbers of birds were recorded during the Spring 08 survey (n =
37) and Autumn 09 survey (n = 34), however many more were recorded during the Spring 09
survey (n = 58). The Glossopsitta porphyrocephala Purple-crowned Lorikeet was responsible for
this number as 26 birds were recorded representing 45% of the non-passerine birds recorded at
Rainmaker during this time.
Conversely, and interestingly, many more passerines were recorded during the Autumn 09 survey
at Mt Caudan (n = 241) than during the spring surveys, with 146 birds recorded during the Spring
08 survey at Mt Caudan and 159 birds recorded during the Spring 09 survey at Rainmaker. While
all the Meliphagids accounted for 24% of all passerines recorded during the Autumn 09 survey, the
ubiquitous Smicrornis brevirostris Weebill (n = 72) of the Acanthizids accounted for 30% of the
passerines at this time.
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Overall, many more passerines (n = 546, 81%) than non-passerines (n = 129, 19%) were
supported in the Parker Range survey area.
Comparisons were made of birds listed to occur in the area as recorded by WAM and Birds
Australia (BA) and birds recorded during the three seasonal surveys. Collectively, WAM and BA
listed 77 species that have been recorded in the area. Only one species, Lichenostomus leucostis
novaenorciae appeared on the WAM list that was not on the BA list, however this species is a
subspecies of White-eared Honeyeater Lichenostomus leucostis that also appeared on both lists.
Other than this species, all 42 species recorded during the seasonal surveys appeared on the
WAM and BA lists.

7. Discussion
The results of three fauna surveys conducted in Spring 2008, Autumn 2009 and Spring 2009 within
a relatively small area in the Goldfields confirms faunal diversity within Western Australian
landscapes.

However, even within this small area and limited trapping periods, spatial and

temporal differences are apparent.
For the reptiles, more were captured at the Rainmaker site than in the northern area of Mt Caudan,
and more were captured in the months of Spring than in Autumn. That more were captured at
Rainmaker than at Mt Caudan may reflect a greater habitat and/or resource availability in the
Rainmaker area than in the Mt Caudan area. That more than double the number were captured in
Spring 09 at the Rainmaker sites than in Spring 08 at Mt Caudan may be the result of this habitat
variability or may be that the temperatures were warmer and more suited to reptilian activity during
the October survey at Rainmaker rather than one month earlier (September) for the Mt Caudan
area.
The results of the captures of mammals including the low trap rates suggest, overall, that the area
does not support many mammals in terms of diversity or abundance. Excluding the non-native
Mus musculus, numbers of native mammals captured at Mt Caudan and Rainmaker were not
markedly different. However, more were captured during the warmer spring capture periods than
cooler autumn period. While the large increase in numbers of Mus musculus in Spring 09 reflects
their cyclical population fluctuations, and the number of native mammals also increased at this
time, it is disturbing that so many of this non-native rodent are present in this remote location. The
capture of one Felis catus in this remote location is equally disturbing and cannot be ignored when
assessing the numbers and diversity of small weight-range native mammals.
The interpretation of differences in the abundance and diversity of birds between the Mt Caudan
and Rainmaker sites is limited given the distances between sites and avian mobility. Suffice to say
that the habitat and resource availability in the Parker Range area is sufficient to support a large
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number of different species of birds and that the area generally supports more passerines than
non-passerines. While more birds were recorded in the cooler autumn months than during either
of the warmer spring months; knowledge of local resource availability and reproductive ecology of
many of the species is also required to interpret such temporal differences.

For example,

Glossopsitta porphyrocephala (Purple-crowned Lorikeet) are known to follow flowering Eucalypts.
It was noted that at Rainmaker during Spring 09 when a large number of this species was
recorded, many Eucalypts were flowering that were not flowering during previous surveys. The
breeding period of Smicrornis brevirostris (Weebill) extends throughout the cooler months. While
the ages of the birds was not possible to determine during the observational censuses, the large
numbers of Smicrornis brevirostris recorded during the Autumn 09 survey may have comprised
many juveniles.
These results highlight both spatial and temporal differences in the faunal assemblages captured
in a relatively small area within a vast landscape over three relatively short sampling periods.
Thus, while most parameters of the surveys satisfied statutory requirements as advised by
government authorities when conducting such surveys, the spatial and temporal variables in such
circumstances limit the interpretation of faunal assemblages in a broader context for the area. It is
well recognised that in order to gain a more realistic understanding and knowledge of faunal
assemblages, long-term surveys conducted in each season appropriate to the bioregion and
different faunal groups are required.
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Abstract
In recent years the Great Western Woodlands (GWW) has been identified as one of the world’s
significant natural areas – the largest remaining temperate woodland on earth, and one of Australia’s
richest areas, both biologically and geologically. It is a vast area, 16 million ha bounded on two sides
by farmland but merging with mulga to the north and the Nullarbor in the east. In the past two years
there has been a range of discussions on achieving the best possible future for this area – it’s many
values, people and industries.
We are arguing that the future protection and management of these woodlands needs an approach
where conservation, mining, and indigenous interests are achieved in a mutually supportive way, and
where we treat the region as a whole, not broken down into separate bits.
Key to this is a radical rethink of the way the land is managed, not as a number of separate areas but
as a landscape, where management is governed by the maintenance of ecological functionality and
development is considered, planned, and embedded into that functioning landscape.
The intact nature of the GWW presents a rare opportunity for stakeholders’ collaboration in
maintaining and enhancing the environmental, cultural and economic values of this region. This
approach is not new, for tens of thousands of years the aboriginal people have lived across this area
providing ecological management of the land to support their livelihoods.
Progress is already being made, with the WA Government supporting improved management of the
Great Western Woodlands through the development of a Biodiversity and Cultural Conservation
Strategy and allocation of some extra funds for management. The time is ripe for the mining sector to
think through how its needs can be better met as part of the development of an improved
management regime for the Great Western Woodlands. Benefits could include:
•

A simplified approvals process based on a well informed regional planning context, providing
greater certainty, reduced ‘red tape’ delays and costs while also improving the costeffectiveness of environmental management undertaken by companies.

•

A high profile framework that delivers better public recognition for the good environmental
management achieved by the mining sector.

Overlaying all this is the need to progress the rights and lives of the Traditional Owners of this land.
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Introduction
In recent years the Great Western Woodlands has been identified as one of the world’s significant
natural areas – the largest remaining temperate woodland on earth, and one of Australia’s richest
areas, both biologically and geologically (Watson et al 2008). It is a vast area, 16 million ha bounded
on two sides by farming land and then merging with mulga to the north and the Nullarbor in the east.
In the past two years there have been a range of discussions on achieving the best possible future for
this area – its many values, people and industries.
Planning for such a vast area is daunting from any single view, but the varied perspectives held by the
stakeholders, when drawn together, bring an approach that is much more than the sum of its parts.
The size and relative intactness of the Great Western Woodlands is an opportunity to jointly manage
for a healthy and functioning landscape, where there is room for conservation and development. The
alternative is to be stuck in the current mix of expensive ‘emergency room’ measures for increasing
numbers of rare species, and cumbersome restrictions on every development proposal. Deciding how
to manage the landscape regionally is a first step in managing specific issues, and a major step
towards justice for the traditional owners.

Landscape scale conservation
The future protection and management of these woodlands needs an approach where conservation,
mining, and indigenous interests are achieved in a mutually supportive way, and where we treat the
region as whole, not as single use projects in isolation.
We can develop a program where the protection and maintenance of natural and cultural values of
the landscape are considered, without sacrificing the economy. The task is to develop a conservation
strategy for the Great Western Woodlands which recognises the role of the existing economic
activities in the region, and builds on this to include a conservation economy.
Key to this is a radical rethink of the way we view the landscape, with management governed by the
maintenance of ecological functionality, and development is considered, planned, and embedded
sympathetically into that setting.
What do we mean by ecological functionality? Soule et al (2004) describe a suite of seven processes
that could be used to guide our thinking on this issue. These are reiterated here with an example of
each as it may apply to the Great Western Woodlands:
1. The role of strongly interactive species. As a topical example, the killing of a top order
predator like wild dogs (Government of Western Australia 2010) is a logical response to
increased stock losses on pastoral country. However, in our single minded focus on pastoral
impacts, have we fully thought through our response to this problem and the consequences of
the program for dingo populations (seen as separate to wild dogs), and the rest of the area’s
ecology? Removing dingos as a part of wild dog control may result in an increase in medium
sized predators (foxes and cats), which in turn increases predation on smaller animals,
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previously out of range for the larger predator, or less predation of larger herbivores like
kangaroos and feral goats, with a resultant impact on flora.
2. The process of hydro-ecology. In an arid landscape, where water is most often the limiting
factor, anything that impacts on surface or subsurface water flow will impact on species
diversity and abundance. Nowhere else in the world do trees grow to such a size on this low a
rainfall. The low and irregular rainfall, and the limited fresh surface or subsurface water make
this woodland unique. It is beholden on us to ensure that the surface and subsurface flows
can continue uninterrupted and unpolluted.
3. The capacity for long distance biological movement. This is Australia’s largest remaining area
of relatively intact woodland and mallee. Many of our woodland bird species are in grave risk
of extinction across the fragmented landscapes of southern Australia (Patton and O’Connor
2010). Some 30-60% of Australian woodland birds are non-resident, and their dispersal
requires connectivity of resources across a wide range. This is especially so in areas such as
the GWW which is typified by boom and bust climatic cycles.

Dispersal of genetic material is also a requirement of plants, as an insurance against
changing conditions, either seasonally in the case of short lived species, or with longer term
climatic change. The mechanisms used by the plant propagules to travel across landscape,
such as animals moving pollen or seeds, or water movement need to continue unimpeded.
4. Recognition of ecologically appropriate disturbance regimes. While forces such as fire,
digging animals and invertebrates, extreme weather (rain, cyclonic wind, frost), and disease
have always occurred across the GWW, we need to consider how our activities have changed
these in recent times, and what impact this may be having. Across Australia we have lost
most of the digging mammals, which significantly changes the litter layer, and upsets, for
example, water infiltration and mycorrhizal activity (Martin 2003; Garkalis et al 1998). As new
weeds and diseases are introduced, and roads and sites that provide new ignition sources for
fire are added, so we may need additional management intervention to counter the effects.
5. Climate change. This can impact on forces such as the water cycle, fire behaviour,
phenology, and the capacity of refugia in the landscape. As one of the oldest landscapes on
earth, the Great Western Woodlands has seen significant change, and adaptation to these
changes has probably driven much of the biodiversity we see in the area. The current Bureau
of Meteorology data (Figure one), and forecasts from numerous scientific sources suggest
that change may now be occurring faster than in the past, and the capacity of the biota to
adapt to this rate of change is unknown, making application of the precautionary principal a
prudent management response.
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Figure 1. Trend in annual total rainfall 1970-2009
6. Coastal zone fluxes. This deals with edge effects where critical habitats are created, and is
impacted by things such as sea level rise, salinity change, nutrient change, and pollution.
Although a long way from the coast, these forces play out in the fragile ecologies of the
ancient salt lake systems through the Great Western Woodlands. These lake systems can sit
dormant for years, waiting for flooding rains, and then explode into life with massive
populations of invertebrates creating a food chain for bird populations. These seemingly
sterile environments are anything but, and simply operate on longer cycles than we generally
comprehend.
7. The maintenance of evolutionary processes. This is the process that tests our commitment to
the future of the area. Genetic material is the basis for natural selection, which is our
insurance against a changing environment. Across Australia it is being diminished by
introduced species, contamination or loss, fragmentation, and inbreeding.
An eighth criteria was subsequently added to this list by McQuillan et al (2009), that of variation in
vegetation productivity. Changes in density and structure of the vegetation provide habitat complexity,
and resilience to support the processes discussed above. Watson et al (2003) showed habitat
complexity to be a significant factor in distribution of woodland birds. This has implications for the way
we manage our landscape, for example the size of patches burnt in single fires.
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Some of these processes may be more applicable to GWW than others, and there is no rocket
science here. They are a way of seeing, a checklist for how our management might proceed if we are
to respect that the landscape functions better treated as a whole. There is a selfish side to this as
well, because as environmental managers, the more we preserve the inherit resilience of the
landscape the less bandaids we will need later.

Engagement of Traditional Owners
The intact nature of the GWW presents a rare opportunity for stakeholders to collaborate to maintain
and enhance the environmental values of this region. This approach is not new. For tens of thousands
of years the Aboriginal people have lived across this area implementing ecological management. As
we now focus on what is required to manage ecological processes, and the various legal and political
processes that best allow us to achieve this, Traditional Owners should be involved in decisions
affecting future ownership and management.
There is an important role for Traditional Owners in managing and conserving biodiversity rich areas
like the GWW. Significant knowledge and expertise can be brought to bear against threatening
processes. Addressing issues of biodiversity loss, contraction of species, feral animals, weeds,
changed fire regimes, pollution and overgrazing, are all high priorities. In addition, protection of
Aboriginal culture and heritage sites will be important criteria in developing a new management
framework.
Active engagement in development projects that promote biodiversity conservation can provide
economic, social and health benefits for local Indigenous people and communities. Elsewhere in
Australia, Indigenous Land and Sea management groups are also now evolving into enterprises that
carry out environmental services work, providing the opportunity for significant employment and
opportunity for Traditional Owners. As an example, in West Arnhem Land, an agreement with Conoco
Philips to abate 100,000 tonnes of carbon emissions each year, through customary fire management
is protecting vast areas of savannah woodland and returning $1m/yr for 17 years to Traditional
Owners (May 2010).
An appropriate ownership and/or management structure for the GWW would include the Traditional
Owners. This might, for example, define their role in managing conservation outcomes, protection of
heritage and culture and the development of training programs that incorporate Indigenous knowledge
and practice.
This is a rare opportunity to do things differently for the future. One of the questions we now have to
ask ourselves is what is the best mechanism or model for integrating western environmental science
(normally a response to damage) and indigenous knowledge and management, both current and
evolving into our development projects from the outset?
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The current state of play
Doing nothing is no longer an option. Our increasing awareness of the cumulative impact of small
changes in the environment highlights the need for over arching management strategies. Weeds, feral
animals, increasing number and intensity of wildfires, and uncoordinated infrastructure development
are issues best addressed across a whole landscape. Dealing with these pressures in an ad hoc
fashion is both unproductive and expensive.
The Western Australian Government is supporting improved management of the Great Western
Woodlands, and has allocated some funding. In 2009 the Minister for Environment instructed the
Department of Environment and Conservation (DEC) to coordinate a Stakeholder Reference Group
for the GWW, and this group have advised DEC on the production of a draft Biodiversity and Cultural
Conservation Strategy. The process to date has been positive, but some limitations have been
exposed.
The consultative process determined by Ministerial invitation has been representative, but it has not
been inclusive. While it is not possible to represent all voices at the table at one time, additional
mechanisms are needed to facilitate wide community consultation to ensure ongoing support for
active management of the Woodlands.
Any government run process will have its critics, and there may be opportunities to greatly increase
the available resources through other approaches, independent of government. This does not suggest
that the government and its agencies be excluded from any forum, but that the process be driven
independent of government. To date the process has been conducted ‘tenure blind’. In the short term
this may address the concerns from some sectors about limitations to particular land uses
accompanying any tenure change, but it ignores the single biggest problem that the GWW faces-that
the current tenure over much of the area serves as an impediment to better management being
affected. It also ignores the many Government documents, such as those produced by the
Environmental Protection Authority (EPA) advocating tenure change for specific areas, and those
produced by DEC which have advocated for ownership and joint management of conservation areas
by Traditional Owners.
Various programs exist at federal and state level to assist with management in the landscape. All of
these programs have triggers to allow provision of funding. For example, there are programs to
protect endangered species, to control specific animals, to protect or to restore landscapes where
they are under-represented in the National Reserve System. Similarly, there are programs to protect
Aboriginal cultural values and assist with funding for meaningful work for Traditional Owners on
Country.
Unfortunately, the GWW fails to hit almost all of these targets because the tenure of Unallocated
Crown Land raises problematic legal issues or uncertainties for funders.
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Where to from here for the private conservation sector?
Four private sector organisations with interest in the area are now working together as a Great
Western Woodlands Collaboration.
There is now much wider recognition of the importance of the GWW, and its management needs,
than just a few years ago.

However, there is yet to be significant improvement to on ground

management and we are still a long way from achieving change.
The private conservation sector has played a pivotal role in the scientific documentation of the
woodlands and bringing those values to public attention. We intend to continue this work as we seek
to support an increasingly better informed discussion on the area’s future. Last year, in conjunction
with Australian National University, we produced a significant report detailing carbon sequestration in
the woodlands. Already in 2010 we have worked with DEC and Cliffs Natural Resources to support a
detailed wildfire threat analysis of the woodlands, and are working with University of Queensland to
explore conservation mapping techniques that may be useful in future land use planning.
Later in 2010 we hope to produce a series of detailed information documents that further explore key
management issues and inform further discussion. We are also examining conservation planning
techniques used internationally which maybe the most effective way of merging standard scientific
information with the knowledge held by local communities.
We will continue to seek consensus among the community for mechanisms that allow better
management of the GWW. The conversion of tenure from UCL to ‘other’ is not a priority of itself, other
than it being the mechanism that allows better management, which is considered critical.
As an example, consideration could be given to the creation of a management body which could take
on interim management of crown reserves until resolution of Native Title claims. One of its roles could
be to advise governments on environmental approvals in GWW. The management body would
comprise members of various backgrounds including Traditional Owners.
With resolution of native title, and if Indigenous conservation areas were created, ownership of these
areas would transfer to the Traditional Owners. In this instance, such a body could still share the day
to day role of managing these conservation areas.
Additionally, a regional planning scheme could be used for determining conservation zoning of lands
in the GWW. Sophisticated models for the collaborative use of the landscape by different
stakeholders are emerging from other parts of the world, and can be drawn upon. These new
approaches move away from the single use zoning for much of the landscape, instead focussing on
maintenance of ecological function, and landscape integrity.

PROCEEDINGS- 2010 WORKSHOP ON ENVIRONMENTAL MANAGEMENT
173

There is also scope to examine the way pastoral leases in the region are administered, to consider
amendments to allow for pastoral lease holders to voluntarily manage their leases for conservation
use. This could also apply to a management body, if created. Such a body could hold pastoral leases,
fund and actively manage threatening processes such as weeds, feral animals and fire.
The creation of an environmental trust fund, to provide linkage between economic activities and
environmental management in GWW would allow those supporting the fund to determine the timing
and nature of the environmental work to be undertaken, independent of government program
constraints.

Where to from here for Traditional Owners?
The momentum developed for better management of the woodlands provides an ideal opportunity to
support Traditional Owner involvement in the management of the GWW area. It is possible that within
the next one to two years native title will be resolved in a large part of the GWW area thus providing
the opportunity for ownership and joint management options for the Traditional Owners. Joint
management options are possible involving the Traditional Owners with DEC, as well as with private
conservation organisations. Funding for these initiatives will be possible from private, State
government and Federal government sources.
As part of a new stakeholder engagement process it will be important to include the Traditional
Owners in this process initially through their representatives and later as native title is resolved
through their own corporations.

A carefully developed consultation process will need to be

implemented to ensure all relevant Traditional Owners are appropriately consulted. Key issues such
as ownership and management, protection of cultural values and heritage sites and places, and
economic initiatives including employment will need to be addressed from the outset. The creation of
such a foundation will make it easier to begin longer term planning and capacity building.

Where to from here for the mining sector?
The Great Western Woodlands is now recognised as the largest and most intact temperate woodland
remaining on earth (Watson et al 2008). It is also recognised for its significant mineral wealth. At their
most basic, are these compatible or incompatible values? Perhaps the answer is in how we approach
them, and the woodlands presents an ideal opportunity for the mining and conservation sectors to reevaluate how their interests can be better met through a cooperative approach with other
stakeholders.
The GWW Collaboration has consistently put this approach as the way forward, and is seeking
greater engagement from the mining and exploration sectors.
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From our, admittedly limited, knowledge of the mining sector, it seems that resulting benefits for
miners could include a more simplified approvals process. If these processes were based on a well
informed regional planning context, informed by the increased wealth of data and information now
coming forward, they could provide greater certainty, reduced delays and costs while also improving
the cost-effectiveness of environmental management.
Managed well, this could also become a framework that provided better public recognition of the good
environmental management already being achieved by the mining sector.
There are strengths in a collaborative approach to this whole of landscape model which can benefit all
of the participants. The mining sector has some seemingly intractable issues before government, in
relation to assessment processes. The conservation sector generally only influences the progress of
these issues through submissions and appeals to government documents and processes. If we can
jointly decide on more effective approaches, ones that give greater certainty and speedier processing
without compromising environmental outcomes, then there is greater possibility of jointly influencing
government and departmental policy and management within the Great Western Woodlands.
Initiatives where groups such as miners, environmentalists and Traditional Owners are working
closely together will have considerable political influence.
Practical outcomes that can be achieved in a co operative environment may include the establishment
a central data base to expedite the sharing of information. Such a database would assist in ensuring
specific proposals, whether they be for mining of conservation, are seen in their regional context, and
not judged on just a small selection of data specific to that site alone.
The outcome of such work could contribute to the development of a science based sustainable land
use strategy for the GWW that reflects the regions conservation, mining, indigenous, economic,
recreational, and social values.
As part of an ongoing process, a joint working group could develop and provide support for improved
regulatory requirements and processes for the mining sector to deliver streamlined assessment and
regulation along with better conservation outcomes, such as planning and assessment procedures,
monitoring and compliance, and closure.
This cooperative consideration of mining and other community interests can also provide a valuable
framework for conservation-based management of mining company controlled pastoral leases, such
that they can deliver better landscape scale outcomes for the Great Western Woodlands

In conclusion
Nationally we are confronting a period of ‘extinction debt’ of alarming proportions. Decades ago we
saw a wave of extinctions among the mammal species, and we appear to be on the crest of a similar
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wave for birds. There are very few landscapes left in Australia where there is sufficient environmental
integrity remaining to be able to make a difference. The Great Western Woodlands is one such area,
and it is timely to consider how we might act on this opportunity to go against the national trend.
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Abstract
This paper discusses a series of circumstances where fauna surveys fail to provide either new
information or the results are inadequate to undertake an informed impact assessment. We discuss
what data are required for an adequate fauna assessment and compare this with what is already
known about the vertebrate fauna in the Goldfields. We then identify the major gaps in knowledge for
fauna in the Goldfields and provide a simple process for deciding on the level of fauna assessment
that is appropriate. We then briefly focus on fauna monitoring program protocols that are commonly
used that are unable to detect differences when they are real or incorrectly conclude differences exist
when they don’t. We conclude with a brief discussion on appropriate methods for designing
environmental monitoring programs and why statistical power tests should be used to ensure that
monitoring results can detect differences when they are real.

Introduction
The Environmental Protection Authority (EPA, 2002) indicated that best practice terrestrial fauna
assessments require that impacts on biodiversity should be considered at two levels, namely:
•

An areas biodiversity value at the genetic, species, and ecosystem level; and

•

An areas ecological functional value at the ecosystem level.

‘Ecological functional value’ is not defined by the EPA and it can have many meanings, depending on
the context. The EPA Position Statement No. 3 (2002) does not place a great emphasis on potential
impacts on conservation significant fauna, in fact these are barely mentioned. The focus in the
position statement seems to be on protecting ecosystems, however, in practice the EPA, Department
of Environment and Conservation (DEC) and Department of Minerals and Petroleum (DMP) are
mostly interested in potential impacts on conservation significant fauna.
The Environmental Institute of Australia and New Zealand (EIANZ), in its final draft discussion paper
on biological diversity, made two points that are relevant to fauna assessments to support
environmental impact assessment (EIA) and monitoring impacts, namely:
•

Biodiversity management is not just about protecting particular species of flora and fauna
(e.g. threatened species). It is about maintaining functioning systems; and

•

It is essential that biodiversity outcomes are monitored and reported so we can learn from
past successes / failures and know why these were the case.
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Fauna Assessments
In deciding on the nature and extent of a terrestrial fauna assessment, it is necessary that the
proponent is clear what information is required by the assessors of native vegetation clearing permit
applications or an EIA. The EPA guidelines (2004) on this issue are vague and the EPA, DEC and
DMP are prepared to accept fauna assessments that vary appreciably from these guidelines
(Thompson, 2007). It is our view that the proponent should be able to provide the following
information in their fauna assessment to support an EIA or native vegetation clearing permit
application:
•

A description (habitat type and condition) of the major fauna habitats present in the
disturbance area;

•

A description of the fauna assemblage (i.e. species list and an indication of species relative
abundance) for each of the fauna habitats in the impact area;

•

An indication of the extent to which the fauna assemblage in the potential impact area is
present elsewhere in the bioregion;

•

A description of the potential impacts on the terrestrial fauna and fauna assemblage; and

•

A description of mitigation and management strategies that will minimise these impacts.

Often the data available in the literature are adequate to address all of these issues, so a generic
fauna survey is not required. However, when a fauna survey is required to address some or all of the
above points, there are three primary issues that must be considered in designing that survey(s):
•

Temporal variability;

•

Spatial variability; and

•

Adequacy of fauna survey data.

Temporal variability
Trappable and observable fauna assemblages vary throughout the year (e.g. lizards are most active
in summer, migratory birds are present for only part of the year and rain influences the presence of
nomadic bird species in an area, etc). As a consequence, multiple sampling at various times of the
year is required (How, 1998; Thompson and Thompson, 2005).
Spatial variability
Within a relatively homogenous habitat, the distribution of each species varies. This has significant
consequences for fauna surveys undertaken to assess impacts on the vertebrate fauna in a proposed
development site. This can be illustrated by the following simple example.
Mulgara (Dasyurus cristicauda, D. blythi) are listed as conservation significant species with both State
and Commonwealth governments and they are present on a number of mining tenements in the
northern Goldfields. Government assessors typically wish to know if they are present in a potential
disturbance area and their relative abundance in that and adjacent areas.
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Mulgara have high site fidelity and forage around one or a small number of burrows. They are
normally caught in baited aluminium box traps. Environmental consultants typically use one trapping
site per habitat type in generic fauna
surveys to record the species present
in that habitat. In this example (Figure
1), we have 12 Mulgara in a particular
habitat type in the project area (a black
dot is a burrow, and the red circle is the
foraging area for an individual). The 10
aluminium box traps could be placed in
many locations in the project area and
fail to trap a single individual (e.g.
placed within an individual’s foraging
area). Multiple trapping sites per habitat
type will increase the propensity to
record the presence of Mulgara in the
project area.
Most fauna surveys undertaken to
support EIAs and native vegetation
clearing permit applications use one or
a few sites per habitat type to trap
fauna. It is therefore likely that they will

Figure 1. Mulgara locations within the project area
(black dot within a red circle) and the location of the

record both an incomplete species list

10 aluminium box traps.

and a biased understanding of the
assemblage structure and may fail to record conservation significant species in the project area.
Multiple survey sites in each habitat type are therefore recommended.
Adequacy of the survey effort
Currently, most terrestrial fauna surveys undertaken to support native vegetation clearing permit
applications and EIAs only enable the proponent to report between 30-70% of the species present
and contain insufficient data to adequately describe the structure of the terrestrial fauna assemblage
in each of the major habitat types. Rarely is the fauna assemblage in each of the major fauna habitats
adequately surveyed so that it can be compared with fauna assemblages in similar habitats
elsewhere in the bioregion (Thompson, 2007).
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Species

accumulation

curves

indicate

relationship

the

between

the

number of individuals that
have been caught in a
habitat and the proportion
of the species in the area
that have been recorded.
Figure 2 shows numerous
species
curves
data

accumulation
constructed
in

the

from

literature

(Thompson and Thompson,
2007). From this figure it
can be seen that to record

Figure 2. Smoothed species accumulation curves for numerous
fauna habitat types (taken from Thompson and Thompson,
2007).

80% of the species in one
of these habitats you need to collect between 70 and 300 individuals. Fauna surveys undertaken to
support EIAs and native vegetation clearing permits would rarely trap 50 individuals per habitat type
and in many cases far fewer individuals. As a consequence reported species lists for habitats are
generally incomplete.
Figure

3

relationship

shows

the

between

the

number of species in a habitat
and the number of individuals
that need to be caught to
catch 80 and 90% of the
species

present.

The

variability in the number of
individuals that need to be
caught to record a given
percentage of the species
present is mostly affected by
the proportion of species in

Figure 3. Relationship between the number of species in a

the assemblage that are rare

habitat and the number of individuals that need to be caught

or

rarely

caught

(i.e. the

to record 80 and 90% of the species present.

number of singletons and doubletons in the dataset). So, to record 90% of the species in an area that
contains 35 species (red vertical line in Figure 3), you need to record between 270 and 550
individuals for each fauna habitat. The cost of doing this is high and most proponents will baulk at
spending sufficient resources to record 80-90% of the species in each habitat type. So rarely do we
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ever get near a complete species list for each habitat type or a reasonable appreciation of the relative
abundance of each species in each habitat.
So do proponents of development or consultants need to undertake these very expensive surveys?
The answer to this question lies in what we already know about the terrestrial fauna in the bioregion
and our understanding as to what information the EPA, DEC and DMP require to make an informed
assessment of potential impacts of a development on the fauna.
Terrestrial fauna assemblages in similar habitats within a bioregion are generally similar. So, if we
have good knowledge of the fauna in the bioregion, then we should be able to prepare a reasonably
accurate species list for any disturbance area within that Goldfields region. We have used the
Goldfields as an example to illustrate what is known of the fauna in a bioregion. The yellow flags in
Figure 4 show the locations of fauna survey sites in the Goldfields based on data in Terrestrial
Ecosystems’ fauna survey database. Although the quality of fauna surveys at each of these sites
varies considerably, it is evident that a lot is already known about the terrestrial fauna in the
Goldfields. In addition, within the area
shown in Figure 4 the Western Australian
Museum holds in excess of 24,000 records
for amphibians and reptiles, plus an
unknown number of mammal and bird
records. The Birds Australia’ database also
holds a vast number of bird records for the
same area.
Based on the availability of fauna survey
data for most habitats in the Goldfields, a
comprehensive review of the available
literature should provide the same or better
understanding of the terrestrial fauna in a
proposed

disturbance

area

than

undertaking an additional fauna survey to
the currently accepted standard.
We

would

therefore

comprehensive

advocate

assessments

of

more
the

available literature in undertaking fauna

Figure 4. Fauna survey sites in the Goldfields
(Terrestrial Ecosystems fauna survey database).

assessments and a reduction in the number of generic field fauna surveys. Such an approach will
provide a substantial cost saving to the industry and mean that fauna survey reports can be prepared
in a much shorter time period.
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A focus of the regulators assessing EIAs and native vegetation clearing permit applications is often on
whether vegetation clearing will impact on conservation significant fauna. We know the species that
are of conservation significance in the Goldfields but there are important gaps in our knowledge on
issues to do with their geographic distribution and ecology that will often require a proponent to
undertake a targeted search for a particular species.

Gaps in our knowledge
There are two approaches that we can take to identify gaps in our knowledge. We can either focus on
the:
a) fauna habitats for which we have insufficient knowledge; or
b) conservation significant fauna for which we have insufficient information.
As the EPA, DEC and DMP currently place a greater focus on conservation significant fauna and
have less interest in the conservation of unique fauna assemblages, this should be the focus of the
assessment. Below we succinctly describe what is known and gaps in our knowledge for most of the
conservation significant vertebrate fauna in the Goldfields and suggest what survey techniques are
appropriate for each species. It is not suggested that proponents should be responsible for the
bioregion scale surveys, as this is a task for DEC or projects that might be undertaken by
environmental consultants or researchers and perhaps funded as environmental offsets.
Marsupial Mole (Notoryctes typhlops) - Listed as Endangered under the EPBC Act 1999 and
Schedule 1 under the Wildlife Conservation Act 1950
Marsupial Moles are found in the eastern Goldfields in red sand ridge areas that are vegetated with
spinifex. Little is known of the geographic distribution of Marsupial Moles within the eastern Goldfields
and there are few cost-effective search strategies to identify their presence or abundance in an area.
Additional information required:
Bioregion scale – Geographic distribution within WA.
Site scale – A determination of the presence and relative abundance in the impact area. This will
require species-specific surveys in the impact area. One technique is to collect scats of cats, dogs,
dingoes and foxes from the area and examine them for the presence of Marsupial Mole hair and
claws or seek the assistance of local Aboriginal elders with knowledge of Marsupial Mole tracks and
burrows and search the dune slopes for appropriate signs. See Thompson and Thompson (2010) for
details.
Sandhill Dunnart (Sminthopsis psammophila) - Listed as Endangered under the EPBC Act 1999 and
Schedule 1 under the Wildlife Conservation Act 1950
There are small isolated communities of the Sandhill Dunnart in the eastern Goldfields in red sand
ridge areas that are vegetated with spinifex. However, little is known of its geographical distribution,
local abundance and the ‘hot spots’ for this species in the eastern part of the Goldfields.
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Additional information required:
Bioregion scale – Geographic distribution within WA.
Site scale – A determination of the presence and relative abundance in the impact area. This will
require a species-specific trapping program in the impact area. See Thompson and Thompson (2010)
for details.
Chuditch (Dasyurus geoffroii) - Listed as Endangered under the EPBC Act 1999 and Schedule 1
under the Wildlife Conservation Act 1950
Chuditch are mostly found in the eucalypt woodland and scrubland of the south-west Goldfields,
however, little is known about the geographic distribution, spatial ecology, relative abundance and
preferred habitat of Chuditch in the Goldfields.
Additional information required:
Bioregion scale – Geographic distribution within the southern Goldfields.
Site scale – A determination of the presence and relative abundance in the impact area. This will
require a species-specific trapping program to determine the presence and relative abundance in the
impact area. See Thompson and Thompson (2010) for details.
Malleefowl (Leipoa ocellata) - Listed as Endangered under the EPBC Act 1999 and Schedule 1
under the Wildlife Conservation Act 1950
Malleefowl are found throughout the region, generally in the more densely vegetated scrubland, but
they are generally scarce and in low abundance. Little is known of the location of local populations
and the location of active mounds.
Additional information required:
Bioregion scale – Identification of local ‘hot-spots’ in the Goldfields.
Site scale – A targeted grid search of the area for active Malleefowl mounds and tracks to determine
the presence and relative abundance of birds in the area. See Thompson and Thompson (2006;
2010) for details.
Mulgara (Dasycercus cristicauda, D. blythi) - Listed as Endangered under the EPBC Act 1999 and
Schedule 1 under the Wildlife Conservation Act 1950 or Priority 4 on the DEC Priority and Threatened
Species list, respectively
Mulgara are found in the red sand plains in the north and north-eastern Goldfields. Little is known of
the location of local populations, their relative abundance and the ‘hot spots’ for each of these
species.
Additional information required:
Bioregion scale – Geographic distribution of each of the two species within the Goldfields.
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Site scale – A determination of the presence and relative abundance in the impact area. This will
require a species-specific trapping program to determine the presence and relative abundance in the
impact area. See Thompson and Thompson (2010) for details.
Giant Desert Skink (Liopholis kintorei) - Listed as Endangered under the EPBC Act 1999 and
Schedule 1 under the Wildlife Conservation Act 1950
The Giant Desert Skink is found in isolated communities in the red sand plains in the north and northeastern Goldfields. Little is known of the location of existing communities and local hot-spots and their
relative abundance.
Additional information required:
Bioregion scale – Location of localised populations within the Goldfields.
Site scale – A determination of the presence and relative abundance in the impact area. This will
require a site search for burrows and follow up trapping assessment to verify their presence and
relative abundance.
South-west Carpet Python (Morelia spilota imbricata) - Listed as Schedule 4 under the Wildlife
Conservation Act 1950
Carpet Pythons are found in the eucalypt woodland in the south-west of the Goldfields and they are
scarce in the remainder of the region. Spatial distribution, relative abundance and the location of ‘hot
spots’ for this species are poorly known in the Goldfields.
Additional information required:
Bioregion scale – Identification of local ‘hot-spots’ in the Goldfields.
Site scale – Addressed in EIA process and fauna management plans.
Woma Python (Aspidites ramsayi) - Listed as Schedule 4 under the Wildlife Conservation Act 1950
There is a population of Woma Pythons in the woodlands around Kitchener and another small
population in the sand plain north-east of Southern Cross. Little is known about the relative
abundance and preferred habitat in the Goldfields or the geographic distribution of these small
communities. It is probable that remnant small unrecorded populations of Woma Pythons still exist
elsewhere within the Goldfields.
Additional information required:
Bioregion scale – Identification of local ‘hot-spots’ in the Goldfields.
Site scale – Addressed in EIA process and fauna management plans.
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Fauna assessment process
The outcome of a desktop assessment (i.e. Stage 1) can often reveal that little new information is
likely to be gained from a generic fauna survey, but it may suggest that a targeted species-specific
survey is required. To ensure that resources and time are not wasted on unnecessary fauna surveys
to support EIAs and native vegetation clearing permit applications the following two stage process is
suggested.
The first stage in most fauna assessments is to undertake a desktop study and reconnaissance visit
to the site (Stage 1; Figure 5). Based on these data and analysis, the proponent can determine the
type, nature and scope of any additional assessment or survey that is required or can argue that no
additional survey work is required, as:
•

Sufficient information is known about the area to provide an adequate assessment of potential
impacts;

•

The area is of little biological value;

•

The potential impacts are of a small scale; or

•

The scale of the potential impact is relatively low risk (i.e. low likelihood or low consequence)
in the context of available similar fauna habitat in adjacent areas.

Information collected during a Stage 1 assessment is generally used to write up the results of fauna
surveys undertaken as part of Stage 2, so the effort in undertaking a Stage 1 assessment is not
wasted if it is followed by more extensive field surveys. If the proposed impact area is known to
contain conservation significant species, or little is known of the fauna in the project area, then the
proponent may wish to go straight to a Stage 2 assessment.
If the Stage 1 assessment indicates that additional information is required to make an informed and
adequate assessment of potential impacts, then it is suggested that one or more of the following key
foci should be used as the basis for developing and implementing that survey(s).
•

Targeted species searches; and / or

•

Fauna survey(s) focusing on fauna assemblages; and / or

•

Fauna survey(s) to establish baseline evaluation data.

The decision as to which of the above key foci are selected will be determined by the adequacy of
information that have been reviewed during Stage 1 and the assessment of the potential risk of
impacts in the absence of a more detailed understanding of the vertebrate fauna in the proposed
impact area.

PROCEEDINGS- 2010 WORKSHOP ON ENVIRONMENTAL MANAGEMENT
186

PROCEEDINGS- 2010 WORKSHOP ON ENVIRONMENTAL MANAGEMENT
187

Evaluating impacts on fauna
Numerous mining operations and other land developers have a ministerial commitment to monitor
their impacts on the fauna in adjacent areas. Many of these monitoring programs are ineffective and a
waste of resources because:
•

Inadequate pre-impact or control data are available to distinguish natural spatial and temporal
variations from variations due to disturbance impacts;

•

Too little data are collected to detect a significant variations, when they are real; or

•

Adequate and appropriate control datasets are not available.

Below is an example of various data sets that could be used to monitor the impact of a disturbance on
a Malleefowl population. The following six scenarios provide an indication of some of the issues when
monitoring fauna. The blue vertical line represents the beginning of the disturbance in all frames.
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An undisturbed site monitored from 2009 until 2028 indicating yearly variations in
Malleefowl numbers. These data provide a context for the next six examples. It
is evident that there are temporal variations in the Malleefowl population.

Monitoring data from 2009 until 2028. There was a decline in the number of
Malleefowl after the disturbance commenced in 2018. However, this decline
would have been difficult to detect until at least three years after the disturbance
because of pre-disturbance variations. By this time it might have been too late to
reverse the loss.

The black data are pre-disturbance variations but these data have not been
recorded; the red data show the recorded data. The red data show potential
impacts during 3-6 years after the disturbance being different from those for
years 7-9. The initial conclusion might be the disturbance has caused a
reduction in Malleefowl numbers; however, subsequent years of monitoring
(2023-2026) might suggest Malleefowl had accommodated this disturbance and
their numbers have increased, when the real situation is that data represents
natural temporal variations in the population and are not the result of a
disturbance impact.
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The black data are the real, but unrecorded pre-disturbance population
fluctuations. The red data show the recorded data. A progressive decline in
Malleefowl numbers after the disturbance is evident. However, as there had
been a progressive decline in the pre-disturbance data, it is unlikely the decline
after 2018 is due to the disturbance. So without the pre-disturbance data the
proponent could have drawn an incorrect conclusion.

The black and red recorded data show a progressive decline in Malleefowl
numbers. The reduction in Malleefowl numbers is unlikely to be a result of the
disturbance as the pattern is similar for the control and impact sites. The benefit
of a substantial pre-disturbance and control dataset is obvious.

The black and red recorded data indicate that there is a real decline in
Malleefowl numbers after the disturbance, which is different to that in the control
site suggesting the disturbance has had an impact. The benefit of a substantial
pre-disturbance and control dataset is obvious.
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Red and black data record pre- and post-disturbance Malleefowl population
numbers. There is a similar decline at both sites after the disturbance suggesting
that the disturbance has had an impact. Should we have to wait for a survey at a
second site to confirm that the changes in the population are related to the
impact and not temporal variations?
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What is evident from these data are that:
•

without a series of data points before the disturbance to indicate temporal variations, it is difficult to
detect post-disturbance impacts in a reasonable period that are directly attributable to the
disturbance;

•

control sites are highly desirable to understand temporal variations; and

•

a substantial quantity of pre- and post disturbance data provide the best information.

As shown in Figure 1, the spatial distribution of fauna within a habitat varies and the location of species
within a habitat is often continually changing. As a consequence one or a few survey impact and control
sites may not be representative of the whole site and may significantly distort or bias the data. As a
consequence, multiple pre- and post-disturbance survey sites are generally necessary in each habitat type
to monitor impacts on the fauna.
The best monitoring models for evaluating disturbance impacts, in descending order, are:
•

Paired, multiple data points (e.g. time series) at multiple control and impact sites, before and after
the disturbance.

•

Multiple data points (e.g. time series) at multiple control and impact sites, before and after the
disturbance.

•

Single data point at multiple control and impact sites, before and after the disturbance.

•

Multiple data points (e.g. time series) at single control and impact sites, before and after the
disturbance.

•

Single data point at control and impact sites, before and after the disturbance.

•

Multiple data points (e.g. time series), single site, before and after the disturbance.

•

Single data point, single site, before and after the disturbance.

Adequacy of monitoring data
Consider the situation where a proposed development is assessed as a potential threat to a small
population of Malleefowl at an adjacent site. The proponent argues that effective management will enable
the development to proceed whilst ensuring that the population of Malleefowl will be unaffected. As a
consequence, the development is approved, a Malleefowl management plan is implemented and
appropriate statistical tests on the first five years of monitoring data indicate that although there has been a
decline in the actual number of Malleefowl counted, the null hypothesis (i.e. Ho = no effect) is not rejected
(e.g. not a significant impact). The proponent can reasonably argue that its development has not resulted in
any significant decline in the Malleefowl population. However, a statistical power test of the data might have
indicated that any impacts would only be statistically significant when the population of Malleefowl fell
below a viable level and was therefore doomed to become locally extinct.
A statistical power test is used to tell us how much data are necessary to detect a difference when that
difference is real. It is our experience that power tests are rarely, if ever, used in the planning of vertebrate
fauna surveys to assess the effectiveness of vertebrate fauna management plans in Western Australia. The
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consequence is that proponents, assessors and regulators rarely ever know if changes shown in monitoring
data represent random variations or real and significant affects.
Knowledge of the statistical power of monitoring data is important because the consequences of incorrect
decisions can be severe (i.e. the local extinction of a species or an irreversible impact on the local fauna
assemblage). Inadequate or insufficient data can lead to a conclusion of no impact, when there is an
impact. If we accept that there is an impact when there actually is not, then this will give a false positive
(Type I error). In contrast, if the investigation concludes there is no impact when there really is an impact,
then this will give a false negative (Type II error). This latter situation often leads to a false sense of security
and complacency and can have serious environmental consequences. Therefore, to be sure to detect an
impact when it exists, we would wish to minimise Type II errors. Testing for statistical power is the
appropriate method of ensuring Type II errors are kept to a minimum, however, these tests can be
complicated to perform in many situations and require access to sophisticated statistical software
packages.
There is little point in spending resources on implementing fauna management plans if the effects are not
properly evaluated. Undertaking monitoring surveys that do not have the capacity to detect significant
impacts are a waste of resources and can lead to a false sense of security and complacency. It is therefore
necessary that assessors and regulators are aware that small samples can provide erroneous results and
require that power tests are performed on all environmental monitoring data.
A more detailed discussion of fauna assessments, fauna surveys and fauna management is available in
Terrestrial Vertebrate Fauna Assessments for Ecological Impact Assessment which can be downloaded for
free from: http://www.terrestrialecosystems.com/faunabook.htm
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Abstract
The application of ecosystem function analysis (EFA) in Australia has, at times, been considered a
controversial process as it evolved from an earlier application, landscape function analysis (LFA), which
was used to assess the sustainability of rangeland environments. EFA was developed by CSIRO as a
monitoring tool for wider application. Its potential for application in other environments was soon realized
and it has proven to be a valuable tool in the assessment and measurement of the functional processes in
mine rehabilitation. In the mining industry, EFA involves assessment of four components namely
Landscape Function Analysis, vegetation, erosion, and habitat complexity, using simple, scientificallyvalidated indicators. EFA involves monitoring a range of parameters which relate to the biophysical
functioning of the landscape and provides a relatively simple, cost-effective, repeatable system to scientists
and managers to determine how rehabilitation programs are developing and performing over time.
EFA has the potential to play a critical role in a balanced environmental monitoring strategy in any mining
or landform rehabilitation programme. EFA can fill the gap between superficial monitoring programs, that
cover large areas, primarily targeted at identifying changes or trends in the environment, such as remote
sensing and aerial photography as well as intensive ground-based monitoring programs such as fauna and
flora surveys.
This paper discusses the role that EFA can play in providing information that links the development of
vegetation, soils and nutrients with ecosystems and enables rapid detection of any requirement for
intervention or implementation of more detailed or focused studies. Moreover it develops the role EFA can
play in a balanced and integrated toolbox of monitoring techniques which are efficient, cost effective and
provide the necessary data to enable managers to make informed decisions on their rehabilitation
programs.
EFA has been nurtured and developed within the vast Australian mining industry and the industry can be
proud of its development as part of a quality set of monitoring applications available. Progress along with
development needs in the use of the tool are discussed, as is EFA’s capacity to demonstrate a mines ability
to meet its completion criteria and rehabilitation objectives. The paper also broadly discusses the present
application of the monitoring technique in other parts of the world.
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Introduction
One of the many challenges facing land managers undertaking rehabilitation or remediation works is to
monitor or measure how their rehabilitation programme is performing effectively. Good management
decisions require accurate information collected over time to indicate trends in performance, indicate where
management intervention is required, and provide an ongoing record of activities. The complexity of the
systems being managed requires an integrated monitoring strategy utilizing a range of techniques over the
life of the project to provide this information - described by Tongway and Ludwig (2006), as the “toolbox”.
The specific techniques being applied will vary over time as the rehabilitation or remediation progresses
and the type of information required changes. The intensity of data collection will also vary over time with
pre-disturbance baseline and early establishment stages requiring intensive detailed data capture, while
broader-trend-based data capture is required to measure the developing maturity of the system.
As the rehabilitation area matures the manager needs to know that the system is tending toward a robust,
sustainable state and that the components of the system are developing towards a desired end point. EFA
information can indicate which aspects are developing adequately and those that are not. Areas of poor
performance can then be targeted with focused studies to identify causes and direct what management
intervention is required. This information can then be fed back into an adaptive management system as
demonstrated in Figure 1 (Ward et al., 2006).

Regular EFA monitoring

Carry out remedial
works if required,
as identified from
investigations

On-track, continue
to monitor with EFA,
but review frequency

Below expectation,
investigate constraints
to rehab. performance

Figure 1

Rehabilitation
Classification ®

Apply for
relinquishment

Rehabilitation Classification® framework (Ward et al., 2006)

A further challenge facing land managers is how to demonstrate to their stakeholders that they are
achieving the outcomes they set out to achieve. This requires adequate measurement of rehabilitation
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performance over time to provide context to the information. Often a comparison of the performance of
rehabilitation areas with other similar areas exposed to similar abiotic and biotic influences is necessary
and required, commonly referred to as analogues or reference areas.

Integrated monitoring systems
An integrated monitoring system is one that collects data over time, providing the land manager with the
information needed to make timely decisions on management of the rehabilitation. The complexity of the
monitoring system should be tailored to the specific area in question, and the capacity of management to
respond adequately. In an ideal world, monitoring and survey data collection would commence before the
initial disturbance takes place. This builds an understanding of the environment being disturbed; identifying
resources that the system needs to function effectively, and provide the metrics to set criteria for
rehabilitation success.
An integrated monitoring system will typically include a set of tools in the toolbox that will identify and
measure climate, landscape characteristics, soil properties, surface and groundwater characteristic, fauna
and flora and their associations, habitat features, as well as historical management and social
requirements. The authors propose the classification of these tools according to the resolution and level of
detail they can measure (Table 1).
Table 1

Components of an integrated monitoring toolbox

Level of detail
Regional

Resolution

catchment

–

Low to medium

landscape scale

Local catchment units within

Medium to high

distinct land systems

Tools
Remote sensing imagery
•

Satellite

•

Aerial

•

Visual frequencies (photography)

•

Land systems survey

Remote-sensing imagery
Ecosystem function analysis including landscape
function analysis
Flora – fauna: presence and absence
Vegetation mapping – community level
Habitat mapping
Erosion monitoring – large scale

Distinct

feature/unit

High

Ecosystem function analysis

mapping rehabilitation areas

Landscape function analysis

within specific landforms

Fauna and flora surveys species level
Vegetation mapping to within communities
Habitat mapping – localized
Soil survey
Groundwater/water quality surveys

The role of LFA and EFA in land management
LFA and EFA are tools that bring together a number of different components that, when measured over
time, provide an accurate indication of how a distinct rehabilitation area is performing, and advancing
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toward a functioning system. An example of a toolbox that may be chosen for a specific site is provided in
Figure 2 (Outback Ecology, 2005a). A comparison with data collected from reference sites with similar
characteristics, but under ambient conditions, will account for seasonal and external effects beyond the
control of the manager and enables a direct comparison of performance.
For a system to be developing towards sustainability, it must be accumulating resources faster than they
are lost. A functional landscape is one where vital resources such as water, plant litter and topsoil are
retained and efficiently used (cycled) within the boundaries of the landscape and released very slowly
(Tongway and Ludwig, 2006). Typical indicators of resources that one would expect to see accumulating
may include clay, silt, litter, seed, scats, and detritus. Stable soils with good structure are essential to
enable continuing plant growth and development through the provision of nutrients, moisture and a sound
medium to provide physical support to plants. Soils must be resistant to erosion and enable effective
infiltration and retention of incident rainfall to provide ongoing resources for the plant communities they
support. The movement of resources within a system has been more recently described in a paper
presented at the first of the international seminars on Mine Closure (Tongway and Ludwig, 2006).
LFA provides a rapid assessment of this functionality. It measures soil stability, infiltration/run-off rates and
nutrient cycling. When combined with vegetation and habitat monitoring, and some simple erosion
assessments, EFA can provide an effective measure of how the biogeochemical components of an
ecosystem are functioning. Applied to rehabilitated or remediated land, it can be used to assess the
functionality of the system and is effective in measuring systems that are functional, through to
dysfunctional.
When applied over time, results can be analyzed to identify trends in the progress of the rehabilitation or
remediation. Ecosystem development typically follows a sigmoidal pattern as it develops towards maturity.
Plotting LFA data over time can demonstrate progress along this curve and is common in biological
literature (Krebs, 1985), and critical in understanding the interplay between the biological component and
the geotechnical component of landscape function (Tongway and Ludwig, 2006). The EPA (2006) stated
that trajectory analysis is one of three recognized strategies used to evaluate rehabilitated landscapes. The
EPA went on to recognize that trajectory analysis is provided by EFA.

PROCEEDINGS- 2010 WORKSHOP ON ENVIRONMENTAL MANAGEMENT
199
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A toolbox example adapted from flow diagram of a rehabilitation monitoring regime
and criteria development (Outback Ecology, 2005a), for a site with specific criteria

The time it takes to reach the point of inflexion on the sigmoidal curve can be used as a critical indicator in
the development of rehabilitation moving toward a sustainable functional system. Where measurements
from suitable reference sites are available, the inflection point can be calculated and an expected curve can
be drawn at the beginning of the rehabilitation process and with this criteria identified, progress towards
that point can be monitored by EFA. This can provide confidence for all parties that rehabilitation is making
progress, will potentially be successful, and will ultimately lead to relinquishment of liability. As more data is
presented on rehabilitation performance, and confidence increases in using position on the performance
curve to signify long-term sustainability of the system, regulators and other stakeholders, in consultation
with the land managers, will be able to set a point on the curve as a consistent measure of completion.

The role of LFA and EFA in regulation
In protecting the social and environmental values of the community, regulators must establish acceptable
standards of rehabilitation and remediation for land managers to achieve. These are generally developed or
negotiated in consultation with the land managers responsible for the land in question. Once established,
the role of the regulator is to ensure these standards are met within reasonable timeframes. In the mining
industry, some form of insurance or surety is usually required and is often in the form of security bonds
provided by the operator and held by government. In order to make decisions on reducing or returning
these bonds, the regulator must have sufficient evidence to support any claim from the land manager that
the rehabilitation or remediation has achieved agreed or acceptable standards or outcomes.
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Data derived from LFA and EFA provides the regulator with this information. In the same way it provides
information to the land manager on the progress of rehabilitation and these techniques also provide the
regulator with a balanced picture of the developing ecosystem that can be compared directly with other
similar areas. Along with other information such as plant and animal diversity, groundwater recovery and
landscape design, EFA and LFA provide the regulator with sufficient information to judge confidently the
performance and acceptability of the rehabilitation or remediation in question. The simplicity and
repeatability of EFA and LFA mean that the regulators can easily verify for themselves the information that
has been presented is correct. Regulators have been seeking consistent measures such as this for some
time which will make their task, in making consistent judgments on rehabilitation success, far easier.

The history of the development of LFA
CSIRO Australia originally developed landscape function analysis (LFA) in Australia approximately
25 years ago as a monitoring tool that uses 11 indices (surface soil assessment indices), for application by
Australian rangeland managers and scientists. The tool was drawn from a wide range of scientific
disciplines and with applied research conducted by scientists over decades. From LFA, the broader
ecosystem function Analysis (EFA) technique was developed to assess the functional status of natural and
rehabilitated ecosystems. This expanded method incorporates three main modules (Figure 3), which are:
•

LFA depicted as the central core.

•

Vegetation structure and composition that surrounds the core.

•

Habitat complexity.

EFA uses simple, scientifically-validated indicators for monitoring what relates to the biophysical functioning
of the landscape. EFA differs from conventional monitoring in that the components (LFA and habitat
complexity) use simple, rapid visual and sensory indicators, rather than being bound to purely quantitative
presence and the absence of data of selected biota and features. EFA consists of four modules: a
conceptual framework, a field methodology, a data reduction package and an interpretational framework,
(Ludwig et al., 1997) which are extensively described at: www.cse.au/research/program3/efa/. EFA is
applicable in most ecosystems as it focuses on a set of standard principles of ecosystem development and
biogeochemical interrelationships. The method has been successfully used to assess a variety of
rehabilitated ecosystems from coastal sands, eucalypt forest, tropical ecosystems and desert landscapes,
and is applicable to a diversity of climatic zones, soil and waste materials, and plant communities (Ward et
al., 2006).
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Figure 3

Schematic showing the inter-relationship of the three primary components that are
integrated to form EFA (Tongway and Hindley, 2004)

EFA application in the Australian mining industry and abroad
Introducing EFA to the mining industry
The mining industry recognized the potential value and versatility of EFA in the mid-1990s. Subsequently,
an initial study was instigated by ACMER (then ACMRR), funded by Australian Minerals Industry
Association Ltd (AMIRA) to evaluate the application of EFA within the mining sector. The project concluded
in September 1997 and showed that the EFA assessment procedure could potentially be used for a wide
range of mine types distributed across the continent without modification between sites (Tongway et al.,
1997).
Despite progress toward project goals, it was decided that a more rigorous scientific assessment would be
required to gain regulatory acceptance of the technique. Stage two of the verification was approved and
undertaken between 2001 and 2003 (Tongway and Hindley, 2003). Field and laboratory investigations were
executed at eight mines in Australia and one in Indonesia, encompassing bauxite, mineral sands, hard rock
and coal operations. The principal objective was to verify that previously-suggested indicators of mine site
rehabilitation success by the LFA monitoring procedure properly represented soil properties measured by
conventional field and laboratory procedures.
The second EFA verification study found that:
•

EFA indicators were shown to have a high degree of correspondence with measured soil
properties.

•

Mined land presents unique and difficult places to apply conventional field soil procedures.

•

The EFA field technique reviewed at each site was found to be generically applicable.

•

EFA has the potential to provide a spatially extensive data set over time at a fraction of the cost of
biophysical measurements.

•

The method was applied effectively across mines within deserts receiving annual rainfall of 200
mm to tropical rainforests receiving 4000 mm a year (Tongway and Hindley, 2003).
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The process of EFA implementation within the mining industry
Outback Ecology was amongst consulting and mining organisations that first recognized EFA as a
monitoring tool that could be readily implemented to demonstrate rehabilitation success. The EFA concept
was initially taken up by a select group of mining companies in the late 1990s. These companies
commissioned Outback Ecology and other consulting organisations to establish EFA monitoring
programmes on rehabilitated mining landforms throughout their operations. These pioneer programmes,
most of which are still active, were the flagship for EFA within Western Australia, and have directly resulted
in the progressive recovery of millions of dollars in financial sureties for the mining companies. During the
same time on the other side of the continent, visionary environmental managers within the Queensland
Bowen Basin coal mining industry were also beginning to use EFA programmes as a quantitative
rehabilitation assessment (McNamara et al., 1999).
During the establishment of these initial EFA programmes, we recognized the importance of developing a
framework to show environmental managers and regulators how EFA could be applied to mining
operations, on an annual basis as a tool for demonstrating progressive rehabilitation success and
subsequent staged reduction in financial sureties held over rehabilitated mining landforms. The opportunity
to achieve staged reductions in sureties is one of the most powerful tools available to promote innovative
design, progressive rehabilitation, establishment of completion criteria and ongoing performance monitoring
in the mining industry (Mackenzie et al., 2007). Subsequently, a key driver for implementing EFA within the
mining industry was the opportunity to implement staged reductions in liabilities.
EFA monitoring is carried out on an annual basis, and preferentially at the same time each year. Data is
then reviewed and the rehabilitation performance of each landform is assessed. Based on results, a set of
recommendations can be provided which include:
•

Rehabilitation or remediation strategies required to progress the performance of unsuccessful
rehabilitation.

•

Investigations required to determine constraints/limitations to rehabilitation which is performing
poorly.

•

The level of monitoring effort (frequency and intensity) required in the forthcoming reporting period.

•

An inventory of rehabilitated landforms for which partial or full recovery of financial sureties can be
applied, based on demonstrated rehabilitation success.

These sets of recommendations are then used by the environmental manager to drive the progressive
rehabilitation and closure programme for the mining operation.
A component of the implementation process was to introduce stakeholders to the EFA monitoring
framework. This was, and still is, undertaken via a number of avenues including conferences, publications,
presentations at industry events, functions and customized training workshops. Training workshops have
been one of the more successful forums in providing the industry with hands-on experience and confidence
in the application of EFA, and is critical for accurate use and interpretation of the outputs of the tool.
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To date, training workshops have been conducted on mining operations in five Australian states including
the Northern Territory, New South Wales, Queensland and Tasmania, encompassing a diverse group of
mining operations, including coal, gold, copper, mineral sands and iron ore operations. Recently,
workshops have been conducted within the South African Witwatersrand gold fields, platinum mines and for
mines in Namibia. A maximum of 12 participants per workshop is generally maintained to enable sufficient
personalized instruction from the course facilitator and trainers. Receiving direct training from the founders
of EFA is seen as an important step to ensuring the methodology remains consistent throughout the
industry. There are examples throughout the industry of unsuccessful EFA programmes being set up by
individuals who have received “second-hand” training in EFA field procedures, concepts and data
interpretation. Additionally, on-site training within mining environments enables the instructor to illustrate
points gained during the workshop experience that cannot be readily written into a manual (D.J. Tongway,
pers. comm., 2008).
Demonstrating to regulators that EFA could be used to determine rehabilitation performance accurately
was a crucial step in implementing EFA within the mining industry. Regulatory confidence in EFA within
Western Australia was gained via training workshops and a thorough examination of early EFA
programmes established within the goldfields. When conducting annual regulatory assessments of
rehabilitated mining landforms on which EFA programmes had been established, regulators were now
becoming armed with hard data that could be taken into the field. Scrutinizing EFA monitoring results and
conclusions, while standing on a rehabilitated landform, enabled regulators to verify the accuracy of
information generated by EFA programmes from an on-the-ground perspective. Additionally, as more
mining operations included EFA as part of their annual environmental-monitoring programmes, a greater
volume of data was being generated and regulatory confidence began to grow. Regulators increasingly
acknowledged EFA as an effective tool for gauging rehabilitation success and subsequently more mining
companies began to implement programmes in their operations throughout the country.

The present uptake of EFA in the Australian mining industry
Over the past decade, EFA monitoring programmes have been established in both active and closed
mining operations throughout six Australian states. Outback Ecology alone has implemented and managed
EFA programmes in over 60 mining operations throughout Australia in five states, and established
approximately 1760 permanent EFA transects on a wide range of features including waste rock landforms,
tailings storage facilities, in-filled mining voids, tailings facilities and over-exploration disturbance. The
authors are aware of at least six other consultancies using the tool in Australia.
This successful uptake of EFA as one of the key rehabilitation monitoring tools used within the Australian
mining industry can be attributed to:
•

Regulator acceptance and promotion of EFA as a tool to demonstrate rehabilitation performance
and provide evidence that agreed closure criteria have been achieved.

•

Recognition by environmental managers that EFA is a powerful tool for monitoring the success of
rehabilitation/remediation techniques and rehabilitation performance.
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•

The potential for EFA to be used as acceptable evidence to support progressive reduction of
financial sureties held over mining areas.

•

Its application in diverse mining landscapes across a range of climates and environments.

•

The fact that it is simple, repeatable and inexpensive.

A contributing factor to the successful uptake of EFA has been a well-coordinated training programme.
Regulators who have undergone training in the application of EFA field procedures understand and have
confidence in the analysis and interpretation of EFA data (Mackenzie et al., 2007; PIRSA, 2006). Land
management staff from regulatory agencies in most states have taken part in EFA training. For example,
the Department of Industry and Resources (DoIR) in Western Australia has recognized EFA as an effective
tool in demonstrating that rehabilitation has been successful and they used the data to validate applications
for reduction in financial sureties held over rehabilitated mining landforms.
Because

it

focuses

on

standard

principles

of

ecosystem

development

and

biogeochemical

interrelationships, EFA programmes are effectively running on mining operations which are diverse in:
•

Commodity type: Programmes are currently established in gold, coal, iron ore, bauxite, mineral
sands, nickel, base metals, diamond and uranium operations.

•

Climate: EFA is currently carried out on a variety of mine sites, from those in desert environs
receiving an annual rainfall of less than 90 mm (Beverly Uranium Mine in South Australia) to
tropical environs receiving in excess of 1700 mm per annum (Woodcutters mine in Northern
Territory).

•

Soils and waste materials: Reconstructed mining landforms are often comprised of altered surface
and subsurface profiles that vary in composition from adjacent undisturbed landscapes. LFA can
be readily applied to these reconstructed surface profiles to assess the capacity of these “new
landscapes” to hold resources within the system.

•

Vegetation community: The EFA field procedures for vegetation assessment have been readily
applied to chenopod shrublands, spinifex grasslands, eucalypt woodlands, tropical rainforests,
savannah woodlands and coastal heathlands.

•

Rehabilitation technique: EFA can be applied to reconstructed mining landforms which differ in
slope length, gradients and outer surface profile depending on the rehabilitation techniques
employed.

The applications and uptake of LFA and EFA abroad
EFA has been successfully tested and implemented as a tool to determine ecosystem function across a
diverse range of natural and mined landscapes outside Australia including Africa, the Middle East, southern
Europe and Asia (Tongway and Hindley, 2003; Maestro and Cortina, 2004; PIRSA, 2006).
Some of the recent applications of LFA and EFA abroad include the following:
•

LFA is currently being used by National Parks managers and rangeland managers in South Africa,
Botswana, Kenya and Ethiopia to assess overgrazing in game parks and conservation reserves
(D. Tongway, pers. comm. 2008).
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•

EFA mining workshops have been conducted in the South African Witwatersrand gold fields,
platinum corridor, and for mines in Namibia to educate land managers in its application on
rehabilitated mining landscapes.

•

Two PhD studies focusing on utilizing LFA in assessing rangeland ecology in Iran are currently in
progress.

•

Two PhD studies focusing on utilizing EFA in assessing rangeland ecology, and mine land
condition, in South Africa are currently in progress.

•

The University of Alicante (Spain) have successfully implemented research projects in Spain and
Libya using LFA concepts in desertification studies.

•

LFA concepts were extensively used in the United Nations Compensation Commission (UNCC)
evaluation of military damage caused to desert ecosystems by the 1990 Gulf War.

•

The LFA Procedures Manual for Monitoring and Assessment of Landscapes (Tongway and
Hindley, 2004) has recently been translated into Mandarin and Indonesian (by Dr Dwi Setyawon)
and Farsi (Dr Ali Heshmati) for use in general land management.

•

Fernando and Puche (2008 in draft) concluded that “this methodology (LFA) has an enormous
potential to assist land managers and policy makers in the establishment of cost-effective
desertification monitoring and restoration programmes in semi-arid environments”.

EFA in determining the thresholds for rehabilitation and closure
A study conducted in the wet tropics of the Kelian Mine in Kalimantan Malaysia (Setyawan, 2005), clearly
demonstrated that by Year 7 post rehabilitation, the principle LFA values were 70 % that of the analogue,
as demonstrated in Figure 4.
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LFA data Kelian mine rehabilitation

The South Australian mining industry regulator PIRSA (Randall, 2004) applied a programme of research
evaluation of LFA at the Cook Plains Gypsum Mine. The study concluded by suggesting that the EFA
technique gives the mining industry the opportunity to achieve best-practice rehabilitation assessment and
monitoring in conjunction with regulatory bodies. EFA will be useful as a quantitative tool for companies to
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demonstrate achievement of rehabilitation outcomes, and to support the current rehabilitation sign-off or
bond review processes by government. Its use can provide a scientifically-valid method of quantifying
rehabilitation success at mine sites, and a level of rehabilitation liability for bond review. There are many
other scientific programmes currently being tested to monitor rehabilitated areas on mine sites, however,
these are still in the experimental stage (Randall, 2004).

Use of EFA in continual improvement in rehabilitation practices
•

EFA was used to assess a series of rehabilitation trials and covers materials on dispersive and
saline clays used to build the walls at the Kanowna Belle tailings facility (Outback Ecology, 2004).

•

EFA was employed to monitor the progress of reinvigoration treatment to promote rehabilitation on
historic landforms at each trial site at the Lawlers Gold Mine (Outback Ecology, 2005b).

•

EFA was employed to determine the most effective rehabilitation strategy for drill footprints
comparing ripping, versus non-ripped techniques on the Mitchell Grass Plains and arid gibber
plains at Beverley Uranium mine (Outback Ecology, 2007a).

•

EFA was employed to monitor the Germania Offset Block (Victoria Clearing Legislation
Requirement) for Bendigo Gold. Transects were established in areas representative of the diverse
heathy woodland vegetative communities and sites disturbed by fire, areas which have been
physically disturbed, and undisturbed heathy woodlands. Suitable reference sites were established
within the nearby Deep Lead Nature Conservation Reserve to capture any alterations in EFA data
resulting from seasonal and environmental fluctuations in future assessments, and to compare
progression and responses to rehabilitation management effects (Outback Ecology, 2005c).

•

EFA was used to assess the effectiveness of rehabilitation trials of a series of large scale
earthworks techniques at BHP Iron Ore, Yarrie Mine. Moonscaping, benching and ripping were
tested and EFA was used to determine which was the most effective treatment for ecosystem
success (Outback Ecology, 2007b).

Centennial Coal (2007) reports that a detailed set of completion criteria is being developed in order to
provide an assessment framework for the success of the ecological and rehabilitation management
measures. These criteria will relate to the objectives of the retention of existing vegetation, revegetation
and regeneration activities, fauna, habitat, habitat augmentation and LFA.
Lacy and Potts (2008) report that Newmont Australia has included the aspects of LFA and EFA as a
component in drafting completion criteria for many of their Australian operations (Tanami, Jundee, Granites
and Woodcutters), i.e. “Demonstrate that measured values for Landform Function Analysis, and Habitat
Complexity trends towards relevant reference sites, or is appropriate in terms of an appropriate regional
completion criteria”. This is measured by annual EFA monitoring with results provided in the annual
monitoring report.
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EFA as a tool for reducing financial liability and giving evidence of
achieving closure
There are real and verifiable examples where EFA has been utilized to close out rehabilitation liabilities and
recover monetary assurances. Staged reductions in financial sureties have been successfully negotiated at
a number of sites in Western Australia, in recognition of demonstrated rehabilitation success:
•

The authors are aware of a cumulative total of ~ A$5.2 million to date in the reduction of securities
through the use of EFA monitoring programmes.

•

The Australian division of Homestake Mining commenced a mine closure programme in 2001 that
involved the recovery of performance bonds and ~ A$ 3 million was sought and achieved in postclosure works by demonstrating the stability of landforms and developing ecosystems through the
use of EFA across four mine sites, and 43 landforms.

•

At Minjar Mine 2003/04, bonds have been reduced twice, first after primary earthworks, by
A$116,000 and then post year two of EFA monitoring by A$250,000.

•

Resolute Mining in 2003/04, recovered A$249,000 at Chalice Mine, A$241,000 at Higginsville
Mine, A$559,000 at Bullabulling Mine, and A$72,000 at Widgiemooltha Mine.

•

View Resources recovered at Mt McClure Mine A$650,000 in 2006.

Details of the bond reductions quoted above are available to subscribers on the DoIR WA Mineral Titles on
Line Service (http://www.doir.wa.gov.au/3968.aspx).
EFA has been utilized to close out rehabilitation liabilities, to recover monetary assurances, and to effect
sign-off and closure at mine sites. For instance, at the Bottle Creek Mine (Anderson et al., 2002; DoIR,
2006) the Minister for State Development in Western Australia deleted all tenement conditions associated
with the Bottle Creek Project and returned the bonds, thereby confirming that Norgold Limited had
rehabilitated the site to the satisfaction of the State Mining Engineer. One of the monitoring tools to
demonstrate that the site could be relinquished was validation of the rehabilitation and developing
ecosystem using ecosystem function analysis (EFA), that reported on the site condition by the comparison
of functionality displayed by the rehabilitation in comparison with analogue sites in the surrounding region
(DITR, 2006). The use of a robust monitoring technique over time was able to demonstrate adequately
completion criteria in the rehabilitation. This evidence was accepted by the regulator leading to the final
relinquishment of the mine.
At Timbarra Mine, New South Wales, the mine closure plan includes a programme for rehabilitation
performance monitoring throughout the closure period. Rehabilitation performance monitoring is based on
CSIRO's ecosystem function analysis (EFA) method. CSIRO have been retained in an ongoing review
capacity to validate methodologies and data interpretation (Curry, 2005).
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Discussion
Going forward
As with all monitoring techniques, competency in the use of LFA and EFA in the field and the interpretation
of data requires effective training through quality assured programmes. Teaching the technique by inclusion
in universities curricula, and hands-on training for practitioners in the field, is a necessity to ensure the
technique is applied competently, providing ongoing confidence in the data produced. The development of
an accreditation programme would provide employers with confidence in their staff and contractors to
undertake EFA and such a programme could well be expanded to include all monitoring techniques over
time. Mentoring is also a valuable tool in supporting field practitioners in developing their skills with
application of all monitoring tools.
EFA – the “leatherman” of monitoring tools – could be considered as an important collection of techniques
in one system. It should be reinforced that EFA is not the only monitoring tool but can be a powerful
component of an integrated system. The value of EFA is the ability to demonstrate, at a simple level, if an
ecosystem is functional or non-functional and other tools can then be applied to focus on cause and effect.
A challenge for the future is to define better and explain to practitioners how to select the most appropriate
monitoring tool for their situation and stage of development.

Summary
Land managers require an integrated set, or toolbox, of monitoring techniques to provide them with the
information they need to manage their land effectively. Many of these monitoring techniques focus on
specific aspects of the environment they are measuring and do not provide the manager with a more
holistic view of how the ecosystem under their control is developing or performing. Experience of using LFA
and EFA over many years in a wide range of different environments has demonstrated that they are
effective tools in providing this information. The choice of which technique is used, LFA or EFA, will depend
on the situation and capacity and experience of the management team, and can be supported with more
quantitative monitoring tools if required. It is also clear that these tools provide the regulator and other
stakeholders with the sort of information they need to verify an adequate level of management
performance.
The LFA and EFA monitoring techniques have been developed and scientifically validated by scientists
from CSIRO’s Sustainable Ecosystems over a long period. The techniques have been tested over a wide
range of landforms and rehabilitation in many different ecosystems, both in Australia and overseas. The
techniques bring together data from soil, nutrient cycling, vegetation structure and habitat complexity to
provide a simple but powerful measure of overarching performance over time. The techniques are based
on indices and data collection processes that are relatively simple and can be taught quickly by
experienced operators. When applied over time, these tools provide all parties with an accurate view of
how the land they are managing is performing. It also enables targeted treatment of areas that are not
performing by indicating which aspect is not functioning in the system.
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The mining industry worldwide has been quick to recognize the usefulness of this technique in the
management of rehabilitated and remediated lands under their control. This has been supported by the
regulatory authority in Western Australia and other Australian states, and has enabled the effective
reporting of rehabilitation performance and in many cases has been the source of information to enable the
reduction of securities on operations where rehabilitation has been successful. Work is currently underway
to develop the relationships between EFA data and data collected from remote sensing, in particular aerial
hyperspectral data. The focus of this work is to develop a set of techniques that could provide a body of
landscape data set.

Conclusion
In conclusion LFA and EFA are effective, tried-and-tested monitoring tools for measuring ecosystem
performance, and the authors believe they have a important role in any integrated monitoring programme
applied to demonstrate performance of rehabilitation that is a natural outcome of the mine closure process.
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Introduction
Over the past 30 years there have been major changes in the industry’s approach to mine closure driven by
changing stakeholder perceptions, regulator responses to these perceptions and, to some extent, legacy
concerns. However, there is still a tendency for mining companies to view closure as a matter of simply
adopting and applying regulator guidelines in the hope that this will bring about automatic relinquishment of
obligations and liabilities. This approach is clearly inappropriate as evidenced by low number of mines in
Australia that have achieved relinquishment.

We have reached a situation where the overwhelming

majority of non-operating mines remain on indefinite care and maintenance, a de facto closure status but
with lingering long term liabilities and obligations. Such a situation is clearly not sustainable. The method
and approach outlined in this paper is designed to assist mining companies to progress towards
relinquishment by means of sustainability-based, consensus driven, mine closure design.
To be long term sustainable a mine closure design needs, from the outset, to take into consideration all four
pillars of sustainability, economic, environmental. social and governance, in identifying long term
sustainability criteria. Specifically, the design needs to consider the extent to which alternative closure
approaches will satisfy these criteria. The mine’s setting and stakeholder requirements will determine the
relative weightings of the sustainability criteria and so it essential for decision-makers in the closure design
process to reach consensus on these weightings.
Closure entails the selection between alternative closure measures.

In this paper it is shown that

alternative closure measure selection through the application of Analytical Hierarchy Process for Decision
Making (AHP) techniques incorporating pair-wise comparison workshops to develop criteria weightings is a
practical, sensible and, most important, consensus-building approach to sustainability-based closure
design. The approach is described and its method of application is demonstrated through two examples.

ENSURING BALANCE IN THE APPLICATION OF SUSTAINABILITY
To ensure balance in the application of sustainability to design processes it is vital to ensure that:
•

The list of sustainability issues against which a design is to be assessed draws from all four pillars of
sustainability, namely, Environmental, Social, Economic and Governance pillars.

•

The list is pertinent and appropriate to the mine setting

•

Appropriate, consensus-based weightings are applied to the issues since not all issues are of similar
relevance.

These aspects are elaborated on below.
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2.1

Typical list of sustainability issues for closure

Table 4 shows a list of closure-related sustainability issues developed from consideration of sustainability
issues under each pillar. For a given mine setting not all of the issues listed in Table 4 may be pertinent
and, as importantly, for a given mine setting there may be issues that have not been included.

2.2

Ensuring that the list of sustainability issues is pertinent to the mine
setting

Not all issues in the typical sustainability list are likely to be pertinent to the particular mine setting. Marked
differences will occur for mine settings that are in a rural location within a developing nation where poverty
dominates the social fabric compared with a mine setting in a developed nation where the mine borders on
suburbia where income levels may be high by world standards.
It is therefore essential to ensure that the list of sustainability issues applied in the closure planning process
is pertinent to a particular mine setting. To this end it is essential to carry out the following activities:
•

Review the mining company sustainability policy and identify sustainability issues specifically covered
by the policy.

•

Review a general list of closure-related sustainability issues in conjunction with the mining company
and stakeholders so as to ensure that there is consensus that the derived list covers all pertinent
issues.
Table 4: Typical closure-related sustainability issues

Pillar

Focus

Environment

Atmosphere

Sustainability
issue
Climate change

Contextualisation

Clarification

Extreme weather – flooding,
increased temperature

Causing excessive erosion,
destruction of effluent treatment
equipment etc
Water availability to sustain
vegetation
Wind erosion resulting in dust
As a result of runoff from
dumps, dams and buried waste
As a result of seepage from
dumps, dams and buried waste
As a result of deposition of
eroded materials or water
contamination
Through deposition of eroded
materials
or
water
contamination
Pastoral, tourism
Subsurface stability
By dispersion of solids

Rainfall variation
Water

Air Emissions
Water
contamination

Dust
Surface discharge
Sub-surface discharge

Biodiversity

Ecosystem
alteration

Destruction
Land alteration

Waste

Waste exposure

Land use
Ecosystem stability
Land contamination
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Pillar

Focus

Social

Equality

Sustainability
issue
Community
engagement

Contextualisation

Clarification

Communication/engagement

Public participation in closure
planning
Buildings, roads and fencing
that could be taken over by the
community
NGO’s, politics
Maintenance

Facilities/infrastructure transfer

Poverty
alleviation/
community
socioeconomics

Lobbying
Continuing employment after
closure

Entrepreneurial opportunities

Human Rights
Social Justice

Theft
Local culture

Health

Health status of
community
Safety on mine
site
after
closure
Healthcare
in
community

Education

Competency &
capacity

Communication

Stakeholder
involvement

Property and labour rights
Discrimination and inequality
Education inequality
Impact of theft
Social Customs
Indigenous groups
Heritage
Quality of life
Injury & disease from exposure
to closed mine site
Safety protection and response

Creation
of
post
mining
economic activities eg Tourism,
rock for road building, sale of
effluent treatment products.
Engagement, conflict resolution
Race, colour, gender, religion
Women, minority groups
Of
transformers,
effluent
treatment equipment etc
Respect
Respect
Archaeological/ anthropological
preservation
After closure
Access roads, acute, chronic,
ongoing health monitoring
Public access to mine site after
closure

Accessibility

To health care facilities

Long term health of employees

Long
term
repercussions
Post closure

Sustainability of Health Care
Services
Employee
competency/skill
level
Training
Internal communication
External reporting
Transparency/credibility
Sustainability Marketing
Reputation
Dissent
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medical

For post closure employment
on maintenance
Local community for post
closure maintenance
Lead up to closure
Regular
and
continuous
through the closure period
Accuracy and timeliness of
information to stakeholders
Provide
substance,
not
greenwash
License to mine
Protest, boycott or violence

Pillar

Focus

Economics

Economic
Performance

Product
Consumption

Sustainability
issue
Cost
&
Affordability

&

Contextualisation

Clarification

Closure Cost

Degree of maintenance

Closure financing
Trust funding

Cash in the bank
Need to establish a trust fund to
pay for ongoing maintenance /
community commitments by
provide interest to pay for
maintenance
Local, regional, country
For maintenance

Economic impact of closure
Cost

Energy Costs

Reliability of source

Reliability of services that will
be needed to maintain post
mining activities
Services used only for purpose
intended
Implemented

Security
Governance

Corporate Gov.

Social
Governance

Codes
conduct
Compliance

of

Retrenchment &
Claims

Values
Legal requirements
Industry Standards
Stakeholder Expectations
Employee rights

Accountability
Precaution principle

Compliance
Best Practice
Accepted
Retrenchments and termination
of employment
Retrenchments and termination
of employment
Dealing
with
post-closure
claims
Responsibility defined
Unknowns and certainty

Closure prescriptions
Accountability
Planning for closure

Certainty and stability in closure
Responsibility defined
Financial accuracy

Bribery & Corruption
Bureaucracy
Accountability

Transparency and honesty
Timing and red tape
Responsibility defined

Unionisation & agreements
Health and safety policy
Environmental
Governance
Economic
Governance

2.3

Closure
Planning
Financial
provisions

Development of consensus-based weightings

Not all pertinent sustainability issues are of similar importance.

The process of reviewing the list as

discussed in 0 above will achieve consensus on the list, however, achieving consensus on the relative
importance or weightings of the issues is likely to be more problematic unless the process is well
structured. This is because stakeholders and the mining company representatives will likely begin the
process from significantly different standpoints on the sustainability issues and each person will be “rowing
their own boat”. Without a carefully managed and structured process that is perceived by all to be fair in
that it allows the expression of each persons viewpoint and an appropriate level of discussion on competing
viewpoints it will not be possible to gain consensus.
Application of Analytical Hierarchy Process for Decision Making (AHP) techniques incorporating pair-wise
comparison workshops to develop criteria weightings is a practical, sensible and, most important,
consensus-building approach to sustainability-based closure design.

Experience has shown that by

conducting the workshops with the full engagement of financial, environmental, engineering, regulatory and
stakeholder representatives drawn from the owners team, the regulator’s team and the affected community,
PROCEEDINGS- 2010 WORKSHOP ON ENVIRONMENTAL MANAGEMENT
217

the potential for achieving substantial consensus is maximized. This is because the application of AHP
techniques enables:
•

Open discussion and agreement on the importance of each sustainability issue in relation to every
other sustainability issue.

•

The discussions to take place in an orderly open manner by confining the discussions at any time to
only two sustainability issues

•

The development of a numerical basis for the relative levels of importance between any two
sustainability issues and the application of matrix arithmetic to the numbers to calculate weightings.
The matrix arithmetic is founded in rigorous mathematics and is not subjective so the weightings are a
direct product of consensus-reached levels of importance.

The next section describes the pair-wise comparison process and the matrix arithmetic.

The pair-wise comparison process
The pair-wise comparison process entails the following steps:
•

Setting up a matrix of the sustainability issues such that the issues are listed both across the matrix
and down the matrix in the same order.

•

Convening a workshop to compare the issues. It is vital to ensure that a broad spectrum of people
representative of the full range of disciplines involved in closure design and also representative of the
full range of stakeholders be engaged in the workshop.

•

Reviewing and agreeing the list of sustainability issues, adding or subtracting issues as necessary.

•

Systematic comparison of each sustainability issue against every other sustainability issue taking the
issues two at a time ie in pairs. In the comparison process the question is asked “to what extent is this
sustainability issue more or less important than that sustainability issue, or is it of equal importance”. A
numerical scale is used as indicated in Table 5.

•

The matrix is populated by discussing each of the shaded cells in Figure 9 which shows a few
sustainability issues for illustration purposes.

The unshaded cells are the reciprocals of the

corresponding shaded cells. An issue compared against itself is logically of equal importance and
hence one’s appear on the diagonal of the matrix.

PROCEEDINGS- 2010 WORKSHOP ON ENVIRONMENTAL MANAGEMENT
218

Table 5: Numerical comparison scale

Numerical scale

Meanings
Absolutely less important
Strongly less important
Weakly less important
Equal to
Weakly more important
Strongly more important
Absolutely more important

1/9
1/6
1/3
1
3
6
9

Figure 9: Typical pair-wise comparison matrix.

Criteria

Climate change

Climate change
Air Emissions
Water contamination
Ecosystem alteration

1
6
1/9
1/3

Air Emissions
1/6
1
1/6
1/6

Water
contamination
9
6
1
6

Ecosystem
alteration
3
6
1/6
1

Through the calculation of Eigen values and Eigen vectors using conventional matrix arithmetic it is
possible to determine the weighted value of each sustainability issue. This method is described by Yager
[1, 2].
Censum 10 is the matrix tool that is central to the decision-making process. It is a computer program that

displays the criteria and ratings explicitly and keeps track of the many judgements made during the
workshop. It carries out the set matrix and matrix algebra and is based on the Analytic Hierarchy Process to
produce ranked alternatives that has shown to be invaluable in decision-making.
Having established consensus-based weightings it is possible to apply these weightings in a process of
comparing closure alternatives.

Frequently these alternatives entail a trade-off between cost and

effectiveness and between sophistication and practicality. In any closure situation there are usually several
approaches or alternatives that can be considered for implementation. Commonly these address closure
objectives with differing degrees of effectiveness and reliability. Some are more practical than others and
there are always cost differences. So, the question becomes down to a trade-off comparison between the
alternatives. The next section highlights a number of typical trade-off’s.

Typical closure trade-off’s
Typically the following closure trade-off’s characterise a mine closure design:
•

Final land use alternatives- trading off what is desirable and what is achievable. This trade-off begins
with consideration of whether the whole or parts of the site should be returned to natural habitat,
developed for further use in tourism or industry, or made available for pastoral use.

•

Control of effluents generated by tailings storage facilities and waste rock dumps – trading off cost
against reliability and maintenance, and specifically the extent to which these should be passive or
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entail long term water treatment.

This is particularly relevant on sites that experience acid rock

drainage.
•

Control of erosion of tailings storage facilities and waste rock dumps and covers to other potentially
contaminating mounds or residual landforms – trading off cost against reliability and maintenance.

•

Agreement with regulators on practical closure completion criteria that, if met, will automatically lead to
relinquishment of the closed mine site to Government – trading off cost and long term reliability.

•

Employee retrenchment options - trading-off the extent to which these can incorporate post closure
contract work or the sponsoring of entrepreneurial endeavours.

The above list is not exhaustive and will vary depending on the mine setting and stakeholder expectations.
Detailed evaluation of each closure trade-off will lead to the identification of alternatives that will differ in
terms of their cost, reliability and post closure commitments. More importantly they will differ in terms of
their ability to address sustainability issues which will encompass aspects of cost, reliability and post
closure commitments.

Selection between alternatives on the basis of sustainability
The process of selecting between comparable alternatives is described by Saaty and Yavuz [3, 4] and is
commonly described in the literature as Fuzzy Multiple Attribute Decision Making (FMADM).

The

procedure is as follows:
•

A matrix is prepared where the alternatives are listed across the top of the matrix and the sustainability
issues are listed down the side of the matrix.

•

The same group who participated in the development of the pair-wise comparison based weightings is
assembled to review the details of the alternatives.

•

After the review a “mark” out of 100% is assigned to each alternative for its performance against each
sustainability issue. Practically this entails reaching consensus on the relative extent to which each
alternative performs against each sustainability issue and the discussions take place “line by line”
rather than “column by column”.

•

The relative “marks” are combined with the weightings and the three alternatives are ranked to produce
a list that indicates the order in which the alternatives most satisfy the full list of sustainability issues.

Figure 10 shows a typical alternatives comparison matrix.

Figure 10: Alternatives comparison matrix

Criteria
Climate change
Air Emissions
Water contamination
Ecosystem alteration

Alternative 1
90%
90%
20%
50%

Alternative 2 Alternative 3
90%
40%
60%
90%
50%
70%
60%
90%
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The process is illustrated below through typical examples of mine closure issues.

Examples
Example 1
The mine setting in Example 1 is as follows:
•

The mine is located in a rural area within a developing nation. Around the mine site and in close
proximity to the mine site boundary there are clusters of dwellings whose inhabitants survive on
subsistence farming...

•

Drinking water is generally obtained from shallow wells founded in the regolith. In one village, which is
located some 2km down contour of the mine site, there is a water supply borehole equipped with a
manual pump and this supplies drinking water to all of the village inhabitants and livestock.

•

Part of the labour force for the mine has been drawn from the villagers and surrounding community and
these employees and their families benefited from gainful employment and some have demonstrated
an ability to assist with post-closure maintenance.

•

The community is keen to return the land within the mine site area to pastoral use and the elders have
indicated that they would like to take over one of the mine buildings for development by the community
as a secondary school.

The mine itself may be described as follows:
•

It is a copper-gold operation with low grades of cobalt in the tailings and waste rock.

•

The ore is mildly acid generating. Sulphides occur in a number of geological formations that make up
the waste rock. While there is high neutralisation capacity and the sulphides are highly dispersed
through the waste rock there are likely to be issues relating to neutralising products specifically MgSO4
(Epsom salts).

•

The mine is considering the application of store and release covers to the top surfaces of the waste
rock dumps and tailings storage facilities but anticipates that there will be sufficient percolation into
these structures through the covers and through exposed side slopes to generate contaminated
effluent through and in the aftermath of each wet season.

•

Three alternatives for dealing with the MgSO4. These are:
• Alternative 1: Canalisation of the effluent past inhabited areas and discharge into a major

watercourse as studies have shown that the MgSO4 is rapidly diluted and poses minimal threat to
ecosystems in the water course.
• Alternative 2: Containment and evaporation of the effluent in a series of constructed ponds. These

ponds will act as pans and, during the dry season, will enable the recovery of the MgSO4 and
potential sale of the product as a soil improvement agent. Contamination by cobalt, however, limits
the marketability and price of the product.
• Alternative 3: Long term treatment to remove the MgSO4 and the sale of the recovered product as a

soil improvement agent.

The recovered MgSO4 will be purer than the product from simple
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evaporation and therefore command a higher price, and it will be possible to separate precipitates
that contain marginally commercial amounts of cobalt.
A workshop involving the mine closure team, the regulators and elected community representatives has
•

agreed a list of sustainability criteria, and;

•

has gone on to develop the pair-wise comparison matrix.

Figure 11 lists the sustainability criteria as well as the pair-wise comparison ratings.
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Closure Planning

Retrenchment & claims

Compliance

Codes of conduct
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Cost & Affordability

Stakeholder involvement

Competency & capacity

Healthcare in community

Safety on mine site after closure

Health Status of community

Local Culture

Theft

Human Rights

Poverty Alleviation

Community engagement

9

Water contamination

1

Waste exposure

Water contamination

Air Emissions

Climate change

Criteria

Ecosystem alteration

Figure 11: Pair-wise comparison matrix for Example 1
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A second workshop has subsequently been convened to review the details of the three alternatives and
has led to the development of the alternatives comparison matrix shown in
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Figure 12.

Figure 12: Alternatives comparison matrix for Example 1
Criteria

Climate change
Air Emissions
Water contamination
Ecosystem alteration
Waste exposure
Community engagement
Poverty Alleviation
Human Rights
Theft
Local Culture
Health Status of community
Safety on mine site after closure
Healthcare in community
Competency & capacity
Stakeholder involvement
Cost & Affordability
Energy Costs
Codes of conduct
Compliance
Retrenchment & claims
Closure Planning
Financial provisions

Dilution

90%
90%
20%
50%
30%
20%
20%
50%
80%
50%
20%
80%
50%
80%
30%
90%
90%
20%
30%
30%
20%
80%

Evaporation
and harvest
salts
90%
60%
50%
60%
20%
50%
60%
50%
50%
50%
10%
30%
50%
60%
50%
60%
80%
50%
70%
60%
40%
60%

Water
treatment to
high quality
40%
90%
70%
90%
90%
80%
75%
50%
20%
50%
80%
60%
50%
30%
70%
20%
40%
70%
90%
80%
90%
30%

Combination of the weightings from the pair-wise comparison matrix with the results of the alternatives
comparison matrix results in the ranked order of preference for the alternatives indicated in Table 3:
Table 3: Ranked alternatives for Example 1
Rank

Solution

1

Evaporation and harvest salts

2

Water Treatment to High Quality

3

Dilution

From Table 3 it is evident that alternative 2 best strikes the balance between the sustainability criteria and
represents the optimal trade-off result.
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Example 2
The mine setting in Example 2 is as follows:
•

The mine is located in a developed nation on the outskirts of a town of 10,000 inhabitants. The mine is
one of several in the area some of which are still operating and a few of which are on care and
maintenance.

•

The town community comprises trades people and mine employees and there are several
manufacturing businesses that serve the mine.

•

New mines are being developed in the region and are planning on housing their employees in the town.
To accommodate these additional employees land suitable for sub-division into housing has been
proclaimed and this land extends along the boundaries of the mine site.

•

Rainfall on the mine is dominated by cyclone events and falls heavily over a relatively short wet
season.

The mine itself may be described as follows:
•

It is an open pit lead-zinc mining operation in a paleochannel that comprises dispersive material.

•

The ore is alkalinic and non-acid generating.

•

The mine is concerned about the potential for erosion and dispersion of the open pit waste material that
has been placed in dumps close to the boundary of the mine site and presents risks of liability due to
potential dispersion of the eroded material over the new housing sub-divisions.

•

The mine is further concerned about the fact that the dispersive waste material forms large erosion
gulleys and tunnels. The location of the dumps close to the boundary presents liability concerns since
there is potential for children to access the dumps and be injured by falling into cavities or having
tunnels collapse onto them.

•

Three alternatives for dealing with the dispersive dumps have been identified. These are:
• Alternative 1: Provide and maintain a security fence around the dump to prevent access, and

provide a containment bund adjacent to the fence to contain eroded material. Re-shape the dump
to prevent ponding and hence reduce the development of tunnelling.
• Alternative 2: Re-profile the dump and cover the entire surface with a series of layers of material

beginning with a compacted, non-dispersive clay layer to seal the surface, a layer of nondispersive, competent waste rock quarried within the mine property, and a layer of topsoil ripped
part way into the waste rock so as to generate an erosion-resistant medium that will promote
vegetation growth. The waste rock will serve two purposes. It will provide drainage at the clay
surface and reduce ponding, and it will act as a barrier for root penetration... Some maintenance to
prevent the establishment of large trees will be required in order to ensure that the clay capping
remains intact.
• Alternative 3: Re-excavate the dump and re-place it in the open pit. Since the dump material will

have bulked there will be a residual mound which would be treated as per Alternative 2 but will
likely require minimal maintenance.
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A workshop involving the mine closure team, the regulators and elected community representatives has
agreed a list of sustainability criteria and has developed the pair-wise comparison matrix. These are
indicated in

Figure 13.

Figure 13: Pair-wise comparison matrix for Example 2
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A second workshop has been convened to review the details of the three alternatives and has led to the
development of the alternatives comparison matrix shown in
Figure 14.
Figure 14: Alternatives comparison matrix for Example 2
Criteria
Climate change
Air Emissions
Water contamination
Ecosystem alteration
Waste exposure
Community engagement
Community socio-economics
Human Rights
Theft
Local Culture
Health Status of community
Safety on mine site after closure
Healthcare in community
Competency & capacity
Stakeholder involvement
Cost & Affordability
Energy Costs
Codes of conduct
Compliance
Retrenchment & claims
Closure Planning
Financial provisions
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40%
10%
40%
30%
10%
20%
60%
20%
50%
60%
40%
20%
80%
70%
40%
70%
70%
40%
20%
80%
40%
80%

Multilayer cover Remove to pit and cover
30%
25%
90%
90%
70%
90%
80%
80%
80%
80%
70%
90%
70%
70%
80%
80%
90%
90%
90%
90%
80%
90%
80%
90%
80%
80%
80%
80%
90%
90%
30%
10%
90%
90%
70%
90%
80%
90%
80%
80%
80%
90%
40%
20%
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Combination of the weightings from the pair-wise comparison matrix with the results of the alternatives
comparison matrix results in the ranked order of preference for the alternatives indicated in Table 4:
Table 4: Ranked alternatives for Example 2
Rank

Solution

1

Security fence & containment bund

2

Remove to pit and cover

3

Multilayer Cover

From Table 4 it is evident that Alternative 1 best strikes the balance between the sustainability criteria and
represents the optimal trade-off result.

CONCLUSIONS
In carrying out closure planning it is essential to incorporate processes and methods that will encourage the
development of a shared understanding of the constraints and limitations of long term closure. It is only
from an understanding of these that discussions on closure completion criteria can be concluded. The key
lies in the attainment of consensus on the weightings of sustainability criteria through the application of
pair-wise comparison techniques which ensure that discussions remain focused but, at the same time, all
sustainability criteria are given equal consideration.
An approach has been described for applying a pair-wise comparison process to obtain the weightings of
sustainability issues as well as selection between alternative closure measures on the basis of
sustainability using the weightings in combination with Analytical Hierarchy Process for Decision Making
(AHP).
The approach has been illustrated by means of example applications which show the versatility of the
approach in ensuring that appropriate consideration of the full spectrum of sustainability issues pertinent to
a specific mine setting takes place during mine closure planning.
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Monitoring Databases
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Abstract
EHS Data have been providing software and services to our clients to help them manage and report on
their Environmental, Health and Safety Data for more than 14 years. This paper deals with the global
evolution in environmental concerns and how this changes the data management obligations and
requirements of companies.
We have found that the drivers range from mandatory obligations such as permits, through voluntary
processes such as Sustainability / Corporate Social Responsibility. Historically the management of
environmental impacts was of concern because it had to be and companies could simply not operate
unless they had a Permit within which their environmental impact was regulated. In recent years however,
voluntary processes have grown rapidly and companies have increasingly seen these as a means of
demonstrating to shareholders, potential investors and other stakeholders that they behave responsibly and
seek to manage and reduce their impacts. In Western Australia further drivers have also come to the fore
over recent years. These include the obligations created by the National Pollution Inventory, which requires
that qualifying companies report on emissions of 93 polluting substances, and the National Greenhouse
and Energy Reporting Act which includes energy use and consequent CO2 production, as well as a range
of other greenhouse gases such and halogenated organic materials (e.g. CFC’s) nitrous oxide, methane
and sulphur hexafluoride.
All of these drivers mean that companies have to manage and report on an ever-increasing volume of data.
In the past as data collection was simple this was often carried out using generic tools such as Microsoft
Excel. With the increase in drivers however, the volume and complexity of the data management task has
grown rapidly and, as a consequence, the ability of Excel, and similar tools, to cope has reduced. This has
meant that companies are very often unable to efficiently manage and report on data, leading to a potential
inability to manage performance, loss of confidence of regulators and increased corporate risk. There are
however a number of specialist tools on the market to help with this process and we describe some of the
ways our systems have had to evolve to help clients, particularly in Western Australia, with the
management of this task.
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Introduction
According to our clients in Western Australia and elsewhere a mining operation has a range of
environmental impacts at different stages in its life (Table 1).
Table 1
The Environmental impact of mining at different stages in a mines life
Mine stage

Significant Environmental Impacts

Exploration

Vegetation clearance; impacts on cultural heritage; ground
disturbance, water management (e.g. for drilling); weed management;
spills and environmental accidents; loss and damage to topsoil
required for eventual rehabilitation.

Construction

Land disturbance and local environment compared to baseline;
groundwater and surface water; dust; waste management; noise.

Operation

Air Quality (e.g. dust, SO2 and other emissions from plant); noise;
groundwater and surface water impacts; water use, waste rock
management and subsequent acid rock drainage and erosion;
chemical use; environmental incidents (e.g. spills); waste
management (identification and segregation of waste streams,
recycling)

Closure aftercare

Seepage and toxic effects from waste rock and tailings; rehabilitation
of the site.

The management of these impacts is undertaken as result of various drivers which in mining, as in many
other industries, are many and complex. Companies are however increasingly seeing environmental
management as added value processes in terms of, for example, managing corporate risk and attracting
investors as opposed to merely being required as a permit condition.

The Drivers of Environmental Management
The drivers of environmental management can be grouped into two main categories; mandatory and
voluntary. In the first category are Permits to operate and the obligations on qualifying companies under the
National Pollution Inventory and The National Greenhouse and Energy Reporting Act. In the second
category are voluntary processes which are more related to company and industry values. These include
Sustainability management programmes and the International Cyanide Code.
Permits to Operate

The first and most obvious drivers are permits which are obligate processes. These impose conditions on
an operation which force it to manage its environmental impacts responsibly. There are various regulatory
bodies around the world who grant permits which can be something of a minefield to navigate. But
navigated it must be since no permit equates to no operation. In Western Australia the Department of
Mines and Petroleum is responsible as the main regulator at various stages in mines life although permit
PROCEEDINGS- 2010 WORKSHOP ON ENVIRONMENTAL MANAGEMENT
230

obligations are placed on the operators by The Department of Environment and Conservation and The
Department of Water. The obligations placed on the company include that they adopt various operating
procedures on the site as well as a requirement to monitor, often against threshold targets, various of the
materials which have an impact to land, air and water. Elsewhere in world similar processes exist although
in some geographies regulators also require the adoption of certain process standards. For example in
Europe the Integrated Pollution Prevention and Control regime requires companies to adopt BAT (Best
Available Technology) in their operation which for example may stipulate technology which will produce the
least waste or use less hazardous material in operation.
Pollution Inventories

The National Pollution Inventory (NPI) in Australia, similarly to other processes across the world is driven
by the need to supply information on pollutant release to the public. It mandates qualifying companies to
report on the release of 93 substances identified as a result of their potential impacts to the environment
and health. These are necessary across industry but in mining include:
•

emissions to air (e.g. as dust, products of combustion from fuel use for transport and energy
production and blasting),

•

Emissions to water (e.g. Overflow of waters with or without suspended solids from a tailings
storage facility to a water course, overflow of water/suspended solids from antipollution pond to a
water course, run-off / leachate from a waste dump/haul road directly to a water course and
seepage of pit water to regional groundwater or leakage from tailings dams)

•

Emissions to land (e.g. from tailings dams, the application of irrigation substances and
unintentional leaks and spills)

In North America similar processes exist such as the Canadian National Pollution Release Inventory and
the Toxics Release Inventory in the USA, borne out of the Emergency Planning and Community Right to
Know legislation. Similarly in Europe the Pollutant Release and Transfer Register (E-PRTR) contains data
reported annually from some 24,000 industrial facilities covering 65 economic activities across Europe.
Greenhouse gases

The Australian National Greenhouse Gas and Energy Reporting Act (NGER), passed in 2007, places an
obligation on qualifying companies to report on a range of greenhouse gases including CO2, CFC’s,
fluorocarbons, nitrous oxide, methane and sulphur hexafluoride. For many the dominant contributor is
energy use or production which needs to be reported by type and by activity (e.g. transport, industrial
processes, fugitive emissions). This process had its first round of reporting starting in 2008 and is driven by
the impetus around global warming, the United Nations reporting obligation and the evolution of carbon
trading. The NGERS process also has its counterparts in Europe via the European Union Emissions
Trading Scheme (EU ETS) and in North America.
Sustainability

Sustainability goes under various different names including Corporate Social Responsibility (CSR),
Corporate Responsibility, Corporate Citizenship, Responsible Business, Sustainable Responsible Business
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(SRB) or Corporate Social Performance. These are voluntary processes are related to the so-called ‘triple
bottom line’ where companies have an obligation to manage and report on ecological/ environmental and
social performance as well as financial performance. Sustainability processes aim to enable businesses to
prosper while at the same time manage their impacts such that the environment, in its broadest sense, is
conserved for future generations. Such processes are becoming increasingly commonplace as is apparent
from most mining company websites and a number of the sustainability advisory groups. The Global
Reporting Initiative (GRI) (www.globalreporting.org) for example is a network-based organization that has
pioneered the development of the world’s most widely used sustainability reporting framework and has
reported that since 2000 the number of companies filing sustainability reports with it has doubled virtually
every two years. In 2009, 1289 reports were filed from separate companies with 57 (4.4%) coming from the
mining community, a proportion which has remained constant over time.
Sustainability is broader than environmental management and a company needs to develop its own Key
Performance Indicators (KPI’s) which it subsequently manages and reports on. There are various
guidelines as to how these should be developed. Globally, perhaps the most widely recognised
international guidelines are those produced by the GRI who also produce mining specific information. Some
of these are qualitative whereas others are based on clear data generated within the business. Table 2
illustrates examples of performance metrics suggested by GRI.

Data Management
So what does this mean from the standpoint of data management? As time has marched on there is no
question that the task of managing and reporting on numbers has increased and become more complex.
Much of the issue now for companies and environmental teams doing the work has been the management
of increasing volumes and it is now common to see many tens of pages of data management obligations in
the environmental management plan of a mine and some of our customers have an expectation of
collecting many millions of data points of raw data per year.
The issue is worsened by the fact that in many cases the raw data is not what is required but needs to be
manipulated to produce the key metric(s) of interest. In this latter case for example a permit may require
data on metal loading to a receiving water course (i.e. kg/day) which needs to be produced from raw data
on flow and concentration. In the context of sustainability reporting, NPI and NGERS, data also needs to be
converted, for example, to material released (i.e. carbon dioxide) using fuel usage data and / or various
emission factors. Data may also frequently need to be aggregated and totaled at business unit, facility,
geographical level or corporately.
With this volume and complexity it also of course becomes increasingly difficult to continually understand
the meaning of all the data, rapidly assess whether for example you are in compliance with a target and
stay on top of ever-growing reporting obligations. Further the quality of the data may come into question
and it is frequently difficult to assure others of its quality and for it to stand up to audit which is an obligation
for example as part of the NGERS process. This can be a particular issue when historical data quality is an
issue since the data may have been stored in a number of different formats, naming conventions may have
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changed over time and the data will be subject to the idiosyncrasies of the individuals who collected it at the
time.
Table 2
Suggested Reporting Global Reporting Initiative Metrics
Economic
•

Revenues

•

Operating costs

•

Employee compensation

•

Charitable donations

Social
•

Human rights (% of

Environment
•

screen suppliers)
•
•
•
•

recycled

Employees trained on

•

Energy used / saved

human rights

•

Renewable energy

Number of incidents of

•

Water use and origin

discrimination

•

Water recycled / reused

Incidents of use of child /

•

Land and biodiversity

forced labour

•

Habitats protected /

Number of incidents of
violations of rights of

restored
•

indigenous people
•

Workforce by
age group, gender,

Greenhouse gas (GHG)
emissions

•

employment type, region,

Emissions of ozone
depleters

•

ethnicity
•

Raw material used /

NOx, SOx and other air
emissions

Occupational health

•

Water discharge

(injuries / fatalities,

•

Waste produced /

training)

disposed

•

Employee training

•

Accidental spills

•

Customer satisfaction /

•

Packaging waste

complaints

•

Permit compliance

•

Regulatory noncompliance and fines

•

breaches
•

Transport of goods

Corruption and fines

For most people Microsoft Excel is the default data management tool and so much environmental data
usually resides in this format or sometimes in homemade databases. From our clients viewpoint there are
however innumerous benefits in using more professional data management tools – not least the simplest of
benefits coming from having all the data in the same place as opposed to spread across an organization in
different Excel workbooks. We have evolved our products as closely as possible to enable the user to get
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the value in data rather being preoccupied with managing the numbers and our systems have evolved
features such as those shown in Figure 1.
The systems can exist as a single database or however many the client wishes. There are also a number of
features of the system which aim to help clients manage their data:
•

All the data is in one place and can be accessed simulataneously by whoever needs it.

•

Monitoring schedules can be set up with e-mail warnings of missing or late data.

•

Users can define thresholds for any variable together with warning levels.

•

Data can be automatically imported with e-mails sent to defined individuals if a threshold breach
occurs or if problem data is encountered.

•

Threshold breaches can be managed as an incident (alongside health and safety incidents for
example) with follow-up actions and close out.

•

Calculated data can be created from raw data through any number of user-defined calculations.

•

Data can be scrutinised in various tools (tables, graphs, GIS).

•

Reports can be produced manually through export to MS Word and Excel but users can also set
up any number of templates for reports which have to be produced in the same format regularly –
including different languages. Report production can then be automated or produced in few mouse
clicks.

•

Data can be shared through report production, export to excel or a simple web-based interface.
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Figure 1
The basic Features of our MP5 data management system

Scheduling

Auto imports and validation

Calculations and
KPI production

Compliance and validation alerts and reports

Interpretation and reporting

Simple access to data in
graphs, tables and maps
through MP5.web
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Ramelius Resources’ Wattle Dam Project: Achieving bond
reduction through leading practice
Evan Howard, Landloch Pty Ltd
Jess Shemeld, Rally Environmental
Rob Loch, Landloch Pty Ltd
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Abstract
Waste landforms are a common by-product of mining. Community expectations with respect to waste
landform rehabilitation have evolved considerably in recent years, and are reflected in increases in
environmental performance bonds. The rehabilitation of waste landforms can be an expensive process,
particularly if the rehabilitation works fail and need to be repeated. Therefore, there is growing interest in
methods for designing waste landforms that will consistently and cost-effectively achieve stable,
sustainable, landforms and lead to return of bonds.
Methods for design and construction of stable rehabilitated landforms have undergone considerable
development over the last 10 years, and are reasonably well documented. The Wattle Dam project
provides an opportunity to review leading practice in landform design and rehabilitation and to consider
possible pitfalls and misconceptions.
Design of the Wattle Dam waste landform was based on material characterisation and landform erosion
modelling. Material properties guided a range of recommendations with respect to waste amendment and
soil placement. Material erodibility parameters were used in erosion modelling to identify batter slope
profiles that minimised erosion potential, with modelling indicating a need for additional measures to
achieve acceptable stability.
The final landform was constructed within the original waste landform disturbance area, with the batter
slopes increasing an average of 30 metres in length. Application of fertiliser and gypsum has improved
suitability for plant growth. Placement of tree debris, providing surface contact coverage, will reduce the
erosion potential and create valuable resource sinks to improve ecosystem function.
Adherence to design parameters, proactive documentation and regular consultation with Rally
Environmental provided quality assurance during the construction phase, The development of Key
Performance Indicators (KPIs) for the construction and rehabilitation monitoring stages provide risk
management and communication tools to ensure that closure standards are met. The KPIs developed for
the waste landform correspond with bond reduction points established with the Department of Mines and
Petroleum and therefore have been used as a basis for bond return. An initial bond reduction of 40 percent
has been approved, with a further reduction of 10 percent scheduled once closure of the top of the waste
landform has been completed. (Generally, no bonds will be returned for an active waste landform.)
This project demonstrates the full scope of work required to achieve leading practice rehabilitation. It also
demonstrates the potential for incorrect assumptions to achieve unacceptable outcomes. For example, the
concave profile applied – whilst reducing erosion - did not reduce erosion to an acceptable level. It also
demonstrates the value of the KPI process in guiding waste landform design, rehabilitation, and monitoring,
in documenting rehabilitation design and works, and as a means of communicating progress and
achievement to regulators.
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Introduction
Evolution in landform design concepts for the WA mining industry can be followed through papers
presented at GLRG/GEMG workshops.
At the GLRG workshop in 2000, a paper by Loch and Willgoose argued the case for the use of runoff and
erosion models to design minesite landforms. During the presentation, concerns were raised that the berm
and batter profile widely used for waste landforms in WA was in fact dysfunctional. At the GEMG workshop
in 2004, Vacher et al. highlighted the importance of tunnel erosion, and of landform characteristics that
increase the risk that tunnelling will occur. In the 2006 workshop, there was discussion of development of
KPIs to manage waste landform rehabilitation process (Stevens), management of erosion risk (Loch and
Vacher), and presentations on material characterisation. By the 2008 GEMG workshop, there was
widespread comment that berm and batter profiles were not stable, indicating that at least some of the
concepts presented in 2000 were becoming accepted.
The KPI approach to rehabilitation – that incorporates the concepts above – has been adopted by the
Murrin Murrin Nickel Operation, and was the basis for Minara Resources gaining a Golden Gecko award in
2008. The approach is clearly viewed favourably by WA regulators. Subsequently, several waste landforms
constructed using the KPI approach have achieved full or partial environmental bond return relatively
quickly.
The Wattle Dam Project demonstrates the application of all of the concepts outlined above, and provides
an opportunity to examine landform design and rehabilitation practice in some detail.

The Wattle Dam landform
Characteristics prior to rehabilitation

Initial approved plans for the waste landform at Wattle Dam were based on the ‘traditional’ batter and berm
design. The eastern batter of the original waste landform had been rehabilitated and was experiencing
failures typical of that design (Landloch Pty Ltd 2008). Ponding of water on the berm had resulted in tunnel
erosion and water and sediment overtopping the berms were causing widespread gully erosion down the
batter slopes. Sediment deposition at the base of the eastern batter, if left unchecked had the potential to
damage nearby mining infrastructure and was of concern given its proximity to the open pit.
In October 2008, Ramelius Resources submitted an addendum for the expansion of the waste landform
and the development of an underground portal at the Wattle Dam project. This addendum was approved in
November 2008 and Rally Environmental was engaged to assist with the design of the expanded waste
landform and negotiate KPIs in order to achieve mine closure. Expansion of the original waste landform
facilitated redesign of the northern, western, and southern batters and remediation of the failing eastern
batter. Figures 1 and 2 illustrate the failing eastern batter.
The erosion observed on the batter and berm landform is increased by the instability of the materials used
to construct them. The underlying oxide materials are typically saline and/or sodic and as a result are prone
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to dispersion and tunnel erosion. The redistributed topsoil is highly erodible due to a lack of surface cover
and cohesion. It was recommended that soil testing and modelling form the basis for design of the final
waste landform and instruct the development of KPIs.

Figure 1: Second lift of the original eastern batter. Note ponded water on berm in foreground.

.
Figure 2: Sediment deposition at toe of eastern batter.
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Landform design
Material characterisation

Key chemical and physical characteristics are given in Tables 1 and 2. The topsoil shows:
•

Moderate salinity;

•

Relatively high clay content;

•

Moderately high Exchangeable Sodium Percentage (ESP);

•

Presence of calcium carbonate that acts against the material’s dispersive tendency resulting from
elevated exchangeable sodium concentrations; and

•

Weak structure.

The oxide waste shows:
•

Moderate salinity;

•

Relatively high clay content;

•

Extremely high ESP;

•

A tendency to swell, disperse and tunnel; and

•

Surface sealing caused by clay dispersion.

Table 1: Chemical properties of topsoil and oxide material
Sample

pH

Topsoil
Oxide

Exchangeable cations (m.eq./100g)

EC1:5

CEC

ESP

(dS/m)

Ca

Mg

K

Na

(m.eq./100g)

(%)

8.9

0.80

46.67

14.01

1.16

4.80

68.67

6.9

8.4

1.03

1.08

6.03

0.89

4.80

12.82

37.4

Table 2: Physical properties of topsoil and oxide material
Sample

Topsoil

Field
Texture

Clay
loam

Estimated
Clay Content
(%)

30-35

Emerson
Class

4 (CaCO3
present)

Leached
Emerson Class
(reduced EC)

3

Sandy
Oxide

Clay

Notes

Structurally weak, low
dispersion
Dispersive, potentially

20-25

3

2

Loam

tunnel forming, swelling,
surface sealing

The electrical conductivity (EC1:5) of both samples was sufficiently high to cause some flocculation of clay,
masking potential instability of the material. Importantly, as these materials are leached (e.g., where water
ponds on berms) and salinity levels decrease, dispersion is likely to increase. To assess this tendency, the
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Emerson test was performed on unleached samples and samples that were leached with deionised water
(to reduce salinity). The data (Table 2) indicate that these samples will become increasingly unstable as
salinity levels decrease. This will lead to:
•

Increasing risk of tunnel erosion;

•

Decreasing permeability;

•

Impermeable layers at depth that will further exacerbate the risk of tunnel erosion; and

•

Potential to generate high rates of runoff and higher erosion rates.

Erodibility measurements and profile design

Given the dispersive nature of the oxide material, it is critical that ponding of water on the batter slopes in
eliminated as far as possible. Use of berms will actively encourage batter slope instability. Therefore, use of
a continuous slope profile will represent the lowest risk in terms of tunnel generation.
To determine the optimum shape of the batter slope, runoff and erosion models were used. Infiltration
capacity and erodibility of the oxide and topsoil were measured using laboratory techniques developed by
Landloch. The following infiltration/erodibility parameters were derived:
•

Critical shear (the flow shear stress required to initiate particle detachment and transport);

•

Rill erodibility (describes the rate of detachment of sediment by concentrated flow lines);

•

Interrill erodibility (describes the rate of detachment of sediment from the surface by the combined
actions of raindrop impact and shallow surface flows); and

•

Effective hydraulic conductivity measured under rain (describes the rate of movement of water
through soil profile, and is different to rate that water infiltrates through the soil surface).

Simulations of runoff and erosion for a range of slope shapes were carried out using the WEPP (Water
Erosion Prediction Program) model using a climate file developed on the basis of data from the Bureau of
Meteorology’s weather station at Kalgoorlie/Boulder. For a linear slope 20 m high, 15 degrees gradient, and
covered with topsoil, predicted average annual erosion was very high (101 t/ha/y). In comparison, the same
slope covered with oxide was predicted to have average annual erosion of 364 t/ha/y. Analysis of erosion
rates along the length of the slope indicated that a concave shaped profile would significantly reduce
erosion potential. The concave profile developed is shown in Figure 3. The slope length increased by
approximately 25 m relative to the original profile (with berms).
Simulations of runoff and erosion for the concave profile covered with topsoil predict lower average annual
erosion rates (52 t/ha/y) than simulations for a linear profile of the same average gradient (83 t/ha/y).
However, due to the erodibility of the topsoil, predicted erosion rates remain high for both options.

It is important to note that, in this case, application of a concave slope design did not – by itself – reduce
erosion potential to acceptable levels. Additional erosion protection was required, and the Revised
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Universal Soil Loss Equation (RUSLE)) (Renard et al. 1991) was applied to determine the necessary level
of cover. It was found that application of tree debris to provide a minimum of 50 % contact cover was
required. Maximum average annual erosion rates were predicted to reduce from 52 t/ha/y to 4 t/ha/y with
application of tree debris. The presence of tree debris on the surface will increase surface roughness,
increase resource capture (soil, seed, water), and reduce runoff and erosion. Application of tree debris will
also provide rapid protection of the unconsolidated soil surface during the period when vegetation is
becoming established. As vegetation becomes established:
•

the surface is likely to consolidate and become more erosion resistant;

•

runoff is likely to significantly reduce due to root and faunal activity, and

•

provided the site is not exposed to severe grazing pressure, there is potential for the established
vegetation to gradually compensate for the inevitable, slow decomposition of the applied tree mulch
by natural processes.

Figure 3: Concave profile developed.
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Recommendations for landform rehabilitation

For landform rehabilitation, recommendations included:
•

Avoid exposure of oxide material on the surface of the landform.

•

Ameliorate the dispersive nature of the oxide material with gypsum prior to covering it with a layer
of topsoil. Given the calcium saturation of the topsoil, addition of gypsum would have little
additional effect on that material's ESP.

•

Construct batter slopes such that erosion potential is minimised by using a concave slope suitably
covered with tree debris.

•

Avoid ponding of water near the outer batter slopes by:


removing berms;



constructing landform top as level as possible, and



installing crest and cross bunding.

Rehabilitation works

Expansion of the waste landform increased the footprint from 8.4 hectares to 9.8 hectares, remaining within
existing disturbance. All batters were shaped to conform to the concave profile recommended, with batter
length increasing by approximately 30 metres to an average angle of 11.5 degrees. In the case of the
eastern batter, its proximity to the open pit and mine infrastructure restricted batter length. This batter was
stripped of topsoil and reshaped to remove the berm and increase slope length.
Gypsum was applied to the oxide material to ameliorate sodicity, improve water infiltration and to improve
its value as a plant growth medium. Increasing water infiltration aids in leaching salts away from the root
zones of establishing vegetation.
Topsoil was applied at a depth of 150 mm with marker pegs placed on the slopes to provide quality control
during its distribution. Ripping along the contour keyed the topsoil to the oxide material and it was at this
point that diammonium phosphate (DAP) fertiliser was applied.
Although erosion rates are lower on concave slopes, the lack of cohesion and structure within the recently
distributed topsoil predicted unacceptable erosion losses. An abundance of vegetative debris at the Wattle
Dam site provided the opportunity to strategically use this material on the batter slopes. Tree debris was
applied and track rolled to achieve contact surface coverage of 50 percent.
Application of tree debris was greater on the eastern batter to reduce the erosion potential of the shorter,
less concave slope. The relationship between soil loss and contact surface cover is non-linear, with the
reduction in soil loss being proportionately greater than the amount of contact surface cover required to
achieve the reduction (McTainsh and Boughton 1993). The use of contact surface cover is highly effective
in reducing erosion by decreasing the velocity of water flow down a slope thus increasing infiltration,

PROCEEDINGS- 2010 WORKSHOP ON ENVIRONMENTAL MANAGEMENT
243

reducing the likelihood of rill erosion and reducing the stress applied to the soil from surface water flow and
rain impact.

Use of KPIs to ensure quality outcomes and aid bond return
Key Performance Indicators (KPI’s) provide a blueprint for constructing a stable landform and a tangible
end point for achieving closure. The parameters for design and construction of the landform as determined
through material characterisation and erosion modelling provided the basis for developing project specific
KPIs. Achievement of the KPIs related to construction of the landform is but one stage in the closure and
bond return process, with KPIs also established for rehabilitation monitoring. KPIs are negotiated for all
stages of the landform closure process, with targets being established with regulators to determine
successful achievement of each stage. Associated with the fulfilment of each closure stage are bond
reduction points with full bond return achieved at practical completion.
KPIs provide a valuable risk management tool for all stages of waste landform construction and
rehabilitation monitoring that ensures closure standards are transparent and achievable. It allows the
proponent to make a commitment to achieving closure standards on a landform whilst being aware of the
commitment involved.
KPI system established for Wattle Dam

The closure process for Wattle Dam has been divided into several stages as shown in Table 3 with KPIs
set out for each stage and bond reduction points negotiated for the completion of each stage.
The KPIs for the construction phase are based on design parameters determined by material
characterisation, such as batter slope profiles and length, and application of gypsum and fertiliser.
The rehabilitation monitoring phase has two stages: establishment and transition. Completion of the
transition stage signifies practical completion and landform closure. The monitoring phase is based on a
schedule of Landscape Function Analysis (LFA) and erosion monitoring with targets to be established with
the Department of Mines and Petroleum (DMP) for erosion, vegetative growth, weeds and grazing
pressure. Set out within the KPI agreement is a commitment for annual/biannual monitoring frequencies
with deadlines for identified remedial action.
The KPI agreement provides a quality control mechanism during the construction and rehabilitation
process, and represents an effective communication tool for all involved in the closure process.
By entering into a closure agreement based on KPIs, Ramelius Resources has made a commitment to
achieving closure on their Wattle Dam waste landform.
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Table 3: KPIs developed for the Wattle Dam project
Stage

Stage1: Waste dump
closure: Batters
Stage 2: Waste dump
closure: Top

KPIs
• Based on erosion modelling and

landform design parameters
• Based on erosion modelling and

landform design parameters
• Establishing monitoring points

Stage 3: Monitoring:

• Scheduled monitoring

Establishment

• Deadline for remedial action
• Establishing targets with DMP
• Scheduled monitoring

Stage 4: Rehabilitation

• Deadline for remedial action

Transition

• Joint review to assess completion of

transitional stage
• Achievement of sustainable

Practical Completion

Verification

Field and survey verification
during and after construction
Field and survey verification
during and after construction
Negotiation with and reporting
to DMP within identified
timeframe

Negotiation with and reporting
to DMP within identified
timeframe
Negotiation with and reporting

landform and vegetation community

to DMP within identified

by joint agreement

timeframe

Use of KPIs as a basis for bond return

Adherence to design parameters, proactive documentation and regular consultation with Rally
Environmental provided quality assurance during the construction phase to ensure that the KPIs were met
and that documentation of this could be provided to support the application for bond reduction.
Following the completion of the batter slope construction phase an application to the Department of Mines
and Petroleum was made and approved, for a bond reduction of 40 percent as established by the KPI
agreement. Completion of the top of the waste landform is scheduled for a further bond reduction of 10
percent under the KPI agreement. (Generally, no bond return should be expected whilst a waste landform
remains active.)

Overview and conclusions
Leading practice landform design starts with material characterisation, and aims to develop a landform
uniquely suited to the location, the climate, the material(s), and site requirements. This is highly unlikely to
be achieved if applying some generic landform design, whether the traditional batter and berm profile, or
some approximation of a concave slope. Simply, there is no substitute for soundly-based science.
Rehabilitation of the Wattle Dam landform was guided by material properties, and set out to avoid or to
treat potential problems associated with the materials. Erosion modelling identified a slope profile that
reduced erosion as much as possible, and then assisted the selection of additional measures to reduce
erosion to acceptable levels.
PROCEEDINGS- 2010 WORKSHOP ON ENVIRONMENTAL MANAGEMENT
245

The KPI approach developed to manage both rehabilitation works and subsequent monitoring not only
ensured that the designs were implemented accurately, but also provided excellent documentation and a
means of communicating progress to regulators, thereby facilitating discussions of bond return.
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Abstract
Reliable waste characterisation data is a prerequisite for effective rehabilitation of Waste Rock Stockpiles,
Tailings Storage Facilities and other areas disturbed by mining activities. History has shown that many
preliminary waste characterisation assessments in Australia and overseas using traditional acid-base
accounting procedures are inaccurate more often than not; usually by grossly under-estimating or overestimating potential for Acid and Metalliferous Drainage (AMD).

Others do not consider potential

contamination by neutral or alkaline mine drainage, which can result in offsite impacts just as severe as
AMD.
A holistic approach is required to generate accurate and appropriate characterisation data for both waste
and rehabilitation materials. In addition to traditional geochemical assessment methods, use of petrology,
mineralogy, soil physics, plant nutrition and soil biology all have roles to play, with their relative
contributions dependent on the geological and hydrological setting of the project.
This paper provides examples in which traditional geochemical assessment techniques provide an
inadequate or, in some cases, erroneous indication of potential for contamination of the environment.
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Introduction
History provides countless examples of environmental problems caused by mining. The main culprit is
attributed to acidic drainage produced by many mines, particularly those extracting coal and base metals.
The potential for acidic drainage to form from mining has been recognised since at least 1556 and was
recorded as early as 1698 in Pennsylvanian coal mines. Impacts from acid mine drainage can be both
visually spectacular and environmentally destructive.

Less obvious are the effects of contaminants

released into the environment under both neutral and alkaline conditions. Contaminants such as arsenic,
selenium, fluoride and thallium are toxic to aquatic organisms, the loss of which can have major detrimental
effects on whole ecosystems.
With very few exceptions, almost all rock types are unstable when exposed to elements of the atmosphere.
Reactivity varies considerably, ranging from minutes in the case of evaporites to millions of years for inert
minerals such as quartz and zircon.
Chemical degradation of rocks and minerals is mainly caused by the presence of three simple molecules in
the earth’s atmosphere and lithosphere:

•

Oxygen: Molecular oxygen is a very powerful oxidising agent. If it was not for replenishment of

atmospheric oxygen by photosynthesis in plants, it would not exist on Earth. Chemically, oxygen is
almost as reactive as chlorine.

•

Water: Water is a powerful solvent and can dissolve most chloride, nitrate and sulphate minerals, as

well as some carbonate, phosphate and silicate minerals. It is also chemically reactive, an example
being its role in the oxidation of pyrite (FeS2) as shown by Equation 1. Oxidation of one tonne of
pyrite consumes 525 litres of water (and produces the equivalent of 1.63 tonnes of concentrated
sulphuric acid).

•

Carbon dioxide produces a weak acid when dissolved in water.

Carbon dioxide:

The pH of

rainwater is typically 5 to 5.5. The main effect of the high dilution of hydrogen ions in rainwater is on
the reaction rate and not so much the final reaction products. Reactions that take place with mineral
acids such as hydrochloric acid within minutes in the laboratory may take hundreds to thousands of
years with rainwater. Such timeframes are still relevant to creation of stable, non-polluting landforms
stipulated by our regulators and expected by stakeholders.
FeS2 +

15

/4O2 + 7/2H2O → Fe(OH)3 + 2SO42- + 4H+

Equation 1.

Regulatory Requirements and Guideline Materials for WA
The consequences of contamination by mining activities are broadly covered by Section 84 of the Mining
Act 1978 and Section 50 of the Environmental Protection Act 1986, as reproduced below:
84.

Conditions for prevention or reduction of injury to land

(1)

On granting of a mining lease, or at any subsequent time, the Minister may impose on the lessee
reasonable conditions for the purpose of preventing or reducing, or making good, injury to the
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natural surface of the land in respect of which the lease is sought or was granted, or injury to
anything on the natural surface of that land or consequential damage to any other land.
50.

Discharge of waste in circumstances in which it is likely to cause pollution

(2)

A person who causes or allows waste to be placed in any position from which the waste(a)

could reasonably be expected to gain access to any portion of the environment; and

(b)

would in so gaining access be likely to result in pollution,

Commits an offence.

The Department of Mines and Petroleum (DMP) provides general, but not prescriptive, guidance material
for characterisation of waste rock, tailings and soil for inclusion in Mining Proposals. Section 4.3.2 of the
document “Mining Proposals in Western Australia (DMP 2006) states:
It is essential that the potential of acid mine drainage (AMD), otherwise known as acid rock drainage
(ARD), be determined and, if significant, management strategies put in place to deal with potentially acid
forming (PAF) material in waste rock dumps and tailings storages.
To deal with AMD issues, the mining proposal should include:

•

A summary of the characterisation of the mining wastes and tailings including chemical and physical
characteristics such as sodicity, salinity and dispersive potential.

•

An assessment of the potential for sulphide oxidation leading to acid generation including specific
AMD chemical analyses (pH, Total Sulphur, Net Acid Producing Potential (NAPP), Net Acid
Generation (NAG), Acid Neutralising Capacity (ANC), multi-element composition and mineralogy of
mine waste and tailings samples.

•

The full waste characterisation report must be included as an appendix in the mining proposal with
details on the methodologies used for the above determinations.

•

A map showing the intended final locations of PAF material.

•

If significant PAF material is present, then a PAF material management plan (including remediation
techniques) and monitoring program) should be provided.

Waste Characterisation Process
MBS Environmental has adopted what it believes is generally accepted as World’s Best Practice for waste
characterisation. AMD assessment procedures generally follow those recommended by the International
Network for Acid Prevention (INAP) as documented in an on-line publication referred to as the Global Acid
Rock Drainage Guide (GARD).

GARD recommends a staged approach to AMD characterisation and

management, which has been adopted in principle by MBS Environment for general waste characterisation.
Irrespective of which of the many laboratory and field test procedures are adopted for waste
characterisation, there will always be an element of uncertainty. By using a well planned and implemented
approach to waste characterisation, the level of uncertainty at mine closure can be reduced to very low
levels by closure, as illustrated in Figure 15.
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Figure 15:

Schematic Illustration of a Geochemical Waste Characterisation Program
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AMD Assessment Procedures
Laboratory methods for predicting potential for AMD by basic acid-base accounting procedures are well
documented and will only be briefly summarised in this paper. They key steps are outlined below:

•

Use a statistically valid and geologically appropriate sampling strategy to provide the necessary
samples. Most of these samples for new mining project will be provided by drill core materials.
Fresh material is ideal, but often not available. Archived material is suitable, provided it has been
protected from exposure to the atmosphere. Pulp samples from laboratory assay work may be
satisfactory if stored correctly.

•

Measure total sulphur content in each sample. Combustimetric methods, e.g. LECO® instruments,
usually provide accurate results to a reporting limit of 0.01%, which is considered adequate.

•

Measure ‘sulphate’ sulphur using appropriate acid or alkali digestion procedures.

Minerals

containing sulphate sulphur are generally fully oxidised and therefore not capable of generating
additional acidity.

•

Calculate ‘Total Oxidisable Sulphur’ (TOS) by subtracting ‘sulphate sulphur from total sulphur.

•

Calculate Maximum Potential Acidity (MPA) by multiplying TOS (%) by 30.6. MPA is expressed in
units of kilograms H2SO4 per tonne.
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•

Measure Acid Neutralising Capacity (ANC) by an approved method. The original Sobek (1978)
method and variations thereof are widely used in Australia. ANC is also expressed in units of
kilograms H2SO4 per tonne.

•

Calculate Net Acid Producing Potential (NAPP) by subtracting ANC from MPA. Potentially Acid
Forming (PAF) materials are indicated by positive NAPP values, while Non Acid Forming (NAF)
materials are indicated by positive NAPP values.

Validity of MPA Estimation
Estimation of MPA from TOS assumes that all of the oxidisable sulphur will be oxidised to sulphuric acid
(H2SO4) as the sole oxidation product. However, many sulphide minerals can be fully oxidised without
forming any acidic products at all. These include sphalerite (ZnS), galena (PbS) and molybdenite (MoS2).
With few exceptions, sulphide minerals capable of generating acidity contain iron. Most important is pyrite
(FeS2), which is a common accessory mineral in mineralised rock.

Others include marcasite (FeS2),

pyrrhotite (Fe(1-x)S) and arsenopyrite (FeAsS).
A relatively simple test to verify the assumption that all of the TOS is acid generating is the Net Acid
Generation (NAG) test, which uses hydrogen peroxide on a finely ground laboratory sample to ensure that
oxidation is complete. The acidity produced is measured and NAG calculated and reported with units of
kilograms H2SO4 per tonne.

If the dominant sulphides are iron sulphides and not other base metal

sulphides, NAG values will be very close to NAPP values.
Recent investigations conducted on tailings and waste rock from nickel ore mined in Western Australia has
indicated anomalous behaviour. Pyrrhotite (Fe(1-x)S, or ‘FeS’ for simplicity) is the dominant iron sulphide
mineral in ultramafic host rock for nickel ore. Under strongly oxidising conditions, pyrrhotite oxidises to
sulphuric acid according to Equation 2.
4FeS + 9O2 + 10H2O 4Fe(OH)3 + 4SO42- + 8H+

Equation 2

Comparison of Equation 2 with Equation 1 shows that pyrrhotite and pyrite are expected to produce
identical amounts of sulphuric acid based on sulphur content (every 32 kilograms of sulphide-sulphur can
produce 98 kilograms of sulphuric acid). This can be verified in the laboratory, where NAG and NAPP
values for rocks containing identical amounts of sulphide-sulphur provided by either pyrrhotite or pyrite are
almost identical.
However, the availability of oxygen deep within a waste rock stockpile or a Tailings Storage Facility (TSF) is
usually very much lower than that provided by hydrogen peroxide under laboratory conditions. Under
conditions of reduced oxygen availability (or redox potential), pyrrhotite can be oxidised to several different
sulphur containing oxidation products including pyrite, elemental sulphur (S), thiosulphate (S2O32-),
polythionate ions (SnO62-; dithionate if n = 2) and sulphate. Depending on the nature of the sulphur
oxidation product or the iron reaction product (ferrous iron, Fe2+, under reducing conditions; ferrihydrite or
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ferric hydroxide (Fe(OH)3) under oxidising conditions), the pyrrhotite oxidation reaction may be either acid
producing, neutral or even acid consuming (produces alkali).

A summary of the acid generation (or

consumption) upon oxidation of pyrrhotite to different reaction products is presented in
Table 6.

An investigation was undertaken to determine the potential of tailings from a nickel mine in the north of
Western Australia to produce acidic seepage. According to laboratory testing, fresh tailings were found to
have a high content of pyrrhotite and were classified as highly PAF based on results from standard acidbase accounting procedures. When samples of tailings collected at different depths of an operational TSF
at the same project were analysed, the major reaction product of the sulphide component were found to be
elemental sulphur, with smaller amounts of pyrite, sulphate, thiosulphate and polythionate ions.

The

dominance of elemental sulphur indicated the redox conditions of tailings below the surface of the TSF
were reducing and therefore the oxidation reaction was predicted to generate alkali and not acid.
Monitoring of pH in porewater of these tailings over three years indicated moderately alkaline conditions,
with a mean pH of 9.31.
Table 6:

Amount of Acid Produced by the Oxidation of Pyrrhotite as Determined by the

Nature of the Iron and Sulphur Reaction Products
Sulphur

Number of moles of acidity (H+) produced

oxidation

per mole of sulphur

product(s)

Increasing
Oxygen
Availability

O2:FeS ratio

Fe2+ product

Fe(OH)3 product

H2S

Nil

2 moles consumed

None

Pyrite + S

0.25

1 mole consumed

1 mole produced

Elemental S

0.5

2 moles consumed

None

Sulphite

1.5

Nil

2 moles produced

Dithionate

1.75

1 mole consumed

1 mole produced

Sulphate

2.0

Nil

2 moles produced

Validity of ANC Measurements
As for sulphide minerals, the reactivity, and therefore effectiveness of these minerals to neutralise any
acidity, can vary widely. Most carbonate minerals, especially calcite (CaCO3) and dolomite (CaMg(CO3)2)
are highly reactive towards soluble acidity. Although generally more abundant in waste rock, silicate and
aluminosilicate minerals also react with strong acid, but at very much slower rates than carbonate minerals.
Therefore, the overall effectiveness of waste rock to neutralise acidity depends on the measurement
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technique. Methods for ANC determinations that involve relatively mild conditions (dilute acids, minimal
heat) dissolve most of the reactive carbonate minerals and very little of the less reactive minerals, while
other methods using stronger acids and prolonged heating (including the Sobek method) dissolve
increasing amounts of the less reactive minerals. This can result in significant over-estimates of the ‘true’
acid neutralising capacity and therefore under-estimate potential for acid generation.
Analysis of tailings and waste rock from the nickel mine discussed in the previous Section for ANC by three
laboratories produced a very wide range of ANC values, depending on the method used. Mineralogical
analysis of samples of these materials indicated small amounts of calcite, but relatively high concentrations
of silicate minerals including olivine, an iron-magnesium silicate with the generalised formula (Mg,Fe)SiO4.
The ratio of magnesium and iron varies between the two end members of the solid state solution series;
forsterite (Mg-end member) and fayalite (Fe-end member).

Compositions of olivine are commonly

expressed as molar percentages of forsterite (Fo) and fayalite (Fa) (e.g., Fo70Fa30).
Forsterite has a high potential ANC, which can be described by the chemical equation for its congruent
dissolution (Equation 3):
Mg2SiO4 + 4H+ → 2Mg2+ + 2H2O + SiO2

Equation 3

The variation in ANC results provided by different laboratories was attributed to differences in methodology,
especially the strength of acid and temperature, on the amount of acid consumed by reaction with olivine.
As the ANC of the olivine component was critical for classification of waste rock as either NAF or PAF (low
ANC = PAF, high ANC = NAF), it was important to determine the effectiveness of olivine in neutralising
acidity under conditions likely to be encountered in a waste rock stockpile or in a TSF.
An experiment was set up to monitor changes in pH over time following addition of different amounts of
acid (expressed as a percentage of the measured ANC of the material) to sample of waste rock. Results
for this experiment are presented in
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Chart 1. The observed pH values demonstrate that the olivine component conveys some neutralising
capacity to acidity generated by oxidation of sulphides in the waste rock, but less than that indicated by the
measured ANC.

Chart 1:

pH Reaction Curves for Olivine-Rich Waste Rock
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Evidence for the contribution of olivine in samples of coarse and fine waste rock, and tailings, to the acid
neutralisation process is demonstrated by the release of magnesium and silicon into solution, as shown by
Chart 2 and

Chart 3, respectively. Magnesium dissolved from olivine in both coarse and waste rock increased linearly
with the amount of acid. Less magnesium was dissolved from the tailings, which contain less olivine than
this particular waste rock type.
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Chart 2:

Magnesium Concentrations in Solution after 16 Weeks
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Chart 3:

Fine Waste Rock

Tailings

Silicon Concentrations in Solution after 16 Weeks
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Neutral Mine Drainage
Many of the environmental impacts resulting from AMD are not caused directly by the acidity of the
leachate, but by elevated concentration of toxic metals such as copper, aluminium, manganese and zinc
dissolved from minerals by the released acidity. However, some metals and metalloids can be released by
oxidation and leaching of waste rock and tailings under both neutral and even alkaline conditions. The
amount of dissolved metals is effectively controlled by the pH of seepage and mineralogy of the waste rock
or tailings. Under oxidising conditions, metal ions such as nickel, lead, cadmium and zinc are present
mainly as hydroxide weathering products, the solubility of which is very much controlled by pH of seepage.
PROCEEDINGS- 2010 WORKSHOP ON ENVIRONMENTAL MANAGEMENT
256

Figure 16 demonstrates the influence of seepage pH on metal ion solubility.

Figure 16:

Solubility of Metal Ions as Determined by pH of Seepage
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In addition to metals, other contaminants such as metalloids, salts, and anionic contaminants may be
leached from other fresh or waste rock under neutral or alkaline seepage conditions. Common anionic
environmental contaminants include fluoride, nitrate, hexavalent chromium (which can be produced in small
amounts by oxidation of chromium minerals), arsenic and selenium.
MBS Environmental tests for the presence of these potential contaminants using various laboratory water
leachate tests. The Australian Standard Leach Procedure (ASLP, Australian Standard AS4439.3-1997)
has been developed to assess leachate water quality of wastes designated for landfill disposal. Extractions
with oxygenated deionised water and finely ground waste rock and tailing samples provides useful
information for identifying potential contaminants that may leach from waste rock stockpiles and TSFs.
Filtered leachates are routinely analysed for major cations (Ca, Mg, Na, K), anions (Cl, SO4, F, NO3),
metals (Ag, Al, Ba, Bi, Be, Cu, Cr, Co, Cd, Fe, Hg, Mn, Mo, Ni, Pb, Tl, U, V and Zn) and metalloids (As, B,
Sb, Se and Si).

Case Study: Thallium in Lead/Zinc Tailings
Thallium is a common contaminant in lead and zinc ore. Thallium is highly toxic within the environment
with acute effects including animal deaths and low growth rates in plants, or death. Acute effects are
typically seen two to four days after animals or plants are initially exposed to excessive levels of thallium.
Thallium has high acute toxicity to aquatic life. The absence of water quality criteria for this element in the
ANZECC 2000 water quality guidelines is due to its rarity and the absence of environmental impact
information in an Australian context, and does not indicate that thallium is not a potential environmental
hazard.
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There is very limited data available to evaluate the chronic effects of thallium on plants, birds or terrestrial
animals. However, chronic effects may include shortened lifespan, reproductive problems, lower fertility
and changes in appearance or behaviour in exposed animals. These effects can be seen long after the
initial exposure. Thallium compounds can also be bioaccumulated within plant and animal tissue, causing
chronic health problems to sensitive organisms which can be transferred to other trophic levels.
The high toxicity of thallium is attributed to an affinity for sulphur-containing enzymes and resembles other
heavy metals such as mercury and lead in this respect. The similarity of the Tl+ and K+ ions also allows
thallium to inhibit important biological functions controlled by potassium ions.
Thallium in tailings produced by a former lead and zinc mine in the north of Western Australia was shown to
be associated with residual galena (PbS). Thallium sulphide is extremely insoluble and does not present
an environmental risk in this form. Oxidation of lead sulphides releases both lead and associated thallium.
Although the tailings contain significant amounts of reactive pyrite, they are classified as NAF because
approximately 80% of the gangue is acid-consuming calcite.
Lead ions (Pb2+) produced by oxidation of galena is not mobile in the tailings because its solubility is
controlled by sparingly soluble mineral phases including lead carbonate, lead sulphate and lead
hydroxides. Unlike lead ions, thallium ions (Tl+ and Tl3+) do not form insoluble sulphate, carbonate and
hydroxide minerals. Thallous chloride (TlCl) is only slightly soluble in water. Concentrations of watersoluble thallium in 18 samples of tailings ranged from 0.06 milligrams per kilogram in unoxidised tailings to
0.39 milligrams per kilogram in oxidised tailings at or near the surface of the TSF.
A rehabilitation plan for the TSF considered potential for capillary rise of soluble toxicants, including
thallium, into the revegetated soil cover. A trial was established to investigate TSF cover designs
incorporating different amounts of soil and rock in a 500 millimetre thick cover. Samples of soil from the
cover, palatable plants and underlying tailings were collected and analysed for various potential
contaminants, including thallium. After a period of 12 months, covers incorporating either 400 millimetres of
a gravelly subsoil or 300 millimetres of gravelly subsoil over a 100 millimetre waste rock layer were highly
effective for preventing ingress of thallium from underlying tailings, as shown by

Figure 17.
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Figure 17:

Profile of Water Soluble Thallium in TSF Cover and Tailings
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Soil Characterisation
Characterisation of soil for chemical and physical properties should also be conducted as part of waste
characterisation, as selection and placement of appropriate soil types is essential for effective rehabilitation
of waste rock stockpiles and TSFs. Soil characterisation services provided by MBS Environmental focus
on three areas:

•

Elemental composition. Contaminated Sites legislation introduced into Western Australia have

implications for mine site rehabilitation and closure. To ensure compliance with these regulations, it
is helpful (but not essential) that the concentrations of heavy metals in soil and waste rock
rehabilitation materials comply with current Ecological Investigation Levels (EILs). DEC updated
EILs for soil in February 2010. Current EILs for metals commonly encountered in mineralised areas
are presented in

•

Table 7.

Significant changes include an increase from 50 to 400 milligrams per kilogram for

chromium and from 300 to 600 milligrams per kilogram for lead.

•

Stability to erosion. Waste rock stockpiles containing dispersive soils or clay-rich waste rock are

prone to slumping and/or severe water erosion. MBS Environmental includes assessment of soil and
clay-rich waste rock materials for factors that are known to be important for mechanical stability.
These include particle size distribution, slaking and dispersion potential using the Emerson Test and
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sodicity. If results from these tests indicate potential stability problems, additional testing of large
samples using rainfall simulators is recommended. Several companies in Western Australia offer
such services to the mining industry.

•

Bioavailability of Nutrients and Heavy Metals. It is well known that total element concentrations of

plant nutrients in soil are a very poor predictor of deficiency and toxicity. The same is usually true of
heavy metals contaminants, particularly those such as cadmium and nickel which simulate essential
nutrients such as zinc and copper. MBS Environmental uses the recently introduced Mehlich 3 soil
test (Walton and Allen 2004) to measure the bio-available forms of nutrients (Ca, Mg, Na, K, P, S, B,
Cu, Fe, Mn, Mo, Zn), metals (Cd, Co, Ni, Pb) and metalloids (As, Se). Analysis of several samples of
subsoils from the northern and eastern goldfields in Western Australia has indicated levels of
extractable boron that would be considered toxic to crop plants.
Table 7:

Revised EIL Values for Soil in Western Australia
Metal/Metalloid

Units

EIL

Arsenic

mg/kg

20

Barium

mg/kg

300

Cadmium

mg/kg

3

Chromium (Cr III)

mg/kg

400

Chromium (Cr VI)

mg/kg

1

Cobalt

mg/kg

50

Copper

mg/kg

100

Lead

mg/kg

600

Manganese

mg/kg

500

Mercury

mg/kg

1

Molybdenum

mg/kg

40

Nickel

mg/kg

60

Tin

mg/kg

50

Vanadium

mg/kg

50

Zinc

mg/kg

200

Conclusions
Reliable waste characterisation data is a prerequisite for effective rehabilitation of Waste Rock Stockpiles,
Tailings Storage Facilities and other areas disturbed by mining activities.

Comprehensive waste

characterisation requires considerable expertise and experience in the fields of geology, mineralogy,
geochemistry and soil science. If any of these disciplines are not utilised to their full capability, there is
potential for significant damage to the environment if the waste characterisation does not identify specific
risks. Alternatively, over estimation of risks by erroneous interpretation of analytical data or by use of
inappropriate test methods can cost mining companies millions of dollars in unnecessary mitigation
measures.
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This paper describes case study in which the potential for AMD to be generated by waste rock stockpiles
and TSFs may be either greatly overestimated or underestimated by applying current guidelines without a
detailed understanding of the underlying mineralogy and geochemistry.
Western Australian regulations and guidelines recognise the potential for AMD and saline mine drainage to
impact upon the local environment. The possibility of metals, metalloids and anions leaching in neutral
mine drainage is often not considered, especially for some of the more unusual elements such as boron,
thallium, bismuth and selenium. The high toxicity and unusual geochemistry of the heavy metal thallium are
of particular concern. Identification of these potential risks by comprehensive waste characterisation allows
development of appropriate mitigation strategies.
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Abstract
Tailings storage management has many facets which are all linked to the design of the tailings storage
facility (TSF) and its environmental impact. The essential operating principles for managing a tailings
storage comprise the day to day operation, management and monitoring of the TSF to meet the design
objectives and to minimise environmental impacts.

PROCEEDINGS- 2010 WORKSHOP ON ENVIRONMENTAL MANAGEMENT
264

1

Introduction

Mill tailings are usually discharged from most mining operations as a mix of solids and liquids (water and
residual chemical reagents). Mill rejects, usually solids, are a separate waste stream.
The nature of processing ores for different commodities which involve different process stream means that
tailings have a variety of properties. Advances in mineral extraction and processing has lead to changes in
the properties of the tailings slurry, with thickened tailings becoming more common in the last 30 years.
The tailings solids have tended to become progressively finer to as a result of technological changes
allowing for mining of lower grade ore bodies and increased mineral recoveries. These advances have
developed to the extent that changes in commodity prices can affect the tailings stream as higher grade
feed and lower plant throughput are sometimes processed when commodity prices are low. Blends of low
grade and high grade ores, with consequent higher plant throughput, can be processed when commodity
prices are high.
The presence of certain minerals such as talc within the ore can also impact on the tailings slurry such that
design slurry densities cannot be achieved with the equipment installed.
Each tailings storage facility (TSF) is designed to accommodate the tailings unique to its particular mining
operation and the environment in which that facility operates.
This paper covers a broad range of issues associated with tailings management starting from the high level
aspects through to the day to day operations. Whilst the purpose of this paper is to deal with the essential
operating principles, and risks from an environmental impact perspective, it is necessary to provide some
brief insight into the background of the development of TSF design and specific details derived from the
design which are essential for the operation of the TSF and understanding of its performance from an
environmental perspective. It is only when the background details are understood that those personnel
who have the responsibility for the day to day management and operation of the TSF, and those
responsible for environmental management on each mine site, can be enrolled in the tailings management
process to achieve the design objectives and the desired environmental outcomes.

2

Tailings Management Guidelines

There are a range of tailings management guidelines developed for industry. A list of some of these is
presented in the references at the end of this paper. Large mining companies such as BHP Billiton, Rio
Tinto etc tend to develop their own in house guidelines.

3

TSF Site and TSF Option Selection

TSF site and TSF option selection for new mining projects is limited by the boundaries of the mine lease,
the need for the TSF to be in relatively close proximity to the plant and the environmental factors of the site.
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The design of the TSF is then geared to accommodate the various factors with features incorporated into
the design to minimise cost and environmental impact and achieve acceptable risk and safety standards.
TSF site and option selection for more mature mining options allows other types of TSF to be considered,
eg inpit TSFs, which are generally not considered for new mining operations.

4

Principles of Tailings Storage Design

The main principles for tailings storage design are in broad terms, the technical details associated with the
storage and the technical requirements for safely operating and managing the TSF. The operation and
management aspects derived from these technical requirements include:
•

Tailings placement/deposition.

•

Water management and recovery.

•

Monitoring.

•

Emergency Action Plan.

•

Staging of construction.

•

Decommissioning and rehabilitation.

5

Tailings Management

Tailings management begins with the design process, although it is not formally addressed as such. It is
an inherent intangible which develops in conjunction with the design process. In developing a TSF design
the factors, which impact on the tailings management process, and which must be addressed are:
•

Regulatory setting;

•

Environmental setting;

•

Stakeholder requirements; and

•

Stewardship.

The key principles to design are:
•

Adoption of a risk based approach.

•

Minimise production of tailings and where practical maximise their safe reuse.

•

Ensure TSFs are operationally stable and can be rehabilitated in the long term.

•

Consideration of economic, environmental and social aspects in the design process.

•

Recognise stakeholder involvement is essential for successful planning, management and closure
of TSFs.

•

Effective monitoring programs to ensure the TSF is properly maintained and the design objectives
are being achieved, including regular audit and management reviews.

6

Risk Management - an Environmental Perspective

High risk projects with “big picture risks” such as embankment failures with potential for social and
environmental impacts downstream of TSFs are dealt with at a high level within the engineering phase of
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TSF design and the nature of these risks are such that the risk is largely engineered out of the design with
features incorporated into the design to manage the risk. These features such as spillways for large storm
events and automatic instrumentation for monitoring critical performance aspects e.g. piezometers to
monitor the phreatic surface within embankments, meters which record density and volumes of tailings
slurry, return water volumes etc.
Lower level risks such as pipeline breakage and seepage through the TSF floor and/or TSF embankments,
are also dealt with in the engineering phase of TSF design and these generally need more intensive daily
input to monitor, record and manage the risks.

7

Elements of TSF Management

There are 2 components to TSF management. The first is the TSF Management Plan (TMP) which covers
the high level issues and the second is the Operations Manuals (OM) which directly covers the essentials
of day to day management of the TSF by plant management and staff.

7.2

TMP

The TMP will ideally address the broad issues, which allows mine management to be familiar with:
•

The future tailings storage requirements for the life of mine or the Tailings Strategy;

•

Hazard rating upon which the design is based

•

Design Criteria (tonnes per annum, % solids in the tailings stream, expected insitu dry density of
the settled tailings etc.);

•

Design reports for the various TSF whether those facilities are classified as inactive, active or
planned;

8

•

Life of Asset plan

•

Construction reports for the inactive and active facilities;

•

Operations manual for the active facilities;

•

Safety and risk management;

•

Emergency action and response;

•

Closure plans for active facilities; and

•

Closure reports for the inactive facilities.

Essentials Principals for Daily TSF Management.

The essentials for the daily operation of any TSF are usually covered by Operation Manuals, of which there
should be 2.

One OM is for plant management who have overall responsibility for the TSF and its

operation including monitoring the TSF to ensure the design objectives are met. A separate OM is for plant
staff who have the overall responsibility for the day to day operation of the TSF. The plant staff control the
tailings deposition (spigotting), water recovery and are responsible for daily inspections of embankments,
pumps and pipelines. These personnel also have the responsibility for identify changes to the TSF such as
cracking of embankments, appearance of seepage and faun ingress.
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8.1

Plant Management Operations Manual

Plant management generally have the responsibility for:
•

Ensuring the tailings storage facility is operated and monitored to achieve the design objectives.

•

Ensuring the facility is operated in accordance with the parameters that have been provided by the
mining company for use in the design of the tailings storage facility.

•

Ensuring staging of construction is completed in a timely manner.

Where changes in the process plant parameters are proposed, it is the process plant management who
must ensure that the designers of the TSF are advised in order that the impact of the changes can be fully
assessed.
The Plant Management Manual sets out, in broad terms, the technical details associated with the design of
the storages and the technical requirements for operating the storage facility by process plant staff
including:
•

Tailings placement/deposition;

•

Water recovery; and

•

Daily inspections.

Questions which are of particular interest in the operation of the TSF which plant management must be
aware of are listed under the following headings.

8.1.1 Monitoring
Monitoring of the inputs and outputs from the TSF are essential in assessing the performance of the facility
against the design. Monitoring is usually a function which is handled by process plant management and
other departments, such as the environment department, on each mine site. The elements that should be
monitored on a regular basis are:
•

Tonnes of ore processed.

•

Slurry density.

•

Tailings deposition.

•

Water recovery, supernatant pond size, location in relation to the perimeter embankments and
decant facility, and available freeboard.

•

Review of daily inspection reports.

•

Review of water levels in piezometers and monitoring bores.

8.1.2 Embankments
•

Is there any new cracking present on the embankment crest, any intermediate berms or batter
slopes?

•

Are existing cracks moving?

•

Is staining or discolouration of soil present on the downstream embankment batter slope or toe
area?
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•

Is water ponding at or along the downstream toe of the embankment?

•

Is there any water flow from the downstream toe of the embankment?

•

Is the tailings freeboard adequate?

•

Is there water ponding against any perimeter embankments?

8.1.3 Spigotting/Tailings Placement
•

Is the distribution of the tailings into the storage as required by the design?

•

Are numerous spigots being used to deposit tailings?

8.1.4 Water Recovery - Decant System
•

Is the supernatant water pond positioned around the decant facility?

•

Is the water pond surface (within the storage) as planned, or is there excess water on the storage?

•

Is the freeboard adequate and can the decant system efficiently handle and discharge any storm
runoff in addition to the supernatant water?

8.1.5 Water Recovery - Underdrainage System
•

Is the underdrainage system operational?

•

Is the water flowing to the sump clear?

•

Has the return water sump got adequate freeboard?

•

Are the pumps in the underdrainage sump in an operation ready condition?

8.1.6 Tailings and Return Water Lines
•

Are the tailings and water return lines intact and free of cracks?

8.1.7 Groundwater Monitoring
•

Has all monitoring (piezometers and monitoring bores) been performed and the results, plotted and
reviewed?

•

Has the monitoring been performed as specified in the DEC conditions of licence?

•

Have any DEC exceedances been reported?

8.1.8 Embankment Raising
The following factors need to be assessed before any raising of the perimeter embankment construction
work is planned and certainly well before any of the construction work commences.
•

Is the storage performing in accordance with the design?

•

Have the results of monitoring been graphed and regularly assessed and or transmitted to the
designers for assessment?

•

Have the designers inspected the storage regularly and confirmed if the stability of the structure
needs to be reassessed?
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•

Are there sufficient quantities of materials available which meet the compliance requirements of the
design?

•

Are the foundation conditions for the proposed embankment been investigated to confirm the
proposed design and construction method is appropriate?

•

Has the planning of the commencement of any construction and its completion provides sufficient
freeboard allowance?

8.2

Process Plant Staff Operations Manual

Plant staff who have the responsibility for the general day to day activities associated with the operation of
the tailings storage facility such as inspecting the tailings lines, changing the spigots and inspecting the
water return system usually have a separate OM.

8.2.1 Deposition of Tailings
The method of deposition of tailings into the storage is one of the major controlling factors in achieving:
•

Higher insitu densities in the tailings storage;

•

Higher water returns, and

•

Maintaining embankment stability.

In order to understand the tailings deposition requirements a detailed knowledge of the components of the
tailings system is required. These components include:
•

Tailings Pipework

•

Spigotting Process

•

Ring Main Flushing

8.2.2

Tailings Pipework

Tailings are usually transported from the process plant to the active tailings storage via a large diameter
HDPE pipes. At the crest of the TSF embankment, the pipe typically divides via a manifold into two
distribution lines to distribute the tailings around the active storage. A well design manifold also provides
for flushing capabilities from the return water piping system.
The tailings distribution lines have teed offtakes or spigots at regular intervals or are operated via discharge
from an open ended pipe.

The pipework is usually located adjacent to the upstream crest of the

embankment and perimeter access road.

8.2.3

Spigotting Process

Tailings should be deposited over the exposed beaches, at a low velocity from numerous spigot discharge
points. Deposition should occur for a period of two to three days from each group of spigots. Each spigot
should have a control system to stop the tailings flow such as a valve.
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Tailings should not be discharged so as to erode the perimeter containment embankments.

During

deposition particularly, following the construction of any new embankments, conductor pipes (slotted)
should be utilised to ensure the tailings are deposited at the toe of the embankments.

8.2.4

Main Flushing

At the completion of the sequential deposition on each distribution main and following the change over to
the alternative distribution main, the inoperative tailings line should be flushed with water (tails return water)
until it is clean. The flushing operation should be supervised by the Shift Foreman.

8.2.5 Water Decant Operation
Each tailings storage is provided with a decant system which removes supernatant water by a dedicated
pumping system that discharges directly to the process water tank.
There is a trade off between, the size of the decant pond, the clarity of the supernatant water and
evaporation losses. Factors to be considered in the managing of the decant are :
•

Little or no pond around the decant is likely to produce turbid or dirty water in the water return.

•

A large pond around the decant will produce clear water but evaporation losses from the pond will
be high, the stability of the perimeter embankments may be compromised and there is potential for
seepage.

The location of the decant water pond will be controlled by the tailings discharge sequence employed.
The process of tailings deposition is aimed at ensuring that the pond is positioned around the decant
facility, or facilities if more than one decant is present, and that the pond is maintained in that position. The
pond is positioned by altering the location of deposition points around the perimeter of the storage, as
appropriate.
The pond around the decant should be maintained at the smallest practical operational size to maximise
water return to the plant to enable most of the free water to be recovered through the decant for recycling to
the process plant.
The size of the pond will be largely governed by the efficiency of the decant system in removing water from
the tailings storage. Other controlling factors will be:
•

evaporation from the surface of the pond;

•

variations to the input of tailings water (percent solids);

•

rainfall events;

•

difference in permeability between the tailings and the underlying soil types; and

•

the ratio of horizontal to vertical permeability of the tailings.

8.2.6 Underdrainage Systems
Some TSF incorporate an underdrainage system in order to maximise water return and minimise the
phreatic surface adjacent to the perimeter embankment of the storage. Water is recovered from the tailings
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via slotted pipework. This slotted pipe incorporates a filter generally comprising aggregate and a geotextile
wrap. Water will flow under gravity to a lined external sump.
At the start up of the facility, flows from spigots should be diverted away from the underdrains using
conductor pipes or similar in order that the underdrainage is not damaged.

8.2.7 Freeboard
Freeboard criteria are usually specified in the design and will relate to either local regulatory requirements
or local guidelines governing design standards, eg ANCOLD or similar.
The freeboard terminology which applies in Western Australia is outlined in the DMP (former DoIR)
Guideline dated January 2007. Freeboard comprises three distinct elements defined as follows:
•

Total Freeboard is defined as the vertical height between the lowest point on the crest of the

perimeter embankment of the TSF and the nominal operating pond plus an allowance for the 1:100
year, 72 hour duration rainfall event falling in the catchment of the pond, assuming no uncontrolled
discharge takes place for the duration of the event. (Total freeboard includes the “Operational
Freeboard” and “Beach Freeboard”).
•

Operational Freeboard is defined as the vertical height between the lowest elevation of the

embankment crest and the tailings beach immediately inside the embankment. The operational
freeboard varies over the course of the depositional cycle as the storage is filled with tailings. The
minimum operational freeboard is 300mm.
•

Beach Freeboard is defined as the vertical height between the normal operating pond level plus

an allowance for inflow corresponding to the 1:100 year, 72 hour duration rainfall event falling in the
catchment of the pond, assuming no uncontrolled discharge takes place for the duration of the
event, and the point on the beach where the wall freeboard is measured.

The operational

freeboard varies over the course of the depositional cycle as the storage is filled with tailings.
Beach Freeboard is not applicable where the pond is normally located against the perimeter
embankment.
Where the pond is normally located against the perimeter embankment the DMP Guideline does not
contemplate the impact of wave action. It is strongly recommended that an allowance be made for wave
freeboard where the pond is normally located against the perimeter embankment.
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It is important that the freeboard criteria are observed to minimise the risk of embankment overtopping
following storm events.

8.2.8 Routine Inspections and Maintenance
Routine inspection and maintenance procedures are to be carried out for the various components of the
tailings storage system. Reporting sheets are usually provided for inspections which comprise shift logs
which detail the various components of the tailings system to be reported on. Inspections will usually be
carried out on both day shift and night shift. These shift logs are important since they are a ‘snap shot’
record of the conditions for the TSF and associated infrastructure. The inspections should cover:
•

the pipelines (tailings delivery line and water return line) to and from the tailings storage facility.

•

leak detection.

•

pumps.

•

spigots and valves.

•

spigotting and deposition.

•

location and size of the water pond.

•

the decant and decant pump.

•

the process water tank and return water pumps.

•

underdrainage sump and flow from underdrain.
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•

seepage from the embankment toe.

•

the general integrity of the embankment ie any new cracking, any new seepage (daily).

•

any changes to existing cracking or seepage.

8.2.9

Tailings and Water Return Lines

The tailings and water return lines are to be inspected a minimum of two times per shift. The date and time
of each inspection must be entered into the Shift Foreman’s log book.
All tailings lines should be bunded and the inspections will not the current status of the bunds. Any damage
to bunds must be rectified.
The HDPE tailings lines are sensitive to temperature and the expansion and contraction of this line can
cause leaks and in extreme situations failure of the pipeline. Any leaks or failures of the tailings pipeline
should be immediately reported to the following relevant supervisory personnel or project equivalents and
an incident report completed.

8.2.10

Decant System

The position and size of the pond in relation to the decant should be inspected at the same time as the
tailings lines are inspected. Any abnormalities should be reported immediately to the relevant supervising
personnel or project equivalents.

8.2.11

Ancillary Facilities

The process water storage and underdrainage sump should also be inspected on a regular basis to ensure
that the water from the drainage pipes is clear and the level of the water in the process water storage is at
or below the design water level. High water level should be reported to the relevant supervising personnel
project equivalents.

8.2.12

Embankments

Part of the general activities of personnel, when visiting the storage facilities, shall be to inspect the
embankments, including berms and batter slopes. The inspection shall note any cracking or new features,
such as seepage, embankment erosion or scour (caused by tailings deposition or rainfall runoff) or any
other obvious changes or problems.

8.3

Emergency Action Plan

8.3.1 Response Actions
To enable the emergency action plan to be implemented and to allow a safe and timely response to be
instigated, information within the Operations Manual should contain details of the relevant assembly points
and staff contact names. The data on the forms must be reviewed at least six monthly, and/or updated as
required when new staff become responsible for activities in and around the TSF.
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Contractors shall also be made familiar with the location of the assembly point and be made aware of their
reporting responsibilities and to whom they shall report to.
The relevant contact details of staff associated with the tailings storage, senior site responsible staff, safety
officers and emergency services must be recorded.
All personnel who are associated with the TSF must be required to sign a form as evidence that they have
been inducted and are aware of assembly points and reporting procedures.

8.3.2 Tailings Lines and Return Water Lines
The tailings lines from the process plant to the tailings storages and the return water lines from the decant
facilities and underdrainage sump to the process water dam must to be located inside bunded open
trenches to contain any spillage of materials resulting from lines which develop leaks or burst during
operation.
In the event of pipeline failure the plant should be notified and the affected pipeline is to be shut down until
repaired and the spilled materials collected and/or pumped, as appropriate, and deposited in the tailings
storage.

8.3.3 Decant Pumping to Process Water Storage Facilities
The decant pumps are designed to run at all times. The pump is only switched off when:
•

shutdowns or periodic of maintenance of pumps is required;

•

dirty water is pumped into the process water storage; and

•

necessary during periods of high rainfall to ensure the process water storage facility does not
overflow.

8.3.4 Tailings Storage
The embankments of the tailings storage facilities are designed with an adequate factor of safety against
failure under normal operating conditions and under seismic load conditions appropriate for the location of
the storage.
Normal operating conditions refer to a relatively small water pond with no free water ponding against the
perimeter embankments with a resultant low phreatic surface within the embankment.
Given the adoption of the tailings deposition philosophy, good decant operation, routine inspections and
maintenance practices set out in the Operations Manual and that the embankment construction has been
or should be carried out in accordance with the design, the probability of embankment failure during normal
operations is very low.
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However, in the unlikely event of embankment failure, the flow of tailings from the storage will be controlled
by the degree of saturation of the tailings at the time of failure.
Action to control a small scale embankment failure and limit environmental damage would include:
•

Assess the requirement to shut down the process plant, or reduce process plant throughput.

•

Diversion of tailings deposition to areas not affected by the small scale embankment failure.

•

Construction of bunds by earthmoving equipment to divert and contain the tailings.

•

Contact a suitably qualified geotechnical organisation for technical assistance.

•

Deployment of pumps to recover tailings water and return it either to the storage if structurally
sound or to the plant water storage facilities if evaporation and or dilution is practical.

•

Prior to the commencement of any repairs undertake a thorough inspection of the area with or
without a specialist dependent on the scale of the failure.

•

Undertake remedial and repair work of the damaged embankment or affected area.

•

Clean up of tailings as soon as practical after embankment repairs have been completed and the
storage is considered in a safe condition.

•

Prepare an incident report, detailing all factors prior to the incident and the situation after cleanup.
The report should identify causes of the problem and what actions will be taken to prevent a similar
occurrence. This report should detail the ongoing monitoring programme to fully assess the impact
of the incident.

•

Advise all appropriate government departments as necessary of the incident, review DEP
conditions of licence in respect to the timing of advising the DEP and reporting criteria.

Action to control large scale embankment failure and to limit environmental damage would include:
•

Assess the requirement to shut down of the process plant or reduce throughput.

•

Construction of bunds by earthmoving equipment to divert and contain the tailings.

•

Contact a suitably qualified geotechnical organisation for technical assistance.

•

Advise relevant government departments particularly DME and DEP.

•

Deployment of pumps to recover tailings water and return it either to the storages if structurally
sound or to the plant water storage facilities if evaporation and or dilution is practical.

•

Prior to the commencement of any repairs undertake a thorough inspection of the area with the
assistance of a geotechnical specialist.

•

Repair the damaged embankment.

•

Clean up of tailings as soon as practical after the embankment repairs have been completed.

•

Prepare an incident report, detailing all factors prior to the incident and the situation after cleanup.
The report should identify causes of the problem and what actions will be taken to prevent a similar
occurrence. This report should detail the ongoing monitoring programme to fully assess the impact
of the incident.

•

Advise all appropriate government departments as necessary of the incident, review DEC
conditions of licence in respect to the timing of advising the DEC and reporting criteria.
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It must be stressed however, that the safe operation of the tailings storage facility relies upon the
implementation of operational procedures which comprise, tailings deposition; decant operation; and
routine inspections and maintenance, as set out in the Operations Manual to minimise the potential for a
catastrophic event such as a failed embankment.

8.4

Incident Reporting

The undertaking of regular inspections and monitoring is aimed at identifying any problems prior to them
causing a major impact on the operation or integrity of the structure. The inspections may result in the
identification of an event, such as seepage, that may require reporting to senior staff and in some cases to
relevant government departments (DMP and/or DEC in Western Australia).
In addition to incidents that require reporting under section 78 and 79 of the Mine Safety and Inspection Act
of 1994, the following events or occurrences also need to be reported to DMP within 7 days or sooner of
identifying a incident/problem or likely incident/problem. DEC conditions of licence should also be reviewed
in respect to the timing and detail required for incident reports.
Copies of the current licence conditions (DMP and DEC) relevant to the tailings storages should be
attached to the Operations Manual to allow for easy reference.
Each time the DMP mining lease conditions or DEC conditions or licence are renewed or updated all
conditions should be checked for any changes, with appropriate confirmation they have been read and
records have been updated and will be acted upon as considered appropriate.
Typical reporting events include:
•

Any fauna death on or near the TSF (not road kill).

•

Any uncontrolled release of tailings slurry or return water and the cause (pipe break, overtopping,
pump malfunction, automatic switch malfunction, operator error).

•

Impact from seepage (vegetation distress, soil contamination, water quality changes).

•

Defects to the tailings storage facility covering such things as the embankments, decant, process
water tank.

•

Changes in water quality that exceed prescribed conditions of licence criteria.

•

Increases in production tonnages.

It is recommended that prior to submitting an incident report to DMP/DEC that initially an assessment be
undertaken to confirm the nature, type and impact of the incident by either senior site staff or an
independent organisation. If an incident requires reporting to the DMP the relevant form should be used as
well as any other reporting requirements ie DEP reporting criteria.
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9

Conclusion

The use of a TSF Management Plan (TMP) which covers the high level issues associated with TSF design
and life of mine planning is recommended in addition to the separate OMs for the process plant
management and process plant staff who are directly responsible for the essentials of day to day
management of the TSF is considered to be essential for safe management of TSFs.
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Abstract
This paper will briefly describe the advent of the use of In pit tailings disposal techniques in Western
Australia, and the expansion of the technology across Australia. The paper is based on the existing
literature and the experience of the authors and who have worked with the very earliest (sometimes
unapproved mid 1980), In pit TSF’s, following these through to the closure and decommissioning, and
thought to the closure works at many of the present day well designed and fully licensed facilities.
Traditionally early In pit tailings storage facilities were designed with no, or limited underdrainage systems
to assist in consolidation prior to closure works, as a consequence some In pit TSF’s were unconsolidated
and therefore difficult to cover. Capping unconsolidated In pit TSF’s to natural surface with waste rock
material can be a expensive and complex process. Individual closure planning per In pit facility rather than
a “one approach fits all” style of response is required to effectively manage the closure planning at each
facility.
Through a series of brief case study presentations, the significant opportunities, investments and closure
decisions made at West Australian In pit TSF closures will be explored and studied discussed. In particular
the closure of twelve In pit TSF’s at Newmont Tanami /Granites minesites will be considered and the
principles and learning’s gained from these projects presented.
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Introduction
Tailings disposal and rehabilitation in Australia has changed considerably over the past twenty five years
(Jewell, 2005; Lacy and Barnes, 2006). There has been a gradual move away from the typical paddock
style, multi-celled square shaped Tailings Storage Facility (TSF), constructed by the upstream method
using tailings, to a variety of TSF’s. The development of the Integrated Waste Landform (IWL) built with, or
encapsulated by waste rock walls, are perhaps the most practical and elegant example of the concept of
integration of mine waste streams - that has been recently applied to real world mining situations (Lacy and
Lane, 2007). The use of Centrally Thickened Discharge (CTD) facilities, which brings the more recent and
advancing thickened tailing and paste disposal technology into practice, has also advanced strongly (Jewel,
2005). However, clearly the most extensive major initiative has been the rapidly increased use of mined out
areas (pits) for In pit disposal of tailings in Australia, East and West Africa; Lane (2008) lists fifty-five known
In pit TSF’s facilities. That list only represents only a portion of In pit TSF’s, there are considerably more
known to the authors around Australia.
In pit disposal of mine wastes is not a new phenomena, in that the more intractable waste have been
moved into pits, particularly with stabilising historic Uranium Mill Tailings (Staub and Triegel, 1978) in the
deserts of USA. Within Australia and around the world there is increasing use of these facilities, for
managing difficult materials or in strategic planning, or opportunistic low cost disposal (International Atomic
Energy Agency, 2000-2004). At the Ranger Mine, tailings from the No 1 pit were temporarily stored in a
ring dyke impoundment; when the pit was exhausted and mining began in the second pit, tailings were then
discharged directly into the exhausted No 1 pit. At the Nabarlek Mine, the entire ore-body was mined in a
six month period and stockpiled for milling over the ten years, then the tailings were deposited directly into
the mine pit. At Rabbit Lake Uranium Mine (Canada), tailings arising from mining and milling of the Collins
Bay B-zone ore body are placed in the Rabbit Lake pit. At Seelingstadt, Germany, historic uranium tailings
are deposited into mined out pits at Trunzig and Culmitzsch. At West Wits South Africa, cycloned tailings
are discharged into an open pit after reprocessing for gold from the historic “Super Dumps” of South Africa.

History and Context for In pit disposal in WA: How did they start?
Its difficult to determine if the initial In pit TSF’s were a strategic idea – by individuals within the Mining
Industry, or if they were an accidental response to situations were tailing planning was ad-hoc and
managers were forced to either temporarily suspended milling while they constructed Paddock TSF’s, or
decided to direct the tailings discharge lines to an exhausted pit. For instance literature reviewed during
the planning for the closure of the Haveluck In pit storage facility in the mid 1990’s, revealed that the
storage was formally approved three years after it was brought into use due, to expedience in 1986
(Hillman 1989). Just 20 km south another mine decided to do the same, and deposited direct into the
Bluebird pit, also thought to be without approval. At Haveluck, there was a dewatering effort through
placing an underdrainage system in the pit floor. This underdrainage system failed, and a standard central
decant system was put in place. The rate of rise in disposal to this particular facility was considerable, and
subsequently ~7 years of consolidation was required before the site could be rehabilitated. A number of
unconsolidated facilities In pit storage facilties created during the period 1986 - 2000 caused a great deal of
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consternation amongst the regulators during this early period.

It was feared the sites would never

consolidate, however most of these sites (apart from some that were filled level to the existing
groundwater), appear to have been rehabilitated to a reasonable, acceptable and safe standard. Haveluck,
one of the first In pit TSF’s rehabilitated in WA, still appears to be successfully rehabilitated.

Expectations of Closure for In pit disposal in WA
Tailings Storage Facility closure is a process of closing down a TSF with the broad objective of leaving the
facility safe, stable and non-polluting with little need for on-going maintenance. As stated in the Strategic
Framework for Tailings Management (MCMPR and MC, 2003) there are a number of objectives that

need to be considered when planning the final landform:
•

Containing/encapsulating tailings to prevent leaching into ground and surface waters.

•

Provide surface drainage and erosion protection to prevent surface water transporting tailings from
the storage area.

•

Providing a stabilised surface cover to prevent wind erosion.

•

Designing the closure to minimise post-closure maintenance. (Lacy and Barnes, 2006).

The Dept. of Mines and Resources in W.A (1999) remind us that
“rehabilitation of TSF’s must always be kept in mind when considering which tailings storage method is the
most cost effective. Short term economic advantages of storing tailings in a mined-out open pit may be
offset by very considerable monitoring and remediation works before rehabilitation can be done. Substantial
rehabilitation costs may then be incurred once the pit is filled with material with, for example, a high liquid
content and/or very low strength characteristics. Inpit tailings storage presents a number of difficulties not
normally associated with the more conventional methods of tailings storage”. DMP Appendix H (1999).

The DMP (1999) consider that TSF rehabilitation options available to a mine will largely be determined by
the conditions in the top several metres of material in the TSF, and they would prefer that all TSFs were revegetated with natural plant species endemic to the general mine site location. The Guidelines provide a
series of requirements in closing In pit TSF’s. Geotechnical issues and a range of chemical and biological
issues that may also need to be addressed to ensure viable lasting rehabilitation of In pit TSF’s.

Closure at Newmont’s Central Australian TSF’s – Principals and
Experiences
Justification

Recent options review process at Newmont indicate how important it is to consider the various justifications
for In pit TSF’s in an environment, particularly where operations are increasingly looking at fully or partially
lined above ground facilities as a minimum corporate standard and commitment.
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Biodiversity

The above ground TSF will necessitate the clearing of approximately nine times the size of the void
footprint, often of undisturbed land. When the clearing takes place an established ecosystem will be
removed which will often lead to the displacement and often demise of wildlife as the displace wildlife will
be entering habitats already fully occupied by competitors. When the above ground facility is rehabilitated,
it’s biodiversity values will take many years to reach those approximating the pre disturbance area, if they
ever do. Alternatively the use of abandoned voids as TSF’s ultimately leads to moderate levels of
biodiversity at the rehabilitated site, whereas currently abandoned open pits provide little of, and if left as
such, never will.
Public Safety

A properly consolidated and closed In pit facilities is superior, to an open pit or above ground TSF
combination, from the perspective of public safety. The open void is removed as a major risk, as apart from
traversing the upper rehabilitated surface this style of landform provides limited opportunity for vehicle
access or personal accidents or injuries.
Greenhouse Emissions

An accurate accounting between the total greenhouse footprints of the two TSF storage approaches would
demonstrate a stark comparison. In addition to much more material to cover the closed facility, the above
ground facility requires a large amount of energy to build the embankments and subsequent lifts, to pump
the tailings to a higher elevation, to manufacture, transport and install plastic liners (when used), to install
and operate seepage pumps which would be operating at a greater distance from the mine. In short, due to
the these stark differences in total energy efficiency the above ground TSF option in comparison to In pit
storage, will generate many more tonnes of greenhouse gas.
Stability

All landforms built by mining activities in arid Australia, if they operate to the best possible standards, will,
over thousands of years, gradually re-integrate into the surrounding landscape. This inherently means that
the rate of erosion, sediment loss and degradation is intended to be such that the surrounding environment
can accept this planned degradation without significant impacts on biodiversity or other relevant values
(groundwater, surface water, aesthetic etc). The realities are that the degradation of landforms is rarely
predictable and the chance of failure due to variability in material or poor application of design or unforseen
events of extreme magnitude within a given timeframe is high, with subsequent unknown impacts upon the
surrounding ecosystem.
Stakeholder Preference

In some regions in which Newmont operates the Traditional Owners have made it clear that they would
strongly prefer the pits generated through the mining process to be filled. This is not generally economically
feasible as a stand alone activity but in the case of tailings as a backfill positive economics can be gleaned
for the mine operator. The Traditional Owners support this endeavour preferring filled In pits, low profile or
no “new landforms”. This preference can sometimes be accommodated through adopting the In pit option.
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Regulators have demonstrated consistently that they are willing to permit appropriately designed, managed
and closed In pit Tailings Storage Facilities and have created no significant barriers in this approval and
regulatory process.
Groundwater Quality

Groundwater impacts are most often the justification for not adopting in pit tailings storage and in some
locations this is well justified and highly appropriate. In other locations the preservation of groundwater
values where there are no known groundwater resources, and there is limited or no biological
environmental use provides a low risk scenario for In pit disposal. The larger footprint of above ground
facilities are likely to have considerably greater groundwater impacts, as the driving hydraulic head and the
extent facility is much greater in comparison with In pit TSF, with more extensive and longer lasting
groundwater impacts unless the facilities are lined.
Targeted seepage interception and dewatering systems considered in pit design, and during deposition can
ultimately lead to a highly controlled and reduced impact on groundwater.
Surface water quality is of course much less likely to be impacted in the long term by an In pit facility versus
an above ground facility, as the larger facility breaks down the facility and distributes this material into the
surrounding surfaces.
Cost
Table 1 Illustrates recent estimates from a pre feasibility option assessment for TSF’s in arid Australia.

They strongly suggest that the In pit was a far more cost competitive option, although the above ground
option was recommended ostensibly for reasons of conformance to internal company standards.
Table 1. Prefeasibility Tailing Disposal Comparison – Arid Australian Tailing Disposal Costs
TSF Construction

Construction

Closure Costs

Costs
Option 1(Surface TSF) four

Resulting

in

Estimated

Life of Mine Costs

$37 812 048

Option 1 - $7 622 200

Option 1 - $45 400 000

$1 647 321

Option 2 - $15 786 510

Option 2 - $17 450 000

stages embankment
construction (lifts)
Option 2 (in pit TSF)

Where costs can become higher than anticipated with In pit TSF closure is during the closure process.
Often assumptions about cover depth are simplistic and do not allow for consolidation issues or the need to
marry the cover with the surrounding topography.
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Closure Risk Associated with In Pit Tailings Storage
Context and understanding of the existing host environment

Clearly, an understanding of the hydrology and modelling of the likely migration of impacted waters is
essential. It is essential is that realistic monitoring locations and groundwater quality thresholds are
established at the outset. The practice of using old pit perimeter dewatering bores as monitoring bores and
compliance points during the In pit operation should be avoided, as it is generally unrealistic to expect
water quality to remain below monitoring thresholds in these close proximity locations.
Maximising Drainage Opportunities

Although the value of underdrainage can still be debated, given the long term risk and cost of consolidation
and sink hole formation, it is recommended that it is carefully considered.
Operational Practice

This is generally where opportunities for good consolidation during tailing deposition and early closure
preparation are missed. Give many mill operators a big hole in the ground and plenty of freeboard and you
may quickly get “a new water storage facility” on site, or a situation where the water in the pit “isn’t good
enough” for the plant, and subsequently little effort is put into recovery or dewatering. The latter justification
has been observed in some cases to have been successfully used to the extent that there is no beach of
any description on some facilities – a “In pit swamp scenario”. Of course the majority of operators take
these matters more seriously, particularly if the consultancies or person’s who manage the site understand
the growing implications of the “swamp scenario”.
Water Minimisation Strategies

Obviously the best method of water minimisation is to use it. Abstraction via underdrainage, perimeter
bores if available and the formation of a water recovery location at the pond surface are the obvious initial
choices. A filter wall of rock can be built and maintained to improve the quality of water recovered and
provide more control to the recovery process.
If there is still difficulty in forming a beach, the approach of multiple spigots can be implemented. If there is
still a positive water balance, there are actions operators can take rather than just give up on the
dewatering challenge. One site instituted a site constructed “snow maker” which removed 4 litres per
second from the pond.
It would not be difficult to generate a ring main around a pit perimeter and either spray or sprinkle the
decant water down the outslopes of the void. This could dramatically enhance evaporation, particularly at
certain times of the year or day, when evaporation is at its highest.
Drying and consolidation

One of the best approaches to drying and consolidation, if the production schedule allows, is to continue to
operate the facility on a campaign basis once the notional fill height has been almost reached. This means
that when the bulk of the deposition is going to the next facility in the strategy, the filled In pit TSF is topped
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up strategically from different locations to fill the void evenly and continue to charge the tailings. Care
should be taken that absolutely all local drainage, including from the ramp, is directed away from the void.
The use of above ground lifts – to support longer use of the facility – so that it can be sporadically topped
up and allowed to dry and consolidate with only meteoric water as the main input, followed by the
occasional period of deposition - the better for final landform consolidation and form.
Closure

With an material unconsolidated within a In pit facility - smaller earthmoving equipment will naturally be less
likely to create breakthroughs and bow waves. Campaign closure of the surface can be an effective
strategy as can placement type approaches, such as long reach diggers rather than dump and push
methods. Naturally batter caving can be instigated if the facility has not been filled to the top of the pit, and
is likely to be a satisfactory and cost effective closure option.
Drainage around the rehabilitated facility can be more complicated than was considered during the design
process as sloped ground may create high walls which increase unavoidable catchment onto the
rehabilitation surface. Local drainage may be diverted around or in some cases, over the rehabilitation
surface, but consideration should be given to unforseen consolidation, as a result of allowing surface water
ponding, or allowing spasmodic surface water flow across the rehabilitated TSF surface.
Monitoring

A great deal of resources can be expended on groundwater monitoring but consideration should be given
as to what intervention is possible and what down gradient values are at risk of harm. The general likely
extent of groundwater plums should be understood and monitoring should occur at the outer reaches of the
expected plume. Monitoring of the plume near the pit perimeter is all too common, but often provides
information of little strategic value if the plume front has passed this point. If there are no beneficial or
environmental users and deposition has ceased, groundwater monitoring should be scaled down
accordingly. Naturally, rehabilitation monitoring is applicable and consolidation should be part of basement
during facility walking inspections annually (safety hazards may exist) due to consolidation, and care should
be taken.
The consolidation performance cannot be absolutely guaranteed and provision should be made to monitor,
and have the capacity to respond to maintenance and repairs for a reasonably and significant interval into
the future. The primary risk is that of public safety, as these facilities are unlikely to be bunded.
In Summary

Careful consideration needs to be given to the relative impacts of In pit TSF’s versus above ground style
facilities, in use, during and post closure when making the decisions to select different tailing disposal
options.
Design should responds to the groundwater hydrology, consolidation and post closure surface hydrology
considerations. Active water management and consolidation enhancement should be part of the design.
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Expectations with regard to managing water quality changes and the likely extent and subsequent
management of ground water mounds and or distinct plumes need to be realistic, a regulator environment
that is appropriate for the situation , and that is monitored and reported appropriately is most important.
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Abstract
Meeting regulator expectations for Life of Mine (LoM) environmental management has become an
increasingly challenging task for mining companies as regulators continue to move the goal posts. As a
key example of this, regulator expectations for minesite water management are becoming increasingly
higher as water resources become more valuable for conservation and greater attention is given to water
dependent ecosystems (e.g. riparian and phreatophytic vegetation, and stygofauna). As such, broad-scale
hydrological and hydrogeological studies across the general area encompassing a proposed mining project
are no longer considered enough by regulators to assess the potential impacts and apply “common to all
projects” environmental management.
Hence, there is now an implicit requirement for mining companies to apply strategic environmental planning
to a new proposed mining project under the current WA regulatory environment to enable timely project
approvals to be obtained and prevent impediments for LoM environmental management. This paper brings
to light some of the typical issues which may be experienced by WA mining companies endeavouring to
fast-track the environmental approval process for a mining project without an effective strategy to meet
regulator expectations. It goes on to emphasise the value in ensuring adequate project scoping is
undertaken by mine planning and environmental personnel together to ensure that baseline EIA studies are
undertaken to the required extent to enable appropriate environmental approval applications to be
submitted simultaneously to the various regulators for aligned environmental approval of a mining project.
It further emphasises the correlation between effective environmental approval applications and efficient
LoM environmental management involving ongoing regulatory reporting and mine closure planning.
The paper uses mine dewatering and discharge as an example of a mining activity to demonstrate the
expectations of WA regulators for achieving best practice water management on a minesite. It includes a
practical tool to assist mining companies in evaluating disposal options for excess water.
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Introduction
Any proposed mining project in WA requires project-specific environmental impact assessment (EIA) and
environmental management for regulators to adequately assess and set appropriate environmental
conditions upon granting approval.

Regulator expectations for Life of Mine (LoM) environmental

management have increased notably over the past decade, as can be witnessed by comparing the detail
required for mining project approval before and after the proclamation of the Mining Amendment Act 2004,
when Mining Proposal documents replaced Notice of Intent (NOI) documents, which were approved by the
State Mining Engineer as opposed to the DMP Director Environment Division these days. Hence, there is
now an implicit requirement for mining companies to apply strategic environmental planning to a new
proposed mining project under the current WA regulatory environment to enable timely project approvals to
be obtained and prevent impediments for LoM environmental management.
Water issues are often the most complex aspects of a mining project in arid environments such as the
Goldfields region, requiring detailed hydrological and hydrogeological assessments to demonstrate to
regulators the most logical solutions for LoM water management. This is due to the complex properties of
water and its interaction with all aspects of a mining project, from being critical as a reliable supply for
potable, dust suppression and/or processing purposes, to having mining implications and associated
impacts on the environment (e.g. mine dewatering and excess water disposal requirements). There is also
an increasing requirement by regulators for mining companies to incorporate efficient water resource
conservation into water management to achieve best practice.
The three objectives of this paper are to:
1. Outline the LoM Strategic Environmental Planning Process.
2. Highlight the importance of applying this process under the current WA regulatory environment to meet
regulator expectations, and in turn enable timely project approvals to be obtained and prevent
impediments for LoM environmental management.
3. Highlight the water assessments, plans, environmental approval documents and ongoing regulatory
reports which are required to achieve best practice water management under the current WA
regulatory environment for the activity of mine dewatering and discharge.
Best practice is a loose standard, as there are vastly different interpretations of this term, leading to the
question of “who sets the bar and how high?” For the sake of this paper, best practice water management
is considered to be the standard required to meet the expectations of WA regulators.

LoM Strategic Environmental Planning Process
A typical mining project progresses through various stages of development, starting from gathering
information at the acquisition and exploration phases, to developing a concept and design during the
feasibility phases, through to construction and operations, and finally closure and decommissioning.
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The following provides a summary of the five stages of strategic planning for LoM environmental
management and discusses the measures to help ensure timely environmental approvals are obtained,
good relations are maintained with regulators and successful mine closure is achieved. The initial three
stages are required in the lead up to obtaining environmental approvals for a mining project to successfully
meet scheduled dates for construction and operations.

If this is undertaken properly, the project

development should not be delayed and solid groundwork will be laid for the fourth (ongoing regulatory
reporting) and fifth (mine closure) stages. Figure 1 provides a diagram of these five stages of the LoM
Strategic Environmental Planning Process in relation to the three broad phases of progressive mine
development and closure.

PROJECT SCOPING

BASELINE ASSESSMENTS
CONCEPT AND DESIGN
(FEASIBILITY PHASE)
APPROVALS

REGULATORY REPORTING

MINE CLOSURE

Figure 1

CONSTRUCTION AND
OPERATION
CLOSURE AND
DECOMMISSIONING

Five Stages of LoM Strategic Environmental Planning Process

Below is a summary of what is required to be undertaken during each of these five stages and why the
application of this process is important under the current WA regulatory environment to achieve effective
LoM environmental management. This section brings to light some of the typical issues which may be
experienced by WA mining companies endeavouring to fast-track the environmental approval process for a
mining project without an effective strategy to meet regulator expectations. It emphasises the value in
ensuring adequate project scoping is undertaken, parallel processing of baseline studies and environmental
approval applications is achieved to enable timely project approvals to be obtained, and highlights the
correlation between the legally-binding commitments made in environmental approval applications and
ongoing environmental management, monitoring and reporting throughout the LoM operation.
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Stage 1 - Project Scoping
The feasibility phase of a mining project requires close liaison between mine planning and environmental
personnel to develop the project scope and schedule.

This enables environmental constraints to be

identified at an early stage of project design and the ground disturbance footprint (site layout plan) to be
established for the commencement of EIA studies. This step establishes the platform for strategic
environmental planning by engaging all mining company personnel (environmental, mining, processing,
infrastructure, etc.) to develop the same project layout simultaneously. This ensures that minimal project
amendments are made later in the process which can delay environmental approval timeframes and in turn
delay the scheduled dates for construction and operations to commence.
Liaison with the WA regulators (EPA, DMP, DEC, DIA, DoW) and other stakeholders (local council, pastoral
lease owners, Aboriginal community groups, etc.) about the proposed mining project should commence as
part of this initial project scoping stage. More detailed project scoping is undertaken after baseline
assessments are completed as the basis for development of appropriate environmental management
measures and referral of EIA documentation.

Stage 2 - Baseline Assessments
Following project scoping, commissioning the baseline EIA studies for the various environmental aspects
(groundwater, surface water, flora, fauna, soils, waste, etc.) as early as possible becomes a priority due to
the long lead time required to collectively complete these studies. The impacts and management
implications identified by these baseline assessments provide the supporting information to complete the
environmental approval documents and/or applications for aligned submission to the various regulators.
The outcome of the baseline assessments are also likely to have implications for the conceptual design of
the project and may require some changes to be made through the Definitive Feasibility Study (DFS) stage.

Stage 3 - Approvals
The primary objective at the outset of the strategic planning process for LoM environmental management is
to obtain approval of the suite of environmental applications and/or documents submitted to the various
regulators (EPA, DMP, DEC, DIA, DoW) for the proposed mining project. The success of this outcome is
dependent on whether the mining project is given the green light by all the regulators to commence
construction and operations by the scheduled dates identified during the initial project scoping stage.
It is essential for mining companies to recognise environmental approval documents as legally binding
documents, as the commitments made directly relate to the regulator expectations throughout the LoM.
Consequently, it is important to continue involving the project development team (e.g. mining, processing,
infrastructure, etc.) during the preparation of environmental approval documents to ensure that all the
commitments made are realistic and allow for adaptive management throughout the LoM (i.e. evolving
closure criteria development during the LoM). For example, the extra time and cost required to achieve
bond reductions during progressive rehabilitation and relinquishment upon final mine closure can become a
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major issue for mining companies which commit to inappropriate rehabilitation and closure outcomes in
environmental approval documents.
As the baseline EIA studies provide the necessary supporting information to prepare the multitude of
environmental approval documents and applications in parallel, the intention should be to submit the
application documents to the various WA regulators for aligned assessment and approval, as sixty
business days is usually the standard approval process timeframe set by WA regulators with the exception
of large mining projects requiring EPA assessment at the Public Environmental Review (PER) level and/or
projects with DIA heritage issues. However, this coordinated submission and parallel processing is often
not achieved by mining companies, often due to inadequate project scoping which in turn leads to
incomplete baseline EIA studies and/or contradicting environmental approval documents, requiring a
second round of EIA studies and amendments to original environmental approval documents and
applications. It should also be noted that regulator approval process timeframes may also be exceeded on
occasions due to staffing shortfalls or moving goal posts, despite mining companies properly undertaking
these initial three stages of the LoM Strategic Environmental Planning Process.
In summary, the ability of the environmental approval documents and/or applications to meet regulator
expectations determines whether timely (scheduled) environmental approval for the mining project as a
whole (green light for construction and operations) is achieved. By following these initial three stages of the
strategic planning process for LoM environmental management and maintaining ongoing liaison with the
regulators throughout the process should give a mining company confidence that they’ve taken the
necessary steps to meet regulator expectations and have their mining project approved by the planned
scheduled date.

Stage 4 - Regulatory Reporting
Throughout the construction and operations phases of the mining project, satisfying the commitments made
in the environmental approval documents and meeting the regulator conditions made upon granting
approval becomes the ongoing focus of the environmental personnel employed by a mining company. This
includes ongoing environmental management, monitoring and reporting throughout the LoM operation.
This list of commitments and conditions can initially seem overwhelming, hence the importance of
preparing and implementing a practical Environmental Management System (EMS), incorporating an
Environmental Obligations Register which is auditable. Some mining companies in the race to obtain
environmental approvals for a mining project over-commit to environmental management and monitoring
tasks in their environmental approval documents, overlooking at the time that they are legally binding
documents, not simply a green light for construction and operations to commence. This frequently leads to
regulator expectations not being met and frustration by the mining company, especially leading up to mine
closure.
The regulatory reports (AER, GMS, GMR reports, etc.) prepared by the mining companies are the avenue
through which the regulators assess whether a mining project’s environmental commitments and conditions
are being met, and this is often verified by annual site inspections by the regulators.
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Stage 5 - Mine Closure
Maintaining a good working relationship with the regulators throughout the LoM operation is necessary to
meeting their expectations for progressive rehabilitation and in turn successfully achieving mine closure,
with the end-point being the development of an approved Final Mine Closure Plan and ultimately bond
relinquishment.
As previously mentioned, obtaining environmental approval for construction and operations is the primary
objective of the initial strategic planning process for LoM environmental management. However, it must be
recognised that significant aspects of the project will change over the LoM as operational experience is
gained.

It is therefore important that mine closure planning is an evolving process which allows for

adaptive management to achieve the best operational and environmental outcomes.
Bond reductions and retirement (relinquishment) during mine closure is considered to be the secondary
objective of the strategic planning process for LoM environmental management, as “time means money”
and the quicker bond relinquishment is achieved, the quicker a mining company can divest.

Regulator Expectations for Minesite Water Management
Regulator expectations for minesite water management are becoming increasingly higher as water
resources become more valuable for conservation and greater attention is given to water dependent
ecosystems (e.g. riparian and phreatophytic vegetation, and stygofauna). As such, detailed hydrological
and hydrogeological assessments across the general area encompassing a proposed mining project are
required to demonstrate to regulators the most logical solutions for LoM water management.
Compared to vegetation studies which typically only focus on the ground disturbance footprint area for
environmental impact assessment (EIA), water management often requires multifaceted studies to be
undertaken in order to understand the interactions between surface and groundwater, and the potential
impacts on water dependent ecosystems. Hence, detailed hydrological and hydrogeological studies often
become the most critical component of EIA, requiring sufficient lead time to complete in order to meet the
expectations of the various regulators and in turn achieve scheduled mining project approval.
At Aquaterra, we have experience in delivering water management solutions for all phases of a mining
project development, including understanding the requirements to meet regulator expectations,
implementing logical/efficient processes and developing solutions to potential implications relating to
hydrogeology, hydrology, groundwater, water resource engineering and environment. Below is a list of the
water assessments, plans, environmental approval documents and ongoing regulatory reports which from
our experience are required to achieve best practice water management under the current WA regulatory
environment for the activity of mine dewatering and associated discharge. Included is the Disposal Options
Evaluation Matrix tool we use to determine the most effective option(s) for discharge of water from mine
dewatering.
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Assessments
•

Hydrogeological Dewatering Assessment, involving field drilling programs and groundwater modelling.

•

Surface Water Catchment Assessment, involving flood study for dewatering infrastructure placement
and management (e.g. creek diversions, flood protection and surface water quality protection), and
surface water related discharge option(s) (e.g. storage in evaporation ponds, discharge to natural lake
systems).

•

Discharge Options Analysis (refer to Appendix A – Disposal Options Evaluation Matrix), involving
consideration of environmental impacts (vegetation, fauna, groundwater, surface water and heritage),
construction and operation requirements/constraints and costs, rehabilitation/closure constraints, and
water resource conservation capability (e.g. reuse onsite, replace water drawn from bores, aquifer
recharge, etc.).

•

Water Resource Engineering for dewatering infrastructure (water storage facilities, pumps, pipe works,
bunding, telemetry, etc.).

Approvals Documents
General

•

EPA Referral, as per Part IV of Environmental Protection Act 1986? Memorandum of Understanding
(MoU) between DMP and EPA?

•

Assessment on Referral Information (ARI) or Public Environmental Review (PER), as per Part IV of
Environmental Protection Act 1986? (EPA).

•

Mining Proposal (incorporating Conceptual Mine Closure Plan), as per Part IV of Environmental
Protection Act 1986 (DMP).

•

Section 18, as per Aboriginal Heritage Act 1972 (DIA) – if has the potential to disturb an Aboriginal
heritage site.

•

Native Vegetation Clearing Permit, as per Part V of Environmental Protection Act 1986 (DEC or DMP) –
if has the potential to disturb an Environmentally Sensitive Area (ESA) or the 10ha clearing exemption
per tenement per financial year does not apply.

Specific to Activity of Mine Dewatering and Discharge

•

Dewatering/Discharge Works Approval and Operating Licence, as per Part V of Environmental
Protection Act 1986 (DEC).

•

26D Licence to construct or alter well(s), as per Rights in Water and Irrigation Act 1914 (DoW).

•

5C Licence to take groundwater, as per Rights in Water and Irrigation Act 1914 (DoW) – acceptance of
this application results in a Groundwater Well Licence (GWL) being issued.
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Plans
•

Groundwater Operating Strategy, to support the 5C Licence application and satisfy conditions of the
GWL.

•

Dewatering Management Plan (or part of a Groundwater Management Plan) – possibly if a large mining
project and/or within an Environmentally Sensitive Area (ESA).

•

Surface Water Engineering Drawings (or part of a Surface Water Management Plan).

•

Dewatering System Engineering Drawings and Operational Plan.

Regulatory Reporting
•

Annual Environmental Report (AER) (DMP – mining tenements condition under Mining Act 1978).

•

Groundwater Monitoring Report (DEC – Discharge Licence condition under Environmental Protection
Act 1986).

•

Groundwater Monitoring Summary (GMS) or Groundwater Monitoring Review (GMR) (DoW – GWL
condition under Rights in Water and Irrigation Act 1914).

•

Final Mine Closure Plan (DMP or EPA – Mining Proposal or PER condition under Environmental
Protection Act 1986).

Summary and Conclusion
Meeting regulator expectations for LoM environmental management has become an increasingly
challenging task for mining companies as regulators continue to move the goal posts. There is now an
implicit requirement for mining companies to apply strategic environmental planning to a new proposed
mining project under the current WA regulatory environment to enable timely regulatory approval to be
obtained and prevent impediments for LoM environmental management.
Developing a close working relationship between environmental and mine planning personnel during the
initial project scoping stage of a mining project is the key to ensuring environmental constraints are
identified at an early stage of project design and the ground disturbance footprint established for the
commencement of baseline EIA studies. This ensures that minimal project amendments are made later in
the process which can delay environmental approval timeframes and in turn delay the scheduled dates for
construction and operations to commence.
Through achieving aligned regulatory approval of the set of environmental applications for construction and
operations to commence, while ensuring the commitments made in these documents are realistic and allow
for adaptive management throughout the LoM, should give mining companies confidence they’ve taken the
necessary steps to meet regulator expectations to enable efficient LoM environmental management,
monitoring, reporting, closure planning and ultimately bond relinquishment.
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The successful outcome is a mining company which has achieved timely project development, mining and
closure for the project, while maintaining its reputation with the regulators, shareholders and general public.
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Appendix A - Disposal Options Evaluation Matrix
FACTOR

DISPOSAL OPTION
Reuse onsite

Aim of option for
consideration

Storage in disused pit(s)

Storage in evaporation pond(s)

Local groundwater
recharge (aquifer
re-injection)

Discharge to natural lake systems

Piping to haul road for dust suppression

Treating in desalination plants to reduce
scheme usage

Waste Dump Irrigation/Dust
Suppression

Piping to Pit

Piping to Evaporation Pond

Re-injection into
fractured rock or
palaeochannel using
injection bore(s)

Piping to Lake

Replace water drawn from haul road bores
for mining and haulage route dust
suppression

Reduce scheme water usage for washing
ore to meet product specifications and
make mining operations self-sufficient

Irrigation of Waste Dump with
water cannon network

Temporary storage and evaporation
of excess water (not used for mining
dust suppression) in neighbouring
mine pit void

Discharge to an impervious,
shallow pond where the water is
evaporated

Dispose of surplus
water by injection into
other nearby, saline
aquifers

Pump water to Lake, located
away

•
•
•

•

•
•

•

•

No beneficial use unless salt crust remaining in
bunded section of lake is of value. Increasing the
salinity of the fresher system would be of
detriment impact to the sheep and cattle currently
grazing the lake system.

a few kilometres

Construction /
DETAILS:
Operation requirements
and considerations
PROS:
CONS:
Construction costs
Relative transfer costs
(pipeline pumping)
Land disturbance
footprint constraints
Groundwater impact
Surface water impacts
Vegetation impacts
Fauna, including
aquatic biota, impacts
Rehabilitation/closure
constraints
Water resource
conservation

•
•

Re-use
Replaces water drawn from haul road
bores

•
RANKING

1

4

Re-use
Reduced reliance on scheme water
Possible environmental
recognition/awards
Potential Govt assistance and rebates
to install and implement system

No beneficial use

3

2
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Storage for water supply
Aquifer recharge potential

Storage for water supply

5 to 7

Direct aquifer
recharge for
future use

5 to 7

5 to 7
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