
Workshop
on Environmental Management

2006

Goldfields Environmental
Management Workshop

2006

May 24, 25, 26

Kalgoorlie - Boulder

Proceedings



Workshop
on Environmental Management

2006

MINOR SPONSORS

May 24, 25, 26

Kalgoorlie - Boulder

MAJOR SPONSOR



FOREWORD 

 
 
Sinclair Knight Merz is pleased to continue our commitment to the GEMG 
through sponsorship of the Workshop on Environmental Management for 
the second time. 

Since the previous workshop in 2004, global demand for resources has 
escalated, increasing the pressure on the environment.  In addition, 
changes in legislation and regulations have been instrumental in 
changing the way in which resources projects respond to environmental 
management and sustainability issues.  These circumstances are 
providing significant opportunities to embed environmental 
management services in the overall planning, operation and closure of 
resources projects.  

As a profession, however, these circumstances also present a challenge. 
Understanding how these opportunities and challenges will impact our 
projects will be integral to our ability to successfully deliver environmental 
management solutions. 

The presentations for the 2006 workshop cover a wide spectrum of 
environmental management topics and, collectively, build on the recent 
improvements in industry guidance in respect to environmental 
management.  The forum continues to be a key focus for environmental 
leadership within the industry and one which is a foundation of our future 
success. 

SKM extends a warm welcome to all the speakers and delegates and 
looks forward to your participation in this memorable event. 

 
 
Darren Murphy 
Manager, Environmental Mining Services 

Sinclair Knight Merz
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CO-OPERATIVE PARTNERSHIP AND INNOVATION IN THE 
PLANNING AND EXECUTION OF THE DECOMMISSIONING OF 

THE MT MCCLURE GOLD PROJECT  
 

 

Harley Lacy1 and Rory Haymont2   
1 Managing Director Outback Ecology Services   

2 Legacy Sites Adviser Newmont Australia  
 

BACKGROUND OF THE MT MCCLURE SITE   
 
The Mt McClure Gold Project commenced as a mining operation in 1991 and 
was owned and operated by four different mining companies before Mt McClure 
and the neighbouring Bronzewing mine came under the control of Newmont 
Australia in 2002.  The mining operations consisted of a standard Carbon in 
Leach (CIL) processing plant with multiple pits and two tailings facilities treating 
~1.2 Million tpa of ore sourced from oxide and fresh rock, with some pyritic 
shales.   
 
Shortly after Newmont took control of the respective mining leases, and in 
accordance with Newmont's “Closure and Decommissioning Standards”, work 
began in earnest on the research and planning phases for the full 
decommissioning and rehabilitation of the Mt McClure Project.  In mid-2002, an 
internal Newmont audit had identified approximately 14 non-compliances with 
lease and licence conditions and commitments over the Mt McClure and 
Bronzewing leases.  Although the operations were preparing for closure, 
Newmont considered any non-compliance to be unacceptable and rectified 
these outstanding issues in conjunction with final decommissioning.   
 
Following an extensive closure planning process, which incorporated a 
framework integrating all components of decommissioning, the final 
implementation of the mine closure and rehabilitation programme was 
completed in late 2004.  The successful outcomes achieved in the Mt McClure 
rehabilitation was recognised by State Regulators, with the awarding of the 
Golden Gecko Award for Environmental Excellence, the highest environmental 
award available in the WA mining industry.   
 
The prime purpose of this paper is to outline the importance of the cooperative 
partnerships formed by the Newmont-Mt McClure management team during the 
closure process, however because there were considerable closure challenges 
faced by the Newmont-Mt McClure management team a brief background of the 
Mt McClure site and the a list of challenges are also described.  The innovative 
ideas utilised by the closure team to overcome these obstacles are presented, 
in addition to the positive contributions made to the community as a result of 
these processes.  Finally, a review outlining the breadth of cooperative 
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partnerships developed and maintained during stakeholder consultations and 
Newmont’s closure commitments derived from these relationships are also 
listed.   
 

LOCATION AND LOCAL ENVIRONMENT    
 
The Bronzewing/Mt McClure operation is located in the Northern Goldfields 
80km north-east of Leinster, Western Australia ( 
 
Figure 1).  The operations are set in the region of WA known as the Arid 
Shrublands, a region where the general landuse is for grazing rangeland.  The 
vegetation communities on the land-systems which the project is situated are 
dominated by Mulga (Acacia sp.), and include Eucalypt sp., Spinifex (Triodia 
sp.), and Chenopodiaceous (salt and blue bush shrubs) plants.   
 
The Mt McClure mine is within a region of high climatic variability, with 
monsoonal and Mediterranean weather patterns dominating from time to time.  
Average rainfall is in the order of 250mm per annum and is notably erratic, with 
high intensity storm events in summer, steady winter rainfall events, with regular 
and occasionally prolonged droughts.   
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Figure 1 - Location of Mt McClure Mine Site in relation to Western Australia   
 
A PLAN BUILT IN COOPERATION, RESPONSIVENESS AND INNOVATION   
  
The whole Mt McClure closure planning program was heavily influenced by 
reference to the important closure guidelines, “Strategic Framework for Mine 
Closure”, (ANZMEC / MCA) and the Best Practice Environmental Management 
in Mining – Mine Decommissioning, Environment Australia (2000).   
 
Contract negotiations and preliminary rehabilitation earthworks commenced in 
early 2003, in parallel with a range of research activities.  These activities 
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increased in scale and intensity from that time, such that for 15 months, 
approximately 30 Newmont staff, contractors and consultants were dedicated 
solely to the project of decommissioning and rehabilitation.   
 
Prior to the stakeholder consultation process commencing, a risk assessment 
was conducted by the closure management team and external consultants and 
was an important process that focussed the team on the key issues and formed 
the basis for the closure plan.  Another key feature of the closure plan was the 
development of a process map which outlined in a detailed manner the planning 
steps and sequences.  The plan was broken into four components, which dealt 
with -   

a. Introductory and background issues   
b. Closure management systems and processes   
c. Supporting documentation   
d. Project Task Areas, which broke down into almost 300 discreet task 

sheets   
 
Mt McClure’s Stakeholder consultation incorporated a broad spectrum of people 
including regulatory, indigenous, pastoral, miscellaneous land users and other 
interested parties.   
 
Stakeholder participation was actively implemented during the Mt McClure 
closure planning process to comply with Newmont’s Statement of Commitment 
to “Conduct stakeholder engagement activities to keep stakeholders involved in 
our closure process and having their interests considered.”  During the planning 
process a stakeholder register was compiled detailing organisations and contact 
details for reference throughout the consultation process.   
 

CHALLENGES AND INNOVATIONS    
 
The significant challenges identified in the initial scoping process and the 
innovative management systems implemented to rectify these issues for the 
project can be broken down into ten key areas:   
 

1) Planning: Initially, there was a lack of a detailed, fully-costed and 
technically-justified Closure and Rehabilitation Plan to guide and direct all 
works throughout the project area – no plan had been submitted to 
government.  To rectify this situation, specialists with experience in closure 
plan development were recruited by Newmont to drive and develop the 
Closure Plan.  This plan addressed all aspects of closure and rehabilitation 
that had been brought out in a prior scoping process, and included a 
review of literature, conditions, commitments and standards, and a closure 
planning workshop with stakeholders.   

 
2) Material characterisation: There was a lack of sufficient data on the 

characteristics of mine waste and rehabilitation materials, to adequately 
develop a robust plan for rehabilitation.  A program of research and 
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investigation was commenced in mid-2002, to establish a detailed 
understanding of materials characteristics to adequately form the plan. 
This involved extensive sampling programs and detailed analysis by a 
range of specialists.   

 
3) Incomplete earthworks: Due to the sudden end of operations in 1999, 

(the mine went into receivership) little progressive rehabilitation had been 
completed to the standards set by the site licence conditions and 
commitments.  Extensive design work and modelling of options for the 
rehabilitation of incomplete facilities was carried out, including a 
benchmarking process within the region, to establish best practice for the 
local context.  This included cover material assessments, bunding 
specification designs, water retention and freeboard capacity calculations 
and materials inventories.   

 
4) Unsuccessful rehabilitation: Some rehabilitation works had been 

completed, but these had failed or been constructed inadequately with 
regard to conditions and commitments. Previously rehabilitated areas were 
mapped to establish problem areas and develop detailed plans for each 
waste landform.  Cover depths were verified through a system of test pits, 
and rainfall simulation studies were carried out to test erodibility of waste 
materials and covers.  Finally, a landscape evolution model was created 
for some of the rehabilitated waste dumps to gauge likely improvement in 
landform stability after the planned remedial works.   

 
5) Financial provisioning: There was a lack of cash-flow from operations 

associated with the Mt McClure Project, necessitating the injection of 
significant capital.  A very detailed process of estimation and quantification 
was carried out in 2002 to develop accurate cost assessments for each 
aspect of the Closure and Rehabilitation Process at Mt McClure. 

 
6) Biodiversity issues: There was a lack of adequate feral animal 

management programs in the previous five years, which had led to 
significant vegetation damage on rehabilitated areas. Large goat 
populations had built up in association with the fresh water in mine pits.  
Weeds had also established on a number of the facilities.  A 
comprehensive feral animal control strategy was developed in addition to 
fencing rehabilitation areas.  Newmont, as owner of the pastoral lease, has 
also participated in dingo, feral cat and goat control programs in the area.  
A very comprehensive weed eradication program was carried out in both 
mining rehabilitation and exploration areas in 2003, with follow up spraying 
in May 2004. 

 
7) Rehabilitation monitoring: There was a lack of a comprehensive and 

consistently-applied environmental and rehabilitation monitoring regime, 
and poor or non-existent documentation of that which had occurred.  An 
Ecosystem Function Analysis (EFA, Tongway and Hindley, 1995; Tongway 
et al., 1997) monitoring programme was commenced in early 2003, to 
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provide baseline data for the project area using this highly-regarded 
monitoring practice.  This EFA monitoring programme has been repeated 
three times since the initial assessment.   

 
8) Plant site decommissioning: A complete processing plant remained at 

the project, but had degenerated to the point to which there was no resale 
value.  The removal of the processing plant and associated infrastructure 
was the focus of a specifically-recruited project manager, safety officer and 
an environment professional that were responsible for supervising the 
salvage and demolition contractor.  Through this process, all parties 
involved were able to maximise the re-use and recycling of scrap and 
salvage, and ensure management of any contaminated sites or potential 
contaminates through the process.   

 
9) Contractor management: There was a general lack of competency in the 

earthmoving contracting sector with regard to rehabilitation earthworks, 
and a prevailing contractor attitude that rehabilitation works were not core 
business.  A rigorous and transparent contract tendering process was 
carried out for the rehabilitation earthworks and the plant decommissioning 
contracts.  This included high standards required for day to day 
environmental management for tenderers and criteria focused on quality, 
training and safety.  Training in environmental earthwork competencies 
was a requirement within the contracts, as was a commitment to 
indigenous participation, quality control and cost efficiencies, based on 
innovation.   

 
10) Verification: There was no process of verification of the design and 

material utilisation principles promoted in the initial closure plan, to assure 
regulators and other stakeholders of the quality and consistency of the 
designs.  A verification process by a third party was developed and 
included aerial surveys and in-situ test pit sampling to provide assurance 
to regulators and other stakeholders that the project was implemented 
according to the design criteria (Plate 1 and 2).  Such critical issues as 
water holding capacities over potentially acid forming areas, cover depths 
and freeboard, could be demonstrated with verifiable as-built data.   
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Plate 1 - Mt McClure Mine Site Prior to Closure – 2000 
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Plate 2 - Capping material over potentially acid forming tails material    

BENCHMARKING   
 
One of the most significant innovations throughout the project was the 
benchmarking tours undertaken by key personnel involved in designing and 
supervising the project, and included the bulldozer driver, contractors and 
consultants.  Dozens of closed and abandoned mines were visited and an 
immense amount was learned with regard to the response of certain materials 
and design concepts over time, and as a result of particular weather patterns.  
By visiting closed mines within a 500km radius of the site, the project leadership 
group gained first hand appreciation of trends and design concepts throughout 
much of the regional rehabilitation estate.   
 
One of the key features developed as a result of these tours was the 
considerable effort put into good drainage control to manage water 
appropriately on the tops and berms of the facilities.  In many cases, rolled clay 
bunds were built and then armoured with a coarse caprock.  In other places, 
bunding was used to create cells across the upper surface of the tailings 
facilities and landforms, to ensure that areas of ponded water were minimised, 
and infiltration maximised.   
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POSITIVE CONTRIBUTIONS TO THE COMMUNITY   
 
Throughout the closure process a number of significant and pro-active initiatives 
were instituted including –  
 
1. Over 1000 tonnes of scrap metals and other recyclables were recycled 

through the project, with some of the funds generated being donated to a 
recycling charity.  This came to approximately $10,000 in donations.   

 
2. Neighbouring properties were actively engaged in the process, through local 

pastoralists (Weebo, Barwidgee, Banjawarn and Wonganui) taking away a 
range of scrap and salvage items for use on their properties.   

 
3. A media tour was conducted by Newmont throughout the Mt McClure Project 

Area in late 2003 in partnership with the Western Australian Chamber of 
Minerals and Energy, giving more than 20 journalists first-hand experience 
of the closure process, and the techniques being utilised.   

 
4. Newmont generated public reports in 2002, 2003 and 2004 which detailed 

progress in the closure and rehabilitation of Mt McClure.    
 
5. A Closure Planning workshop was held in early 2003, specifically to create a 

forum for regulatory, technical and Newmont stakeholders to contribute to 
improved design principles and processes for the project.  This included 
visits to most of the facilities and reviews of information and data available.   

 
6. Indigenous participation was significant, due to the fact that the majority of 

the parties tendering for the rehabilitation contract were Native Title holders 
in the region.  Indigenous leaders in the region participated in a detailed site 
tour, prior to commencement, and received detailed presentations and a 
scope of works as part of the process.  All tenderers were required to make 
substantial commitments to indigenous participation as a part of the 
contract.  The successful tenderer committed to 20% of the earthworks 
workforce being indigenous people, including supervisory roles.  The Mt 
McClure rehabilitation contract achieved one of the highest rates of 
sustained indigenous employment in the history of the region and 
consistently maintained a training position for a young Aboriginal person 
throughout the life of the project.   

 
7. A most significant historical issue on the Mt McClure leases were the 

remnant exploration drill holes, drill pads and access gridlines inherited from 
previous owners.  Over an 18-month period from mid-2002, a team of 3 to 5 
Newmont and contract personnel worked continuously to rehabilitate over 
20,000 drill holes and pads and over 100km of grid lines in the region, 
surrounding the Mt McClure Project.   
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COLLABORATION IN MINE SITE CLOSURE  
  
The “People” part of a minesite closure process can involve a surprising array of 
different groups of people and individuals.  Successful mine closure can only 
truly occur when all of these people have been effectively engaged and given 
the ability to participate in the closure process.  This paper will give limited 
details with regard to the process of engagement, participation and consultation 
involved with mine site closure but more so about the depth and breadth of the 
relationships required to realise outcomes for which most stakeholders 
acknowledge as being “good”.   
 
Closure process relationships fall into a number of broad categories, and can 
include:   

• Indigenous People   
• Post Closure Land Users   
• Regulators   
• Industry Peers   
• Contractors   
• Consultants   
• Universities   
• Land Owners   
• Mine Owners 
• Machine operators   
• Closure Project Team   
 

The key points identified by the Newmont-Mt McClure management team for 
each of the respective stakeholders are listed under the following categories.   
 

INDIGENOUS PEOPLE   
 
There are a range of activities that a mine site can embark upon to ensure that 
Indigenous People are intimately involved in the Closure process.   
 
These include:   

• Agreement review and commitment considerations during planning 
• Participative processes during Closure Plan development 
• Opportunities identification and consultation 
• Direct employment 
• Training outcomes for Indigenous people 
• Cultural Awareness training outcomes for closure personnel 
• Respect for sites and country during closure process   

 

POST CLOSURE LAND USERS  
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Post closure land use is something easily conceived at the start of an operation, 
but often more complex when post closure land use becomes a reality.   
 
Considerations include: 

• Public safety 
• Long term management of feral animals 
• Sustainable land use on mined landscapes 
• “No use” is a valid use if long-term stability of the rehabilitated 

environment is an issue 
 

REGULATORS   
 
The experience of the Newmont-Mt McClure management team has been that 
regulators are willing to enter into a partnership to investigate what are the best 
possible outcomes for a site in closure.  Regulators will endeavor to have 
positive input by collaborating in the planning process (However, it must be 
remembered that they are not consultants – and they are not to be held to 
advise that may be received).  If commitments or expectations are not 
practicable, there has generally been a sense in the McClure closure that the 
framework can be varied to suit the context.  
 
Considerations included: 
 

• Tap into regulators as a resource of experience, but respect their 
limitations   

• Liaise and review project specifics based on unique circumstances   
• Review achievability of thresholds in the context of environmental harm   
• Align on measurable criteria as early as you can – and document 

achievable criteria  
• Create mutual incentives for the regulator and the company to realise 

relinquishment   
• Suggest some ongoing formal regulation of the Closure Plan going 

forward to ensure future owners are aware of the context and 
commitments in their due diligence and on acquisition of the property - 
accountable.   

 
INDUSTRY PEERS 
   
Sometimes Company Environmental professionals will only benchmark within 
their own organization- however its valuable to look beyond this.  Time spent in 
benchmarking visits can seem intangible but the learning’s can be invaluable:  
  

• Benchmarking is some of the best spent time and energy   
• Through benchmarking we can avoid re-creating the errors of the past    
• Every closed site has information about what to do and what not to do   



 14

• Company-centric mind set (and therefore limitations) can sometimes 
prevail.  You think you’re the “Biggest and the Best” – however you may 
be the “Biggest and the most Blind”.   

 
CONTRACTOR SELECTION AND MANAGEMENT   
 
Good quality processes for contractor selection and management are essential.  
It is an opportunity that involved Indigenous People and other stakeholders in 
the commercial benefits of the closure process and to select contractors with 
proficient operators.  Good contractors can save considerable energy and cost 
due to knowledge and expertise.  Planners and Designers need to be respectful 
of what all contractor personnel can add.    
 

• Often onsite entrenched contractors lack specialist expertise 
• Rehabilitation seen by them as a sideline -  a bit of extra work 
• Supervision can be patchy 
• Development of low conflict contracts vital 
• Capacity to listen to contractors essential 
• Performance measurement based on specific agreed criteria 

 
CONSULTANTS   
 
Relationships with consultants SHOULD be sometimes strained.  A consultant 
telling you what you want to hear all the time is a bad consultant.  A company 
representative accepting without questions what a consultant puts forward is 
failing in their duty.  There is no singular, definitive right answer in rehabilitation.  
There should be lively debate and disagreement or something is wrong. 
 

• The KAOS theory. Ask dumb questions to make sure the experts know 
what they are talking about 

• A necessary evil? or a great potential partnership 
• If you treat them mean - you won’t keep them keen.  Mutual respect will 

give both parties great returns 
• Be very clear on what you seek in your scope of works – spell it out 
• Second opinions - seek them to add value (but be prepared to become 

confused)  
• Answers or only ever more questions?  
• Multiple right answers – how do you sort it out? 
• Local and agriculture knowledge is well worth listening to (keep in mind 

often based often experiential knowledge)   
 
UNIVERSITIES  
  
Universities can have a role in the strategic studies which collaborative groups 
can mount to solve significant local, regional and systemic challenges in the 
closure process. 
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Positives 
• Developing young people through post graduate studies – future staff 

development  
• Support longer term projects and regional scale problem solving 
• Long term repository for information 
• High levels of scientific capability and experience from Senior Academics 
• A social and societal good  
 

Negatives 
 

• Not necessarily focused on the answer you seek –(focused on solution of 
hypothesis) an academic right!!  
• Inexperience – and not necessarily bound to the confidentiality of 

consultancies  
• Legal dangers of employing students as ‘consultants’.  Be aware of the 

legal limitations and potential breech of competition laws.  
• Very large environmental/economic outcomes can be riding on student 

findings  
• Student often move on with the information they collect, as not 

commercially bound.   
 

OWNERS (CORPORATE ENTITY)   
 
Reconciling companies stated policy with its practice becomes most challenging 
when tens of millions of dollars must be laid out for closure.  
 

• May be different from the prevailing site situation 
• Site Manager’s positions vs the Company Board’s requirements – turning 

policy into practice 
• Company closure standards, and criteria may not relate to the local 

environment 
• Diversity of views right along the food chain 
• The Value of Values 

 
OPERATIONAL LEVEL   
 
Operational personnel, including management, having often gone through a 
lean wind down period, or surprise shut down, may not be the best people to 
implement considered closure processes. Works carried out that is not to plan 
(in attempt to save money –in the lean period), can be exponentially more 
expensive over the longer term. 
 

• The tyranny of cashflow can result in little progressive closure on the 
mine site 

• Mismatch of skill sets (operators vs rehabilitators) 
• One group redundant while another ramps up 
• Protecting the honey pot 
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• J. Dowd Chairman Newmont Ltd - recently stated “the cost of prevention 
is 1/5 the cost of remediation”. (pers.coms. ACMER. 2005. Perth).   

 
CLOSURE PROJECT TEAM   
 
A closure project team bears some resemblance to a construction team.  They 
are involved for a relatively short term, they need to be safety, quality and cost 
focused, and they are operating when some of the usual trappings of a minesite 
have reduced or disappeared. 
 

• The right mix of competencies is essential 
• Communication and alignment 
• Clarity of aspiration 
• Ability to be decisive as a group 
• Attention to detail   
 

CONCLUSIONS   
 
Effective Mine Closure cannot occur without broad engagement and 
participation across a range of organisations, communities, disciplines and 
aspects of society.  Facilitating this engagement – requires great leadership - so 
that people are operating in relationships based on ‘good faith dealings’ (with a 
broad outcome based framework).  In our opinion this is the best approach to 
try to achieve a general sentiment of satisfaction with the process and the 
outcome.  
 
Processes will probably be longer and more painful with such engagement, but 
the diversity of views, needs and expectations will ultimately generate a much 
more robust outcome grounded in the realities of the specific project, with 
decisions and strategies most likely to anticipate and satisfy current and future 
requirements.  To facilitate the process into the future, the mining industry must 
invest in quality people forming quality relationships with all relevant 
stakeholders well before closure takes place, it costs - but the returns are high.   
 
Conversely, command and control based relationships during closure - with a 
focus on “to the letter” scope of works control, with high levels of bureaucracy, 
can stifle and destroy the development of healthy closure relationships.   
 
Work based on high levels of prescription can lead to failure if the prescription 
has fatal flaws that are discovered in the process of applying designs.  A 
cowered workforce – will not be providing feedback – and you the company 
representative will not receive a most valuable commodity – workforce 
commitment to continuous improvement. 
 
The key to the successful closure of Mt McClure was the genuine and dynamic 
partnerships, which were developed and nurtured primarily by the Newmont-Mt 
McClure management team, with a vision to create the best possible closure 
outcome “effectively a closure with pride”.  
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This was achieved by Newmont engaging and working closely with leading 
consultants, researchers and contractors in earth-moving, plant demolition, 
tailings closure design, land rehabilitation, environmental monitoring and feral 
animal control to achieve the closure of Mt McClure.   
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THE IMPACT OF LAND CLEARING AND MINING ON ARID-
ADAPTED FROGS  

 
 

Dr Graham Thompson 
Centre for Ecosystem Management 

Edith Cowan University 
 
 
ABSTRACT 
 
There are numerous arid-adapted frog species in the Goldfields and their 
biomass represents a significant proportion of the small vertebrate fauna in 
many areas. Frogs are often the ‘forgotten’ species when assessing the impact 
of land clearing, preparing a Notice of Intent (NOI) or an environmental impact 
assessment (EIA). This paper provides a brief outline of the biology of arid-
adapted frogs found in the Goldfields focussing on the specific adaptations that 
enable them to survive in hot, dry environments with unpredictable rainfall. 
These data are then used to indicate how land clearing, dewatering operations, 
pumping saline water into salt lakes, redirecting creeklines, building waste 
dumps, creating mining voids or using water for dust suppression might be 
impacting on frogs in the area.    
 
INTRODUCTION 
 
The Commonwealth Government lists species of conservation concern under 
the Environment Protection and Biodiversity Conservation Act 1999 (EPBC 
Act). Currently, four frogs are listed as extinct, 15 as endangered and a further 
12 as vulnerable. None of these frogs are in the Goldfields region. Habitat loss 
is a primary reason for listing nearly half of these species under the EPBC Act 
(Hazell 2003). The geographical boundaries for many species of Western 
Australian frogs are not clear and there is almost no monitoring of frog 
populations in arid areas. Therefore, changes in frog numbers may go 
unnoticed unless they are of considerable magnitude. Tyler (1997) postulated 
that two of the major causes for the decline in Australian frogs are: 

• changes in the localised water content of soils, bogs and water holes; 
and  

• clearing native vegetation including road construction, slope grooming, 
altered water chemistry, increased turbidity and changed drainage 
patterns. 

 
There are only two studies that evaluate the impact of land clearing on frog 
populations (Hadden and Westbrooke 1996; Margules et al. 1995). Neither of 
these studies are particularly relevant to the Goldfields. There is a paucity of 
data on how large scale habitat changes in agricultural or mining areas impacts 
on frogs. Therefore, potential impacts must be inferred from an understanding 
of their biology and habitat requirements. 
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Frogs can be very abundant in arid and semi-arid areas. For example, Morton 
et al. (1993) reported between 34 and 68 frogs per hectare in the Tanami 
Desert, and Read (1999) reported captures of Neobatrachus centralis to be an 
order of magnitude higher than those of the most abundant lizard species at 
Olympic Dam in South Australia. Read (1999) reported frog numbers in excess 
of 70 in a 1-ha area on four occasions, with the maximum number of 163 per 
ha. He estimated the total biomass of frogs pit-trapped to be as high as 1140 g 
ha-1. Frogs therefore can constitute an important component of the terrestrial 
fauna in arid and semi-arid areas. 
 
A review of EIA reports and clearing permit applications approved by the 
Environmental Protection Authority, Department of the Environment and the 
Department of Industry and Resources over the last 2-3 years indicates that 
scant attention has been paid to the presence of frogs. Frogs are mostly the 
forgotten terrestrial fauna in surveying for the purposes of preparing a NOI or 
EIA. This is often because the most suitable time to catch high numbers of 
small mammals and reptiles (e.g. late spring or summer) is the time in which 
you are least likely to catch frogs, particularly arid-adapted species. Arid-
adapted frogs are mostly surface active after heavy rains and, in the Goldfields, 
heavy rains make many of the gravel roads impassable. Surveying for frogs has 
therefore been largely ignored. 
 
SPECIES GEOGRAPHICAL DISTRIBUTION 
 
The Goldfields has two Hylidae species and potentially 12 species of 
Myobatrachidae frogs. Litoria moorei (Motorbike Frog or Bell Frog) is also 
caught around Kalgoorlie but it is thought to have been introduced. 
 
Figure 1 indicates the possible geographical distribution of frogs in the 
Goldfields region. These maps have been prepared based on Western 
Australian Museum (WAM) records. The WAM collection is a historical record of 
where individuals have been caught over the last 100 or so years. Frogs caught 
sometime ago in a particular area could have become locally extinct for a 
variety of reasons. Frogs are also likely to be found in many areas in which 
WAM has no record of them simply because they have not been collected in 
that area. Arid-adapted frogs are mostly surface active in conditions that are 
often unsuitable for moving around the terrain (e.g. after heavy rain), so they 
can be difficult to collect. It is therefore likely that the geographical distribution of 
frog species in the Goldfields is more widespread than indicated on these maps. 
Similarly, frogs are not evenly distributed across the landscape and within their 
geographical distribution only some of the habitats will be suitable for a 
particular species. 
 
Hylidae 
 
Cyclorana maini (Main’s Frog) 
This frog is found in clay soils on flood plains and near temporary streams or 
floodways. The male call sounds like a bleating sheep. 
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Cyclorana platycephala (Water-holding Frog) 
The Water-holding frog is found mostly in the red clay soils around clay pans or 
areas that flood. The male call is a drawn-out ‘maw-w-w-w’. Breeding occurs 
from late spring to the end of summer. Eggs are laid in water in clumps that 
settle on the bottom. 
 
Myobatrachidae 
 
Heleioporus albopunctatus (Western Spotted Frog) 
The population size for this frog is in serious decline mostly because of large 
scale clearing for agricultural purposes, but increased salinity could also be 
taking its toll. This frog mostly breeds from April to May after the onset of 
substantial winter rain. The male has a repetitive high pitched ‘whoop, whoop’ 
call. It is mostly found on the banks of ephemeral watercourses and claypans. 
 
Limnodynastes dorsalis (Bull Frog, Banjo Frog or Pobblebonk) 
This frog is mostly found near permanent water hiding in the adjacent 
vegetation. The male call is a ‘plonk’ or ‘bonk’. Breeding occurs during winter 
and into spring, with eggs laid into a foam nest. 
 
Limnodynastes spenceri (Spencer’s Frog) 
This frog is found around sandy creek beds in arid areas. The male call is a ‘ho 
.. ho… ho... ho..’ with the ‘o’ as in cot. It is an opportunistic breeder with eggs 
being laid in a foam nest in the water.  
 
Neobatrachus albipes (White-footed Trilling Frog) 
This frog is found in temporary flooded areas. Its call is short, rapidly repeated 
pulses.  
 
Neobatrachus aquilonius (Northern Burrowing Frog) 
The Northern Burrowing frog is found in sparsely vegetated clay soils, often 
associated with mulga or spinifex. It breeds in shallow ephemeral pools. The 
male call is a short low repeated trill. 
 
Neobatrachus centralis (Desert Trilling Frog) 
This frog is found in arid areas, particularly on clay soils in woodlands and 
spinifex covered sand ridges. The male call is a high pitched trill that can be 
heard from a considerable distance.  
 
Neobatrachus kunapalari (Kunapalari Frog or Wheatbelt Frog) 
This frog is an opportunistic breeder, surfacing after winter or summer rains. 
The male call is a long, low, high-pitched trill. Eggs are laid in long strings that 
lie on the substrate.  
 
Neobatrachus pelobatoides (Humming Frog) 
This burrowing frog can generally be distinguished from other similar looking 
frogs by the narrow red vertebral stripe. It generally breeds after summer or 
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autumn rains. It is mostly found in clay and sandy soils, but occasionally 
adjacent to granite outcrops where it utilises the pools formed from run-off. 
 
Neobatrachus sutor (Shoemaker Frog) 
Shoemaker’s frogs are most frequently heard calling after heavy summer rains. 
Its call resembles that of the shoemaker tapping nails into a shoe; a short 
repeated tapping sound. 
 
Neobatrachus wilsmorei (Wilsmore’s Frog) 
This frog is found in clay soils along floodways. It often breeds in clay pans. The 
male call is a ‘plonk, plonk, plonk’ sound. Lines rather than spots on the dorsal 
surface distinguish it from other Neobatrachus spp.  
 
Pseudophryne guentheri (Crawling Frog or Gunther’s Toadlet) 
This frog is found in open forests, woodlands, heathlands and grasslands. It is 
often encountered in the wheatbelt when turning logs and rocks. Males call 
during autumn, after the winter rains commence.  
 
Pseudophryne occidentalis (Western Toadlet) 
This frog can be distinguished from P. guentheri by the black areas on a white 
background on its ventral surface. It breeds in burrows that are most often 
adjacent to temporary pools or around granite outcrops. Males call after 
thunderstorms during summer and late autumn rain.  
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Figure 1. Geographical distributions of frogs in the Goldfields 
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BIOLOGY 
 
Hylidae 
 
Most Hylidae are opportunistic predators feeding on a variety of invertebrates. 
They are generally nocturnal or crepuscular, and lay their eggs in water, mostly in 
large irregular clumps. 
 
The arid-adapted Cyclorana spp. burrow and develop a cocoon, and are therefore 
able to avoid desiccation in the seasonally dry and arid areas of Australia (Tyler 
and Davies 1993). Cyclorana platycephala will remain in temporary ponds during 
the day and forage near the water’s edge. They will also forage away from ponds 
and travel considerable distances to forage or go to another pond. 
 
Myobatrachidae 
 
Myobatrachidaes often have relatively high local population densities (e.g. N. 
centralis; Read 1999). The preferred habitat for this frog family is diverse, including 
some of the driest and most inhospitable desert regions of Australia. Many of these 
frogs have a variety of anatomical, physiological and behavioural strategies to 
avoid the stress associated with limited moisture in the environment (Littlejohn et 
al. 1993). Many of these attributes have co-evolved in a number of arid-adapted 
species.  
 
Neobatrachus spp. deposit their eggs in jelly in long strings, two to three eggs wide 
(Littlejohn et al. 1993). Eggs are normally laid from mid-summer to winter (Main 
1968). Tadpoles take about 40 days to metamorphose mostly in temporary ponds 
(Main 1968). Limnodynastes spp. deposit their eggs in a foam nest in the water 
(Littlejohn et al. 1993), whereas Heleioporus spp. deposit their eggs in a foam nest 
at the bottom of a dry breeding burrow. Limnodynastes dorsalis breeds most of the 
year and tadpoles can take up to 160 days to metamorphose (Main 1968). 
Heleioporus albopunctatus breeds during the first winter rains and tadpoles take 
120-150 days to metamorphose. For this species, embryonic development 
proceeds in the burrow until it is flooded by winter rain. Pseudophryne spp. lay their 
eggs out of water, although the tadpoles develop in water. Pseudophryne 
occidentalis burrows are about the diameter of a finger and eggs are laid on the 
burrow walls near the bottom of the hole. Pseudophryne guentheri tadpoles take 
about 40-50 days to metamorphose and P. occidentalis tadpoles take about 30-40 
days to metamorphose (Main 1968). 
 
Almost all of the arid-adapted frog species forage at night and when away from 
water will dig a burrow, find a crevice or hide under leaf litter during the day. 
Predavec and Dickman (1993) reported that the arid-adapted Notaden nichollsi 
predominantly eat beetles and ants, C. australis eat beetles and termites, and N. 
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centralis eat ants, termites and beetles. Neobatrachus sutor around Ora Banda 
feed on any invertebrate they can catch, but will sit adjacent to a termite burrow 
entrance or line of moving termites and devour any that come past.  
 
SURVIVAL STRATEGIES FOR ARID CONDITIONS 
 
Frogs function like all vertebrates, they require food, oxygen and water. However, 
unlike many other vertebrates, the rate of water loss across the skin due to 
evaporation is similar to that of free standing water. Frogs therefore need to have 
regular access to free water to replace evaporative water loss or be able to reduce 
water loss by other means, or both. Frogs in hot-dry arid conditions, and during 
periods when they are foraging away from water, are prone to rapid water loss. 
Arid-adapted frogs are faced with the competing needs of foraging for food and 
maintaining water balance to survive.  
 
Frogs that survive in arid and seemingly inhospitable environmental conditions use 
a combination of anatomical, physiological and behavioural strategies to survive. 
These attributes include burrowing, aestivating, forming an impermeable cocoon, 
and tolerating increased levels of electrolytes and urea. Species adapted to arid 
environments have three broad survival strategies to minimise water loss; a) those 
that seek refuge in cracks, crevices and under rocks; b) those that burrow but do 
not form a cocoon; and c) those that burrow and form a cocoon. These various 
strategies are briefly discussed below. 
 
Little is known or published on the ecology of arid-adapted frogs in the Goldfields. 
Thompson et al. (2003) reported N. sutor are often active for the first two days after 
locally heavy thunderstorms in the vicinity of Ora Banda. These frogs are not in 
ponds breeding during these couple of days, but are moving around the terrestrial 
environment feeding. It is likely that this species comes to the surface on numerous 
occasions each year to feed for a couple of days and probably only breeds when 
there have been substantial rains sufficient for the ponds to remain for in excess of 
40 days; the time it takes for the tadpoles to metamorphose into small frogs. In 
contrast, P. occidentalis were found to be surface active for the first 3-4 days after 
these thunderstorms, although the numbers decreased the longer it was after it has 
rained. Pseudophryne occidentalis were also found around the temporary ponds 
on one particular waste dump, under the large stones and in crevices. 
Pseudophryne occidentalis have also been regularly caught in pit-traps on the 
sides of one large waste dump near Ora Banda where there were no pools of 
water even after very heavy rain, indicating they will inhabit areas where there is 
unlikely to be free standing surface water.  
 
Skin secretions to reduce water loss 
 
Christian and Parry (1997) reported that chemical secretions (5-10% lipids and 78-
85% proteinaceous material) from the skin of the arboreal Litoria caerulea and the 
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arid-adapted, terrestrial burrowing frog Cyclorana australis form a physical barrier 
to water loss. It is probable that these skin secretions are also present in other 
species. 
 
Cocoons 
 
Many species of arid-adapted frogs form a cocoon by successively shedding layers 
of skin (epidermis) that accumulate to form an impermeable physical barrier to the 
loss of body water (Figure 2). Normally, when a frog sheds this layer of skin it is 
eaten. The arid-adapted Neobatrachus spp. and Cyclorana spp. both form cocoons 
(Withers 1998). Evaporative water loss from cocooned frogs is 6.5 – 32% of non-
cocooned rates for Neobatrachus spp. and 0.8 – 38% for Cyclorana spp. (Withers 
1998). Neobatrachus aquilonius excavated in the Gibson Desert had 81-299 layers 
of skin forming their cocoons. Presuming the minimum rate of cocoon formation to 
be 0.2-0.22 layers per day (Withers 1995a), it is likely that these frogs had been 
burrowed and building up their cocoons for at least one and a half years. 
 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 2. The cocoon of a Neobatrachus aquilonius removed from the frog 
and layers of the cocoon 
 
Cocoons also significantly restrict body movement, and unlike most higher 
vertebrates, frogs do not loose muscle function or condition during long periods of 
inactivity. Frogs that have been motionless for many months can wake from their 
aestivation, dig their way to the surface, feed and breed on the first night after 
heavy rain. 
 
Permeable skin 
 
Unlike most other arid-adapted vertebrates (e.g. lizards and snakes) the skin of 
frogs is generally very permeable to water. This is both an advantage and a 
disadvantage. In moist soil, dehydrated individuals can rapidly rehydrate 
(Cartledge et al. 2005), however, in dry windy conditions frogs will rapidly 
dehydrate. The sand dune frog Arenophryne rotunda is found only on coastal sand 
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dunes north of Kalbarri where there is never free standing water. This frog forages 
during the night when it can loose up to 20% of its body mass by evaporation and 
then it digs into the sand during the day where it rehydrates (Cartledge et al. 2005). 
The non-cocoon forming, arid-adapted species like Notaden nichollsi and 
Uperoleia micromeles need only burrow to a depth in the soil where there is 
sufficient moisture to absorb water osmotically to rapidly return to a fully hydrated 
state. The gravimetric water content of sand can be as low as 2-5% for these frogs 
to be able to retrieve sufficient water from the substrate to remain hydrated while 
continuing to void their bladder and excrete body waste. 
 
Bladder water storage 
 
Cocoon forming frogs commonly store 30-50% of their body mass as urine (van 
Beurden 1984). Van Beurden (1984) on one occasion excavated a cocooned C. 
platycephala with 131% of its standard body mass held in its bladder. The capacity 
of frogs to draw water from their bladder while cocooned and inactive underground 
ensures that they can remain cocooned for many months and even years 
postponing dehydration and maintaining fluid electrolytes within a tolerable range. 
 
Skin colour change 
 
Many species of frogs have a capacity to alter the colour of their skin. Withers 
(1995b) reported Litoria rubella, an arboreal desert frog, changes its colour from a 
bright white to a dark brown-black, and this variation can be manipulated in a 
laboratory by changing the air flow across the body from dry to humid. Withers 
(1995b) suggested that this colour change was a response to basking conditions 
rather than minimising water loss, but these two conditions are probably closely 
linked.  
 
Metabolic depression 
 
Burrowed, cocooned frogs have a capacity to reduce their metabolic rate. The 
magnitude of this depression varies among species from 70-80%. From the onset 
of aestivation, metabolism progressively declines over a period of about 30 days in 
a near linear fashion to remain at 20-30% of the standard rate until such time as 
the frog wakes up and emerges from its burrow. Aestivating frogs with a depressed 
metabolic rate have the potential to prolong life five fold using this energy saving 
strategy.  
 
Tolerance of high electrolyte and urea levels 
 
Aestivating, cocooned frogs have no capacity to excrete metabolic wastes as the 
only opening in the cocoon to the outside world is the nares that enable frogs to 
breathe. As aestivating frogs progressively dehydrate and produce metabolic 
waste, these wastes must be accumulated and tolerated by the body. Urea is the 
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primary nitrogenous waste product for most terrestrial vertebrates including frogs. 
Body fluid urea concentrations in fully hydrated frogs are normal 5-10 mmol L-1 but 
can be as high as 50 mmol L-1. Withers and Guppy (1996) reported urea levels for 
the Western Australian arid-adapted H. albopunctatus, N. kunapalari, C. 
platycephala, N. sutor and C. maini ranged from 76 – 224 mmol L-1 when 
aestivating but these frogs do not appear to co-accumulate a substantial 
concentration of any particular counteracting osmolyte. Withers and Guppy (1996) 
suggested that the enzyme systems of these aestivating frogs may be insensitive 
to the perturbing effects of urea. 
 
Fat storage 
 
Many of the arid-adapted frogs have a capacity to store substantial quantities of 
energy as body fat. In addition, coupled with this high storage capacity, arid-
adapted frogs can consume a large volume of prey when they are surface active 
for a few days and convert these prey to body fat.  Aestivating frogs then use the 
energy stored in their liver and body fat to enable them to endure many months 
buried underground.  
 
Posture 
 
Minimising evaporative water loss by changing the body posture is common among 
frogs, in particular arid-adapted frogs that are exposed to the air currents. For 
example, Withers (1995b) demonstrated that arboreal, desert frog, Litoria rubella in 
the water conserving posture (ventral surface pressed firmly against the substrate, 
limbs held tightly against and under the sides of the body and the head lowered to 
protect the gular region) reduces its evaporative water loss from 173.2 to 38.8 mg 
H2O g-1 min-1. This four fold reduction enables this frog to bask in an exposed 
position while conserving body fluids. 
 
Choice of retreat 
 
Active, arid-adapted frogs that do not burrow, mostly select rock crevices, spaces 
under rocks and logs, or hide beneath the leaf litter to reduce exposure to dry air 
currents that accelerate evaporative water loss and hasten dehydration. For 
example, P. occidentalis, which is found throughout the Goldfields, is often 
detected tightly wedged in a rock crevice or under a rock where the area of skin 
exposed to air is appreciably reduced. 
 
Burrowing 
 
Many arid-adapted frogs burrow. Burrowing has multiple advantages; a) it protects 
individuals from predation while they are inactive; b) it enables dehydrated frogs to 
rehydrate presuming sufficient soil moisture is available; c) it minimises air flow 
across the skin reducing evaporative water loss; and d) it protects frogs from 
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extreme highs in ambient temperature. Many arid-adapted, burrowing species have 
hardened metatarsal tubercles on their hind feet to aid in digging. 
 
Notaden nichollsi, a non-cocoon forming frog, was excavated from burrows up to 
2.4m below the surface of sand ridges in the Gibson Desert, but more often they 
were found closer to the surface. These frogs are mostly found at a depth where 
the moisture level (3-5% of gravimetric water content) enables them to continually 
absorb water from the substrate, so that they can void their bladder and metabolic 
wastes when necessary. This species when burrowed, is essentially able to 
function as if it had access to free water. 
 
The cocoon forming species, which most often burrow in clay or clay-silt soils, are 
often found aestivating closer to the surface than the non-cocoon forming species. 
For example, Cyclorana platycephala is often found less than 10 cm below the 
surface (van Beurden 1977), although Thompson et al. (2005) reported digging 
aestivating N. aquilonius up between 1000 -1260 mm below the surface in a dune 
swale, and between 600-750 mm a the clay pan. Once a cocoon has been 
established the moisture content of the surrounding substrate is largely irrelevant 
to the survival of these frogs. It is likely that these frogs burrow into the ground 
when it is still wet and only commence forming a cocoon when they can no longer 
extract water from the surrounding substrate.  
 
Thompson et al. (2005) suggested that by selecting an appropriate burrowing site 
that collects the first surface water, a cocooned frog can become saturated, can 
remove and eat its cocoon, and dig its way to the surface to commence feeding, 
and perhaps even breeding, before the water has soaked down through 
compacted soil to the depth at which it was burrowed, because water percolates 
down the loosely compacted burrow soil faster than the adjacent compacted soil. 
 
HAZARDS FOR FROGS ASSOCIATED WITH LAND CLEARING AND MINING 
ACTIVITIES 
 
Six of the most serious hazards facing frogs in areas where the vegetation is to be 
cleared or mined are:  
• a change in the water table;  
• an increase in the salinity of the ground water;  
• increased acidity of the ground or surface water;  
• a reduction in the surface leaf litter;  
• a reduction in prey; and 
• a change in the surface topography.  

 
Change in the water table 
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Large scale clearing of the vegetation has the potential to increase the level of the 
water table; and in Western Australia, this is often associated with bringing saline 
water closer to the surface. In contrast, many of the mines in the Goldfields operate 
below the water table and are constantly de-watering. Long-term, large scale 
dewatering programs have the potential to reduce the water table in the vicinity of 
the mine. In addition, the continual pumping of mine water into ephemeral water 
bodies has the potential to increase the water table in the adjacent areas. If this 
water is discharged into salt lakes, then there is a possibility that the saline water 
table in the adjacent areas will rise. 
 
An increase in the water table is likely to have less affect on burrowing frogs than a 
decrease unless it brings saline water to the surface. Lowering the water table will 
mean frogs need to burrow deeper into the substrate. This will have two obvious 
consequences: 

• frogs will need to expend more energy burrowing and this will shorten their 
potential period in aestivation. For females, this will reduce the resources 
that she can put invest in her eggs, as the energy cost of burrowing is high; 
and 

• lowering the water table below the burrowing limit for non-cocooning species 
could result in the death of these frogs, as they will be unable to osmotically 
absorb water from the substrate. 

 
Frogs that die because the water table has been lowered will generally die 
underground and their deaths go unnoticed.  
 
Increased salinity 
 
Bailey and James (1999) noted the almost complete lack of data on the salinity 
tolerances of adult Australian frogs. Added to which there is almost nothing 
published on the affects of increased ground water salinity on frogs in arid, semi-
arid or the agricultural areas of Western Australia or Australia.  
 
Baumgarten (1991) reported that Crinia pseudinsignifera eggs would generally not 
survive in water with a salinity greater than 5‰. Young H. albopunctatus tadpoles 
died in large numbers after the first 4-5 days in salinities of 6-7‰, whereas older 
tadpoles tolerated salinities greater than 8‰. Heleioporus albopunctatus, P. 
guentheri and C. pseudinsignifera when given the choice all showed a significant 
preference for low salinity soils compared with salinities of 10 and 20‰. 
Heleioporus albopunctatus was found to reject burrows with the higher salinities in 
favour of low salinity burrows. The lower tolerance to salinity in tadpoles compared 
with frogs is related to a lower capacity for the synthesis and retention of urea 
(Baumgarten 1991). Christy and Dickman (2002) reported the Green and Gold Bell 
Frog (Litoria aurea) tadpoles will tolerate a salinity of 1.58‰, but a salinity of 
1.85‰ and above decreased growth rates and increased mortality. Salinity at 
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4.41‰ caused mortality of all individuals within 72 days, however, a salinities of 
4.41-6.73‰ were tolerated for a few days. Reina et al. (2006) reported a salinity of 
6.23‰ reduced the survival of young Litoria ewingii tadpoles and retarded their 
developmental rate, resulting in increased time to metamorphosis. Therefore, 
increasing ground and surface water salinity above 5‰ could limit frog 
reproduction and at levels about 10‰ could result in large scale mortality. The 
death of frogs due to increased salinity is likely to go unnoticed until it has become 
serious as most frogs will die in the ground or tadpoles will die in muddy ephemeral 
ponds and will not be seen. 
 
Increased Acidity 
 
Acid mine drainage is most often the result of a series of complex geo-chemical 
and microbial reactions that occur when water and oxygen come in contact with 
pyrite. The resulting water has high acidity and dissolved metals. Acid mine 
drainage is often a consequence of gold mining, because mineral pyrite is exposed 
to oxygen and water as part of the extraction process. Water run off from waste 
dumps associated with gold mining can be acidic. 
 
Little is known of the affects of acidity on Australian frogs. Most of what is known 
comes from the affects of acid precipitation that is associated with industrial 
activity. A pH of about 4 seems to be lethal for many amphibians and a pH of 4-4.5 
results in mortality for about 50% of individuals (Pierce 1985, 1993). The effect of 
acidity varies developmentally and among species. A few species are tolerant of 
low pH (<5) values. 
 
It seems that the egg and early larval stages are the most sensitive to acidity 
(Freda 1986; Pierce et al. 1984). Because fertilisation occurs externally for most 
frogs, the fertilisation process may be particularly vulnerable to low pH. There is a 
strong suggestion that developmental abnormalities maybe linked with low pH 
(Pierce 1993). 
 
It is difficult to determine the affects of increased acidity in the field, particularly if 
fertilisation fails, eggs fail to hatch, and tadpoles are deformed, because we are 
unlikely to detect these changes. The first signs may be a decline in frog numbers, 
but very few mine sites are monitoring their frog populations. 
 
Reduction in the surface leaf litter  
 
Land clearing significantly reduces the surface leaf litter. A loss of leaf litter is 
closely linked with a reduction in invertebrate biomass, the primary food source for 
most frogs. Leaf litter can retain the moisture at ground level or in the upper layers 
of the substrate providing short-term burrowing sites for surface active, burrowing 
species. A loss of leaf litter can reduce foraging opportunities for frogs and 
inadequate prey may delay or reduce reproductive output. Reduced surface 
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moisture will also mean that burrowing frogs will need to dig deeper in the 
substrate, consuming energy that they could have invested in prolonging their 
aestivation period. 
 
Reduction in prey 
 
Salinity, acidity and a reduction in leaf litter can all alter the microhabitats that 
support invertebrates. Little is known of the impact that these changes have on 
altering or reducing invertebrate biomass. A loss of the primary food source will 
most probably be reflected in a reduction of reproductive success, but in the longer 
term, a loss of species to the locality. 
  
Change in surface topography  
 
Some arid-adapted frogs travel hundreds of metres to breeding ponds. How 
burrowing frogs determine the location of potential breeding ponds is unknown. It 
may be that breeding adults return to the ponds in which they developed. Cocoon 
forming species may select shallow depressions in clay pans and dune swales as 
burrowing sites so that water from the first heavy rains percolates down their 
burrows, wetting their cocoon and enabling them to free themselves. Notaden 
nichollsi, a non-cocoon forming species, is often found on slopes and tops of sand 
dunes adjacent to swales that temporarily fill with water after heavy rain. A change 
in the topography that removes these temporary ponds may be sufficient to disrupt 
the breeding for many species. Mining activity can alter the flow of water on the 
surface or through the substrate and the location of temporary ponds may disrupt 
breeding for some species. Land clearing may speed up the flow of water across 
the surface, inhibiting the formation of temporary ponds, and thus reducing 
breeding sites.  
 
SUMMARY 
 
There is a paucity of information on the frog fauna of the Goldfields at the local 
scale. Inference of what species might be in a particular locality can be drawn from 
the Western Australian Museum FaunaBase, but these records incomplete. Few 
mines are aware of the frog fauna on their tenements. Few environmental 
consultants actively assess the presence of frog fauna when undertaking terrestrial 
fauna surveys in the Goldfields, and there is almost no monitoring of the impact of 
land clearing or mining on frog fauna in the Goldfields. The impact of de-watering 
operations, pumping saline water into salt lakes, building roads and redirecting 
creeklines and floodways, constructing waste dumps, using saline water for dust 
suppression and the acidification of run-off from waste dumps on the frog fauna of 
the Goldfields is largely unknown, and more importantly seldom explicitly 
considered in environmental impact assessments.  
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The affects of land clearing, lowering the water table, increasing the salinity and 
acidity of the water and substrate, and reducing the invertebrate biomass across 
the landscape will inevitably impact on frog abundance and diversity. Land clearing 
and development applications assessed by the Environmental Protection Authority, 
Department of the Environment and Department of Industry and Resources under 
the Environmental Protection Act (1986) should take into account the potential 
impact of these changes and developments on anuran fauna.  
 
Small scale land clearing in the Goldfields is unlikely to threaten any of the frog 
species, however, incremental affects and large scale changes to the flow of water 
caused by the construction of roads, railway tracks, altered subterranean water 
flows and increased salinity at a landscape scale all potentially impact on frog 
abundance and could cause local extinctions. Frogs should be considered when 
preparing NOI or EIA for the purposes of applying for a clearing permit or a mining 
development. To achieve this, environmental consultants should include the frog 
fauna in their terrestrial fauna surveys, site assessments and management plans 
for developments. 
 
Little is known of frog abundance for most areas of the Goldfields. It would 
therefore be very useful to incorporate frogs in mine site fauna monitoring 
programs. Recording frog species and their abundance, call locations and breeding 
sites is the first step in understanding the geographic distribution and their relative 
abundance. 
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FACT OR FICTION –ENVIRONMENTAL PERFORMANCE 
 
The environmental responsibilities of companies are being subjected to more 
scrutiny than ever. The public is armed with a considerable appreciation of the 
environment, it’s value and the mechanisms utilised for its protection. They are 
armed with a knowledge that perhaps was not so prevalent only a few years ago. 
As a result, these companies, their projects, consultants and ultimately their 
regulators are scrutinised more heavily than ever to ensure that the industry not 
only meets acceptable standards, but also continues to improve. This often occurs 
without the resources that perhaps might be required. In addition to this, there is 
the widespread practice of “self-regulation” which often leaves companies and their 
consultants to be ultimately responsible for how they portray themselves. 
 
But how do we know whether companies actually putting their money where their 
collective mouths are, and performing? Their performance is guided to some extent 
by their inherent company ethos. Either they want to perform, they perform 
because they have to, or there is a decision not to perform. 
 
Broadly speaking, a company ethos in this regard is guided by three principles: 
Desire, Obligation or Apathy. 
 
It is the companies that have the desire to perform as close to sustainably in an 
otherwise unsustainable industry that appear to be ahead of the chasing pack. But 
what is reported to the regulators, public and shareholder, and what occurs on the 
ground can often be quite different. A company generally looks good through its 
own media, but the actual on-site experience can be quite different. 
 
The difference between a company with actual on-site performance, and one that 
merely pays lip service to their environmental and social obligations is one aspect 
of the industry that requires constant scrutiny and attention.  
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This presentation, with reference to a number of case studies, will highlight some 
of these issues, and relate these to company reputation, environmental 
performance and industry competitiveness. 
 
INTRODUCTION 
 
The concept of lip service in essence means “honouring with the lips whilst the 
heart takes no part or lot in the matter” (Brewers 1993).  
 
Within the corporate and political world, it is possible to accept that the concept of 
lip service is likely to be a common occurrence. So why is it that this concept has 
perhaps been overlooked within the environmental sector, where actions and 
actual performance should stand head and shoulders above what any company 
reports. Surely an area where actions should always speak louder than words? 
 
In today’s society, the requirement for environmental reporting is something that is 
accepted as a mandatory part of ongoing operational performance. Within this 
reporting system, typically required by the Department of Environment or 
Department of Industry and Resources, it is generally accepted that companies 
report exactly what happens on the ground, and that the appropriate Government 
agencies regulate according to these reports. There is an accepted element of 
trust. But regular reporting, inspection and follow-up appraisals of these reports 
should back this up, and problems can arise when issues are glossed over or 
inaccurately reported. To document and submit such reports represents, at the 
very least, a serious breach of that trust. 
 
This paper is based around experiences Cardno BSD has had with a number of 
companies, and also draws on my time with both the Department of Environment 
and Environmental Protection Authority. During my career to date (short as it might 
be), I have had the opportunity to deal with a wide range of organisations and 
companies. Some of these been very small, whilst others have been national and 
internationally respected companies with multi-million dollar operations and 
similarly large reputations. The issue that never seems to change is the wide array 
of differing attitudes to how these companies go about their day-to-day business. 
These attitudes range from the good, the bad and the plain ugly.  
 
This paper is not necessarily a criticism of any one organisation. Whilst it may 
discuss or comment on a number of companies, regulators and consultants, it is 
not intended as a witch-hunt. Rather it seeks to raise questions and awareness 
within the industry, as opposed to presenting detailed information. It is designed to 
stimulate thought, query and improvement, as opposed to castigate those who 
might seem to be in the wrong. 
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THE ISSUE – COMPANY X 
 
As with many aspects of life, the ugly side of environmental management is 
sometimes the most interesting aspect, but unfortunately the company to which 
this paper initially refers must remain anonymous due to various confidentiality 
agreements involved. Cardno BSD undertook an environmental audit for this 
company a year or so ago. For the purposes of this paper, they will be referred to 
as Company X.  
 
The inspection and audit took place over a couple of days that were spent 
undertaking a preliminary review of onsite practices, both in terms of their 
obligations under the Environmental Protection Act 1986, and the Mining Act 1972. 
 
Prior to undertaking the audit, a review of various documents relating to the 
company’s environmental performance was undertaken. The following quotes were 
lifted from their 2003 Annual Report, and similar statements were made in their 
2003 Sustainability Report. 
 

”…environmental management is conducted under the structure of an 
integrated Health, Safety and Environment (HSE) Management System, and 
the environmental component is certified to ISO 14001.” 

 
“One Part V audit was undertaken during late September 2002 by a 
Department of Environmental Protection officer. One non-compliance with a 
condition of licence was identified; Non-compliances are also identified by a 
rigorous internal audit/inspection programme undertaken on a regular basis.” 

 
Following completion of the environmental audit, the following statement was 
included within the concluding paragraphs of the report provided to Company X.: 

 
“A preliminary assessment of compliance with their primary statutory 
instrument for environmental performance, their DOE Licence, suggests that 
there are potential non-compliances associated with most of the Conditions of 
this Licence. Discussions with staff and observations during the inspection 
also suggest that there may be the potential for non-compliances with the 
requirements of other legal documents including the Ministerial Statement, 
Water Licences and Tenement Conditions.” 
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Plate 1 – Company X Refuse Disposal 

 
In fact, based on a preliminary assessment of Company X’s Conditions of Licence 
and the site inspection undertaken, the majority of the conditions were in non-
compliance. In fact, to put it very bluntly, this multi-million dollar company’s 
environmental performance was abysmal. 
 
So what happened in this situation? Did the company actually know about its non-
compliances, and did it really care? In the view of Cardno BSD, the short answer is 
no, and according to the key environmental staff (who have since left the 
operation), not one of the recommendations from the report was followed up, and 
few, if any of the non-compliances were addressed. 
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Plate 2– Company X discharge to freshwater lake 

 
What is really concerning is the fact that the company chose to ignore the 
information provided to them as part of the audit, and instead chose to report to 
their staff, shareholders, regulators and the public in general that the site’s 
environmental performance was more than acceptable. 
 
Their subsequent annual report also draws similar conclusions with respect to their 
onsite performance, so it is entirely possible that the site remains in a state of non-
compliance and continues to pose a risk to the environment in which it operates. 
 
THE MAIN PLAYERS 
 
How can this occur in the climate of increased examination that we all operate 
under today? How does a company get away with such a disregard for the truth, 
particularly when everyone involved in the mining and industrial sector today is 
under much more scrutiny as a result of increased expectations with regard to 
environmental performance? 

Obviously there are three main players with respect to environmental management 
for an operation. These are: 

• The industry itself;  
• The regulators; and 
• The consultants. 
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In a perfect world, environmental performance has to be driven by the company 
themselves. This either occurs internally, or through advice provided by their 
consultants. But the company needs to have awareness and a desire to achieve 
these goals. The regulators should essentially be acting as a safety net to catch 
those non-performers and to review ongoing improvement and refine best-practice 
targets and criteria. Effectively there should be a partnership of cooperation, 
preferably with industry leading the way, and the regulators refining their regulatory 
controls to reflect better and best practice. 
 
It is interesting to note that the drivers for consultants undertaking their work are 
similar in many regards to those of the companies that they are employed by: 
 

• Desire to do a good job. 
• An apathetic view to what you’re doing and why (it’s all about the money – 

we’re just doing it because we have to). 
• A refusal to acknowledge what you should be doing.  

 
So what consultants working for these non-performers actually doing? Are they 
reporting the truth? What are they telling their clients? Why are they employed? 
Why do they choose to be employed by these companies? 
 
Companies have similar drivers, and it is usually those companies with the desire 
to perform and achieve which will find themselves at the forefront in the future. But 
how does that get implemented? 
 

 
Plate 3 – Company X washdown facility 
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A NEED TO PERFORM 
 
The tyranny of distance could certainly be a factor in a lack of adherence to the 
rules of operation. Those operations located in the public eye, those, which are 
easily accessible and can be subject to regular scrutiny are the likely candidates 
for better performance.  
 
Take the Superpit for example. What could be more obvious to the residents of 
Kalgoorlie than the iconic hole in the ground, and its associated operations right 
next door?  
 
This is one of the driving factors for KCGM’s current approach to their operations 
and performance. There is a large degree of openness and honesty with respect to 
how they go about their business. Advertising, Open Days, Media Releases, 
Discussions, a ‘Shop-Front’ Office at Burt Street in Boulder all go a long way to 
ensuring that their onsite practices are available for greater public scrutiny, and are 
therefore more transparent. 
 

 
Plate 4 – The ‘SuperPit’ 

 
Their Community Attitudes survey published in January 2005 (PMR 2004) 
summarised the public’s views about KCGM’s operations, and the process 
followed provided the opportunity for the community to vent their feelings regarding 
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KCGM. But this sort of approach will only provide the company with greater scope 
to refine their operations by reiterating their design to be open and transparent in 
how they conduct their business. Whilst no operation is likely to live up to the entire 
spectrum of community expectations, at least the approach engendered by KCGM 
provides a forum for appraisal of how things are being carried out on the ground. 
 
A DESIRE TO PERFORM 
 
Some companies have chosen to strive to implement ‘best practice’ in many of 
their operational practices. Boral Resources’ Orange Grove Quarry is one such 
operation. They are situated on the Darling Scarp and are effectively boxed in by 
residential areas.  
 
The quarry has had a long history with it first being worked in 1962. Its location is 
approximately 18 km southeast of central Perth. At the time when quarrying 
operations began at the site, it was a considerable distance from populated areas. 
Due to the economics of extracting and transporting basic raw materials, sources 
must be located in relatively close proximity to developing areas. In addition to the 
increased public environmental awareness discussed above, there has been 
significant increase in the development of semi-rural and residential subdivisions in 
close proximity to the hard rock quarries present on the Darling Scarp (Cardno 
BSD 2005). 
 

 
Plate 5 – View from Boral’s Orange Grove Pit 
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Consequently there has been a steady increase in local pressure on quarry 
operators to consider the potential impacts of their operations and to adequately 
plan for the immediate and longer-term minimisation of these impacts. These 
potential impacts can include noise (including ground vibration and airblast 
overpressure), dust, visual amenity, water quality and transport usage of local 
roads.  
One of the main challenges facing quarries in proximity to residential areas is not 
just the management of potential impacts on the environment, but also the 
management of the concerns expressed by the local community, as they are the 
ones that experience issues first-hand. Furthermore, managing community 
perceptions of operations and their impacts presents another potential set of 
problems.  
 
In Boral’s case this was a key issue in the management of their hard rock quarries, 
and as a result involved quarry personnel at all levels in their community 
consultation program. Boral made it a priority to develop outstanding relationships 
with the local community through a variety of mechanisms, all designed to engage 
the community at a more personal level. These include Open Days, Complaint 
Lines, Public Forums and similar avenues of communication. The quarry operators 
have encouraged the community to deal directly with themselves as opposed to 
utilising the Government departments as ‘middle-men’. 

 

 
Plate 6 – Boral Orange Grove Community Open Day 
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Boral has also implemented an Environmental Management System (EMS) for the 
Orange Grove Quarry that is certified to AS/NZS ISO 14001 in order to ensure that 
environmental management is carried out in an integrated and holistic manner. The 
quarry was the first hard rock quarry in Western Australia to achieve certification to 
the requirements of ISO 14001. By continually refining this management system, 
Boral is gaining a better understanding of, and ability to manage the environment 
at the quarry and surrounding area.  
 
To Boral’s knowledge, the Orange Grove Quarry is the first and only hard rock 
quarry in Western Australia to obtain an accredited EMS (Cardno BSD 2005). 
  
It is the community who have effectively become ‘pseudo-regulators’ for such 
operations, and therefore perhaps the ultimate accolade for this type of approach 
comes from the regulators themselves. 

“The DOE’s role is now typically one of observer and technical adviser and is 
only very rarely involved in disputes or complaints connected with the quarry.” 
(DOE 2005) 

 
This statement is obviously an example of more than just lip-service on Boral’s 
part. It demonstrates that the company not only consults and reports, but actually 
listens and responds. 
 

A PUSH TO PERFORM 
 
Some companies are pushed or forced into the realms of best-practice 
environmental management, often not as a result of poor performance, but through 
perceived impacts. More often than not, these requirements are also community 
driven. 
 
As a result of ongoing environmental and health concerns regarding the operations 
of all brickworks in the Swan Valley near Perth, the Department of Environment 
commissioned a study to undertake a review of the potential impacts of these 
operations, both in terms of the industries themselves as well as the regulatory 
framework within which they operate. This review, now acted upon through the 
Department of Environment’s “Brickworks Licensing Policy” (DOE 2003) provided 
an insight into the deficiencies of both the industry and the regulator. 
 
The review provided one of the most contemporary appraisals of the operations of 
the all brickworks in the Swan Valley. The report noted that the “review of the Swan 
Valley brickworks has provided an example of the difficulties that may arise when 
there is an inadequate policy basis to guide industrial operators and the regulators 
who licence them.” (DOE 2003) 
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Furthermore, the review also highlighted some of the deficiencies in the operational 
and statutory framework within which the brickworks operated. “The monitoring 
regimes currently in use by the fired clay product manufacturers (and required in 
their DEP licences) cannot characterise the variability of contaminant 
concentrations in stack emissions, so that it is not possible to assess whether the 
companies comply with their licence emissions limits or not.” (DOE 2003) 
 
Perhaps unsurprisingly, as a result of the findings of this work, a more rigorous 
statutory framework has been developed and required of the brickworks. This has 
been coupled with the refinement of the operations to best-practice standards. 
 
The costs may be substantial in the short-term to ensure compliance with the 
tighter requirements, more community interaction (through complaints lines) and to 
provide the desired level of monitoring and reporting, but the upshot of it all is that 
the operations and their emissions will now be defensible both by the company and 
the regulator alike. And whilst the community may not necessarily always believe 
or trust what the Government may say, it is a far better position to be in as an 
industry (or their consultant) to have a Government Department providing statutory 
support. 
 

REGULATORY CONTROL 
 
As previously noted, it is the regulatory authorities that have some semblance of 
control over operations. They have the statutory tools to enforce compliance with 
certain requirements (the Environmental Protection Act 1986, the Mining Act 1972, 
the Contaminated Sites Act 2003 and their associated Regulations are all 
examples of such tools).  
 
But how do these authorities impose such requirements? Firstly, there has to be 
knowledge of the general type of operations, the general mechanism by which the 
industry carries out its day-to-day activities. But a regulatory regime cannot 
succeed without on-site inspections to determine what is actually occurring on the 
ground. So the problem then becomes one of regular inspection, as well as 
appropriate inspection. For example, an inspection of a tailings dam is unlikely to 
provide beneficial environmental outcomes, when the problem lies within the plant 
area itself. Inspectors need to have the appropriate training, time and resources to 
ensure that they know what to look for, and have the time to look for it. 
 
The real problem lies when regulators have failed to pick up on a non-compliance, 
and the company either believes it is in compliance, or breathes a sigh of relief and 
has a quiet chuckle to itself that their non-compliances have gone unnoticed. 
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INSPECTIONS AND AUDITS 
 
As noted above, the regulators must act as a safety net to environmental 
performance. This is effectively done through two main mechanisms: 

• Reporting (annual reports, compliance reports, incident reports, exceedance 
reports etc); and 

• Inspections (Compliance Inspections and Audits). 
 
So what happens during an inspection process? If non-compliances are not picked 
up, does this mean that a company can report that they are in total compliance with 
their licence conditions? Some companies believe so. Some don’t, as shown with 
the example of Company X provided previously. 
 
Internal audits are one way to determine compliance with any statutory 
requirements. Use of a consultant or an independent auditor is another way of 
undertaking an overall assessment of your operations. But these are only useful 
when the recommendations of these audits are actually followed up. 
 
The Contaminated Sites Act will be an interesting piece of legislation when 
enacted, as it actually requires assessment of potentially contaminated sites by 
accredited consultants. These assessments will be reviewed by a group of 
independent auditors, hopefully therefore introducing some consistency into the 
quality of work undertaken. Furthermore, there will be the implementation of legal 
requirements for disclosure of any information relating to potentially contaminated 
sites by professionals in the industry.  
 
This means, on visiting your site, a consultant could be legally required to disclose 
any information relating to potential contamination issues on site, despite the fact 
that you may not want people to know about what’s happening. And there are 
obviously less obvious, less formal inspections being carried out all the time.  
 
Companies should also be keeping an eye on each other’s operations. Ideally, 
there will be some healthy competition out there to ensure that everyone is 
operating at the highest possible level. Best practice should also mean best 
practice among equals. 
 
A company performing better from an environmental perspective is likely to have 
an edge over its competitors, and as with everything else, this brings the issue 
back to dollars and profits. This time, the driver for greater profits is through better 
environmental performance. 
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Plate 7 – Gidji Roaster 

 
Regulators should also be keeping an eye on companies at all times, and need to 
be mindful of what industries are saying, doing and how they portray themselves. 
The companies themselves also need to watch this, and their consultants should 
also be providing their industry with the best environmental advice possible. 
Compromise in these situations is not an option. 
 
Unfortunately however, the issue of money raises its head again here. The 
regulators do suffer from a lack of resources, and are generally understaffed. They 
do the best job they can with the staff they have, and in general I believe they have 
many good staff that work hard in their roles as regulators. It is disappointing 
therefore to be confronted with the constant frustration of their internal struggle for 
funds. 
 
How then can they effectively regulate an industry if the industry is not willing to 
provide at least a partial regulatory service themselves? In today’s world, this 
partnership and cooperation is essential, and companies like Company X can only 
damage this and set the cooperative process back many years. 
 

THE DRIVERS FOR PERFORMANCE (OR NON-PERFORMANCE) 
 
Why then do industries fail to perform and then report erroneous or misleading 
information? At the end of the day, the only real reason is money. Providing written 
evidence that they are doing the right thing will divert the attention of the 
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regulators, increase shareholder confidence, facilitate further development and at 
the end of the day, boost profits. 
 
Furthermore, ongoing compliance means little to no changes with the operations, 
and perhaps less scrutiny from the regulators. Effectively, they self-regulate. 
 
One must wonder what happens internally for this to occur. How do these 
decisions get made? Is it not illegal to falsify reports, particularly those reports 
provided to shareholders? 
 
There are also broader reaching implications than just a company making more 
money. There are potentially enduring legacies that these companies can leave. 
Pollution, contamination and health impacts can remain long after a company, 
supposedly doing the right thing, decides that its onsite performance can be left to 
fall apart. 
 
What about the flip side of the coin?  
 
What happens if these companies are found out? Obviously the implications for 
these companies could be potentially devastating: loss of reputation, loss of 
business and ultimately, loss of profit. It should be stressed however that this is 
only if you get caught. And as our work has shown, this doesn’t always occur.  
 
Until a company is actually caught out falsifying information, then are obviously 
taking a very calculated risk in making business and environmental decisions, 
presumably on the basis that the dollar value to them is sufficiently large. 
 
 



 50

 
Plate 8 – Company X Water Runoff 

 
So is there an ethical situation to deal with? Certainly there are ethics for the three 
main parties involved, the Company itself, the Consultants working for the 
Company and the Regulators. As someone who has worked as both a regulator 
and a consultant, there are certainly a number of ethical issues for me to work with 
a potentially environmentally indifferent company, and one would certainly hope 
that similar ethics are prevalent somewhere within the companies operating within 
the environmental sector. 

CONCLUSION 
 
This paper has tried to highlight an issue that is potentially something that all 
stakeholders within the environmental sector should give due consideration to.  
 
This issue faces all of us: Industry, Regulators, Consultants and the Public alike. It 
is up to all of us to be vigilant and diligent in the work that we do, and ensure that 
industry performance, our performance and our peers’ performance are more than 
just acceptable. 
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And where does that leave the non-performers? Do we just accept that these 
companies are in the minority? Do we as industry representatives endeavour to act 
as enforcers ourselves? 
 
The enforcement that is required needs to develop through a partnership between 
the industry (and their consultants) and the regulators. Effectively in a perfect 
world, the relationship should be symbiotic. And this is what we should be striving 
for. To ensure that we can all operate to the benefit of each other. To facilitate the 
way we do business and to continue to strive for better performance. 
 

 
Plate 9 – Boral Orange Grove Onsite Community Consultation 

 
And perhaps to undertake this, the stakeholders should be concentrating on the 
basics. Ensuring compliance with appropriate environmental standards, which are 
in turn, regularly assessed and appraised to determine their suitability for the ever-
changing environment.  
 
In this regard, for some organisations and even some parts of organisations, it may 
mean abandoning watchwords such as “Sustainability” for the time being, and 
embracing the notion of real environmental performance.  
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There has been a lot of lip service in the last few years about the concept of 
sustainability. Companies have been very quick to jump on this concept, and are 
now not only providing environmental reports, but sustainability reports for their 
shareholders. But what are these reports actually achieving? If there’s very little 
happening on the ground in terms of environmental performance, then these 
reports are simply just lip service. After all, is there any value in applying the notion 
of sustainability to an operation when it fails to meet even the very basic test of 
environmental responsibility? 
 
One such mechanism for ensuring such responsibility is to utilise the key 
mechanism for distributing information in the modern world, the Internet. If real-
time information can be sent across the world for other uses, why should 
environmental data be any different?  
 
The real test of open and honest environmental reporting is to make the 
information available to any member of the public at all times of the day or night, or 
at the very least, have the information sent directly to the regulators themselves. 
This would remove issues associated with the ‘tyranny of distance’ previously 
discussed, and may even alleviate some of the resourcing difficulties currently 
being experienced by Government Departments. 
 
In Hong Kong for example, their Environmental Protection Department has been 
actively promoting environmental monitoring and reporting through the Internet for 
the last 5 years. For major projects, operators (or licensees) are required to publish 
project information, monitoring and auditing data and results, on dedicated user-
friendly websites. For the last 4 years, major projects have also been required to 
set up web camera systems to make live images of the site conditions accessible 
by the public, thereby providing better access to information relating to a 
company’s performance, and further enhancing public participation and ‘ownership’ 
of the environmental impact assessment process (www.info.gov.hk). 
 
It is perhaps only a matter of time before this approach becomes the standard 
within Western Australia, and it is something that the larger and more 
conscientious companies are already considering. 
 
Nick Diamos, a self-described ‘romantic crooner, French Chef and philosopher’ 
cynically once said, “Everybody lies, but it doesn’t matter because nobody listens.” 
In the field within which we all work, and the potential impacts we can have on 
generations to come, we cannot afford to have such lies fall on deaf ears. 
 
Mark Twain also noted “honest is the best policy, when there’s money in it”. 
Perhaps it is the financial incentives for better environmental performance reporting 
that need to be reviewed, and the disincentives for poor performance and 
inaccurate reporting substantially increased. 
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INTRODUCTION 
 
The Department of Environment (DoE) is in part a regulatory agency and 
consequently its responsibilities extend to applying and enforcing the legislative 
requirements of the Environmental Protection Act 1986.  This paper outlines the 
DoE’s approach to enforcement in the context of the range of other regulatory and 
non-regulatory tools it has available to achieve its mission of protecting and 
ensuring a healthy environment.  A case study on pipeline spills is used to illustrate 
the DoE’s options and approach. 
 
ENFORCEMENT 
 
To assist it in fulfilling its enforcement role, and to inform community and industry 
stakeholders about the way in which it operates, the DoE has an enforcement and 
prosecution policy.  The policy was reviewed in 2003 (Robinson review) and then 
released in its current form in 2004.  That policy is currently under review and 
public comment is being sought.  A copy of the policy, and information pertaining to 
the review can be obtained at the following web address: 
www.environment.wa.gov.au. 
 
The policy outlines some key principles of enforcement and describes the range of 
considerations that are taken into account when determining whether to take 
enforcement action and what type of enforcement to apply.  The policy also 
describes the full range of enforcement tools available. 
 
The over-riding purpose of enforcement action is to assist the DoE in protecting the 
environment and human health, and ensuring compliance with legislative 
requirements. 
 
The key enforcement principles in the policy may be summarised as follows: 
• Enforcement action will be taken to protect the environment or to meet other 

relevant legislative objectives. 
• Prosecution is an enforcement tool to be employed where appropriate, and is 

not a last resort (i.e. not to be avoided). 
• DoE officers do not have the authority to condone or authorise the continuation 

of an offence once detected. 
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• Enforcement action will be taken: 
o in proportion to the magnitude of the alleged offence and/or the 

environmental impact; 
o having regard to the likelihood that the desired outcome will be achieved in 

a cost effective manner; 
o taking into account mitigation undertaken by the offender. 

• Enforcement will be applied consistently across all sectors of the community, 
industry and Government. 

 
Decisions about what level of enforcement should be taken are based on 
consideration of a range of issues including: 
• Whether there is a prima facie case 
• Whether it is in the public interest, taking into account: 

o Fair process 
o Reasonable prospect of conviction 
o Maintaining rule of law and deterrence 
o Public confidence and concern 
o Circumstances that lead to offence (trivial, technical, deliberate) 
o Physical condition of offender and witnesses 
o Culpability (due diligence, versus foreseeable accident) 
o Attitude of offender 
o Length and expense of trial 
o Likely outcome in the event of guilt 
o Level of cooperation 
o Previous history of offender 
o Environmental impact 

 
Having determined that enforcement is necessary and will be pursued, then the 
appropriate level of enforcement must be chosen.  This decision will take into 
consideration a further range of issues including: 
• Need to ensure compliance with legislation 
• Seriousness of incident 
• Voluntary action 
• Failure to notify 
• Failure to comply with informal or formal requests 
• Co-operation 
• Existence and effective environmental management systems or other 

procedures 
• Previous history 
• Avoided costs or profits realised 
• Public comment 
• Legal precedence 
• Statutory time limits 
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Finally, the actual form of enforcement action needs to be decided.  The full range 
of options include: 
• Infringement notice; 
• Modified Penalty Notice; 
• Statutory Notices and Directions; 
• Environmental Field Notices; 
• Written Warning; 
• Amendment to licence or permit; 
• Physical intervention; and 
• Suspension or revocation of licence, permit or works approval. 
 
As can be seen, enforcement is a complex issue, and the DoE takes enforcement 
very seriously. 
 

REGULATION 
 
The DoE has at its disposal a wide range of regulatory tools.  These may be 
divided into two main classes as follows: 
• Proactive tools 

o Ministerial approvals 
o Works approvals and licences 
o Regulations 
o Codes of practice 

• Reactive tools 
o Notices 
o Direction 
o Orders 
o Infringements 
o Enforcement / prosecution 
 
The relationship between these tools and environmental risk is shown in figure 
1 below. 
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Figure 1: Regulatory Enforcement Model 
 

The DoE has been engaged in a regulatory review process that has been looking 
at how these tools can most effectively be used to achieve the Department’s 
objectives with optimum use of DoE and industry resources.  Another key objective 
is that the onus of responsibility for good environmental outcomes is taken up by 
industry, with aim that the DoE would progressively focus on standard setting, 
monitoring, and helping industry do better, rather than enforcement. 
 
The regulatory reform process has the objectives of: 
• rationalising and clarifying what is regulated by the DoE, by reviewing the 

prescribed premises categories; 
• changing how the DoE regulates, by defining and explaining how to best use 

the various regulatory tools available to the DoE; and 
• increasing the consistency of application of regulatory tools across the State, 

by better documentation of policies and procedures, staff selection, training 
and systems. 

 
To guide the reform process, the DoE has deliberately chosen to work from the 
Council of Australian Government principles of regulation that may be summarised 
as follows: 
• Minimise impact of regulation 

o minimum required to achieve predetermined and desirable outcomes 
o based on risk assessment 
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• Predictable outcomes 
• Compatible with international standards and practices 
• Regularly reviewed 
• Flexibility (but not uncertainty) 
Reduce (arbitrary and capricious) exercise of bureaucratic discretion (need 
transparency and procedural fairness). 
 
In the context of these principles, an important, and often overlooked approach to 
achieving environmental outcomes is the use of non-regulatory options.  The DoE 
sees value in a range of non-regulatory tools, the most common forms being as 
follows: 
• Codes of practice (issued under s122A of the EP Act, and general) 
• Guidelines (e.g. water quality protection notes) 
• Information pamphlets 
• Verbal advice and guidance 
• Environmental Field Notices 
• Environmental Improvement Plans (formal, tripartite) 
• Accredited environmental management systems (e.g. ISO14001) 
• Company-managed environmental management systems, improvement plans, 

management plans, waste management plans etc. 
 
As stated above, the DoE’s aim is to more closely align the form of regulatory or 
non-regulatory intervention, with the environmental risk presented by a particular 
situation.  A secondary benefit is this should be a reduction in the amount of 
administrative work required and this will allow DoE staff to spend more time in the 
field. 
 
For larger industry, or those activities posing a relatively high environmental risk 
there will continue to be a need to apply more formal regulatory tools, high level 
technical, monitoring, quality assurance and audit requirements, supplemented 
with less formal tools such as regulations and infringement notices for lesser 
issues. 
 
For smaller industry or less significant environmental risks, the DoE will use less 
formal regulatory tools such as EFNs, infringement notices and regulations. 
 
For both larger and smaller industry, the DoE intends to make greater use of site 
visits and inspections to improve housekeeping and general behaviour.  This 
hands-on, high-visibility approach will also help to meet community expectations of 
the role of the DoE and would hopefully deal with problems before they escalate 
into issues that might otherwise require more formal intervention of enforcement 
action. 
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CASE STUDY – PIPELINE SPILLS 
 
Mining and related activities often involve the need to transport large quantities of 
dewatering water by pipes and also the need to store or transfer large quantities of 
hydrocarbons or oily waters.  Spills of these materials can, over time, have 
significant cumulative impacts on vegetation and associated fauna over time, and 
is a matter of increasing concern to the DoE.  In many ways these are ancillary 
activities to those that attract specific forms of regulatory control (from the DoE or 
other agencies) and it is perhaps for this reason that the management of pipelines 
and storage of non-dangerous goods has not traditionally been a high-profile 
regulatory issue. 
 
The DoE has been looking at the issue of pipeline and other spills in the Goldfields 
region and this has thrown up some disturbing statistics. 
 
In 2005 there were 94 saline or hyper-saline water spills.  These reports came from 
only 20% of the licensed premises in the region, which suggests this may be an 
underestimate of the actual number.  The volume of water spilled was reported for 
only 66% of these spills and the reported amount totalled 5,870 kL.  So again, the 
total amount could be significantly higher.  At least 25 ha of vegetation was 
affected by these spills, but that type of impact was only reported for 23% of the 
spills.  Interestingly, bulldozer drivers were the reported cause of five of these 
spills. 
 
Again in 2005, there were 44 hydrocarbon spills.  Forty two of these spills 
accounted for 23 kL of pure hydrocarbons.  The other two spills involved 560 kL of 
oily water.  Of the reported spills, volumes were reported in 85% of cases. 
 
The DoE has a number of concerns about this situation, namely: 
• There is a large number of spills (>2 per week). 
• There are significant direct and indirect impacts on native vegetation. 
• The impact on DoE workload: 

o 25 - 35% of all incidents investigated 
o Large number and volume of industry reports to be reviewed. 

• The impact on industry workload dealing with the spills, reporting incidents, 
monitoring impacts, dealing with the DoE. 

• This might be considered a ‘normal’ way of doing business by industry. 
 
The DoE’s objectives are: 

• No spills and no damage to the environment; and 
• Industry acknowledges, and fixes the problem. 
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The options available to the DoE to achieve this outcome, and a comment on the 
acceptability or issues concerned are summarised in table 1 below. 
 
Table 1 
Option Comment 
1. Do nothing, because industry has taken the issue on 

board and fixed it 
Best outcome for all. 

2. Do nothing; continue with current reporting process 
and DoE response. 

Not good enough. 

3. Continue with current reporting process and DoE 
commencing enforcement using current 
enforcement options. 

Limited applicability, time 
and resource consuming. 

4. Change licence conditions and try enforcement of 
those. 

Limited applicability, time 
and resource consuming. 

5. Review works approval conditions / standards. Limited applicability, time 
and resource consuming. 

6. Amend the Unauthorised Discharge Regulations 
and start using enforcement. 

Relatively simple and 
achievable. 

 
The preferred alternative is to do nothing because industry has fixed the problem, 
but the DoE has the option of using enforcement as a means of bringing the 
importance of the issue to industry’s attention and securing the appropriate degree 
of improvements in design and operation of equipment and operator behaviour.  It 
is hoped that this paper will be the beginning of that process. 
 
SUMMARY 
 
The DoE has responsibility for a range of regulatory options that it employs to 
achieve its primary aim of protecting the environment.  One of the tools available to 
the DoE is enforcement, and this can take many forms.  The DoE is undergoing a 
regulatory reform process that aims to streamline regulatory processes and apply 
regulatory and non-regulatory tools to match the degree of environmental risk 
posed by various activities.  
 
As an important aspect of the regulatory toolbox, there is a need for well-developed 
policy position on the proper and effective use of enforcement, and the DoE is 
looking for feedback on its current policy. 
 
The DoE is willing and able to employ enforcement as a direct or indirect stimulus 
for environmental improvement.  The issue of pipeline spills in the Goldfields region 
is an example of where the DoE is looking at enforcement as one means of 
improving industry practices if other options do not achieve the desired outcome. 
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ABSTRACT 
 
Whether commencing a greenfields project or upgrading or expanding an existing 
project, a proponent negotiating its way through the maze of environmental 
approvals can experience significant costs, delays and risks.  Proponents must 
plan the approval process and manage the project to ensure that they can comply 
with conditions attaching to their approvals in future years. 
 
This paper focuses on two issues associated with environmental approval 
requirements in Western Australia.  First, it examines the relationship between the 
environmental impact assessment requirements under the Environmental 
Protection Act 1986 (WA) and the Environment Protection and Biodiversity 
Conservation Act 1999 (Cth).  Second, it examines the process to appeal decisions 
relating to environmental approvals in Western Australia.  In both instances, the 
paper identifies some of the potential pitfalls in the processes. 
 
INTRODUCTION 
 
Throughout its life, a project requires a raft of environmentally related approvals. In 
most jurisdictions, however, the key environmental approval is subject to the 
environmental impact assessment of a proposal to implement the project.  An 
approval requiring environmental impact assessment can be one of the most costly 
and lengthy approvals required for a project.  For this reason, it is important that 
proponents understand the relevant regimes and develop strategies to manage the 
processes.  In the first part of this paper, we examine the relationship between the 
State and Commonwealth environmental impact assessment regimes applicable to 
projects in Western Australia.  By identifying some of the differences between the 
regimes, we highlight some of the potential pitfalls and provide some strategic tips 
for a proponent working through these regimes. 
 
A proponent seeking environmental approvals in Western Australia may end up 
before the Appeals Convenor. A proponent may appeal against a refusal to grant 
an approval or the conditions imposed on an approval.  Additionally, a proponent 
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may need to respond to an appeal by a third party, such as a conservation group.  
In the second part of this paper, we offer some suggestions how to, so far as 
possible, stay out of the Office of the Appeals Convenor.  As some appeals are 
inevitable, we also set out a practical guide for successfully managing the appeal 
process. 
 
ENVIRONMENTAL IMPACT ASSESSMENT OF PROPOSALS IN WESTERN 
AUSTRALIA 
 
In Western Australia, every proposal that is likely to have a significant effect on the 
environment must be referred to the Environmental Protection Authority (EPA) 
under Part IV of the Environmental Protection Act 1986 (WA) (EP Act).  The EPA 
will determine whether to assess the proposal and, if so, the level of environmental 
impact assessment.  Some proposals will also require approval under the 
Environment Protection and Biodiversity Conservation Act 1999 (Cth) (EPBC Act).  
However, unlike the Western Australian regime, the Commonwealth regime only 
requires approvals for actions that may have a significant impact on specified 
matters of national environmental significance. 
 
Anyone intending to use land in Western Australia should understand the types of 
activities1 that should be referred to the decision-maker and the referral and 
assessment processes under the EP Act and the EPBC Act.  Failure to obtain the 
requisite approvals under either Act can have significant consequences for a 
proponent company and any person involved in the management of that company.  
Project proponents should understand these matters to ensure that they can 
develop a strategy for obtaining their approvals in the most timely and efficient 
manner possible. 
 
The Differences Between the State and Commonwealth Regimes 
 
Three questions highlight the significant differences between the State and 
Commonwealth regimes: 
 
• Who should refer an activity to the decision-maker for assessment? 
• What types of activities should be referred to the decision-maker? 
• What are the consequences of failure to refer an activity to the relevant 

decision-maker? 
 
Who Refers an Activity? 
 

                                                 
1 Under the EP Act, “proposals” and under the EPBC Act, “actions” are assessed and approved.  These terms 
have different meanings.  This paper refers to an “activity” to describe a generic project that is both a proposal 
and an action under the respective regimes. 
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Under both regimes, the project proponent (or its agent) can refer an activity to the 
relevant decision-maker to determine whether environmental impact assessment is 
necessary.  A prudent project operator will refer the activity itself to exercise some 
control over the timing of its approvals. 
 
Under the EP Act, any person can refer a proposal to the EPA, regardless of their 
involvement or interest in a project, and there is an obligation on other decision-
maker authorities to refer a relevant proposal to the EPA if it has not otherwise 
been referred.  Of course, the project proponent can refer the project to the EPA, 
and by referring the project itself can maintain some control over the timing of its 
approvals.  The EPA may also require a proponent to refer a proposal to it. 
 
Under the EPBC Act, a person proposing to take an action that the person thinks is 
a controlled action2 must refer the proposal to the Commonwealth Minister.  The 
State or a State agency, or a Commonwealth agency may also refer an action that 
a person proposes to take to the Commonwealth Minister.  The Commonwealth 
Minister may request a proponent, the State or a State agency to refer a proposal 
within a specified time.  If the referral is not made within that time, the referral is 
deemed to have been made.  No other person can refer a proponent’s proposal to 
the Commonwealth Minister. 
 
What Activities Must be Referred? 
 
Many activities will be caught by the regime under the EP Act because the 
"environment" is defined so broadly.  The EP Act defines “environment” to mean 
“living things, their physical, biological and social surroundings, and interactions 
between all of these.”  The EP Act also explains that the social surroundings of 
man are his “aesthetic, cultural, economic and social surroundings to the extent 
that those surroundings directly affect or are affected by his physical or biological 
surroundings.”  The environment includes indigenous cultural heritage as well as 
natural ecosystems. 
 
The regime under the EPBC Act focuses on specific matters of environmental 
significance.  Specific matters are identified under the EPBC Act because the 
Commonwealth Constitution places some limitations on the matters for which the 
Commonwealth Parliament can legislate.  State parliaments are not limited in the 
same manner.  As a result of these constraints on the Commonwealth Parliament, 
each of the matters of environmental significance triggering approval requirements 
and the offences and civil penalty provisions are framed differently.   
 
Broadly, the matters of environmental significance under the EPBC Act are: 
 
                                                 
2 A controlled action is an action that may have a significant impact on one of the matters of national 
environmental significance identified under the EPBC Act. 
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• Declared World Heritage properties; 
• National Heritage places; 
• Declared Ramsar wetlands; 
• Listed threatened species and ecological communities; 
• Listed migratory species; 
• Environment that may be impacted by a nuclear action; and 
• Commonwealth marine areas. 
 
As many of the matters of environmental significance depend on lists, it is 
important for project operators to keep up to date with new inclusions on these 
lists.  If a proponent is about to embark upon or in the middle of the assessment 
process, an inclusion on a list can require the proponent to expand the scope of its 
assessment or require an approval that was not previously required.  The EPBC 
Act also raises some complex questions about whether an operating project 
requires an additional approval under the EPBC Act if an inclusion on a list makes 
that project a controlled action. 
 
A proponent must also carefully consider the scope of the activity it refers to the 
relevant decision-maker.  Recent court decisions have discussed the extent of 
matters that a decision-maker should consider in deciding whether to approve an 
activity.  These matters are important to a proponent preparing a referral and are 
discussed further below. 
 
Why Refer an Activity? 
 
There are different consequences under the EP Act and the EPBC Act for a failure 
to refer an activity to the relevant decision-maker. 
 
Under the EP Act, if a proponent fails to refer the proposal, it is likely to be referred 
by a decision-making authority when it becomes aware of the proposal through 
another statutory approval process, or by an environmental or other public interest 
group.  Importantly, if a proposal is referred to the EPA by a third party after the 
proponent has commenced the project, the proponent must stop work during the 
environmental impact assessment process. 
 
Under the EP Act, a proposal can only be referred to the EPA once.  However, to 
attract immunity against future referrals, a proposal must be correctly referred.3  
This means that the referral must be in writing and made to the EPA.  Informal 
interdepartmental discussions with the EPA Service Unit (or anyone else within the 
Department of Environment) do not constitute a referral.  If a referral is not made 

                                                 
3 The Court in Greendene Development Corp Pty Ltd v EPA [2003] WASCA 242 explains when the referral 
was actually made in a certain set of facts relating to subdivision and development approval. 
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correctly, a third party may later refer the proposal, causing unexpected project 
delays and, potentially, the requirement to stop work. 
 
The proponent can better plan for the approval process if it knows when that 
process will commence and has more control over the scope of the proposal 
actually referred.  The proponent can also avoid the risk that it will have to stop 
work later during the assessment of the proposal after it is correctly referred to the 
EPA.  
 
If a proponent commences a proposal without obtaining the State Minister’s 
approval, it also risks committing a pollution or environmental harm offence under 
the EP Act.  Under the EP Act, directors and persons concerned in the 
management of a body corporate are deemed to have committed the same offence 
as the body corporate, unless the person can establish a defence. 
 
Under the EPBC Act, failure to refer an action can result in the proponent 
committing an offence or becoming subject to a civil penalty.  A person who is 
concerned in or takes part in the management of a body corporate that 
contravenes a civil penalty provision or commits an offence may also be liable for a 
civil penalty or offence. The EPBC Act also enables certain persons to apply to the 
Federal Court for an injunction to restrain a person from contravening the EPBC 
Act.  The persons who may apply for an injunction include an individual or 
organisation engaged in activities related to the protection or conservation of the 
environment. 
 
It is prudent for a proponent to refer all significant development activities to the 
Minister under the EPBC Act, even if the proponent is of the view that the action 
will have no impact on a matter of national environmental significance.  This is 
because a written confirmation from the Commonwealth Minister stating that an 
action is not a controlled action under the EPBC Act protects the proponent against 
future prosecution for breach of the EPBC Act by the action.   
 
The Relationship Between the State and Commonwealth Regimes 
 
Despite their differences, both regimes focus on the environmental impact 
assessment of an activity and, therefore, potentially create a duplication of 
process.  To minimise duplication, the State and the Commonwealth entered into a 
bilateral agreement in 2002 to co-ordinate the assessment of activities under both 
regimes. 
 
The bilateral agreement provides actions that have been assessed in a particular 
manner under the EP Act do not need to undergo a separate impact assessment 
under the EPBC Act.  Under the bilateral agreement, the “public environmental 
review” (PER) and “environmental review and management programme” (ERMP) 
levels of assessment under the Western Australian regime are accredited for the 
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purposes of the assessment requirements of the EPBC Act.  This means that the 
Commonwealth Minister will decide whether to approve an action that requires 
approval under the EPBC Act on the basis of the PER or ERMP environmental 
impact assessment conducted at the State level.  In practice, the Commonwealth 
Minister will review the State Minister’s decision and any conditions attached to an 
approval before deciding whether to approve (and the conditions to which an 
approval will be subject) an action that has completed assessment at the PER or 
ERMP level.  However, there is no requirement for the Commonwealth Minister to 
either reach the same decision as the State Minister or to prescribe the same 
conditions on an approval. 
 
The bilateral agreement reduces the potentially significant duplication of resources 
that would result if both regimes were to require separate impact assessment.  The 
proponent is only required to prepare and publish one report and address the 
outcomes of a single consultation process.  Although the lower levels of 
assessment under the State regime are not accredited, in most cases activities 
requiring approval under the EPBC Act would be assessed at the PER or ERMP 
level under the State regime.  However, the bilateral agreement does not resolve 
the difficulties for proponents who must comply with different conditions attached to 
each approval.  It also does not obviate the need for a proponent to refer its 
proposed activities to the relevant decision-maker under each regime. 
 
Providing the Decision-Maker with the Right Information 
 
The Environment Protection and Biodiversity Conservation Regulations 2000 (Cth) 
set out how a referral must be made under the EPBC Act and the information that 
must be included in it.  The EPA also publishes referral guides and forms for the 
State process on its webpage (although these have no statutory basis).  However, 
a proponent should not complete and submit these forms without carefully consider 
what information it provides in its referral (and during the assessment process) and 
how that information is framed. 
 
It is important to get the information right because: 
 
• Subsequent changes to the activity may require the proponent to seek a new 

approval. 
• The scope of information that the relevant decision-maker must consider in 

approving an activity is broad.  The proponent must provide enough 
information to enable the decision-maker to discharge its obligations but not 
provide information that may induce the decision-maker to take irrelevant 
matters into account. 
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A proponent can also reduce delays associated with providing the wrong or 
inadequate information by proactively consulting the relevant decision-makes and 
other stakeholders both before and during the assessment process. 
 
Avoiding Further Approvals 
 
The information about a project provided in the referral document or subsequently 
in an assessment report generally ends up included in the implementation 
conditions under the State Minister’s approval.  This means that the description of 
the project in the referral can confine what can be implemented.  Therefore, it is 
important that this information has enough detail to allow the EPA to make its 
recommendation to the State Minister and the State Minister to make a decision 
but does not unduly restrict the implementation of the project.  Where possible, a 
proponent should consider describing a range of technical specifications to enable 
some flexibility in project construction and commissioning.  This is because the 
State Minister’s approval is required to change a proposal.  If the Minister 
considers that the change to the proposal might have a significant detrimental 
effect on the environment in addition to or different from the effect of the original 
proposal, the change must be referred to the EPA. 
 
In a similar manner, the definition of “action” under the EPBC Act means that an 
alteration of a project, development, undertaking or activity is also an action and 
should be referred to the Commonwealth Minister. 
 
Scope of Matters Considered by the Decision-Maker 
 
Recent Federal Court decisions have expansively interpreted the scope of the 
action that the Commonwealth Minister must consider in deciding whether to grant 
an approval.  These decisions are particularly relevant to a proponent that is 
preparing Commonwealth referral documents because of the obligation not to 
mislead the decision-maker must be balanced against the cost and risk of widely 
describing the project and its impacts.  These decisions may also be relevant to 
interpreting the scope of the State impact assessment process.   
 
First, the Commonwealth Minister must consider whether an entire action is a 
controlled action.  This will include the consequences or subsequent stages of an 
initial action.  Therefore, a proponent must refer the entire action to the 
Commonwealth Minister, even if the action is to be undertaken in stages.  For 
example, in Mees v Roads Corporation4 the Court found that the information 
provided to the Commonwealth Minister on the proposed Scoresby Freeway in 
Victoria was misleading.  The information was misleading because it did not 
explain that the constructed freeway would create inevitable demand for the 
completion of the last link in a ring road, which would cross sensitive environment. 
                                                 
4 (2003) 128 FCR 418 
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Second, the Minister must consider all adverse impacts that an action is likely to 
have, which extend to the “whole, cumulated and continuing effects of the activity, 
including the impacts of activities of third parties.”5  These include the direct and 
indirect consequences that can reasonably be imputed as within the contemplation 
of the proponent, regardless of whether those consequences are within the control 
of the proponent.  For example, in the Nathan Dam case,6 the Court found that the 
Commonwealth Minister should have considered the impacts that the activities of 
irrigators using water from the proposed dam may have on the Great Barrier Reef 
World Heritage Area (even though it was 500km from the proposed dam).  
Therefore, proponents should consider the implications of potential indirect impacts 
of an action when preparing referral information for the Commonwealth Minister.7 
 
Proponents must carefully consider the information they provide to the decision-
maker because a third party may challenge the decision in the in the Federal if that 
party is of the view that the decision was based on misleading, inadequate or 
irrelevant information.  However, it is also not in the proponent’s interest to try to 
consider and address all possible indirect, cumulative or consequential impacts of 
its activity.  As well as expending considerable resources, such an inquiry may 
induce the decision-maker to give undue weight to insignificant matters. 
 
ENVIRONMENTAL APPEALS IN WESTERN AUSTRALIA 
 
Proponents seeking to obtain environmental approvals in Western Australia will 
often find themselves in the office of the Appeals Convenor.  In the second part of 
this paper we look at the appeals process and raise some strategies for protecting 
your interests, staying out of the Appeals Convenor's Office and, finally, some tips 
for negotiating the appeals process. 
 
Jurisdiction of the Appeals Convenor 
 
Environmental legislation in Western Australia provides extensive rights to any 
person to appeal decisions made on most approvals to the Minister for 
Environment.  This includes, for example, decisions made during the 
environmental impact assessment process under Part IV of the EP Act, clearing 
permits, works approvals and licences. 
 
Appeals can be lodged by the proponent and, in most cases, third parties such as 
conservation groups and members of the community.  Appeals can be lodged 

                                                 
5 [2003] FCA 1463 
6 Minister for the Environment and Heritage v Queensland Conservation Council Inc [2004] FCAFC 190 
7 A recent case in NSW indicates that that indirect impacts will also be considered during State environmental 
impact assessment.  In Telstra Corporation Ltd v Hornsby Shire Council [2006] NDWLEC 133, the Court 
said that, in applying the precautionary principle, both direct and indirect impacts must be considered. 



 69

against a decision to grant or refuse the grant of the approval and the conditions 
that are placed on the approval.  Time limits apply and they are different for each 
type of appeal.  A summary of some of the types of appeal, who has rights to lodge 
those appeals and the time limits for doing so are set out in Table 1.  
 
Table 1:  Summary of some appeal rights 
 
Type of Appeal Who can lodge appeal Time limit 
Decision of the EPA not to assess a 
proposal 

*  Decision making authority  
*  Proponent 
*  Other person 

14 days 

Level of assessment *  Decision making authority  
*  Proponent 
*  Other person 

14 days 

EPA Bulletin *  Decision making authority  
*  Proponent 
*  Other person 

14 days 

Conditions or procedures in 
Ministerial Statement 

Proponent 14 days 

Refusal to grant a clearing permit for 
all or part of the area applied for 

*  Applicant 
*  Other person 

28 days 

Conditions on the clearing permit *  Applicant 
*  Other person 

28 days 

Amendment, revocation or 
suspension of a clearing permit 

*  Permit holder 
*  Other person 

28 days 

Grant of clearing permit Any person 21 days 
Refusal to grant a works approval or 
licence 

*  Applicant  
*  Other person 

21 days 

Transfer of a works approval or 
licence 

*  Applicant 
*  Other person 

21 days 

Conditions on a works approval or 
licence 

*  Applicant 
*  Other person 

21 days 

Amendment, revocation or 
suspension of a works approval or 
licence 

*  Licence/ works approval 
holder 
*  Other person 

21 days 

 
The Appeals Convenor is appointed under the EP Act and advises the Minister on 
appeals lodged under the EP Act and various other legislation.   
 
The procedures followed by the Appeals Convenor are rather informal.  The 
Appeals Convenor is required to act according to equity, good conscience and the 
substantial merits of the case, without regard to legal technicalities or legal forms.  
The Appeals Convenor is not bound by the rules of evidence and can conduct its 
enquiries in whatever manner it considers appropriate.  This informality sometimes 



 70

gives rise to variability and therefore uncertainty in relation to the manner in which 
appeals are handled by the Appeals Convenor.  It also provides flexibility to enable 
the relevant issues to be considered in the most appropriate manner for each 
particular appeal. 
 
In considering an appeal, the Appeals Convenor is required to consult with the 
decision maker (usually the CEO of the Department of Environment or the EPA) 
and the appellant.  The Appeals Convenor may also consult such other persons as 
it considers necessary.  Where the applicant or holder of the permit, licence or 
approval is not the appellant, the Appeals Convenor will normally consult them, 
which is required by the rules of natural justice. 
 
The Appeals Convenor must request the EPA to report on appeals lodged in 
respect of environmental impact assessments and the CEO to report on appeals 
lodged in respect of clearing permits, works approvals and licences.  The Appeals 
Convenor may consult with the appellant and any other appropriate person to 
determine whether or not the point at issue in the appeal can be resolved.  The 
Appeals Convenor then reports to the Minister on the appeal.  Different procedures 
apply where the appeal relates to a decision of the Minister (eg appeals against 
Ministerial Statements). 
 
The Appeals Convenor may (but rarely does) ask an appeals panel, made up of 
experts, to advise on matters arising in an appeal.  The Appeals Convenor may 
also appoint an appeals committee to consider and report to the Minister on an 
appeal8.   
 
The Appeals Convenor has the power to prepare administrative procedures as to 
the conduct of appeals, but has not yet done so.  Creating a set of administrative 
procedures would have the following advantages: 
 
• provide everyone with more certainty about the procedures followed by the 

Appeals Convenor; 
• improve the transparency of the appeal process; and 
• reduce the timeframes for determination of appeals. 
 
The appeal rights conferred by the EP Act involve a 'merits appeal'.  That is, the 
appeal enables a fresh decision on the merits to be made in relation to the issue 
the subject of the appeal.  The appeal is not confined to arguments of law or 
particular errors arguably made by the decision maker.  This is achieved by the 
Minister considering the Appeals Convenor's report, making a decision on the 
issue raised in the appeal and then requiring the decision maker to carry out the 
requirements of the appeal decision.  This may involve, for example, the EPA 
                                                 
8 The Appeals Convenor must appoint an appeals committee where the decision appealed against is a decision 
of the Minister. 
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making a fresh decision in line with the appeal decision about the level of 
assessment or, the CEO revising the conditions on a permit, works approval or 
licence to make those conditions consistent with the Minister's appeal decision. 
 
Although the appeal decision of the Minister is stated in the legislation to be 'final 
and without appeal', an opportunity to apply to the Supreme Court for judicial 
review of the Minister's decision is available.  This is limited, however, because the 
applicant must show that the Minister's decision has not been made in accordance 
with the law.  The Court cannot substitute the decision made by the decision-maker 
with a new decision made by the Court.  Instead, the Court directs the decision-
maker to make a new decision in accordance with the requirements of the law.  For 
example, the Court may require that a particular consideration be taken into 
account or not taken into account. 
 
Protecting your interests 
 
When an approval is given, it grants a legal entitlement to do something.  If an 
approval is not given, it will usually have the effect that the relevant action cannot 
be undertaken lawfully.  Where conditions are placed on an approval, those 
conditions are legally binding.  A failure to comply with the conditions is usually an 
offence that can have severe penalties.  Other enforcement action, such as stop 
orders, may also be imposed.   
 
It is therefore critical to properly consider approval decisions to ensure that: 
 
• the approval actually and effectively grants the proponent the rights it 

requires; and 
• if conditions are imposed, that the conditions are reasonable, certain and 

can be complied with. 
 
It may be advisable to ask a person (internal or external to the proponent) who has 
not been involved with the relevant approval to review the decision and any 
proposed conditions.  In particular, uncertainties in the language may be identified 
by a person who is not closely involved in the matter.  If the decision and the 
conditions are not appropriate, the proponent should consider the costs and 
benefits of lodging an appeal. 
 
An appeal that is not lodged within the time limit is not valid and may not proceed.  
It is therefore imperative to review approval decisions promptly and to lodge 
appeals within time. 
 
Staying out of the Office of the Appeals Convenor 
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The outcome of the appeal process is uncertain and can add significant time and 
costs to the approval process.  It is therefore beneficial to stay out of the appeals 
process.  To achieve this, strategies should be adopted to ensure the decision 
properly addresses the proponent's requirements and the concerns of third parties 
such as conservation groups.  
 
During the processes leading up to an approval decision, the proponent can do 
several things to minimise its own need to lodge an appeal.   
 
Good communication with the decision-maker is critical because it assists the 
decision-maker to understand the project and its limitations.  For example, if the 
decision-maker doesn't understand the engineering limitations on where a pipeline 
can go, it might make a decision that, in effect, requires the pipeline to do the 
impossible.   
 
Where the decision-maker proposes conditions, which is often the case, it is 
advantageous for the proponent to ask to review a draft of those conditions and to 
provide comments.  This helps to ensure that the conditions are certain, 
reasonable, achievable and legally valid.   
 
Community groups and conservation groups are usually interested in the outcome 
of environmental approval decisions.  It can therefore be beneficial, in some 
circumstances, for the proponent to consult with the relevant groups before the 
approval application is submitted and/or while the application is being considered.  
This may occur through a formal public submission process or informally and 
voluntarily.  Consultation can assist to identify and, where possible, address issues 
of concern early.  It also assists the decision-maker to consider all of the relevant 
interests when making the approval decision.  Where the decision-maker has 
considered the relevant interests in the original decision, it can be easier, quicker 
and cheaper to deal with appeals based on those same issues. 
 
Finally, it is worth carefully observing the processes undertaken by the relevant 
decision-maker to ensure that all of the processes required by the legislation are 
undertaken properly.  This will reduce the risk that the approval is invalid. 
 
Tips for Negotiating the Appeals Process 
 
If you do end up before the Appeals Convenor, strategies should be adopted to 
ensure the appeal is determined properly, quickly and efficiently. 
 
Where the appeal is by the proponent, the proponent should make every effort to 
raise its concerns clearly and precisely, starting with the appeal document itself.  
The proponent should seek meetings with the Appeals Convenor to discuss the 
appeal and to ensure the Appeals Convenor understands the issue of concern.  It 
is helpful to record issues raised and meeting outcomes in writing.  The proponent 
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should ask to see the report prepared on the appeal by the decision maker and 
respond to that document in writing and in a meeting with the Appeals Convenor.   
 
Where an appeal is lodged by a conservation group or community group, the 
proponent should ask to see the appeal submission and should respond in writing.  
The response should clearly demonstrate (if possible) how the issues raised by the 
appellant have been addressed by the proponent and how the decision maker took 
those issues into account in its decision.  A meeting with the Appeals Convenor to 
explain the issues and concerns for the proponent raised in the appeal is always 
helpful. 
 
If the issue raised in the appeal relates to the conditions on the approval, the 
proponent should consider drafting its preferred set of conditions that address its 
concerns with either the original conditions imposed on the approval, or any draft 
conditions that are suggested during consideration of the appeal.  All uncertainty 
proposed by a set of conditions should be clarified in the drafting of the condition 
so that the proponent understands, with confidence, what it must to do comply with 
the condition.  Uncertainty gives rise to risk of committing offences and other 
enforcement action. 
 
Finally, the Appeals Convenor publishes the decisions made by the Minister on 
previous appeals.  Although past decisions do not bind the Minister, they can be a 
useful resource in formulating arguments or submissions that are consistent with 
previous decisions.   
 
Conclusion 
 
We have highlighted some of the matters that make the environmental approvals 
process in Western Australia complex.  The matters identified are not intended to 
be an exhaustive list. Although the approvals process is complex and sometimes 
difficult, it is manageable by proponents who diligently plan and implement their 
approvals. 
 
Land users in Western Australia should appreciate that the extent of applicable 
environmental approvals can only be determined after an extensive analysis of the 
EP Act and EPBC Act, subsidiary legislation to those Acts and departmental 
policies and practice.  Those involved in appeals under the EP Act must also 
consider the legislative regime, policies and practice to develop an appeal strategy. 
 
Developing an approvals or appeals strategy will always depend on the specific 
activity, its location and relevant stakeholder interests.  For this reason, an effective 
strategy requires input from those who understand the legal processes, the 
technical aspects of the activity, the scientific implications of the activity and the 
local social and environmental sensitivities.  Above all, proponents should 
recognise the significant delays (and other costs) to a project in negotiating the 
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approvals and appeals processes and develop an effective strategy that addresses 
timing issues. 
 
Of the matters we have highlighted, our key messages are: 
 
• Proponents should take responsibility for referring their activities to the 

relevant decision-maker in the correct manner. 
• Proponents should understand the types of activities that are likely to require 

approval. 
• Proponents should carefully consider the type of information that they provide 

to the relevant decision-maker. 
• Proponents should critically analyse the approval decision and any conditions 

with which the proponent must comply. 
• Proponents should proactively communicate with decision-makers and other 

stakeholders. 
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ABSTRACT  
 
Due to the temporary nature of the inland waters in Western Australia, the aquatic 
biota has adapted various survival strategies such as dispersal (i.e. birds), and 
dormant (cryptobiotic) stages (i.e crustaceans, algae and macrophytes) that remain 
buried in the surface sediment.  The dormant stages include invertebrate cysts, 
and cryptogamic oospores and diatom cysts, which can remain in an ametabolic 
state for extended periods until conditions are suitable for recommencing their 
lifecycles.  Cysts (encysted embryos) of crustaceans such as the endemic brine 
shrimp (Parartemia sp.), ostracods and the oospores of the Stonewort, 
Lamprothamnium sp., and the resistant seeds of the monocot, Ruppia, form large 
cyst or “seed” banks, which are vital in the recovery of these wetlands after drying 
events.   
 
While much of the biota emerges with the onset of a wet phase, not all the dormant 
species will “hatch” at the same time.  While this delay is a survival strategy, there 
may be other factors preventing their emergence, not ruling out disturbance.  Due 
to the persistence of the dry periods experienced in the Western Australian interior, 
together with the importance of baseline studies in the monitoring of inland waters, 
a need to investigate and understand these cryptogamic stages has arisen.  While 
some information is available on particular species’ life cycles and habitat 
preferences in Western Australia, many species are poorly described and 
understood.  In terms of assessing impacts to ecosystems, the lack of knowledge 
of the biota results in limits to the investigations. 
 
Analysing the resting stages of biota in inland waters presents the opportunity to 
develop an understanding of the biota present and subsequently their ecological 
requirements.  At Outback Ecology, the investigation of the cryptobiotic and 
cryptogamic stages in Western Australian inland waters has become a major 
component of our monitoring programs and has proven useful and informative.  
The information compiled thus far will also contribute to the classification of 
Western Australian inland waters, through a collaborative MERIWA project 
between Curtin University and Outback Ecology that was initiated in late 2005. 
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INTRODUCTION  
 
The interior of Western Australia, like that of South Australia and western and 
north-western Victoria, is characterised by a high concentration of salt lakes which 
mark outcrop areas of regional shallow groundwater (Arakel et al., 1990).  The high 
evaporation rates (>2000 mm yr-1) and low precipitation (< 200 – 350 mm yr-1) that 
is typical of this region results in short water retention periods and the gradual 
increase in salinity toward the end of each hydric cycle.  Within the Salinaland (Salt 
Lake Division) (Jutson, in Gentilli 1979) of the eastern Goldfields, many of the large 
playas are surrounded by a number of smaller, less-saline pans and during periods 
of inundation form a mosaic of highly-productive wetlands.  These systems, often 
referred to as arid zone wetlands (Williams, 1998), are considered important 
refugia for many migratory species, especially with the degradation of many of the 
wetlands in the Swan Coastal Plain and the Wheatbelt region.  This contradicts 
previous beliefs that arid zone wetlands were barren ecosystems. 

While salinity in these wetlands may vary from hypersaline to fresh, they are all 
temporary systems and may be further divided as intermittent, dry at more or less 
predictable times, or episodic, unpredictable (Williams, 1998).  Although the 
biodiversity is lower than that of predictably filled and fresh wetlands, 
representative species from all major groups can be found in these arid zone 
wetlands.  Characteristically absent are those freshwater animals that do not have 
stages in their lifecycle resistant to desiccation, or that cannot move away during 
dry periods (Williams, 1985).   

Because of the transient and unpredictable water regime, survival is by one of two 
methods: they are either migratory or capable of dispersing as adults, such as 
birds and insects, or they develop desiccation-resistant stages.  The latter has 
proved to be a highly adaptive survival technique with the organisms maintaining 
long term-dormancy and viability (De Stasio, 1989).   The ability of an organism to 
enter a cryptobiotic state is a major survival mechanism in unpredictable and 
unstable environments (Lavens and Sorgeloos, 1987). 

 
Cryptobiosis (hidden life)–survival strategies 
 
Cryptobiosis is a term first coined by Keilin (1959) to describe a state an organism 
enters that shows no visible signs of life – arrested development, ametabolic state 
and may also be referred to as diapause.  It can result from a number of factors 
such as desiccation, lack of oxygen, changes in temperature and changes in 
salinity levels (Clegg, 2000).  There are different types of cryptobiosis, some such 
as quiescence in primitive crustaceans, are controlled by environmental cues 
(exogenous), by contrast dormancy is pre-programmed during embryonic 
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development regardless of environmental conditions (endogenous) (Lavens and 
Sorgeloos, 1987).   
 
Cryptobiotic stages are displayed by a variety of invertebrate taxa such as primitive 
crustaceans (brine shrimp), ostracods, rotifers, and tardigrades (Clegg, 2000).  
Cryptobiosis is not restricted to fauna, it is also a survival mechanism adopted by 
many cryptogamic and higher order vascular plants.  A cryptogam is a term applied 
to a group of “seedless” or “lower plants” such as lichens, mosses, fungi, algae, 
cyanobacteria.   
 
Biota of temporary inland waters and their cryptobiotic stages 
 
Some of the large playas in the Salinaland fill periodically, but many are episodic 
and there is a characteristic fauna associated with the sediments of these 
Australian inland waters (Brendonck and Williams, 2000).  These organisms in 
effect have evolved to a life based on the hydric cycle of these systems with many 
unable to complete their cycles unless they undergo a period of desiccation.  The 
following taxonomic groups are characteristic of the inland waters in the Salinaland 
and all contain cryptobiotic stages in their lifecycles. 
 
Aquatic invertebrates 
 
The crustaceans dominate the salt lakes and surrounding pans of the Salinaland, 
in particular: the Anostraca (brine and fairy shrimp) (Figs 1 & 2), Ostracoda (seed 
shrimp), Copepoda and Cladocerans (water fleas).  In the smaller, hyposaline 
(fresh < 3 g/L) pans and the less-saline sections of the large playas, many 
Notostraca (shield or tadpole shrimp) have also been recorded in large numbers.  
All these have been documented as having a cryptobiotic (diapause) stage and/or 
a dormancy stage (De Deckker and Geddes, 1980; Dussart and Defaye, 1995; 
Sergeev and Williams, 1983; Williams and Geddes, 1991).  The cryptobiotic stage 
of the crustaceans consists of cysts – encysted gastrula embryos.  The most 
remarkable is that of the Anostracan (brine shrimp) (Figure 1) and the most 
documented (Clegg et al., 2000.; Clegg and Trotman, 2002; Wells et al., 1997).  
The Australian endemic brine shrimp, Parartemia, is one of the dominant 
crustaceans in the playas of the Salinaland and recent studies have found that they 
are similar physiologically to Artemia enabling the vast knowledge of Artemia 
research to be applicable (Clegg and Campagna, 2006; Campagna and John, 
2005). 
 
Cryptogams  
Charophytes (Stoneworts) 
Charophytes are macroscopic, multicellular algae commonly called Stoneworts 
because of their ability to take up large amounts of carbonate and lock it in their 
mucilaginous covering.  They inhabit both permanent and temporary waters 
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worldwide and their fertilised eggs (oospores) (Figure 2) can form a dormant spore 
bank in the sediment (Casanova and Brock, 1996).  These spore or seed banks 
are vital in the regeneration of the wetland after drying events with the delayed 
germination (or extended germination) proving also to be a survival mechanism in 
an unpredictable environment (Brock, 1998).   
 
With more detailed studies on the oospores of the Charophytes they have proven 
to be a useful monitoring tool especially with the large amount of autecological 
information being published (Garcia, 1999; 2002).  The common Charophytes 
found in our inland waters belong to the genus Lamprothamnium, a halotolerant 
genus.  Lamprothamnium belongs to a group of calcifying Charophytes which 
develop gyrogonites (Figure 2)  
 
Benthic Microbial Communities (BMC’s) 
 
The temporary nature of salt lakes in the semi-arid zones of Western Australia 
permits very few true phytoplankton (floating algae) to exist, instead extensive 
benthic microbial communities (BMCs) can generally be found.  Much of the 
productivity in saline waterbodies is restricted to these communities, which contain 
a relatively high nutrient concentration in comparison to the overlying water (Bauld 
1986).  The major component of BMC’s may be Cyanobacteria (blue-green algae) 
or eukaryotic algae such as diatoms (Bauld 1981). 
 
Bacillariophyta – Diatoms 
 
Diatoms are unicellular microscopic algae that belong to the Phylum 
Bacillariophyta their most distinguishing characteristic is the possession of a cell 
wall made of amphorous silica (Cox, 1996).  They are found in almost every 
aquatic habitat, as well as terrestrial arid zones and are able to survive extended 
periods of desiccation by forming resistant stages or resting spores.  Their ornate 
cell wall (called a frustule) (Figure 3) has specific characteristic patterns that allow 
accurate identification.  No other single group of biota has been as extensively 
studied as the diatoms especially in relation to their tolerances and preferences at 
a species level, with extensive literature on their autecology (ecological information 
on individual organisms) (Lowe, 1974, John, 1998).  
  
Diatoms are often the only primary producers in the hypersaline systems being the 
dominant alga in the Benthic Microbial Communities (BMCs) such as in Lakes 
Lefroy (John, 1999) and Yindarlgooda (Campagna and John, 2003).  Not only are 
they able to survive extreme salinities, they can also live in the pore water in the 
clay sediment of the inland waters (John, 2003).   
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Macrophytes 
While submerged macrophytes (aquatic vascular plants) are not diverse in 
temporary systems there are a few species that dominate, such as Ruppia sp. and 
Lepilaena sp. from the Potamogetonaceae (Williams, 1985).  These plants form 
extensive seed banks that are vital in the regeneration of the wetlands after drying, 
and therefore their resilience (Brock, 1998).   
 
Applications of cryptobiotic stages in monitoring 
 
Cryptobiotic stages in sediment are useful monitoring tools as they are indication of 
the resident biota.  With the increasing amount of ecological information on the 
different taxa found in inland waters and an understanding of their lifecycles and 
requirements, the inland wetlands can be managed appropriately.  Past practices 
required the presence of water in order to collect the extant biota and the 
persistence of dry periods prevented adequate baseline surveys to be performed 
prior to impact with the added risk of inappropriate rehabilitation.   
 
Delayed hatching and germination of much of the biota from the sediment can 
result in the true diversity remaining hidden.  The large playas can also undergo 
periods of hyposalinity in exceptional rainfall events and it is during this time that 
the hyposaline taxa emerge (B. Timms pers. comm. 2006).  In many of the 
temporary wetlands the seed banks hold species that are not always present in the 
extant vegetation at any one time (Brock, 1998) and this also holds true for the 
invertebrates as well, with cysts of Branchinella (hyposaline fairy shrimp) recorded 
in hypersaline systems such as Lake Miranda and Lake Yindarlgooda (Campagna 
and John, 2004).  Lake Miranda also recorded numbers of Nitella, a Charophyte 
that is typically freshwater.  The presence of Nitella and Branchinella at the same 
sites as Parartemia and Lamprothamnium indicates the different environmental 
conditions that can be maintained by large playas (Figure 2).   
 
At Outback Ecology we have overcome the problems associated with extended dry 
periods such as droughts and the episodic nature of the Western Australian interior 
by incorporating the analysis of the surface sediment of these systems in our 
monitoring.  
 
METHODOLOGY 
 
The following methods have proven useful in the understanding of the unique 
ecosystems of the arid zone wetlands and the extent of their diversity.  It also 
allows for an understanding of the different niches found in the large playas 
according to the distribution of the resting stages and therefore which areas may 
require more protection or attention than others in the management program. 
 
Aquatic Invertebrates 
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The dominant invertebrate is ascertained by analysis of cryptobiotic stages in 
sediment, according to cyst enumeration and/or hatching trials. 
 
Cyst enumeration 
 
Sediment collection involves scraping material from the upper 2 cm of the lakebed 
in a 50 x 50 cm quadrats.  The sediment is then oven dried at 40oC to constant 
weight.  A sub-sample of the collected sediment from each site is sieved through 
Endecotte® sieves and material between 100 �m and 500 �m is retained for cyst 
enumeration.  The number of intact cysts is then recorded by hand sorting through 
a known weight of the sieved material under a dissecting microscope.   
 
Hatching trials 
 
The rewetting of sediment (hatching trials) has been found to be a reliable method 
of determining some of the dormant biota that may be present in the systems.  It 
has also proven to be a reliable tool to assess any possible impacts that may 
prevent termination of diapause (Campagna and John, 2004).  Hatching trials 
consist of rewetting a known amount of sediment and daily measurements of 
abiotic parameters and the number of hatchlings over an allocated time.  It is highly 
recommended that the sediment is also analysed for the presence of resting 
stages to confirm the results of the trials. 
 
Cryptogams  
 
Charophytes 
 
The oospores and gyrogonites of Charophytes are readily identifiable in the 
surface sediment of inland waters under a dissecting microscope and even to the 
naked eye.  The same sampling and isolation procedure as for the cysts of 
crustaceans can be adopted, allowing for easy enumeration.   
 
Benthic Microbial Communities (Algae) 
 
By re-wetting dried algal mats (BMC) collected from the lake floor many of the taxa 
will rehydrate and the taxa present investigated.  These mats can indicate areas of 
recharge in the lakes and the dominance of particular species allows for the 
management of issues such as saline water discharge. 
 
Identification and enumeration of diatoms 
 
The siliceous shell wall of diatoms allows for permanent slides to be made and a 
herbarium catalogue collection to be kept for referencing.   
 



 81

After collecting core samples of the surface of the lake bed and digesting the 
sediment in nitric acid, the diatom frustules are washed and mounted in a mounting 
medium and made into permanent slides for identification. Their community 
composition indicates the environmental conditions of that particular site.  Diatoms 
have proven to be reliable and accurate bioindicators, due to their ease of 
application and analysis (Batley et al., 2003). 
 
Macrophytes 
 
The seeds or spores of other macrophytes such as Ruppia sp. and Lepilaena sp. 
are readily identifiable in the surface sediment.  The sampling and isolation 
procedures are similar to those employed for Charophyte identification.   
 
SUMMARY 
 
The Salinaland is rich in alluvial mineral deposits and, as a result, the majority of 
mining within Australia is located in these arid and semi-arid zones.  Lack of 
adequate management has resulted in the degradation of many of these salt lakes 
and an increase in research has challenged the belief that these systems are 
barren and devoid of life.  These lakes have now been revealed to have high 
biodiversity (Brendonck and Williams, 2000; Williams, 1998).  The urgency to 
protect these systems is recognised (Timms, 2005), yet because of their temporary 
nature, the current monitoring guidelines are often difficult to implement (John, 
2003) and there is  a need for practical monitoring protocols.   
 
Identifying biota from their resting stages in the surface sediment provides a true 
indication of the extent of the diversity of temporary inland waters.  As more 
ecological information on the resting stages of biota is gathered, baseline and 
impact monitoring information will be more robust and applicable.  The distribution 
of the biota in the sediment is not always homogenous, especially in the larger 
systems, due to the movement of the surface water under wind action. Because of 
this, random sampling may result in low apparent diversity or abundance.  Many of 
these resting biota are concentrated in areas where the adults have died – such as 
along causeways and in inlets.  This information is revealed in the surface 
sediment and can be incorporated in a monitoring program.  
 
Salt lake biota have evolved to survive the extreme conditions faced in the interior 
of Western Australia.  Changes to their regimes can often be detrimental and an 
understanding of their ecological requirements is essential to their management.   
The presence and maintenance of the seed/cysts bank in these systems adds 
resilience and allows for recovery (Brock, 1998).   It is important to understand the 
system as a whole to best manage these fragile environments.  The use of resting 
stages in monitoring biota in salt lakes has been incorporated in the current 
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MERIWA project: Classification of inland salt lakes in Western Australia, with 
positive results. 
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Figure 1: Parartemia sp. cysts from surface sediment of Lake Yindarlgooda. 

(Bar = 200 µm). 
 

 

 
Figure 2: (L-R) Nitella sp. oospores; Lamprothamnium sp. gyrogonite; 
Lamprothamnium sp. oospore; Branchinella sp. cysts; Parartemia sp. cysts.  
All from the surface sediemt at one site at Lake Miranda. (Bar = 200 µm). 
 
 

 
 
Figure 3: Diatom frustules (cleaned) from the surface sediment of Lake 
Yindarlgooda (Bars = 10 µm). 
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ABSTRACT 
 
Water is crucial to the mining industry and efficient use of water is being 
increasingly required as accounting for water in catchments improves and 
demands on water supplies increase. Water storages often form an integral part of 
the mine site water balance and can cause substantial water losses through 
evaporation and seepage. Technology developed by the National Centre for 
Engineering in Agriculture for use on agricultural storages can continuously log 
evaporation and seepage losses.  Understanding the magnitude of storage losses 
assists in deciding whether actions to reduce storage losses are beneficial and 
cost effective. This technology is receiving acceptance in agriculture as the 
benefits of improved water storage efficiency are being realised.  It is also 
beginning to be applied for assessing storage efficiency on minesites. 
 
 
INTRODUCTION 
 
Water is a crucial input into the mining industry, as it is to other industries such as 
agriculture and manufacturing. Efficient use of water is being increasingly 
demanded as accounting for water in catchments improves and demands on water 
supplies increase. Mining operations demand continuous supply of water, and, if 
reliant on ground water supplies, may be using a finite resource that could 
determine the duration or efficiency of the mining operation. Efficient use of water 
on site will reduce the risk of having to reduce or cease production due to a lack of 
water.  
 
Similar water issues are being encountered by the irrigated agriculture sector, 
forcing adoption of water use efficient practices in many cases. A lesson that has 
been learnt by agriculture is that the use of water at an operational level is largely 
unknown. Water balances are typically assessed at catchment and site level, but 
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little regard is paid to where water is being used in individual processes and in 
elements of the water balance smaller than the site itself. 
 
While mining is a small user of water when compared with other industries (Figure 
1), it is an important user as mine sites are often situated in areas where water is 
scarce or of poor quality. The economic benefit derived from water used by mining 
is high. Table 1 outlines the production generated from 1 Ml of water for selected 
industries (ABS, 2001). 
 
This paper focuses on water storages and the potential benefits of measuring 
accurately the losses that occur. Other parts of the water balance, such as the 
pumps and the pipes can also be investigated and more efficient water use 
practices implemented. 
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Figure 1: Annual water consumption of selected Australian industries - 2000-
01 (adapted from ABS 2001) 
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Table 1: Water consumption, gross production and water use index (ratio of 
gross production and water consumption) for selected industries (ABS, 2001, 
2002(a), 2002(b), 2004)  
 

Water 
Consumption 

Gross 
Production 

Water Use 
Index Industry 

Ml $m $/Ml 
Irrigated Agriculture 16,660,381 20,072 1,200 

Mining 366,867 47,463 129,400 
Manufacturing 866,061 71,946 83,050 

 
WATER STORAGE LOSSES 
 
Water storages often form an integral part of the mine site water balance.  
Inefficient or poorly managed storages can be a cause of substantial losses 
through evaporation and seepage.  
 
Often evaporation and seepage are estimated rather than measured, making it 
impossible to determine the magnitude of the loss and whether steps to reduce the 
loss are worthwhile environmentally and economically. Determining the real 
magnitude of the losses requires accurate measurement of rainfall and of storage 
inflows and outflows. Flow meters can be installed to measure inflows and outflows 
quite accurately, with listed accuracy of some meters being ± 0.5%.   
 
Determining seepage rates assists in determining whether actions to reduce 
seepage are needed and whether they will be cost effective. The same can be said 
for evaporation.  
 
The benefits of accurately measuring and logging evaporation and seepage rates 
include: 
 

• Determine whether current storage is operating as efficiently as possible;  
• Monitor changes in seepage and evaporation over time; 
• More accurate data for mine site water balance; 
• Allow investigation and remediation of likely seepage areas; 
• Monitor the effectiveness of seepage/evaporation mitigation works; 
• Determine the economic viability of covering and/or lining or compacting 

storages; 
• Indicate changes in water consumption from processes utilising water from 

storages; and 
• Indicate changes in water supply from bore fields. 
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Water Loss Through Seepage 
 
Unless storages are lined with a geofabric (and even then it sometimes occurs), 
seepage will always occur. The amount of seepage that occurs varies greatly and 
depends on: 
 

• Depth of storage 
• Soil characteristics; 
• Construction methods 
• Surface area available for seepage. 
• Moisture gradient (depth to water table); 
• Period that storage contains water; 
• Soil and water temperature; 
• Soil capillary tension; and 
• Water quality; 

 
Seepage rates measured in water channels vary widely. Raine (ed, 1999) cites 
seepage data from channels in the USA ranging from 70-750 mm/day, with the 
higher seepage rates being measured on sandier soils. It is noted that these values 
are much higher than data published for Australian sites, most likely because only 
leaking channels were investigated.  
 
Measured seepages rates from Australian channels show much lower rates, 
though the values could still cause concern. Table 2 outlines seepage rates 
measured for selected sites across Australia.  
 
Some measured seepage rates on clay soils are higher than those measured on 
lighter soils, illustrating that the common practice of assuming seepage rates on 
the basis of soil texture can lead to an erroneous understanding of the situation. 
Measuring seepage at one point in time does not take into consideration all the 
factors listed above, such as water quality and temperature and is generally 
unsuitable. 
 
High seepage rates are not only a waste of water, but can also lead to weakening 
of the storage walls, tunneling if the materials are dispersive and loss of storage 
capacity (NRM, 2002).   
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Table 2: Seepage rates measured in channels in Australian irrigation areas 
(adapted from Raine (ed), 1999). 
 

Seepage Rate Location Soil Type mm/day ML/ha/yr Source 

Central 
Goulburn, Vic 

Alta clay loam 
East Shepparton fine sand 
Erwin loam 
Karook fine sandy loam 
Wallenjoe clay 

1.5 - 3.0 
6.0 - 8.8 
3.1 - 4.7 
4.0 - 5.2 
1.3 - 1.8 

5.48 - 11.0 
21.9 - 32.1 
11.3 - 17.2 
14.6 - 19.0 
4.7 - 6.6 

Holland 
(1997) 

Shepparton, 
Vic 

Broken sand 
Gupna fine sandy loam 

9.0 - 11.0
6.0 - 8.8 

32.9 - 40.2 
21.9 - 32.1 

Holland 
(1997) 

Border 
Rivers, QLD Heavy clay 1 - 23 3.7 - 84.0 Dalton 

(1999) 
 
 
Water Loss Through Evaporation 
 
Evaporation rates for the Western Australia Goldfields typically range from 2000-
3000 mm/y. This is equivalent to a potential loss from a water storage of 20-30 
Ml/ha/y. The actual evaporation from a water storage will depend on the surface 
area of the storage and the micro climate above the water’s surface. The amount 
of time the storage holds water during the year will also change potential storage 
evaporation. Evaporation rates change during the year, with evaporation rates 
being much lower in winter than summer. In the Goldfields area, approximately 
70% of evaporation occurs in six months of the year, from October to March.  
 
Estimates of evaporation rates can be obtained using weather stations. The 
accuracy of this is limited as evaporation is calculated based on a series of 
sensors. Weather stations located nearer the water storage will be more accurate 
than ones located further away. If accurate measurements of storage evaporation 
are obtained, it is possible to apply a correction factor that will increase the 
accuracy of weather station data. This correction factor will be site specific.  
 
It is often assumed that Class A pan evaporation is equal to evaporation from a 
free water surface. However, actual evaporation rates are dependent on water and 
air temperatures, wind speed, humidity, and solar radiation. Water in large water 
bodies does not heat up as much as water in evaporation pans. The placement of 
evaporation pans will also change their measurement. Wave action on large dams 
can also alter actual evaporation rates. All these factors combine to make 
measurement of evaporation from pans a generally inaccurate measure of 
evaporation from large storages. 
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APPLICATION OF WATER STORAGE SENSOR TECHNOLOGY 
 
A major study investigating evaporation mitigation technologies (Craig et al, 2005) 
was undertaken by the National Centre for Engineering in Agriculture on behalf of 
the Queensland Department of Natural Resources, Mines and Water. As part of 
this project, methods and technologies to continuously measure and log 
evaporation and seepage were developed. These methods allow for accurate 
measurement of seepage (both foundation seepage and seepage through the 
storage’s walls) and of evaporation. The continuous logging of these parameters 
also enables investigation of how seepage and evaporation vary over time.  
 
In this project, seepage and evaporation sensors were installed on several 
storages, ranging in size from 132 Ml (3.8 ha) to 7200 Ml (120 ha). The 
evaporation and seepage data were used to determine the effectiveness of 
evaporation mitigation technologies, such as floating covers, suspended covers 
and chemical covers.  
 
The sensors used are pressure sensitive transducers, installed vertically in the 
water of a storage at a fixed height above the base of the storage. The changing 
water height results in a change in water pressure that is measured by the 
transducers and logged at regular intervals using a data logger system. Pressure 
transducers that have been installed in agricultural storages have an accuracy of ± 
0.04 % which is equivalent to 0.8 mm for a water depth of 2 m.  
 
The pressure sensitive transducer outputs a voltage signal that is recorded by a 
data logger. A calibration equation is input to the data logger and the voltage signal 
is converted into depth of water. Figure 2 shows typical calibrated output from a 
water depth sensor installed in a water storage. 
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Figure 2: Typical calibrated output from pressure sensitive transducers (from 
Craig et al, 2005). 
 
The study investigated three evaporation mitigation technologies on commercial 
water storages similar in size to those found on mine sites (Craig et al 2005): 
 

• Floating covers are made from heavy duty polyethylene. The edges of the 
cover are either tied or trenched in to the bank. Small holes evenly spaced 
over the cover allow rainfall to penetrate the layer while minimising the 
surface areas available for evaporation. 

 
• Suspended covers are generally long life shade cloth material strung 

between poles in the storage by high tension cable. The shade cloth allows 
rain to pass through it.  

 
• Chemical monolayers are chemicals that form a thin film over the surface of 

the storage. The monolayer needs to be spread over the surface of the 
storage and biodegrades in 2-3 days, meaning frequent application is 
required. 

 
 
The sensors measured seepage rates of the commercial storages ranging from 
1mm/day to 50mm/day. The seepage rate was related to the depth of water. Table 
3 lists the potential saving in evaporation using different mitigation technologies. 
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Table 3: Evaporation reduction measured using various mitigation 
technologies on research tanks and commercial storages.  
 

Evaporation Reduction (%) 
Product 

Size of 
Commercial 

Storage 
(ha) 

Research 
Tanks 

Commercial 
Storage 

Floating cover 4.1 ha 100 - 94 95 – 85 
Suspended cover 3.8 ha 71 - 69 80 – 60 
Chemical monolayer 4.2 – 120 ha 40 - 10 30 - 5 

 
 

RECTIFYING SEEPAGE PROBLEMS 
 
Seepage can be eliminated by lining storages with some form of geofabric, but that 
is generally a costly option. Compacting the base and walls of storages and 
channels at optimum soil moisture content will significantly reduce seepage 
(Anderson et al, 2004). The addition and incorporation of bentonite (smectite clay 
that swells when wet and blocks seepage lines) will decrease seepage rates. 
Bentonite application rates for different soils types are given in Table 4 (Goyne 
(ed), 2002).  
 
Table 4: Recommended bentonite application rates 
 

Soil type 
Application 

Rate 
kg/m² 

Coarse sand and/or fine gravel 30 
Fine sand 20 
Sandy loam 15 
Clay loam 10 
Source: Goyne (ed), 2002 

 
Bentonite should be mixed thoroughly into 150 mm of soil and compacted. A trial 
near Emerald, Queensland used bentonite on a 220Ml (5.4 ha) storage to reduce 
seepage (Goyne (ed), 2002). Water loss from the storage was reduced from 116 
Ml to 40 Ml during the trial period, with the remaining water loss being largely 
evaporation. 
 
There are also potential benefits from re-designing storages to reduce surface area 
available for seepage. 
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CONCLUSION 
 
This technology is receiving gradual acceptance in agriculture as the benefits of 
improved water storage efficiency are being realised.  It is also beginning to be 
applied for assessing storage efficiency on minesites. 
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ABSTRACT 
 
Many mining operations in the West Australian goldfields face the challenge of 
managing large quantities of hypersaline dewatering discharge, and often have few 
disposal options other than to nearby salt lakes.  Both the mining industry and 
regulators recognize the need to firstly identify, and then effectively manage, the 
impacts of dewatering discharge to salt lakes during the life of a mine.  However, 
this is a difficult task, because there is little information available on the importance 
or significance of the particular receiving wetlands, also there is a paucity of 
published background data and relevant guidelines for salt lake ecosystems in 
general.  It is therefore difficult to regulate and manage the use of inland waters 
when there is little understanding of their resilience to impact, and the role of 
environmental fluctuations, such as rainfall, in mitigating impact.   
 
In recognition of the issues related to salt lake management, Outback Ecology and 
Curtin University have collaborated to develop a Masters Project which has been 
sponsored by the Minerals and Energy Research Institute of Western Australia 
(MERIWA).  
 
The objectives of the project are; 

1. To collate, collect (if information is not available) and validate all available 
‘control site’ data related to inland salt lakes of Western Australia, 
particularly related to surface water, sediments and aquatic biota;  

2. To identify the gaps in knowledge regarding inland salt lakes; 
3. To use all validated data on hydrological cycle, water quality, sediment 

chemistry and biota to develop a classification system for inland waters of 
Western Australia 

 
The anticipated outcomes of the project are: 

1. A series of baseline data ranges for each lake ’type’, as a basis for relevant 
guidelines, particularly in relation to water and sediment quality;  
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2. A description of typical ecological communities expected for each lake 
’type’; 

3. Development of protocols for sampling both aquatic biota in salt lake 
ecosystems, and collecting physico-chemical data; 

4.  A report detailing the classification system, and summarizing the features of 
different salt lake types in WA (where data is adequate) 

 
This paper describes the rationale for the study, the study area, current 
classification methods, the methods to be used for the Masters study, and some 
preliminary results. 
 
INTRODUCTION 
 
The need to collect information on both biotic and abiotic components of salt lakes 
in inland Western Australia has become increasingly important in recent years.  
Mining companies use salt lakes for the disposal of hypersaline water from their 
operations, however little is known about the uniqueness of these lakes or the 
possible impacts of discharge water.  An abundance of information pertaining to 
salt lakes has been collected by both Outback Ecology and Curtin University since 
1998.  However, most of this data is tied up in unpublished or internal company 
reports and is unavailable to the public and/or regulators.  A Masters project titled 
‘The Classification of Inland Salt Lakes’ was proposed in 2005 and funding was 
sought from industry to address this issue.  Nine sponsors were acquired and the 
project received a Minerals and Energy Research Institute of Western Australia 
(MERIWA) grant in late 2005. 
 
The objectives of the project are; 

1. To collate, collect (if information is not available) and validate all available 
‘control site’ data related to inland salt lakes of Western Australia, 
particularly related to surface water sediments and aquatic biota;  

2. To identify the gaps in knowledge regarding inland salt lakes; 
3. To use all validated data on hydrological cycle, water quality, sediment 

chemistry and biota to develop a classification system for inland waters of 
Western Australia 

 
Inland Salt Lakes in Western Australia 
 
The interior of Western Australia has the greatest concentration of salt lakes on the 
continent (Gentilli 1979).  Furthermore, salt lakes in Western Australia display one 
of the greatest levels of endemism, species diversity and species radiation for salt 
lakes in Australia (Hebert and Wilson 2000.; Halse and McRae 2001; Remegio et 
al. 2001).  A substantial proportion of the mining activities in Australia are also 
located within the arid and semi-arid zones of Western Australia, with many of the 
alluvial mineral deposits associated with the extensive salt lakes (John 2003).   
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It is increasingly accepted that the inland waters of salt lakes are extremely 
important refugia, not only for unique species that inhabit them, but also for the 
many birds that include these lakes in their migratory path.  Past disinterest and 
misunderstanding of these lakes has led to poor management practices.  With 
continued mining activities impacting these systems, the need to manage them 
effectively and mitigate impacts from dewatering discharge, is apparent.  The focus 
of past and present research has been to study each lake individually, rather than 
to treat the lakes as a system, sharing similar characteristics.  Handley (2003) was 
the first to compare coastal and inland salt lakes in terms of their algal composition 
and continued research indicates that there may be features that many of the lakes 
share.  John (2003) indicated a need to recognize flagship species within Western 
Australian salt lakes to assist in the formulation of practical guidelines for 
temporary water bodies. 
 
Why Classification? 
 
Classification systems are used to simplify a large data set, and in this case will 
allow wetlands to be grouped according to similar attributes (Semeniuk and 
Semeniuk 1997). Classification allows informed decisions to be made for the 
protection, recognition of unique attributes and management of aquatic systems 
(DOE 2005).  A number of classification systems are used throughout Australia, 
and are discussed below, however these do not adequately describe the salt lakes 
of the goldfields.  Together, Outback Ecology and Curtin University have collected 
information from approximately 22 of these lakes.  The information collected 
includes sediment and water chemistry, algae, invertebrates and riparian 
vegetation.   
 
There is a need to combine all available data on WA salt lakes (John, 2003b) and 
the lack of a classification system for practical use, particularly within the mining 
industry, was a major concern raised at the 2003 ACMER workshop on Water 
Quality Issues in Final Voids, Salt Lakes and Ephemeral Streams.  The need for 
the accumulation and integration of data for a range of different water bodies was 
also expressed by Batley et al. (2003) in their review of the current 
ANZECC/ARMCANZ guidelines.   
 
Current Classification Systems 
 
A number of classification systems have been described for freshwater systems to 
date but their use is limited to wetlands of the Swan Coastal Plain, South-west and 
the Wheatbelt (Davis et al. 1993; Semeniuk and Semeniuk 1997; Cale et al. 2004).  
The Department of Environment (2005) supports the use of geomorphic 
classification similar to the system proposed by Semeniuk and Semeniuk (1995), 
however they also support systems based on biological data such as the study of 
the wheatbelt completed by Halse et al. (2004).  The Semeniuk classification 
system is primarily based on the landform setting and hydroperiods of the wetland.  
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However other factors such as vegetation, water chemistry, size and landforms can 
be added to the system for greater definition.  Of the six wetlands considered in 
this preliminary study, all were classified as playas using this system (i.e. 
intermittently inundated basin).  Salinity descriptors used by this system are 
unreliable for goldfields salt lakes,which display a wide variation in salinity 
throughout their hydrocycle and may remain dry for extended periods of time 
(Semeniuk and Semeniuk 1995).  When wet however, all lakes considered in this 
study are all hypersaline for most of their hydrocycle.  Adding vegetation 
parameters to the classification system is possible, although most of the salt lakes 
in Western Australia show a similar pattern of vegetation distribution, defined by 
Semeniuk and Semeniuk (1995) as Zoniform (zones of vegetation on the 
periphery) or Bacataform (vegetation types in no particular pattern but on the 
periphery).   
 
The Ramsar Convention classification system attempts to classify wetlands on the 
global scale (Semeniuk and Semeniuk 1997).  The Ramsar classification system 
recognizes three main types of wetlands; Marine/Coastal wetlands, Inland 
Wetlands and Human-made Wetlands.  These are further divided in 42 types.  The 
six salt lakes considered in this study can be broadly classified as 
Seasonal/Intermittent Lakes (R), according to Ramsar (RAMSAR 2006).   
 
De Deckker (1988) describes four main salt lake types in Australia; large playa 
lakes, small closed lakes or pans, crater lakes and coastal lakes.  Based on this 
classification the salt lakes of Western Australia consist of either large playa lakes 
or small closed pan.  Large playa lakes are those ‘greater than 10km in size which 
are most often dry’.  Small closed pans are those that ‘fill primarily from rainfall in 
contrast to the large playa lakes whose filling relies on large drainage catchments’ 
(De Deckker 1988).  The salt lakes included in this Masters project would therefore 
be classified as large playa lakes.  While this description provides some useful 
information in regard to size and water permanence, little emphasis is given to the 
biota. 
 
Generally, according to all three classification systems described above, salt lakes 
of the goldfields were very similar (Table 1).  The classification system proposed 
by Semeniuk and Semeniuk (1995) incorporates the most detailed information, 
related to size, salinity, fluctuating water quality, vegetation pattern and zonation.  
In contrast, the other systems (DeDeckker (1988) and Ramsar (2006)) only 
provided classification based on hydroperiod and size.  None of the three systems 
provide information on the biota, including invertebrates and algae, which are 
present in each wetland.  In that context, the presence of unique, ubiquitous and 
important species, and the management measures required to protect them, is 
unknown. 
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Table 1 A selection of lakes considered in the MERIWA Project, and their 
features according to three existing classification systems. 

Existing Classification System Lake 

Semeniuk and 
Semeniuk (1997) 

DeDeckker (1988) Ramsar (2006) 

Lake Carey Megascale, irregular, 
hypersaline, 
poikilohaline, 
bacataform playa 

Large Playa Lake Seasonal/Intermittent 
Lake (R). 

White Flag Lake Macroscale, irregular, 
hypersaline, 
poikilohaline, 
bacataform playa 

Large Playa Lake Seasonal/Intermittent 
Lake (R). 

Lake Way Megascale, irregular, 
hypersaline, 
poikilohaline, 
bacataform playa 

Large Playa Lake Seasonal/Intermittent 
Lake (R). 

Lake Miranda Megascale, irregular, 
hypersaline, 
poikilohaline, zoniform 
playa 

Large Playa Lake Seasonal/Intermittent 
Lake (R). 

Kopai Lake Mesoscale , irregular, 
hypersaline, 
poikilohaline, zoniform 
playa 

Small Closed Lake or 
Pan 

Seasonal/Intermittent 
Lake (R).). 

Black Flag Lake Macroscale, irregular, 
hypersaline, 
poikilohaline, zoniform 
playa 

Small Closed Lake or 
Pan 

Seasonal/Intermittent 
Lake (R). 

Lake Lefroy Megascale, irregular, 
hypersaline, 
poikilohaline, 
bacataform playa 

Large Playa Lake Seasonal/Intermittent 
Lake (R). 

 
 
PROPOSED METHODS FOR CLASSIFICATION AND SAMPLING 
 
There is already a substantial body of information available on WA salt lakes, 
collected by a variety of companies and institutions.  The main task in the 
preliminary stages of the project described here, after existing data has been 
collated, will be to consider the validity of the data and identify gaps in knowledge, 
particularly with regard to identifying suitable indicator species for classification of 
inland waters.  A field sampling program will then be implemented to address gaps 
in data, and multivariate statistics would be performed on the refined data set.  
Multivariate statistical analysis will assist in determining parameters for classifying 
inland waters.  
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All available data on background values for inland salt lakes will be screened to 
determine compatibility and robustness.  Any data that does not follow appropriate 
methodology will be removed.  The gaps in the data will then be identified.   
 
Data related to the following components will be investigated statistically in 
developing a predictive model: 

1. Algae 
2. Invertebrates 
3. Riparian vegetation 
4. Macrophytes 
5. Avian Fauna 
6. Chemistry – water and sediment 

 
 
Inland waters are often temporary in nature and as such, sampling of aquatic biota 
can be challenging.  The following methodologies will be adopted in the analysis of 
samples. 
 
1. Algae 
 
Algal samples, including cyanobacteria, can be collected during both the wet and 
dry phases of a lake’s hydric cycle.  Many of the algae remain as resting stages in 
the surface sediment of the lake bed and germinate once there is an input of 
freshwater.   
 
1.1 Phytoplankton 
 
Surface water samples will be collected, using a 500 mL plastic bottle.  These will 
be preserved with Lugol’s iodine.  The water sample will be used for quantitative 
analysis of the phytoplankton.  Algal cells in 1 mL aliquots of the sample will be 
counted in a Lund cell and the number of cells per mL of algae calculated.  The 
phytoplankton sample will be used for taxonomic identification, and stored as 
voucher specimens in the International Diatom Herbarium at Curtin University. 
 
1.2 Periphyton (diatoms) 
 
Where there is sufficient standing water, JJ periphytometers will be placed and 
collected after 2-3 weeks.  The slides will be scraped and the algae identified.  The 
samples will then be “digested” in 70% nitric acid (removal of all organic content) 
for diatom enumeration and permanent slides made according to John (1983).  
These will be analysed and the diatom species identified.  Permanent slides will 
then be stored at the International Diatom Herbarium, Curtin University, as voucher 
specimens. 
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Previously archived permanent slides will also be analysed to determine any 
additional diatom information for the relevant sites. 
 
1.3 Benthic Microbial Communities 
 
Surface scrapings of the benthic microbial communities (BMCs) located on the 
surface of the lake bed will be collected in plastic vials (Nylex No. 20).  These will 
be identified fresh or preserved with Transeau’s preservative for later identification.  
The composition of the BMCs will be determined.  Sections of the BMC mat will 
also be digested for diatom enumeration.  The BMCs will be collected during both 
the wet and dry phases of the hydric cycle as resting stages remain in the 
sediment. 
 
2. Invertebrates 
 
2.1 Aquatic invertebrates 
 
As inland waters of Western Australia are temporary in nature and the biota has 
adapted for extended periods of desiccation, aquatic invertebrates can be collected 
during both the wet and dry phases of the hydric cycle. 
 
Wet Sampling 
 
Aquatic invertebrates in the water column will be collected by isolating a known 
volume of the surface water using a large plastic cylinder and removing all the 
invertebrates with a 50 µm net.  The sample will then be placed in a plastic vial and 
preserved for identification and enumeration.  This procedure will be repeated 
three times at each site. 
 
The samples will be counted whole for the larger specimens (> 500 µm).  For the 
smaller specimens 1 mL aliquots of the sample will be placed in a Sedgewick – 
Rafter Chamber and 3 replicas counted for each sample.   
 
Dry Sampling 
 
The surface sediment of a lake will be collected by scraping the top 1 cm of lake 
bed from a known area and placing it in a calico bag.  The presence of the aquatic 
invertebrates (e.g. Parartemia) in a known quantity can be determined by 
examining the resting stages in the sieved sediment, under a dissecting 
microscope. 
 
3. Riparian Vegetation  
 
Dominant plant species will be identified and recorded at each site assessed. 
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4. Macrophytes 
 
The presence of the various macrophytes will be recorded at each of the sites.  
This will include the presence of resting stages for charophytes (stoneworts) and 
seeds of monocotyledons such as Ruppia. 
 
5. Birds 
 
Where there are no previous observations, opportunistic bird counts will be 
performed at the study sites.  This will be confined to the periods when there is 
water in the lakes.  Activities such as nesting sites and breeding behaviour will also 
be recorded. 
 
6. Chemistry 
 
Where there is insufficient chemical data, both water and sediment samples will be 
collected from those sites and sent to a NATA approved laboratory for analysis.  
Surface water and sediment will be analysed for basic parameters (ph, TDS, EC), 
major anions and cations, metals and nutrients.   
 
Some data already collected for the seven lakes in this study is presented in the 
following section. 
 
PRELIMINARY RESULTS  
 
Only a portion of the  data set has been validated at the time of writing.  Therefore, 
only a limited data set is presented in this paper (Table 1 and Table 2).  The salt 
lakes that are discussed vary in size, shape, water chemistry and biota.  The 
methods that have been discussed above were employed to assess each of the 
parameters. 
 
 
The seven lakes discussed in this paper range from saline to hypersaline 
depending on their stage of the hydrocyle (Table 2).  All are ephemeral in nature, 
inundated intermittently (once in every 3 – 5 years).  The persistence of water in 
these lakes is often short lived due to high evaporation rates, leading to 
considerable variation over time in most parameters.  The pH range of surface 
water was large, ranging from acidic to alkaline.  Both invertebrate and algal 
species present in these lakes are typical of saline ecosystems.  
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Table 2 Between-lake comparison of abiotic and biotic parameters 
Parameter Lake 

Size (km2) Salinity (EC) 
 

pH Algae Invertebrates 

Lake Carey 1,000 5,500 – 
130,000 

6.6 – 
8.2 

Amphora coffeaeformis 
Hantzschia amphioxys 
Navicella pusilla 

Parartemia sp. 
Reticypris sp. 
Diacypris sp. 

White Flag 
Lake 

31 NA* NA Amphora coffeaeformis 
Navicula sp. 

Parartemia sp. 
Ostracod 

Lake Way 270 26,000 – 
85,000 

5.6 – 
7.o 

Amphora coffeaeformis 
Navicula durrenbergiana 
Hantzschia amphioxys 

Parartemia sp. 
Reticypris sp 
Cyclopoida 

Lake 
Miranda1 

200 35,400 – 
43,100 

7.1 – 
9.4 

Pleurosigma sp. 
Gyrosigma sp. 
Hantzschia vivax 

Copepods 
Branchionus 
Ostracods 

Kopai Lake 0.5 24,000 – 
91,000 

7.8 – 
8.3 

Amphora coffeaeformis 
Navicula sp. 
Luticola sp. 

Daphniopsis sp 
Ostracods 

Black Flag 
Lake 

7 22,900- 8.5 Amphora coffeaformis 
Navicula sp. 
Hantzschia sp. 

Triops sp. 
Parartemia sp. 
 

Lake Lefroy 
 

570 NA NA Achnanthes sp 
Navicula durrenbergiana 

Parartemia sp. 
Ostracods 

*Note- No baseline or control site water quality has been reported at White Flag Lake or Lake 
Lefroy since 2000. 
1 – (John et al. 2000) 
 
Principal Component Analysis (PCA) was used to look at the similarity between the 
sediment and water chemistry at each lake.  PCA produces a graph on which 
samples with similar chemistry are located close together, while those with 
markedly different chemistries are located further apart, with an axis that pulls the 
data in a certain direction depending on the concentration of a particular element 
(Clarke and Warwick 2001).  Note that the amount of variation in the data and how 
representative the data is in the plot, is indicated by the percent variation explained 
by the first two axis.  A value of 50% or over is considered a good representation of 
the data. 
 
Multi-dimensional scaling (MDS) plots were used to assess differences between 
the algal and invertebrate community structure.  Unlike PCA the MDS ranks the 
similarities within the data (Clarke and Warwick, 2001).  Like PCA it produces a 
plot with sites located close together having similar community structure.  On the 
MDS plot, sites are grouped according to the percent similarity they have with each 
site (e.g. if sites have 20% of species in common this group will be represented by 
dotted green line). 
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Surface Water 
 
Collection of surface water in the salt lakes of the goldfields has been restricted in 
the past due to below-average rainfall, however cyclonic activity in recent times 
has allowed for collection of surface water in 2000, 2004 and 2006.  However, due 
to the distance between these lakes and the variability of rainfall in the region it is 
rare for a filling event to occur in these lakes at the same time.  Hence the data 
used to date in the PCA plots has been recorded at varying times in each of the 
lakes’ hydrocycle.  This is one of the concerns to be addressed in the study. 
 
Although scarce, some trends were noted in the PCA plot of surface water 
chemistry (Figure).  Most of the lakes showed considerable variation between sites 
in terms of water chemistry.  In contrast the water chemistry, in terms of salinity, pH 
and major cations and anions was similar throughout Lake Way.  While salinity in 
Lake Way was similar to that of Lakes Miranda and Carey, the composition of salts 
was different with the Lake Way sites showing greater concentrations of K, Mg and 
SO4.  Both of the Lake Kopai sites reported a higher pH than all of the other lakes.  
By contrast, salinitywas generally lower in the Kopai and Black Flag Lakes than the 
other lakes.   
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Surface Water at Salt Lakes in WA
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Figure 1 PCA plot of water chemistry at five lakes in the goldfields.  Note 
that 78.4% of the variation in the data is explained by first 2 axis.  Note that 
no baseline or control site surface water data has been recorded at Lake 
Lefroy and White Flag Lake since 2000. 
 
Sediment 
 
A PCA plot of sediment chemistry was completed using the data collected during 
2005 at each of the lakes, with the exception of Lake Miranda (data collected in 
2003) (Figure).  Although data was collected at different times of the year and data 
was limited at some sites, some generalizations could be made in regards to the 
relationship between the lakes.  The PCA plot was produced using pH, EC and 
metal concentrations (Ni, Cu, As and Pb).  Generally each lake reported unique 
sediment chemistry.  White Flag Lake reported higher concentrations of As and Cu 
in comparison to the other six lakes, while pH in sediment was much lower than the 
other lakes assessed.  The two sites at Black Flag Lake reported high salinity and 
concentrations of Ni, Cr and Pb, while Lakes Carey, Miranda and Way recorded 
lower concentrations of metals in sediment than Black Flag, White Flag, Lefroy and 
Kopai Lakes.  Sediment collected at Lake Carey was different in that it recorded a 
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much higher pH than all other sites.  In terms of sediment chemistry, Lake Lefroy 
and White Flag Lake were very similar, although only one site at Lake Lefroy 
recorded sufficient data to be included.   
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Figure 2 PCA plot of sediment chemistry at six salt lakes in the 
goldfields.  64.4% of variation in the PCA plot is explained by the first two 
axis 
 
Algae 
 
In terms of algae, only the benthic diatoms were considered (Figure ).  The plot 
was based on presence/absence data collected from each site in 2005 (with the 
exception of Lake Miranda which was assessed in 2003).  The dashed lines 
surrounding the sites represent the proportion of species which each site has in 
common.  For example at Lakes Carey, Lefroy and Way, 40% of the species 
recorded at each site occur at all three lakes (Figure 3). Lake Miranda recorded 
quite a unique diatom structure in comparison to the other six lakes.  Community 
structure at Black Flag and Kopai Lakes was similar, as was one White Flag site, 
however there was a great degree in variation recorded at the White Flag sites 
which may indicate some impact, however further investigation is needed.   
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Figure 3 MDS plot of Diatoms at the selected seven lakes 
 
Invertebrates 
 
The MDS of aquatic invertebrates was based on taxa presence/absence data at 
each of the lakes. The community structure of invertebrates at Lake Miranda was 
unique, hence their absence from the plot (outside the boundary).  Community 
structure at Lake Way was most similar to Lake Carey, while Kopai Lake recorded 
a slightly different array of species.  One of the Lake Carey sites was quite different 
in comparison to the other sites, recording similar species to Black Flag and White 
Flag Lakes.   
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Figure 4 MDS plot of aquatic invertebrates at each of the Lakes included 
in the study. 
 
CONCLUSION 
 
On the basis of the classification systems presented in this paper, the seven salt 
lakes considered are quite similar in their characteristics.  The initial interpretation 
of biological data presented in this paper shows some commonality with 
Semeniuk’s geomorphic classification system in that Lakes Carey, Miranda and 
Way shared some similar biological characteristics.  However White Flag Lake and 
Lake Lefroy were given the same Semeniuk classification but appeared quite 
different to Lakes Way, Miranda and Carey.   
 
The relationship between parameters such as water chemistry and invertebrates 
was not clear.  For example Lake Carey and Miranda recorded similar water 
chemistry, although invertebrate community structure was different.  By contrast, 
sediment chemistry and benthic diatom data produced similar plots, indicating that 
the sediment chemistry may be a stronger influence on the diatom community 
structure.  The initial data interpretation shows some contrasting trends, and these 
trends may vary or be strengthened when additional, validated data points are 
statistically analysed. 
 
With the unpredictability in salt lake inundation in Western Australia, sediment 
chemistry provides a more uniform and reliable data set.  Similarly in the biological 
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data, diatom communities can be collected in both wet and dry conditions and 
therefore seem to be the most reliable data set.  The initial results suggest that 
classification using these factors, and others that may be easily collected in both 
wet and dry conditions, would be most useful. 
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ABSTRACT 
 
Commonly spoken phrases about successful rehabilitation are “Set and forget” and 
“Do it once, do it right”. These are often said but rarely implemented. Currently in 
Western Australia (WA) there are guidelines for the achievement of successful 
rehabilitation and bond reduction.  However, experience at Murrin Murrin has 
indicated that the current guidelines are not suitable for the successful 
rehabilitation of mined lands to achieve stable self-sustaining ecosystems. 
 
To address this, Murrin Murrin Operations (MMO) joined with Landloch Pty Ltd, 
Rally Revegetation and G & G Environmental to develop Key Performance 
Indicators (KPI) for progressive rehabilitation at Murrin Murrin. This process 
identified that there are five key components for successful dump rehabilitation. 
These being: planning, construction, initial performance, monitored performance 
and sustainability (relinquishment). 
 
This KPI process was trialled during the rehabilitation of two low grade stockpiles in 
late 2004. These dumps are currently being monitored for initial performance with 
extremely positive outcomes. It is expected that ongoing monitoring will result in 
proving that the rehabilitated areas will become sustainable ecosystems suitable 
for relinquishment. 
 
MMO, Landloch, Rally Revegetation and G & G Environmental firmly believe that 
the KPI process developed by them is a significant improvement on existing 
guidelines as it provides: 
 

• Quantitative, objective, and repeatable evaluation of rehabilitation 
• The ability to tailor rehabilitation to the specific needs and risks of 

individual sites 
• Ability to have staged bond return is an essential incentive for minesites 

to carry out progressive rehabilitation 
• Process needs to be well-defined so that there is certainty on all sides 
• Potential to encourage and reward good practice could be explored. 
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INTRODUCTION 
 
Commonly spoken phrases about successful rehabilitation are “Set and forget” and 
“Do it once, do it right”. These are often said but rarely implemented. Experience at 
Murrin Murrin has indicated that the current guidelines are not suitable for the 
successful rehabilitation of mined lands to achieve stable self-sustaining 
ecosystems. This paper details how Murrin Murrin has set Key Performance 
Indicators (KPIs) to ensure successful and sustainable rehabilitation practices.  
 
PREVIOUS SITUATION AT MURRIN MURRIN 
 
The progressive rehabilitation practices implemented at Murrin Murrin Operations 
(MMO) has enabled construction and rehabilitation of waste landforms to progress 
at a constant rate. Prior to 2004 all dumps were rehabilitated in accordance with 
the Guidelines for Mining in Arid Areas (DME 1996). This involved the re-
contouring of waste dumps to a slope of ≤200 with backward sloping berms every 
3-12 meters of vertical height.  
 
Monitoring of these rehabilitated landforms indicated that there was limited success 
using this method. In order to assess the true status of the rehabilitated areas 
Landloch Pty Ltd and Rally Revegetation were commissioned to undertake a 
Rehabilitation and Stability Assessment (Landloch and Rally Revegetation 2004) at 
Murrin Murrin. The objective of this assessment was to evaluate the status of 
existing rehabilitated landforms and to recommend strategies for future 
rehabilitation works. 
 
The findings of this report indicated that a combination of erosive soils and waste 
rock, inappropriate landforms and poor preparation has resulted in landform failure 
of some rehabilitated dumps. As shown in Figure 1 below, this landform failure was 
in the form extensive erosion of batters and poor vegetation regrowth.  
 
A recommendation of this assessment was for major remedial works to be 
undertaken in a number of areas order to promote rehabilitation success. It was 
also recommended that all future rehabilitation would require a different approach 
with proper planning to ensure stable and self-sustaining rehabilitated landforms.  
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Figure 1: Extensive erosion and poor vegetation growth at a waste dump at 
MMO. 
 
FIVE KEY COMPONENTS OF SUCCESSFUL REHABILITATION 
 
To address the identified shortfalls in the existing rehabilitation practices MMO 
joined with Landloch Pty Ltd, Rally Revegetation and G & G Environmental to 
develop Key Performance Indicators (KPI) for progressive rehabilitation at Murrin 
Murrin. This process identified that there are five key components for successful 
dump rehabilitation. These being;  
 

1. Planning; 
2. Construction; 
3. Initial Performance; 
4. Monitored Performance; and  
5. Sustainability. 

 
Although these steps are essentially what all mines do, MMO have developed 
KPI’s for each of the steps as it firmly believes that this creates certainty for Murrin 
Murrin in its rehabilitation responsibilities and in the potential for bond return and/or 
reduction. This process provides quantitative, objective and repeatable evaluation 
of rehabilitation, which provides the ability to tailor rehabilitation activities to the 
specific needs and risks of the individual sites.    
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Further to this, the involvement of regulatory authorities in the discussion phase 
was thought to be an essential ingredient.  This was promoted with the aim of 
reaching a general agreement on appropriate, quantitative, and site-specific 
indicators of successful rehabilitation progress in order to achieve the end goal of a 
stable, self-sustaining ecosystem. 
 
Stage One – Planning 
 
The planning stage is the most important stage of rehabilitating landforms at MMO. 
It is at this stage that the Key Performance Indicators for the rehabilitation are set 
and methods to achieve these are determined.  MMO has identified that there are 
five specific areas, which need to be addressed at this stage. Table 1 below details 
these specific areas and the KPIs identified for them at MMO. 
 
Table 1: Planning Key Performance Indicators 
Component of Planning Key Performance Indicator 

Specific end land use has been defined 
Acceptable levels of off-site impacts have been 
defined 

Definition of goals for the 
rehabilitated land form 

Stakeholder consultation has been undertaken 
and agreement achieved 
Acid mine drainage potential determined 
Contaminants identified (if any) 
Stability of material determined in regards to 
dispersiveness, salinity and potential for erosion 

Characterization of soils and 
spoils 

Erodibility risks identified 
Stability of design demonstrated 
Water run-on and off is appropriately managed 
Design is consistent with the identified end land 
use 

Preparation of landform design 

All identified risk factors have been managed 
(e.g. Acid producing material, contaminants 
and/or off site impacts) 

Permanent monitoring transects in analogue 
communities are established  
Monitoring program design determined 
Completion criteria for vegetation communities 
are set. 
Species requirements to allow for completion 
criteria attainment have been compiled 

Identification of plant species 
required 

Plant density requirements are determined 

Determine soil fertility needs and 
amendments 

Soil analysis for pH, EC, cations and cation 
exchange capacity, available P and trace 
elements in topsoil, underlying spoil is conducted 
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It is MMO’s belief that if all of these KPIs are met then a firm foundation for 
successful rehabilitation is set. If any of these factors are ignored at the planning 
stage, as previously experienced at MMO, the risk of failure increases.  
 
It is imperative that the rehabilitation methodology is discussed openly with the 
Mining department, as they hold the key to the success or failure of the process.   
Once all of the planning KPIs have been met the construction of the landform can 
begin. 
 
Stage Two – Construction 
 
The construction of rehabilitated landforms consists of two specific components. 
These are the preliminary and finishing earthworks. Like with the planning stage 
each of these stages have set KPIs which are required to be met to ensure 
successful rehabilitation of landforms. Table two below details the construction 
KPIs that MMO have set. 
 
Table 2: Construction Key Performance Indicators 
Component of Construction Key Performance Indicator 

Has the dump been constructed by an 
experienced operator? 
Has the dump been constructed as per the 
design? 

Initial Primary Earthworks 

Have the appropriate materials been used and 
placed correctly (e.g. spoil, soils and mulch)? 
Has the dump been deep ripped on the correct 
contour? 
Have the required soil additives (e.g. 
fertilizers/conditioners) been added at the correct 
rate? 

Finishing Earthworks 

Has the correct amount of viable seed been 
spread across the area? 

 
Stage Three –Initial Performance 
 
Monitoring the initial performance of the rehabilitated landforms takes place in the 
first 12-24 months following the completion of construction depending on weather 
conditions. This phase consists of monitoring factors including erosion stability, 
vegetation establishment, weed control and the extent and impact of grazing. Table 
three below details the KPIs that have been set for these parameters. 



 117

Table 3: Initial Performance Key Performance Indicators 
Component of Monitoring 
Initial Performance 

Key Performance Indicator 

Erosion Stability Is there any erosion evident if so is it at 
acceptable levels (e.g. are the rills rock 
armored)? 

Vegetation Establishment Are native species re-establishing on the dump? 
Weeds Is the density of the weeds in the area at 

acceptably low levels?  
Is there evidence of grazing within the 
rehabilitated areas? 

Grazing 

If there is evidence of grazing, is it acceptable? 
 
If at this stage any indication of failure is identified then the requirement for 
remedial action is assessed and undertaken where deemed necessary. Remedial 
action can take many forms it may involve extensive action such as the 
remediation of areas with high levels of erosion or smaller management actions 
such as the control of weeds and feral animals such as goats. 
 
Stage Four – Monitored Performance 
 
The objective of this stage is to assess ongoing change of the rehabilitated 
landform towards the end land use goals identified during the planning stage. At 
MMO these monitoring activities are undertaken annually by independent 
consultants using a variety of sampling methodologies to collect quantitative data 
on the rehabilitation success.  
 
Monitoring of these areas includes ongoing monitoring of landform stability and 
assessment of rehabilitation vegetation communities against KPIs set during the 
planning stage (Table 4). In addition to vegetation community assessment, it is 
expected that fauna monitoring of rehabilitated areas will also be undertaken from 
2005 onwards to assess the return of fauna communities. 
 
Table 4: Monitored Performance Key Performance Indicators 
Component of Monitored 
Performance 

Key Performance Indicator 

Erosion Stability Is erosion at less than 5t/ha/y? 
Are vegetation communities within transects on 
the dump statistically similar to those at the 
analogue sites in regards to species richness, 
diversity, density, similarity, cover and fecundity? 

Vegetation /Fauna Community 
Establishment 

Are fauna communities within the transects on 
the dump statistically similar to those at the 
analogue sites in regards to species richness, 
diversity, density and similarity? 
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Weeds Is the density of the weeds in the area at 
acceptably low levels? 
Is there evidence of feral animal grazing within 
the rehabilitated areas? 

Feral Animal Grazing 

If there is evidence of grazing, is it acceptable? 
 
Stage Five – Sustainability 
 
Sustainability will be reached when the monitored performance provides evidence 
that the rehabilitated landforms show stability and resistance to erosion, there is no 
or minimal geomorphic risk, the vegetation shows evidence of being self 
sustaining, fauna communities similar to natural habitats are returning, the 
rehabilitated areas contain few weed species and grazing by feral animals is 
minimal. Once this phase is reached it is anticipate that the areas will be ready for 
relinquishment. The KPIs for this stage are very similar to those during the 
Monitored Performance stage as shown in Table 5 below. 
 
Table 5: Sustainability Key Performance Indicators 
Component of Sustainability Key Performance Indicator 
Defined end land use goals  Does the rehabilitated landform meet the end 

land use goals? 

Erosion Stability Is erosion at less than 5t/ha/y? 
Are vegetation communities within the transects 
on the dump statistically similar to those at the 
analogue sites in regards to species richness, 
diversity, density, similarity, cover and fecundity? 

Vegetation /Fauna Community 
Establishment 

Are fauna communities within the transects on 
the dump statistically similar to those at the 
analogue sites in regards to species richness, 
diversity, density and similarity? 

Weeds Is the density of the weeds in the area at 
acceptably low levels? 
Is there evidence of grazing within the 
rehabilitated areas? 

Grazing 

If there is evidence of grazing, is it acceptable? 
 
WHAT HAS OCCURRED AT MURRIN MURRIN SO FAR 
 
Since 2004, eight previously rehabilitated areas have been remediated using the 
above rehabilitation philosophy to the cost of several million dollars. In addition to 
the remediated areas, the KPI process was trialed during the rehabilitation of two 
low grade stockpiles. These stockpiles are now nearing completion of the Initial 
Performance Monitoring. To date, this monitoring has provided extremely positive 
results in regards to landform stability and vegetation regrowth. However, some 
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small works are expected to be required in regards to weed and feral animal 
control.  
 
A proposal will be presented to the Department of Industry and Resources (DOIR) 
in the near future and there will be sufficient evidence provided to reflect the initial 
rehabilitation success.  This could result in bond rates being reduced for these 
areas within the next few years.   Additionally, sustainability is expected to be 
reached and subsequent relinquishment of these areas will occur within 8 to 10 
years. The initial success of the trial rehabilitated areas has lead to the five stage 
KPI process being used for all future rehabilitation at MMO  
 
WHAT CAN BE LEARNT FROM MURRIN MURRIN 
 
Experience at Murrin Murrin has indicated that a planned approach to rehabilitation 
is imperative for successful outcomes. It is at this stage that the characteristics of 
materials are identified and long-term goals for rehabilitation are set. As the old 
saying goes “Fail to plan, plan to fail”.  Although the planning and setting of 
rehabilitation goals is a relatively simple concept experience has shown it is often 
over looked.  One possible reason for this is the absence of the requirement of 
planning in the existing bond reduction policy held by the DOIR. 
 
Due to this, MMO presented an alternative bond reduction policy to the DOIR in 
September 2005. This proposed amendment is compared to the existing DOIR 
policy in the table below. 
 
Table 6: Comparison of DOIR and Proposed Bond Reduction Policy 
DOIR 
Stage 

Action DOIR 
Suggested 
bond 
level* 

Suggested 
Stage 

Action Suggested 
bond level if 
KPIs are met 

   1 Planning  
1 Primary 

Earthworks 
$5,000 2 Primary 

Earthworks 
 

2 Finishing 
Earthworks 

$3,000 2 Finishing 
Earthworks 

$2,000 

3 Revegetation $2,000 3 Initial Monitored 
Performance 

$1,000 

   4 Monitored 
Performance 

 

4 Relinquishment $0 5 Sustainability 
(Relinquishment) 

$0 

• $per ha if completion criteria is set. 
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ABSTRACT 
 
Erosion on minesite landforms is dominated by rill and gully erosion.  Gullies form 
via a number of mechanisms, including tunnel erosion, failure of flow control 
structures, and failure to control or manage runoff from the landform top. 
 
To varying degrees, the type and severity of erosion observed is the result of 
interactions between material properties and landform design. 
 
Susceptibility to erosion by overland flows can be assessed via well-established 
tests of erodibility, and interpreted via quantitative soil erosion models.  
Susceptibility to tunnel erosion is more complex, as a range of soil attributes affect 
a material’s susceptibility to tunnel formation.  In many cases, tunnels are due to 
soil sodicity and dispersion, but there are also materials which do not disperse but 
are still susceptible to tunnel erosion.  Rather than predict potential rates of tunnel 
erosion, recent work has aimed to assess the risk of tunnel erosion occurring, on 
the basis that the presence of tunnel erosion typically results in “failure” of some 
structure. 
 
In managing erosion risk, information on the materials present and their properties 
is crucial.  Prior planning and design is essential if stable and sustainable 
landforms are to be constructed.  Underlying all landform design and planning to 
reduce erosion risk is the basic requirement that the landform designed should be 
appropriate for the material that will be used in its construction.  
 
1. EROSION ISSUES 
 
Waste dumps inspected by Landloch staff over the last 10 years have been 
observed to be dominantly affected by rill and gully erosion.  Closer examination 
has shown that a significant proportion of the gullies are caused by tunnel erosion.  
The remaining gullies are typically associated with either unsuccessful attempts to 
control overland flow (berms and rock drains that concentrate flow but fail to control 
it), or uncontrolled discharges from the top of rehabilitated landforms. 
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Erosion risk is, therefore, a function of both material properties and waste dump 
design, and the interaction is frequently important. 
 
1.1 Assessing erosion risk 
 
Susceptibility to rill and gully erosion by overland flows can be accurately assessed 
via standard erodibility measurements.  These give quantitative parameters that 
can be used in computer models to predict erosion rates, and to assess the 
impacts of a range of waste dump options on potential erosion. 
 
However, the potential for tunnel erosion to occur is a less quantitative 
undertaking.  Rather than attempt to predict the rate of tunnel erosion, protocols 
have been developed to predict the risk that it may occur.  Generally, the 
occurrence of tunnelling is associated with failure of some structure, so that the 
information of greatest importance is presence/absence of tunnelling, rather than a 
rate of soil removal. 
 
1.2 Erodibility assessment 
 
Erodibility is usually defined as a rate of soil detachment or removal per unit of 
some erosive force.  It is a parameter associated with erosion modelling, and 
because different models consider different forms of erosive force, and may or may 
not differentiate between detachment and transport of sediment, there are many 
definitions of erodibility.  For example, the WEPP (Water Erosion Prediction 
Project) model divides erodibility into parameters describing interrill detachment, rill 
detachment, critical flow shear for rills to initiate, and a soil hydraulic conductivity 
that determines amounts of runoff.  As well, peak sediment concentrations and 
transport capacity are determined by sediment properties.  In contrast, the USLE 
(Universal Soil Loss Equation) uses single rainfall erosivity and soil erodibility 
parameters to describe all the above processes. 
 
A range of approaches can be used to estimate erodibility parameters, ranging 
from simple predictive relationships based on material properties, through to 
techniques for measuring erosion in response to known erosive forces.  In general, 
the quality of the data obtained depends on the degree to which the 
experimentation applied can consider the precise field situation of interest. 
 
Assessment of erodibility has been covered in a wide range of scientific papers.  In 
general, good experimental practice is essential, as is a sound understanding of 
erosion processes and model structure.  It is a specialist activity. 
 
1.3 Assessment of tunnel erosion risk 
 
The risk of tunnel erosion occurring depends on both material properties and site 
attributes.  Tunnel erosion is extremely common when materials are dispersive.  
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This specifically refers to the tendency of the clay in a soil or waste to disperse, a 
process that involves clay platelets separating and becoming mobile when the soil 
is wet.  This process is governed by levels of exchangeable sodium adsorbed on to 
the clay, and by soluble salt levels in the soil.  The interaction between sodicity and 
salinity can increase the difficulty of identifying dispersive materials. 
 
However, research has also identified a group of materials that are non-dispersive, 
but which tunnel under some conditions.  Such materials are typically fine-grained 
(high in silt and/or fine sand), and often have low bulk density when loosely placed.  
Rapid rates of water movement through such materials can form tunnels as the 
fine particles become mobile.  
 
Although a stable material is unlikely to tunnel under any conditions, materials 
susceptible to tunnel erosion may only tunnel if conditions are suitable.  Therefore, 
although research has developed a testing protocol to identify materials with 
potential to tunnel, an extension to that project has since been carried out to 
develop a method to determine whether that potential to tunnel is likely to result in 
tunnel erosion under field conditions.     
 
Factors considered as part of the risk assessment include: 
 

• Material properties; 
• Flow patterns on the landform of interest; 
• Rainfall amount and seasonality; 
• Profile construction and presence of layers; and 
• Gradient. 

 
The risk analysis approach not only identifies materials at risk of tunnelling, but 
also indicates landforms or management strategies that might increase or 
decrease the risk that tunnelling will occur. 
 
2. MANAGING EROSION RISK 
 
2.1 Setting targets 
 
All landforms can be expected to erode to a greater or lesser degree.  That does 
not justify the construction of landforms that will erode at excessive rates, but does 
indicate that there is logically some level of erosion that is tolerable.  In the 
absence of definitive data on tolerable erosion rates, Landloch’s approach has 
been to aim for an erosion rate indicative of minimal rill development.  The logic 
applied has been that rill development can, if continued over long periods, result in 
the formation of gullies.  Therefore, elimination or drastic reduction in rilling will 
largely reduce the risk of gully formation over the long term.   
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It should also be noted that erosion is not distributed uniformly over a slope, and 
that an average erosion rate for a slope may be considerably less than erosion at 
specific points on the slope.  In terms of long-term stability, the average rate of 
erosion for a slope may be considerably less important than the maximum rates of 
erosion reached at some point along that slope (often associated with rill or gully 
development). 
 
2.2 Planning for control 
 
For a given material and climate, erosion modelling can be used to assess the 
potential erosion rates along batter slopes of varying height and gradient.  This 
preliminary assessment gives information on the likely stable slope height that can 
be constructed with little additional effort, planning, or intervention. 
 
If the stable height identified is not satisfactory, then a range of options can be 
considered.  For example, batters might be altered to a concave profile, or 
alternative material(s) may be sourced to reduce erosion potential.  Importantly, 
this approach gives a basic understanding of what is possible for a given 
combination of materials and climate.   
 
It is illogical – and has been consistently highly unsuccessful – to construct a 
landform without consideration of whether the particular landform selected is 
appropriate for the materials that will be used in its construction.   
 
Selective placement of materials is an option that can be used to ensure that a 
desired waste dump profile can be achieved.  In some instances, it has 
represented the only way in which a stable and sustainable waste dump could be 
constructed.  There are instances in Australia of mines selectively excavating and 
placing more stable materials to enable waste dumps to be successfully 
rehabilitated. 
 
2.3 Other options 
 
Where predicted erosion rates are such that the stable batter slopes that can be 
designed are not satisfactory (they may not be of sufficient height to enable a 
dump to be fitted to the available footprint, for example, or may require a batter 
gradient that is too low), there are other options such as: 
 

• Placement of woody debris; 
• Placement of laterite gravel; or 
• Incorporation of rock. 
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Erosion modelling can be used to plan strategic placement of those materials, so 
that maximum benefit can be obtained even when the quantities available are 
limited. 
 
In some cases, there is potential to schedule these additional site stabilisation 
measures such that the costs can be greatly reduced.  For example, pit cutbacks 
may provide sheeting material, or laterite.  In some cases, it may cost no more to 
haul rock to an existing landform to assist in its rehabilitation than it would cost to 
haul rock to a more distant (new) landform.  
 
3. MANAGING TUNNEL EROSION RISK 
 
Tunnel erosion risk can be eliminated/reduced by: 
 

• Avoidance (ensuring that the unstable material is placed in locations where 
it is unlikely to cause problems); 

• Amendment (altering the material such that its potential for tunnel erosion 
is drastically reduced); or  

• Management (altering site characteristics such that risk is 
reduced/eliminated). 

 
3.1 Avoidance 
 
It should be clearly understood, that in some cases, excavated wastes may be so 
unstable that  - without access to sufficient topsoil or other stable materials – it will 
be either impossible or both difficult and extremely expensive to construct a stable 
above-ground landform. 
 
In some cases, advance information of such problems can be sufficient to prompt a 
decision to adopt underground mining rather than have an open pit excavate waste 
that is problematic.  Equally, given advance warning of the potential problem, it 
may be possible to schedule mining and placement of wastes so that problems are 
reduced. 
 
3.2 Amendment 
 
Where materials are sodic and either dispersive or potentially dispersive, there is 
potential for amendment with gypsum or lime (depending on pH) to reduce the 
potential for dispersion.   
 
Assessment of sodicity and dispersion potential can be difficult, as soluble salts in 
the soil may prevent dispersion until such time as they are leached out of the soil.  
(An initially stable material can therefore become highly unstable with time and 
exposure to surface processes.)  In some cases, analyses of cations in the soil 



 126

may erroneously report all cations as exchangeable, and there is potential for both 
soil sodium and soil cation exchange capacity to be grossly overestimated. 
 
The cost of gypsum or lime treatments may be a concern, as for some materials, 
required rates of gypsum addition could be as high 10-20 t/ha.  As the quantity of 
gypsum required varies enormously with soil properties, proper soil analysis is 
essential. 
 
Early information on such requirements and costs can be useful for a site in 
assessing its options for selective placement of material. 
 
For those materials susceptible to tunnel erosion which are not dispersive, 
amendment is unlikely to be effective. For this latter group of materials, compaction 
is the form of modification most likely to reduce their potential for tunnelling. 
 
3.3 Management 
 
As the risk of tunnel erosion is strongly influenced by waste dump design, there is 
potential to modify landform design to greatly reduce potential for tunnelling.  
Approaches to be considered include: 
 

• Placement of stable layers of sufficient depth to minimise tunnelling; 
• Eliminating any concentration of overland flow; 
• Preventing development of prolonged ponding over unstable materials; and 
• Adoption of lower gradients. 

 
Importantly, these options all require changes in the design of a constructed 
landform.  They would be difficult or impossible to apply once a landform has been 
constructed and problems with tunnel erosion are observed.   
 
Material assessment, problem identification, and proper planning are crucial for 
controlling tunnel erosion. 
 
4. OVERVIEW 
 
This review has not considered potential interactions between material properties, 
plant growth, and impacts of vegetation on erosion.  In general, impacts of 
vegetation on erosion are minimal in areas of low rainfall, due not only to the low 
levels of biomass produced, but also to the dominance of small trees and shrubs, 
and the lack of grass species in most plant community.  Nonetheless, it should be 
noted that there is potential for such interactions to be considered. 
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Control of erosion risk for constructed landforms on minesites largely relies on 
planning.  Proper material characterization and assessment is crucial, and can 
lead to the development of site-specific designs that produce optimal results. 



 128

WASTE CHARACTERISATION FOR OPTIMAL LANDFORMS 
 

 
David Jasper, 

Matt Braimbridge 
Outback Ecology, 71 Troy Terrace, Jolimont 

 
 
ABSTRACT 
 
Waste landforms represent a substantial component of the challenge of achieving 
successful mine closure.  Issues may arise from surface instability, inadequate 
vegetative establishment and growth, and release of chemically-hostile materials.  
Characterising waste materials before constructing the landform, is a key step to 
maximise the likelihood that the final landform will satisfy stakeholder expectations.  
This is clearly recognised in the recently-released ‘Guidelines for Mining Proposals 
in Western Australia’. 
 
Given the diversity of issues that may arise from mine wastes, initial 
characterisation needs to address a suite of physical and chemical properties.  
These include, physical properties such as particle size distribution (texture), 
slaking and dispersion, and hard-setting.  These properties in turn influence the 
capacity of the material to accept rainfall, and to store and release water for plant 
growth.  A related issue may also be to store sufficient water to minimise deeper 
drainage into hostile wastes such as those with acid-forming potential.  The 
chemical properties of wastes, may relate to environmental issues such as the 
potential for acid formation, and release of metals, through to key factors affecting 
plant growth (pH, EC) and then perhaps more subtle measures such as likely 
nutrient levels. 
 
Many of the chemical and physical characteristics of mine wastes are intrinsic 
properties that are difficult to amend.  Therefore, the most effective outcome from 
waste characterisation is to identify which materials are acceptable as a growth 
medium on the outer surface, and alternatively which materials need to be placed 
inside the landform.  
 
A specific application of detailed characterisation is in designing cover layers for 
hostile wastes, which may need to be protected from water infiltration.  In these 
scenarios, an understanding of water-holding properties is an essential first step.  
The focus of this work may be on ensuring sufficient storage capacity of incident 
rainfall, to restrict moisture reaching the contained material, but it should also 
ensure that the growth medium has capacity to store and release sufficient 
moisture to support the target vegetation. 
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While recommendations for waste placement can be developed, the challenge is 
then to integrate those recommendations into mine planning, and into waste 
dumping schedules.  This is now being tackled through the application of planning 
and optimisation software, that allows detailed scheduling of waste dumping, to 
achieve the best environmental outcome, at least cost. 
 
INTRODUCTION 
 
Waste landforms represent a substantial component of the challenge of achieving 
successful mine closure.  Issues may arise from surface instability, inadequate 
vegetative establishment and growth, and release of chemically-hostile materials.  
Characterising waste materials before constructing the landform, is a key step to 
maximise the likelihood that the final landform satisfying stakeholder expectations.   
 
Reflecting the key role of soils and wastes in the long-term performance of 
rehabilitation on mine landforms, the recently-released ‘Guidelines for Mining 
Proposals in Western Australia’ (DoIR, 2006) advise that: 
 
“Topsoil and subsoil layers should be analysed to identify possible adverse 
parameters such as low or high pH, high salinity, nutrient or trace element 
deficiencies, poorly-structured soils, dispersive or sodic soils and any potentially 
hazardous compounds.” 
 
and, that 
 
“. . . . 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 
material 
- an assessment of the potential for sulphide oxidation leading to acid 
generation . . .” 

 
This paper describes the relevant analyses and their interpretation in the context of 
rehabilitation of soils and mine wastes.  A particular focus is given to physical and 
chemical soil properties, including soil-water retention and plant nutrition.   
 
A key outcome of characterisation of mine materials is that the optimal placement 
of wastes can be recommended.  The challenge is then to integrate those 
recommendations into mine planning, and into waste dumping schedules.  This 
application of the outcomes of mine waste characterisation will also be addressed.   
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ASSESSING PHYSICAL, CHEMICAL AND BIOLOGICAL FERTILITY 
 
Given the diversity of issues that may arise from placing mine wastes in 
constructed landforms, initial characterisation needs to address a suite of physical 
and chemical parameters (Table 1).  Physical properties include particle size 
distribution (texture), soil structural stability (slaking and dispersion) and hard-
setting.  These properties in turn influence the capacity of the material to accept 
rainfall infiltration, and to store water that is subsequently available for plant growth 
(Table 2).  Water retention is also critical to minimise deeper drainage into hostile 
wastes, such as those with acid-forming potential.  The chemical properties of 
wastes may relate to critical environmental issues such as the potential for acid 
formation, or release of metals, through to key factors affecting plant growth (pH, 
EC) and then perhaps more subtle measures such as nutrient levels (Table 2). 
 
Many of the chemical and physical characteristics of mine wastes are intrinsic 
properties that are difficult to amend or ameliorate.  Therefore, the most effective 
outcome from waste characterisation is to identify from the outset which materials 
are most suitable to form a stable outer surface that will support vegetation, and 
alternatively, which materials need to be placed inside the landform.  
 
Key functions of soil are to capture, store, and release resources such as water 
and nutrients, for uptake and use by plants.  In an agricultural context, Karlen et al. 
(1994) listed four functions of soil which were integral to soil quality and thus 
vegetation performance: 

i) accommodating water entry 
ii) retaining and supplying water to plants 
iii) resisting degradation, and  
iv) supporting plant growth. 

 
The capacity of a soil to fulfil each of these functions is determined by its physical, 
chemical and biological properties.  Therefore, soil properties need to be defined 
prior to rehabilitation to ensure that they are suitable both for their final placement 
in the landform, and for the target plant community to be re-established.  While 
vegetation communities are the visible outcome of mine rehabilitation, and thus are 
a logical focus of rehabilitation planning, successfully establishing specific 
communities can only be achieved if an appropriate soil environment has been 
created.  In undisturbed native ecosystems, the make-up of plant communities is 
strongly linked to soil type and landscape position. 
 
Soil characteristics fall into two groups – intrinsic and dynamic.  Intrinsic 
characteristics reflect the starting condition of the soil, and are determined by the 
mineralogy, chemistry and physical properties of the material.  These intrinsic 
properties, such as soil texture, are generally not able to be amended, yet they 
have a very strong impact on rainfall infiltration, erosion and ultimately, plant 
productivity.  Some chemical and physical properties of soils can change over time, 
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for example soil pH or electrical conductivity.  However, their rate and direction of 
change will largely be driven by physical and chemical processes such as 
infiltration, drainage and weathering.  Vegetation can indirectly influence these 
processes, for example, through water use and soil-water depletion, and this may 
affect the extent of leaching of salts from the rooting zone, or the potential for acid 
formation from sulfidic materials. 
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Table 1: Selected properties of soils and mine wastes that may be important in landform stability, the 
productivity of vegetation, or the potential for environmental impact. 
 
 
 
Physical 

 
Chemical 

 
Biological (topsoil only) 

 
• Particle size distribution (texture, 

% coarse material) 
• Bulk density 
• Structure 
• Penetration resistance 
• Slaking 
• Dispersion 
• Soil strength (crust formation, 

hard-setting) 
• Infiltration 
• Water repellance 
• Water retention properties 
• Erodibility 

 
• pH 
• E.C. 
• Total N & P 
• Extractable (‘plant-available’) N, P, K, S, trace 

elements 
• P adsorption 
• Nutrient toxicities, imbalances 
• Heavy metal availability 
• Cation exchange capacity and exchangeable 

cations 
• Exch. Na, (exchangeable sodium percentage, 

sodium adsorption ratio) 
• Carbonates 
• Sulfides / Net Acid Generation 
• Acid Neutralisation Capacity 
• Mineralogy 

 
• Total organic C 
• Biological properties (microbial biomass, 

mycorrhizal fungi, rhizobia, soil animals) 
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Table 2:  Summary of analytical methods, relevance of each measure and optimal value ranges for common 
soil analyses.  (The optimal ranges identified are generally based on those found in agricultural scenarios, with the 
expansion of the optimal ranges often applicable for arid areas). 
 
Property Measurement Soil properties influenced Optimal value / range 

Physical    

Particle size distribution, and 
% coarse material 

Estimated by hand texturing, or measured 
by sieving and particle size analysis (PSA). 

Water retention, erodibility, 
hardsetting tendencies, CEC 

Highly site / soil specific 

Bulk density (weight per unit 
volume) 

Undisturbed core sample or measurement of 
individual aggregate bulk density 

Plant growth, water retention, 
erodibility 

Dependent on soil 
texture and structure 

Soil structural stability Emerson aggregate test, or wet sieving. Soil structure, erodibility, bulk 
density, plant growth 

Optimal Emerson Class 
4 – 8 2. 

Soil Strength  
Penetrometer resistance, 
Modulus of rupture 
(MOR). 

Cone or hand-held penetrometer 
(penetrometer resistance), or modulus of 
rupture (MOR) test to identify hardsetting 
tendencies 

Plant emergence, root 
proliferation, soil structure, 
erodibility. 

Penetrometer resistance: 
<2 MPa 3.;  

MOR: <60kPa1. 

Soil permeability and 
infiltration 

Hydraulic conductivity of undisturbed core 
samples, or in situ measurement using disc 
or ring infiltrometers 

Erodibility, water retention, plant 
growth 

Highly site / soil specific 

Water retention 
characteristics 

Estimated from soil properties, or measured 
using pressure plate extraction 

Plant growth (available water), 
deep drainage, implications for 
soil profile reconstruction / waste 
covers. 

Highly dependent on soil 
texture and structure. 

Erodibility Estimated from soil properties, measured 
using rainfall simulation (in situ and 
laboratory scale), landform evolution models 

Landform integrity, plant growth, 
downstream water quality, 
rehabilitation sustainability  

Highly site / soil specific 

 

 

 

(continued over) 
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Property Measurement Soil properties influenced Optimal value / range 

Chemical    

Soil pH 1:5 soil:water or CaCl2 solution Plant growth, water quality, 
nutrient availability 

pHw: 5.5 to 8.0 4. 

Electrical Conductivity 
(salinity) 

1:5 soil:water solution (EC 1:5), or soil water 
extract (ECe). 

Plant growth, water quality 

 

EC (1:5): below 200 
mS/m4.; Highly soil / 
plant specific 

Available nutrients (N, P, K, 
S, Ca, Mg and micro-
nutrients) 

Laboratory analysis of nutrients in forms 
available for plant uptake 

Plant growth Highly site / soil / plant 
specific 

Cation exchange capacity 
(CEC) 

Laboratory analysis of cations exchanged 
from extracting solution 

Nutrient status, plant growth CEC >5 meq/100g soil 4. 

Sodicity  
Exchangeable Sodium 
Percentage (ESP), Sodium 
Adsorption Ratio (SAR) 

Laboratory analysis of  % sodium in relation 
to other cations 

Structural stability, erodibility ESP < 15% 4. 

SAR < 25 4. 

Acid-forming potential Laboratory acid – base analysis, net acid 
generation 

Water quality Highly site / regolith 
specific 

Mineralogy X-ray diffraction Weathering products, including 
potentially acid-forming materials, 
CEC. 

Highly site / soil specific 

Organic Carbon Laboratory analysis of % humic substances Structural stability, CEC, nutrient 
status, microbiological activity 

Org C (A-horizon) > 1%4. 

1. Cochrane and Aylmore (2002).  
2. Emerson (2002).  
3. Hunt and Gilkes (1992).  
4. Purdie (1998).  
 



 

Intrinsic physical properties of soil 
 
Soil texture 
 
The relative proportions of clay, silt and sand in a soil determine its texture, and 
also reflect the parent geology of the material and the weathering processes to 
which it has been exposed.  Soil texture is a key determinant of many physical 
attributes of soil and thus strongly influences chemical and biological processes.  
Soils with a high proportion of fine clay particles, have high specific surface 
area, and thus enhanced capacity for nutrient retention and exchange (eg. 
Moore, 1998).  Fine-texture soils also have a higher capacity to store water 
(Figure 1), due to the greater proportion of small pores, but may have slower 
infiltration and hydraulic conductivity (eg. Moore, 1998; Cass et al., 1996).  By 
contrast, sandy (low clay) soils have rapid infiltration but generally low water-
holding capacity (Figure 1).   
 
Soil texture can be estimated by hand (Hunt and Gilkes, 1992) or measured 
more precisely by particle size analysis (Rayment and Higginson, 1992).  
Texture of existing surface soils is generally an intrinsic ‘fixed’ property.  
However, if fresh mine wastes are placed at or near the surface and are thus 
exposed to weathering processes, then their texture can change rapidly.   
 
Soil structure, bulk density and soil strength 
 
Soil structure describes the size, shape and arrangement of soil particles, 
creating aggregates and pore space between the particles (Cass et al., 1996).  
The functioning of soil processes depends on the quality and stability of soil 
structure.  Structure influences the infiltration and storage of water, aeration, 
and root exploration.  Structural stability is determined by the mineralogy, 
texture and chemistry of the soils, and by organic matter.  Organic matter and 
associated microbial compounds and structures can act to bind soil particles 
together.  Therefore, structure can be substantially altered during the mining 
process.  Depending on their mineralogy and surface chemistry, some clays 
can contribute to the development of structure in soils, due to their capacity to 
swell and shrink as they wet and dry.   
 
Slaking and dispersion are critical to the properties of soils, particularly at the 
surface.  Slaking is the breakdown of soil aggregates upon rapid wetting into 
micro-aggregates.  Dispersion is the further breakdown of aggregates into 
constituent particles. Dispersion can be exacerbated if there is a high proportion 
of sodium ions on the clay surfaces (exchangeable sodium percentage).  
However, in saline soils the high osmotic strength of the soil solution can act to 
suppress the potential for dispersion.  Dispersive properties of soils may be 
reduced through the application and incorporation of gypsum (CaSO4).   
 
Structure may be unstable in slaking or dispersive soils.  As a result, these soils 
may form crusts or set hard, potentially restricting water infiltration, and root 
growth, and enhancing erosion risk.  Slaking and dispersion can each be 



 

estimated by the Emerson test (Emerson, 2002), or dispersion can be predicted 
more precisely from the exchangeable sodium percentage (%ESP) on clay 
surfaces (Rayment and Higginson, 1992).  Slaking or dispersive soils should be 
identified prior to landform construction and placed away from the surface if 
possible, to avoid creating long-term issues of surface instability.   
 
Soil structure is an integral component of soil quality and is a dynamic property.  
In soils rehabilitated after mining, given favourable conditions, soil structure 
would be expected to improve, through the build up of organic matter and 
micro-organisms, and the burrowing activities of soil animals (Majer et al., 
2002).  Changes in structure can be monitored by direct observation, or through 
measurements of related properties such as infiltration (disc permeameter, 
rainfall simulation), soil strength (using a penetrometer) and bulk density 
(calculated from soil weight in a known volume).   
 
Soil–water relationships 
 
The soil-water balance is central to plant productivity, and therefore infiltration, 
storage of plant-available water, and drainage are key measures of soil physical 
fertility (Cass et al., 1996).  Infiltration rate is a field-based measure, and 
requires either simulated rainfall, disc permeameters (unsaturated flow), or 
measurements of water intake rate under ponded conditions.  Although 
infiltration measurements with disc permeameters are somewhat complex, and 
require some technical knowledge, both of the latter techniques are routinely 
practiced. 
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Figure 1:  Examples of soil water characteristic curves from regolith strata 
of contrasting texture 
 
Stored plant-available water can be approximated from field capacity and soil 
texture (Cass et al., 1996), or can be more precisely determined using pressure 



 

plate apparatus.  Field capacity (or upper storage limit) is the quantity of water 
stored in soil after saturation, when free drainage has stopped (after 24 – 48 
hours) (Moore, 1998).  Field capacity is generally regarded as being equivalent 
to a suction of between  -0.01 and      -0.03 MPa, depending on soil texture 
(Figure 1).  Plant-available water is estimated as the difference between field 
capacity and wilting point (lower storage limit), which is the lowest water content 
at which plants can extract water.  The lower storage limit will vary according to 
plant species, but is generally assumed to be -1.5MPa for agricultural species.  
Australian native plant species can extract water from soil at greater levels of 
suction, for example wilting point for Acacia aneura (mulga) may be as low as -
10MPa (Campbell, 2004).  Wilting point is closely related to soil texture and can 
be estimated on that basis.   
 
A specific application of detailed characterisation of water retention properties is 
in designing cover layers for materials such as tailings or acid-forming material, 
which may need to be protected from water infiltration.  In these scenarios, an 
understanding of water-retention properties is an essential first step for 
modelling likely soil water balances.  The focus of this work may be on ensuring 
sufficient storage capacity of incident rainfall, to restrict moisture reaching the 
contained material, or it may be to ensure that the growth medium has capacity 
to store and release sufficient moisture to support the target vegetation. 
 
Chemical properties of soils and wastes 
 
pH and pH buffering 
 
The relative acidity or alkalinity of soil is crucial in determining the availability of 
nutrient elements to plants.  The most favourable range of soil pH for nutrient 
availability to plants is pH 5.5 – 8 (Figure 2).  Some nutrients become 
unavailable at extremes of pH.  At extreme acidity (<pH 4), toxic levels of Al and 
heavy metals may occur.  Soil pH can be simply measured using field kits or 
hand-held meters.   
 



 

 
Figure 2:  Changes in the nutrient availability for uptake by plants in 
relation to changes in soil pH (from Marschner, 1989) 
 
As will be discussed in more detail in other papers, it is extremely important to 
define the potential for mine wastes to generate acidity from oxidation of 
sulfides.  Where materials are potentially acid-forming (PAF), they are best 
managed by encapsulation to minimize access by water and air.  Uncontrolled 
placement of sulfidic mine wastes in mine landforms can lead to detrimental 
impacts of acidity and metal toxicity on vegetation and water quality.  Managing 
these wastes should therefore be addressed during landform construction, and 
if successful, should not need to be considered during monitoring of 
rehabilitation.  The presence of materials such as carbonates can buffer soil 
acidity, helping maintain soil pH in an acceptable range.  This buffering capacity 
can be measured for soils and mine wastes. 
 
Nutrients and availability to plants 
 
Elements essential for plant growth, include six macro-nutrients (N, P, K, S, Ca, 
Mg) and seven micro-nutrients (Fe, Cu, Mn, Zn, Mo, Cl, B).  In addition, 
elements such as Na, Co, and Si are also considered beneficial for growth 
(Marschner, 1989).  The availability of plant nutrients can be strongly affected 
by soil properties, particularly soil pH (Figure 2).  A self-sustaining natural 
ecosystem needs to have accumulated sufficient nutrient capital, and those 
nutrients need to be cycled so that adequate amounts are available for 
vegetative growth (Ward and Koch, 1996).  Topsoil and plant biomass represent 
the most important reserves of nutrients in Australian ecosystems.  Therefore it 



 

is important that topsoil is salvaged before mining.  However, even when this 
occurs, vegetation removal will lead to loss of some nutrients, so that inputs are 
usually required to support a level of productivity that is equivalent to that prior 
to mining. 
 
Storage and exchange of nutrients 
 
The exchange capacity of soils is controlled by the electrical charge properties 
of the surfaces of soil constituents.  Organic matter, soil oxides and clay 
minerals are the most important of these (Merry,1996).  The nature of charged 
surfaces and therefore their capacity to retain nutrients can depend on the 
prevailing pH.  Given that organic matter can be a key contributor to cation 
exchange capacity, it is clear that exchange capacity can improve as 
rehabilitation progresses.   
 
Salinity 
 
The presence of high concentration of salts in the soil solution can impair the 
capacity of plant roots to take up water and nutrients.  Further, the specific ions 
causing the salinity can accumulate to toxic levels in the plant.  Desirable 
ranges of soil salinity will depend on the adaptations of the target vegetation 
community.  Excessive soil salinity can drastically impact on vegetation growth 
and is therefore a key measure for soils and mine wastes.  Salinity can change 
if soils are overlying saline materials, as salts may rise to the soil surface over 
time through capillarity.  This can be prevented by placing appropriate coarse 
material immediately above the saline layer, to act as a capillary break.   
 
Soil salinity is simply estimated from the electrical conductivity of a soil water 
extract.  The most common method is to measure the electrical conductivity of a 
1:5 soil:water suspension (EC(1:5)).  However, a more accurate measure of the 
salinity experienced by plants is that of the saturation extract (ECe). 
 
Dynamic soil properties 
 
Soil organic matter  
 
Soil organic matter is widely regarded as one of the most important soil 
properties, and is one of the most frequently measured.  It is an important 
nutrient and energy pool, enhances cation exchange capacity, and contributes 
to soil structure and water-holding capacity.  Frequently, organic matter levels in 
mine wastes and respread soils are very low in comparison to adjacent 
undisturbed ecosystems, and are very slow to change (Sawada, 1996; 
Schwenke et al., 2000; Bending, 2000).  Some components of organic matter, 
such as light fraction C, water-soluble C, and microbial C can be measured as 
indicators of ecosystem recovery, because they are more responsive to change. 
 
Nutrient mineralisation 



 

Mineralisation of organic matter to release essential plant nutrients is a crucial 
process in self-sustaining ecosystems.  Mineralisation of organic N is an 
important measure on several levels, because it depends on soil animal activity 
to break down organic matter, microbial activity to mineralize OM, and then 
specific micro-organisms to convert NH4 to NO3 (Sparling, 1997).  It also 
provides a measure of N in the system.  Microbial biomass and respiration can 
be measured in laboratory analyses, and respiration can also be measured in 
the field. 
 
Symbiotic micro-organisms 
 
Mycorrhizal fungi assist in nutrient uptake for most plants, and therefore will 
contribute to the sustainability of revegetation.  These fungi can be severely 
impacted by soil disturbance and stockpiling during mining (Allen et al., 2002).  
Given their important role in nutrient uptake, the presence of these fungi is likely 
to be beneficial for the success of rehabilitation.  Mycorrhizal fungi and other 
beneficial soil microbes will not be present in fresh mine wastes. 
 
The presence of N2-fixing micro-organisms (eg. bradyrhizobia) is essential for 
leguminous plant species.  Nitrogen inputs from legumes can be substantial in 
many rehabilitated ecosystems and are important in restoring an adequate 
nitrogen cycle.  Rhizobia are known to generally survive well in topsoils 
disturbed during mining, even without host plants (Jasper 1994).  However, their 
populations can become depleted in deep stockpiles. 
 
 
PLACEMENT OF WASTE ACCORDING TO PROPERTIES - AT A 
LANDFORM-SCALE 
 
Ideally, the options for landform design such as the area of the footprint, the 
slope of external batters, and the specific placement of each waste material, 
should be based around the properties of those materials (Table 3) and the 
expected climatic regime.  Properties that are particularly relevant are the likely 
resistance to erosion on external surfaces, and the risk of acid formation and 
metal release, that will drive the need for encapsulation (Table 3).   
 
In practice, final design of a landform has more commonly been a compromise 
between constraints such as the area of land available, the timing of availability 
of the materials as determined by the mine schedule, and the cost of haulage.  
The challenge of  working with these constraints and still achieving the best 
possible design outcome for the landform is most easily addressed early in the 
planning stages.  It is well-established that it is far more cost-effective to design 
and construct landforms that will meet closure requirements during operations, 
than to superimpose these when mining has been completed (Biggs, 2003). 
 
An important advantage in achieving landform design that has the best possible 
environmental values, is to link the design and construction as closely as 
possible to the mine plan.  This is now possible through the application of cost-



 

optimisation software, that allows detailed scheduling of waste dumping, to 
achieve the best environmental outcome, at least cost (Russell and Jasper, 
2004). 
 
Table 3:  A typical example of the diverse wastes found in open pit mining 
in the eastern goldfields of Western Australia, and of placement strategies 
based on waste characterisation 

 

Materials 
Amount 

(%) 
Properties Placement 

Caprock 14 Rocky, competent Outer 
surfaces 

Regolith 
(‘oxide’) 

55 pH 7 – 9, low EC, higher erosion 
risk 

Sub-surface 

Waste rock: 

- basalt 

10 NAF, rocky Outer 
surfaces 

- mafic & felsic 12 PAF Encapsulate 

- crystic/felsic 2 NAF, rocky Outer 
surfaces 

- ultramafic 5 NAF Internal  

Low-grade ore 2 - Discrete  

 
 

Soil covers 
 
The physical properties of mine wastes are also critical in the performance of 
soil covers over hostile waste materials.  As will be discussed in greater detail in 
later papers, a critical aspect is the water retention capacity of cover materials.  
This has two aspects, firstly, incident rainfall must be held within the cover 
layers, minimising deep drainage into the potentially-hostile materials.  
Secondly, the subsequent drying of the cover, will often depend on transpiration 
by vegetation.  For vegetation to be effective in using soil moisture over the 
long-term, the cover layers must therefore also have appropriate properties to 
support plant growth.  It is extremely important to understand local soil profiles 
in which the target vegetation normally occurs.  Key aspects include chemical 
and physical properties, particularly the amount of plant-available water, and 
vegetation properties such as rooting depth.  If vegetation fails because of 
inappropriate soil properties, then a critical function of ‘store-and-release’ 
covers may not be achieved. 
 
MATCHING RECONSTRUCTED SOIL PROFILES TO VEGETATION 
COMMUNITIES 
 
An important application of soil characterisation is to re-construct soil profiles 
that meet the needs of specific vegetation communities, or alternatively, to 
select vegetation communities that may be tolerant of soil conditions.  Both 



 

situations require a good understanding of soil properties.  The first scenario 
applies particularly to sites where ecologically-significant plant communities are 
disturbed.  Re-establishing a resilient community with the attributes of that 
which was disturbed, can only be achieved if the original soil profile is 
thoroughly characterised and understood.  As discussed for store and release 
covers above, key aspects are chemical properties such as pH and salinity, 
together with physical aspects which may constrain root growth and determine 
plant-available water. 
 
The second scenario that may be encountered is where the reconstructed soil 
has contrasting properties to those disturbed by the mining operation.  This is 
especially likely with mine tailings, which may have unusual chemical 
properties, such as extreme alkalinity or salinity.  For example, the outer surface 
of bauxite residue storage areas is typically an alkaline sand with high pH 
buffering capacity, relatively low water holding capacity, and a limited rooting 
profile (Jasper et al., 2000).  This differs substantially from local soils.  However, 
coastal dune vegetation which grows on coarse alkaline sands, often over 
cemented limestone, may be a suitable resource of adapted plants for 
revegetation of these residue storage areas.  The principles of matching 
selected vegetation communities with specific soil profiles, may often create the 
most sustainable restoration outcome. 
 
SOIL PROPERTIES AS COMPLETION CRITERIA 
 
Clearly, soil properties are critical to the long term sustainability of rehabilitated 
landforms.  Firstly, the properties of soils and mine wastes will directly 
determine the physical stability and integrity of the landform.  Secondly, the 
overall fertility of the soil profile will influence the establishment and growth of 
vegetation.  Therefore, it is important that soils with appropriate intrinsic 
properties are used during construction, because there is little subsequent 
opportunity for these properties to change or to be amended.   
 
Dynamic soil properties, such as biological and biochemical components, have 
potential as measures of ecosystem development over time.  Changes in these 
properties are essentially driven by inputs of organic carbon into the soil, and 
this directly links to plant productivity (Zak et al., 1994; Sawada, 1996).  Plant 
productivity in turn, reflects all aspects of soil fertility, and therefore should 
always be regarded as a key measure of rehabilitation success (Jasper, 2002). 
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ABSTRACT 
 
Approaches to sampling and testing for assessing the acid-formation potential 
of mine-wastes and process-tailings typically produced at mine-sites within the 
WA Goldfields are outlined in this paper.  A guide is also given to the 
interpretation of testwork results. 
 
INTRODUCTION 
 
Identifying mine-wastes which are Potentially-Acid Forming (PAF) is central to 
mine-waste management, so that PAF varieties are buried to prevent 
acidification through sulphide-oxidation. Under the water-limited, and strongly-
desiccating, conditions of the WA Goldfields, and the Australian arid-zone 
generally, preventing regular flushing of sulphide-grain surfaces is the key 
mechanistic tool for the secure containment of PAF lithotypes, and simply 
involves isolation below the reach of the seasonal wetting-front. Isolation is 
readily achieved through scheduling of the 'ex-pit' streams, placement on the 
waste-dumps, and waste-landform decommissioning at closure. Related 
concepts apply to the management of PAF varieties of process-tailings where 
purpose-built covers are required when tailings-storage facilities (TSFs) are 
decommissioned (e.g. infiltration control via vegetated store/release-cover 
systems).   
 
Compared with well-watered environments where the moisture and aeration 
regimes are near-optimal for sulphide-oxidation during much of the year, 
sulphide-oxidation within the arid-zone is restricted to "weathering-windows" 
which are episodic, and short-lived. Environmental risks associated with PAF 
mine-wastes at local mine-sites are therefore invariably modest, and readily 
controlled.  An important corollary here is the need for mine-site personnel to be 
"street-wise", so that the scopes of studies by consultants are appropriately 
tailored to faithfully reflect deposit geology, and mine-site biophysical setting. 
Without due regard given to the latter, and the real (c.f. inflated) environmental 
risks, it is inevitable that investigations will go way beyond what is genuinely 
required, be this for the geochemical and physical characterisation of mine-
wastes, the design of store/release-cover systems, and/or other aspects of 
mine-waste management. Likewise, the regulatory framework needs to be 
flexible, so that the information data-base required for approvals is tailored to 
the mine-site context to ensure that valuable resources, time and funds are 



 

expended in a manner that is both proportionate, and commensurate, with the 
real risks involved.  
 
Testwork approaches for geochemically characterising mine-wastes and 
process-tailings for assessing Acid-Formation Potential (AFP) at hard-rock 
mines constitute a mature technology.  Although refinements continue to be 
made, they are typically variations on a common theme, and amount to the 
dotting and crossing of geochemical i's and t's for, essentially, academic 
completeness, rather than being of pragmatic value in decision-making for 
mine-waste management.  The Law of Diminishing Returns has long applied 
when refining testwork procedures for distinguishing between lithotypes which 
are PAF, and Non-Acid Forming (NAF), and ensuing integration with material 
handling, and engineering design.  Where initial testing approaches do not 
permit an unambiguous assignment to either a PAF, or NAF, category (e.g. the 
infamous "uncertain" category), geochemical-consultants may argue for 
additional studies (including kinetic testing that is both prolonged, and 
expensive) to resolve such apparent "conflict". Although follow-up testing may 
sometimes be justified, it is often more practical to adopt a "lump-sum" 
approach whereby mine-wastes with an "uncertain" classification are simply 
treated as being PAF.  This is a classic case of avoiding testing for testing sake, 
and for the need to have input from mining engineers early on, since the mine-
model, even when in its infancy, should indicate whether the production 
volumes of an "uncertain" lithotype may be accommodated by co-dumping with 
PAF lithotypes.  If this proves to be the case, then the geochemical intricacies of 
the "uncertain" lithotype are totally irrelevant to mine-waste management 
overall. 
 
In the following sections, testwork approaches applicable to characterising the 
AFP of mine-wastes and process-tailings at local mine-sites are outlined, 
together with a guide to the interpretation of testwork results.  Aspects to 
consider in sampling programmes for mine-waste-characterisation studies are 
also outlined.  In addition, the need for some form of monitoring of mine-waste 
AFP during the mine-life is discussed. 
 
The contents of this paper focus on the geochemical nature of mine-wastes and 
process-tailings, and the weathering conditions, typical of those found at gold- 
and nickel-mines within the WA Goldfields, and reflects the author's experience, 
since the late-1980s, in the testing of countless samples derived from local 
mine-sites. It also reflects in-house research (mostly unpublished), since the 
mid-1990s, on sulphide-oxidation rates, pH-buffering properties, and As-
solubility behaviour of samples of diverse mineralogy, and chemical 
composition.  In recent years the focus of this work has shifted to the coupling 
of sulphide-oxidation kinetics, and moisture dynamics under unsaturated 
conditions, and has shown the "flushing-frequency-dependence" of sulphide-
oxidation with clear implications for the management of PAF lithotypes in the 
arid-zone (Campbell 2004).  This in-house research was also the stimulus for 
part of the PhD project of Dr Edgardo Alarcon Leon which was recently 



 

completed at The University of Western Australia (Alarcon Leon 2005; Alarcon 
Leon et al. 2004). 
 
SAMPLING  
 
Obtaining a good generic picture of mine-waste geochemistry for a deposit rests 
with the testing of samples representative of the lithotypes to be produced 
through open-pit mining.  Collection of representative samples, in turn, rests 
with adequate knowledge of waste-zone geology – both regolith geology for 
physical-characterisation purposes, and bedrock geology for mine-waste 
geochemistry.  In essence, sufficient sampling is required to estimate sulphide- 
and carbonate-mineral abundances, and minor-element enrichments, at the 
"metre-scale".  The number and origin of the samples collected for testing need 
to be based on the geological- and mining-models which constantly evolve.  
Due account also needs to be given to geological, compositional and 
mineralogical monotony which often occurs over hundreds of metres within the 
mining domains of local deposits. 
 
Unlike the situation in the early-1990s, project geologists these days are 
generally well acquainted with sampling for geochemical-testing programmes, 
as part of mine-waste management overall. Project geologists are necessarily 
familiar with deposit geology, as determined by completed drilling, and so may 
readily define sampling programmes where drillholes intersect the waste-zone 
(c.f. ore-zone).  It is therefore important that adequate drilling is undertaken 
within the waste-zone for sampling, and formulation of a generic waste-zone 
model for the deposit.  An alternative approach to the above is the collection of 
samples by consulting-geologists experienced in the sampling needs of mine-
waste-geochemistry studies.  This approach has the advantage of an "outsider" 
bringing a fresh pair of eyes to view deposit cross-sections, drilling logs, and 
existing assay results.  However, where this approach is employed, it is vital 
that sufficient time is allowed for the consulting-geologist to become familiar 
with the deposit geology, so that a sound sampling programme is defined.   
 
In the case of greenfields Projects, sampling is restricted to drilling samples, 
and either drillcore, or RC-cuttings, are suitable for geochemical and 
mineralogical testing. Samples should be at least 1-2 kgs, correspond to down-
hole intervals no longer than c. 1-2 m, and be derived from individual drillholes 
(c.f. long down-hole intervals, and/or composites across different drillholes).  
The sampling strategy for characterising mine-waste geochemistry therefore 
differs from that employed for metallurgical evaluations where composite-ores 
are derived from numerous drillholes, and intervals. 
 
Although details of sampling programmes are deposit-specific, some generic 
comments may be made.  Where a lithotype is clearly PAF on geological 
grounds (e.g. massive-sulphide unit within a volcanogenic-massive-sulphide 
deposit), there is simply no point in testing many samples.  The distribution of a 
massive-sulphide unit will be well defined from logging, and will be readily 
identified visually at the time of mining.  Likewise, within the waste-zone of local 



 

gold deposits hosted by greenstones, lithotypes well removed from 
mineralisation influences, but still within the confines of the pit, are typically 
devoid of sulphide-minerals, and/or minor-element enrichments, though they 
may be still be strongly calcareous due to pervasive carbonate-alteration.  In 
this case, it  is wasted time and expenditure to test a large number of samples.  
Where logging, and inferred geological interpretation, indicate monotony on 
spatial-scales of hundreds of metres, selected drillholes may be intensively 
sampled on successive intervals of 1-2 m, and tested for just Total-S and Total-
C (where valid as a surrogate-parameter for Carbonate-C). Intra-lithotype 
variability in AFP is thereby determined, and the above geologically-inferred 
monotony in acid-forming characteristics confirmed (or refined) in a cost-
effective manner.  Finally, where juxtaposed PAF and NAF lithotypes occur as 
slithers too thin for selective mining (e.g. packages of closely inter-fingered 
units), then there is no point in testing many samples, especially where the 
groundmass is deficient in carbonate-minerals. In practise, such lithotypes 
would be lumped together, and treated as PAF during waste-dump construction. 
 
The ambient-storage of samples is adequate for geochemical-testing purposes.  
If the samples are moist, then oven-drying at 40-45 oC is required prior to 
crushing and pulverising for testing.  Higher temperatures should be avoided, 
due to potential losses of Hg via volatilisation. 
 
Summarising, a sufficient number of representative samples need to be tested 
in order to obtain a good generic picture of mine-waste geochemistry for a 
deposit.  Although the sampling regime ultimately depends on waste-bedrock 
geology, the testing of up to several hundred samples – as claimed by some 
geochemical-consultants – is rarely, if ever, justified for the common styles of 
mineralisation, and weathering regimes, within the WA Goldfields. 
 
TESTWORK 
 
The testwork approaches for estimating the AFP of mine-wastes and process-
tailings have developed over the last couple of decades by industry practitioners 
and academic researchers around the world. Different groups have preferred 
approaches for testing with ensuing differences in terminology and units of 
measurement (e.g. see Morin and Hutt [1997] as an example of a Canadian 
approach to mine-waste-geochemical characterisation). The AMIRA (2002) 
document gives an account of the kinds of testwork approaches often employed 
for mine-sites throughout Australasia, and essentially reflects the approach of 
Dr. Stuart Miller and co-workers of Environmental Geochemistry International 
Pty Ltd (EGi) [Balmain, NSW]. The AMIRA (2002) may be freely downloaded 
from the ACMER website. 
 
Sulphur Forms 
 
Total-S (in %) may be measured by Leco combustion, and  SO4-S (in %) 
determined by the Na2CO3-Extraction Method (Lenahan and Murray-Smith 
1986). The Na2CO3-reagent extracts SO4 which occurs as soluble sulphates, 



 

and calcium sulphates (e.g. gypsum).  It also extracts SO4 sorbed to the 
surfaces of sesquioxides, clays and silicates.  However, SO4 present as barytes 
(BaSO4), jarositic- and alunitic-type compounds is incompletely extracted. The 
difference between the Total-S and SO4-S values indicates the Sulphide-S 
(strictly Non-Sulphate-S) content (in %).  The Cr(II)-Reducible-S method, as 
employed to characterise acid-sulphate soils, may also be used to estimate 
Sulphide-S (e.g. ASSMAC 1998).  
 
Acid-Consuming Properties 
 
Acid-Neutralisation Capacity (ANC) [in kg H2SO4/tonne] is determined by acidic 
digestion (with heating) followed by back-titration with NaOH to a pH=7 end-
point to determine the amount of acid consumed (AMIRA 2002). CO3-C (in %) is 
the difference between Total-C and Total-Organic-C which may be measured 
by Leco combustion. 
 
pH-Buffering properties may be determined by acidimetric auto-titration (e.g. 
regular addition of 0.05 M-H2SO4 to monotonically decrease Suspension-pH to 
3.0).  The rates of acid addition during auto-titrations invariably correspond to 
Sulphide-Oxidation Rates (SORs) which are orders-of-magnitude faster than 
those typically associated with circum-neutral weathering of sulphide-minerals 
in mine-wastes. 
 
Net-Acid-Producing Potential (NAPP) 
 
The complete oxidation of pyrite may be described by: 

 
FeS2 + 15/4 O2 + 7/2 H2O = H2SO4 + Fe(OH)3 

 
It may be shown that, if the Sulphide-S (in %S) occurs as pyrite, then the 
amount of acid (in kg H2SO4/tonne) produced through complete oxidation is 
given by 30.6 x %S (viz. Maximum-Potential Acidity (MPA) [in kg H2SO4/tonne]).  
 
NAPP (in kg H2SO4/tonne) is calculated from the corresponding MPA and ANC 
values (i.e. NAPP = MPA - ANC). NAPP calculations serve as a starting point in 
the assessment of the acid-formation potential of pyrite-bearing lithotypes.   
 
Net-Acid Generation (NAG) 
 
The NAG Test is a direct measure of a sample's potential to produce acid 
through sulphide oxidation, and also provides an indication of the reactivity of 
the sulphide-minerals, and the availability of the alkalinity-forms contributing to 
the ANC (AMIRA 2002). In this test, the sample is reacted with H2O2 to rapidly 
oxidise contained sulphide-minerals, and allow the produced acid to react with 
the acid-neutralising materials (e.g. carbonate-minerals). There are numerous 
variants of the NAG Test, as described in the AMIRA (2002) document. 
 



 

Kinetic Testing 
 
The above forms of static testing (viz. "whole-rock" analyses, and tests) may 
need to be supplemented by kinetic testing (viz. Weathering-Columns) to 
provide information on SORs, and release rates of minor-elements during 
weathering.  The AMIRA (2002) document describes a common approach to 
Weathering-Columns which may be readily undertaken by mine-site personnel 
with minor input from consultants.  A variation to the approach described in 
AMIRA (2002) is an assessment of the "flushing-frequency-dependence" of 
sulphide-oxidation in water-limited environments, since the information so 
obtained assists the design of vegetated store/release-cover systems for 
infiltration control in the WA Goldfields (Campbell 2004). 
 
INTERPRETATION 
 
Acid-Consumption by Ultramafics 
 
Dissolution of Serpentines at Low-pH 
 
Due to enhanced dissolution rates of serpentines under acidic conditions, 
samples of ultramafic-waste-bedrocks often have elevated ANC values when 
subjected to standard ANC testing.  Although Canadian workers (Jambor et al. 
2005) very recently reported such behaviour, this effect has been known locally 
since the early-1990s for ultramafics derived from both nickel- and gold-
deposits.  In the case of ultramafics, it is preferable to estimate Carbonate-ANC 
based on CO3-C, and structural identity of the carbonate-minerals, as 
determined via mineralogical assessment.  However, if the ultramafics 
concerned contain negligible amounts of sulphide-minerals, then there is 
generally no point in undertaking additional work to quantify the ANC.  
Dissolution of serpentines may also complicate interpretation of the results 
obtained from NAG testwork. 
 
Dissolution of Magnesites at Circum-Neutral-pH 
 
It is well known that the rate of acid-induced dissolution of magnesites is orders-
of-magnitude slower than the dissolution of calcites, and/or dolomites.  For 
example, dilute HCl added to powdered calcite produces vigorous "fizzing", 
where no reaction occurs for powdered magnesite.  However, at the typical 
SORs associated with the circum-neutral weathering of mine-wastes, magnesite 
dissolution effectively contributes to buffering at pH=6+.  Using mono-mineralic 
magnesite with a fine-sand grading, Pokrovsky and Schott (1999) showed that 
circum-neutral conditions were characterised by magnesite-dissolution rates 
corresponding to SORs well in excess of 1,000 mg SO4/kg/week.  Such SORs 
span the range for the circum-neutral weathering of mine-wastes containing 
trace-to-accessory+ amounts of sulphide-minerals which are not atypically 
reactive (e.g. framboidal forms of pyrite).  The results of kinetic testing on 
magnesite-bearing samples of ultramafics are consistent with the findings of 
Pokrovsky and Schott (1999) [Campbell, unpublished results]. 



 

 
In the interpretation of the results of auto-titrations, due account therefore needs 
to be given to the rates of acid addition employed during testing in light of the 
typical SORs associated with circum-neutral weathering.  Just because a "pH-
plateau" near pH=6-7 is not attained during auto-titration, does not necessarily 
mean that carbonate-mineral dissolution will fail to maintain circum-neutral 
conditions during weathering.  On this important point, the discussion on auto-
titrations in the AMIRA (2002) document is misleading.  
 
AFP-Classification Criteria 
 
There are no unifying, "standard" criteria for classifying the AFP of mine-wastes, 
and reflects the diversity of sulphide- and gangue-mineral assemblages within 
(un)mineralised-lithotypes of varying weathering- and alteration-status.  Rather, 
criteria for classifying AFP may need to be tailored to deposit-specific 
geochemistry, and mineralogy. 
 
AFP-classification criteria often employed for mine-sites are: 
 

• NAF:    Sulphide-S < 0.3 %.  For Sulphide-S ≥ 0.3 %, both a negative 
NAPP value, and an ANC/MPA ratio ≥ 2.0. 
 

• PAF:     For Sulphide-S ≥ 0.3 %, any positive-NAPP value; 
negative-NAPP value with an ANC/MPA ratio < 2.0. 

 
In assessing the AFP of mine-wastes, there is general consensus that lithotypes 
with Sulphide-S contents less than 0.3 % are unlikely to oxidise at rates fast 
enough to result in acidification. This assumes that the groundmass hosting 
such "trace-sulphides" is not simply quartz, and/or clays, and that for a 
carbonate-deficient groundmass, the sulphide-minerals are not unusually 
reactive. A "cut-off" of 0.3 % for Sulphide-S accords with the findings of kinetic 
testing by the author, since the mid-1990s, for mine-waste samples from local-
mines. The results of NAG testwork also assists AFP classification. 
 
The above AFP-classification criteria differ somewhat from those indicated in 
the AMIRA (2002) document where the emphasis is on the results of NAG 
testing in its various forms. This NAG emphasis reflects EGi's approach to AFP 
assessment. 
 
MONITORING 
 
Although dependent on site specifics, some form of monitoring should be 
undertaken throughout the mine-life. Where a geochemical-consultant has 
carried out a mine-waste-characterisation study during the pre-commissioning 
stage of the Project, there should be a clear indication of what lithotypes should 
be largely PAF, and which should be largely NAF. Together with the mining 
schedule, lithotypes to monitor for AFP during the Project may then be 
prioritised.  Such monitoring invariably only needs to be "low-key" for typical 
deposits within the WA Goldfields, and may be carried out by mine-site 



 

personnel with input from consultants restricted to reviewing testwork results 
from time to time. The on-site NAG Test where NAG-pH is measured after 
overnight reaction may also be used, and may be especially useful where it is 
difficult for the pit-geologists to visually distinguish between PAF and NAF 
lithotypes. 
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ABSTRACT 
 
Physical and chemical characterisation of waste materials at mine sites is 
fundamental to understanding the potential environmental impacts of these 
materials. The Australian mining industry is currently focussed on 
understanding the acid forming characteristics of these materials and has 
developed a variety of techniques to predict acid drainage. 
 
The experience at various mine sites has been that theoretical and laboratory 
tests do not always reflect what happens in the “real world”. Examples of field 
situations are used to identify some lessons that can be learnt and applied to 
ensure that these impacts are managed in the most practical way. 
 
INTRODUCTION 
 
Community acceptance of modern mining is dependent on companies being 
able to demonstrate that potential long-term environmental impacts are 
understood and that procedures are put in place to minimise these impacts. An 
important aspect of this is the understanding of the physical and chemical 
characteristics of the materials that are being handled, stockpiled and disposed 
of. Without this understanding, the end result can often be very different than 
what was expected prior to mining. 
 
Over 20 years ago, a relatively long time in Australian mining environmental 
history, Ray Kelly of the Utah Development Company, which was one of the first 
companies to mine coal in the Bowen Basin of Queensland, identified the 
importance of knowledge of the nature of soil and rock strata of the overburden 
in the establishment of vegetation onto open cut minespoil (Kelly, 1985; Kelly 
and Kelly, 1987).  
 
More recently, the characterisation of mining wastes at many sites has been 
driven by the need to be aware of and manage acid drainage from the oxidation 
of contained sulphides (Environment Australia, 1997). Techniques such as net 
acid production potential (NAPP), net acid generation (NAG) have been 
developed as routine tests for materials characterisation (Stewart et al., 2006). 
More advanced techniques such as sequential NAG, modified organic carbon 
NAG and modified acid neutralisation capacity (ANC) methods have also been 
used to resolve conflicts in classification. 
 



 

However, some studies have questioned the translation of laboratory tests into 
the field situation, with the field results generally showing that the 
characterisation under-estimates the quantity of potentially acid forming rock 
and that use of theoretical management techniques such as co-disposal of acid 
forming and neutralising wastes do not always lead to a “good” result (Morin & 
Hutt, 2000).  
 
THE CADIA EXPERIENCE 
 
Newcrest Mining Limited used a waste block modelling approach at Cadia in 
New South Wales to identify potential acid generating material within the 
deposit (Environment Australia, 1997). The Cadia Hill mineralisation is 
indicative of a relatively oxidised and low sulphide system, reflected by low 
abundance of pyrite, typically less than 1%.  
 
An extensive geological database was compiled from logging of drill core at one 
metre intervals. Criteria for the selecting material from the database for testing 
were:  
 

• lithology;  
• sulphide abundance;  
• sulphide form;  
• carbonate abundance;  
• carbonate form;  
• oxidation state;  
• alteration mineralogy; and  
• structure.  

 
These waste rock sample characteristics provided a set of parameters for waste 
classification into potentially acid producing, indeterminate or acid neutralising. 
Once classified, the waste rock distribution and volume as a proportion of the 
total waste volume could be determined. This led to the construction of a waste 
block model (Figure 1) that was used to develop a mining schedule that enabled 
selective handling of the acid forming rock for placement in specific cells in the 
waste dump for blending with waste rock of high neutralising capacity. 
 
With the volume and position of acid producing material defined, this 
information was integrated into the mining schedule to determine how much and 
when potential acid drainage material would be produced during mining.  
 
This original modelling produced an estimate of 94 million tonnes of waste rock 
being potentially acid forming (Perry, 2002). Further revisions of the model gave 
a wide range of results (Table , from Perry, 2002).  
 



 

Table 1: Summary of ARD models used at Cadia 
Model 
No  

Model and 
Date 

Model Type  Total 
Potential 
ARD (t) 

Percentage of 
Waste as ARD  

Total Waste 
in Reserve 
Pit  

A  NN March 1995 
(Feasibility)  

Nearest 
Neighbour 
ANC_MPA < 
3  

94 Mt  36%  260 Mt  

B  NN May 1996  Nearest 
Neighbour 
ANC_MPA < 
3  

110 Mt  38%  280 Mt  

C  NN June 1997  Nearest 
Neighbour 
MPA > 8  

22 Mt  7%  320 Mt  

D  MIK June 1999  
MIK 
KBAMD1 > 
0.57 

110 Mt  34%  325 Mt  

E  MIK June 1999  
MIK 
KBAMD1 > 
0.68 

78 Mt  24%  325 Mt  

 



 

 
Figure 1: Cadia Waste Block Model 
 
More advanced test work in 2000 suggested that NAGpH could be used for in-
pit characterisation of waste rock. However, comparison of this technique with a 
range of others clearly showed that the NAGpH method underestimated the 
quantity of potentially acid forming waste rock that was produced (Table2). 



 

 
Table 2: Classification of a blast pattern at Cadia (from Perry, 2002) 
 
Classification Method  % PAF  % Uncertain % Total 

PAF 
% PAF after 

markout 
EGi Method (NAGpH)  0  2  2  <10  
ANC:MPA Ratio  2  6  8  <=25  
NAPP  2  0  2  <10  
>0.35% S  29  0  29  <88  
Visual Logging (> Moderate Pyrite)  38  2  40  100  
 
The mine has now adopted a working definition of potentially acid forming waste 
as being that material with total sulphur content above 0.5% (Perry & Willems, 
2006). 
 
EXPERIENCE AT OTHER MINE SITES 
 
Some other recent experiences suggest that the current techniques used to 
estimate and manage acid drainage potential may be leading to over-
confidence. 
 
The Ok Tedi dilemma 
 
As part of a large number of studies undertaken in the late 1990s to assist Ok 
Tedi Mining Company Limited in making a decision on whether to continue or 
cease mining, EGi investigated the acid drainage potential of material being 
dredged from the Fly River at Bige. EGi concluded that the current stockpiled 
PAF sediments had a significant lag period and would require a long period of 
exposure (in the order of many years)before acid conditions were developed. 
Because of the relatively small proportion of PAF material within the current 
stockpile, and the long lag period of the PAF material, EGi concluded that the 
risk of significant ARD from the stockpiled sediments was low (EGi, 2001). 
Although the risk of acid drainage from future stockpiled sediments was 
considered to be high, EGi predicted that the potential acid drainage impact on 
the Ok Tedi and Fly River system would be negligible under normal flow 
conditions. Under low flow conditions there would be a low risk of localised 
impact from acid drainage and under El Niño conditions the impact was 
predicted to be moderate to high within the Ok Tedi but low in the Fly. 
 
This led to the development of a comprehensive acid drainage management 
program that included excessive mining of limestone in order to provide 
additional neutralising capacity in the river system (Rumble et al., 2003).   
 
However, in a recent presentation, the Managing Director of Ok Tedi Mining 
Limited, outlined his company’s dilemma in that acid drainage in the river may 
have a greater impact than previously thought (Faulkner, 2005). The dredged 
material is presenting long-term management problems with acid drainage and 



 

there is considerable potential for the release of copper and other metals into 
the river, particularly under certain climatic conditions.  
 
Sulphate-rich drainage at Argyle Diamonds 
 
In 1999, at the end of a wet season with an exceptionally high rainfall, seepage 
from the southern waste rock dumps at Argyle was seen to be forming white 
crystalline deposits (of mainly magnesium sulphate) in the watercourse 
downstream. These deposits extended some 17 km down the creek (Griebel, 
2005). The seepage collected at the toe of the dump was slightly acidic (pH 
ranged from 4.5 to 7.8 with a mean of 5.2) and contained considerable amounts 
of calcium (307±  91 mg/L), magnesium (874 ±  352 mg/L) and sulphate (4188 
±  1653 mg/L) ions.  
 
Geochemical characterisation of waste rock types at Argyle had identified only 
one as being potentially acid forming and this comprised less than 5% of the 
waste rock. The waste dumping strategy was based on the premise that there 
was sufficient inherent neutralising capacity in the waste rock to render any 
drainage neutral. Nevertheless, it was clear that oxidation was occurring within 
the dumps and the waste dump seepage contained secondary acid drainage 
products. 
 
Further characterisation of the waste rock revealed that one of the rock types 
classified as non-acid forming in fact had the capacity to mobilise magnesium 
from itself and other lithologies. It is clear that the test work undertaken on the 
waste rock was not focussed correctly and the assumption that there would be 
“no problem” because of the high neutralising capacity was false. This has led 
to considerably increased expenditure at Argyle Diamonds to control the 
seepage. 
 
Interestingly, a similar situation has arisen at a base metals mine in northern 
Australia although in this case the proportion of PAF is closer to 50% than 5%. 
In this case, the sulphate rich drainage from the waste rock dump has to be 
closely managed because the concentration is now close to a water quality limit 
imposed by the Government when the mine was approved.  
 
LESSONS FROM THIS EXPERIENCE 
 
These examples demonstrate some clear lessons that should be noted when 
characterising and managing waste rock and other materials for acid drainage. 
These are: 
 

• the NAG test used by itself, especially the NAGpH, is likely to give an 
under-estimate of the potential for acid drainage and the quantities of 
material that is classified as “potentially acid forming”; 

• knowledge of the distribution of sulphides (principally pyrite) within the 
mine sequence is fundamental to the management of acid drainage; 



 

• knowledge of what controls the placement of sulphides before, during 
and after the formation of the deposit is critical to understanding and 
controlling acid drainage; 

• the focus on acidic conditions in drainage can lead to ignorance of other 
conditions that may have adverse environmental consequences; 

• laboratory test work is no substitute for understanding the real-world 
conditions. 
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ABSTRACT   
 
At State and Commonwealth levels, a number of new laws and regulatory 
procedures have been introduced to help protect significant biotic communities.  
For mining companies, who routinely need to clear (predominantly small) areas 
of vegetation (to extract minerals, but more often for infrastructure such as 
roads, access tracks, pipelines, power transmission corridors, processing 
facilities, accommodation etc.), these laws and requirements are potentially 
critical to operations.  The conundrum however is that, unlike species level 
assessments, determination of significance or otherwise of vegetation is fraught 
with difficulties, including: abstract nature of communities; spatial and 
compositional continua; poor taxonomic knowledge; high degree of subjectivity; 
scale dependency and lack of standardisation.  This has resulted in confusion 
and uncertainty amongst proponents and regulators alike, and, ultimately, it is 
questionable whether claims of significance will stand up in a court of law.  This 
paper reviews these new laws and procedures, as well as the difficulties in 
implementing them, including determination of significance, with case studies 
drawn from the author’s recent experiences in vegetation assessments in arid 
Western Australia.  Potential solutions to the problems will also be outlined. 
 
INTRODUCTION 
 
The environmental impacts of excessive clearing of native vegetation are now 
well known and understood in Australia, and primarily revolve around 
hydrological changes brought about by considerably lower levels of plant 
transpiration, as well as loss of biodiversity through habitat modification and 
fragmentation of populations.  Whilst fixing these impacts currently represents 
our greatest environmental challenge, there is ongoing unease that the 
underlying causal process of clearing continues in many parts of Australia.  
 
In Western Australia, concern over clearing (sometimes illegal) of remnants in 
the largely cleared Wheatbelt region, as well as commitments to national 
agreements on salinity, water quality and biodiversity, prompted the State 
Government to introduced new legislation to control vegetation clearing.  These 
new laws are described in the Environmental Protection Amendment Act 2003 
(WA) (an amendment to the Environmental Protection Act 1986) and the 
Environmental Protection (Clearing of Native Vegetation) Regulations 2004 



 

(WA) – both available from State Law Publisher (www.slp.wa.gov.au).  Under 
this new legislation clearing is prohibited unless a permit is granted or the 
clearing is exempted for one of many reasons (as listed under Schedule 6 of the 
E.P. Act 1986).  Granting of permits is based on clearing principles (see Box 1) 
with several of the principles likely to be of particular relevance to the mining 
industry (Box 1).  Further information on administrative aspects of these new 
laws has been published as part of these proceedings, as well as various 
publications by the Department of Environment (2004) and Department of 
Industry and Resources (2005) and it is not the intention of this paper to review 
these.   
 
Box 1: Summary of principles for clearing native vegetation (as listed under 
Schedule 5 of EP Act) with those of most relevance to mining industry in bold. 

 
Native vegetation should not be cleared if it is has/is:  
(a) high level of biological diversity; 
(b) significant habitat for indigenous fauna; 
(c) rare flora; 
(d) threatened ecological community; 
(e) significant remnant; 
(f) associated with watercourse or wetland; 
(g) cause appreciable land degradation; 
(h) impact on adjacent or nearby conservation area;  
(i) impact on water quality (surface or underground water); or 
(j) influence the incidence or intensity of flooding. 

 
 
It should be noted however that the administration of the legislation has been in 
a state of flux since its inception as the process has been tested with an 
increasing number of applications.  For instance, as of July 2005, responsibility 
for assessing and granting clearing permits for mining and petroleum related 
activities has been transferred from the Dept of Environment to the Dept of 
Industry and Resources.  Also new exemptions have been granted to clear up 
to 10 ha per year as long as clearing falls under that approved under the Mining 
Act 1978.  In the first four months of this year, 32 applications and 21 approvals 
for clearing were handled by DoIR amounting to some 3600 ha, although almost 
half of this area was from one application (Table 1).  The areas in question 
therefore are predominately small.  Applications for clearing vegetation are not 
just for removal of underlying burden and ore, with clearing for associated 
infrastructure, transport, communications and exploration equally as common 
(Table 1).  
 
One of the key clearing principals relates to the protection of threatened 
ecological communities (TECs) – see Box 1.  Specifically TECs are listed by the 
Dept of Conservation and Land Management following a rigorous process of 
identification, characterisation and conservation assessment (English & Blyth 
1999).  Whilst there is currently no State level legislation to protect these, TEC’s 
may be listed under the Commonwealth’s Environment Protection and 
Biodiversity Act 1999 for which special protection is given to endangered and 



 

critically endangered TEC’s.  Currently no TEC’s in arid and semi-arid W.A. are 
listed under the Commonwealth Act, whist the only TEC’s on the CALM list, as 
of January 2004, for these regions are Themeda grasslands on cracking clays 
in the Pilbara, certain organic mound springs in the Great Sandy Desert and 
Kimberley, and a stygofauna community in the Goldfields. 
 
 
Table 1:  Summary of mining and petroleum related vegetation clearing 
applications and approvals processed by Dept of Industry and Resources 
between January to April 2006.  Type of application is either Purpose (P) 
or Area (A) as per Act. 

No.of Permits Area (ha) Reason for Clearing 
Applications Approvals Av. 

Size 
Range Total 

Type 
%P:%

A 
Mineral Production* 11 12 133 8 - 1558 3057 52:48 
Exploration 13 2 13.4 0.08-60 200.

5 
87:13 

Tailings, Waste Dumps,   
  Stockpiles etc. 

3 1 72 25-140 288 75:25 

Pipelines, Cable, 
Conveyors etc 

3 2 12.8 <0.01-55 64 80:20 

Rail, Roads, Track etc. 0 3 3.7 0.07 - 7 11.1 100:0 
Other (eg Buildings, 
  Geotechnical etc.) 

2 1 5.2 0.5 - 10 15.5 100:0 

ALL TYPES 32 21 68.6 <0.01-
1558 

3636 74:26 

* may include associated infrastructure 
 
 
Although TEC’s are specified in the Act, it is recommended by regulators that 
proponents go further in terms of vegetation assessment and provide 
information in their clearing application on vegetation classes, their 
‘representation in a regional context’ including mapping, as well as identification 
of those of ‘significance’.  This is the sort of information that is also typically 
required for formal impact assessment of projects under the Part IV of the 
Environmental Protection Act 1986 (EPA 2004). The process and methods to 
identify vegetation types and their significance is not a simple task and is 
generally poorly understood by environmental managers. This paper then 
concentrates on the pitfalls and difficulties associated with vegetation 
assessment and is based heavily on the author’s 15+ years experience in 
vegetation studies in the Goldfields, Murchison and Pilbara regions. 
 
 
VEGETATION CLASSIFICATION & ASESSEMENT 
 
The difficulties associated with vegetation assessment are numerous and are 
summarised in Table 2, together with recommended solutions.  The following 
sections then describe these difficulties and solutions in detail with considerable 
focus given to vegetation science theory which underpins these assertions. 
 
 



 

 
Vegetation as a Continuum 
 
It has been widely accepted for many years that vegetation shows continuous 
variation in plant species composition and is rarely made up of discrete entities. 
This reflects the view that plant species respond primarily to key environmental 
factors (moisture, nutrients, temperature etc) rather than being controlled by 
interactions with other species (Austin & Smith 1989).  Classification procedures 
attempt to divide this continuous variation into discrete types but these should 
really be viewed as abstract entities used to help us describe and understand 
vegetation patterns (Austin 2004).   
 
The notion that vegetation can be divided into floristically different and spatially 
discrete plant communities however is commonplace and is often applied by 
managers of natural resources.  For instance, the very production of vegetation 
maps makes the assumption that vegetation is made up of relatively 
homogeneous plant communities with distinct boundaries between 
communities.  Indeed distinct communities can sometimes be visually 
recognisable in the landscape (Fig. 1) and in aerial photographs.  Austin & 
Smith (1989) resolve the conflict between continuum and community concepts 
by recognising that plant communities are a consequence of landscape 
patterning rather than any intrinsic, uniting property of the vegetation.  
Therefore, if the landscape is patterned by relatively distinct environmental 
conditions (such as distinctive soil types or landforms), relatively distinct plant 
communities are likely to be identifiable.  Arid and semi-arid landscapes of 
Australia are often characterised by bold landscape patterning reflecting the 
distinctiveness of geomorphological formations (Stafford Smith & Morton 1990) 
which, in turn, is more likely to manifest itself as distinct plant communities. 
 
The key to moving forward lies in accepting that plant communities and other 
vegetation units are, at least to some degree, abstract entities with considerably 
overlap in species composition possible between units.  That is they are not 
entities which have evolved like species but rather are fundamentally human 
determined and ultimately reflect complex landscape patterns. 
 



 

 
 
Figure 1:  View of central Hamersley Ranges from summit of Mt Bruce 
showing distinctive landforms (alluvial flats, bajada, pediment, slopes 
etc.) and corresponding vegetation types. 
 
Subjectivity & Inconsistencies in Classification 
 
The manner in which vegetation is divided into different types (plant 
communities or otherwise) is the process of vegetation classification, with a 
wide variety of approaches and techniques available.  Typically botanical 
consultants in Western Australia base this on field observations of dominant 
plant species and vegetation structure (woodland, grassland etc).  However this 
can be highly subjective procedure with classifications derived by different 
botanists for the same area unlikely to be same (e.g. see Fig. 3).  There are 
also some problems in basing classification on small number of dominant 
species as most of the variation in vegetation is in the composition of less 
common species (Gibson & Lyon 2001; van Etten & Fox 2004). 
 
For this reason, vegetation classifications are often best derived using 
quantitative information (eg % cover) on all or most plant species present (i.e. 
floristics).  If this information is collected at numerous sites over the area of 
interest, computer-based numerical classification techniques can be used to 
derive more objective classifications based on degree of similarity in species 
composition between sites (Fig. 2).  Although some progress has been made in 
standardising field sampling and reporting techniques for vegetation (e.g. 
Environmental Protection Authority 2004), there is still much work to be done to 
derive nationally agreed standards for vegetation classification as achieved in 
the USA with the National Vegetation Classification System (NVCS). 
 



 

 
Figure 2:  Hierarchical classification of sites in an area north-west of 
Kalgoorlie based on quantitative floristic data.  Percentage similarity in 
species composition (using Bray-Curtis similarity index) is indicated on 
vertical axis.  At ~ 40% similarity (see line), 11 main vegetation types (4 of 
which are indicated) are discernable and clearly associated with particular 
landforms.  These main types can be further divided into less distinct 
types mainly according to geography (with first letter of site 
corresponding to locality: P=Paddington; K=Kundana; B=Kanowna Belle). 
 
Level of Abstraction – How many Vegetation Types? 
 
An important and often difficult decision in classification is how many 
communities or types of vegetation should be recognised for a given area. 
Vegetation can, in theory, be regarded as a hierarchical system with major 
vegetation types divided into less distinct sub-types which can be further divided 
and so on until individual sites are recognisable; indeed numerical classification 
usually generates such hierarchies (Fig. 2).  Although recognising more types 
may seem more thorough, differences between types in terms of species are 
more subtle and less likely to be consistent; also the classification will become 
more complex. A comparison of classifications derived by different botanical 
consultants working in same locality in the Pilbara (Fig. 3) demonstrated very 
different levels of abstraction with one recognising 81 types (including 26 mulga 
communities) whilst the other recognised only 12 types (with 3 mulga 
communities).        
 



 

The number of vegetation types is obviously a critical decision when assessing 
the conservation status of the types.  The more types defined, the greater the 
likelihood that some will be restricted in distribution and therefore of greater 
significance.  
  

 
 
 
Figure 3: Map showing overlap of land system mapping with two 
vegetation mapping exercises (conducted by different consultants) 
showing little agreement in spatial position of mapped units 
 
The key to resolving this issue lies in recognising the link between environment 
and vegetation patterns at the landscape scale (as discussed above).  If explicit 
links are made between vegetation types and differences in 
landforms/soils/habitat, we are more likely to be dealing with the main variation 
in species composition across the landscape.  Indeed examination of 
hierarchical classifications from several areas of arid/semi-arid Western 
Australia shows the initial divisions are strongly linked to major landform types 
with divisions below these major types generally showing geographic 
differentiation (van Etten & Fox 2004; Fig. 2; unpubl. data).  This is to be 
expected as climatic gradients and the stochastic nature of plant species 
distribution would tend to increase the likelihood of floristic differences with 
increasing geographic separation even within landform units (Burgman 1988).  
Furthermore, experience has shown that defining fewer types is more likely to 
result in statistically significant differences in composition between types (van 
Etten & Fox 2004). 
 
Conservation Assessment – How Rare or Commonplace? 
 
Ultimately no matter how many types of vegetation are delineated in a given 
area, to assess the conservation significance requires information on the spatial 
distribution of the types over a broader (i.e. regional) scale.  That is we need to 
know how widespread or restricted the community is, how well it is protected 

Map of 
Consultant 1  

Map of 
Consultant 2 

Land Systems



 

etc.  This is difficult to achieve without a more widespread vegetation study 
which of course is likely to be extremely costly and time consuming.  One 
avenue is to formalise links between vegetation and environment and use such 
models in a GIS to make spatial predictions of vegetation types (van Etten 
1998; Dirnbock et al. 2002).  This requires the environmental information to be 
available in digitised, geo-referenced format.  This approach has yielded 
successful results in the Goldfields and Pilbara regions using combinations of 
topography (slope, elevation etc), geology, landform and climate coverages, 
albeit with greater accuracy when mapping major types compared to minor 
demarcations (van Etten 1998; unpubl. reports).  Using land systems (widely 
mapped across rangelands of W.A.) is less likely to be successful given these 
are broad geomorphic systems that tend to incorporate a range of landforms 
(Fig. 3).   Another reason for using a predictive modelling approach is that it is 
predicated on developing clear links between environment and vegetation.  
  
Another approach could be to encourage scientists and consultants to 
contribute to databases of floristic information for particular regions.  Over a 
period of several years, the number of vegetation studies and their spatial 
coverage are likely to be large enough for regional level vegetation 
classifications to be formulated.  This has occurred to some degree in the 
Pilbara region where many (mostly mining related) vegetation surveys have 
been conducted by the same consultants who have pooled their data.  The 
resultant classification of this collated data amounts to over 2000 sites.  Broadly 
this classification divides Pilbara vegetation into well known types clearly linked 
to landforms (eg Mulga woodlands with  bunch grasses and forbs on alluvial 
flats), but at more detailed level of abstraction divide into geographic localities 
(eg Mulga woodlands of different drainage basins).  As eluded to above, 
conservation assessment at this more detailed level of abstraction is usually not 
appropriate as vegetation units are likely to be restricted to particular localities 
or landscapes within the region. 
 
In the absence of other available information, the best source of vegetation 
mapping is that completed by John Beard whilst he was director of Kings Park 
primarily during the 1970’s and subsequently updated, unified and geo-rectified 
by CALM and NVIS in the 1990’s.  Despite its broad spatial scale (1:100,000 to 
1:250,000) and fact it is based on observations of dominant species and 
vegetation structure, it is at least consistent in its methodology and 
classification, and widespread in its coverage (all W.A.).  These maps have 
already been used to identify major vegetation types which are poorly 
represented in the conservation reserve system. 
 
Appropriate Spatial Scale 
 
Broad-scale vegetation mapping, such as Beard’s, is typically accurate in 
delineating the distribution of widespread major vegetation units, but can often 
overlook important locally restricted but floristically distinct types, such as 
vegetation of cliff faces and breakaways, outcrops, fringing wetlands, freshwater 
soaks and so forth.  These localised communities are often the result of 



 

particular combinations of unusual environmental conditions and therefore are 
likely to contain species not found in other habitats/environments. It is important 
to be aware of such possibilities when using broad scale mapping, with 
floristically-based surveys and classifications more likely to pick these up. 
 
Spatial Transitions 
 
Occasionally sharp boundaries between vegetation types can be observed in 
the field and principally occur where two distinct environments meet (van der 
Maarel 1990), such as dramatic changes in soil type or geology.  Good 
examples include where stony pediments give way to alluvium (Fig 1) or where 
fire creates sharp mulga woodland edges adjacent to ‘spinifex’ grasslands (van 
Etten 1988). However it is more common to have diffuse or gradual transitions 
between types reflecting more gradual changes in environmental conditions 
across landscapes (van der Maarel 1990), such as is typical with gradually 
decreasing slopes along catena from ridge/hill to valley floor.  This is rarely 
acknowledged in the vegetation mapping and assessment, but could be through 
indication of broad transition zones or diffuse boundaries on maps. 
 
Temporal changes 
 
Finally vegetation is of course a dynamic entity with all plants (even large trees) 
eventually dying to be replaced by other plants of same or different species.  
The most dramatic changes occur after disturbance (such as fire, storm, flood 
etc.) which accentuate plant death and, sometimes, regeneration.  In arid 
climates with highly variable rainfall regimes, differences in species numbers 
and composition in months following deluges can be dramatically different from 
those during drought.  Also much of main mining belt of arid/semi-arid W.A. has 
had a long history of grazing, both from indigenous kangaroos and introduced 
livestock, both of which influence plant species composition.  Therefore when 
conducting vegetation surveys, botanists need to be cognisant of the 
disturbance history and the typical successional changes which occur following 
disturbance.  Normally it is wise to avoid recently disturbed areas in preference 
to ‘less’ disturbed sites given the latter is more likely to have species typical of 
the vegetation type. 
 
SUMMARY & CONCLUSIONS 
 
Throughout this paper I have argued that effective and valid assessment of the 
conservation significance of vegetation types requires focus on the major 
floristic divisions in the vegetation as these tend to be strongly linked to the 
main soils/landforms of the area, and can be more readily shown to be distinct, 
consistent and explicit entities.  It is also much easier at this level to determine 
whether they are rare or widespread in the surrounding region through 
modelling or comparing to existing vegetation maps and/or databases. 
Ultimately it is up to the regulators (specifically the CEO of DoE /DoIR) to 
determine significance of vegetation for a certain clearing application or 
development proposal, but it does make sense to be dealing with clearly 



 

defined and tangible entities.  This would apply especially if claims of 
significance or otherwise are ever disputed in a court of law.  Any person, even 
third parties, can currently appeal against the refusal, grant or conditions of a 
clearing permit. Indeed conservation groups, as well as various government 
departments, scrutinise clearing applications.  Therefore clear guidelines and 
protocol should be in place so that significance of vegetation can be 
demonstrated as unambiguously as possible.   
 
Table 2:  Summary of major issues and potential solutions in vegetation 
assessment (as elaborated on in the text).  
Issue Potential Solutions 
Vegetation is a continuum •  Recognise vegetation pattern is a 

consequence of landscape patterning 
(principally landforms and soils) 

 

Subjective nature of vegetation 
classification 

•  Standardisation of techniques and analysis 
•  Use quantitative floristic information and 
numerical classification 

 

Finding appropriate level of 
abstraction within continuous 
variation 

•  Use broad floristic types as minor types 
overlap in composition and tend to reflect 
geographical differences 
•  Make explicit links between vegetation and 
geomorphology 
•  Use statistical tests to demonstrate 
differences 

 

Regional scale distribution of 
vegetation types / communities 
not known 

•  Use Beard / NVIS maps in absence of 
other information 
•  Collate and analyse floristic data sets for a 
region 
•  Vegetation – environment modelling and 
mapping in GIS 

 

Appropriate spatial scale •  Broad types usually mapped at broad 
scale, but distinctive vegetation may occur 
locally (eg breakaways, soaks, fringing 
wetland) 

 
Spatial transitions between 
communities common  

•  Be cognisant of such transitions  
•  Map transition zones or indicate diffuse 
boundary 
•  Use broad floristic types 
 

Temporal changes •  Be cognisant of typical successional 
changes following disturbance and deluges 

 

 
 
 



 

REFERENCES 
 
Austin, M.P. (2004).  Vegetation and environment: discontinuities and 
continuities.  In: Vegetation Ecology (ed. E. van der Maarel), pp. 52-84.  
Blackwell Scientific Publishing, London.  
 
Austin, M. P.& Smith, T. M. 1989. A new model for the continuum concept. 
Vegetatio 83: 35-47. 
 
Burgman, M.A. (1988).  Spatial analysis of vegetation patterns in southern 
Western Australia: implications for reserve design. Australian Journal of 
Ecology 13, 415-430. 
 
Department of Environment (2004). Protecting Native Vegetation – New Laws 
for Western Australia. Brochure located at 
http://portal.environment.wa.gov.au/pls/portal/ 
docs/PAGE/DOE_ADMIN/BROCHURE_REPOSITORY/BROCHURE_PROTEC
TNATIVEVEG.PDF 
 
Department of Industry and Resources (2005).  Native vegetation clearing 
update.  EnviroUpdate Vol. 1 No. 2, pp. 4-6. 
 
Environmental Protection Authority (2004). Terrestrial Flora and Vegetation 
Surveys for Environmental Impact Assessment in Western Australia.  Guidance 
Statement No. 51. Government of Western Australia. 
 
Dirnbock, T., Hobbs, R.J., Lambeck, R.J. & Caccetta, P.A. (2002).  Vegetation 
distribution in relation to topographically driven processes in south-western 
Australia.  Applied Vegetation Science 5: 147-158. 
 
English, V. and Blyth, J. (1999). Development and application of procedures to 
identify and conserve threatened ecological communities in the South-west 
Botanical Province of WA. Pacific Conservation Biology 5:124-138. 
 
Gibson, N. & Lyon, M.N. (2001). Flora and vegetation of the Eastern Goldfield 
ranges: Part 5. Hunt Range, Yendilberin and Watt Hills.  Journal of the Royal 
Society of Western Australia 84: 129-142. 
 
Goodall, D.W. & Perry, R.A. (eds.) 1981. Arid zone ecosystems, volumes 1 & 2. 
Cambridge University Press, Cambridge. 
 
Stafford Smith, D.M. & Morton, S.R. (1990). A framework for the ecology of arid 
Australia.  Journal of Arid Environments 18: 255-278. 
 
van der Maarel, E. (1990). Ecotones and ecoclines are different.  Journal of 
Vegetation Science 1: 135-138. 
 



 

van Etten, E.J.B. (1988). Environmental factors affecting the boundary between 
mulga (Acacia aneura) and hummock grassland (Triodia spp.) communities.  
Masters of Applied Science (Natural Resources) Thesis, Curtin University of 
Technology, Perth. 
 
van Etten, E.J.B. (1998).  Mapping vegetation in an arid, mountainous region of 
Western Australia.  Applied Vegetation Science 1: 189-200. 
 
van Etten, E.J.B. & Fox, J.E.D. (2004). Vegetation classification and ordination 
of the central Hamersley Ranges, Western Australia.  Journal of the Royal 
Society of Western Australia 87: 63-79.  
  



 

INTRODUCING DOIR’S GUIDELINES FOR MINING PROPOSALS 
IN WESTERN AUSTRALIA 

 
 

Danielle Risbey 
Minerals Environment Branch, Department of Industry and Resources 

100 Plain Street EAST PERTH WA 6004 
 
 
ABSTRACT 
 
The Department of Industry and Resources has updated the ‘NOI guidelines’ to 
incorporate changes that have occurred since the guidelines were first 
published in March 1998.  Formerly known as “Guidelines to help you get 
Environmental Approval for Mining Projects in Western Australia” (Department 
of Minerals and Energy, March 1998), the new guidelines are now titled 
“Guidelines for Mining Proposals in Western Australia” (Department of Industry 
and Resources, February 2006). 
In line with the requirements of the Mining Act Amendments 2004 that were 
proclaimed on 10 February 2006, the “Mining Proposal” has replaced the former 
“Notice of Intent”.  Other changes incorporated into the new guidelines include 
the provision of information on the assessment process, Clearing Permits and 
the role of ODAC (Office of Development Approvals Co-ordination).  The 
guidelines have a stronger focus on the need for thorough pre-mine planning 
including consultation with relevant stakeholders, understanding the nature of 
the materials and most importantly - mine closure planning. 
The most up-to-date version of the guidelines is available on the DoIR website 
(www.doir.wa.gov.au). 
 
INTRODUCTION 
 
The “Guidelines for Mining Proposals in Western Australia” (February 2006) 
were issued by the Department of Industry and Resources (DoIR) to assist the 
mining industry in producing a Mining Proposal.  A Mining Proposal provides 
DoIR with information for the assessment of environmental impacts of a 
proposed mining operation and replaces the document formerly known as a 
Notice of Intent. 
The guidelines were updated in response to a number of changes that have 
occurred since the ”Guidelines to Help You Get Environmental Approval for 
Mining Projects in Western Australia” was first published in March 1998.  Each 
of these changes is described below: 

 Mining Act Amendment 2004 – A number of amendments to the Mining 
Act 1978 were proclaimed on 10 February 2006.  One of these 
amendments requires proponents to lodge either a Mining Proposal or a 
Statement and Mineralisation Report when applying for a Mining Lease.  



 

The change influenced changes to the section on Geology in the 
guidelines and gave rise to the term ‘Mining Proposal’.   

 Introduction of the Clearing Regulations – The old guidelines refer to the 
Soil and Land Conservation Act 1945 and the need for a “Notification of 
Intention to Clear Land” when clearing over one hectare.  This Act was 
repealed with the introduction of the Environmental Protection (Clearing 
of Native Vegetation) Regulations 2004 and was replaced by the Clearing 
Permit system. 

 Structural change of DoIR – The Safety and Health sections of the former 
Safety Health and Environment Division of DoIR was moved to the 
Department of Consumer and Employee Protection (DoCEP) in 2005.  An 
outcome of this Departmental change on the guidelines is that 
environmental approval is now issued by the Director Environment 
Division rather than the State Mining Engineer. 

 Introduction of ODAC - The Office of Development Approvals Co-
ordination (ODAC) was initiated in 2005 to assist industry with the co-
ordination of different approvals across government agencies for major or 
complex projects.  Information and contact details have been included in 
the new guidelines. 

 Keating Review of approvals process of mining projects in Western 
Australia – New assessment timelines were introduced to the Minerals 
Environment Branch in 2005 which made the Technical Certification 
system to get fast tracked approvals redundant.  Information on the DoIR 
assessment process has been added into the new guidelines. 

 Stronger emphasis on Mine Closure Planning – The old guidelines had a 
small section on “post mining land-use” and with more information now 
available on Mine Closure, this section was expanded in the new 
guidelines. 

These changes, together with a range of improvements suggested by DoIR 
Environmental Officers after nine years experience with using the old guidelines 
(1998–2006), prompted the generation of the new guidelines. 
 
The objectives of this paper are to highlight the improvements written into the 
new guidelines and highlight the main differences between the content of the 
new Mining Proposal and the old Notice of Intent. 
 
DIFFERENCES BETWEEN OLD & NEW GUIDELINES 
 
The main differences between the information provided in the old and new 
guidelines is highlighted below. 
 
Content and Layout 
 
The process of revising the guidelines provided the opportunity to update 
information and further enhance the readability of the guidelines.  The layout of 



 

the new guidelines was designed to be as streamlined and as ‘user-friendly’ as 
possible.  Sections that detailed background type information such as ‘Guiding 
Principles for Responsible Development’ and ‘Environmental and Other 
Approvals’ were referred to in the main body and were expanded in the 
Appendices. 
In the past, DoIR Environmental Officers assessing of Notices of Intent that had 
been prepared using the old guidelines would frequently have to contact the 
proponent to obtain further information.  This obviously made the assessment 
and approval process longer than necessary, hence the addition of more 
information in the new guidelines. 
 
Environmental Approval Process for Mining Proposals 
 
This is one of the new sections in the new guidelines and provides proponents 
with a complete overview of the steps involved in the environmental approval 
process under the Mining Act 1978.  The process commences with consultation, 
project scoping and preparation of the Mining Proposal.  The next phase 
involves the screening and assessment of the Mining Proposal, requesting the 
Environmental Bonds and concludes with issuing environmental approval and 
the imposition of further tenement conditions. 
The consultation and project scoping stage lays the foundation for the whole 
process and if done well, should remove the risk of unexpected issues which 
can delay the assessment and approval process.  With the introduction of 
timelines for the assessment of mining proposals in 2005, one of the outcomes 
of the Keating Review, it was important to provide advice in the guidelines on 
the importance of consultation prior to the submission of a Mining Proposal to 
ensure timelines can be met. 
 
Public Availability of Mining Proposals 
 
The public have always been able to access NOIs through the Freedom of 
Information (FOI) legislation.  The accessibility of Mining Proposals has been 
enhanced by posting all Mining Proposals submitted after the 10 February 2006 
on the DoIR website.  This improved accessibility assists mining companies 
who have taken over tenements to understand their inherited commitments and 
will spare DoIR Environmental Officers the laborious task of completing FOI 
searches in the future. 
 
Clearing 
 
The introduction of the Land Clearing legislation in 2004 made it necessary to 
add a section to the guidelines that covers Clearing permits.  This section was 
included in Environmental and Other Approvals in Appendix 7 of the new 
guidelines. 
 
Low Impact Mining Operations (LIMOs) 
 



 

Information on LIMOs had not been included in the old guidelines, but given the 
number of such proposals received, it was added in the new guidelines.  These 
small scale projects are often short term prospecting operations such as 
scraping and detecting, costeaning, and dry blowing projects, and can be 
assessed using information submitted on a specific Proforma which has also 
been included in the new guidelines. 
 
MINING PROPOSAL vs. NOTICE OF INTENT - DIFFERENCES IN CONTENT 
 
While there are a number of similarities between the content of the old NOI and 
the new Mining Proposal, there are some changes that have been made to 
improve the degree of information that can be included into the Mining Proposal 
to aid in an efficient assessment of the environmental aspects of a mining 
project. 
As with the preparation of a Notice of Intent, a Mining Proposal is only expected 
to include the sections of the guidelines relevant to the specifics of the proposed 
project. 
The main differences between the old Notice of Intent and the new Mining 
Proposal are highlighted below. 
 
Checklist 
 
The Mining Proposal checklist was devised not only to prompt proponents to 
check that they had considered and included relevant aspects of the Mining 
Proposal, but also to provide the DoIR Environmental Officer with a simple tool 
to aid in the initial screening assessment of the document.  The main sections 
of the 44 point checklist cover public availability of the mining proposal, mining 
proposal details (title page, number of copies submitted, etc), tenement details, 
location and site layout plans, EPA Act (MOU & clearing permit requirements), 
stakeholder consultation and environmental assessment and management (eg. 
CALM reserves, AMD assessment, preliminary closure plan). 
 
Electronic submission 
 
The advances in technology since 1998 have enabled better the accessibility to 
documents.  An electronic copy of the Mining Proposal should accompany two 
hard copies (three if lodged in Kalgoorlie) to enable posting on DoIR’s website 
and so that DoIR Environmental Officers can email the document to other 
decision making authorities for faster turn-around times when seeking advice. 
 
Existing Environment (Section 4.3) 
 
Changes to this section include the following:  

• Geology – this section has been expanded to include more specific 
geological information in response the Mining Act Amendments, i.e. the 
Mining Proposal may be used to support a Mining Lease application and 
this section would be assessed by the Geological Survey Division of 
DoIR. 



 

• Characterisation of waste rock and tailings - is a new section added to 
the new guidelines.  This information was often included in the past in 
NOIs in various forms, although it was not specifically mentioned in the 
old guidelines.  If this information was not included in an NOI, then it was 
usually requested from the proponent during the assessment phase of 
the NOI.  This type of information is very important in the environmental 
assessment of a mining project, hence its addition in the new guidelines. 

• Soils – this section has been expanded and now includes information 
about the physical nature of soils as well as the chemical properties.  
Such information is highly relevant to assessing the rehabilitation section 
of mining proposal, hence its addition to the new guidelines. 

• Flora & fauna - DoIR relies on advice from CALM on the assessment of 
the fauna and flora component of mining proposals, thus input from 
CALM on this aspect of the guidelines was sought while the new 
guidelines were being drafted.  Information such as background on 
consultants, survey methodologies, seasonal timing of surveys, local and 
regional significance of findings and the need to append surveys were 
additions suggested by CALM to aid the assessment process. 

 
Project Description (Section 4.4) 
 
Two sub-sections have been added to this section on Project Description, these 
include information on the ‘Area of Disturbance Table’ and ‘Compliance with 
Legislation and Other Approvals’. 
The area of disturbance table allows the DoIR Environmental Officer assessing 
the proposal to easily see the types of disturbance proposed on each tenement 
and is used to calculate environmental performance bonds.  When this table is 
not well presented well, it delays the assessment phase, hence the inclusion of 
advice on the requirements of the disturbance table in the new guidelines.  The 
old guidelines had a section on Unconditional Performance Bonds in Appendix 
6 – but did not describe the detail required for a disturbance table. 
A section on ‘Compliance with Legislation and Other Approvals’ was added to 
the Project Description section of the new guidelines to prompt the proponent to 
identify all of the approvals required before commencing a project.  A 
compliance checklist provides the DoIR Environmental Officer assessing the 
Mining Proposal with the assurance that other relevant approvals are being 
sought in parallel to the Mining Act approval.  Not all approvals from other 
agencies are required prior to the issuing of approval under the Mining Act 
1978, however one agency may raise an issue which can have consequences 
on the information provided in the Mining Proposal. 
 
Environmental Impacts and Management (Section 4.5) 
 
All sub-sections in this section of the new guidelines have changed to some 
degree. 
The sub-section on land clearing has obviously changed in response to the 
introduction of the Clearing Regulations.  As mentioned earlier in this paper, the 



 

‘Notice of Intention to Clear Land’ form was repealed and replaced with the 
requirement of a Clearing Permit (where applicable). 
The sub-section on water covers the same issues as in the old guidelines but 
has been expanded to provide more detail to ensure that adequate information 
is included in the Mining Proposal. 
The section on Flora and Fauna was broadened to include ecosystems so that 
impact management strategies don’t just focus on several species, but consider 
whole ecosystems. 
A new sub-section on topsoil and soil profile management was added in 
response to this type of information often being left out of Notices of Intent.  
Various aspects of topsoil management are described in the new guidelines and 
should be addressed in the topsoil management plan component of the Mining 
Proposal. 
The section on waste products has been split into three sections: domestic and 
industrial waste products, waste rock and tailings management, and 
hydrocarbon management. 
The section on Dangerous Goods now also includes information on the 
Contaminated Sites Act 2003 which is likely to come into effect during 2006. 
The section of atmospheric pollution now covers noise pollution as well. 
One very important change in the new guidelines is that the sections on 
rehabilitation and post mining land use in the old guidelines have been moved 
to a new section devoted to Mine Closure.  This is discussed further below. 
 
Mine Closure 
 
For a number of years, information on mine closure planning has been 
requested to be included in a proponent’s Notice of Intent during the project 
planning phase and also at the assessment phase as necessary.  These 
requests were met with varying degrees of satisfaction. 
The requirement for information on Mine Closure Planning prior to the 
commencement of mining has now been formalised through the addition of a 
section on Mine Closure.  Perhaps the most important change in the new 
guidelines is that a Preliminary Mine Closure Plan is required to be appended to 
the Mining Proposal. 
It is DoIR’s intent that the Closure Plan remains a live document that is revised 
through the Annual Environmental Reporting process as results from field 
evaluations and trials become available.  It is recommended that the ANZMEC 
strategic framework for mine closure (2000) be used to manage mine closure 
and decommissioning. 
 
SUMMARY 
 
DoIR’s current “Guidelines for Mining Proposals in Western Australia” (February 
2006) replace the old “Guidelines to help you get Environmental Approval for 
Mining Projects in Western Australia” (March 1998).  The new guidelines 



 

contain updated information including the implications of the Mining Act 
Amendments 2004 on Mining Proposals, public availability of Mining Proposals, 
Land Clearing, the introduction of ODAC, information on DoIR’s environmental 
assessment process and mine closure planning. 
The new guidelines aim to assist the mining industry in preparing a concise, 
informative Mining Proposal that can be easily and efficiently assessed by DoIR 
Environmental Officers for the purpose of facilitating the responsible 
development of mining for the benefit of the people of Western Australia. 
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ABSTRACT 
 
The Western Australian minerals and energy industry is a small land user, 
responsible for a total cumulative disturbance of 0.06 per cent of the State, 38 
per cent of which is currently subject to rehabilitation. Best practice 
environmental management is an integral component of industry operations. 
The mining industry is unique in the way it manages native vegetation. Much of 
the industry’s activity involves low impact activities such as exploration, from 
which vegetation recovers without intervention. Disturbance in relation to mining 
operations is generally subject to legal requirements governing rehabilitation, 
supported by a bonding system that ensures redress in the very rare event that 
operators do not meet their commitments. 

There is significant existing regulation of the impact of mining activities on 
native vegetation. The Environmental Protection (Clearing of Native Vegetation) 
Regulations 2004, which  came into effect on 8 July 2004, duplicate other 
approval processes and are resulting in significant delays and costs to 
government and industry for little environmental benefit. 

The industry is not seeking exemption from regulation of its clearing activities, 
but is seeking an integrated regulatory system with reasonable time lines. 

The industry argues that its impact on native vegetation can be regulated more 
efficiently with shorter timeframes and less cost, and with a better or equivalent 
environmental outcome through integrated approval processes under the 
Mining Act, State Agreements and Part IV of the Environmental Protection Act. 
 
INTRODUCTION 
 
The environmental impacts of mining operations are under increased scrutiny 
by governments and the community. At the same time, there has been an 
increased ability on the part of the industry to mitigate negative environmental 
effects and enhance the environmental benefits of its operations. 
 
Environmental management is a strategic and operational priority for the 
Western Australian minerals and energy industry. The industry recognises that 
maintenance of a ‘license to operate’ is dependent on community support for 
resources development, and this is largely reliant on good environmental 
performance. Industry performance is underpinned by a considerable array of 



 

both State and Federal statutory requirements governing every aspect of 
environmental performance from exploration to mine closure. 
 
The Chamber of Minerals and Energy WA (CME) recognises the need to 
regulate the impact of human activity on native vegetation. Land clearing for 
various uses, particularly agriculture, roads and residential development, has 
had a severe impact on the State’s native vegetation. In relation to the 
resources sector, however, there is significant existing regulation of the impact 
of mining activities on native vegetation and the environment generally. 
 
CME is of the view that the unimpeded operation of this existing regulation is a 
better tool for regulating the impact of the industry on native vegetation than the 
creation of an additional approval process in an industry that is already subject 
to a complicated approval regime. The adoption of parallel regulatory processes 
is also in direct conflict with the recommendations of the Western Australian 
Government’s 2002 Review of the Project Development Approvals System (‘the 
Keating Review’) (Government of Western Australia 2002). 
 
The changes to the land clearing regulatory regime are contained in the recent 
amendments to the Environmental Protection Act 1986 (WA) (‘the EP Act’) as 
well as the Environmental Protection (Clearing of Native Vegetation) 
Regulations 2004 (WA). CME’s analysis of these changes — which are 
hereafter referred to as the ‘Clearing Laws’ — shows that the impact on industry 
has been adverse and severe. 
 
CME submits that the impact of the resources industry on native vegetation can 
be regulated more efficiently and with a better environmental outcome. 
CME is committed to developing a proposal for reform that will address and 
resolve the industry’s concerns, while at least maintaining — and probably 
improving — regulatory efficiency and environmental outcomes. 
 
INDUSTRY'S EXPERIENCE WITH THE CLEARING LAWS 
 
While the timeframes for granting clearing permits differ for each clearing permit 
application, it is not uncommon within the mining and resources industry for 
clearing permits to take more than 12 months to be granted. Determination of 
appeals can take another 2 months. Even simple proposals will take 10 to 12 
weeks to assess and approve. 
 
It is important to note that these timeframes exist in the context of current 
exemptions in respect of items 24 and 25 of the Regulations applying to 
exploration and prospecting activities. Once those exemptions expire on 8 April 
2006, many more clearing permit applications are likely to be lodged, which will 
slow down the approval process considerably.   DoIR is expecting additional 
150-200 standard applications post 8 April should the extension expire.  
According to DoIR, of the 94 applications it has received since July 2005 (when 
DoE delegated authority to it), only 26 have been granted and 15 withdrawn. 
 



 

Industry is concerned that government resources are inadequate to process the 
additional applications within acceptable timeframes and this points to an urgent 
need to accelerate the process of assessing the impacts of the industry on 
native vegetation. In our dialogue with environmental organisations, it is clear 
that “rogue” operators are of significant concern. CME contends that the key 
regulatory agency — the Department of Industry and Resources (DoIR) — can 
more effectively control such minority elements by simplifying the assessment 
process (which rogue operators will bypass anyway) and using the available 
resources to undertake greater audit and checking activity in the field. 
 
ENVIRONMENTAL REGULATION OF THE MINING INDUSTRY 
 
The environmental impacts of the mining industry are comprehensively 
regulated under the Mining Act 1978 (WA), State Agreements, the 
environmental impact assessment provisions in Part IV of the EP Act and the 
operating licence and works approval provisions in Part V of the EP Act. 
Clearing of native vegetation as part of mining industry operations is subject to 
environmental performance bonds that are specifically designed to ensure that 
the land is rehabilitated with native vegetation. This is in direct contrast to other 
industries for which little or no regulation is in place. 
 
The Keating Review, which was completed before the introduction of the 
Clearing Laws, made recommendations to streamline the approvals process in 
Western Australia. Recommendation 12 stated: 
 

Where legislation is proposed that would require additional approvals to 
be obtained by projects, then the Minister sponsoring that legislation 
should be required to demonstrate that equivalent existing approvals are 
being replaced or that all other options, including accommodating the 
approval within an existing approval, have been considered. The Minister 
would need to demonstrate how the new approval would relate to 
existing approvals without causing undue delays or complications in the 
project approvals process. (Government of Western Australia 2002, p. 3.) 

 
CME contends that this process was not followed with respect to the new 
clearing laws. 
 
In her second reading speech on the Environmental Protection Amendment Bill 
2002, the Minister for the Environment, Hon. Dr Judy Edwards MLA, said in 
relation to the land clearing regime: 
 

… it is not intended to duplicate existing approval processes or to stop 
day-to-day activities that have no significant impact. (Western Australia 
2002.) 
 

Clearly the subsequent Clearing Laws have not met this objective. 
There has been little analysis of how the objectives of the Clearing Laws can be 
met efficiently through approvals processes under mining legislation and the EP 



 

Act. When the Clearing Laws are considered in the context of the laws that 
applied to the resources industry before the Clearing Laws commenced, it is 
difficult to see what environmental outcome the Clearing Laws were intended to 
achieve that was not already regulated effectively. These processes are flexible 
enough to enable the impact of the proposed activity on native vegetation to be 
identified and managed using a risk assessment approach. 
 
The Clearing Laws have unnecessarily added to the cost, duplication, time and 
complication of the approval process. This raises significant inefficiencies in 
both government and industry. 
 
CME submits that the impact of mining activities on native vegetation can and 
should be addressed through an integrated approval process with reasonable 
timelines.  
 
Impacts of the mining industry on native vegetation  
 
While most mining activities have some impact on native vegetation, this impact 
is relatively small when compared to broad scale clearing and damage to native 
vegetation that has, and in some cases continues to be caused by other 
industries such as pastoral grazing and agriculture. The impact of mining 
activities is also often temporary, as mining legislation requires rehabilitation at 
the completion of exploration activities and mining operations. 
 
The area of land disturbed by the mining industry in Western Australia is 
extremely small. In 2003, the total area of land disturbed by the mining industry 
for exploration and mining purposes was 2,500 hectares or 0.001 per cent of 
the Western Australian land mass. The area of land subject to preliminary 
rehabilitation or revegetation in the same year actually exceeded the area 
disturbed for mining, at 3,254 hectares. The cumulative area of land disturbed 
by the industry to the end of 2003 amounted to 0.06 per cent of the State’s land 
mass and 38 per cent of this area is currently at some stage of the rehabilitation 
process. 
 
The impacts on native vegetation caused by the mining industry can be broadly 
characterised into 3 categories:   
 

1. Prospecting and exploration activities give rise to temporary disturbance 
of small areas, most of which is promptly rehabilitated under mining 
legislation and tenement conditions once the activity ceases. 

2. Clearing for mining infrastructure, such as transmission lines, pipelines, 
lay down areas, camp sites, storage sheds, access roads, waste dumps 
and monitoring bores. The areas cleared for this infrastructure are 
usually relatively small and fully rehabilitated once mining ceases. 

3. Clearing to establish and operate the mine pit or shaft disturbs a 
relatively small area when compared to 1 and 2 above.  



 

We describe below the environmental regulation that applies to the mining 
industry, to show that the impacts on native vegetation have been adequately 
examined and addressed by the regulatory regime that existed before the 
introduction of the Clearing Laws. 
 
Significant environmental impacts – environmental impact assessment 
under the EP Act 
 
All mining activities are subject to Part IV of the EP Act. Any mining activity that 
is likely to have a significant effect on the environment, including through its 
impact on native vegetation, will be referred to the EPA for assessment and 
Ministerial approval. This is the highest form of environmental regulation in 
Western Australia and generally applies to new mining projects or extensions to 
existing projects. Usually, a Part IV approval is obtained for all aspects of a new 
mining project, including mining infrastructure. 
  
The Memorandum of Understanding (‘the MOU’) between the DoIR and the 
Environmental Protection Authority (EPA) dated 17 December 2004 sets out 
criteria for determining when mining activities should be referred to the EPA. 
The criteria overlap with the Environmentally Sensitive Areas (ESA) and the 
‘non-permitted areas’ in the Clearing Laws.  
 
The list of ‘triggers’ for referral to the EPA is comprehensive and includes (but is 
not limited to) proposals wholly or partly within:  
 

a) 200 metres of the boundary of various protected areas (which include 
CALM Conservation Reserves, Threatened Ecological Communities, 
World Heritage Properties, Bush Forever Sites, Regional Parks, 
Biosphere Reserves, Soil Reference Sites and Heritage Sites); 

b) a Red Book area; and 

c) sensitive riparian/groundwater areas. 

The MOU also requires consideration of the nature of the activity, the resilience 
of the environment and the magnitude, spatial extent and duration of the 
anticipated change. 
 
Therefore, all proposed mining activities that have a significant effect on the 
environment, read in context with the MOU, will trigger assessment by the EPA 
and approval under Part IV of the EP Act. This is the most rigorous form of 
environmental assessment and approval in Western Australia.  
 
Proposals that receive approval under Part IV of the EP Act do not require a 
clearing permit. Activities that are ancillary to but not included in the proposal 
approved under Part IV of the EP Act will not be exempt from the clearing 
permit regime under Schedule 6 of the EP Act. This might include, for example, 
an extension to a gas pipeline, a new access road or an additional storage 
shed. The incremental development of facilities and infrastructure associated 



 

with an existing mining operation that is often not included in a Part IV approval 
often do not involve a significant environmental impact. 
 
This situation also results in proposals being referred to the EPA (the 
determination of which is subject to a 2 week appeal period), then being 
deferred to the clearing assessment process which has further appeal 
provisions, giving a total of 7 weeks of appeals. 
 
The treatment of pre-existing proposals – being linked to prior EPA assessment, 
has also resulted in some mining proposals effectively becoming “unapproved” 
for the aspects of the mine that require ongoing clearing. This means that 
despite the EPA of the day having the opportunity to assess the proposal and 
having found that it was not of significance, the proponent must seek new, 
further approvals to continue mining what was an “approved” project. 
 
The Mining Act 
 
Mining tenements have in the past been granted subject to standard conditions 
which require tenement holders to obtain approval from DoIR before 
undertaking any ground disturbing activities on the tenement (Ground 
Disturbing Approval or GDA). This applies to all activities, such as prospecting, 
exploration, camp sites, lay down areas, mining infrastructure (eg pipelines, 
roads, transmission lines) and monitoring bores.  
 
The GDA application form requires the tenement holder to provide detailed 
information about the proposed activity, the existing environment, environmental 
management techniques, methods of minimising disturbance and proposed 
rehabilitation. The tenement conditions also require prompt rehabilitation to the 
satisfaction of DoIR, performance bonds (with sign off requirements to recover 
the bond), inspections and reporting to government on environmental 
performance.  
 
Since the commencement of recent Mining Act Amendments, the Mining Act 
deems every mining tenement to be subject to a condition which prevents the 
tenement holder from using ground disturbing equipment unless a programme 
of work has been submitted and approved. 
 
On a mining lease and general purpose lease, a standard condition has in the 
past been imposed requiring the tenement holder to submit a Notice of Intent 
(‘NOI’) for approval before undertaking mining activities. Once the NOI was 
approved, a condition was imposed on the mining tenement requiring the 
tenement holder to comply with the commitments in the NOI, to submit annual 
environmental reports and usually, to provide a performance bond.   
  
Under the amended Mining Act, all mining leases are granted subject to the 
condition that before mining operations are carried out on a mining lease, the 
tenement holder must lodge a mining proposal and obtain approval for the 
proposal. 



 

 
In effect, the GDA has been replaced with a Programme of work and the NOI 
with the Mining Proposal. The procedures being used by DoIR to assess and 
manage have been upgraded to provide even greater emphasis on 
environmental controls. 
 
A complication of the current dual system is that there is potential for tenement 
conditions to conflict with clearing permit conditions, duplication of conditions, 
and tenement conditions becoming effectively redundant, although not 
necessarily removed. 
 
Therefore, under current mining legislation, all activities that involve disturbance 
of native vegetation are assessed, approved and conditions are imposed which 
are enforced by DoIR. This is a comprehensive system for regulating the 
environmental impact of mining activities, including the impact on native 
vegetation, even where those impacts are not so significant as to be referred to 
the EPA for assessment under Part IV of the EP Act. 
 
Part V of the EP Act – Works approvals and operating licences 
 
Under Part V of the EP Act, prescribed premises require a works approval and 
an operating licence. Prescribed premises in the mining industry generally 
include grinding, milling, crushing, dewatering and mineral processing and 
tailings facilities (with tonnage limits).  
 
Schedule 6 of the EP Act includes an exemption for clearing done in 
accordance with a works approval or licence. Therefore, a clearing permit is not 
required where the clearing is required to construct and operate a prescribed 
premise.  
 
State Agreements 
 
State Agreements generally impose a regime to regulate environmental issues, 
through imposing Mining Act requirements, specific environmental obligations in 
the State agreement and by preserving the operation of the EP Act. 
 
State Agreements often require companies to prepare environmental 
management programmes and consult with government departments in the 
proposal approval process, continually assess the effectiveness of their 
environmental protection measures and prepare reports to government on 
environmental performance.  
 
Meeting the Objectives of the Clearing Laws 
 
The object of the Clearing Laws is to regulate the impact on native vegetation of 
activities that are likely to have an important impact on native vegetation, but 
where the impact is not so significant as to require the proposal to be referred 
for assessment and approval under Part IV of the EP Act. The general intent of 



 

the Clearing Laws is also to exempt activities that are authorised (and therefore 
regulated) by other legislation or other mechanisms under the EP Act (eg where 
a works approval or operating licence is held). The exemptions in the Clearing 
Regulations were generally intended to exempt proposals that had a low impact 
on native vegetation (as a result of the nature of the activity and the affected 
environment). 
 
The CME submits that for the mining industry, there is no gap in regulation for 
the Clearing Laws to fill. The impact of mining activities on native vegetation 
(both low and significant impacts) is already properly regulated through mining 
legislation, State Agreements, Part IV of the EP Act, works approvals and 
operating licences.  
 
On that basis, CME submits that the impacts of the mining industry on native 
vegetation should be regulated through those existing laws, not through an 
additional approval process as currently imposed by the Clearing Laws.  
 
PROBLEMS WITH THE CLEARING LAWS FOR THE MINING INDUSTRY 
 
The problems the mining industry is experiencing arise because the Clearing 
Laws are complex, arbitrary and impose an additional time consuming approval 
process on activities that are already heavily regulated.  
 
The Clearing Laws are, in effect, a complicated environmental impact 
assessment process. The process is, in some cases, more time consuming 
than the assessment process under Part IV of the EP Act. The additional cost 
and extended approval timeframes imposed by the Clearing Laws are wholly 
disproportionate to the environmental impact resulting from activities of the 
mining industry that are caught by the Clearing Laws. It is only those mining 
activities involving clearing and which do not have a significant environmental 
impact (that is, those that do not trigger Part IV assessment) that are subject to 
the Clearing Laws. Generally, mining activities do not permanently change the 
land use, have a temporary impact and are subject to rehabilitation 
requirements. It should not be necessary to subject relatively low impact 
activities to an onerous approval regime in addition to the existing regulatory 
regime. 
 
Below are some examples of the significant problems CME members have 
experienced with the Clearing Laws: 
 

a) The Clearing Laws are not achieving a positive environmental outcome 
in the mining industry that justifies the massive compliance costs for 
industry and administrative costs for government. The excessive 
approval timeframes are significantly compromising investment 
opportunities in the mineral industry in Western Australia. Companies 
have indicated opportunity costs of up to $1.5 million for a two month 
delay, with windows of opportunity closing for time critical projects before 



 

approvals have been granted. Companies are also reporting costs of 
$200,000–$300,000 sunk into assessment and approval processes. 

b) In some cases, the Clearing Laws are encouraging negative 
environmental impacts because of the arbitrary nature of the regime. For 
example, the Clearing Laws create an incentive to clear the maximum 
amount of native vegetation allowed under the exemptions to lower the 
risks involved in applying for a clearing permit, or not falling within an 
exemption, at a later date. The laws also discourage rehabilitation 
because companies will not want to allow regrowth or rehabilitation that 
may need to be cleared under the Clearing Laws at a later date. 

c) It is difficult to determine whether an exemption applies to a particular 
activity because the exemptions are limited to tightly defined activities 
and are subject to a number of exceptions. For example, the manner in 
which ESAs and permitted areas are defined makes it difficult to 
determine whether or not the area is an ESA or a permitted area. Expert 
opinion is often required.  

d) The exemptions in item 20, Schedule 1, clause 2(1) are arbitrary and do 
not provide an exemption for all activities that have a low impact on 
native vegetation. For example, clearing for camp sites, storage 
purposes and similar incidental purposes for specified exploration 
activities are exempt if the total area cleared for those purposes is less 
than 2 hectares. However, clearing for a camp site or other purpose 
incidental to mining operations is not exempt. Another example is that 
some compressed air drilling is exempt, but drilling using drilling fluids is 
not exempt, even if the impact on native vegetation is no greater. A 
further example is that prospectors can undertake a scrape and detect 
operation on increments of 2 hectares of land, but a clearing permit is 
required to extend a pit or waste dump even if less than 2 hectares is 
required to be cleared. These examples do not take account of the 10 
hectare exemption. The 10 hectare exemption has improved the 
situation, but has its own limitations (set out below). 

e) The Clearing Regulations treat permanent clearing which gives rise to a 
permanent change in land use (eg for agriculture, urban or other 
development) the same as proposals where there will be substantial 
rehabilitation. The impacts are clearly not the same and the Clearing 
Laws should recognise this. 

f) The 10 hectare exemption in Item 20 and Schedule 1 is arbitrary. It does 
not account for the differing sizes of mining tenements, nor a tenement 
made up of sections, and is not based on the environmental impact of 
the activity. 

g) The exemptions in items 20 and 25 do not apply to mining tenements 
granted under a State Agreement or mining rights held under private land 
ownership, even though those activities would have the same impact on 



 

native vegetation as mining activities authorised under the Mining Act 
1978 and in some instances are subject to further regulation. 

h) The exemptions in items 1 and 15 for buildings and structures do not 
apply to all mining infrastructure on mining tenure that would have a 
similar environmental impact. For example, stockpiles, waste dumps, lay 
down areas, camp sites, pipelines, communication equipment and 
monitoring bores would not fall within these exemptions even though 
they have a low impact on native vegetation. The definition of “property”, 
the 1 hectare limitation and the inherent limitations with the use of the 
word “structure” (which is not defined) prevents these exemptions from 
adequately applying to the mining industry. 

i) The DoE is requiring proponents to obtain a works approval AND a 
clearing permit, when the clear intent of the EP Act is that a clearing 
permit is not required for activities authorised by a works approval. The 
DoE's position is set out in "A Guide to the Exemptions and Regulations 
for Clearing Native Vegetation" prepared in June 2005 (Department of 
Environment 2005). This policy is unnecessary and contrary to the 
recommendations in the Keating review. 

j) The EP Act does not clearly state what information must be submitted 
with a clearing permit application and gives the government discretion to 
require additional information both before accepting an application and 
during the assessment process. Additional information is sometimes 
requested with the un-stated aim of ‘avoiding appeals’. Applicants have 
had difficulty preparing an application that meets government 
requirements. Often, government requires expert reports and surveys. 
These are time consuming and expensive processes which are often not 
justified by the likely impact of the activity on native vegetation. In the 
extreme, this can mean deferring any works until a spring survey is 
completed and can potentially cause delay in excess of one year. 

k) The process for assessing a clearing permit application is time 
consuming and costly. The DoIR is aiming to perform the assessment in 
90 days, which is still an extremely long time in the context of an 
exploration project or where additional infrastructure, waste dumps or 
storage areas are required. Some permit applications have taken much 
longer under DoE administration (more than 6 months). The 90 days also 
does not take into account the time it takes mining companies to prepare 
a valid application and the supporting information (which can take more 
than 1 month, especially if new vegetation surveys are required), nor the 
appeal process (which can take more than 7 weeks). This can result in 
substantial mobilisation, planning and standby costs. 

l) No statutory timeframes are imposed on government in relation to the 
completion of the clearing permit application process. 



 

m) The 21 day time period allowed for public comment on a clearing permit 
application and the 21 to 28 day appeal periods are excessive. The 
appeal periods under the Clearing Laws are longer than the appeal time 
periods allowed for decisions made under Part IV of the EP Act. The 
appeal period adds 21 days to the approval process because the 
applicant cannot be assured of a valid permit until the 21 day appeal 
period has elapsed. 

n) If a proposal is referred to the EPA under Part IV of the EPA Act and the 
EPA decides not to assess it, the proposal is subject to the clearing 
permit regime. The public will have opportunities to appeal the EPA’s 
decision, to comment on the clearing permit application and to appeal the 
clearing permit decision. This amounts to 7 weeks in which the public are 
given the opportunity to consider the proposal and adds to the delay in 
obtaining approval. It is excessive in circumstances where these 
proposals will not have a significant effect on the environment. 

o) The conditions that have been imposed on clearing permits can be 
onerous, impose high compliance costs, are sometimes inconsistent with 
the exemptions and do not always contribute to an environmental benefit. 
For example, proponents that have applied for a clearing permit out of 
caution have had conditions imposed which require flora surveys in 
circumstances where less than 1 hectare is to be cleared (although the 
permit authorises a much larger area to be cleared). This is not 
consistent with the exemption in item 20 for up to 10 hectares without 
undertaking surveys. In other cases, conditions are being imposed that 
replicate the conditions imposed on NOI or GDA approvals. Such 
conditions do not provide an environmental benefit that is not already 
achieved through existing regulatory processes. 

p) There is significant overlap between the definitions of ESAs, permitted 
areas and the triggers for environmental impact assessment set out in 
the MOU between EPA and DoIR dated 17 December 2004. This 
illustrates the overlaps between the objectives of the Clearing Laws and 
those of the environmental impact assessment process. The language is 
confusing with “permitted areas” and “non-permitted areas” definitions 
having been swapped – this change has not resulted in clarification. 

q) The definition of 'owner' in section 51A of the EP Act does not include 
tenement holders and restricts tenement holders from applying for area 
permits. 

r) The system does not enable decisions to be made when information 
requirements are difficult or unreasonable to service. Application of the 
‘precautionary principle’ does not justify this approach when risk 
assessment can demonstrate acceptability.  

s) Permits may be withheld pending other approvals rather than made 
conditional upon other approvals. 



 

t) The merits of considering mine/exploration rehabilitation as native 
vegetation — and hence requiring further permits for any re-disturbance 
— needs to be carefully considered. Given the fact that mineralised 
areas are often re-mined and are already subject to controls, any 
requirement for further permitting will create additional work for no 
benefit. 

 
REFORM PROPOSAL 
 
CME submits that the impact of all mining activities (under State Agreements, 
the Mining Act and on freehold land) on clearing native vegetation should be 
considered in the regulatory processes that already apply to the mining industry. 
An integrated approach to project approvals is required, especially in 
circumstances where the environmental impact is not significant (that is, in 
circumstances where assessment is not required under Part IV of the EP Act). 
 
DoIR can consider any impact on native vegetation of mining activities through 
mining tenement conditions and State agreement processes. DoIR can and 
should consider all material aspects of each proposal (including the impacts on 
native vegetation) on its merits using a risk assessment approach.  
 
CME will work with DoIR and other stakeholders to determine what (if any) 
changes need to be made to regulatory processes to ensure the impacts of 
clearing native vegetation are efficiently assessed by DoIR within acceptable 
timeframes and outside the Clearing Laws. CME is of the view that major 
changes to the regulatory processes that apply to the mining industry are not 
required. 
 
A risk assessment approach based on the impact on native vegetation removes 
any need to identify and describe ‘low impact’ mineral activities, a process that 
will always be arbitrary, cumbersome and not related to the environmental 
impact of the activity. 
 
CME has been working on proposals to reform the Clearing Laws. It has 
contributed to debate on the topic through the review of Schedule 1 undertaken 
by the Department of Environment, through continuous comment to government 
about the problems experienced by the industry and by presenting ideas for 
reform. 
 
More recently, a membership subcommittee within CME has been considering 
better ways of regulating clearing of native vegetation in the mining industry. 
The subcommittee has identified principles for inclusion in an integrated 
regulatory process and which could be incorporated in the regulatory processes 
that currently apply to the resources industry (but outside of the Clearing Laws).  
 
Those principles include: 
 



 

• Allowing clearing in circumstances where the clearing is deemed to be 
low impact to native vegetation without approval and in a short timeframe 
(threshold based on the impact on vegetation, not the type of activity); 

• Where the risk is not low impact but is not significant and does not 
require EPA assessment, allowing clearing in a short timeframe following 
a risk assessment which considers the impact from the activity, the 
condition of the existing vegetation, the manner in which the clearing is 
done and rehabilitation. Any ‘approval’ should be determined as part of 
an integrated approval under mining legislation; 

• Identifying the type of information about the area that should be obtained 
before clearing can proceed. Field surveys should not be required in all 
circumstances. 

• Identifying standards for the manner in which clearing can occur (eg 
requiring weed management processes). 

• Providing transparency through publication of proposals involving 
clearing of native vegetation on the DoIR website. 

• A requirement to report the amount of vegetation actually cleared. 

• By providing for a simpler and more efficient approval process, freeing up 
government resources to audit compliance and freeing up company 
resources to focus efforts on environmentally beneficial activities (such 
as rehabilitation, internal audits and improvements). 

• Improving government databases to make better information available 
concerning the state of native vegetation. This might include providing a 
resource which makes field surveys submitted to government publicly 
available. 

 
 
REFERENCES 
 
Department of Environment. 2005, A Guide to the Exemptions and Regulations 
for Clearing Native Vegetation, 
<http://portal.environment.wa.gov.au/pls/portal/url/ 
item/FB1A6C607A149821E03010AC6E0541CB>, accessed 14 March 2006. 
 
Environmental Protection Act 1986 (WA) 
 
Environmental Protection Amendment Bill 2002 (Legislative Assembly, WA) 
 
Environmental Protection (Clearing of Native Vegetation) Regulations 2004 
(WA)  
 



 

Government of Western Australia. 2002, Review of the Project Development 
Approvals System, Department of Industry and Resources, Perth. 
Mining Act 1978 (WA) 
 
Western Australia, Legislative Assembly 2002, Debates, Hon. Dr Judy Edwards 
MLA, Maylands, Minister for the Environment and Heritage, 
<http://www.parliament.wa.gov.au/hansard/hans35.nsf/(Lookup+by+Page)/2002
27060212302?opendocument>, accessed 14 March 2006. 



 

A PRACTICAL APPROACH FOR MINING COMPANIES IN 
WESTERN AUSTRALIA TO COMPLY WITH THE 

CONTAMINATED SITES ACT 
 
 

John White 
Doug Koontz 

Aquaterra Consulting 
125 Melville Parade, Como, WA 6152 

 
 
ABSTRACT 
 
The Western Australia Contaminated Sites Act 2003 and the Contaminated 
Sites Amendment Act 2005 have now received Royal Assent.  Before the Act 
and the amendments take effect, the Contaminated Sites Regulations must be 
finalised.  It is envisaged that the Contaminated Sites Act will commence in 
about July 2006. 
 
Under the Act there is a duty to report known or suspected contamination to the 
Department of Environment (DoE) within six months of the Contaminated Sites 
Act commencing.  This duty to report applies to:  property owners / occupiers; 
anyone who caused or contributed to the contamination; and to Contaminated 
Sites Auditors who have been engaged specifically for purposes of the Act.  
Aside from those who have the duty to report, there is a provision that permits 
anyone else to report suspected or known contamination if they wish to do so, 
provided the report is based on reasonable grounds.   
 
Mining and exploration activities can result in contaminated ground/soil, surface 
water and groundwater.  With the Contaminated Sites Act around the corner 
mining companies are beginning to wonder just how the Act will be applied to 
their operations.  
 
This paper describes how the administrative and technical aspects around the 
Contaminated Sites Act might affect mining companies, and how the majority of 
these companies already have what it takes to demonstrate compliance with the 
Act.   
 
Goldfields Limited operations at St Ives and Agnew have taken a proactive 
stance toward the Act by commencing a systematic review of accessible 
information to determine if there are known or potential contamination areas on 
their mining leases.   
 
The information presented in this paper provides general guidance to 
operations in Western Australia looking to comply with the pending 
Contaminated Sites Act and valuable tips on identifying potential environmental 
liabilities to any national or international company looking at acquiring or 
divesting exploration and mining leases. 



 

INTRODUCTION 
 
The Western Australia Contaminated Sites Act 2003 and the Contaminated 
Sites Amendment Act 2005 have now received Royal Assent.  However, before 
the Act and the amendments take effect, the Contaminated Sites Regulations 
will need to be finalised.  At the time of writing this paper the Department of 
Environment (DoE) were working with the Parliamentary Counsel’s Office to 
finalise the Regulations and it is now anticipated that the Regulations will be 
finalised during the first part of 2006, and that the Contaminated Sites Act will 
commence in about July 2006. 
 
Some mining and exploration activities can result in contaminated ground/soil, 
surface water and groundwater.  It will be an interesting time for the mining 
industry when the Act commences because: 
 

1. there is an duty to report known or suspected contamination to the 
Department of Environment (DoE) within six months of the Contaminated 
Sites Act commencing; and 

2. the duty to report applies to: 
a. the owner / occupier of the property; 
b. those who caused or contributed to the contamination; and 
c. a Contaminated Sites Auditor who has been engaged for 

purposes of the Act. 
 
Aside from those who have the duty to report there is a provision that permits 
anyone else to report suspected or known contamination if they wish to do so, 
provided the report is based on reasonable grounds.   
 
The majority of mining and exploration companies already apply routine 
practices that are relevant to the management of site contamination and 
essentially have what it takes to demonstrate compliance with the Act.   
 
This paper describes how the administrative and technical aspects around the 
Contaminated Sites Act might affect mining and exploration companies, and 
how Goldfields Limited operations at St Ives and Agnew have taken a proactive 
stance toward compliance with the Act.   
 
RELEVANT ENVIRONMENTAL LEGISLATION IN WESTERN AUSTRALIA 
 
The following legislations are relevant to contamination at mining and 
exploration operations in Western Australia: 
 

1. Environmental Protection Act 1986  
2. Rights in Water and Irrigation Act 1914  
3. Mining Act 1978 



 

4. Contaminated Sites Act 20039  
 
A broad summary of the relevance and general applicability of these Acts is 
provided in Table 1.   
 
Table 1:  Relevant Environmental Legislation 
Act Relevance Application 
Environmental 
Protection Act 
1986 

Environmental Protection Policies 
Environment Impact Assessment of 
proposals 
Native Vegetation Clearing  
Waste management 
Environmental harm 
Control of pollution by Works Approval 
process, operating License conditions and 
pollution abatement notices 

Applies to specified activities, 
processes and areas 
Operating License applies only to 
the period of operation 
 

Rights in Water 
and Irrigation Act 
1914 

Management and allocation of surface water 
and groundwater resources 
Licensing for water well drilling and taking 
water 

Conditions on water use depend 
on the activity and location 
Licenses apply in proclaimed 
areas and are not applicable once 
operations cease to take water 

Mining Act 1978 Mining proposals and approvals 
Lodgement of bonds for rehabilitation 
Mine closure 

Provides a structured process for 
mining proposals to be assessed 
Applies throughout the mine life 
cycle from exploration, mining to 
closure 
Bonds may be relinquished once 
rehabilitation is demonstrated 

Contaminated 
Sites Act 2003 

Defines contamination and concepts of 
‘polluter pays’, ‘full life cycle costs’ and 
‘waste minimisation’ 
System of reporting, classifying and 
recording site contamination 
Remediation 
Investigation, clean up and hazard 
abatement notices 
Contaminated Sites Auditors 

Complementary to all other 
legislations 
Requires contamination risks to 
be disclosed within a nominated 
period and prior to property 
transactions occurring 
Applies to any premise, at any 
stage of operation 
Applies post-closure 

 
From Table 1. it is evident that the Contaminated Sites Act is designed to ‘close 
gaps’ between the current legislations, and is targeted at any type of activity 
(historical or current) that is suspected to pose a contamination risk.   
 
Under the Act it will be possible for the DoE to enforce investigations at 
suspected contamination sites and enforce the management and clean up of 
sites that are deemed to pose a risk to human health or environmental values.  
The Act also applies to historical activities that may have caused contamination, 
so it will also be possible for the DoE to enforce clean up of contamination after 
exploration or mining activities have ceased.    
 

                                                 
9 At the time of writing this paper the Contaminated Sites Act 2003 was not in force because the 
Contaminated Sites Regulations are still in draft.  Once the Contaminated Sites Regulations are finalised 
and gazetted the Contaminated Sites Act will be enforceable.   



 

 
 
Risk-based definition of contamination 
 
The Act provides the following definition of contamination: 
 
"in relation to land, water or a site, having a substance present in or on that land, 
water or site at above background concentrations that presents, or has the 
potential to present, a risk of harm to human health, the environment or any 
environmental value." 
 
The unqualified use of the word ‘risk’ in this definition provides officers of the 
DoE, not the mining industry, with the discretion to decide what level of 
contamination risk would actually be considered ‘unacceptable’. 
 
The mining industry is familiar with the concepts of risk, risk assessment and 
risk management and understands that there is a level of risk in almost any 
activity.  As a result most mines conduct regular risk assessment workshops 
and strive to keep the level of health, safety and environmental risk associated 
with their operations as low as practical.  The mining industry needs further 
guidance from the DoE as to what level of contamination risks are considered 
unacceptable.   
 
The DoE Contaminated Sites Management Series Guideline “Reporting of 
Known or Suspected Contaminated Sites” (DoE, 2001a) attempts to provide 
further definition on the concept of ‘risk of harm’, but introduces other qualitative 
concepts such as ‘adverse outcome’, ‘probability’ and ‘time-frame’ in the 
definition.  Unfortunately these qualitative concepts do not clarify what the DoE 
will consider an adverse outcome, the degree of probability and the extent of 
the time-frame.   
 
The guideline also states that the ‘potential to present harm’ is based on 
circumstances other than the current land use, not necessarily the current land 
use.   The mining industry therefore faces another challenge of determining if a 
contamination risk will eventuate after mines close and mining leases are 
relinquished to the original or next non-mining land use. 
 
Problems with a Risk-Based Legislation 
 
It is envisaged that a very significant challenge in complying with the Act will be 
consistently and correctly interpreting what level of risk will be deemed 
unacceptable to the DoE, and therefore deserving of reporting under the Act.   
 
Section 11 of the Act states that the penalties for failing to report site 
contamination (within 21 days) are $250,000 and $50,000 daily (State Law 
Publisher, 2003) and the penalty for a malicious report, where there are no 
reasonable grounds to believe or suspect contamination, is also $250,000. 
 



 

It follows, from the weight of these penalties, that anyone who might be 
considered responsible for reporting contamination will soon be adopting a 
strategy of either: 
 

1. reporting any suspected contamination regardless of the level of risk, just 
in case, to avoid significant fines; or 

2. developing a sound risk-based assessment system that clearly and 
systematically defines triggers for reporting contamination to the DoE. 

 
‘Over-reporting’ or ‘under-reporting’ 
 
It would be very convenient if the DoE could provide more guidance on what 
should be reported under the Act because failure of a person to develop the 
correct reporting triggers may result in ‘over-reporting’ to the DoE.   
 
The consequences of over-reporting (provided the reports are not with 
malicious intent) are costs the mining company will incur in relation to 
investigating the reported contamination, to close out all reports to the DoE.   
 
On the other hand, the consequences of failing to report all contamination to the 
DoE’s satisfaction are the fines which apply to individuals who have the duty to 
report contamination.  According to Section 11 of the Act these individuals 
include: 
 

1. the owner or occupier of the site (the mining company); 
2. those who contributed to, or caused the contamination (the mining 

personnel); and 
3. a Contaminated Sites Auditor, who has been engaged for purposes of 

the Act. 
 
In the case of the Contaminated Sites Auditor it would be the Auditor that would 
be fined for not reporting contamination so the Auditor will probably 
conservatively over-report to the DoE, to avoid the personal liability.   
 
It is evident that a considerable degree of discretion and interpretation will be 
required for the Act to be appropriately managed so it is advised that mining 
companies begin to develop a sound risk-based rationale to determine what 
exactly should trigger a report to the DoE under the Act.   
 
DoE GUIDELINES 
 
There are a series of guidelines relating to administrative and technical aspects 
of contaminated site management available via the DoE’s website.  It is 
anticipated that, like any other recognised guideline, these will be fundamental 
to the way in which known or suspected contamination sites will be regulated 
and managed in Western Australia.  These guidelines are occasionally updated 
so it is recommended that current guidelines are referenced from the DoE 
website in each instance.   



 

 
The administrative guidelines provide information on the administrative 
processes involved in the assessment, reporting and management of 
contaminated sites.  The technical guidelines go into considerable detail to 
explain the staged process of contamination investigation, community 
involvement, the various tiers of health and environmental risk assessment and 
requirements of contaminated site reports. 
 
In summary these guidelines describe a process of contamination investigations 
that progress from desktop to detail as follows: 
 

1. Preliminary Site Investigation (PSI) Report – a predominantly desk-top 
study to determine the potential for contamination to exist at a site.  A 
PSI ideally involves a site inspection and might involve targeted 
sampling. 

2. Detailed Site Investigation (DSI) Report(s) – detailed follow up on the PSI 
findings, including sampling and analysis.  A DSI may include 
investigations to determine the feasibility of remediation options and 
predictive modelling. 

3. Site Management Plan (SMP) – a plan that outlines the successive 
stages of work that need to be conducted to complete site investigation 
works and necessary remediation.  A SMP is essential at large or 
complex sites. 

4. Monitoring and validation reports – reports to document that residual 
contamination concentrations are being managed appropriately and that 
remediation has met objectives. 

 
One of the most recent draft guidelines “The Use of Risk Assessment in 
Contaminated Site Assessment” (DoE, 2005) provides useful information on 
what the DoE expect of a risk health or environmental risk assessment.  
Unfortunately this draft guideline might be interpreted more as a road map 
through the various tiers of risk assessment than a tool in which to trigger the 
appropriate management actions that would reasonably address suspected or 
obvious contamination.    
 
INDUSTRY PRACTICE 
 
The mining industry is familiar with the concept of risk and it is becoming 
increasingly common for mining operations to conduct risk assessments in 
accordance with the “Risk Management” standard (AS/NZS 4360:2004).  This 
standard recognises that: 
 

1. risk is related to an event or circumstance and the consequences that 
may result from the event; and 

2. risk can be measured in terms of the: 
a. likelihood of the event/circumstance occurring; and 
b. consequences of the event. 

 



 

The objectives of a mining risk assessment are to involve all stakeholders in a 
structured and consistent process of evaluating risks. Once the risks are 
evaluated they can be related to corporate objectives and resources can be 
allocated to address any risks that are unacceptably high.  Risks that are 
unacceptably high are managed in some practical way to effectively reduce the 
level of risk.  The management measures that accomplish this are aimed at 
reducing the chance of the event occurring or reducing the consequences 
should the event occur.  Risks that are acceptably low may also be managed in 
some way, but normally the risk management measures have a lower priority as 
commensurate with the level of risk.   
 
COMMON GROUND 
 
Despite the above differences in approach to risk assessment there is common 
ground between the DoE’s approach to managing contamination risks and the 
mining industry’s approach to risk assessment and risk management in general.  
Exploring this common ground is useful because it may provide for mutual 
understanding between the mining industry and those regulating under the 
Contaminated Sites Act.  Also, knowing where this common ground lies can 
also make it relatively simple for mining companies to adjust their standard 
operating procedures to meet DoE expectations.   
 
The common ground lies primarily in the objectives of risk assessment and risk 
reduction.  Both DoE and industry require that risks are assessed consistently, 
and that high risks are given appropriate and timely attention.   
 
Elements of contamination 
 
The DoE’s draft risk assessment guideline (DoE, 2005) introduces a 
requirement for all contamination investigations to produce a Conceptual Site 
Model.  The Conceptual Site Model can be in the form of a schematic figure or a 
table.  The three basic elements of Conceptual Site Model are simple: 
 

1. Source of contamination (eg. a spill) 
2. Transport of the contaminants (eg. via soil, groundwater, surface water, 

air) 
3. Receptors of the contamination (eg. human or environmental receptors) 

 
These three elements are easily comprehended and it follows that, with any one 
of these elements removed, the source-pathway-receptor chain would be 
‘broken’.  If the chain is broken it would be logical to assume that a 
contamination risk would no longer be present.  This is demonstrated in the 
following points: 
 

1. A Preliminary Site Investigation (PSI) report identifies no known or 
historical or current sources of contamination.  If there are no 
contamination sources it is quite easy to see that there are no 
contamination risks.  The fact that potentially contaminating substances 



 

(fuels, solvents, metals, acids, alkalis etc.) may be present on a site does 
not imply that there is a source of contamination.  This will only be the 
case if one of these substances spills, leaks, discharges or is otherwise 
mobilised into the environment.   

2. If sources of contamination are identified it will be necessary to conduct 
Detailed Site Investigation (DSI) work to assess transport mechanisms 
between the source(s) of contamination and possible receptors(s).  

3. If it is identified that there is a transport mechanism between a source of 
contamination and a receptor it will be necessary to evaluate the receptor 
in terms of the potential for the contamination to have an adverse effect 
on the receptor.  This evaluation can be conducted in the context of the 
DoE draft guideline on risk assessment (DoE, 2005) and will need to go 
into adequate detail so that the appropriate risk management measures 
can be justified and implemented.   

 
Contamination risk management  
 
If it is found that a source-pathway-receptor chain exists the appropriate risk 
management measures would therefore be, in typical order of preference (and 
subject to practical constraints): 
 

1. Source removal 
2. Intervention with the contamination migration pathway 
3. Isolation of the receptors at risk  

 
As soon any one of the above are accomplished there will no longer be a 
contamination risk present.  However, given that the DoE’s definition of 
contamination also included potential risk it would appear that, as long as there 
is a chance that the chain can be ‘fixed’ (eg. by causing a spill, creating a 
pathway, or introducing a new receptor) there will always be a potential for a 
contamination risk.   
 
Working towards a situation where there is no potential contamination risk is 
unrealistic because, whatever is done to manage the contamination risk, there 
will always be some potential for contamination to occur in the future.  The Risk 
Management standard (AS/NZS 4360:2004) accommodates this, and allows 
industry to determine, in consultation with stakeholders: 
 

1. when a risk is so low (unlikely or inconsequential) that it nothing needs to 
be done about it; or 

2. when a risk is so high (likely or consequential) that something needs to 
be done about it.   

 
It would be ideal if representatives from the DoE and the mining industry could 
get together, prior to the Contaminated Sites Act commencing, and work 
through some generic contamination risk assessments to determine what 
combinations of contamination likelihood and consequence would necessitate 
reporting and management under the Act.  After all one of the most important 



 

elements of an AS/NZS 4360:2004 risk assessment is involvement of all 
relevant stakeholders, and the DoE represent the state of Western Australia as 
a significant stakeholder.   
   
INFORMATION GATHERING  
 
Information needs to be gathered to assess contamination risks at a site.  The 
following sections describe what activities at mining and exploration sites are 
commonly associated with contamination and what information is normally 
available that can assist in determining if contamination risks need to be 
reported to the DoE under the Act.   
 
Suspected activities 
 
The DoE’s guideline entitled “Potentially Contaminating Activities, Industries 
and Landuses” (DoE, 2001b) provides useful insight as to what types of 
activities are generally associated with contamination.  Although the guideline is 
not intended as a comprehensive list of suspect activities it provides a good 
starting point to determine what possible sources and what types of 
contamination might exist on mining and exploration leases.   
 
The following is a summary list of the activities that occur on mining and 
exploration leases and are often associated with some form of contamination: 
 

1. asbestos disposal 2. metal refining 
3. mechanical workshops 4. fuel and oil storage 
5. chemical blending / mixing 6. railway yards 
7. electrical power generation 8. sewage treatment 
9. explosives 10. timber preserving 
11. landfills 12. bioremediation sites 

 
Other activities that are not listed in the guideline (DoE, 2001b) include acid 
rock dumps, dewatering discharges, saline water use, tailings storage and heap 
leach facilities.  These activities have a potential to cause risks to the 
environment and normally need to be managed throughout the life of the mine 
for compliance with the current legislation.  It is anticipated that the 
Contaminated Sites Act will require ongoing management of these risks 
following mine closure.   
 
If any of these activities occurred in the past, or are presently on site, it will be 
necessary to conduct a risk assessment to determine if there are any 
contamination risks that would need to be reported to the DoE under the Act.  
This risk assessment should take into account available information that is 
routinely gathered during normal operations and any other information that may 
be relevant.   
 
 
 



 

Routine information 
 

Mining operations gather a significant amount of information as part of normal 
operations.  This information is gathered for compliance with the prevailing 
legislation and for corporate environmental reporting, and is essential in the 
development of reports where companies need to make a quick assessment of 
potential environmental liabilities prior to Merger / Acquisition transactions.   
 
Table 2 provides a summary of information that is typically required under 
current legislation and the relevance of this information in contamination 
investigations and contamination risk assessment.   



 

Table 2:  Typical Information and Relevance 
Information / 
Documents 

Relevance to Contamination 

Historical information  May describe previous sources of contamination that may have 
existed on the lease.  These may include prior operations, 
processes, waste disposals, records of spills, discharges etc. 

Environment Impact 
Assessment Reports 

Recall that the definition of contamination includes references to 
background concentrations and environmental values.  The 
Environment Impact Assessment process involves defining pre-
mining conditions and environmental values and may include 
information on baseline / background soil, groundwater and 
surface water quality. 

Dangerous goods 
information  

History of dangerous goods storage will show where dangerous 
goods were stored in the past, where they are stored currently.  
Inspection records/reports will indicate if these areas are likely to 
account for historical or current contamination sources.   

Acid Rock Drainage (ARD) 
Reports 

Indicate if ARD presents a potential contamination risk.  
Investigation and monitoring data may indicate a potential for 
groundwater quality and surface water quality impacts.   

Monitoring data Compliance monitoring data is typically required under the 
Environmental Protection Act and the Rights in Water and 
Irrigation Act.  These data, reported in Annual Environmental 
Reports (AERs), provide an indication of areas of a site that have 
been impacted by site operations.  These areas would probably 
need to be managed under the Contaminated Sites Act if the 
impacts are determined to be above background conditions and if 
they may compromise environmental values. 

Incident registers Information on spills, leaks, discharges that imply current and 
historical sources of contamination.  Incident registers may refer 
to follow up actions, such as remediation, validation and 
monitoring that have been undertaken to manage the 
environmental impacts of the incidents.   

Risk registers The risk register that is an integral part of an Environmental 
Management System (EMS) may identify contamination risks.  
Contamination risks are prioritised in accordance with AS/NZS 
4360 on the basis of likelihood and consequence.  The risk 
register also lists any risk management measures that are being 
applied to the contamination risks.  These risk management 
measures are required in a contamination Site Management Plan 
(SMP). 

Environmental 
Management Plan (EMP) 

An Environmental Management Plan (EMP) outlines the same 
general environmental objectives as a contamination Site 
Management Plan (SMP).  Note that a SMP will also apply to the 
post-closure situation. 

Closure Plans A Closure Plan would contain elements of a contamination Site 
Management Plan (SMP) and would outline the objectives of 
remediation and validation of contamination source areas.  The 
Closure Plan would also define post-mining land uses which are 
also relevant to the management of potential (future) 
contamination risks.   

Merger / Acquisition 
Reports 

Merger / Acquisition Reports aim to identify issues of ‘material’ 
environmental liability to a property transaction.  The material 
level of liability is normally expressed as a cost (ie. issues that 
would take more than a particular monetary value to rectify.  As a 
consequence a Merger / Acquisition report may miss small 
contamination issues that would otherwise need to be managed 
internally and/or reported under the Act.  



 

Information gaps 
 

Whereas most of the information routinely gathered during mining operations is 
relevant to the assessment of contamination risks, experience has shown that 
there are typical ‘gaps’ in the information that would need to be addressed for 
compliance with the DoE’s contaminated sites guidelines.   Typical gaps include 
those listed in Table 3. 
 
Table 3:  Typical Information Gaps 
Gaps Comments 
Sample density There may be too few samples per area of investigation to provide enough 

confidence that a contamination ‘hot spot’ has been detected 
Cleanup validation 
samples 

Although there are statements in incident reports that spills have been cleaned 
up there are no samples to prove that residual soil contamination has been 
addressed 

Analyte selection The suite of sample analytes may not always correlate with the contaminating 
substances 

Limits of reporting The laboratory limits of reporting may be higher than the DoE’s recommended 
default assessment levels 

Assessment levels Inappropriate default assessment levels may be applied (eg. drinking water 
assessment levels may be applied to a water resource that is only fit for mineral 
processing) and assessment levels do not account for high background 
conditions (eg. mineralised areas with naturally high metals content) 

Quality assurance  Sampling and laboratory data is not accompanied by field and laboratory quality 
assurance information 

Groundwater  Spill cleanup reports often do not mention the depth to groundwater and 
possible risks to groundwater 

Risk assessment  Risk assessments do not incorporate the Conceptual Site Model and the 
source-pathway-receptor concept as defined in the DoE guideline (DoE, 2005) 

 
CASE STUDY – ST IVES AND AGNEW OPERATIONS 
 
Goldfields Limited operations at St Ives and Agnew have already taken 
proactive steps to systematically review readily accessible information to 
determine if there are known or potential contamination areas on their mining 
leases.   
 
Both operations commenced with a typical Preliminary Site Investigation (PSI) 
process with an AS/NZS 4360 process of risk assessment built in to the PSI.  
The PSI used available information (provided by the operations) to: 
 

1. evaluate where past and current operations have the potential to cause 
contamination; 

2. determine, on the basis of internal and externally reported incidents, 
where environmental incidents (spills, leaks, discharges) are most 
frequently occurring, and if these areas are likely to present 
unacceptable contamination risks; 

3. assess compliance monitoring data to determine if there are significant 
risks to groundwater and surface water resources; 

4. determine if contaminated areas present an imminent risk to 
environmental receptors; and 



 

5. develop recommendations for interim risk management, where it 
appears that environmental receptors are prone to come into contact 
with contamination. 

 
Both operations are compiling relevant information into integrated databases 
and will be using these databases as tools for compliance with current reporting 
requirements (Environmental Protection Act and Rights in Water and Irrigation 
Act) and future reporting requirements under the Contaminated Sites Act.   
 
The St Ives operations are updating their contamination risk register as more 
information becomes available.   The Agnew operations are targeting higher 
priority areas for further investigation, and are developing risk management 
measures where potentially contaminating activities have been identified.   
 
THE PRACTICAL WAY FORWARD 
 
The next few months will be an opportunity for mining operations to undertake 
practical measures for compliance with the Contaminated Sites Act.  It is 
suggested that mining operations undertake the steps outlined in Table 4 noting 
that reporting contamination under the Act (second from the bottom) will be due 
six months after the Act commences.  



 

 
Table 4:  Suggested Steps 
Step Objectives 
Preliminary 
Site 
Investigation 
(PSI) 

Desk-top review and site inspections to determine possible contamination source 
areas, pathways for contamination migration and human health and environmental 
receptors 
Assess current environmental and human health risks and potential environmental 
and human health risks under future land use scenarios 

Data Gaps Address data gaps identified in the PSI during targeted investigations and/or 
searching for less readily available site history information such as: 
1. corporate memory (interviews with past personnel); 
2. community memory (interviews with the community); 
3. Freedom of Information (FOI) searches to locate information that may have been 

submitted to Regulatory Agencies in the past; and 
4. State Records library information. 

Update 
systems 

Modify current data gathering and reporting systems so they are more aligned with the 
DoE’s expectations 
This includes: 
1. updating field procedures to ensure that sampling programs are adequately 

scoped to include sufficient number of samples, analytes and quality assurance 
information; 

2. revising relationships with analytical laboratories to ensure that limits of reporting 
are clarified and quality assurance information is provided as a matter of course; 

3. expanding databases to include all information on natural background / baseline 
conditions and working towards developing site-specific contamination 
assessment levels; 

4. incorporating the elements of risk assessment into contamination incident 
investigations and ensuring incident close out reports have adequate information; 
and 

5. Updating EMP, EMS and Closure Plans to include contamination management 
objectives and measures. 

Risk 
Assessment  

Evaluate and prioritise all identified contamination risks in accordance with existing or 
adapted corporate risk assessment frameworks 
Development and ongoing refinement of a Conceptual Site Model to suit site-specific 
conditions 

Risk 
Management  

Implement management measures that will reduce contamination risks in alignment 
with corporate risk management objectives and objectives specified in the EMP, EMS, 
SMP and mine Closure Plan 
Risk management measures may be temporary or long-term and may include: 
1. removal of contamination sources; 
2. upgrade of contaminating activities to prevent future spills, leaks etc.; 
3. fencing or capping contamination areas; and 
4. isolation of human health or environmental receptors. 

Reporting Commencing a dialogue with representatives of the DoE to develop mutually 
agreeable thresholds that will trigger reporting site contamination risks under the 
Contaminated Sites Act 
Report contamination to the DoE in accordance with the agreed thresholds using the 
Contaminated Sites Regulations Form 1 

SMP Establish a Site Management Plan (SMP) that will ensure that all future contamination 
investigations and risk management measures are prioritised and managed in 
accordance with an agreed scheduled 

 



 

CONCLUSION 
 
Mining and exploration companies in Western Australia already have what it 
takes to comply with the Contaminated Sites Act, and just need to be mindful of 
the value of the information that is already being gathered during routine 
operations. 
 
The next few months will be an opportunity for mining companies to undertake 
practical measures to position their operations for compliance with the Act.  
These practical measures essentially amount to compiling available information, 
addressing key data gaps and updating existing systems so that they are more 
aligned with the objectives and information requirements of the Act.   
 
Aside from aiming to be in compliance with the Act the information presented in 
this paper will provide some useful tips for companies involved in mergers / 
acquisitions to identify obvious and material environmental liabilities.    
 
The information presented in this paper might also yield valuable tips to any 
mining company outside Western Australia that may be looking at ways to 
better integrate the various information systems, environmental management 
systems and environmental reports with mine closure objectives.   
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ABSTRACT 
 
The Western Australian Department of Environment (DoE) commissioned 
Sinclair Knight Merz to conduct Stage 1 of a Gap Emission Study for the 
Kalgoorlie region.  This was a desktop study that aims to identify the airborne 
emissions of significance in the Goldfields area. The study covers an area out to 
50 km from Kalgoorlie-Boulder, Coolgardie and Kambalda.   
This is part of a larger study whose scope of work includes: 

 Identifying emissions of significance in the Goldfields region; 
 Assessing the appropriateness of existing monitoring programs and studies 

to the information collected; 
 Ascertaining where there are deficiencies in the pollutant monitoring 

programs; 
 Clearly outlining where gaps have occurred in the monitoring of the 

emissions by industry and government authorities; and 
 Providing recommendations to best address monitoring gaps identified 

previously. 

In turn, this project is part of a larger study proposed by the DoE to conduct 
similar gap emission studies for a number of regional Western Australian 
centres. 

This study found that emissions of Sulphur dioxide and Particulates (TSP, PM10 
and PM2.5) are considered to be significant and warrant further investigation.  
Emissions of NOx, dioxins/furans, PAHs, VOCs and CO were not considered to 
be significant at the present. 
 
INTRODUCTION 
 
One of the main concerns for both the community and the regulators at the 
present time is air quality.  A quick glance at the following social settings identify 
the growing importance of air quality. 
 
International Treaties 



 

There has been an increasing number of international treaties in the last thirty 
years, primarily in response to science demonstrating the interrelationship 
between emissions in one country impacting on the environment of adjacent 
countries. 

The signing of the Stockholm Convention of 1972, considered the need for a 
common outlook and principles to guide the world in the preservation and 
enhancement of the human environment. In particular Principle 21 states: 
 

States have, in accordance with the Charter of the United Nations and 
the principles of international law, the sovereign right to exploit their own 
resources pursuant to their own environmental policies, and the 
responsibility to ensure that activities within their jurisdiction or control do 
not cause damage to the environment of other States or of areas beyond 
the limits of national jurisdiction.  

 
This convention has lead to a number of others between National States, with a 
number of examples in the European area and North America.  Such as the 
1979 Geneva Convention on Long-range Transboundary Air Pollution, which 
has since been extended by eight protocols covering issues such as ozone, 
persistent organic pollutants, heavy metals, sulphur dioxide, volatile organic 
compounds and nitrogen oxides.   
 
To some degree Australia has been isolated from this degree of change due to 
its isolation.  However a number of important treaties have been developed that 
continue to influence Australia, such as: 

• International convention for prevention of pollution from ships.  Annex VI Air 
emissions from ships.   

• Vienna Convention for the Protection of the Ozone Layer (1985) an the 
Montreal Protocol on Substances that Deplete the Ozone Layer (1987) 
developed for ozone preservation.  Considered one of the most successful 
international treaties. 

• United Nations Framework Convention on Climate Change (1992) 

Whilst Australia has signed up to the 1992 United Nations Framework, the 
country is yet to sign up to the amendments proposed in the Kyoto Protocol on 
Climate Change (1997). 
 
National Level 
 
On 26 June 1998, the National Environment Protection Council (NEPC) made 
Australia's first national ambient air quality standards as part of the National 
Environment Protection Measure for Ambient Air Quality (the 'Air NEPM').  The 
NEPC is a statutory body with law making powers established under the 
National Environment Protection Council Act 1994 (Commonwealth) and 
corresponding legislation in the other jurisdictions.  



 

 
The Air NEPM sets national standards for the six key air pollutants to which 
most Australians are exposed: carbon monoxide, ozone, sulfur dioxide, nitrogen 
dioxide, lead and particles. Under the Air NEPM, all Australians have the same 
level of air quality protection.  The standards are legally binding on each level of 
Government, and must be met by the year 2008.   

Also a number of other NEPMs have been established to develop further 
information that may result in the setting of ambient limits.  These include 
PM2.5 and Air Toxics (benzene; formaldehyde; benzo(a)pyrene as a marker for 
Polycyclic Aromatic Hydrocarbons; toluene; and xylene). 

In addition to the air quality standards set out under the Air NEPM, Australia's 
National Pollutant Inventory was established to satisfy increasing community 
demand to know about pollutant emissions to the environment. It is based on 
similar international inventories. Work and consultation on the NPI started 
substantially in 1995, and in 1996 the National Environment Protection Council 
(NEPC) implemented the NPI by developing an NPI National Environment 
Protection Measure ( NPI NEPM).  In that ten year period the number of 
facilities reporting to NPI has grown to 3826. 
 
State 
 
Continued interest with air quality, in particular potential health issues, reduced 
amenity and the impact on the environment and increasingly these issues are at 
the forefront of all complaints and appeals.  A search of the Western Australia 
Environmental Protection Authority (EPA) and the State Minister for 
Environment websites find numerous cases where air quality issues are of 
significant concern.  This includes the closure of the Brookdale Waste 
Treatment Facility due to community concerns, development of an air quality 
strategy for the Collie region to protect both human health and the environment 
and stringent environmental conditions placed on a BGC quarry. 
 
On a state wide basis, approximately 46% of complaints and incidents reported 
to the Department of Environment are related to air quality.  Of this, 
approximately half are odour (23% of statewide complaints) followed by dust 
(11% statewide) and smoke (5%).  The next largest category is spills at 22% of 
statewide complaints (Department of Environment Incidence and Complaint 
Management System statistics, May 05 to April 06).   
 
Under the Environmental Protection Act a number of Environmental Protection 
Policies have been established to address emissions of significance in 
particular airsheds.  Of the greatest significance to the Goldfields is the 
Environmental Protection (Goldfields Residential Area) Policy 2003.  The 
particulars are discussed further below.   
 
In addition to this the State Government moved forward with strategies to 
address greenhouse gas emissions through the Western Australian 
Greenhouse Strategy, 2004. During the initial implementation stage of this 



 

strategy the Greenhouse Unit has been established within the Western 
Australian Department of Premier of Cabinet.   
 
Locally 
 
The experiences at an international, national and state wide basis are reflected 
in the local Goldfields community.  Statistics available through the Department 
of Environments Incident and Complaint Management System (May 05 to April 
06) indicate that air quality makes up a greater portion at 56% on a regional 
basis, followed by spills at 25% of events.  Within the air quality bracket again 
odour is the prevailing air quality concern at 33% of all complaints, dust at 10% 
and smoke at 7%.  It is important to note that odour is often a trigger for a 
complaint from the public, but the concern is generally about what is in the 
odour and the potential impact on health, amenity and comfort.   
 
Ironically industry tends to be more focused on the impacts to land, with spills 
the major reported matter at 40% rather than air quality at 20%.  The reports on 
air quality by industry normally fit into two categories, either a potential 
exceedance of licence condition or a proactive advice to the Department that 
some equipment has failed and may result in an emission of concern. 
 
This strong correlation at the international, national, state and local level will see 
continued calls for increased regulation and management in this area. 
 
This continued and expected growing interest in air quality has prompted the 
DoE to commence an Air Gap Study in the Goldfields and a number of other 
regional Western Australian centres. 
 
GOLDFIELDS AIR GAP STUDY 
 
In the goldfields the DoE commissioned a phase 1 gap emission study to 
identify the emissions of significance in the Goldfields area.  This project was a 
desk top study of the current licensing and monitoring arrangements for air 
emissions emitted from major and significant industrial premises within 50 km of 
Kalgoorlie-Boulder, Coolgardie and Kambalda.   
 
To accomplish this desktop study: 

 A review was conducted of the prescribed premises currently operating 
within the study region.  This review concentrated on the type of industry, 
the potential emissions from that facility/industry and the existing DoE 
conditions of license; 

 A review of previous studies within the air shed was undertaken.  This 
entailed examining previous air emission reports and determining if these 
reports have highlighted either a facility or a substance as an issue; 

 Review was undertaken of the air quality monitoring currently conducted 
within the study region; 



 

 The air quality monitoring conducted within the study region was compared 
to the monitoring conducted within similar airsheds around Australia; and 

 A review of NPI emissions from reporting facilities within the study region. 
 
The study area covers an area extending 50 km from Coolgardie, Kalgoorlie 
and Kambalda and is presented in Figure 1. 
 
REGULATORY STANDARDS AND LIMITS 
 
Development of Air Quality Standards in the Goldfields 
 
In the early 1980’s there were no air quality regulations for residential areas in 
the Goldfields and air quality was significantly degraded by excessive sulphur 
dioxide being emitted by a number of gold roasters in the area.  In 1988 an 
Environmental Protection Policy (EPP) was created to establish air quality 
objectives and require, through licensing conditions, that these objectives were 
met. This led to three roasters being replaced by the Gidji roaster.   
 
In 1992 these regulations were replaced by the Environmental Protection 
(Goldfields Residential Area) Policy and Regulations 1992, which expanded the 
scope of the previous EPP to include Coolgardie, Kambalda and the Kurrawang 
Aboriginal Reserve.  These regulations focussed on sulphur dioxide (SO2), 
setting a tighter standard of 700 µg/m3, which, after 1997, must not be 
exceeded more than 8 times per year, as well as an absolute upper limit of 
1400 µg/m3 which must never be exceeded.  These requirements have been 
consistently met since 1993, except for an event in 1995 and 1996.   
 
In 2003 the Environmental Protection (Goldfields Residential Area) Policy and 
Regulations 2003 were brought into effect to enforce the NEPM standards. This 
has been achieved by setting sulphur dioxide limits that must never be 
exceeded within the EPP area (0.35 ppm averaged over one hour).  This is to 
be progressively reduced to 0.25 ppm by 2005 and guidelines have also been 
set that are desirable not to exceed (0.2 ppm). This desirable concentration 
could be exceeded three times per year in 2003, but the number of allowable 
exceedences reduces to two per year in 2005 and a further reduction to one per 
year in 2008.  To ensure compliance with these standards a series of ten 
sulphur dioxide monitors were established in various locations in Kalgoorlie, 
Kambalda, Karrawang and Coolgardie.   
 



 

 

Figure 1 Kalgoorlie-Boulder Airshed Study Area 

 
 
 



 

National Environmental Protection Measures 
 
As well as the Environmental Protection (Goldfields Residential Area) Policy 
and Regulations 2003 there is also the National Environmental Protection 
(Ambient Air Quality) Measures (NEPM) which set standards for common 
pollutants, required monitoring and reporting of the monitored concentrations of 
these pollutants.  The NEPM Standard values aim to protect people’s health 
and well being, through the means of a nationally acceptable ambient standard.  
They are generally designed to protect those who are most susceptible to 
experiencing health effects when a particular contaminant is inhaled.  All the 
values are based on health effects, and have been derived from epidemiological 
studies, international guidelines and, in some cases, laboratory research.  The 
pollutants listed in this NEPM, along with the relevant averaging period and 
maximum allowable concentrations, are presented in Table 1. 
 
Table 1 NEPM Standards and Goals 

Pollutant Averaging 
Period 

Maximum 
Concentration 

Goal within 10 years: Maximum 
allowable exceedances 

Carbon monoxide 8-hours 9.0 ppm 1 day a year 
Nitrogen dioxide 1-hour 

1-year 
0.12 ppm 
0.03 ppm 

1 day a year 
none 

Photochemical 
oxidants 

1-hour 
4-hours 

0.10 ppm 
0.08 ppm 

1 day a year 
1 day a year 

Sulphur dioxide 1-hour 
1-day 
1-year 

0.20 ppm 
0.08 ppm 
0.02 ppm 

1 day a year 
1 day a year 

none 
Lead 1-year 0.50 µg/m3 None 

Particles as PM10 1-day 50 µg/m3 5 days a year 
Source (NEPC, 2003a) 

In addition to the NEPM compounds listed in Table 1 there is also an advisory 
standard of 25µg/m3 in 24-hours and an annual concentration of 8µg/m3 for 
PM2.5.  The purpose of this advisory standard is to “gather sufficient data 
nationally to facilitate a review of the Advisory Reporting Standards as part of 
the review of this measure scheduled to commence in 2005” (NEPC, 2003) 
rather than for compliance.   

In regard to other compounds, specifically hazardous air pollutants like 
benzene, formaldehyde, toluene and xylene it has been determined that there is 
insufficient data to develop a NEPM, so the goal at the present time is to gather 
sufficient data to assist in the development of a standard (NEPC, 2004a). 
 
FACILITY EMISSIONS 
 
Within the study area there are 49 active licenses ranging from gold and nickel 
mines through to power stations and wastewater treatment facilities.  The 
following section examines most of these industries and provides potential 
atmospheric emissions from each industry type.  This provides essential 



 

information about atmospheric emissions from these facilities and will aid in the 
determination of potential gaps in the current monitoring program.  
 
One of the major industries within the study region is gold mining.  Gold was 
first discovered in the region in 1893 and since then an estimated 50,000,000 
ounces or 1,400 tonnes of gold has been extracted (Kalgoorlie Tourism, 2005).  
Gold mining in the region utilises both open cut and underground operations.  
For the purposes of the gap emission study there are thirteen active gold mines.  
An analysis of the license conditions, emission reports, available literature and 
NPI reporting requirements found that there are numerous emissions including 
antimony, arsenic, cadmium, lead, mercury and vanadium though the major 
emissions were found to be particulate matter and sulphur dioxide. 

Australia is one of the world’s largest nickel producers and currently all 
Australian nickel production occurs in Western Australia (DoITR, 2005).  It is 
estimated that about 68% of Australia’s nickel exists as laterite ore while the 
rest is contained in sulphide ores (DoITR 2005).  Both underground and open 
cut nickel mines are operating in the Kalgoorlie region and waste products 
formed due to nickel extraction depend on the ore and process used.  There are 
numerous NPI substances that may be emitted from nickel processing facilities 
including (but not limited to): - arsenic and compounds, carbon monoxide, 
chromium (III and VI) compounds, hydrochloric and sulphuric acid, oxides of 
nitrogen, polyaromatic hydrocarbons, particulate matter, sulphur dioxide, volatile 
organic compounds and nickel subsulphide.  As with gold mining emissions, the 
major emissions from nickel mining/processing was found to be particulate 
matter and sulphur dioxide. 
 
Other Licenses 
 
Within the study region there are five power generation facilities.  Four of these 
generators run primarily on natural gas and therefore the main emission will be 
oxides of nitrogen.  The other generator runs only part time on distillate with the 
resulting emissions being sulphur dioxide, nitrogen oxides, carbon monoxide, 
VOCs and particulate matter. 
 
The Loongana Lime facility was examined and it was determined that the 
license conditions are extensive and cover all aspects of their operations.  The 
license specifies numerous particulate control measures and a comprehensive 
list of substances that must be sampled on a quarterly basis from the kiln stack.  
The main emissions derived from Loongana Lime include particulates, sulphur 
dioxide, nitrogen oxides and, to a lesser extent, dioxins/furans and volatile 
organic compounds (VOC). 
 
There are two metal finishing businesses with the Kalgoorlie study area.  Metal 
finishing involves the deposition of a metal coating onto a suitable surface, or 
removal of material from the surface of the object.  Metal Finishing can be used 
on a wide range of products that require corrosion prevention, or the improved 



 

aesthetics of the object.  Other than metal waste, organic solvents are also 
commonly encountered as waste products. 
 
Other prescribed industries within the study region include an asphalt plant, tyre 
services, concrete batching, liquid waste facilities and chemical manufacturing.  
The emissions from these plants includes dihydrogen sulphide, solvents, 
acetone, polycyclic aromatic hydrocarbons (PAH) and VOCs though the primary 
emission is particulate matter.  Within the study region there are also two waste 
disposal facilities.  These facilities can emit methane, carbon dioxide, VOCs and 
non-methane organic compounds (NMOC) 
 
PREVIOUS STUDIES 
 
In addition to the above emissions the study examined previous publicly 
available studies to determine other emission sources within the Kalgoorlie 
study area.  The studies that were examined included the: 
 

 National Pollutant Inventory Kalgoorlie Mining Trial Aggregated Emissions 
Study that was prepared by Coffey Geosciences in 1999; 

 Kalgoorlie NPI Trial – A Trial of the National Pollutant Inventory that was 
prepared by the Department of Environment in 1999; 

 Total Waste Management Pty Ltd. Area Source and Ambient Air Quality 
Monitoring Programme that was prepared by AWN in 2004; and 

 Improvement of NPI Fugitive Particulate Matter Emission Estimation 
Techniques that was prepared by SKM in 2005. 

The findings of these reports that are applicable to this gap emission study 
included: 

 Reporting facilities (those which triggered NPI thresholds) were the main 
contributors to particulate matter less than 10 µm in diameter (PM10), 
sulphur dioxide, oxides of nitrogen and carbon monoxide in the region, but 
were not the major sources of VOCs within the study area; 

 A total of 20 – 30 substances out of the full NPI range of 90 substances 
were reported on; these were most likely to be triggered by fuel storage, 
fuel burning, cyanide or acid usage, or metal content of ores used; 

 Previous studies demonstrated that the high reliance on wood heaters 
within the study region has the potential to generate the emission of large 
quantities of fine particulate matter (PM2.5) into the airshed; 

 The usage of wood heaters also has the potential to cause polycyclic 
aromatic hydrocarbons and dioxins/ furans to be emitted into the airshed 



 

One of the most important recommendations from previous reports is 
considered to be: 

 The NPI develop/commission estimates for all fugitive particulate matter 
sources within Australia such that the mining fugitive emissions can be 
placed in context (SKM, 2005); 

as fugitive particulate emissions represent 85% of the total particulate effect, but 
have a very low degree of accuracy.  The large emission volumes associated 
with particulates indicate that it is an emission of significance in the airshed, a 
point supported by anecdotal evidence.  However the uncertainty of the 
estimation method makes it difficult to verify how significant this emission is.   
 
Air Quality Monitoring in the Kalgoorlie-Boulder Region 
 
To ensure compliance with the SO2 standards that have been discussed 
previously a series of ten sulphur dioxide monitors have been established by 
the DoE in various locations across Kalgoorlie, Kambalda, Karrawang and 
Coolgardie.   
 
The 1-hour results of this sampling program are presented in Figure 2.  From 
this figure it can be seen that from 1999 through to 2002 there were no 
exceedances of the Goldfields Residential Areas EPP (SO2) policy limit.  For 
2003 the policy limit was reduced to 0.35 ppm and during 2004 it was further 
reduced to 0.30 ppm.  At the time that the Kalgoorlie-Boulder Gap Emission 
Study was prepared there has been no exceedance of sulphur dioxide 
concentrations even with the progressive reduction in the limit.  Further more 
this figure shows that SO2 concentrations have been decreasing since 2001.  In 
respect to the 24-hour average concentrations there have been no 
exceedances of the NEPM criteria from 1999 to 2004. 
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Figure 2 - Maximum 1 hour SO2 concentrations at Goldfields monitoring 
locations from 1999 – 2004 
 
The other monitoring program that was examined was the Total Suspended 
Particulate (TSP) program that KCGM undertakes.  It was found that these 
monitors are located close to a major highway and as such the concentrations 
recorded at these monitors may contain particulate matter derived from vehicle 
emissions.  Such emissions include exhaust, brake linings, fugitive particulate 
matter from trucks and trailers and particulate matter derived from tyres. The 
results of this data indicate that ambient dust levels in the air shed appear to be 
approaching significant levels and would be considered to be above regulatory 
limits in other Western Australian localities. 
 
CONCLUSION OF GAP STUDY STAGE 1 
 
A review of the prescribed premises currently operating within the study region 
has been conducted.  Based on this review which concentrated on the type of 
industry and the potential emissions from that facility/industry: 
 

 The main emissions from the gold mining industries are particulates (TSP 
and PM10) from blasting, material handling, vehicle movement and cleared 
open areas and sulphur dioxide from the roasting of sulphide ores; 

 The main emissions from nickel mining industries are particulates (TSP and 
PM10) from blasting, material handling, vehicle movement and cleared open 
areas and sulphur dioxide from the nickel smelters; 



 

 Other industries in the region have the potential to emit a range of 
substances including: 

 Dioxins/furans from the manufacture of lime and waste treatment 
facilities; 

 VOCs from the manufacture of lime and waste treatment facilities; 
 Oxides of nitrogen from power generation and lime manufacturing 

facilities; and 
 Non-methane organic compounds from landfills. 

 

Previous studies have also shown that due to the high reliance on wood heaters 
within the study region there is the potential for large quantities of fine 
particulate matter (PM2.5) to be emitted into the airshed.  This usage of wood 
heaters also has the potential to be responsible for the emissions of 
dioxins/furans into the airshed.  Though the emission of dioxins and furans into 
the airshed is not considered to present a significant hazard.   

Based on the findings of this report the emissions of the following substances 
are considered to be significant and warrant further investigation: 

 Sulphur dioxide; and 

 Particulates (TSP, PM10 and PM2.5). 

Other NEPM pollutants such as VOCs, carbon monoxide, oxides of nitrogen 
and lead are unlikely to present significant hazards in this region. 
 
WHAT DOES THE FUTURE BRING 
 
As environmental practitioners we need to recognise the following and prepare 
our organisations and industry for the continued changes ahead: 
 
• Air emissions, along with many environmental issues, continues to increase 

in importance on an international, national, state and local level. 
 
• Correspondingly Government regulation will continue to increase, especially 

where voluntary action is lacking or not effective. 
 
 
• The continued environmental performance of the industry in the Goldfields 

will have implications on the speed of development and need for further 
regulation.  Further to this, regulators across the nation, and internationally, 
look at the performance of companies worldwide when judging new projects.   

 
• As environmental professionals in the mining industry, and the Goldfields 

Environmental Management Group as one of the professional bodies, we 
need to be proactively leading our organisations and industry.  This will 



 

require the development of good science for your sites, and communicating 
that to your stakeholders.  Failure to communicate and engage your 
communities will result in a speeding up of moves by Government towards 
regulation, and perhaps lead to regulation in areas that science doesn’t 
support, thereby resulting in spending money on areas with marginal 
environmental benefit. 
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