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INVITATION 
 

The Environmental Protection Authority (EPA) invites people to make a submission on 
this proposal.  The environmental impact assessment process is designed to be 
transparent and accountable, and includes specific points for public involvement, 
including opportunities for public review of environmental review documents.  In releasing 
this document for public comment, the EPA advises that no decisions have been made to 
allow this proposal to be implemented. 
 
Tiwest Pty Ltd (Tiwest) proposes establish a greenfield titanium minerals project.  In 
accordance with the Environmental Protection Act 1986, a Public Environmental Review 
(PER) has been prepared which describes this proposal and its likely effects on the 
environment.  The PER is available for a public review period of 4 weeks from 
14/05/2012, closing on 11/06/2012. 
 
Comments from government agencies and from the public will assist the EPA to prepare 
an assessment report in which it will make recommendations to government.   
 
Where to get copies of this document 
Printed and CD copies of this document may be obtained from Nick Sibbel at Tiwest, 
Brand Hwy, PO Box 22 Muchea WA 6501, 08 9571 9333 at a cost of $10 (including 
postage and packaging) or a CD version is available free of charge.  
 
The document/s may also be accessed through the proponent’s website at 
http://www.tiwest.com.au/Environmental-Documentation.170.0.html. 
 
Why write a submission? 
A submission is a way to provide information, express your opinion and put forward your 
suggested course of action - including any alternative approach.  It is useful if you indicate 
any suggestions you have to improve the proposal. 
 
All submissions received by the EPA will be acknowledged.  Electronic submissions will 
be acknowledged electronically.  The proponent will be required to provide adequate 
responses to points raised in submissions.  In preparing its assessment report for the 
Minister for the Environment, the EPA will consider the information in submissions, the 
proponent’s responses and other relevant information.  Submissions will be treated as 
public documents unless provided and received in confidence, subject to the 
requirements of the Freedom of Information Act 1992, and may be quoted in full or in part 
in each report. 

 
Why not join a group? 
If you prefer not to write your own comments, it may be worthwhile joining with a group or 
other groups interested in making a submission on similar issues.  Joint submissions may 
help to reduce the workload for an individual or group, as well as increase the pool of 
ideas and information.  If you form a small group (up to 10 people) please indicate all the 
names of the participants.  If your group is larger, please indicate how many people your 
submission represents. 
 
 



 
Developing a submission 
You may agree or disagree with, or comment on, the general issues discussed in the PER 
or the specific proposals.  It helps if you give reasons for your conclusions, supported by 
relevant data.  You may make an important contribution by suggesting ways to make the 
proposal environmentally more acceptable. 
 
When making comments on specific proposals in the PER: 
• clearly state your point of view; 
• indicate the source of your information or argument if this is applicable;  
• suggest recommendations, safeguards or alternatives. 
 
Points to keep in mind. 
By keeping the following points in mind, you will make it easier for your submission to be 
analysed: 
• attempt to list points so that issues raised are clear.  A summary of your submission is 

helpful; 
• refer each point to the appropriate section, chapter or recommendation in the PER; 
• if you discuss different sections of the PER, keep them distinct and separate, so there 

is no confusion as to which section you are considering; 
• attach any factual information you may wish to provide and give details of the source.  

Make sure your information is accurate. 
 
Remember to include: 
• your name, 
• address, 
• date; and 
• whether you want your submission to be confidential. 
 
The closing date for submissions is: 11/06/2012 
 
The EPA prefers submissions to be made by email to submissions@epa.wa.gov.au. 
 

Alternatively submissions can be  
• posted to: Chairman, Environmental Protection Authority, Locked Bag 33, CLOISTERS 

SQUARE  WA  6850, Attention:  (Nyomi Bowers); or 
• delivered to the Environmental Protection Authority, Level 4, The Atrium, 168 St Georges 

Terrace, Perth, Attention:  (Nyomi Bowers). 
 
If you have any questions on how to make a submission, please ring the EPA assessment officer, 
Nyomi Bowers on 6467 5600. 
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Executive summary Introduction 
Tiwest Pty Ltd (Tiwest) proposes to establish a greenfield titanium minerals project.  The Proposal involves 

mining and concentration of titanium bearing (and other valuable) mineral sands to produce a concentrate 

(HMC).  The HMC will be transported to the Tiwest Chandala facility at Muchea (located approximately 

60 km north of Perth) for downstream processing.  The Proposal has a projected production level of up to 

approximately 8 Mtpa and a lifespan of 7 to 15 years. 

The Proposal is located approximately 25 km southeast of Dongara, Western Australia and 8 km east of 

the Brand Highway (Figure ES1).   Proponent 
The Proponent for the Proposal is Tiwest Pty Ltd, operator of the Tiwest Joint Venture and equal share 

joint venture between Tronox Western Australia Pty Ltd and subsidiaries of Exxaro Sands Australia Pty Ltd 

(as Yalgoo Minerals Pty Ltd).  Existing Tiwest operations are: 

• Cooljarloo mining operation, located 170 km north of Perth, where the company produces heavy 

mineral concentrates from dredging and dry mining operations 

• Chandala processing plant, located 60 km north of Perth, where ilmenite, rutile, leucoxene and 

zircon are split from the heavy mineral concentrate.  The ilmenite is refined to synthetic rutile at 

Chandala producing activated carbon as a by-product 

• Kwinana processing plant, located 30 km south of Perth, where synthetic rutile is processed to 

titanium dioxide pigment then stored for use or sale in the domestic market or shipped to 

overseas markets 

• Bentley corporate office, located at Technology Park Bentley 

• Henderson and Bunbury Port storage handling and product export facilities, located at Henderson 

and Bunbury. Assessment process 
The Proposal was referred to the Environmental Protection Authority (EPA) for consideration under 

section 38 of the Environmental Protection Act 1986 (WA) (EP Act) and the EPA determined that the 

Proposal was to be assessed at the level of Public Environment Review (PER).   

In accordance with the Environmental Impact Assessment (Part IV Division 1) Administrative Procedures 

2002, Tiwest prepared an Environmental Scoping Document (ESD).  This identified the environmental 

factors relevant to the Proposal and to be addressed in the PER.  The ESD also described the 

environmental studies proposed to assess the environmental impact of the Proposal.  The ESD was 

finalised to the satisfaction of the EPA on 21 May 2010.  An application under section 43A of the EP Act to 

modify the mining method to include the option to undertake dredge mining was submitted on 10 October 

2011.   

Under the Environmental Protection and Biodiversity Conservation Act 1999 (EPBC Act), approval is 

required from the Australian Government Minister for the Environment if an action has, will have, or is likely 

to have a significant impact on a matter of national environmental significance (MNES).  Of the seven 

MNES recognised by the EPBC Act, the Proposal has the potential to affect two listed threatened species 

and listed migratory species.  The Proposal was referred to the Department of Environment, Water, 

Heritage and the Arts (now the Department of Sustainability, Environment, Water and Communities 

[SEWPaC]), which determined that assessment of the Proposal by the EPA as a PER under the bilateral 

agreement would satisfy SEWPaC requirements. 
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The PER documentation has been prepared in accordance with the Environmental Impact Assessment 

(Part IV Division 1) Administrative Procedures 2002 to address the relevant environmental factors 

prescribed in the ESD.  A specific chapter on the assessment of MNES (Section 14) is included to address 

the EPBC Act issues. Description of the Proposal 
The Proposal involves mining and processing of mineral sands at the Dongara site over a period of 7 to 

15 years.  In total, the mine contains approximately 85 million tonnes of ore.  The Proposal involves the 

disturbance of approximately 1315 ha (including 115 ha of pasture that will be rehabilitated to pastoral land 

post mining the remaining 1200 ha will be rehabilitated to self-sustaining native ecosystem) within a 

Disturbance Boundary of 1410 ha.  Only 1315 ha will be disturbed within a 1410 ha Disturbance Boundary, 

(i.e. 95 ha of this 1410 ha will remain undisturbed).  The 1315 ha disturbance includes area for the 

installation of firebreaks.   

The proposed mining methods include dry mining and/or dredge mining at six locations (Zeus, Heracles, 

Dionysus, Hades, Demeter and Hebe) (Figure ES2).  Both mining methods involve backfilling and 

rehabilitation of the pit, and will require dewatering at some locations to allow safe access to the ore.  Dry 

mining will involve more dewatering, with four of the six mine pits requiring dewatering.   

To enable the dredge mining a water requirement of approximately 5 GL/year, will be sourced from the 

Yarragadee aquifer.   

Key elements of the Proposal are presented in Table ES1. 

Table ES1 Key Project Elements 

Element Description 

Operational Life  7 to 15 years 

Clearing area (inclusive of 

access) 

Up to approximately 1315 ha (including 115 ha of 

pasture) 

Area to be rehabilitated Up to approximately 1315 ha (including 115 ha of 

pasture) 

Dewatering Drawdown of watertable of up to approximately 

2 m below maximum depth of pits.  The maximum 

depths of mining below watertable are: 

• Zeus 22 m 

• Heracles 4 m 

• Hades 1 m 

• Hebe 16 m. 

Depth to groundwater ranges from >30 m below 

ground level (bgl) in the east to <2 m bgl in the 

west. 

Water supply demand Approximately 2.5 to 5 GL/yr 

Water supply sources Yarragadee abstraction bores supplemented by pit 

dewatering 

Heavy mineral concentrate 

transport truck movements 

Maximum 10 return trips per day to Chandala 

processing plant 
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Stakeholder consultation 
Consultation has occurred and is ongoing with a number of stakeholders for the Proposal.  The key issues 

raised by stakeholders related to: 

• impacts to conservation significant flora and fauna 

• impacts to other groundwater users 

• Aboriginal heritage  

• scope of the Proposal and assessment (e.g. the inclusion of dredge mining) 

• offsets. 

The Proponent has responded to these issues and addressed each in this PER.  Some of the specific 

actions taken in response include: 

• ongoing dialogue on rehabilitation performance and criteria development 

• development of an offsets strategy 

• provision of further information regarding the differences between dry and dredge mining 

(including the commissioning of additional investigations) 

• ongoing collaboration with native title claimants. Environmental management 
Tiwest is committed to responsible environmental management and the encompassing principal of 

sustainable development.  Environmental management consideration are thereby recognised by and 

integrated in all Tiwest’s business planning and operational practices.  The Tiwest Corporate 

Environmental Policy sets out specific commitment to this end and the Environmental Management Plan 

for the Proposal sets out how these commitments will be fulfilled. Environmental Management System 
Tiwest’s operations are governed by Environmental Management Systems certified International Standard 

AS/NZS ISO 14001:2004 and the Tiwest Corporate SHE Systems and Performance Standards.  The 

purpose of the EMS is to manage the impact of Tiwest operations on the environment and ensure that 

these operations are conducted in accordance with existing legislative requirements.  The Proposal Area 

will be included in the existing Tiwest Safety Health and Environmental Management System. Environmental Management Plan  
The Environmental Management Plan (EMP) specifies the Tiwest approach to management of 

environmental impacts associated with the Proposal.  The EMP includes the following sub-plans: 

• rehabilitation management plan 

• weed and P. cinnamomi hygiene management plan 

• fauna management plan 

• surface water and groundwater management plan 

• dust management plan 

• greenhouse gas emissions management plan 

• waste (non processing) management plan 

• acid sulfate soil management plan 

• radiation management plan 

• fire management plan 

• hydrocarbons and hazardous materials management plan. 
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Environmental impact assessment 
The scoping process utilised EPA assessment guidelines, issues identified in stakeholder consultation, 

existing surveys and a risk assessments to identify aspects of the Proposal likely to have an environmental 

impact.  The following relevant key environmental factors were identified during this scoping process and 

are addressed in detail in the PER: 

• groundwater 

• groundwater-dependent ecosystems (GDEs) including wetlands) 

• surface water 

• vegetation and flora 

• terrestrial fauna  

• subterranean fauna 

• acid sulfate soils 

• closure. 

This PER assess the impacts of either Dry or Dredge mining depending on which of these presents the 

greater impact on each factor.  This assessment therefore over-estimates the likely impacts of the 

Proposal.  This is appropriate for a conservative approach to environmental impact assessment Groundwater 
Key Aspects  Assessment Outcomes Section 

Drawdown impacts to GDEs resulting 
from mine dewatering and abstraction 
from the Yarragadee for mine water 
supply. 

Dewatering and abstraction will result in drawdown over 
an area of approximately 3 km east-west and 7 km 
north-south. 

Abstraction of water from the Yarragadee aquifer is not 
expected to affect any other groundwater user. 

6 

The Proposal requires dewatering to enable safe access to ore, and abstraction for water supply from the 

Yarragadee.  This will alter groundwater level and flow and has the potential to affect GDEs, including 

wetlands and groundwater-dependent vegetation.  The Proposal Area lies within the Beharra Spring 

consanguineous wetland suite, which contains a number of wetlands that are associated with relict palaeo 

lake systems.  Groundwater modelling of the abstraction of water from the Yarragadee aquifer identified 

that this was not expected to significantly affect any other groundwater users and is within the regional 

groundwater availability as identified by the Department of Water. Groundwater-dependent ecosystems (including wetlands) 
Key Aspects  Assessment Outcomes Section 

Impacts to GDEs as a result of 
groundwater drawdown from 
dewatering and abstraction.  

Mine dewatering and abstraction results in localised 
drawdown that is expected to result in significant 
change within 201 ha and moderate change within 172 
ha of GDE adjacent to the Zeus Orebody. 

The potential resultant 24% reduction to the extent of 
the Zeus wetland is not expected to significantly 
reduce the extent of its representation. 

7 

Groundwater modelling and an impact assessment methodology based on extensive work conducted in 

the Northern Perth Basin were used to predict impact of the dewatering and abstraction on GDEs and 

wetlands.   

The assessment determined that the risk to GDEs and wetlands is mainly in the vicinity of the Zeus 

orebody and is dominated by groundwater drawdown.  Approximately 373 ha of  GDEs are likely to 

experience measurable change as a result of lowering the watertable, including 201 ha likely to experience 

significant change, with a further 172 ha subject to moderate changes.  None of these areas are within the 

Yardanogo Nature Reserve.   
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Of the three wetlands recorded in the vicinity of the Proposal Area, the Proposal will directly reduce the 

extent of the Zeus wetland by approximately 3% with an additional 21% of this wetland expected to be 

affected by abstraction from the Superficial and Yarragadee Aquifers.  The impact to the wetland is not 

expected to significantly reduce the extent of wetlands in the region or significantly affect the distribution of 

any habitat type.  As this impact will be temporary it is considered likely that these areas will recover.  The 

impact of groundwater drawdown on the distribution of vegetation communities is considered in 

assessment of the vegetation and flora factor. 

Groundwater modelling of the abstraction of water from the Yarragadee aquifer identified that the extent of 

drawdown in the Superficial aquifer will be less than the dewatering option.     Surface water 
Key Aspects  Assessment Outcomes Section 

Direct (i.e. clearing and disturbance) 
and indirect impacts on surface water 
values. 

The Proposal is not expected to affect any surface 
water values. 

8 

There are two ephemeral watercourses in the Proposal Area, Mt Adams Creek and Tomkins Rd Creek).  

Both terminate at the upstream (eastern) side of the Proposal Area as a series of deltaic fans that drain 

internally to the local groundwater system. Neither is within the Proposal Disturbance Boundary. For the 

remainder of the Proposal Area, surface water runoff is unlikely to occur given the Eneabba Sand Plains 

generally have an infiltration rate of over 1000 mm/hr, which exceeds the majority of rainfall events.   

The Proposal is not expected to affect any surface water values to any significant degree. Vegetation and flora 
Key Aspects  Assessment Outcomes Section 

Direct impact (i.e. clearing of up 
to1315 ha, comprising 1200 ha of native 
vegetation and 115 ha of predominantly 
cleared agricultural land) and indirect 
impacts (i.e. 373ha affected by 
groundwater drawdown impacts) on 
flora taxa and vegetation communities.  

Less than 10% reduction in the regional distribution of 
vegetation communities (FCTs) is considered low 
impact, excepting one FCT, which will experience a 
41% decrease and a moderate impact, mainly as a 
result of groundwater drawdown.  

A slight decline (0.01%) in vegetation association 379 
which is currently below the threshold level of 30% 
pre-European extent remaining. 

No loss of conservation significant flora taxa at 
species level and low impacts on flora taxa of 
conservation significance, including one Threatened 
and 24 Priority Flora species, given the low level of 
disturbance to the identified habitat of each species. 
No loss or significant decline in any TEC or PEC. 

No significant risk of an increase in the prevalence of 
weeds and minimal risk of introduction of dieback. 

9 

The Proposal Area is located within the Geraldton Sandplains biogeographic region and contains three 

vegetation systems dominated by low heaths, tall shrubs and some eucalyptus woodlands.  Extensive 

vegetation surveys included Floristic Community Type (FCT) mapping covering an area of approximately 

35 000 ha identified 20 FCTs and also recorded the regional distribution of significant numbers of 

conservation significant species. 

The Proposal will result in the clearing of up to approximately 1200 ha of native vegetation, with an 

additional 373 ha of native vegetation affected by groundwater drawdown, which will affect eight of the 

20 FCTs.  The impact of the reduction to the distribution of these FCTs is considered low with less than 

10% of the regional distribution of each community affected, with the exception of one vegetation 

community, of which 41% will be affected.  This level of impact is considered unlikely to significantly affect 

the regional distribution of any vegetation community. 
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An assessment of the impact to conservation significant flora was completed for 25 species (the majority 

being Priority 3 or Priority 4).   The assessment concluded that the impact for all species was likely to be 

low given the low level of disturbance to the identified habitat of each species, the number of recording 

outside the Disturbance Boundary and the regional distribution of the species. 

A significant proportion of the flora of the area is susceptible to Phytophthora dieback.  No infections have 

been recorded in the Proposal Area.  Appropriate hygiene and monitoring will ensure that the risk of 

introduction and spread of this pathogen is minimised. 

The Proposal is not expected to significantly affect vegetation and flora values of the region. Terrestrial fauna 
Key Aspects  Assessment Outcomes Section 

Direct impact (i.e. clearing of up to 
1200ha) and indirect Impacts (i.e. 
373ha affected by groundwater 
drawdown impacts) on fauna habitat.  

The Proposal Area contains foraging habitat for Carnaby’s 
Cockatoo and the Proposal will result in a minor reduction to 
the extent of available foraging habitat. 

The Proposal Area contains potential habitat of Western 
Ground Parrot although its presence in the area is uncertain.  

The Proposal will remove less than 10% of the total area of 
habitat within the Study Area habitat for conservation 
significant fauna. 

No loss or significant decline (i.e. 70% or more) in any habitat 
critical to the survival of any species of fauna. 

No loss of conservation significant fauna at species level or 
loss of important populations of conservation significant 
fauna. 

If present, potential for minor decline in the extent of potential 
habitat for the Western Ground Parrot. 

10 

Direct impact to fauna due to human 
interaction. 

Impacts are able to be minimised through the application of 
proposed management measures. 

A total of 118 species of vertebrate fauna were recorded during field investigations carried out for the 

Proposal.  Of these, nine are considered conservation significant (Table ES1) with several other species of 

conservation significance identified as having potential to occur in the Proposal Area.   

A broad range of habitats exists in the area with the main habitat types of interest (i.e. habitat types 

within/nearby the proposed Disturbance Boundary) being: 

• dense mixed shrublands/heathlands/sedgelands on white and yellow sands 

• dampland areas of tall mixed thickets over white sandy loams to sandy clays 

• Allocasuarina/Banksia woodland over shrubs & sedges on yellow sand 

• seasonal wetlands (Melaleuca dominated claypans). 

This impact assessment considered the potential impacts to the locally restricted seasonal wetland habitat 

using survey data from this habitat.  The reduction in the extent of the Zeus wetland by approximately 3% 

due to clearing, with an additional 21% from drawdown, is not expected to significantly affect the 

distribution of this habitat. 

Overall, clearing and drawdown will not result in the loss of more than 10% of the total area of habitat 

within the Study Area.  The Disturbance Boundary is largely surrounded by a large contiguous stand of 

remnant native vegetation, with habitat fragmentation caused by the Proposal consequently being limited.  

The risk of impacts to fauna from vehicles and human activity can be minimised through implementation of 

appropriate management measures. 

Residual risks to terrestrial fauna relate to impacts to two species of conservation significance: Carnaby’s 

Cockatoo and the Western Ground Parrot.  Carnaby’s Cockatoo may be impacted by loss of foraging 

habitat, as the proposed Disturbance Boundary constitutes suitable foraging habitat.  Although not 

confirmed as present in the Proposal Area, any possible resident population of the Western Ground Parrot 

may occur given its current distribution range and conservation significance. 
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Subterranean fauna 
Key Aspects  Assessment Outcomes Section 

Direct impact on habitat subterranean 
fauna due to mining and groundwater 
drawdown. 

Proposal is not expected to result in the loss of any 
subterranean fauna at species level or the reduction in 
distribution ranges of any species of subterranean fauna 

Species of stygofauna return in surveys are unlikely to be 
restricted to the Proposal Area. 

11 

A total of 18 species of stygofauna were recorded during investigations completed for the Proposal.  An 

assessment of geological data concluded that there are no obvious karst terrains within the Proposal Area 

that would indicate the presence of prospective habitat for troglofauna.   

Results from stygofauna investigations indicate that the superficial aquifer within the Proposal Area 

contains a low abundance and diversity of stygofauna when compared to higher yielding karstic habitats 

located closer to the coast.  The superficial formations of the Proposal Area consist mainly of sand and 

clay profiles, which by nature are unlikely to support a high diversity and abundance of subterranean 

fauna.   

It is considered unlikely that any of the species of stygofauna recorded are restricted to the Proposal Area.  

As a result the Proposal is not expected to cause the loss of any subterranean fauna at species level or 

the reduction in distribution ranges of any species of subterranean fauna. Acid sulfate soils 
Key Aspects  Assessment Outcomes Section 

Contamination of land and groundwater 
resulting from exposure of acid forming 
materials during mining or groundwater 
drawdown. 

Potential acid sulfate soils were identified in a limited area 
adjacent to and within the Zeus Orebody and may be 
affected by groundwater drawdown and mining.  After the 
application of management measures, including additional 
survey and investigation, acid sulfate soils are not 
expected to significantly affect environmental values of 
the Proposal Area or surrounding areas. 

12 

An assessment of the presence of potential Acid Sulfate Soils (ASS) in the Proposal Area identified that 

potential ASS were limited in distribution to an area around the Zeus deposit with a portion of these 

potentially affected by the groundwater drawdown from dewatering and abstraction.  In recognition of the 

occurrence of potential ASS, Tiwest has committed to  

• conducting further soil investigations in proximity to the Zeus deposit prior to mining  

• conducting regular monitoring of soil and water from dewatering to confirm ASS has not been 

encountered 

• implementing remedial action where impacts associated to ASS is recorded, including the use of 

neutralising material. 

In consideration of the limited extent of potential ASS recorded and the proposed monitoring and 

management actions, it is not expected that ASS will significantly affect environmental values of the 

Proposal Area or surrounding areas. Closure 
Key Aspects  Assessment Outcomes Section 

Progressive rehabilitation of areas 
disturbed by mining to return safe, 
stable and non-polluting landforms 
commensurate with surrounding 
environment 

In UCL establish a self sustaining 
ecosystem comprising local provenance 
vegetation 

Progressive rehabilitation of all disturbed areas 

No ongoing contaminated sites 

The establishment of biological systems that are 
commensurate with surrounding vegetation 

Rehabilitated sites achieve end land use of native 
vegetation 

13 
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Tiwest has developed a Mine Closure and Decommissioning Plan (Closure Plan) for the Proposal in 

accordance with the ANZMEC/MCA Strategic Framework for Mine Closure (ANZMEC/MCA 2000) and 

refers to methodology outlined in the DMP/EPA Guidelines for Preparing Mine Closure Plans (DMP/ 

EPA 2011).  The Closure Plan has been prepared at the planning stage of the Proposal to enable 

identification and management of closure and decommissioning risks, and uses knowledge and 

experience gained by Tiwest through the existing Cooljarloo Mine (located 140 km south of Proposal), 

which has been applying progressive rehabilitation for over a decade. 

The Closure Plan identifies closure objectives and the strategies and plans for achieving these objectives.  

In addition, it also highlights areas for further investigation to satisfy gaps in knowledge at a level of detail 

appropriate for the stage of development of the Proposal.  The main strategy is the use of progressive 

mine rehabilitation to ensure that closure criteria can be achieved as soon as possible after completion of 

mining.  Progressive mine rehabilitation involves rehabilitation of land disturbed throughout the life of the 

mine, backfilling mine voids as the mining operation advances.   

The Proposal involves the progressive backfill of mine voids using overburden and tailings.  This minimises 

the area required for overburden dumps and tailings facilities external to the mine voids and ensures that 

mine voids do not remain at mine closure.  It also enables rehabilitation to be undertaken progressively 

throughout the mine life.  After backfilling, the area is contoured commensurate with surrounding landforms 

and drainage patterns.  Progressive rehabilitation makes the best use of available material for 

rehabilitation, in particular propagules in the topsoil and mulch collected from clearing. 

The collection and dissemination of baseline information to characterise the pre-disturbance environment 

and the resources that will be available in the post disturbance environment is of paramount import to 

successful rehabilitation and mine closure planning.  To this end, Tiwest have collated a significant volume 

of knowledge and information regarding the soils and soil setting, vegetation and hydrology of the site.  

Application of this strategy and details in the Closure Plan will ensure that after completion of mining, the 

Proposal provides a safe, stable and functioning landform consistent with the surrounding landscape and 

other environmental values. Conditions of approval 
In undertaking this assessment Tiwest is seeking approval to implement the Proposal with the 

expected outcomes as described in this report including: 

• clearing and disturbance of no more than 1315 ha, including up to 1200 ha of native vegetation 

within the Actual Footprint (shown in Figure ES2) 

• no more than 373 ha of vegetation will experience measurable impact (a Moderate or Large 

change) from drawdown 

• Progressive rehabilitation of Actual Footprint. 

Critical controls and triggered to be applied to achieve this include: 

• cessation of dewatering until appropriate remedial action is undertaken if measurable impact 

(a Moderate or Large change) is recorded in the Yardanogo Nature Reserve. 

• implementation of remedial measures specified in Section 7.7 of this PER in accordance with 

consultation with DEC if trigger levels specified in the Items 3 or 4 of Table 31 of the PER are 

exceeded. Offset strategy 
An offset strategy is being developed in consultation with DEC and SEWPaC based on the principles set 

out in EPA Guidance No 19 (EPA 2008a) and Commonwealth draft offsets policy statement (DEWR 2007).   
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The basic components of the offsets package have been qualitatively defined and elements that are being 

considered for inclusion in the final package may include: 

• acquisition of habitat 

• protection of habitat 

• targeted surveys 

• research.   

It is intended that a detailed offsets package, once agreed with the DEC and SEWPaC, will be provided to 

the EPA at the time of submission of the Summary and Response to Public Submissions on the PER. Conclusion 
In summary the predicted environmental impacts of the Proposal are: 

• clearing of up to approximately 1200 ha of native vegetation, which will not significantly affect the 

distribution of any vegetation community or the distribution of any species of conservation 

significance 

• no significant effect on surface water features  

• drawdown has the potential to affect approximately 373 ha of GDEs being affected (including a 

large change to approximately 201 ha of this), which will not significantly affect the distribution of 

any vegetation community or wetland type with the proposal area 

• reduction in extent of some fauna habitats, although no significant decline in any habitat critical to 

the survival of any species of fauna and no loss of important populations of conservation 

significant fauna is expected 

• reduction in potential subterranean fauna habitat, which will not affect the distribution of any taxa 

• minor areas of potential acid sulfate soils will be encountered that are considered to be readily 

manageable. 

A comprehensive management plan has been proposed to address these impacts.  Most notably Tiwest 

are committed to the progressive rehabilitation of approximately 1200 ha of native vegetation to a high 

standard. 

After application of mitigation and management strategies, the Proposal is not expected to significantly 

affect any environmental values of the Proposal Area. Environmental Offsets are proposed to address the 

residual impacts, primarily associated with the loss of habitat and biodiversity over up to 1200ha; including 

the habitat for threatened fauna species. 
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Table ES1 Summary of key environmental factors, potential impacts, proposed management and anticipated outcomes 

Environmental 
Factor 

EPA objective Existing environment Potential Impacts Management and mitigation measures Predicted environmental outcome 

Groundwater To maintain the 
quantity of water so 
that existing and 
potential 
environmental 
values, including 
ecosystem 
maintenance, are 
protected. 

To ensure that 
emissions do not 
adversely affect 
environment values 
or the health, 
welfare and amenity 
of people and land 
uses by meeting 
statutory 
requirements and 
acceptable 
standards. 

Existing groundwater 
values include: 

• two groundwater 
bearing formations 
present (superficial 
and Yarragadee) 

• superficial and 
Yarragadee aquifers 
are treated as 
hydraulically 
connected for this 
assessment. 

Activities or aspects of the Proposal 
that have the potential to affect 
groundwater, not considering 
mitigation measures, include: 

• dewatering to enable safe access 
to ore will alter groundwater level 
and flow and has the potential to 
affect groundwater-dependent 
wetlands and  vegetation 

• potential acid sulfate soils may 
be exposed to oxygen potentially 
affecting groundwater quality 

• abstraction of water from the 
Yarragadee and superficial 
aquifers for on-site water supply 
has the potential to affect GDEs, 
including wetlands and 
groundwater-dependent 
vegetation and other users of 
these aquifers 

• operation of tailings facility will 
increase infiltration which has the 
potential to result in groundwater 
mounding under the facility 

• hydrocarbon spills have the 
potential to affect groundwater 
quality. 

Groundwater values within the Proposal Area will be 
protected through implementation of the following 
measures 

• implementing the Adaptive Groundwater 
Management Plan (contained in the EMP 
Appendix 1)  

• backfilling as soon as possible to enable 
reinstatement of the aquifer and thereby through-
flow across the mine void 

• timing dewatering in winter as far as practical to 
reduce likelihood of vegetation stress 

• limiting dewatering to that required to ensure safe 
and efficient mining 

• monitoring of groundwater levels to determine the 
compliance with defined environmental trigger 
levels and comparison of results with modelling to 
determine accuracy of modelled groundwater 
contours 

• undertaking further investigations into potential 
ASS 

• investigating methods of water reuse and 
promotion of water use efficiency throughout site. 

 

After application of management and 
mitigation measures, the Proposal is 
expected to result in the following 
outcomes in relation to groundwater: 

• result in up to approximately 
373 ha of GDEs being 
experiencing a moderate to 
large change.   
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Environmental 
Factor 

EPA objective Existing environment Potential Impacts Management and mitigation measures Predicted environmental outcome 

GDEs 
(including 
wetlands) 

To maintain the 
integrity, ecological 
functions and 
environmental 
values of wetlands. 

To maintain the 
abundance, 
diversity, geographic 
distribution and 
productivity of fauna 
at species and 
ecosystem levels 
through the 
avoidance or 
management of 
adverse impacts and 
improvement in 
knowledge. 

To maintain the 
abundance, 
diversity, geographic 
distribution and 
productivity of flora 
at species and 
ecosystem levels 
through the 
avoidance or 
management of 
adverse impacts and 
improvement in 
knowledge. 

 

Existing values include: 

• several dampland/ 
wetlands present 
are considered 
GDEs 

• areas of vegetation 
considered to be 
groundwater-
dependent due to 
proximity of 
groundwater 

 

Activities or aspects of the Proposal 
that have the potential to affect 
surrounding wetlands and GDEs not 
considering mitigation measures, 
include: 

• dewatering to enable safe access 
to ore will alter groundwater level 
and flow and has the potential to 
affect GDEs 

• potential acid sulfate soils below 
the watertable may be exposed to 
oxygen potentially affecting 
groundwater quality, which could 
affect wetlands 

• abstraction of water from the 
Yarragadee and superficial 
aquifers for on-site water supply 
has the potential to affect GDEs 

• hydrocarbon spills have the 
potential to affect groundwater 
quality, which could affect 
wetlands. 

 

Wetland values within the Proposal Area will be 
protected through implementation of the following 
measures: 

• implementing the Surface and Groundwater 
Management plan (contained in the EMP 
Appendix 1) 

• implementing the Hydrocarbon Management plan 
(contained in the EMP Appendix 1. 

• The key management measures contained in 
these plans are: 

• backfilling as soon as possible to enable 
reinstatement of the aquifer and thereby through-
flow across the mine void 

• monitoring of groundwater levels to determine the 
compliance with defined environmental trigger 
levels and comparison of results with modelling to 
determine accuracy of groundwater drawdown 
contours 

• undertaking further investigations into potential 
ASS 

• investigating methods of water reuse and 
promotion of water use efficiency throughout site 

• spreading the load of abstraction across bores, 
locating bores in eastern most extent of project.  

 

 

After application of management and 
mitigation measures, the Proposal is 
expected to result in the following 
outcomes in relation to GDEs 
(including wetlands): 

• result in 373 ha of vegetation 
beyond the clearing boundary 
potentially being impacted to a 
measureable degree 

• approximately 248 ha of the 
Zeus wetland (or approximately 
24% of this wetland) being 
directly and indirectly affected. 
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Environmental 
Factor 

EPA objective Existing environment Potential Impacts Management and mitigation measures Predicted environmental outcome 

Surface water To maintain the 
quantity of water so 
that existing and 
potential 
environmental 
values, including 
ecosystem 
maintenance, are 
protected. 

To ensure that 
emissions do not 
adversely affect 
environment values 
or the health, 
welfare and amenity 
of people and land 
uses by meeting 
statutory 
requirements 

Existing surface water 
values include: 

• several dampland/ 
wetlands present 
which may meet the 
criteria for 
conservation 
category wetlands 

• two ephemeral 
watercourses, 
exhibiting highly 
episodic stream 
flows. 

The following aspects of the Proposal 
may affect surface water values: 

• dewatering will result in 
drawdown in the superficial aquifer 
which has the potential to modify 
the hydrological conditions of the 
watercourses in the Proposal Area 
and has the potential to affect 
vegetation and fauna habitats 

• runoff from disturbed areas and 
overburden dumps may result in 
increased sediment transport to 
watercourses 

• hydrocarbon spills have the 
potential to affect surface water 
quality. 

Surface water values within the Proposal Area will be 
protected through implementation of the following 
measures: 

• implementing the Groundwater Management plan 
(contained in the EMP Appendix 1) 

• implementing the Hydrocarbon Management plan 
(contained in the EMP Appendix 1). 

• Implementation of Rehabilitation and Closure Plan 
(contained in the EMP Appendix 1). 

After application of management and 
mitigation measures, the Proposal is 
expected to result in the following 
outcomes in relation to surface 
water: 

• no significant changes to the 
hydrology of the ephemeral 
watercourses in the Proposal 
Area 

• no contamination of surface 
water features. 
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Environmental 
Factor 

EPA objective Existing environment Potential Impacts Management and mitigation measures Predicted environmental outcome 

Vegetation 
and flora 

To maintain the 
abundance, 
diversity, geographic 
distribution and 
productivity of flora 
at species and 
ecosystem levels 
through the 
avoidance or 
management of 
adverse impacts and 
improvement in 
knowledge. 

Existing vegetation and 
flora values include: 

• vegetation 
associations are well 
represented except 
vegetation 
association 379 
(less than 30% 
remaining) 

• 20 Floristic 
Community Types 
with the majority of 
high conservation 
significance 

• absence of TECs, 
PECs 

• 543 vascular plant 
taxa belonging to 72 
plant families 

• 25 species of 
conservation 
significant flora 
(including one 
species of DRF). 

Activities or aspects of the Proposal 
that have the potential to affect 
vegetation and flora, not considering 
mitigation measures, include: 

• clearing of vegetation will directly 
reduce the extent of vegetation 
communities, including vegetation 
communities of local conservation 
significance, and Priority Flora 
species which may be present 

• dewatering and abstraction will 
lower ground water levels in 
proximity to the pits and therefore 
may affect groundwater-
dependent vegetation 

• vehicle movements and 
earthworks (including pumping of 
slurries) have the potential to 
introduce and spread weed 
species and dieback into adjacent 
vegetation 

• dust generation due to 
earthworks, mining and vehicle 
movements has the potential to 
smother vegetation 

• vehicle movements and 
earthworks have the potential to 
increase the risk of bush fires. 

Vegetation and flora values within the Proposal Area 
will be protected through implementation of the 
following measures: 

• minimising areas cleared as far as is practicable 

• management through clearing procedure 

• minimising time between clearing and 
rehabilitation 

• personnel will be trained in relevant requirements 
with awareness maintained throughout the 
duration of the Proposal 

• restricting vehicles to designated roads and mining 
areas 

• investigating any unauthorised clearing and 
implementing appropriate corrective and 
preventative measures implemented to prevent 
recurrence 

• rehabilitating all areas disturbed in accordance 
with the Rehabilitation Management Plan section 
of the EMP (Appendix 1) 

• implementing weed and dieback hygiene 
measures in accordance with the Weed and 
Phytophthora cinnamomi Management Plan 
section of the EMP (Appendix 1)  

• implementing dust control measures in 
accordance with the Dust Management Plan 
section of the EMP (Appendix 1) 

• implementing fire control measures in accordance 
with the Fire Management Plan section of the EMP 
(Appendix 1).  

After application of management and 
mitigation measures, the Proposal is 
expected to result in the following 
outcomes in relation to vegetation 
and flora: 

• no decline in any vegetation 
association to a point below 
which that association could be 
considered endangered (i.e. 
below 10% pre-European 
extent) 

• no loss or significant decline (i.e. 
70% or more) in any FCT 

• no loss or significant decline in 
any TEC or PEC 

• no loss of conservation 
significant flora at species level 

• no loss of important populations 
of conservation significant flora 

• no significant risk of an increase 
in the prevalence of weeds 

• minimal risk of introduction of 
dieback. 

• Aspects of the Proposal which 
may represent residual risks to 
vegetation and flora include: 

• a slight decline (0.01%) in 
vegetation association 379 
further below the threshold level 
of 30% pre-European extent 
remaining 

• a moderate level of impact to 
FCT 10a (approximately 41% of 
FCT to be impacted), mainly 
associated with groundwater 
drawdown. 
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Environmental 
Factor 

EPA objective Existing environment Potential Impacts Management and mitigation measures Predicted environmental outcome 

Terrestrial 
Fauna 

To maintain the 
abundance, 
diversity, geographic 
distribution and 
productivity of fauna 
at species and 
ecosystem levels 
through the 
avoidance or 
management of 
adverse impacts and 
improvement in 
knowledge. 

Existing terrestrial fauna 
values include: 

• 118 species of 
vertebrate fauna 

• nine conservation 
significant fauna 
including Carnaby’s 
Cockatoo and the 
Western Ground 
Parrot 

• range of habitat 
types present 
including dense 
mixed shrublands/ 
heathlands/ 
sedgelands, 
dampland areas of 
tall mixed thickets, 
Allocasuarina/ 
Banksia woodland 
over shrubs & 
sedges, and 
seasonal wetlands 
(Melaleuca 
dominated). 

Activities or aspects of the Proposal 
that have the potential to affect fauna, 
not considering mitigation measures, 
include: 

• clearing of vegetation will directly 
disturb fauna habitat and may 
result in the loss of individual 
terrestrial fauna 

• dewatering and abstraction will 
lower ground water levels in 
proximity to the pits and therefore 
may affect groundwater-
dependent vegetation 

• vehicle movements within the 
Proposal Area may result in the 
injury or fatality of individual 
terrestrial fauna, especially less-
mobile species 

• human activities have the 
potential to increase in presence 
introduced predator species (e.g. 
foxes and cats) which has the 
potential to result in increased 
rates of predation of native fauna 
species. 

Terrestrial fauna values within the Proposal Area will 
be protected through implementation of the following 
measures: 

• minimising areas cleared as far as is practicable 

• minimising time between clearing and 
rehabilitation 

• inducting all staff prior to engagement on site on 
fauna management procedures 

• proving updated information on fauna 
management to personnel during mine operations 
in toolbox meetings, site Health Safety and 
Environment (HSE) meetings, training and 
awareness sessions and visual displays in 
prominent on-site locations 

• staging clearing in and along one front to allow 
fauna to vacate the area 

• confining clearing of vegetation to designated 
areas only 

• allowing Carnaby’s Cockatoos encountered during 
construction to make their own way from the area 

• giving native animals’ encountered on-site the 
opportunity to move on if there is no real threat to 
personnel safety 

• restricting vehicles, machinery and personnel to 
designated areas 

• disposing food scraps and other waste in covered 
waste facilities to ensure that feral or other animals 
are not attracted to the site 

• installing signs on internal roads warning of the 
potential for fauna to be mobile in the area 

• requiring all personnel to observe on-site vehicle 
speed limits to prevent the likelihood of road kill 

• inspecting active site areas each morning during 
clearing and mining, prior to starting-up machinery 
to ensure fauna may be avoided 

• prohibiting the feeding of fauna, hunting, or 
keeping of pets on-site. 

After application of management and 
mitigation measures, the Proposal is 
expected to result in the following 
outcomes in relation to terrestrial 
fauna: 

• no loss or significant decline (i.e. 
70% or more) in any habitat 
critical to the survival of any 
species of fauna 

• no loss of conservation 
significant fauna at species level 

• no loss of important populations 
of conservation significant fauna. 

• Aspects of the Proposal which 
may represent residual risks to 
terrestrial fauna include: 

• loss of foraging habitat for 
Carnaby’s Cockatoo 

• if present, potential for minor 
decline in the extent of potential 
habitat for the Western Ground 
Parrot. 
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Environmental 
Factor 

EPA objective Existing environment Potential Impacts Management and mitigation measures Predicted environmental outcome 

Subterranean 
Fauna 

To maintain the 
abundance, 
diversity, geographic 
distribution and 
productivity of 
subterranean fauna 
at species and 
ecosystem levels 
through the 
avoidance or 
management of 
adverse impacts and 
improvement in 
knowledge. 

Existing subterranean 
fauna values include: 

• 18 different species 
of stygofauna 

• absence of suitable 
troglofauna habitat. 

Activities or aspects of the Proposal 
that have the potential to affect 
subterranean fauna, not considering 
mitigation measures, include: 

• mining will remove potential 
subterranean fauna habitat and 
has the potential to result in the 
loss of individual fauna through the 
extraction of material 

• dewatering and abstraction will 
reduce the extent of stygofauna 
habitat, which has the potential to 
cause population fragmentation 

• contamination from hydrocarbons 
spills and other potential pollutants 
have the potential to degrade the 
habitat for subterranean fauna 
through surface or groundwater 
contamination. 

Subterranean fauna values within the Proposal Area 
will be protected through implementation of the 
following measures: 

• implementing the Groundwater Management plan 
(contained in the EMP Appendix 1) 

• implementing the Hydrocarbon Management plan 
(contained in the EMP Appendix 1) 

• rehabilitating and back filling voids progressively to 
promote groundwater flow and reinstatement of 
near original hydrogeological conditions. 

After application of management and 
mitigation measures, the Proposal is 
expected to result in the following 
outcomes in relation to subterranean 
fauna: 

• no loss of subterranean fauna at 
species level 

• no reduction in the distribution 
range of any species of 
subterranean fauna. 

 

Acid sulfate 
soils 

To ensure that 
emissions do not 
adversely affect the 
environmental 
values of health, 
welfare and amenity 
of people and land 
uses by meeting 
statutory 
requirements and 
acceptable 
standards.  

To ensure that 
rehabilitation 
achieves an 
acceptable standard 
compatible with the 
intended land use, 
and consistent with 
appropriate criteria. 

Existing acid sulfate soil 
properties include: 

• elevated peroxide 
oxidisable sulphur 
(POS) was found in 
soils, and this was 
associated with clay, 
linked to elevated 
iron, aluminium and 
manganese 

• peroxide oxidisable 
sulfur (POS) levels 
which may exceed 
DEC action criterion 
were found in areas 
near Zeus. 

Activities or aspects of the Proposal 
that have the potential to affect acid 
sulfate soils, not considering mitigation 
measures, include: 

• exposure of acid sulfate soil 
material to oxygen has the 
potential to generate acid that 
could then be mobilised 

• contamination of soil and/or 
groundwater through improper 
handling and/or treatment of acid 
sulfate soil materials 

• storage of acid sulfate soil 
mineral waste has the potential to 
cause contamination through 
mobilisation of acid.  

Soil values within the Proposal Area will be protected 
through implementation of the following measures: 

• conducting further soil investigations in proximity 
to the Zeus deposit prior to mining  

• monitoring of soil and water in pits/bores to 
confirm ASS have not been encountered 

• inducting personnel aware of ASS risk within the 
Proposal Area.  

After application of management and 
mitigation measures and the Acid 
Sulfate Soil Management Plan, the 
Proposal is expected to result in the 
following outcomes in relation to acid 
sulfate soils: 

• excavation and dewatering in 
the vicinity of the Zeus deposit 
will be planned and investigated  

• acid generation due to oxidised 
material will be avoided, or 
compensated for through acid 
neutralising capacity of the soils 

• outcomes of further 
investigations into tailings, and 
around the Zeus deposit, will 
guide ASS management during 
mining of Zeus.  



  Dongara Titanium Minerals Project  

TIW11174.01 Dongara PER Rev 2  4-May-12   xviii 

Environmental 
Factor 

EPA objective Existing environment Potential Impacts Management and mitigation measures Predicted environmental outcome 

Closure To ensure, as far as 
practicable, that 
rehabilitation 
achieves a stable 
and functioning 
landform that is 
consistent with the 
surrounding 
landscape and other 
environmental 
values. 

To maintain the 
abundance, 
diversity, geographic 
distribution and 
productivity of flora 
and fauna at species 
and ecosystem 
levels through the 
avoidance or 
management of 
adverse impacts and 
improvement of 
knowledge. 

Stable and functioning 
landform. 

Specifically, the potential impacts are 
addressed: 

• Unsuitable or poorly 
constructed post-closure 
landforms could prevent the 
establishment of self sustaining 
biological ecosystems 

• ongoing contamination from 
post closure landforms which 
could provide an ongoing hazard 
to humans and biological system 

• Failure to establish self-
supporting ecosystems which 
could result in the permanent loss 
of biodiversity values from the 
area including habitat for 
conservation significant flora and 
fauna species. 

Vegetation and flora values within the Proposal Area 
will be protected through implementation of the 
following measures: 

• mine pits will be progressively backfilled with 
overburden, contoured commensurate with 
surrounding landforms and drainage patterns and 
then rehabilitated with topsoil and mulch to create 
a self sustaining ecosystem representative of pre-
mining vegetation as per EMP (Appendix 1) 

• all other disturbed areas (e.g. roads etc) will be 
ripped, re-contoured rehabilitated with topsoil and 
mulch 

After application of management and 
mitigation measures, and 
implementation of the Closure 
Management Plan, the Proposal is 
expected to result in the following 
outcomes: 

• progressive rehabilitation of all 
disturbed areas 

• no ongoing contaminated sites 

• the establishment of biological 
systems that are consistent with 
surrounding vegetation 

• rehabilitated sites achieve end 
land use of native vegetation. 
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1. Introduction 1.1 Overview of Proposal
Tiwest Pty Ltd (Tiwest) proposes to establish a greenfield 

southeast of Dongara, Western Australia

titanium bearing (and other valuable) mineral sands

8 Mtpa and a lifespan of 7 to 15 years

Muchea for further processing.  The major component of the 

using a combination of dry and dredge mining techniques.  

• establishment of operational plant and infrastructure for m

concentrate  

• establishment of overburden dumps and tailings facilities

• construction of associated infrastructure including haul roads and tracks, power plant, water supply and 

storage ponds, administration facil1.2 Location  
The Proposal is located approximately 25

Brand Highway (Figure 1).  The Proposal

M70/1198, M70/1199 and M70/1200 (M70/1195

approximately 5190 ha. 

All mining leases, with the exception of Mining Lease

Lease M70/1195 is entirely on freehold 

is subject to a land access and compensation agreement in accordance with section

(Mining Act) for access to surface rights for the purpose of minerals exploration.  Independent negotiations are in 

progress with the relevant landholder to secure access to this area for mining purposes.

A portion of the Proposal Area overlays the active 

between AWE Limited (previously Arc Energy Pty Ltd

to facilitate mining of mineral sands concurrently with the operation of 

Natural Gas Pipeline and Parmelia Natural Gas/Petroleum Pipeline also traverse the 

interactions are managed via similar agreements.  
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Overview of Proposal 
establish a greenfield titanium minerals mine located approximately 

estern Australia (the Proposal).  The Proposal involves the mining 

her valuable) mineral sands.  The Proposal has a projected production level of up to 

15 years.  The concentrate will be transported to the Tiwest Chandala plant 

The major component of the Proposal involves establishment of six mine pits 

and dredge mining techniques.  The Proposal also includes: 

establishment of operational plant and infrastructure for mineral preparation and for processing ore to 

establishment of overburden dumps and tailings facilities 

construction of associated infrastructure including haul roads and tracks, power plant, water supply and 

storage ponds, administration facilities and maintenance facilities. 

The Proposal is located approximately 25 km southeast of the town of Dongara, approximately 8

).  The Proposal Area is defined by six mining leases:  M70/1195, M70/1196, M70/1197, 

M70/1198, M70/1199 and M70/1200 (M70/1195-1200) as shown on Figure 2, covering a total area of 

, with the exception of Mining Lease M70/1195, are on unallocated Crown Land

ely on freehold land, used predominantly for cattle grazing on pasture

is subject to a land access and compensation agreement in accordance with section 29 of the 

access to surface rights for the purpose of minerals exploration.  Independent negotiations are in 

th the relevant landholder to secure access to this area for mining purposes. 

rea overlays the active Beharra Springs gas mining facility, which is

Arc Energy Pty Ltd) and Origin Energy Pty Ltd.  A private agreement is in place 

to facilitate mining of mineral sands concurrently with the operation of this facility.  The Dampier to Bunbury 

Natural Gas Pipeline and Parmelia Natural Gas/Petroleum Pipeline also traverse the Proposal Area

via similar agreements.   

 

Dongara Titanium Minerals Project 
approximately 25 km 

mining and concentration of 

a projected production level of up to 

The concentrate will be transported to the Tiwest Chandala plant in 

s establishment of six mine pits 

ineral preparation and for processing ore to 

construction of associated infrastructure including haul roads and tracks, power plant, water supply and 

, approximately 8 km east of the 

:  M70/1195, M70/1196, M70/1197, 

covering a total area of 

are on unallocated Crown Land (UCL).  Mining 

on pasture.  The freehold land 

29 of the Mining Act 1978 

access to surface rights for the purpose of minerals exploration.  Independent negotiations are in 

, which is a joint venture 

ergy Pty Ltd.  A private agreement is in place 

facility.  The Dampier to Bunbury 

Proposal Area and 
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1.3 The Proponent 
The Proponent for the Proposal is Tiwest Pty Ltd

joint venture between Tronox Western Australia Pty Ltd and subsidiaries o

Yalgoo Minerals Pty Ltd).  The Tiwest Joint Venture 

Processing Agreement Act 1988, through which 

operation by mining heavy mineral sands, separating titanium minerals and zircon; producing synthetic rutile and 

manufacturing titanium dioxide pigment in one integrated business. 

important contribution to Western Australian

time and contract jobs.  Key elements in the company achievements have been priority programs for safety, 

environmental performance and community responsibility.

Existing Tiwest operations are: 

• Cooljarloo mining operation, located 170

concentrates from dredging and dry mining operations

• Chandala processing plant, located 60

split from the heavy mineral concentrate.  The ilmenite is refined to synthetic rutile at Chandala

producing activated carbon as a by

• Kwinana processing plant, located 30

dioxide pigment then stored 

The integrated nature of the Tiwest operations is shown in schematic form in 

Tiwest is the operations manager of the Tiwest Joint Venture, a joint venture of equal interest between 

subsidiaries of Exxaro Sands Australia Pty Ltd (as Yalgoo Minerals Pty Ltd) and Trono

Ltd.  

Exxaro Sands Australia is a solely owned subsidiary 

of South African based Exxaro Resources Limited 

who has iron ore, coal, base metals and minerals 

sands interests.  

Tronox Western Australia is the Australian arm of 

American based chemical company Tronox, the 

world’s third-largest producer and marketer of 

titanium dioxide pigment. Tronox also produce 

electrolytic and specialty chemicals. 

The contact person for the Proposal 

Nick Sibbel 

Environmental Approvals Manager

Tiwest Pty Ltd 

Address:  Brand Hwy, PO Box 22 Muchea WA 6501

Telephone:  08 9571 9333 

Facsimile:  08 9571 9344 

Email:  nick.sibbel@tiwest.com.au

 

  

 Dongara Titanium Minerals Project

 2 

Tiwest Pty Ltd (Tiwest), operator of the Tiwest Joint Venture an equal share 

joint venture between Tronox Western Australia Pty Ltd and subsidiaries of Exxaro Minerals Sands Pty Ltd (as 

The Tiwest Joint Venture is recognised in the Mineral Sands (Cooljarloo) Mining and 

, through which the Proponent has established a major titanium minerals 

n by mining heavy mineral sands, separating titanium minerals and zircon; producing synthetic rutile and 

manufacturing titanium dioxide pigment in one integrated business.  The integrated operations have made an 

important contribution to Western Australian export earnings, as well as directly generating more than 800 full 

Key elements in the company achievements have been priority programs for safety, 

environmental performance and community responsibility. 

Cooljarloo mining operation, located 170 km north of Perth, where the company produces heavy mineral 

concentrates from dredging and dry mining operations 

Chandala processing plant, located 60 km north of Perth, where ilmenite, rutile, leucoxene and z

split from the heavy mineral concentrate.  The ilmenite is refined to synthetic rutile at Chandala

producing activated carbon as a by-product 

Kwinana processing plant, located 30 km south of Perth, where synthetic rutile is processed to titanium

dioxide pigment then stored for use or sale in the domestic market or shipped to overseas markets.

The integrated nature of the Tiwest operations is shown in schematic form in Figure 3. 

Tiwest is the operations manager of the Tiwest Joint Venture, a joint venture of equal interest between 

subsidiaries of Exxaro Sands Australia Pty Ltd (as Yalgoo Minerals Pty Ltd) and Tronox Western Australia Pty 

Exxaro Sands Australia is a solely owned subsidiary 

of South African based Exxaro Resources Limited 

who has iron ore, coal, base metals and minerals 

Tronox Western Australia is the Australian arm of 

based chemical company Tronox, the 

largest producer and marketer of 

titanium dioxide pigment. Tronox also produce 

 

 is: 

al Approvals Manager 

Brand Hwy, PO Box 22 Muchea WA 6501 

@tiwest.com.au 

 

Dongara Titanium Minerals Project 
, operator of the Tiwest Joint Venture an equal share 

f Exxaro Minerals Sands Pty Ltd (as 

Mineral Sands (Cooljarloo) Mining and 

has established a major titanium minerals 

n by mining heavy mineral sands, separating titanium minerals and zircon; producing synthetic rutile and 

The integrated operations have made an 

export earnings, as well as directly generating more than 800 full 

Key elements in the company achievements have been priority programs for safety, 

km north of Perth, where the company produces heavy mineral 

km north of Perth, where ilmenite, rutile, leucoxene and zircon are 

split from the heavy mineral concentrate.  The ilmenite is refined to synthetic rutile at Chandala, 

km south of Perth, where synthetic rutile is processed to titanium 

or shipped to overseas markets. 

Tiwest is the operations manager of the Tiwest Joint Venture, a joint venture of equal interest between 

x Western Australia Pty 
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Figure 3 Schematic of Tiwest operations 
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1.4 Environmental impact assessment process
The Proposal was referred to the Environmental Protection Authority (EPA) for consideration under section

the Environmental Protection Act 1986 

On 24 September 2007, the EPA published 

Public Environment Review (PER).  The 

Under the Environmental Impact Assessment (Part IV Division 1) Administrative P

was required to prepare an Environmental Scoping Document (ESD) 

to the Proposal that will be addressed in the PER and the environmental studies 

for assessment of the environmental impact of the Proposal.  The ESD also described the scope 

timeline for assessment of the Proposal.  The ESD was 

An application under section 43A of the EP Act to modify the mining 

dredge mining was submitted on 10 October 2011

Under the Environmental Protection and Biodiversity Conservation Act 1999 

from the Australian Government Minister 

significant impact on a matter of national 

the EPBC Act, the Proposal has the potential to 

Proposal was referred to the Department of Environment, Water

Sustainability, Environment, Water an

Proposal by the EPA as a PER under the bilateral agreement

The PER documentation has been prepared in accordance with the 

Division 1) Administrative Procedures 2002

and includes assessment of the impact of dredge mining.

(Section 14) is included to address EPBC

The environmental impact assessment in this PER utilised various EPA Position Statements and Guidance 

Statements in determining the significance of the environmental effects of the Proposal.  The relevant 

include: 

• EPA Position Statement No. 2 

(EPA 2000a) 

• EPA Position Statement No. 3 

(EPA 2002a) 

• EPA Position Statement No. 4

• EPA Position Statement No. 7 

• EPA Position Statement No. 9 

• EPA Guidance Statement No.3 

• EPA Guidance No. 6 - Rehabili

• EPA Draft Guidance No. 8 -

• EPA Guidance No. 12 - Guidance Statement for Minimising Greenhouse Gas Emissions (EPA

• EPA Guidance No. 18 - Prevention of Air Quality Impacts fro

• EPA Guidance No. 19 – Environmental Offsets 

• EPA Guidance No. 20 - Sampling of Short Range Endemic Invertebrate Fauna for Environmental Impact 

Assessment in Western Australia (EPA

• EPA Guidance No. 41 - Assessment of Aboriginal Heritage (EPA

• EPA Guidance No. 51 -Terrestrial Flora and Vegetation Surveys for Environmental Impact Assessment 

in Western Australia (EPA 2004

• EPA Guidance No. 54 - Consideration of Subterranean Fauna in 

Environmental Impact Assessment in Western Australia (EPA
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Environmental impact assessment process 
Environmental Protection Authority (EPA) for consideration under section

1986 (WA) (EP Act) on 4 September 2007.   

the EPA published its determination that the Proposal was to be assessed at the 

Public Environment Review (PER).  The PER process is summarised in (Figure 4). 

Environmental Impact Assessment (Part IV Division 1) Administrative Procedures 2002

was required to prepare an Environmental Scoping Document (ESD) identifying the environmental factors relating 

to the Proposal that will be addressed in the PER and the environmental studies proposed 

for assessment of the environmental impact of the Proposal.  The ESD also described the scope 

assessment of the Proposal.  The ESD was finalised to the satisfaction of the EPA 

43A of the EP Act to modify the mining method to include the option to undertake 

10 October 2011.  Details of this change are provided in Section

Environmental Protection and Biodiversity Conservation Act 1999 (EPBC Act), approval is required 

Minister for the Environment if an action has, will have, or is likely to have a 

ignificant impact on a matter of national environmental significance (MNES).  Of the seven MNES 

he Proposal has the potential to affect listed threatened species and listed migratory species.  The 

Department of Environment, Water, Heritage and the Arts (now the 

Sustainability, Environment, Water and Communities [SEWPaC]), which determined that assessment of 

under the bilateral agreement would satisfy SEWPaC requirements

The PER documentation has been prepared in accordance with the Environmental Impact Assessment (Part IV 

Division 1) Administrative Procedures 2002 to address the relevant environmental factors prescribed in the ESD 

t of the impact of dredge mining.  A specific chapter on the assessment of MNES 

to address EPBC Act issues. 

sment in this PER utilised various EPA Position Statements and Guidance 

Statements in determining the significance of the environmental effects of the Proposal.  The relevant 

EPA Position Statement No. 2 - Environmental Protection of Native Vegetation in Western Australia 

EPA Position Statement No. 3 - Terrestrial Biological Surveys as an Element of Biodiversity Protection 

EPA Position Statement No. 4 – Environmental Protection of Wetlands (EPA 2004

Statement No. 7 - Principles of Environmental Protection (EPA 2004

EPA Position Statement No. 9 – Environmental Offsets (EPA 2006a) 

EPA Guidance Statement No.3 Separation Distances between Industrial and Sensitive Land Uses

Rehabilitation of Terrestrial Ecosystems (EPA 2006b) 

- Environmental Noise (EPA 2007a) 

Guidance Statement for Minimising Greenhouse Gas Emissions (EPA

Prevention of Air Quality Impacts from Land Development Sites (EPA

Environmental Offsets - Biodiversity (EPA 2008a) 

Sampling of Short Range Endemic Invertebrate Fauna for Environmental Impact 

Assessment in Western Australia (EPA 2009) 

Assessment of Aboriginal Heritage (EPA 2004c) 

Terrestrial Flora and Vegetation Surveys for Environmental Impact Assessment 

2004d) 

Consideration of Subterranean Fauna in Groundwater and Caves during 

Environmental Impact Assessment in Western Australia (EPA 2003) 

Dongara Titanium Minerals Project 
Environmental Protection Authority (EPA) for consideration under section 38 of 

that the Proposal was to be assessed at the level of 

rocedures 2002, the Proponent 

environmental factors relating 

proposed to provide information 

for assessment of the environmental impact of the Proposal.  The ESD also described the scope and projected 

finalised to the satisfaction of the EPA on 21 May 2010.  

to include the option to undertake 

of this change are provided in Section 2.1.2. 

approval is required 

if an action has, will have, or is likely to have a 

even MNES recognised by 

listed threatened species and listed migratory species.  The 

(now the Department of 

that assessment of the 

WPaC requirements. 

Environmental Impact Assessment (Part IV 

address the relevant environmental factors prescribed in the ESD 

A specific chapter on the assessment of MNES 

sment in this PER utilised various EPA Position Statements and Guidance 

Statements in determining the significance of the environmental effects of the Proposal.  The relevant statements 

tive Vegetation in Western Australia 

Terrestrial Biological Surveys as an Element of Biodiversity Protection 

2004a) 

2004b) 

Distances between Industrial and Sensitive Land Uses 

Guidance Statement for Minimising Greenhouse Gas Emissions (EPA 2002b) 

m Land Development Sites (EPA 2000b) 

Sampling of Short Range Endemic Invertebrate Fauna for Environmental Impact 

Terrestrial Flora and Vegetation Surveys for Environmental Impact Assessment 

Groundwater and Caves during 
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• EPA Draft Guidance No. - 54a Sampling Methods and Survey Considerations for Subterranean Fauna in 

Western Australia (EPA 2007b)

• EPA Guidance No. 56 - Terrestrial F

Australia (EPA 2004e). 

The Australian Government has a draft policy statement on use of environmental offsets that 

the Proposal with respect to offsetting

This PER has a public review period of

can make submissions to the EPA.  Following this period, EPA will provide copies of the submissions to the 

Proponent to prepare a summary of key issues raised and to respond to these issues to the satisfaction of the 

EPA.  The response to submissions will be submitted to the EPA who will assess the PER taking into account 

public submissions and Proponent responses

its assessment report to the State Minister 

The Minister will release the EPA assessment report to the public as soon as reasonably able to do so.  In 

accordance with section 100(2) of the EP Act, any person may then lodge an appeal with the Minister against the 

contents and/or recommendations of the EPA assessment report within 14

Minister will determine the appeals and following cons

Proposal can be implemented and if so, the conditions under which this can occur.1.5 Other WA approvals
In addition to any requirements for implementation of the Proposal under Part

require:  

• works approvals and licences under Part

• groundwater abstraction licences under the 

• approval to disturb Aboriginal sites under section

Heritage Act) 

• approval under the Mining Act 1978

• approval of sewerage installations under the 

Liquid Waste) Regulations 19741.6 Rationale for the Proposal
The Proponent currently undertakes 

north of Perth), processing at the Chandala Dry Separation an

north of Perth), and further downstream processing at the Kwinana Processing Plant (30

Worldwide demand for titanium dioxide

producers forecast to decline over the same period, 

market conditions.  The capacity of the 

of the Cooljarloo operations (currently in decline due to lower ore grades and exhausting of resources) 

Proposal will assist in filling the shortfall
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54a Sampling Methods and Survey Considerations for Subterranean Fauna in 

2007b) 

Terrestrial Fauna Surveys for Environmental Impact Assessment in Western 

Government has a draft policy statement on use of environmental offsets that 

offsetting impacts on MNES (DEWR 2007). 

period of four weeks, during which time the public (including Government agencies) 

can make submissions to the EPA.  Following this period, EPA will provide copies of the submissions to the 

y of key issues raised and to respond to these issues to the satisfaction of the 

EPA.  The response to submissions will be submitted to the EPA who will assess the PER taking into account 

responses to them.  Once it has completed its assessment, the

Minister for the Environment (the Minister). 

The Minister will release the EPA assessment report to the public as soon as reasonably able to do so.  In 

100(2) of the EP Act, any person may then lodge an appeal with the Minister against the 

contents and/or recommendations of the EPA assessment report within 14 days of release of the report.  The 

the appeals and following consultation with decision-making authorities, decide 

Proposal can be implemented and if so, the conditions under which this can occur. Other WA approvals 
In addition to any requirements for implementation of the Proposal under Part IV of the EP Act, the Proposal 

works approvals and licences under Part V of the EP Act 

groundwater abstraction licences under the Rights in Water and Irrigation 1914 Act 

approval to disturb Aboriginal sites under section 18 of the Aboriginal Heritage Act 1972 

Mining Act 1978 (Mining Act) 

approval of sewerage installations under the Health (Treatment of Sewage and Disposal of Effluent and 

1974. Rationale for the Proposal 
undertakes dry and dredge mining operations at the existing Cooljarloo Mine (17

north of Perth), processing at the Chandala Dry Separation and Synthetic Rutile (SR) plants in Muchea (60

north of Perth), and further downstream processing at the Kwinana Processing Plant (30 km south of Perth).  

demand for titanium dioxide is forecast to increase by 50% by 2018.  With supply from exis

producers forecast to decline over the same period, the Proponent has developed the Proposal to capitalise

The capacity of the Chandala Dry Separation and SR plants exceeds the production capacity 

(currently in decline due to lower ore grades and exhausting of resources) 

Proposal will assist in filling the shortfall.  

Dongara Titanium Minerals Project 
54a Sampling Methods and Survey Considerations for Subterranean Fauna in 

auna Surveys for Environmental Impact Assessment in Western 

Government has a draft policy statement on use of environmental offsets that is also relevant to 

(including Government agencies) 

can make submissions to the EPA.  Following this period, EPA will provide copies of the submissions to the 

y of key issues raised and to respond to these issues to the satisfaction of the 

EPA.  The response to submissions will be submitted to the EPA who will assess the PER taking into account the 

assessment, the EPA submits 

The Minister will release the EPA assessment report to the public as soon as reasonably able to do so.  In 

100(2) of the EP Act, any person may then lodge an appeal with the Minister against the 

days of release of the report.  The 

making authorities, decide if the 

IV of the EP Act, the Proposal may 

4 Act (RIWI Act)  

Aboriginal Heritage Act 1972 (Aboriginal 

nd Disposal of Effluent and 

dredge mining operations at the existing Cooljarloo Mine (170 km 

d Synthetic Rutile (SR) plants in Muchea (60 km 

km south of Perth).  

forecast to increase by 50% by 2018.  With supply from existing 

roposal to capitalise on 

exceeds the production capacity 

(currently in decline due to lower ore grades and exhausting of resources) and the 
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Figure 4 Public environmental review

  

Procedure for PER Assessment

EPA's PROCESS

Proponent refers proposal to EPA

EPA decides to assess and sets PER

level of assessment and advertises the

length of public review  (4-8 w eeks)

Proponent prepares Environmental Scoping

document (if  not submitted w ith referral)

EPA agrees to Environmental Scoping

document as basis for PER

PER prepared by Proponent

EPA authorises PER for public

review  (4 to 8 w eeks)

Receipt of submissions during

public review  period

Proponent responds to submissions

EPA undertakes assessment and

reports to the Minister

Minister publishes EPA report
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 8 
nvironmental review procedure 

 

Procedure for PER Assessment

MINISTER'S PROCESS

Appeal(s) to Minister to raise

assessment level
level of assessment and advertises the

Proponent prepares Environmental Scoping

document (if  not submitted w ith referral)

Appeal(s) to the

Minister

No

Minister upholds appeal

Minister refers proposal to EPA

under s43 to be assessed more fully

or more publicly or Public Enquiry

Minister consults w ith DMAs to seek

agreement on w hether or not and in w hat

manner the proposal may be implemented

Minister issues Statement

 Minister

determines

appeals
Yes

Yes

Yes

No

Dongara Titanium Minerals Project 

 

 Minister

determines

appeals
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1.7 Purpose and scope of the Public Environmental Rev
The purpose of this PER is to present an environmental impact assessment of the Proposal for public review and 

EPA consideration.  The PER includes a detailed impact assessment and a description of proposed mitigation 

and management measures addressing

with the scope outlined by the ESD.  The Proponent has developed an Environmental Management 

(EMP) that addresses the construction and operational impacts of the Proposal (

PER includes: 

• a description of the stakeholder engagement and consultation process undertaken for the Proposal

• a description of the existing environment

• an assessment of the environmental impact

• a summary of key environmental management measures and controls1.8 Study Team 
Key members of the study team supporting Tiwest in this assessment and development of the PER comprise:

• MJ & AR Bamford Consulting Ecologists Pty Ltd (

• DC Blandford and Associates Pty Ltd (

• Endemic Pty Ltd (surface water, wetlands

• Hydrosearch Pty Ltd (groundwater

• Geoprocc Pty Ltd (hydrogeochemistry

• Parsons Brinckerhoff Pty Ltd (

• Froend Bowen and Associates Pty Ltd (

• Preston Consulting (groundwater

• Rockwater Pty Ltd (subterranean fauna

• Woodman Environmental Pty Ltd (

• Strategen Environment Pty Ltd (
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Purpose and scope of the Public Environmental Review 
PER is to present an environmental impact assessment of the Proposal for public review and 

EPA consideration.  The PER includes a detailed impact assessment and a description of proposed mitigation 

and management measures addressing relevant environmental factors affected by the Proposal, in accordance 

with the scope outlined by the ESD.  The Proponent has developed an Environmental Management 

addresses the construction and operational impacts of the Proposal (Appendix 

description of the stakeholder engagement and consultation process undertaken for the Proposal

g environment 

n assessment of the environmental impacts of the Proposal 

summary of key environmental management measures and controls. 

Key members of the study team supporting Tiwest in this assessment and development of the PER comprise:

& AR Bamford Consulting Ecologists Pty Ltd (fauna) 

DC Blandford and Associates Pty Ltd (soils) 

surface water, wetlands) 

groundwater) 

hydrogeochemistry) 

Parsons Brinckerhoff Pty Ltd (groundwater modelling) 

Froend Bowen and Associates Pty Ltd (groundwater-dependent ecology) 

groundwater-dependent ecology) 

subterranean fauna) 

Woodman Environmental Pty Ltd (flora and vegetation) 

Strategen Environment Pty Ltd (strategic advice and environmental management).

Dongara Titanium Minerals Project 
PER is to present an environmental impact assessment of the Proposal for public review and 

EPA consideration.  The PER includes a detailed impact assessment and a description of proposed mitigation 

relevant environmental factors affected by the Proposal, in accordance 

with the scope outlined by the ESD.  The Proponent has developed an Environmental Management Program 

 1).  The scope of the 

description of the stakeholder engagement and consultation process undertaken for the Proposal 

Key members of the study team supporting Tiwest in this assessment and development of the PER comprise: 

). 
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2. Description of the Proposal
The Proposal involves mining and processing of mineral sands at the Dongara site

approximately 85 million tonnes of ore

project life of 7 to 15 years.   

The proposed mining methods include 

Section 2.1.2.  A combination of both dredge and dry mining may potentially

provides the indicative size and mining methods

assessment covers the inclusion in the Proposal of either dry mining or a combination of both dry and dredge 

mining.  

This PER clarifies an inconsistency that has been identified in the ESD

Proposal (as shown in Figure 2) covers the elements as shown in 

Layout), which has been calculated to cover 1315

60 ha of pasture), as indicated in the ESD.  

Key elements of the Proposal are presented

Table 1 Key Project Elements 

Element Description

Operational Life  7 to 15 years

Clearing area (inclusive of 
access) 

Up to approximately 1315
pasture) 

Area to be rehabilitated Up to approximately 1315
pasture) 

Dewatering Drawdown of watertable of up to approximately 
2 m below maximum depth of pits.  The maximum 
depths of mining below watertable are:

• Zeus 22 m

• Heracles 4 m

• Hades 1 m

• Hebe 16 m.

Water supply demand Approximately 2.5 to 5

Water supply sources Yarragadee abstraction bores supplemented by pit 
dewatering

Heavy mineral concentrate 
transport truck movements 

Maximum 10 return trips per day to 
processing plant2.1 Components of the P2.1.1 Clearing 

An estimated maximum of 1315 ha of 

the current conceptual layout and design

development of mine pits (resource) 

infrastructure required for the mining and processing operations (

(approximate) have been examined 

layout.  This area plus the Actual Footprint is referred to as the Disturbance Boundary and is shown in 
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Description of the Proposal 
mining and processing of mineral sands at the Dongara site.  In total, the mine contains 

million tonnes of ore.  The Proposal involves disturbance of approximately

include dry mining and dredge mining, descriptions of which are provided in 

combination of both dredge and dry mining may potentially be used simultaneously

provides the indicative size and mining methods and Table 4 provides mining processes.  This impact 

ssessment covers the inclusion in the Proposal of either dry mining or a combination of both dry and dredge 

This PER clarifies an inconsistency that has been identified in the ESD subsequent to its finalisation.  The 

covers the elements as shown in Figure 2.3.1 of the ESD (

), which has been calculated to cover 1315 ha (including 115 ha of pasture) and not 9

, as indicated in the ESD.   

roposal are presented in Table 1. 

Description 

7 to 15 years 

Up to approximately 1315 ha (including 115 ha of 

Up to approximately 1315 ha (including 115 ha of 

Drawdown of watertable of up to approximately 
m below maximum depth of pits.  The maximum 

depths of mining below watertable are: 

Zeus 22 m 

Heracles 4 m 

Hades 1 m 

Hebe 16 m. 

Approximately 2.5 to 5 GL/yr 

Yarragadee abstraction bores supplemented by pit 
dewatering 

Maximum 10 return trips per day to Chandala 
processing plant Proposal 

of clearing (including 115 ha of pasture) is required for the Proposal based on 

conceptual layout and design (referred to as the Actual Footprint) (Figure 5).  The majority of this is for 

(resource) and associated overburden dumps with the remaining area 

ired for the mining and processing operations (Table 2).  Additional areas totalling 

in this report in order to allow for potential slight positional changes to the 

Footprint is referred to as the Disturbance Boundary and is shown in 

Dongara Titanium Minerals Project 
In total, the mine contains 

of approximately 1315 ha and has a 

descriptions of which are provided in 

simultaneously.  Table 3 

This impact 

ssessment covers the inclusion in the Proposal of either dry mining or a combination of both dry and dredge 

subsequent to its finalisation.  The 

(Conceptual Site 

and not 900 ha (including 

is required for the Proposal based on 

The majority of this is for 

dumps with the remaining area to be used for 

areas totalling 95 ha 

positional changes to the 

Footprint is referred to as the Disturbance Boundary and is shown in Figure 5. 
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Table 2 Breakdown of indicative p

Project component 

Resource 

Overburden dumps 

Infrastructure (processing, roads, water 
management, etc) 

Total (Disturbance Boundary) 2.1.2 Mine pits and mining processes
The Proposal involves mining six ore bodies

Proposal will mine approximately 85 

concentrate. 

Table 3 Indicative size and mining method of mine

Ore body 
Approximate 
clearing area 
(ha) 

Approximate 
maximum depth 
below ground 
surface (m)

Zeus 225 32 

Heracles 90 15 

Dionysus 65 34 

Hades 85 26 

Demeter  35 30 

Hebe 30 14 

The mining will comprise either dry mining or a combination of dry mining 

Table 4.   
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proposed clearing area 

Approximate clearing 
area (ha) 

530 

525 

260 

1315 processes 
The Proposal involves mining six ore bodies (or resource areas) (Figure 5), indicated in Table 

 Mt of ore, which will generate up to approximately 4 Mt of heavy mineral

Indicative size and mining method of mine pits 

Approximate 
maximum depth 
below ground 
surface (m) 

Approximate 
maximum depth 
of dewatering 
below ground 
surface (m)  

Approximate 
maximum 
drawdown of 
watertable (m) 

Ore thickness 
(m) 

34 22 10 

17 4 6 – 12 

  4 – 18 

28 1 4 – 19 

  2 – 6 

16 16 6 – 12 

The mining will comprise either dry mining or a combination of dry mining and dredge mining

 

Dongara Titanium Minerals Project 

Table 3.  In total, the 

Mt of heavy mineral 

Ore thickness 
Mining method 

Dry mining and 
possibly dredge 
mining 

Dry mining and 
possibly dredge 
mining 

Dry mining 

Dry mining and 
possibly dredge 
mining 

Dry mining 

Dry mining and 
possibly dredge 
mining 

dredge mining as described in 
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Table 4 Mining processes 

Stage Activities 

Site Preparation 

Clearing of vegetation Vegetation removed prior to mining will be retained for later use in 
be used as mulch to assist in initial site stabilisation, provide useful organic and nutrient input and 
act as a refuge for fauna

Vegetation will be retained separately from topsoil to prevent composting and, as far as 
preserve the resource

Topsoil removal Topsoil will be stripped prior to mining and retained for use in rehabilitation
undertaken in two stages:

• removal of the first 
and propagules for rehabilitation; and

• removal of up to 200

Some topsoil will be able to be directly 
removal.  However, the maj
and organic stores
with a maximum

Overburden Removal Overburden will

Placing materials directly 
sequencing requirements will require creation of some external overburden dumps

Locations of overburden dumps are shown in 

Ore Mining 

Dry mining Dry mining method uses excavators and dump trucks to ‘mine’ the ore
material, water

Dewatering is necessary to enable this form of mining in ore

Dredge mining Dredge mining method involves establishing a pond in a pit void and floating a dredge
created that is pumped to a concentrator.

This method is only possible where the 
watertable.  The advantage of dredge mining is that it requires much less dewatering, however
this method allows a g
for longer as a result

Ore processing and 
concentrate production 

Processing of the ore 
will not involv

The heavy mineral concentrate will be transported to the Tiwest Chandala Dry Mill for further 
processing. 

Management of Tailings Following physical separation
via a combination of co
minerals.  To enable drying of the clay minerals
Where possible
mine void backfill to minimise the need for clearing.

Void Backfill Mine voids will be backfilled 
average pre-disturbance maximum groundwater level.

Landform 
Reconstruction 

At the completion of mining activities, the area will be contoured commensurate with surrounding 
landforms and drainage patterns
characterised to ensure they are suitable for their intended final position within the landform and 
soil profile. 

Rehabilitation Rehabilitation works include:

• ripping of soil profiles to relieve compaction formed during landform reconstruction activitie

• placement of topsoil

• initial site stabilisation via mulch, cover crop and/or other means 

• seeding 

• ripping. 

The objective of rehabilitation works is described in Section

The Proponent has extensive experience with both dry and dredge mining at the existing Cooljarloo mine (located 

170 km north of Perth), and both forms of mining are considered to be standard 

The differences to the Proposal from the addition of dredge mining 

(refer Section 1.4) are shown in Table 

the Proposal are shown in Table 6, including details of any additional 
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Vegetation removed prior to mining will be retained for later use in rehabilitation, where it can also 
be used as mulch to assist in initial site stabilisation, provide useful organic and nutrient input and 
act as a refuge for fauna.   

Vegetation will be retained separately from topsoil to prevent composting and, as far as 
preserve the resource. 

Topsoil will be stripped prior to mining and retained for use in rehabilitation
undertaken in two stages: 

removal of the first cut topsoil up to 100 mm depth containing the majority of organic materials 
and propagules for rehabilitation; and 

removal of up to 200 mm (as second cut topsoil). 

Some topsoil will be able to be directly used in areas undergoing rehabilitation at the time of 
However, the majority will need to be stockpiled.  In order to preserve the seed, nutrient 

and organic stores of the soil, first cut topsoil will be stripped and stockpiled dry wherever practical
with a maximum stockpile height of 2 m. 

Overburden will be directed to either external overburden dumps or straight into mine voids

materials directly into the mine void reduces the need for external dumps
sequencing requirements will require creation of some external overburden dumps

of overburden dumps are shown in Figure 5.   

mining method uses excavators and dump trucks to ‘mine’ the ore.  After removing oversize 
water is added to the ore to form a slurry so that it can be pumped to a concentrator.

Dewatering is necessary to enable this form of mining in ore bodies that intersect the watertable.

mining method involves establishing a pond in a pit void and floating a dredge
that is pumped to a concentrator. 

This method is only possible where the ore body intersects, or is in close proximity to, the 
The advantage of dredge mining is that it requires much less dewatering, however

this method allows a greater proportion of the resource to be mined meaning 
as a result. 

of the ore involves physical separation to break up clays and other agglomerates and 
will not involve any chemical processing.   

The heavy mineral concentrate will be transported to the Tiwest Chandala Dry Mill for further 

Following physical separation, the sand and clay materials (tails) will be returned to the mine v
via a combination of co-disposal of both sand and clay or separately following drying of the clay 

To enable drying of the clay minerals, this Proposal includes use of solar drying cells
Where possible, the cells will be located within resource boundaries ahead of mining or following 
mine void backfill to minimise the need for clearing. 

Mine voids will be backfilled with tailings and overburden to a minimum of one metre above 
disturbance maximum groundwater level. 

At the completion of mining activities, the area will be contoured commensurate with surrounding 
landforms and drainage patterns.  Prior to use in landform reconstruction, materials will b
characterised to ensure they are suitable for their intended final position within the landform and 

Rehabilitation works include: 

ripping of soil profiles to relieve compaction formed during landform reconstruction activitie

placement of topsoil 

initial site stabilisation via mulch, cover crop and/or other means  

The objective of rehabilitation works is described in Section 13. 

The Proponent has extensive experience with both dry and dredge mining at the existing Cooljarloo mine (located 

and both forms of mining are considered to be standard mineral sands 

The differences to the Proposal from the addition of dredge mining as approved under Section 43A of the EP Act 

Table 5.  The differences in the potential environmental impacts of this change to 

including details of any additional studies undertaken.  

Dongara Titanium Minerals Project 
rehabilitation, where it can also 

be used as mulch to assist in initial site stabilisation, provide useful organic and nutrient input and 

Vegetation will be retained separately from topsoil to prevent composting and, as far as practical, 

Topsoil will be stripped prior to mining and retained for use in rehabilitation.  This will be 

containing the majority of organic materials 

rehabilitation at the time of 
In order to preserve the seed, nutrient 

first cut topsoil will be stripped and stockpiled dry wherever practical, 

be directed to either external overburden dumps or straight into mine voids.   

the need for external dumps, however, mine 
sequencing requirements will require creation of some external overburden dumps. 

fter removing oversize 
so that it can be pumped to a concentrator. 

bodies that intersect the watertable. 

mining method involves establishing a pond in a pit void and floating a dredge.  Slurry is 

intersects, or is in close proximity to, the 
The advantage of dredge mining is that it requires much less dewatering, however, 

reater proportion of the resource to be mined meaning pits are typically open 

involves physical separation to break up clays and other agglomerates and 

The heavy mineral concentrate will be transported to the Tiwest Chandala Dry Mill for further 

the sand and clay materials (tails) will be returned to the mine void 
disposal of both sand and clay or separately following drying of the clay 

this Proposal includes use of solar drying cells.  
the cells will be located within resource boundaries ahead of mining or following 

to a minimum of one metre above 

At the completion of mining activities, the area will be contoured commensurate with surrounding 
Prior to use in landform reconstruction, materials will be 

characterised to ensure they are suitable for their intended final position within the landform and 

ripping of soil profiles to relieve compaction formed during landform reconstruction activities 

The Proponent has extensive experience with both dry and dredge mining at the existing Cooljarloo mine (located 

mineral sands mining procedures.  

as approved under Section 43A of the EP Act 

.  The differences in the potential environmental impacts of this change to 
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Table 5 Differences to the Proposal with 

Element Difference from additi

Mining depth Unchanged

Volumes overburden 
removed 

Unchanged

Volumes mined Increased

Water demand Increased from 2.5

Dewatering Decreased

Resource size Unchanged

Clearing Unchanged

 

Table 6 Differences to potential impacts

Factor addressed in PER Difference from addition of dredging

Groundwater (Section 6) • Decrease in dewatering required for mining those 
o
aquifer) resulting in correspondingly reduced 
drawdown

• I
aquifer due to increased water demand driven by 
higher ore processing rates. This may increase 
drawdown in 

No significant difference is expected to groundwater 
quality.  Dredge equipment; including transformers, 
hydraulic systems and other hydrocarbon based 
equipment; will be floated in a pond within the pit. 
Appropriate management controls will be identified a
implemented and, on this basis, the potential for 
contamination from hydrocarbon usage is not expected 
to increase. This is consistent with the Proponent’s 
operation at Cooljarloo.  

GDEs (wetlands) (Section 7)  Wetlands and 
to be susceptible to groundwater drawdown occur to 
the west of the Proposal Area.  The reduction in mine 
dewatering is likely to reduce the effect of the Proposal 
on these areas.  The increase in abstraction from the 
Yarragadee aquifer i
drawdown risks to significantly affect any 

Surface water (Section 8) No change in
expected from dredging 
discussed in groundwater above). Significant surface 
water features are largely absent i

Vegetation and flora (Section 9) Reduction in dewatering has the potential to reduce 
impacts to vegetation communities associated with 
GDEs

No significant change to 
expected as there is

A greater area of open water with the creation of 
dredging ponds may increase the risk of spreading 
dieback

Terrestrial fauna (Section 10) Reduction in dewatering has the potential to reduce 
impacts to terrestrial fauna habi
GDEs

Subterranean fauna (Section 11) No significant change expected due to no difference in 
resource size

Acid sulfate soils (Section 12) No significant change expected
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Proposal with the addition of dredge mining 

Difference from addition of dredging 

Unchanged 

Unchanged 

Increased 

Increased from 2.5 GL/yr to 5 GL/yr 

Decreased 

Unchanged 

Unchanged 

Differences to potential impacts from the addition of dredge mining 

Difference from addition of dredging 
Additional supporting 
investigations

Decrease in dewatering required for mining those 
ore bodies within the water table (superficial 
aquifer) resulting in correspondingly reduced 
drawdown. 

Increase in water abstraction from the Yarragadee 
aquifer due to increased water demand driven by 
higher ore processing rates. This may increase 
drawdown in Yarragadee aquifer.   

Groundwater modelling of both 
the dredge and dry mining 
options, considering both mine 
dewatering and abstraction f
the Yarragadee
been undertaken and will be 
presented in the PER

No significant difference is expected to groundwater 
quality.  Dredge equipment; including transformers, 
hydraulic systems and other hydrocarbon based 
equipment; will be floated in a pond within the pit. 
Appropriate management controls will be identified and 
implemented and, on this basis, the potential for 
contamination from hydrocarbon usage is not expected 
to increase. This is consistent with the Proponent’s 
operation at Cooljarloo.   

While no additional 
investigations are considered 
necessary, appropria
management measures 
(containment, integrity 
maintenance processes and spill 
containment and response) will 
be implemented.

Wetlands and groundwater-dependent vegetation likely 
to be susceptible to groundwater drawdown occur to 
the west of the Proposal Area.  The reduction in mine 
dewatering is likely to reduce the effect of the Proposal 
on these areas.  The increase in abstraction from the 
Yarragadee aquifer is unlikely to significantly increase 
drawdown risks to significantly affect any GDEs. 

 

change in impacts on surface water features is 
expected from dredging (with the exception of those 
discussed in groundwater above). Significant surface 
water features are largely absent in the Proposal Area 

 

Reduction in dewatering has the potential to reduce 
impacts to vegetation communities associated with 
GDEs. 

No significant change to the mine clearing envelope is 
expected as there is no change in resource size.  

A greater area of open water with the creation of 
dredging ponds may increase the risk of spreading 
dieback (Phytophthora cinnamomi). 

Report on predict
to GDEs
include dredge mining scenario

Examin
management requirements 
associated with both mining 
methods utilising existing 
Cooljarloo operations as context.

Reduction in dewatering has the potential to reduce 
impacts to terrestrial fauna habitat associated with 
GDEs. 

 

No significant change expected due to no difference in 
resource size. 

 

No significant change expected.  

Dongara Titanium Minerals Project 

Additional supporting 
investigations 

Groundwater modelling of both 
the dredge and dry mining 
options, considering both mine 
dewatering and abstraction from 
the Yarragadee aquifer, has 
been undertaken and will be 
presented in the PER. 

While no additional 
investigations are considered 
necessary, appropriate 
management measures 
(containment, integrity 
maintenance processes and spill 
containment and response) will 
be implemented. 

Report on predicting the impact 
GDEs has been revised to 

include dredge mining scenario. 

Examination of risks and 
management requirements 
associated with both mining 
methods utilising existing 
Cooljarloo operations as context. 
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Factor addressed in PER Difference from addition of dredging

Closure/rehabilitation 
(Section 13) 

No significant change expect
may remain open longer

Noise (Section 15.1) No significant change expected as the operation is 
remote from sensitive areas

Dust (Section 15.2) No significant change expected

Greenhouse gas (Section 15.3) No significant change expected

Radiation (Section 15.4) No significant change expected

Heritage (Section 15.5) No significant change expected given there will no 
difference in surface disturbances

Fire (Section 15.7) No significant change expected

Visual amenity (Section 15.8) No significant change expected as the same 
modification to landforms will occur

The most significant environmental change associated with the potential addition of dredging is reduction 

dewatering rates resulting in less groundwater drawdown 

unlikely to result in any substantially 2.1.3 Mine infrastructure 
The Proposal includes construction and operation of key infrastructure to facilitate miningRoads 
Minor roads on site between mine pits Site Water Management 
On-site water management infrastructure will include 

and pumps in order to enable pit dewatering and Sewage and non-mineral solid waste disposal
Sewage from on-site amenities will be treated in 

requirements. 

Inert and putrescible waste will be disposed of offPower 
There is currently no reticulated power to the Proposal 

power will be required.  The means of 

following options: 

• on-site power generation utilising n

• connection to Western Power 

Allowance has been made within the Fuel storage 
Bulk fuel will supply the mining operation as part of the Proposal

sites and centrally within the Project Boundary

regulatory requirements and fuel industry codes of practice

Dangerous Goods Safety Act 2004 (WA)
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Difference from addition of dredging 
Additional supporting 
investigations

No significant change expected although the mine pits 
may remain open longer. 

 

No significant change expected as the operation is 
remote from sensitive areas. 

 

No significant change expected.  

No significant change expected.  

No significant change expected.  

No significant change expected given there will no 
difference in surface disturbances. 

 

No significant change expected.  

No significant change expected as the same 
modification to landforms will occur. 

 

environmental change associated with the potential addition of dredging is reduction 

resulting in less groundwater drawdown in the vicinity of GDEs.  Therefore, this change 

substantially new impacts or different potential impacts than those described

Proposal includes construction and operation of key infrastructure to facilitate mining. 

between mine pits and other infrastructure will be established as part of the Proposal

water management infrastructure will include dewatering and water supply wells and associated

enable pit dewatering and supply of water for operations and utility buildings.mineral solid waste disposal 
amenities will be treated in compliance with Department of Health and local government

disposed of off-site at licensed waste disposal facilities. 

power to the Proposal Area and installation of appropriate 

means of provision of power is yet to be finalised but is likely to be from one of the 

power generation utilising natural gas sourced from local suppliers (or diesel in the short term)

Western Power network or nearby existing power suppliers. 

Allowance has been made within the Actual Footprint for on-site power generation and reticulation.

operation as part of the Proposal.  Storage facilities will be located

centrally within the Project Boundary.  Tanks will be installed and operated in accordance with 

industry codes of practice, and any dangerous goods licence issued

(WA). 

Dongara Titanium Minerals Project 
Additional supporting 
investigations 

environmental change associated with the potential addition of dredging is reduction in the 

.  Therefore, this change is 

described in the ESD.   

 

will be established as part of the Proposal.   

and associated pipes 

and utility buildings. 

and local government 

 

installation of appropriate infrastructure to supply 

provision of power is yet to be finalised but is likely to be from one of the 

(or diesel in the short term) 

site power generation and reticulation. 

located at both mine 

in accordance with 

and any dangerous goods licence issued under the 
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Light vehicles, buses and trucks will be refuelled over impermeable refuelling aprons

trucks, field pumps and other equipment may occur in the field from fuel tankers fitted with automatic shut

valves and spill trays to contain any fuel spillsOther facilities 
Other facilities will be required as part of the Proposal

down areas and warehousing.  The final 

boundary. 2.2 Proposal timing 
Based on a mine life of seven years, the expected Proposal timeline is as follows:

1. 2013 to 2014 – Site preparation works 

roads, power, pipelines, offices, tailings storage facilities etc)

2. 2014 to 2021 – Commissioning and operation 

commissioning of plant and equipment, commencement of mining and processing, and commencement of 

progressive rehabilitation. 

3. 2022 – 2025 – Decommissioning 

infrastructure, final landform reconstruction and rehabilitation.

Timelines for other approvals required for implementation for the Proposal are as follows:

1. Works approval (Part V of EP Act) 

2. Operating licence (Part V of EP Act) 

3. RIWI Act licences – targeted for mid 2013.2.3 Consideration of options/alternatives
As discussed in Section 1.6, processing capacity at Chandala exceeds the prod

Tiwest mine at Cooljarloo.  This is a result of the impending completion of Dry mining and the general decline in 

grades in the remaining dredgeable resources at 

both fulfilling the shortfall in supply and, in the longer term, potential to increase the overall life of Tiwest’s 

operations.  

Two alternatives to the Proposal considered

1. Expansion of current dredging operations at Cooljarloo

2. Securing of mineral supplies from other companies through purchasing arrangements

Tiwest have recently evaluated measures to maximise the effective production capacity of the existing dredging 

operations.  This resulted in the implementation of a program to increase throughput

expansion options were considered unfeasible as they are c

at Cooljarloo.  The second alternative was explored but mineral supplies are not generally available 

party suppliers in the required quantities

in the Proposal Area provided the only viable

shortfall in an economically acceptable manner.  2.4 Exclusions 
There are no exclusions of aspects of the project from the Proposal presented in the PER
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Light vehicles, buses and trucks will be refuelled over impermeable refuelling aprons.  Refuelling of mining haul 

er equipment may occur in the field from fuel tankers fitted with automatic shut

valves and spill trays to contain any fuel spills.   

required as part of the Proposal, including vehicle maintenance workshops, o

The final locations of these facilities have been included within the clearing 

Based on a mine life of seven years, the expected Proposal timeline is as follows: 

tion works – includes but is not limited to installation of critical infrastructure (e.g. 

roads, power, pipelines, offices, tailings storage facilities etc). 

Commissioning and operation – includes but is not limited to relocation, installati

commissioning of plant and equipment, commencement of mining and processing, and commencement of 

Decommissioning – includes but is not limited to removal of remaining plant and 

reconstruction and rehabilitation. 

Timelines for other approvals required for implementation for the Proposal are as follows: 

pproval (Part V of EP Act) – targeted for end of 2012. 

icence (Part V of EP Act) – targeted for beginning of 2014. 

targeted for mid 2013. Consideration of options/alternatives 
, processing capacity at Chandala exceeds the production capacity of 

This is a result of the impending completion of Dry mining and the general decline in 

grades in the remaining dredgeable resources at Cooljarloo.  The Dongara Proposal provides a viable means of 

oth fulfilling the shortfall in supply and, in the longer term, potential to increase the overall life of Tiwest’s 

wo alternatives to the Proposal considered were: 

Expansion of current dredging operations at Cooljarloo. 

pplies from other companies through purchasing arrangements

Tiwest have recently evaluated measures to maximise the effective production capacity of the existing dredging 

This resulted in the implementation of a program to increase throughput by some 30%. 

expansion options were considered unfeasible as they are capital intensive and would also shorten the mine life 

at Cooljarloo.  The second alternative was explored but mineral supplies are not generally available 

in the required quantities at cost effective rates.  It was considered that the mineral sands deposits 

only viable opportunity to obtain the supply required to meet the processing 

able manner.   

of aspects of the project from the Proposal presented in the PER.  

 

Dongara Titanium Minerals Project 
Refuelling of mining haul 

er equipment may occur in the field from fuel tankers fitted with automatic shut-off 

vehicle maintenance workshops, offices, lay 

within the clearing 

includes but is not limited to installation of critical infrastructure (e.g. 

includes but is not limited to relocation, installation and 

commissioning of plant and equipment, commencement of mining and processing, and commencement of 

includes but is not limited to removal of remaining plant and 

uction capacity of the existing 

This is a result of the impending completion of Dry mining and the general decline in 

provides a viable means of 

oth fulfilling the shortfall in supply and, in the longer term, potential to increase the overall life of Tiwest’s 

pplies from other companies through purchasing arrangements. 

Tiwest have recently evaluated measures to maximise the effective production capacity of the existing dredging 

by some 30%.  Further 

apital intensive and would also shorten the mine life 

at Cooljarloo.  The second alternative was explored but mineral supplies are not generally available from third 

.  It was considered that the mineral sands deposits 

to meet the processing 

.   
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3. Stakeholder consultation3.1 Identification of stakeholders
Stakeholders, identified through ongoing experience with

below: Government Agencies 
• Office of the Environmental Protection Authority 

• Department of Environment and Conservation (DEC)

• Department of Sustainability, Environment, Water, Population and Communities (SEWPaC, formerly 

Department of Environment, Water, Heritage and Arts)

• Department of Water (DoW)

• Department of State Development (DSD)

• Department of Mines and Petroleum (DMP)

• Department of Planning (DoP, formerly Department of Planning and Infrastructure)

• Department of Regional Development and Lands (RDL)

• Department of Indigenous Affairs (DIA)

• Department of Health (DoH)

• Department of Agriculture and Food (DAF)

• Main Roads Western Australia

• Western Power 

• Mineral Sands Agreement Rehabilitation Coordination Committee (MSARCC)

• Shire of Irwin. Non-government agencies 
• Conservation Council WA 

• DBP (the operating name for the Dampier Bunbury Natural Gas Pipeline group of companies)

• CMS Energy Corporation (Parmelia Natural Gas Pipeline operators) 

• Origin Energy 

• AWE Limited (formerly Arc Energy)

• Hudson Resources 

• Iluka Resources 

• Wildflower Society of Western AustraliaCommunity 
• Amangu Group (Native Title Claimants)

• neighbouring landowners 

• Dongara community  

• Denison community 

• apiarists 

• wildflower pickers. 
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Stakeholder consultation Identification of stakeholders 
ongoing experience with existing mineral sands mining operations, are listed 

Environmental Protection Authority (OEPA) 

Department of Environment and Conservation (DEC) 

Sustainability, Environment, Water, Population and Communities (SEWPaC, formerly 

Department of Environment, Water, Heritage and Arts) 

Department of Water (DoW) 

Department of State Development (DSD) 

Department of Mines and Petroleum (DMP) 

nning (DoP, formerly Department of Planning and Infrastructure)

Department of Regional Development and Lands (RDL) 

Department of Indigenous Affairs (DIA) 

Department of Health (DoH) 

Department of Agriculture and Food (DAF) 

Main Roads Western Australia 

Mineral Sands Agreement Rehabilitation Coordination Committee (MSARCC) 

DBP (the operating name for the Dampier Bunbury Natural Gas Pipeline group of companies)

(Parmelia Natural Gas Pipeline operators)  

Energy) 

of Western Australia. 

Amangu Group (Native Title Claimants) 

Dongara Titanium Minerals Project 
operations, are listed 

Sustainability, Environment, Water, Population and Communities (SEWPaC, formerly 

nning (DoP, formerly Department of Planning and Infrastructure) 

DBP (the operating name for the Dampier Bunbury Natural Gas Pipeline group of companies) 
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3.2 Form and timing of consultation
Consultation for the Proposal has included

stakeholders and has occurred prior to the submission of the PER (

with key government agencies. 

Table 7 Summary of key stakeholder consultation undertaken for the Proposal to date

Stakeholder Timing/event/forum

Minerals Sands 
Rehabilitation 
Coordinating Committee 
(MSARCC) – comprises 
representatives of DEC, 
OEPA, DMP, DAF, 
DoW and DSD 

Annual site visits at the 
Cooljarloo mine site. The 
Proposal was first 
discussed during 2005.

June 2006 – targeted 
forums on specific projects 
and matters. 

DEC Environmental 
Management Branch 
(EMB) 

Initiated in 2006 and 
continues.  

DEC – Regional 
Branches (Jurien & 
Geraldton) 

Initiated in 2006 and 
continues. 

DEC – Flora 
conservation and 
Herbarium 

2007. 

DEC (Ecosystems 
Management Branch) 

September 2011
continues. 

DoW Initiated in November 
2006 and remains 
ongoing.  

DMP Initiated in 2006 and 
continues as required.

DoP 2006 & 2007.

DoRDL October 2011.

OEPA Initiated in 2006 and 
remains ongoing.
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Form and timing of consultation undertaken 
has included meetings, telephone conversations and site visits with key 

occurred prior to the submission of the PER (Table 7).  Regular meetings 

takeholder consultation undertaken for the Proposal to date 

/event/forum Purpose/description 

Annual site visits at the 
Cooljarloo mine site. The 
Proposal was first 
discussed during 2005. 

Forum to discuss environmental management in existing operations, 
permitting and approvals, approach to rehabilitation, completion 
criteria, outcomes and research. In this forum the MSARCC were 
provided with an annual update on the status of the Proposal (
other exploration and mine development) projects. 

targeted 
forums on specific projects 

 

A briefing was held on the Proposal and included preliminary 
discussion on the expected level of assessment, timelines and scope.  

Initiated in 2006 and Discussions with EMB have focused on scoping flora surveys and EIA 
assessment approaches, as well as on biodiversity offsets.

EMB were provided with summarised results of studies durin
September 2011. 

Initiated in 2006 and Initial discussion with DEC Geraldton Licensing Officers regarding 
approach and timing of other approvals required (e.g. Works 
Approvals, Permits). 

Ongoing consultation (in tandem with DEC-EMB) on EIA methods and 
outcomes. 

Ongoing communication regarding concurrent land users, controlled 
burn/fire management and other site matters.

Consulted regarding approach to EIA, field work and resourcing for 
the processing of flora specimens. 

September 2011 and To provide update on project status and discussion of studies 
undertaken for PER. 

Discussion on wetland impact assessment. 

Initiated in November 
2006 and remains 

Consultation regarding EIA and groundwater abstraction licensing.

Initial application made for a groundwater abstraction allocation during 
2006. 

Advice regarding water reserves and water users in the

To provide update on project status and discussion of studies 
undertaken for PER. 

Feedback (verbal) on groundwater modelling and hydrogeological 
assessment was received in September 2011.

Initiated in 2006 and 
continues as required. 

Initial discussion regarding the Mining Act approval requirements, from 
exploration permitting and management to mining approvals. 

Clarified interactions between Part IV EP Act and Mining Act 
approvals. 

2006 & 2007. Consulted regarding interactions with corridors for Dampier to 
Bunbury Natural Gas Pipeline, Parmelia Pipeline and other reserves. 

Consultation regarding land access to areas under DoP jurisdiction.

October 2011. Contacted for advice on operating near gas pipeline infrastructure.

Initiated in 2006 and 
remains ongoing. 

Initial discussions regarding Proposal scope, timing and EIA and 
approval processes. 

Proposal referred in 2007. 

Progress update and changes from the referral prior to submission
the Environmental Scoping Document finalised in 2010.

Application to include dredging as mining method in Proposal 
(Sep/Oct 2011). 

Dongara Titanium Minerals Project 
meetings, telephone conversations and site visits with key 

Regular meetings have been held 

Forum to discuss environmental management in existing operations, 
permitting and approvals, approach to rehabilitation, completion 
criteria, outcomes and research. In this forum the MSARCC were 
provided with an annual update on the status of the Proposal (and 
other exploration and mine development) projects.  

A briefing was held on the Proposal and included preliminary 
discussion on the expected level of assessment, timelines and scope.   

Discussions with EMB have focused on scoping flora surveys and EIA 
assessment approaches, as well as on biodiversity offsets. 

EMB were provided with summarised results of studies during 

Initial discussion with DEC Geraldton Licensing Officers regarding 
approach and timing of other approvals required (e.g. Works 

EMB) on EIA methods and 

Ongoing communication regarding concurrent land users, controlled 
burn/fire management and other site matters. 

EIA, field work and resourcing for 

To provide update on project status and discussion of studies 

 

Consultation regarding EIA and groundwater abstraction licensing. 

Initial application made for a groundwater abstraction allocation during 

Advice regarding water reserves and water users in the area. 

To provide update on project status and discussion of studies 

Feedback (verbal) on groundwater modelling and hydrogeological 
assessment was received in September 2011. 

Initial discussion regarding the Mining Act approval requirements, from 
exploration permitting and management to mining approvals.  

Clarified interactions between Part IV EP Act and Mining Act 

Consulted regarding interactions with corridors for Dampier to 
Bunbury Natural Gas Pipeline, Parmelia Pipeline and other reserves.  

Consultation regarding land access to areas under DoP jurisdiction. 

near gas pipeline infrastructure. 

Initial discussions regarding Proposal scope, timing and EIA and 

Progress update and changes from the referral prior to submission of 
the Environmental Scoping Document finalised in 2010. 

Application to include dredging as mining method in Proposal 
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Stakeholder Timing/event/forum

SEWPaC Initiated in 2009 and 
remains ongoing.

DAF Ongoing. 

Main Roads WA 2009 and 2011.

Shire of Irwin August 2006.

November 2009 and 
August 2011.

Neighbouring 
Landholders 

Negotiations (still in 
progress following initial 
contact in 2006).

November 2009.

Oil and gas operators in 
the area - Origin 
Energy/ AWE Energy 
and Arc Energy 

July 2006 and 
(approximately 
biannually). 

Western Power Ongoing since 2006.

Dampier to Bunbury 
Natural Gas Pipeline & 
Parmelia Natural Gas 
Pipeline – Operators 
and Construction 
contractors (including 
the DBNGP looping 
project):  

APA Group  

DBP Transmission  

Ongoing since 2006.

Apiarists & wildflower 
pickers 

Opportunistic via
contact and industry 
groups contacts.

Various other operators 
within the region 
including resource 
companies (e.g. Origin, 
Empire Oil, Image 
Resources, Arc Energy, 
Iluka Resources, 
Western Power)  

Ongoing. 

Hudson Resources 2006 to date.

Origin Energy August 2011.

Eneabba Gas Ltd September 2011.

Western Power 
Corporation 

September 2011 to 
current. 

Dongara/Denison 
Residents & Community 
Groups – attendance at 
annual Dongara 
(Lobster) festival 

Dongara Festival 
attendance (2007 & 2008).
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/event/forum Purpose/description 

Initiated in 2009 and 
remains ongoing. 

Project referred under EPBC Act in 2009.  

Consultation on referral, scoping document and initial discussion on 
biodiversity offsets. 

Member of MSARCC. 

2009 and 2011. Provided project overview and discussed potential transport issues.

August 2006. Provided overview of Proposal and progress updates.

November 2009 and 
August 2011. 

Discussions were held regarding workforce housing and roads.

Negotiations (still in 
progress following initial 
contact in 2006). 

Negotiation of land access agreement with owner of freehold title 
within M70/1195. 

November 2009. Overview of Proposal, progress updates and to identify and address 
concerns. 

July 2006 and ongoing 
(approximately 

Ongoing discussion and updates regarding the interaction between 
businesses, management of impacts and opportunities.

Sharing of environmental data. 

Ongoing since 2006. Avoidance of ray lines associated with microwave repeater station and 
to remain abreast of development in Pinjar to Cataby HV 
Transmission line duplication project. 

Ongoing since 2006. Ensure planned activities are outside pipe corridors (pref>100

Establishing mining access and implications/standard for crossing 
pipeline with mining equipment. 

Management of mining related activities over and around gas pipeline 
infrastructure, as well as relocation of gas infrastructure.
contacted regarding provision of a new gas spur pipeline to a mine
site powerhouse. 

Opportunistic via site 
contact and industry 
groups contacts. 

Overview of Proposal, progress updates and to identify and address 
concerns. 

Ongoing discussion regarding sharing environmental data and discuss 
opportunities for joint environmental programs (trials, surveys etc.).

Joint flora and vegetation baseline studies with Iluka Resources for 
the Dongara and Eneabba Proposals.  

Ongoing joint regional flora and vegetation datasets.  

 Contact regarding adjoining tenements and implication of the 
proposal. Periodic updates since.  Discussed opportunities of mutual 
benefit. 

August 2011. Contact regarding natural gas supply to the project (for power 
generation).  Also consulted regarding working around gas 
infrastructure in the area 

September 2011. Contacted to determine their interest in providing power generation 
from their proposed Centauri 1 power station near Dongara.

September 2011 to Discussions regarding electricity supply from the South
Interconnected System. 

Dongara Festival 
attendance (2007 & 2008). 

Overview of Proposal, progress updates and to identify and address 
concerns. 

Dongara Titanium Minerals Project 
scoping document and initial discussion on 

Provided project overview and discussed potential transport issues. 

progress updates. 

Discussions were held regarding workforce housing and roads. 

land access agreement with owner of freehold title 

progress updates and to identify and address 

Ongoing discussion and updates regarding the interaction between 
businesses, management of impacts and opportunities. 

with microwave repeater station and 
to remain abreast of development in Pinjar to Cataby HV 

Ensure planned activities are outside pipe corridors (pref>100 m). 

Establishing mining access and implications/standard for crossing 

mining related activities over and around gas pipeline 
infrastructure, as well as relocation of gas infrastructure.  Also 
contacted regarding provision of a new gas spur pipeline to a mine-

progress updates and to identify and address 

Ongoing discussion regarding sharing environmental data and discuss 
int environmental programs (trials, surveys etc.). 

Joint flora and vegetation baseline studies with Iluka Resources for 

Ongoing joint regional flora and vegetation datasets.   

Contact regarding adjoining tenements and implication of the 
Discussed opportunities of mutual 

supply to the project (for power 
ed regarding working around gas 

Contacted to determine their interest in providing power generation 
from their proposed Centauri 1 power station near Dongara.   

Discussions regarding electricity supply from the South-West 

progress updates and to identify and address 
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Stakeholder Timing/event/forum

Yamatji Marlpa 
Aboriginal Corporation 
(YMAC) 

2006 to date.

Amangu Working Party 
(Native Title Claimant) 

2006 to date.

Wildflower Society 2007 to date.

Conservation Council 
WA 

2007 to date.

Mid-west Chamber of 
Commerce and Industry 
Forum 

July 2006. 

The Public – Tiwest 
Open Day at the 
Cooljarloo Mine and 
Chandala Processing 
Plant 

Approximately every three 
years at each site.

3.3 Stakeholder comments and responses of proponent
The key issues raised by stakeholders related

• offsets 

• changes to the Proposal due to the inclusion of dredge mining

• impacts to other groundwater users

• Aboriginal heritage. 

The Proponent has responded to the issues raised by stakeholders and these issues are addressed in this PER 

(Table 8).   
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/event/forum Purpose/description 

 Discussions regarding the Proposal (YMAC represent the Amangu 
Native Title Claimant group). 

Coordination of Aboriginal heritage matters (Aboriginal Heritage 
Agreements and surveys). 

 Native Title Future Act negotiations – resolved in 2008.

Overview of Proposal, progress updates and addressing of concerns 
through: 

• development of the Agreement 

• provision of the approved Environmental Scoping Document.

Ongoing consultation and collaboration to fulfill agreement, heritage 
matters and other interactions.  

 Overview of Proposal, rehabilitation standards used at Cooljarloo and 
application at Dongara. 

Site visit to Cooljarloo during 2008.  

Participation in rehabilitation consultation forums for Cooljarloo.

Provided with the referral document and Environmental Scoping 
Document. 

 Overview of Proposal, rehabilitation standards used at Cooljarloo and 
application at Dongara. 

Participation in rehabilitation consultation forums for Cooljarloo.

Provided with the referral document and Environmental Sc
Document. 

Project paper presentment to the forum at a public meeting at 
Geraldton (over 400 people in attendance). 

Approximately every three 
years at each site. 

Posters and general information on the project for discussion with the 
public. 

Stakeholder comments and responses of proponent 
issues raised by stakeholders related to: 

to the Proposal due to the inclusion of dredge mining 

impacts to other groundwater users 

The Proponent has responded to the issues raised by stakeholders and these issues are addressed in this PER 

Dongara Titanium Minerals Project 
Discussions regarding the Proposal (YMAC represent the Amangu 

heritage matters (Aboriginal Heritage 

resolved in 2008. 

progress updates and addressing of concerns 

provision of the approved Environmental Scoping Document. 

Ongoing consultation and collaboration to fulfill agreement, heritage 

rehabilitation standards used at Cooljarloo and 

Participation in rehabilitation consultation forums for Cooljarloo. 

Provided with the referral document and Environmental Scoping 

Overview of Proposal, rehabilitation standards used at Cooljarloo and 

Participation in rehabilitation consultation forums for Cooljarloo. 

Provided with the referral document and Environmental Scoping 

Project paper presentment to the forum at a public meeting at 
 

Posters and general information on the project for discussion with the 

The Proponent has responded to the issues raised by stakeholders and these issues are addressed in this PER 
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Table 8 Key topics raised during stakeholder consultation

Stakeholder Topics raised 

Government agencies 

OEPA Offsets discussion. 

Changes due to inclusion of dredge mining.

Submission of a Mine Closure Plan with PER.

SEWPAC Offsets discussion; options and timing.

Changes due to inclusion of dredge mining.

DoW Requirements for abstraction licences from the 
Yarragadee and superficial aquifers.

Impacts on surrounding groundwater users.

DEC Dredge mining impact on rehabilitation of site.

Tiwest experience of dredge mining process.

Offsets discussion; options and timing

Non-government agencies 

Amangu 
Group - 
Native Title 
Claimants 

Fulfilment of heritage protection commitments.

Ongoing consultation regarding project.

Community 

Dongara/ 
Denison 
Residents and 
community 
groups 

Respond to external enquiries promptly.

Provision of business and employment opportunities.3.4 Ongoing consultation
The Proponent will continue to consult with specific agencies as required throughout the assessment process for 

the Proposal (and lifetime of the project)

the assessment process (and the lifetime of the pr

Additionally, this PER document is subject to a 

issues raised in written public submissions 

responses to issues raised in the submissions.
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Key topics raised during stakeholder consultation 

Proponent response 

Development of an offsets strategy.

Changes due to inclusion of dredge mining. Application under section 43A of the EP Act 
submitted in October 2011.

Submission of a Mine Closure Plan with PER. Development of a draft Mine Closure Plan to submit 
with PER. 

Offsets discussion; options and timing. Development of an offsets strategy.

Changes due to inclusion of dredge mining. Application under section 43A of the EP Act 
submitted in October 2011.

for abstraction licences from the 
Yarragadee and superficial aquifers. 

Submission of applications for the required 
groundwater licences. 

Impacts on surrounding groundwater users. Groundwater drawdown studies to determine extent 
of impact on superficial and Yarragadee aquifers.  
Comparing extent of drawdown with locations of 
other groundwater users. 

Dredge mining impact on rehabilitation of site. Extension of the mining duration is unlikely to affect 
the ultimate rehabilitation of the site.  This is 
discussed in Section 13. 

Tiwest experience of dredge mining process. Tiwest currently undertake dredge mining at 
Cooljarloo. 

options and timing Development of an offsets strategy.

Fulfilment of heritage protection commitments. 

Ongoing consultation regarding project. 

Implement heritage protection procedures/plan.

Continued consultation and collaboration in 
accordance with agreements.

Respond to external enquiries promptly. A communication strategy will be developed to 
ensure stakeholders are adequately 
developments. 

Provision of business and employment opportunities. An open dialogue will be maintained with local 
providers to capitalise on opportunities for 
maximising the local content of the projectOngoing consultation 

continue to consult with specific agencies as required throughout the assessment process for 

(and lifetime of the project).  Consultation with the Amangu Group will also be ongoing throughout 

the assessment process (and the lifetime of the project). 

Additionally, this PER document is subject to a four -week public review period and at the end of this period, 

issues raised in written public submissions will be provided to the Proponent for an opportunity to provide 

the submissions. 

Dongara Titanium Minerals Project 
Development of an offsets strategy. 

Application under section 43A of the EP Act 
 

Mine Closure Plan to submit 

Development of an offsets strategy. 

Application under section 43A of the EP Act 
 

Submission of applications for the required 

Groundwater drawdown studies to determine extent 
and Yarragadee aquifers.  

Comparing extent of drawdown with locations of 

Extension of the mining duration is unlikely to affect 
the ultimate rehabilitation of the site.  This is further 

Tiwest currently undertake dredge mining at 

Development of an offsets strategy. 

Implement heritage protection procedures/plan. 

Continued consultation and collaboration in 
accordance with agreements. 

A communication strategy will be developed to 
ensure stakeholders are adequately briefed on 

An open dialogue will be maintained with local 
providers to capitalise on opportunities for 
maximising the local content of the project. 

continue to consult with specific agencies as required throughout the assessment process for 

Group will also be ongoing throughout 

week public review period and at the end of this period, 

provided to the Proponent for an opportunity to provide 
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4. Existing environment
A number of studies (desktop and field) have been completed for the Proposal to identify the existing 

environmental values of the Proposal Area.  Where relevant, studies have incorporated a wider Study Area, 

defined as the area up to the equivalent of the extent of Floristic Community Type (FCT) mapping completed for 

the Proposal (Figure 6). 4.1 Physical environment4.1.1 Climate 
The Proposal is located in the north of the 

south of a line between Kalbarri in the northwest and Esperance in the southeast.  

Mediterranean type climate with hot dry summ

regular passage of rain bearing cold fronts from the Indian Ocean in winter, and dry easterly air flows from the WA 

interior in summer.  In general, rainfall progressively declines in norther

from the coast increases).  

The nearest Bureau of Meteorology (BoM) weather stations 

008088 located approximately 40 km 

45 km to the south-southeast).  Relevant climate 

in Figure 7 and Figure 8.  Average annual rainfall at Mingenew is 402.6

ranging from 19.1°C in July to 36.4°C in January. 

maximum temperatures ranging from 19.6°C in July to 36.2°C in February. 

received during the period May to September. 

rainfall at the Proposal Area would be of the order of 450
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Existing environment 
A number of studies (desktop and field) have been completed for the Proposal to identify the existing 

environmental values of the Proposal Area.  Where relevant, studies have incorporated a wider Study Area, 

s the area up to the equivalent of the extent of Floristic Community Type (FCT) mapping completed for Physical environment 
al is located in the north of the Southwest Land Division of WA, which is broadly defined as the area 

south of a line between Kalbarri in the northwest and Esperance in the southeast.  The division

Mediterranean type climate with hot dry summers and cool wet winters.  Weather patterns are dominated by the 

regular passage of rain bearing cold fronts from the Indian Ocean in winter, and dry easterly air flows from the WA 

interior in summer.  In general, rainfall progressively declines in northerly and easterly directions 

The nearest Bureau of Meteorology (BoM) weather stations to the Proposal Area are Mingenew (

km to the north-east) and Eneabba (Site number 008225

Relevant climate data from these stations (temperature and rainfall) is presented 

Average annual rainfall at Mingenew is 402.6 mm with average maximum temperatures 

ng from 19.1°C in July to 36.4°C in January.  Average annual rainfall at Eneabba is 497.6

maximum temperatures ranging from 19.6°C in July to 36.2°C in February.  The majority of rainfall 

eptember.  From interpolation of annual rainfall isohyets, 

would be of the order of 450 mm. 
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A number of studies (desktop and field) have been completed for the Proposal to identify the existing 

environmental values of the Proposal Area.  Where relevant, studies have incorporated a wider Study Area, 

s the area up to the equivalent of the extent of Floristic Community Type (FCT) mapping completed for 

, which is broadly defined as the area 

ivision experiences a 

Weather patterns are dominated by the 

regular passage of rain bearing cold fronts from the Indian Ocean in winter, and dry easterly air flows from the WA 

ly and easterly directions (i.e. as distance 

are Mingenew (Site number 

008225 located approximately 

from these stations (temperature and rainfall) is presented 

mm with average maximum temperatures 

Average annual rainfall at Eneabba is 497.6 mm with average 

he majority of rainfall at both sites is 

From interpolation of annual rainfall isohyets, average annual 
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Figure 7 Meteorological averages for 

 

Figure 8 Meteorological averages for Eneabba Station 008225 (BoM
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Meteorological averages for Mingenew Station 008088 (BoM 2011) 

Meteorological averages for Eneabba Station 008225 (BoM 2011) 

Apr May Jun Jul Aug Sep Oct

Mingenew

mean min temp mean max temp

Apr May Jun Jul Aug Sep Oct

Eneabba

mean min temp mean max temp
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4.1.2 Soils and landform 
The Proposal Area is located entirely within the Eneabba Plain sub

physiographic unit (Figure 9).  The Eneabba Plain is described as an area of undulating but gently rising plain 

between the Tamala Limestone (or Spearwood D

(Blandford 2007). 

Figure 9 Swan Coastal Plain physiographic sub

Baseline soil investigations have been completed for the 

Blandford 2008) with three soil landscapes identified (
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rea is located entirely within the Eneabba Plain sub-unit of the Swan Coastal Plain 

The Eneabba Plain is described as an area of undulating but gently rising plain 

between the Tamala Limestone (or Spearwood Dunes) to the west, and the Gingin Scarp to the east 

 

Swan Coastal Plain physiographic sub-units (Blandford 2007) 

Baseline soil investigations have been completed for the Proposal Area by Blandford (Blan

with three soil landscapes identified (Table 9) (Figure 10). 

 

Dongara Titanium Minerals Project 
Swan Coastal Plain major regional 

The Eneabba Plain is described as an area of undulating but gently rising plain 

unes) to the west, and the Gingin Scarp to the east 

rea by Blandford (Blandford 2007 & 
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Table 9 Soil types within the Proposal Area described in 

Soil type Deposits 

The Eastern 
Ferricrete/Clay 
Unit 

Dionysus and 
Demeter 

The Central 
Sand Plain 

Hebe, Heracles, 
Hades and 
northern Zeus 

The Western 
Relict Palaeo 
Lake System 

Southern Zeus 
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Soil types within the Proposal Area described in Blandford 2007 & Blandford 2008

Soil characteristics 

• formed by alluvial/colluvial outwash fans passing off the scarp onto the 
coastal plain 

• profiles are dominated by the presence of ferricrete, either as well sorted 
gravels or older, strongly weathered iron rubble 

• clays may be associated with ferricrete deposits 

• many of the profiles are duplex in nature. 

• comprised of generally aeolian sand sheets, which in part, on
eastern ferricrete sediments 

• partly obscures the western palaeo lake system 

• soils are deep sands, at times well sorted and demonstrate generally 
strong fabric development 

• deeper horizons display strong induration 

• dunes have been formed locally (although uncommon). 

• appears to be the remnants of an ancient and much larger
system that was probably continuous along the length of the Study Area

• profile morphology is complex, tends to be characterised by well
horizonation that is stratigraphic rather than pedologic and dominated by 
pedogenic and biogenic silica 

• the nature of silica precipitation indicates long periods of geomorphic 
stability 

• field evidence suggests that the soil landscape is not subject to prolonged 
inundation nor extended periods of waterlogging 

• the relict palaeo lakes do not fit naturally into a classification of wetlands 
for the Swan Coastal Plain. 

 

Dongara Titanium Minerals Project 
Blandford 2007 & Blandford 2008 

outwash fans passing off the scarp onto the 

profiles are dominated by the presence of ferricrete, either as well sorted 

comprised of generally aeolian sand sheets, which in part, on-lap the 

times well sorted and demonstrate generally 

 

ancient and much larger lacustrine 
system that was probably continuous along the length of the Study Area 

morphology is complex, tends to be characterised by well-defined 
rather than pedologic and dominated by 

indicates long periods of geomorphic 

field evidence suggests that the soil landscape is not subject to prolonged 

kes do not fit naturally into a classification of wetlands 



Figure 10 Soil landscapes within the Proposal Area
Source: Figure extracted from 'An Investigation into the Soils and Soil
Landscapes of the Dongara Project Area', D. C. Blandford & Associates
Pty Ltd, July 2007.
*Strategen edited legendinfo@strategen.com.au

www.strategen.com.au

Author: atomeo
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4.1.3 Hydrogeology (groundwater)
The Proposal Area is underlain by two major groundwater 

Brinckerhoff 2011a): 

• the superficial formation, which is an unconfined to semi confined aquifer extending typically 30

ground and up to 55 m below ground

• the Yarragadee formation, which is a semi confin

ground. Superficial formation 
The superficial formation extends inland from the coast to the Gingin Scarp with groundwater flowing in a 

predominantly east-west direction.  Groundwater gradients are steep clo

westwards with depth to groundwater ranging from >30

west (Parsons Brinckerhoff 2011a) (Figure 

Saturated thickness of the formations

near Demeter and Hades (i.e. 0 m), 

increases westward (from approximately 500

concentrating of salts by evapotranspiration in areas where the water table is shallow (Hydrosearch

Recharge of the superficial aquifer occurs via winter rainfall, stream runoff (highly periodic) and upwards leakage 

from the Yarragadee aquifer in areas towards the coast where upwa

Brinckerhoff 2011a).  Discharge is by downwards leakage into the Yarragadee aquifer, evapotranspiration (where 

the water table is shallow), and outflow to the ocean (HydrosearchYarragadee formation 
The Yarragadee aquifer is hosted within the Yarragadee formation, which is an eroded, weathered, and laterised 

formation not conformably overlain by superficial formations (Parsons Brinckerhoff

bounded by the Urella Fault in the east and extends 

of the aquifer is via rainfall, downward leakage from the superficial aquifer and surface runoff east of the Gingin 

Scarp where the Yarragadee formation is exposed.  Similar to the superficial aquife

east-west, discharging to the ocean (Parsons Brinckerhoff4.1.4 Wetlands 
Wetlands of the Study Area (Figure 13

hydrology with no surface water flows observed entering the wetland systems.  

the wetlands and the superficial aquifer is considered highly variable and comple

spatially discontinuous layers of vertical impedance to rainfall resulting in “patchy”

levels in the wetlands of the Study Area may be either an expression of perched groundwater or a direct 

expression of the watertable in the superficial aquifer (

In a broader context, wetlands of the Study Area are associated with a relict palaeo

4.1.2) which is buried at various depths by the sands of the Eneabba Plain.  The extent of burial of the system 

progressively decreases towards the north

direction.  Field investigations and groundwater monitoring have demonstrated that the wetlands are not subject 

to prolonged periods of inundation or water logging

defined as seasonally waterlogged basins

                                                           

1

  In accordance with the Draft Framework for Mapping, Classification and Evaluation of Wetlands in Western Australia 
(DEC 2007). 
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Hydrogeology (groundwater) 
The Proposal Area is underlain by two major groundwater bearing formations (Hydrosearch

the superficial formation, which is an unconfined to semi confined aquifer extending typically 30

m below ground 

the Yarragadee formation, which is a semi confined aquifer extending to approximately 1

The superficial formation extends inland from the coast to the Gingin Scarp with groundwater flowing in a 

west direction.  Groundwater gradients are steep close to the Gingin Scarp, decreasing 

westwards with depth to groundwater ranging from >30 m below ground level (bgl) in the east to <2

Figure 11). 

formations increases westward from the limit of groundwater in superficial formations 

to about 20 m at Zeus (Figure 12).  Salinity of the superficial aquifer generally 

increases westward (from approximately 500 mg/L to 1600 mg/L Total Dissolved Solids [TDS]), attributable to a 

ranspiration in areas where the water table is shallow (Hydrosearch

Recharge of the superficial aquifer occurs via winter rainfall, stream runoff (highly periodic) and upwards leakage 

from the Yarragadee aquifer in areas towards the coast where upward hydraulic heads exist (Parsons 

).  Discharge is by downwards leakage into the Yarragadee aquifer, evapotranspiration (where 

the water table is shallow), and outflow to the ocean (Hydrosearch 2011).   

aquifer is hosted within the Yarragadee formation, which is an eroded, weathered, and laterised 

formation not conformably overlain by superficial formations (Parsons Brinckerhoff 2011a).  The aquifer is 

bounded by the Urella Fault in the east and extends under the Indian Ocean to the west (DoW

of the aquifer is via rainfall, downward leakage from the superficial aquifer and surface runoff east of the Gingin 

Scarp where the Yarragadee formation is exposed.  Similar to the superficial aquifer, groundwater generally flows 

west, discharging to the ocean (Parsons Brinckerhoff 2011a). 

13) are predominantly characterised by rainfall recharge and groundwater 

hydrology with no surface water flows observed entering the wetland systems.  Hydrological connectivity between 

the wetlands and the superficial aquifer is considered highly variable and complex.  The soil profiles contain 

layers of vertical impedance to rainfall resulting in “patchy” infiltration and perching.  

etlands of the Study Area may be either an expression of perched groundwater or a direct 

superficial aquifer (Endemic 2012). 

In a broader context, wetlands of the Study Area are associated with a relict palaeo-lake syst

) which is buried at various depths by the sands of the Eneabba Plain.  The extent of burial of the system 

reases towards the north, resulting in increased durations of wetland inundation in the same 

direction.  Field investigations and groundwater monitoring have demonstrated that the wetlands are not subject 

to prolonged periods of inundation or water logging, consistent with a wetlands classification of damplands

defined as seasonally waterlogged basins
1

.  Maximum levels of inundation are exhibited in wetlands north of Mt 

                   

In accordance with the Draft Framework for Mapping, Classification and Evaluation of Wetlands in Western Australia 

Dongara Titanium Minerals Project 
bearing formations (Hydrosearch 2011, Parsons 

the superficial formation, which is an unconfined to semi confined aquifer extending typically 30 m below 

ed aquifer extending to approximately 1 km below 

The superficial formation extends inland from the coast to the Gingin Scarp with groundwater flowing in a 

se to the Gingin Scarp, decreasing 

m below ground level (bgl) in the east to <2 m bgl in the 

increases westward from the limit of groundwater in superficial formations 

Salinity of the superficial aquifer generally 

mg/L Total Dissolved Solids [TDS]), attributable to a 

ranspiration in areas where the water table is shallow (Hydrosearch 2011). 

Recharge of the superficial aquifer occurs via winter rainfall, stream runoff (highly periodic) and upwards leakage 

rd hydraulic heads exist (Parsons 

).  Discharge is by downwards leakage into the Yarragadee aquifer, evapotranspiration (where 

aquifer is hosted within the Yarragadee formation, which is an eroded, weathered, and laterised 

).  The aquifer is 

under the Indian Ocean to the west (DoW 2007).  Recharge 

of the aquifer is via rainfall, downward leakage from the superficial aquifer and surface runoff east of the Gingin 

r, groundwater generally flows 

recharge and groundwater 

Hydrological connectivity between 

.  The soil profiles contain 

infiltration and perching.  Water 

etlands of the Study Area may be either an expression of perched groundwater or a direct 

lake system (refer Section 

) which is buried at various depths by the sands of the Eneabba Plain.  The extent of burial of the system 

resulting in increased durations of wetland inundation in the same 

direction.  Field investigations and groundwater monitoring have demonstrated that the wetlands are not subject 

, consistent with a wetlands classification of damplands, are 

.  Maximum levels of inundation are exhibited in wetlands north of Mt 

In accordance with the Draft Framework for Mapping, Classification and Evaluation of Wetlands in Western Australia 
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Adams Road where surface water approximately 0.5

times of peak groundwater conditions (late winter to mid spring) (

A number of structural plant communities were considered to have restricted distributions 

Area, particularly communities associated with the north south orientated belt of wetlands.

identified that the wetlands within the Proposal Area were structurally quite similar but support different suites of 

annuals.  An additional study was conducted in 2009 to charact

suites of annual species found within the understory (Woodman 2009).  

found in wetland areas and Section 4.2.3Conservation significance 
As native vegetation within the Study Area

Section 4.2.2), wetlands mapped within the area are considered to be equivalent to ‘Conservation Category 

Wetlands’ (CCWs) (Endemic 2012). 
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where surface water approximately 0.5 m in depth may last for two to four months of the year during 

times of peak groundwater conditions (late winter to mid spring) (Endemic 2012).   

A number of structural plant communities were considered to have restricted distributions within

ociated with the north south orientated belt of wetlands.  

identified that the wetlands within the Proposal Area were structurally quite similar but support different suites of 

An additional study was conducted in 2009 to characterise the wetlands within the Proposal Area by the 

suites of annual species found within the understory (Woodman 2009).  Table 13 and Table

4.2.3 discusses FCTs in the Proposal Area.   

native vegetation within the Study Area is largely undisturbed and in pristine to excellent condition (refer 

wetlands mapped within the area are considered to be equivalent to ‘Conservation Category 

).  
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r months of the year during 

within the Proposal 

  Further analysis 

identified that the wetlands within the Proposal Area were structurally quite similar but support different suites of 

erise the wetlands within the Proposal Area by the 

Table 28 identify FCTs 

xcellent condition (refer 

wetlands mapped within the area are considered to be equivalent to ‘Conservation Category 



Figure 11 Depth to groundwater within the Proposal Area 
Source: Figure extracted from 'Hydrogeological Appraisal of Pit
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Figure 12 Saturated thickness of the superficial formation of the Proposal Area
Source: Figure extracted from 'Hydrogeological Appraisal of Pit
Dewatering and Groundwater Supply for Proposed Mineral Sand
Mines near Dongara, Western Australia', Hrdrosearch Pty. Ltd, Nov 2010.info@strategen.com.au
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4.1.5 Hydrology (surface water)
Surface water hydrology in the Study 

the east, which reaches a maximum elevation of 256

drain towards the west, terminating in swamps or lakes in inter

2012). Watercourses 
Watercourses in the Study Area are ephemeral 

permeability of the watercourse beds

Creek and Tomkins Road Creek (Figure 

defined and drain internally (i.e. do not flow to the ocean).  Instead, the watercourses terminate within the 

Area as a series of deltaic fans that recharge groundwater locally.  Flows in these watercourses are infrequent 

and episodic with gauging at Mt Adams Creek indicating o

during an approximate two -year period (Endemic 201
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Hydrology (surface water) 
tudy Area is predominantly characterised by the presence of the Gingin Scarp to 

the east, which reaches a maximum elevation of 256 m at Mt Adams.  Watercourses arise 

drain towards the west, terminating in swamps or lakes in inter-dunal depressions of the Study A

the Study Area are ephemeral as a result of seasonal variations in rainfall and the 

watercourse beds.  The most notable watercourses flowing into the Study

Figure 13).  Drainage systems associated with these watercourses are poorly 

(i.e. do not flow to the ocean).  Instead, the watercourses terminate within the 

Area as a series of deltaic fans that recharge groundwater locally.  Flows in these watercourses are infrequent 

and episodic with gauging at Mt Adams Creek indicating only one stream flow (which lasted less than two hours) 

year period (Endemic 2012). 
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is predominantly characterised by the presence of the Gingin Scarp to 

 from the scarp and 

Study Area (Endemic 

rainfall and the high 

Study Area are Mt Adams 

).  Drainage systems associated with these watercourses are poorly 

(i.e. do not flow to the ocean).  Instead, the watercourses terminate within the Study 

Area as a series of deltaic fans that recharge groundwater locally.  Flows in these watercourses are infrequent 

nly one stream flow (which lasted less than two hours) 
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4.2 Biological environment4.2.1 Biogeography 
The Proposal Area is located within the Geraldton Sandplains biogeographic region (bioregion) of Australia in 

accordance with the Interim Biogeographic Regionalisation for Australia (IBRA) classification system.  The 

Geraldton Sandplains bioregion is described as containing

the sandy earths of an extensive, undulating, lateritic sandplain mantling Permian to Cretaceous strata 

(Environment Australia 2000). 

There are three vegetation systems (Illyarrie, Eridoon and Tathra) 

(Beard 1976) (Figure 14) (Table 10).

the vicinity of the Proposal Area (Figure 

provided in Table 11. 

Table 10 Vegetation system descriptions (Woodman

Vegetation 
system 

Description 

Illyarrie The coastal limestone belt Illyarrie system is dominated by woodlands of 
10 m) over an open shrub understorey of 
Hakea costata, Hibbertia hypericoides, Hibiscus huegelii
Restionaceae.  

Eridoon Vegetation structure of the sandplain Eridoon system is predominantly scattered small trees over tall 
shrubs and a closed layer of small heath
depressions where vegetation is heath approximately 30
Calytrix strigosa, Eremaea pauciflora
Restionaceae.  Melaleuca thyoides

Tathra Vegetation of the Tathra system consists of low, lateritic heaths and scrub heaths.  Lateritic heath 
species include Hakea auriculata
Petrophile sp., Melaleuca radula 
to 2 m over a dense layer of small shrubs (<1
including Eucalyptus todtiana
valleys and deep sands. 

Table 11 Vegetation associations –

Australia 2010 in Woodman

Vegetation 
system 

Vegetation 
association 

Description

Illyarrie 619 Medium woodland; River Gum 
(Eucalyptus camaldulensis

352 Medium woodland; York Gum

377 Mosaic: Shrublands; scrub heath 
on limestone/sparse low woodland; 
Illyarrie 

433 Mosaic: Shrublands; 
rostellifera 
cardiophylla 
woodland; Illyarrie

Eridoon 378 Shrublands; scrub heath with 
scattered 
todtiana and 
angustifolium 

392 Shrublands; 
thicket 
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Biological environment 
is located within the Geraldton Sandplains biogeographic region (bioregion) of Australia in 

accordance with the Interim Biogeographic Regionalisation for Australia (IBRA) classification system.  The 

Geraldton Sandplains bioregion is described as containing mainly proteaceous scrub-heaths, rich in endemics, on 

the sandy earths of an extensive, undulating, lateritic sandplain mantling Permian to Cretaceous strata 

three vegetation systems (Illyarrie, Eridoon and Tathra) in the vicinity of the Proposal Area

.  Within these vegetation systems, eight vegetation associations occur within 

Figure 15).  Information on the current extent and status of these associations is 

descriptions (Woodman 2009, 2011) 

The coastal limestone belt Illyarrie system is dominated by woodlands of Eucalyptus erythrocorys 
m) over an open shrub understorey of Acacia blakelyi, A. pulchella, A. spathulata, Banksia sessilis

Hibbertia hypericoides, Hibiscus huegelii, Hybanthus calycinus, Scholtzia

Vegetation structure of the sandplain Eridoon system is predominantly scattered small trees over tall 
shrubs and a closed layer of small heath-like shrubs.  There are numerous small lakes and swamps in 
depressions where vegetation is heath approximately 30 cm tall comprising scattered Xanthorrhoea

Eremaea pauciflora, Grevillea eriostachya, Melaleuca scabra, Petrophile media 
Melaleuca thyoides, M. lanceolata and M. rhaphiophylla are present in wetter areas. 

Vegetation of the Tathra system consists of low, lateritic heaths and scrub heaths.  Lateritic heath 
Hakea auriculata, Banksia fraseri, Melaleuca scabra, Allocasuarina humilis

Melaleuca radula and Restionaceae.  Scrub heaths generally consist of scattered shrubs 
m over a dense layer of small shrubs (<1 m) with occasional Nuytsia floribunda.  Taller tree species 

Eucalyptus todtiana, Banksia attenuata, B. menziesii and B. prionotes are usually confined to 
 

– current extent and status by vegetation system (Government of Western 

in Woodman 2011) 

Description 
Current extent 
(ha) 

% pre-
European 
extent 
remaining 

Medium woodland; River Gum 
Eucalyptus camaldulensis) 

85 54.8 

Medium woodland; York Gum 567 67.0 

Mosaic: Shrublands; scrub heath 
limestone/sparse low woodland; 

62 755 99.4 

Mosaic: Shrublands; Acacia 
rostellifera & Melaleuca 
cardiophylla thicket/sparse low 
woodland; Illyarrie 

14 443 45.7 

Shrublands; scrub heath with 
scattered Banksia spp., Eucalyptus 

and Xylomelum 
angustifolium on deep sandy flats 

60 733 64.9 

Shrublands; Melaleuca thyoides 430 97.9 

Dongara Titanium Minerals Project 
is located within the Geraldton Sandplains biogeographic region (bioregion) of Australia in 

accordance with the Interim Biogeographic Regionalisation for Australia (IBRA) classification system.  The 

heaths, rich in endemics, on 

the sandy earths of an extensive, undulating, lateritic sandplain mantling Permian to Cretaceous strata 

in the vicinity of the Proposal Area 

Within these vegetation systems, eight vegetation associations occur within 

).  Information on the current extent and status of these associations is 

Eucalyptus erythrocorys (up to 
Banksia sessilis, 

Scholtzia sp. and 

Vegetation structure of the sandplain Eridoon system is predominantly scattered small trees over tall 
like shrubs.  There are numerous small lakes and swamps in 

Xanthorrhoea with 
Petrophile media and 

are present in wetter areas.  

Vegetation of the Tathra system consists of low, lateritic heaths and scrub heaths.  Lateritic heath 
Allocasuarina humilis, 

hs generally consist of scattered shrubs 
.  Taller tree species 

are usually confined to 

Government of Western 

% current 
extent held in 
IUCN class I-
IV reserves 

0.3 

0.6 

75.6 

10.3 

21.9 

3.3 
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Vegetation 
system 

Vegetation 
association 

Description

433 Mosaic: Shrublands; 
rostellifera 
cardiophylla 
woodland; Illyarrie

748 Shrublands; 
thicket with scattered rivergum

Tathra 379 Shrublands; scrub heath on the 
lateritic sandplains

 

  

 Dongara Titanium Minerals Project

 35 

Description 
Current extent 
(ha) 

% pre-
European 
extent 
remaining 

Mosaic: Shrublands; Acacia 
rostellifera & Melaleuca 
cardiophylla thicket/sparse low 
woodland; Illyarrie 

131 68.3 

Shrublands; Melaleuca thyoides 
thicket with scattered rivergum 

294 85.9 

Shrublands; scrub heath on the 
lateritic sandplains 

130 313 23.9 

 

Dongara Titanium Minerals Project 
% current 
extent held in 
IUCN class I-
IV reserves 

86.9 

49.9 

21.2 
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4.2.2 Vegetation and flora studies undertaken
The Study Area has been subject to extensive vegetation and flora surveys.  

Area are listed in Table 12. 

Table 12 Vegetation and flora surveys completed within the 

Investigation 

Review and Conservation Significance of 
Flora and Vegetation of the Magnetic Minerals 
Dongara Prospect (Landcare Services 2002)

DRF and Priority species survey on proposed 
drill lines for the Dongara Area tenements 
(E70/1592, E70/2347 and E70/2263) – Hebe 
and Dionysus infill drilling 
(Western Botanical 2005) 

DRF and Priority species survey on proposed 
drill lines for the Dongara Area tenements 
(E70/1592, E70/2347 and E70/2263) – Zeus, 
Hades, Heracles, and Demeter infill drilling 
and 14 Exploration lines 
(Western Botanical 2006) 

Flora, Vegetation and Phytophthora 
cinnamomi Assessment (Woodman 2007)

Paracaleana dixonii (DRF) search 
(Woodman 2008a) 

Flora and Vegetation Studies Regional FCT 
Analysis (Woodman 2009) 

4.2.3 Vegetation communitiesFloristic Community Types 
Floristic Community Type (FCT) mapping 

distance of nearly 30 km north-south and an area of approximately 35

mapping was based on data collected from surveys carried out during 2006

ground-truthing.  Methodologies used were presented to DEC for review in 2007 prior to the work being 

undertaken. 

The FCT analysis identified a total of 20 FCTs excluding cleared areas and degraded vegetation on private 

property (Table 13) (Figure 16).  A conservation significance ranking scale 

and five the highest – refer to Woodman

approach is similar to that applied for other projects in the region (e.g. Iluka Eneabba, Karara).  Elevated 

conservation significance rankings correspond

basins (Woodman 2009).  
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studies undertaken 
The Study Area has been subject to extensive vegetation and flora surveys.  The surveys carried out in the Study 

Vegetation and flora surveys completed within the Study Area 

Timing Scope 

Review and Conservation Significance of 
Flora and Vegetation of the Magnetic Minerals 

2002) 

October 
2002 

Desktop study and site inspection to determine any 
significant impediments to development.

DRF and Priority species survey on proposed 
drill lines for the Dongara Area tenements 

Hebe 

October 
2005 

Field surveys to identify the DRF, priority 
otherwise significant species likely to be disturbed 
during initial drilling activities. 

DRF and Priority species survey on proposed 
drill lines for the Dongara Area tenements 

Zeus, 
infill drilling 

October-
December 
2005 

Field surveys to identify the DRF, priority and 
otherwise significant species likely to be disturbed 
during initial drilling activities. 

2007) 
October-
December 
2006 

Field surveys to obtain information on the plant 
communities, flora species and P. cinnamomi
distribution in all remnant native vegetation within 
the Dongara tenements for future drilling programs 
and subsequent mining. 

November 
2008 

Searching for Paracaleana dixonii (DRF) 
and access lines for 2008 and 2009 drilling 
programs. 

Flora and Vegetation Studies Regional FCT Various Obtain information on the local and regional 
distribution of Floristic Community Types and 
conservation significant taxa within the Study 
Initial surveys were carried out of the entire 
Area in 2007, this was followed by additional surveys 
in winter and spring of 2008.  These additional 
surveys further identified FCTs associated with 
wetlands and resulted in minor changes to F
mapping. Vegetation communities 

Floristic Community Type (FCT) mapping was completed for the Proposal by Woodman (2009)

south and an area of approximately 35 000 ha (excluding cleared areas).  The 

mapping was based on data collected from surveys carried out during 2006 and 2008 together with 

Methodologies used were presented to DEC for review in 2007 prior to the work being 

is identified a total of 20 FCTs excluding cleared areas and degraded vegetation on private 

A conservation significance ranking scale of 1 to 5 (with one

refer to Woodman [2009] [Appendix 3] for ranking criteria) was applied to each FCT

approach is similar to that applied for other projects in the region (e.g. Iluka Eneabba, Karara).  Elevated 

conservation significance rankings corresponded to regionally restricted landforms that were

Dongara Titanium Minerals Project 
The surveys carried out in the Study 

Desktop study and site inspection to determine any 
development. 

Field surveys to identify the DRF, priority and 
otherwise significant species likely to be disturbed 

Field surveys to identify the DRF, priority and 
otherwise significant species likely to be disturbed 

Field surveys to obtain information on the plant 
P. cinnamomi 

distribution in all remnant native vegetation within 
the Dongara tenements for future drilling programs 

(DRF) along drill 
ines for 2008 and 2009 drilling 

Obtain information on the local and regional 
distribution of Floristic Community Types and 
conservation significant taxa within the Study Area.  
Initial surveys were carried out of the entire Proposal 

rea in 2007, this was followed by additional surveys 
in winter and spring of 2008.  These additional 

FCTs associated with 
wetlands and resulted in minor changes to FCT 

(2009).  It covered a 

cleared areas).  The 

and 2008 together with subsequent 

Methodologies used were presented to DEC for review in 2007 prior to the work being 

is identified a total of 20 FCTs excluding cleared areas and degraded vegetation on private 

one being the lowest 

) was applied to each FCT.  This 

approach is similar to that applied for other projects in the region (e.g. Iluka Eneabba, Karara).  Elevated 

that were primarily wetland 



 

TIW11174.01 Dongara PER Rev 2  4-May-12  

Table 13 Study Area FCT descriptions and conservation significance rankings

FCT 
Vegetation 
system 

FCT description

1c Eridoon & 
Tathra 

Heath to Thicket of mixed shrubs commonly including 
leuropoma, Hibbertia
Allocasuarina spp. over 
sand and sandy clay.

2a Eridoon & 
Tathra 

Low Woodland of 
and Xylomelum
including Banksia
Melaleuca leuropoma
on upper slopes.

3 Eridoon, 
Illyarrie & 
Tathra 

Open Low Woodland to Heath of 
commonly including 
Scholtzia laxiflora

4* Eridoon & 
Illyarrie 

Low Woodland to Thicket of 
over mixed shrubs dominated by myrtaceous species on brown or yellow 
sand on lower to mid slopes and plains.

5a Eridoon, 
Illyarrie & 
Tathra 

Species rich Woodlands and Heaths on grey sand in the eastern portion 
of the Eneabba sandplain.  Common spe
boreale subsp. 
beaufortioides, 

5b Eridoon, 
Illyarrie & 
Tathra 

Thicket dominated by 
emergent Banksia
crests. 

6c Eridoon & 
Tathra 

Heath to Low Heath dominated by 
Ecdeiocolea monostachya
lower slopes and plains.

8b Eridoon & 
Tathra 

Highly disturbed Scrub with 
sand in drainage lines.

10a* Eridoon & 
Illyarrie 

Heath to Thicket dominated by 
leptophylla var. 
lines. 

10b* Eridoon Thicket dominated by 
var. leptophylla
slopes and depressions.

16a Eridoon, 
Illyarrie & 
Tathra 

Low Woodland of 
Scrub of Banksia

16b Eridoon, 
Illyarrie & 
Tathra 

Thicket to Open Scrub dominated by 
Banksia spp. on mid slopes over 
monostachya on brown sand and sandy clay.

17a Eridoon & 
Illyarrie 

Low Woodland of 
limestone on mid to upper slopes.

17a(d) Eridoon & 
Illyarrie 

Disturbed areas of FCT 17a.

19 Eridoon & 
Illyarrie 

Low Woodland to Low Forest of 
camaldulensis over a species poor understorey dominated by annuals 
on grey or brown sandy clay in wet depressions and drainage lines.

22a Eridoon & 
Illyarrie 

Low Woodland of 
shrub layer of species including 
pergranulata and 
depressions and seasonally inundated basins.

22b Eridoon Low Forest of Melaleuca
grey sandy clay in depressions.

23* Eridoon Scrub to Thicket dominated by 
Chamelaucium 
brown sand on lower slopes and depressions.
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Study Area FCT descriptions and conservation significance rankings 

FCT description 

Heath to Thicket of mixed shrubs commonly including Melaleuca 
Hibbertia hypericoides, Banksia shuttleworthiana and 

spp. over Ecdeiocolea monostachya on yellow or brown 
sand and sandy clay. 

Low Woodland of Banksia attenuata and occasional Banksia menziesii 
Xylomelum angustifolium, over Low Scrub of mixed species 

Banksia leptophylla var. leptophylla, Banksia candolleana, 
leuropoma and Hibbertia hypericoides on brown or grey sand 

on upper slopes. 

Open Low Woodland to Heath of Banksia spp. over mixed shrubs 
commonly including Melaleuca leuropoma, Eremaea beaufortioides and 

laxiflora on grey or yellow sand on lower to mid slopes. 

Low Woodland to Thicket of Banksia attenuata and Banksia menziesii 
over mixed shrubs dominated by myrtaceous species on brown or yellow 
sand on lower to mid slopes and plains. 

Species rich Woodlands and Heaths on grey sand in the eastern portion 
of the Eneabba sandplain.  Common species include Conospermum 

subsp. boreale, Ecdeiocolea monostachya, Eremaea 
, Hakea polyanthema and Banksia candolleana. 

Thicket dominated by Banksia hookeriana and/or Banksia attenuata, with 
Banksia prionotes on yellow sand on upper slopes and dune 

Heath to Low Heath dominated by Banksia spp. and Melaleuca spp. over 
monostachya on grey or brown sandy clay or gravel on 

lower slopes and plains. 

Highly disturbed Scrub with Calothamnus quadrifidus on grey or brown 
sand in drainage lines. 

Heath to Thicket dominated by Allocasuarina campestris and/or Banksia 
var. leptophylla on grey or brown sandy clay in drainage 

Thicket dominated by Actinostrobus pyramidalis and Banksia leptophylla 
leptophylla on grey diatomaceous earth or sandy clays on lower 

slopes and depressions. 

Low Woodland of Banksia prionotes and/or Casuarina obesa over Low 
Banksia spp. and Calothamnus spp. on yellow or brown sand. 

Thicket to Open Scrub dominated by Acacia spp. on lower slopes and 
spp. on mid slopes over Hakea spp. and Ecdeiocolea 

on brown sand and sandy clay. 

Low Woodland of Eucalyptus erythrocorys on brown or yellow sand over 
limestone on mid to upper slopes. 

Disturbed areas of FCT 17a. 

Low Woodland to Low Forest of Melaleuca rhaphiophylla and Eucalyptus 
over a species poor understorey dominated by annuals 

on grey or brown sandy clay in wet depressions and drainage lines. 

Low Woodland of Melaleuca preissiana over a sparse, often disturbed 
shrub layer of species including Tecticornia pergranulata subsp. 

and Rhagodia preissii subsp. obovata on grey sandy clay in 
depressions and seasonally inundated basins. 

Melaleuca preissiana and Casuarina obesa over herbs on 
grey sandy clay in depressions. 

Scrub to Thicket dominated by Melaleuca huegelii subsp. huegelii or 
 uncinatum, with emergent Eucalyptus spp., on grey or 

brown sand on lower slopes and depressions. 

Dongara Titanium Minerals Project 
Conservation 
significance 
ranking 

Area 
(ha) 

Not available 454 

Not available 1954 

Not available 682 

2 7776 

4 11 945 

2 7566 

4 1277 

Not available 29 

4 261 

3 682 

3 401 

Not available 286 

Not available 849 

Not available 210 

Not available 267 

Not available 90 

Not available 25 

4 111 
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FCT 
Vegetation 
system 

FCT description

24 Eridoon & 
Illyarrie 

Low Woodland to Low Forest of 
Scrub of Acacia
lines. 

25a* Eridoon Thicket dominated by 
spp. on brown sandy clay over limestone on lower slopes and 
depressions. 

25b* Eridoon Low Woodland of 
shrub layer of species including 
pergranulata and 
depressions and seasonally inundated basins.

*FCT associated with wetlands vegetationThreatened and Priority Ecological 
No Threatened Ecological Communities (TECs) 

Study Area with no FCTs recorded correspond

bioregion (Woodman 2009).  A total of 91

proximity of the Proposal Area although all of these TECs are located more than 20

PECs are located within proximity of the Proposal Area. 

Table 14 TECs/PECs located within proximity of the Proposal Area (DEC 2010)

TEC Description 

72. Ferricrete Ferricrete floristic community (Rocky Springs type)

97. Mound Springs 
(Three Springs area) 

Assemblages of organic mound springs of the Three 
Springs area Phytophthora Dieback 

A significant proportion of the Study Area has been assessed for the presence of dieback (

cinnamomi) with no infestations found.  The majority 

‘uninfested’ with a small percentage classified ‘unmappable’ due to recent burning or the absence of indicator 

species (e.g. cleared areas used for pasture).  The assessment

as watercourses and any areas adjacent to major trafficable roads (GlevanVegetation condition 
The majority of vegetation within the 

(Woodman 2009).  Areas of exception include:

• Proposal Area boundaries located adjacent to cleared agricultural land (subject to encroaching weed 

infestations) 

• areas of native vegetation subject to frequent fires

• cleared areas associated with gas pipelines and other in

• rehabilitated tracks associated with past resource exploration activities (Woodman
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FCT description 

Low Woodland to Low Forest of Eucalyptus camaldulensis over Open 
Acacia rostellifera on brown sand on lower slopes and drainage 

Thicket dominated by Melaleuca huegelii subsp. huegelii and Acacia 
spp. on brown sandy clay over limestone on lower slopes and 

Low Woodland of Melaleuca preissiana over a sparse, often disturbed 
shrub layer of species including Tecticornia pergranulata subsp. 

and Rhagodia preissii subsp. obovata on grey sandy clay in 
depressions and seasonally inundated basins. 

wetlands vegetation. cological Communities 
ommunities (TECs) or Priority Ecological Communities (PECs) 

o FCTs recorded corresponding to any TEC or PEC recognised within the Geraldton Sandplains 

A total of 91 instances of two different TEC types (Table 14) are located within 

e Proposal Area although all of these TECs are located more than 20 km away (

PECs are located within proximity of the Proposal Area.  

TECs/PECs located within proximity of the Proposal Area (DEC 2010) 

Conservation status

Ferricrete floristic community (Rocky Springs type) Vulnerable 

Assemblages of organic mound springs of the Three Endangered 

A significant proportion of the Study Area has been assessed for the presence of dieback (

) with no infestations found.  The majority of the assessed area was consequently classified 

with a small percentage classified ‘unmappable’ due to recent burning or the absence of indicator 

species (e.g. cleared areas used for pasture).  The assessments targeted areas at highest risk o

as watercourses and any areas adjacent to major trafficable roads (Glevan 2006, 2007 and 2012

The majority of vegetation within the Proposal Area is considered to be in pristine or excellent condition 

9).  Areas of exception include: 

located adjacent to cleared agricultural land (subject to encroaching weed 

areas of native vegetation subject to frequent fires 

cleared areas associated with gas pipelines and other infrastructure 

rehabilitated tracks associated with past resource exploration activities (Woodman

 

Dongara Titanium Minerals Project 
Conservation 
significance 
ranking 

Area 
(ha) 

Not available 196 

4 133 

Not available 49 

or Priority Ecological Communities (PECs) are located within the 

recognised within the Geraldton Sandplains 

) are located within 

km away (Figure 17).  No 

Conservation status No. instances 

27 

64 

A significant proportion of the Study Area has been assessed for the presence of dieback (Phytophthora 

of the assessed area was consequently classified 

with a small percentage classified ‘unmappable’ due to recent burning or the absence of indicator 

targeted areas at highest risk of infestation such 

and 2012).  

rea is considered to be in pristine or excellent condition 

located adjacent to cleared agricultural land (subject to encroaching weed 

rehabilitated tracks associated with past resource exploration activities (Woodman 2009). 
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4.2.4 Flora 
A total of 543 vascular plant taxa belonging to 72 plant families were recorded during surveys 

(Woodman 2009).   Conservation significant flora 
Within the Study Area, one Declared Rare Flora (DRF) taxon (

been recorded (Table 15). 

Flora taxa listed under the Australian Government

include: 

• Paracaleana dixonii (Endangered)

• Stawellia dimorphantha (Vulnerable).

An additional six taxa listed under the EPBC Act were identified (as a result of desktop database searches) as 

having the potential to occur in the S

provided in Table 16.  The Table provides both the number of locations of populations (i.e. where more than one 

individual is recorded in close proximity) and the total number individuals and 

were recorded in. 

Table 15 Conservation significant flora recorded in the Study Area

Species 

Baeckea sp. Walkaway (A.S. George 
11249) 

Banksia elegans 

Banksia scabrella 

Beyeria gardneri 

Calectasia palustris 

Calytrix chrysantha 

Comesperma griffinii 

Eucalyptus macrocarpa subsp. 
elachantha 

Eucalyptus macrocarpa x pyriformis 

Eucalyptus zopherophloia  

Guichenotia alba 

Hemiandra sp. Eneabba (H. Demarz 
3687)* 

Hemigenia saligna 

Hopkinsia anoectocolea  

Hypocalymma gardneri 

Lasiopetalum ogilvieanum 

Mesomelaena stygia subsp. deflexa 

Paracaleana dixonii 

Persoonia filiformis 

Persoonia rudis 

Schoenus griffinianus 

Schoenus sp. Eneabba  (F. Obbens & C. 
Godden 1154) 
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A total of 543 vascular plant taxa belonging to 72 plant families were recorded during surveys 

Declared Rare Flora (DRF) taxon (Paracaleana dixonii) and 24

Australian Government EPBC Act that were recorded during surveys of the 

(Endangered) 

(Vulnerable). 

the EPBC Act were identified (as a result of desktop database searches) as 

Study Area.  A list of these taxa including their current conservation status is

The Table provides both the number of locations of populations (i.e. where more than one 

individual is recorded in close proximity) and the total number individuals and well as the FCTs that these flora 

Conservation significant flora recorded in the Study Area 

Conservation 
status (Federal) 

Conservation 
status (State) 

No. of 
locations 
(individuals)  

- P3 5 

- P4 508(537 

- P4 156(223) 

- P3 1(1) 

- P1 2 

- P4 4 

- P2 2 

- P4 5 

- P3 1 

- P4 1 

- P3 3 

- P3 460(471) 

- P3 1 

- P3 3 

- P3 9 

- P1 1 

- P3 10 

Endangered DRF 40 

- P2 371(455) 

- P3 74(74) 

- P3 11 

C. - P2 99(99) 

Dongara Titanium Minerals Project 
A total of 543 vascular plant taxa belonging to 72 plant families were recorded during surveys of the Study Area 

 Priority flora have 

recorded during surveys of the Study Area 

the EPBC Act were identified (as a result of desktop database searches) as 

rea.  A list of these taxa including their current conservation status is 

The Table provides both the number of locations of populations (i.e. where more than one 

well as the FCTs that these flora 

FCTs recorded from 

5b, 16a 

3, 4, 5a, 5b, 10a, 10b, 
16a, 16b, 23, 24 

5a, 6c 

5a 

5a, 6c 

5a, 17a 

6c 

5a, 6c 

6c 

17a 

5a 

4, 5a, 5b, 6c 

5b 

19 

5a, 6c 

5a 

5a, 5b 

5a, 6c 

5a, 6c 

2a, 3, 4, 5a, 5b, 6c 

4, 5a, 5b 

4, 5a 
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Species 

Stawellia dimorphantha 

Stylidium carnosum  subsp. Narrow 
leaves (J.A.  Wege 490) 

Verticordia luteola var. luteola 

* includes specimen locations identified as 

Table 16 EPBC Act listed flora with potential to occur in the Study Area (Woodman

Species 

Banksia serratuloides subsp. perissa 

Chorizema humile 

Eucalyptus crispata 

Eucalyptus leprophloia 

Hypocalymma longifolium 

Schoenia filifolia subsp. subulifolia 

In addition to these species, Woodman (2011) also identified that the following 

to occur: 

• Acacia vittata (P2) 

• Eremaea acutifolia (P3) 

• Grevillea erinacea (P3) 

• Stylidium pseudocaespitosum

• Thysanotus glaucus (P4). 

Many of the floristic surveys carried out within the 

drilling program approval application

the Study Area are located on or nearby resource areas proposed for disturbance

Locations of conservation significant flora recorded 
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Conservation 
status (Federal) 

Conservation 
status (State) 

No. of 
locations 
(individuals)  

Vulnerable P4 423(477) 

- P1 12(12) 

- P3 5(5) 

* includes specimen locations identified as Hemiandra ?sp. Eneabba (H. Demarz 3687) 

EPBC Act listed flora with potential to occur in the Study Area (Woodman 2009) 

Conservation status (Federal) Conservation status (State)

Vulnerable DRF 

Endangered DRF 

Vulnerable DRF 

Endangered DRF 

Endangered DRF 

Endangered DRF 

In addition to these species, Woodman (2011) also identified that the following Priority species have the potential 

pseudocaespitosum (P2) 

any of the floristic surveys carried out within the Study Area were originally commissioned 

applications.  Therefore, most of the species of conservation significant flora identified in 

located on or nearby resource areas proposed for disturbance. 

on significant flora recorded are shown in Figure 18. 

 

Dongara Titanium Minerals Project 
FCTs recorded from 

3, 4, 5a, 5b, 16a, 16b, 
17a 
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Conservation status (State) 

Priority species have the potential 

issioned to support exploratory 

conservation significant flora identified in 
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Introduced flora 
A total of 39 introduced flora taxa (weeds) were recorded within the 

distribution of weeds was considered to be very low with weeds only prevalent in disturbed areas adjacent to 

farming properties (Woodman 2009). 

Protection Act 1976 (WA) were recorded.

Table 17 Introduced flora of the Study Area (Woodman

Species 

Aira caryophyllea 

Aira cupaniana 

Anagallis arvensis var. caerulea 

Avellinia michelii 

Avena barbata 

Brassica sp. 

Brassica tournefortii 

Briza maxima 

Briza minor 

Bromus diandrus 

Centaurea melitensis 

Centaurium tenuiflorum 

Chenopodium murale 
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introduced flora taxa (weeds) were recorded within the Study Area (Table 17).  In general, 

was considered to be very low with weeds only prevalent in disturbed areas adjacent to 

2009).  No Declared Plants as listed under the Agriculture and Related Resources 

were recorded. 

Introduced flora of the Study Area (Woodman 2009) 

Species Species 

Cotula coronopifolia Phyllopodium cordatum

Ehrharta longiflora Plantago coronopus

Erodium sp. Polycarpon tetraphyllum

Galium murale Polypogon monspeliensis

Hypochaeris glabra Raphanus raphanistrum

Hordeum leporinum Schismus ?barbatus

Isolepis marginata Sonchus oleraceus 

Lolium sp. Spergularia ?diandra

Melilotus ?indicus Spergularia ?rubra 

Mesembryanthemum crystallinum Ursinia anthemoides

Mesembryanthemum nodiflorum Vulpia ?bromoides 

Oxalis ?corniculata Vulpia sp. 

Pentaschistis airoides Wahlenbergia capensis

 

Dongara Titanium Minerals Project 
).  In general, the 

was considered to be very low with weeds only prevalent in disturbed areas adjacent to 

Agriculture and Related Resources 

Phyllopodium cordatum 

Plantago coronopus 

Polycarpon tetraphyllum 

Polypogon monspeliensis 

Raphanus raphanistrum 

Schismus ?barbatus 

 

Spergularia ?diandra 

 

anthemoides 

 

Wahlenbergia capensis 
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4.2.5 Terrestrial fauna 
A number of surveys (i.e. desktop assessments

conducted within the Study Area to identify

total of 118 species of vertebrate fauna 

assessments indicated could be present 

group is provided in Table 19.  

Table 18 Fauna surveys completed within the Study Area

Investigation Scope

Fauna assessment 
(Bamford 2012) 

Desktop studies and field surveys for all possible fauna in the Proposal Area.  
Included sampling and searching of various habitats types present.

Threatened fauna investigations 
(Bamford 2008a) 

Targeted surveys for the Western 
Millipede.

Western Ground Parrot survey 
(Bamford 2008b) 

Aural surveys for the Western Ground Parrot of approximately 1080
Study Area carried out over six consecutive days in May 2008.

Carnaby’s Cockatoo nesting 
habitat survey (Tiwest 2010a) 

Examination of the Study Area for potential Carnaby’s Cockatoo nesting habitat.

Table 19 Vertebrate fauna species recorded from the 

Fauna group Total recorded Total expected

Frogs 5 10 

Reptiles 32 86 

Birds 67 136 

Mammals 14 28 

Total 118 260 Conservation significant fauna 
A total of nine conservation significant fauna 

additional 20 fauna species of conservation significan

(Table 21). 

Three levels of conservation significance 

(Bamford 2012): 

1. Conservation Significance 1 (CS1): species listed under State or Commonwealth Acts

2. Conservation Significance 2 (CS2): species not listed under State or Commonwealth Acts, but listed in 

publications on threatened fauna or as Priority (P) species by DEC

3. Conservation Significance 3 (CS3): species not listed under Acts or in publications, but considere

least local significance because of their pattern of distribution.  This level may have links to preserving 

biodiversity at the genetic level 

(common) species, then it may n

characteristics).  Species on the edge of their range, or that are sensitive to impacts such as habitat 

fragmentation, may also be classed as CS3. Habitat 
A broad range of habitats exists across t

within/nearby proposed Disturbance Boundary

• dense mixed shrublands/heathlands/sedgelands on white and yellow sands

• dampland areas of tall mixed thickets over wh

• Allocasuarina/Banksia woodland over shrubs & sedges on yellow sand

• seasonal wetlands (Melaleuca dominated claypans).
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assessments, reconnaissance surveys and detailed surveys) have been 

identify existing terrestrial fauna values relevant to the Proposal 

total of 118 species of vertebrate fauna were recorded in the Study Area out of a total of 260 species that desktop 

indicated could be present (Bamford 2012).  A breakdown of vertebrate species recorded by fa

Fauna surveys completed within the Study Area 

Scope 

Desktop studies and field surveys for all possible fauna in the Proposal Area.  
Included sampling and searching of various habitats types present.

Targeted surveys for the Western Ground Parrot, Phasmid-mimic Cricket and a 
Millipede. 

Aural surveys for the Western Ground Parrot of approximately 1080
Study Area carried out over six consecutive days in May 2008. 

Examination of the Study Area for potential Carnaby’s Cockatoo nesting habitat.

Vertebrate fauna species recorded from the Study Area (Bamford 2012) 

Total expected 

 

 

A total of nine conservation significant fauna species were recorded from the Study Area (Table 

conservation significance identified as potentially occurring were not recorded

evels of conservation significance were recognised for assessment purposes and are 

Conservation Significance 1 (CS1): species listed under State or Commonwealth Acts

Significance 2 (CS2): species not listed under State or Commonwealth Acts, but listed in 

publications on threatened fauna or as Priority (P) species by DEC. 

Conservation Significance 3 (CS3): species not listed under Acts or in publications, but considere

least local significance because of their pattern of distribution.  This level may have links to preserving 

 (EPA 2002a) (e.g. if a population is isolated but a subset of a widespread 

(common) species, then it may not be recognised as threatened but may have unique genetic 

characteristics).  Species on the edge of their range, or that are sensitive to impacts such as habitat 

fragmentation, may also be classed as CS3.  

across the Study Area with the main habitat types of interest (i.e. habitat types 

Disturbance Boundary being (Bamford 2012): 

dense mixed shrublands/heathlands/sedgelands on white and yellow sands 

dampland areas of tall mixed thickets over white sandy loams to sandy clays 

Allocasuarina/Banksia woodland over shrubs & sedges on yellow sand 

(Melaleuca dominated claypans). 

Dongara Titanium Minerals Project 
, reconnaissance surveys and detailed surveys) have been 

relevant to the Proposal (Table 18).  A 

out of a total of 260 species that desktop 

).  A breakdown of vertebrate species recorded by faunal 

Desktop studies and field surveys for all possible fauna in the Proposal Area.  
Included sampling and searching of various habitats types present. 

mimic Cricket and a 

Aural surveys for the Western Ground Parrot of approximately 1080 ha of the 

Examination of the Study Area for potential Carnaby’s Cockatoo nesting habitat. 

Table 20).  An 

were not recorded 

recognised for assessment purposes and are defined as follows 

Conservation Significance 1 (CS1): species listed under State or Commonwealth Acts. 

Significance 2 (CS2): species not listed under State or Commonwealth Acts, but listed in 

Conservation Significance 3 (CS3): species not listed under Acts or in publications, but considered of at 

least local significance because of their pattern of distribution.  This level may have links to preserving 

(e.g. if a population is isolated but a subset of a widespread 

ot be recognised as threatened but may have unique genetic 

characteristics).  Species on the edge of their range, or that are sensitive to impacts such as habitat 

of interest (i.e. habitat types 
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Table 20 Conservation significant fauna recorded in the Study Area (Bamford

Fauna group Species 

Reptiles Black-striped Snake 

Neelaps calonotos 

Birds Carnaby's Cockatoo 

Calyptorhynchus latirostris 

Rainbow Bee-eater 

Merops ornatus  

Rufous Fieldwren 

Calamanthus campestris 
montanellus  

Crested Bellbird (southern) 

Oreoica gutturalis gutturalis 

Square-tailed Kite  

Hamirostra isura  

White-breasted Robin 

Eopsaltria georgiana 

Mammals Western Brush Wallaby 

Macropus irma 

Short range 
endemics (SREs) 

Millipede 

Antichiropus ‘Eneabba 1’
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Conservation significant fauna recorded in the Study Area (Bamford 2012) 

Conservation 
significance ranking 
(Bamford 2012) 

Conservation 
status (Federal) 

striped Snake  

  

CS2 - 

Carnaby's Cockatoo  

Calyptorhynchus latirostris  

CS1 Endangered 

eater  CS1 Marine, Migratory 
(JAMBA) 

Calamanthus campestris 

CS2 - 

Crested Bellbird (southern)  

Oreoica gutturalis gutturalis  

CS2 - 

 CS3 - 

breasted Robin  

Eopsaltria georgiana  

CS3 - 

Western Brush Wallaby  CS2 - 

‘Eneabba 1’ 

CS3 - 

 

Dongara Titanium Minerals Project 
Conservation 
status (State) 

P3 

Endangered 

- 

P4 

P4 

- 

- 

P4 

- 
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Table 21 Conservation significant fauna

Fauna group Species 

Reptiles Slender blue-tongue 

Cyclodomorphus branchialis

Western Spiny-tailed Skink 

Egernia stokesii badia 

Woma or Ramsay’s Python 

Aspidites ramsayi 

South-west Carpet Python 

Morelia spilota imbricata 

Michaelsen’s Gecko 

Strophurus michaelseni 

White-spotted Ground Gecko 

Lucasium alboguttatus

Diplodactylus ornatus

Birds Mallefowl 

Leipoa ocellata 

Western Ground Parrot 

Pezoporus wallicus 
flaviventrus  

Major Mitchell's Cockatoo

Cacatua leadbeateri 

Peregrine Falcon  

Falco peregrinus  

Great Egret, White Egret 

Ardea alba 

Fork-tailed Swift  

Apus pacificus  

Bush Stonecurlew  

Burhinus grallarius 

White-browed Babbler 

Pomatostomus superciliosus 
ashbyi  

Western Yellow Robin 
Eopsaltria australis 
griseogularis  

Southern Scrub-robin 

Drymodes brunneopygia 

Cattle Egret 

Ardea ibis 

White-bellied Sea-eagle

Haliaeetus leucogaster

Mammals Western Free-tail Bat 

Mormopterus aff. planiceps 

SREs Shield-backed Trapdoor 
Spider 

Idiosoma nigrum 

Phasmid-mimic cricket

Phasmodes jeeba 
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Conservation significant fauna potentially expected in the Study Area (Bamford 201

Conservation 
significance ranking 
(Bamford 2012) 

Conservation 
status (Federal) 

tongue  

Cyclodomorphus branchialis 

CS1 - 

tailed Skink  

badia  

CS1 Endangered 

Woma or Ramsay’s Python  CS1 - 

west Carpet Python  

Morelia spilota imbricata  

CS1 - 

Michaelsen’s Gecko  

Strophurus michaelseni  

CS3 - 

spotted Ground Gecko  

Lucasium alboguttatus 

CS3  - 

Diplodactylus ornatus CS3 - 

CS1 Vulnerable, 
Migratory 
(JAMBA) 

Western Ground Parrot  

Pezoporus wallicus 

CS1 Endangered, 
Migratory 
(JAMBA) 

Major Mitchell's Cockatoo  

Cacatua leadbeateri  

CS1 - 

CS1 - 

Great Egret, White Egret  CS1 Marine, Migratory 
(JAMBA, CAMBA) 

CS1 Marine, Migratory 
(JAMBA, CAMBA, 
ROKAMBA) 

 

Burhinus grallarius  

CS2 - 

browed Babbler  

Pomatostomus superciliosus 

CS2 - 

Western Yellow Robin - 
Eopsaltria australis subsp. 

CS3 - 

robin  

Drymodes brunneopygia  

CS3 - 

 Marine, Migratory 
(JAMBA, CAMBA) 

eagle 

Haliaeetus leucogaster 

 Marine, Migratory 
(CAMBA) 

tail Bat  

. planiceps  

CS3 - 

backed Trapdoor CS1 - 

mimic cricket 

 

CS2 - 

 

Dongara Titanium Minerals Project 
2012) 

Conservation 
status (State) 

Vulnerable 

Vulnerable 

Other specially 
protected fauna 

P4, Other specially 
protected fauna 

- 

- 

- 

Vulnerable 

Critically 
Endangered 

Other specially 
protected fauna 

Other specially 
protected fauna 

- 

- 

P4 

P4 

- 

- 

 

 

 

Vulnerable 

P2 
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4.2.6 Subterranean fauna Background 
Subterranean fauna are fauna that inhabit underground environments.  They are mostly invertebrates and are 

divided into two broad categories; stygofauna and troglofauna.  

Stygofauna are obligate groundwater dwellers that spen

occurring very close to the surface.  Typical groundwater habitats include large caves, mesocaverns in karst and 

basalts, and the interstitial spaces of alluvial aquifers.  Some species of stygofauna have e

patterns of distribution, and this has been linked to a lack of connectivity between aquifers (Watt and 

Humphreys 2001).  The most common stygofauna are crustaceans.

Troglofauna are obligate underground terrestrial fauna historically kno

environments; however, they may occur in other fractured and cavernous geology types.  Some troglofauna 

species also have restricted distribution ranges due to long periods of isolation and a lack of connectivity between 

populations.  As a result, short-range endemism is common in this type of fauna.  Common examples of 

troglofauna include spiders, scorpions and millipedes.Stygofauna 
Stygofauna sampling was conducted within the 

species identified (Figure 19).  A total of six species were recorded from the 

oligochaete worm, three harpacticoid copepods

have an unknown conservation status/distribution with the exception being the 

locally common and/or of widespread distribution (RockwaterTroglofauna 
An assessment of geological data concluded that there are no obvious karst terrains within the 

which would indicate the presence of prospective habitat for troglofauna.  Superficial formations within the 

Proposal Area are sandy in nature, suggesting that they are unlikely to provide suitable voids and cavities which 

are capable of supporting a troglofauna community (Rockwater

troglofauna have been carried out for the 

  

 Dongara Titanium Minerals Project

 50 

Subterranean fauna are fauna that inhabit underground environments.  They are mostly invertebrates and are 

divided into two broad categories; stygofauna and troglofauna.   

Stygofauna are obligate groundwater dwellers that spend their entire life cycle below ground, sometimes 

occurring very close to the surface.  Typical groundwater habitats include large caves, mesocaverns in karst and 

basalts, and the interstitial spaces of alluvial aquifers.  Some species of stygofauna have e

patterns of distribution, and this has been linked to a lack of connectivity between aquifers (Watt and 

2001).  The most common stygofauna are crustaceans. 

Troglofauna are obligate underground terrestrial fauna historically known from cave systems and karst 

environments; however, they may occur in other fractured and cavernous geology types.  Some troglofauna 

species also have restricted distribution ranges due to long periods of isolation and a lack of connectivity between 

range endemism is common in this type of fauna.  Common examples of 

troglofauna include spiders, scorpions and millipedes. 

Stygofauna sampling was conducted within the Study Area by Rockwater (Rockwater 2011) with a 

.  A total of six species were recorded from the Proposal Area including an 

m, three harpacticoid copepods, a syncarid, and a rotifer.  All but one of the 18 species identified 

have an unknown conservation status/distribution with the exception being the rotifer, which is considered to be 

locally common and/or of widespread distribution (Rockwater 2011). 

An assessment of geological data concluded that there are no obvious karst terrains within the 

which would indicate the presence of prospective habitat for troglofauna.  Superficial formations within the 

suggesting that they are unlikely to provide suitable voids and cavities which 

are capable of supporting a troglofauna community (Rockwater 2011).  As a result, no field investigations for 

troglofauna have been carried out for the Proposal. 

 

Dongara Titanium Minerals Project 
Subterranean fauna are fauna that inhabit underground environments.  They are mostly invertebrates and are 

d their entire life cycle below ground, sometimes 

occurring very close to the surface.  Typical groundwater habitats include large caves, mesocaverns in karst and 

basalts, and the interstitial spaces of alluvial aquifers.  Some species of stygofauna have extremely localised 

patterns of distribution, and this has been linked to a lack of connectivity between aquifers (Watt and 

wn from cave systems and karst 

environments; however, they may occur in other fractured and cavernous geology types.  Some troglofauna 

species also have restricted distribution ranges due to long periods of isolation and a lack of connectivity between 

range endemism is common in this type of fauna.  Common examples of 

2011) with a total of 18 

rea including an 

All but one of the 18 species identified 

which is considered to be 

An assessment of geological data concluded that there are no obvious karst terrains within the Proposal Area, 

which would indicate the presence of prospective habitat for troglofauna.  Superficial formations within the 

suggesting that they are unlikely to provide suitable voids and cavities which 

2011).  As a result, no field investigations for 
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Figure 19 Stygofauna recorded from the Study Area by sampling location

at A4
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Code Species
S1 Enchytraeidae sp. (nr sp WAM 2)
S2 Insulodrilus nr nudus
S3 Tubificidae sp.
S4 Paramelitidae (n gen) Protocrangonyix
S5 Phreaochiltonia sp. B1
S6 Dicyclops humpreysi humpreysi
S7 Fierscyclops sp. B1
S8 Harpacticoda sp.
S9 nr Nitocrella sp. B1
S10 Paramesochridae sp. B1
S11 Parastenocaris sp. B4
S12 Parastenocaris sp. B5
S13 Parastenocaris sp.
S14 Candonopsis tenuis
S15 Bathynella
S16 Hexabathynella sp.
S17 Hexabathynella sp. B2
S18 Bdelloidea sp.

±



 

TIW11174.01 Dongara PER Rev 2  4-May-12  

4.3 Social environment 4.3.1 Socio-economic setting
The Proposal Area is located within the Shire of Irwin in the Mid

of the population (approx. 3000) reside

approximately 25 km North West of the 

Port Denison are now predominantly supported by fish4.3.2 Existing land use and tenure
Existing tenure of the Proposal Area

agriculture (pasture and cropping), resource development (oil and gas, mineral sands and other minerals) and 

conservation.  Mining tenure 
Tiwest holds six live mining leases (M70/1195, M70/1196, M70/1197, M70/1198, M70/1199

three live exploration licences (E70/1592, E70/2263

lease M70/361, held by Hudson Resources Ltd for an undeveloped diatomaceous earth deposit, is also located 

the area, and is wholly surrounded by M70/1196.  

remnant native vegetation.  The exception is mining 

cleared and used for agriculture.  Conservation tenure 
Three areas of conservation tenure are located 

conservation tenure is Yardanogo Nature Reserve (Reserve 36203).  This reserve is located approximately 

1.5 km west of the Zeus resource area and is divided by the Mt Adams 

proposed mine transport corridor.  Other

reserve (Reserve 47436) located approximately 6

Nature Reserve (Reserve 24496) located approximately 10

of Brand Highway.  Further information relating to these reserves is provided in 

Table 22 Conservation tenure located in proximity to the Proposal Area

Reserve 
Number 

Reserve Name Class 

36203 Yardonogo 
Nature Reserve 

C 

47436 Un-named A 

24496 Beekeepers 
Nature Reserve 

C 
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 economic setting 
is located within the Shire of Irwin in the Mid-West region of Western Australia.

) resides in the twin coastal towns of Dongara and Port Denison, located 

of the Proposal Area. Originally built on strong rural economies, Dongara and 

Port Denison are now predominantly supported by fishing (rock lobster) and tourism industriesExisting land use and tenure 
 and surrounds is shown in Figure 20.  Current land uses 

agriculture (pasture and cropping), resource development (oil and gas, mineral sands and other minerals) and 

six live mining leases (M70/1195, M70/1196, M70/1197, M70/1198, M70/1199

three live exploration licences (E70/1592, E70/2263 & E70/2347) within the Proposal Area and surrounds

lease M70/361, held by Hudson Resources Ltd for an undeveloped diatomaceous earth deposit, is also located 

surrounded by M70/1196.  The majority of the mining lease areas overlay 

remnant native vegetation.  The exception is mining lease M70/1195, which overlies freehold land

Three areas of conservation tenure are located in proximity to the Proposal Area (i.e. within 20

conservation tenure is Yardanogo Nature Reserve (Reserve 36203).  This reserve is located approximately 

ea and is divided by the Mt Adams Road reserve which forms part of the 

Other nearby areas of conservation tenure include a small un

reserve (Reserve 47436) located approximately 6 km south of the Hebe resource area, and the Beekeepers 

Nature Reserve (Reserve 24496) located approximately 10 to 15 km west of the Proposal Area,

nformation relating to these reserves is provided in Table 22. 

Conservation tenure located in proximity to the Proposal Area 

Vesting Responsible Agency Purpose 

Conservation 
Commission of 
WA (CCWA) 

DEC Conservation of 
fauna and 
protection of flora

- Department of 
Planning (DoP) 

Conservation of 
flora and fauna

CCWA DEC Protection of flora

 

Dongara Titanium Minerals Project 
West region of Western Australia.  The majority 

in the twin coastal towns of Dongara and Port Denison, located 

. Originally built on strong rural economies, Dongara and 

industries. 

Current land uses mainly comprise 

agriculture (pasture and cropping), resource development (oil and gas, mineral sands and other minerals) and 

six live mining leases (M70/1195, M70/1196, M70/1197, M70/1198, M70/1199 & M70/1200) and 

Proposal Area and surrounds.  Mining 

lease M70/361, held by Hudson Resources Ltd for an undeveloped diatomaceous earth deposit, is also located in 

s overlay UCL containing 

freehold land predominantly 

(i.e. within 20 km).  The closest 

conservation tenure is Yardanogo Nature Reserve (Reserve 36203).  This reserve is located approximately 

reserve which forms part of the 

ure include a small un-named nature 

e area, and the Beekeepers 

Proposal Area, on the west side 

Area (ha) 

Conservation of 

protection of flora 

6591 

Conservation of 
flora and fauna 

65 

Protection of flora 66 277 
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Figure 20 Existing tenure of the Proposal Area and surrounds
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Other tenure 
Mining leases M70/1195, M70/1196 and M70/1197 in the north of the 

Reserve 10877.  This reserve is a C Class Wat

approximately 730 ha in size.  Dividing this reserve in two is a stock route reserve (Reserve 10876), partly 

residing under M70/1196.  Other tenure in the 

• Mt Adams Road reserve – bisects the Zeus resource area

• Tomkins Road reserve – located adjacent to the Dionysus resource area/partly intersected by M70/1198

• the active Beharra Springs gas 

(M70/1199) 

• the Dampier to Bunbury Natural Gas Pipeline (including 

– intersects the Proposal Area

• the Parmelia Natural Gas/Petroleum Pi

• gravel reserves (Reserves 31232, 40805, 40806) 

• microwave tower – located on M70/1196

These areas are shown on Figure 204.3.3 Heritage Native title 
A Native Title Agreement is currently in place with the Amangu People (claim WAD6002/04) for the 

known as the Dongara Project Agreement (4 March 2008)

with through this agreement. Indigenous heritage 
No known sites of Indigenous heritage significance are located within the 

Agreement includes provisions for the identification and protection of any

within the Disturbance Boundary. Non-indigenous heritage 
No non-indigenous heritage sites are known from or 
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Mining leases M70/1195, M70/1196 and M70/1197 in the north of the Proposal Area are partly bordered by 

Reserve 10877.  This reserve is a C Class Water Reserve, the responsibility of the Water Corporation and is 

ha in size.  Dividing this reserve in two is a stock route reserve (Reserve 10876), partly 

M70/1196.  Other tenure in the Proposal Area and surrounds includes: 

bisects the Zeus resource area 

located adjacent to the Dionysus resource area/partly intersected by M70/1198

the active Beharra Springs gas mining facility – located adjacent to the Heracles resource area

the Dampier to Bunbury Natural Gas Pipeline (including Natural Gas Pipeline Purposes 

Proposal Area north-south 

the Parmelia Natural Gas/Petroleum Pipeline – intersects the Proposal Area 

gravel reserves (Reserves 31232, 40805, 40806) – located to the east of the Proposal Area

located on M70/1196. 

20. 

A Native Title Agreement is currently in place with the Amangu People (claim WAD6002/04) for the 

known as the Dongara Project Agreement (4 March 2008).  Issues of native title relevant to 

No known sites of Indigenous heritage significance are located within the Proposal Area.  The Dongara Project 

Agreement includes provisions for the identification and protection of any undiscovered Indigenous heritage sites 

indigenous heritage sites are known from or are expected to occur within the Proposal Area

Dongara Titanium Minerals Project 
are partly bordered by 

the responsibility of the Water Corporation and is 

ha in size.  Dividing this reserve in two is a stock route reserve (Reserve 10876), partly 

located adjacent to the Dionysus resource area/partly intersected by M70/1198 

located adjacent to the Heracles resource area 

Natural Gas Pipeline Purposes Reserve 38963) 

Proposal Area 

A Native Title Agreement is currently in place with the Amangu People (claim WAD6002/04) for the Proposal, 

Issues of native title relevant to the Proposal are dealt 

.  The Dongara Project 

undiscovered Indigenous heritage sites 

Proposal Area. 
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5. Framework for environmental impact assessment of proposal5.1 Identification of key issues and their significance
The Environmental Scoping Document (ESD) was prepared in accordance with the 

Assessment (Part IV Division I) Administrative Procedures 2002.

The scoping process utilised EPA assessme

and a preliminary risk assessment to identify aspects of the Proposal likely to have an environmental impact.  The 

following relevant key environmental factors were identified during 

detail in this PER: 

• groundwater (Section 6) 

• surface water (Section 8) 

• vegetation and flora (Section

• terrestrial fauna (Section 10

• subterranean fauna (Section

• acid sulfate soils (Section 12

• closure (Section 13). 5.1.1 Other environmental factors 
Other environmental factors addressed in this PER, which have been 

assessment as they can be readily managed through standard operating procedures and adherence to 

regulations, include: 

• noise 

• dust and air emissions 

• greenhouse gases  

• radiation 

• heritage 

• non-mineral waste 

• fire 

• visual amenity. 

A description of these other environmental factors in relation to the Proposal is provided in Section
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Framework for environmental impact assessment of proposalIdentification of key issues and their significance 
The Environmental Scoping Document (ESD) was prepared in accordance with the Environmental Impact 

Assessment (Part IV Division I) Administrative Procedures 2002.  

The scoping process utilised EPA assessment guidelines, issues identified in preliminary stakeholder consultation 

and a preliminary risk assessment to identify aspects of the Proposal likely to have an environmental impact.  The 

following relevant key environmental factors were identified during this scoping process and are addressed in 

vegetation and flora (Section 9) 

10) 

subterranean fauna (Section 11) 

12) Other environmental factors  
Other environmental factors addressed in this PER, which have been identified as requiring less detailed 

assessment as they can be readily managed through standard operating procedures and adherence to 

A description of these other environmental factors in relation to the Proposal is provided in Section

 

Dongara Titanium Minerals Project 
Framework for environmental impact assessment of proposal 

Environmental Impact 

nt guidelines, issues identified in preliminary stakeholder consultation 

and a preliminary risk assessment to identify aspects of the Proposal likely to have an environmental impact.  The 

this scoping process and are addressed in 

identified as requiring less detailed 

assessment as they can be readily managed through standard operating procedures and adherence to 

A description of these other environmental factors in relation to the Proposal is provided in Section 15. 
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5.2 Assessment of key environmental factors5.2.1 Format of key environmental factor assessment
The key environmental factors associated with the Proposal are addressed in this PER in the following format:

• key statutory requirements, EPA environmental objective, policy and guidance relevant to the 

environmental factor or the proposal

• potential sources of impact (environmental aspects)

• findings of surveys and investigations 

• evaluation of options or alternatives to avoid or minimise impact

• assessment of likely direct and indirect impacts

• potential for and nature of any cumulative impacts

• management measures and performance standards

• predicted environmental outcomes against environmental objectives, policies, guidelines, standards and 

procedures. 

Management plans are presented in the Environmental Management 5.2.2 Relationship between key environmental factors and potential impacts 
The potential impacts describe the relationship between an aspect of the Proposal (

and a key environmental factor (e.g. groundwater).  However, as 

(i.e. an impact can affect a factor that, in turn can affect another factor)

are restricted to those directly or indirectly affecting that factor.  For example, dewatering will affect groundwater 

levels (as discussed under Groundwater) and this 

(discussed in Section 9). 

Table 23 describes the relationship between the key factor

where it is addressed in this document.
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Assessment of key environmental factors key environmental factor assessment 
The key environmental factors associated with the Proposal are addressed in this PER in the following format:

key statutory requirements, EPA environmental objective, policy and guidance relevant to the 

tor or the proposal 

potential sources of impact (environmental aspects) 

findings of surveys and investigations  

evaluation of options or alternatives to avoid or minimise impact 

assessment of likely direct and indirect impacts 

any cumulative impacts 

management measures and performance standards 

predicted environmental outcomes against environmental objectives, policies, guidelines, standards and 

Management plans are presented in the Environmental Management Program (Appendix 1Relationship between key environmental factors and potential impacts  
The potential impacts describe the relationship between an aspect of the Proposal (e.g. drawdown 

key environmental factor (e.g. groundwater).  However, as many environmental factors are interdependent 

an impact can affect a factor that, in turn can affect another factor), the impacts addressed under each factor 

re restricted to those directly or indirectly affecting that factor.  For example, dewatering will affect groundwater 

levels (as discussed under Groundwater) and this drawdown can affect groundwater-dependent vegetation 

describes the relationship between the key factors, EPA objective and potential impact

in this document. 

Dongara Titanium Minerals Project 
The key environmental factors associated with the Proposal are addressed in this PER in the following format: 

key statutory requirements, EPA environmental objective, policy and guidance relevant to the 

predicted environmental outcomes against environmental objectives, policies, guidelines, standards and 

1). 

drawdown or clearing) 

many environmental factors are interdependent 

, the impacts addressed under each factor 

re restricted to those directly or indirectly affecting that factor.  For example, dewatering will affect groundwater 

dependent vegetation 

tial impacts, and indicates 



 

TIW11174.01 Dongara PER Rev 2  4-May-12    

Table 23 Key environmental factors identified during project scoping

Environmental 
Factor 

EPA objective Aspect 

Groundwater To maintain the quantity of water so 
that existing and potential 
environmental values, including 
ecosystem maintenance, are 
protected. 

To ensure that emissions do not 
adversely affect environment values or 
the health, welfare and amenity of 
people and land uses by meeting 
statutory requirements and acceptable 
standards. 

Dewatering

Water abstraction

Tailings facility

Contamination

Groundwater 
dependent 
ecosystems 
(including 
wetlands) 

To maintain the integrity, ecological 
functions and environmental values of 
wetlands. 

To maintain the abundance, diversity, 
geographic distribution and 
productivity of fauna at species and 
ecosystem levels through the 
avoidance or management of adverse 
impacts and improvement in 
knowledge. 

To maintain the abundance, diversity, 
geographic distribution and 
productivity of flora at species and 
ecosystem levels through the 
avoidance or management of adverse 
impacts and improvement in 
knowledge. 

Dewatering

Potential acid sul
soils 

Abstraction of water

Hydrocarbon spills

Surface water To maintain the quantity of water so 
that existing and potential 
environmental values, including 

Dewatering
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Key environmental factors identified during project scoping 

Potential Impacts 

Dewatering Dewatering to enable safe access to ore will alter groundwater levels and 
and has the potential to affect GDEs, including wetlands and groundwater
dependent vegetation. 

Potential acid sulfate soils may be exposed to oxygen potentially affect
groundwater quality. 

Water abstraction Abstraction of water from the Yarragadee s for on-site water supply has the 
potential to affect GDEs, including wetlands and groundwater-dependent 
vegetation and other users of these aquifers. 

Tailings facility Operation of tailings facility will increase infiltration which has the potential to 
result in groundwater mounding under the facility. 

Contamination Hydrocarbon spills have the potential to affect groundwater quality. 

Dewatering Dewatering to enable safe access to ore will alter groundwater level and flow 
and has the potential to affect GDEs. 

Potential acid sulfate Potential acid sulfate soils below the watertable may be exposed to oxygen 
potentially affecting groundwater quality, which could affect wetlands

Abstraction of water Abstraction of water from the Yarragadee aquifer for on-site water supply has 
the potential to affect GDEs. 

Hydrocarbon spills Hydrocarbon spills have the potential to affect groundwater quality which could 
affect wetlands. 

Dewatering Dewatering and abstraction will result in drawdown in the superficial aquifer 
which has the potential to modify the hydrological conditions of the 
watercourses in the Proposal Area. 

 Dongara Titanium Minerals Project 
Section Section heading 

levels and flow 
wetlands and groundwater-

6.5.1 Groundwater 
drawdown 

affecting 12.3.1 Acid sulfate soils 

site water supply has the 
dependent 

6.5.2 Water abstraction 

Operation of tailings facility will increase infiltration which has the potential to 6.5.3 Operation of tailing 
facility 

6.5.4 Groundwater 
contamination  

to enable safe access to ore will alter groundwater level and flow 7.5.1 Drawdown 

soils below the watertable may be exposed to oxygen 
potentially affecting groundwater quality, which could affect wetlands. 

12.3.1 Acid sulfate soils 

site water supply has 6.5.2 & 7.3.1  Water abstraction 

& Groundwater-
dependent 
ecosystems 

Hydrocarbon spills have the potential to affect groundwater quality which could 6.5.4 Groundwater 
contamination 

will result in drawdown in the superficial aquifer 8.5.1 Watercourses 
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Environmental 
Factor 

EPA objective Aspect 

ecosystem maintenance, are 
protected. 

To ensure that emissions do not 
adversely affect environment values or 
the health, welfare and amenity of 
people and land uses by meeting 
statutory 

Surface water runoff

Contamination

Flora and 
Vegetation 

To maintain the abundance, diversity, 
geographic distribution and 
productivity of flora at species and 
ecosystem levels through the 
avoidance or management of adverse 
impacts and improvement in 
knowledge. 

Clearing

Dewatering

Vehicles

Dust 

Fire 

Terrestrial 
Fauna 

To maintain the abundance, diversity, 
geographic distribution and 
productivity of fauna at species and 
ecosystem levels through the 
avoidance or management of adverse 
impacts and improvement in 
knowledge. 

Clearing

Dewatering

Vehicles

Human activity

Subterranean 
Fauna 

To maintain the abundance, diversity, 
geographic distribution and 
productivity of subterranean fauna at 
species and ecosystem levels through 
the avoidance or management of 
adverse impacts and improvement in 
knowledge. 

Mining 

Dewatering

Contamination
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Potential Impacts 

Surface water runoff Runoff from disturbed areas and overburden dumps may result in increased 
sediment transport to watercourses. 

Contamination Hydrocarbon spills have the potential to affect surface water quality. 

Clearing Clearing of vegetation will directly reduce the extent of vegetation 
communities, including vegetation communities of local conservation 
significance, and Priority Flora species. 

Dewatering Dewatering and abstraction will lower ground water levels in proximity to the 
pits and therefore may affect groundwater-dependent vegetation. 

Vehicles Vehicle movements and earthworks (including pumping of slurries) have the 
potential to introduce and spread weed species and dieback. 

Dust generation due to earthworks, mining and vehicle movements has the 
potential to smother vegetation. 

Vehicle movements and earthworks have the potential to increase risk of bush 
fire. 

Clearing Clearing of vegetation will directly disturb fauna habitat and may result in the 
loss of individual terrestrial fauna. 

Dewatering Dewatering and abstraction will lower ground water levels in proximity to the 
pits and therefore may affect groundwater-dependent vegetation. 

Vehicles Vehicle movements within the Proposal Area may result in the injury or fatality 
of individual terrestrial fauna, especially less-mobile species. 

Human activity Human activities have the potential to increase in presence introduced 
predator species (e.g. foxes and cats) which has the potential to result in 
increased rates of predation of native fauna species. 

Mining will remove potential subterranean fauna habitat and has the potential 
to result in the loss of individual fauna through the extraction of material.

Dewatering Dewatering and abstraction will reduce the extent of stygofauna habitat, which 
has the potential to cause population fragmentation. 

Contamination Hydrocarbons spills have the potential to degrade the habitat for subterranean 
fauna through surface or groundwater contamination. 

 Dongara Titanium Minerals Project 
Section Section heading 

Runoff from disturbed areas and overburden dumps may result in increased 8.5.2 Stormwater runoff 

 8.5.3 Surface water 
contamination from 
spills 

communities, including vegetation communities of local conservation 
9.5.1 Clearing and  

will lower ground water levels in proximity to the 9.5.1 Clearing and  

have the 9.5.2 Weeds and dieback 
spread from vehicles 

Dust generation due to earthworks, mining and vehicle movements has the 15.2 Dust and air 
emissions 

movements and earthworks have the potential to increase risk of bush 15.7 Fire 

Clearing of vegetation will directly disturb fauna habitat and may result in the 10.5.1 Clearing and  

will lower ground water levels in proximity to the 10.5.1 Clearing and  

Vehicle movements within the Proposal Area may result in the injury or fatality 10.5.2 Vehicles 

Human activities have the potential to increase in presence introduced 
which has the potential to result in 

10.5.3 Human activity 

Mining will remove potential subterranean fauna habitat and has the potential 
to result in the loss of individual fauna through the extraction of material. 

11.4.1 Mining 

will reduce the extent of stygofauna habitat, which 11.4.2 Dewatering 

Hydrocarbons spills have the potential to degrade the habitat for subterranean 11.4.3 Contamination 



 

TIW11174.01 Dongara PER Rev 2  4-May-12    

Environmental 
Factor 

EPA objective Aspect 

Acid sulfate 
soils 

To ensure that emissions do not 
adversely affect the environmental 
values of health, welfare and amenity 
of people and land uses by meeting 
statutory requirements and acceptable 
standards.  

 

To ensure that rehabilitation achieves 
an acceptable standard compatible 
with the intended land use, and 
consistent with appropriate criteria. 

Exposure of ASS

Contamination

Storage of ASS waste

Closure To ensure, as far as practicable, that 
rehabilitation achieves a stable and 
functioning landform that is consistent 
with the surrounding landscape and 
other environmental values. 

To maintain the abundance, diversity, 
geographic distribution and 
productivity of flora and fauna at 
species and ecosystem levels through 
the avoidance or management of 
adverse impacts and improvement of 
knowledge. 

Erosion/Stability of 
post closure landforms

Lack of self
ecosystems

Ongoing 
contamination
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Potential Impacts 

Exposure of ASS Exposure of acid sulfate soil material to oxygen has the potential to generate 
acid that could then be mobilised. 

 

Contamination Improper handling and/or treatment of acid sulfate soil materials may lead to 
contamination of soil and/or groundwater. 

 

Storage of ASS waste Storage of acid sulfate soil mineral waste has the potential to cause 
contamination through mobilisation of acid. 

 

/Stability of 
post closure landforms 

Unsuitable reconstruction of landforms post closure could result in ongoing 
erosion of surface and an inappropriate soil profile preventing the 
establishment of biological ecosystems, hazard to humans and affect end land 
uses 

Lack of self-supporting 
ecosystems 

The lack of self-supporting ecosystems on post-closure landforms could render 
the site susceptible to introduced species. 

Ongoing 
contamination 

Ongoing contamination from post closure landforms could provide an ongoing 
hazard to humans and biological systems. 

 Dongara Titanium Minerals Project 
Section Section heading 

Exposure of acid sulfate soil material to oxygen has the potential to generate 12.3.1 Acid sulfate soils 

sulfate soil materials may lead to 12.3.1 Acid sulfate soils 

12.3.1 Acid sulfate soils 

Unsuitable reconstruction of landforms post closure could result in ongoing 

establishment of biological ecosystems, hazard to humans and affect end land 

13.5.1 Landform stability 

closure landforms could render 13.5.2 Self-sustaining 
ecosystems 

Ongoing contamination from post closure landforms could provide an ongoing 13.5.3 Ongoing 
contamination 
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5.3 Consistency with environmental principles 
In 2003, the EP Act was amended to include a core set of Principles that are applied by the EPA in 

assessments (EPA 2004b).  These environmental protection principles listed in s.4a of the EP Act, are: 

• precautionary principle 

• principle of intergenerational equity 

• principle of the conservation of biological diversity and ecological integrity 

• principle relating to improved valuation, pricing and incentive mechanisms 

• principle of waste minimisation. 

The Proponent has considered these principles in its design and subsequent implementation of the 

Expansion Proposal (Table 24). 

Table 24 Consistency with principles of environmental protection 

Principle Consideration given in the Proposal 
Section 
addressed in 
PER 

1.  Precautionary Principle 

Where there are threats of serious or 
irreversible damage, lack of full scientific 
certainty should not be used as a reason for 
postponing measures to prevent environmental 
degradation. 

In the application of the precautionary principle, 
decisions should be guided by: 

a. careful evaluation to avoid, where 
practicable, serious or irreversible damage to 
the environment 

b. an assessment of the risk-weighted 
consequences of various options. 

A full range of detailed site investigations of the 
biological and physical systems have been 
undertaken to characterise the environmental 
setting and potential environmental impact.  
Where these investigations identify significant 
environmental issues, management measures 
are incorporated into the project design to 
avoid, where practicable, and/or minimise any 
potential impacts. 

These management actions have been 
compiled in a comprehensive EMP 
(Appendix 1), which is summarised in 
Section 16. 

See assessment 
of factors in 
Sections 6 to 15 
and 
environmental 
management 
and proposed 
conditions in 
Section 16. 

2.  Intergenerational Equity 

The present generation should ensure that the 
health, diversity and productivity of the 
environment is maintained or enhanced for the 
benefit of future generations. 

The Proponent operates in accordance with an 
operations-wide Environmental Policy, which is 
implemented through the existing Safety Health 
and Environmental Management Systems 
(EMS).  The EMS complies with the Australian 
Standard for Environmental Management 
Systems (AS/NZS ISO 14001:2004). 

This Proposal has been developed in 
accordance with the EMS and with the aim of 
achieving high quality closure outcomes.  The 
Proposal has considered future generations by 
designing the project in recognition of the 
closure end land use requirements.  In planning 
to achieve safe and stable landforms will 
enable the Proposal to maintain the benefits for 
future generations. 

See Section 13 
(Closure, 
including 
rehabilitation) 
and Section 16 
for 
environmental 
management. 

3.  Conservation of Biological Diversity and 
Ecological Integrity 

Conservation of biological diversity and 
ecological integrity should be a fundamental 
consideration. 

Conservation of biological diversity and 
ecological integrity is fundamental to the 
Proponent’s approach to environmental 
management and is a major environmental 
consideration for the project.   

The Proposal has been modified on the basis 
of detailed biological investigations, which has 
enabled the avoidance of areas of conservation 
significance.  Impacts to biological systems will 
be minimised through implementation of the 
management measures identified in the EMP. 

See assessment 
of factors in 
Sections 6 to 15 
and 
environmental 
management 
and proposed 
conditions in 
Section 16. 
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Principle Consideration given in the Proposal 
Section 
addressed in 
PER 

4.  Improved Valuation, Pricing and 
Incentive Mechanisms 

a. Environmental factors should be 
included in the valuation of assets and 
services. 

b. The polluter pays principle – those 
who generate pollution and waste should bear 
the cost of containment, avoidance or 
abatement. 

c. The users of goods and services 
should pay prices based on the full life cycle 
costs of providing goods and services, 
including the use of natural resources and 
assets and the ultimate disposal of any wastes. 

d. Environmental goals, having been 
established, should be pursued in the most 
cost-effective way, by establishing incentives 
structures, including market mechanisms, 
which enable those best placed to maximise 
benefits and/or minimise costs to develop their 
own solutions and responses to environmental 
problems. 

The Proponent acknowledges the need for 
valuation, pricing and incentive mechanisms 
and endeavours to pursue these principles 
when and wherever possible.  The Proponent 
will ensure that pollution-type impacts are 
minimised as far as practicable and the full cost 
of rehabilitation and closure requirements are 
incorporated into the production costs. 

N/A 

5.  Waste Minimisation 

All reasonable and practicable measures 
should be taken to minimise the generation of 
waste and its discharge into the environment. 

The Proposal will be subject to Tiwest 
Corporate Standards and overarching objective 
to ensure waste (including hazardous wastes) 
is efficiently managed to ensure eco-efficiency, 
legal compliance, pollution prevention, 
expectations of the community and a high 
standard of site aesthetics. 

N/A 

5.4 Consistency with expectations of EPA for environmental impact assessment 
Table 25 sets out EPA expectations for environmental impact assessment of proposals, with a summary of 

how these matters are considered in this environmental assessment document, together with cross 

references to the relevant sections. 

Table 25 Statement of expectations for EIA  

Expectations Consideration Given in Proposal 

 Proponents will use best practicable measures and 
genuine evaluation of options or alternatives in siting, 
planning and designing their proposals to avoid, and 
where this is not possible, to minimise impacts on the 
environment. 

Where practicable, options and alternatives have been 
evaluated for each factor under the relevant sections in 
Sections 6 to 15. 

The onus is with the proponents to describe the 
environmental impacts of their proposals, and to use 
their best endeavours to demonstrate that the 
unavoidable impacts are environmentally acceptable, 
taking into account cumulative impacts in the region.   

Environmental impacts have been described for each 
factor under the relevant section in Sections 6 to 15.  
Unavoidable impacts have been demonstrated to be 
environmentally acceptable.  Where relevant, cumulative 
impacts have been addressed specifically for each factor. 

Proponents will use best practicable measures and 
mitigation to manage adverse environmental impacts. 

Best practicable measures and mitigation have been 
evaluated for each factor under the relevant section.  
Mitigation measures are proposed to mitigate potential 
impacts through consideration of the EPA mitigation 
hierarchy of avoid, minimise, reduce, rectify and offset.   

Proposals will meet relevant environmental objectives 
and standards. 

The Proposal has been assessed against relevant 
environmental objectives and standards as described in 
Sections 6 to 15. 
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Expectations Consideration Given in Proposal 

In all EIA, there will be opportunities for effective 
stakeholder consultation, including engagement with the 
local community during the assessment of the proposal.  
Proponents should adequately engage in consultation 
with stakeholders who may be interested in, or affected 
by their proposals, early in the EIA process. 

Stakeholder consultation has been undertaken as 
described in Section 3. 

Assessment will be based on sound science and 
documented information.  It is essential that proponents 
allow adequate time and resources to carry out the 
necessary surveys and investigations as part of the EIA. 

This environmental assessment document is a result of 
extensive assessments of hydrogeology, hydrology, flora, 
vegetation, fauna and soil landscapes within the area 
potentially affected by the project.  Relevant detailed 
documentation on the surveys and specialist technical 
studies can be found in the appendices and the 
references. 

Proponents will identify management measures for all 
key environmental factors during the assessment, to 
demonstrate whether the proposal can be implemented 
to meet the EPA environmental objectives. 

Environmental measures and controls have been 
implemented through this Proposal and the proposed 
management measures that address the management of 
water, flora, fauna and closure are presented in 
Sections 6 to 15 and summarised in Section 16. 

In all EIA, performance standards will be established, 
communicated and agreed at the beginning of the EIA 
process, and these will be monitored, reviewed and 
reported against. 

Performance standards are provided as part of the 
management program for the Proposal. 

Proponents will implement continuous improvement in 
environmental performance and will apply best 
practicable measures for environmental management in 
implementing their proposals. 

Best practicable measures for environmental 
management would be implemented through this 
Proposal.  Management will be in accordance with 
ISO14001 the international stand for environmental 
management systems.  This includes a focus on 
continual review and improvement of performance,  The 
associated proposed management measures that 
address the management of water, flora and fauna as 
presented in Sections Sections 6 to 15 and summarised 
in Section 16. 5.5 Assessment of scenarios 

The environmental impacts of the Proposal assessed in the following sections are based on ‘worst case’ 

mining scenarios.  This means that where impacts from mining methods employed differ (e.g. dry mining 

only or a combination of both dry mining and dredge mining), the scenario with the highest level of impact 

has been assessed. 
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6. Groundwater  6.1 Relevant environmental objectives, policies, guidelines, standards and procedures 6.1.1 EPA objective 
The EPA applies the following objectives to the assessment of proposals that may affect groundwater: 

To maintain the quantity of water so that existing and potential environmental values, including 

ecosystem maintenance, are protected. 

To ensure that emissions do not adversely affect environmental values or the health, welfare or 

amenity of people and land uses by meeting statutory requirements and acceptable standards. 6.1.2 Regulatory framework 
The RIWI Act makes provision for the regulation, management, use and protection of water resources, to 

provide for irrigation schemes, and for related purposes.  Licences issued by the DoW under the RIWI Act 

are required for works associated with groundwater abstraction (including for mine dewatering purposes).  

Groundwater abstraction licences specify the maximum abstraction rate from aquifers and may include 

conditions for monitoring and preparation of operating strategies. 

Works approvals and licences to permit discharges to the environment are also required under Part V of 

the EP Act. 

Consideration has also been given to: 

• Department of Water (2010), Arrowsmith Groundwater Allocation Plan  

• Department of Water (2009), Environmental Considerations for Groundwater Management in the 

Northern Perth Basin. Environmental Water Report Series, Report Number 8, May 2009.  6.2 Potential sources of impact 
Activities or aspects of the Proposal that have the potential to affect groundwater, not considering 

mitigation measures, include: 

• dewatering to enable safe access to ore will alter groundwater level and flow and has the 

potential to affect GDEs, including wetlands and groundwater-dependent vegetation and other 

users of the superficial aquifer 

• potential acid sulfate soils may be exposed to oxygen potentially affecting groundwater quality 

• abstraction of water from the Yarragadee aquifer for on-site water supply has the potential to 

affect GDEs, including wetlands and groundwater-dependent vegetation and other users of the 

aquifer 

• operation of tailings facility will increase infiltration which has the potential to result in 

groundwater mounding under the facility 

• hydrocarbon spills have the potential to affect groundwater quality. 
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6.3 Surveys and investigations 
Tiwest has completed the following investigations to support the Environmental Impact Assessment: 

• Hydrosearch (2011), Hydrogeological of the Proposed Titanium Minerals Project Near Dongara, 

Western Australia 

• Parsons Brinckerhoff (2011a), Modelling of Groundwater Impacts at the Proposed Dongara 

Mineral Sands Mine 

• Parsons Brinckerhoff (2011b), Dongara Mineral Sands Project Groundwater Modelling - Dredge 

Mining 

• Endemic (2012), Revised Wetland Mapping and Management, Mt Adams Road, Dongara 

• Froend, Bowen & Associates (2011b) Dongara Mineral Sands Project Groundwater Modelling - 

Dredge Mining 

• Geoprocc Pty Ltd (2010), Assessment of Acid Sulfate Soils in the Tiwest Dongara Project Area. 6.3.1 Hydrogeology of the Proposal Area 
Hydrosearch (2011) assessed the hydrogeology of the Proposal Area to define the stratigraphy of the 

Proposal Area.  The Proposal Area contains the following four stratigraphic units: 

• superficial aquifer 

• upper Yarragadee aquifer 

• highly conductive Yarragadee aquifer 

• lower Yarragadee aquifer.  

Test pumping by Hydrosearch determined the horizontal hydraulic conductivity of the highly conductive 

Yarragadee aquifer to be 9.4 m/d and typical of medium grained sand (normal range of 5 to 20 m/d).   Groundwater levels and flow 
Groundwater levels in the Proposal Area generally grade from shallow in the west to deep in the east 

(Figure 11).  In the vicinity of the eastern mine pits of Hades, Dionysus and Demeter, the depth to the 

watertable is 30 to 40 m and these pits will be entirely above the watertable in the superficial aquifer.  In 

the east, in the vicinity of the Zeus, Heracles and Hebe pits, groundwater levels are typically around 10 m 

deep (Hydrosearch 2011). 6.3.2 Numerical modelling 
Parsons Brinckerhoff (PB) was commissioned by Tiwest to undertake numerical groundwater modelling to 

estimate potential drawdown impacts of dewatering and supply abstraction on the Superficial and 

Yarragadee Aquifers by the Dongara project.  The objectives of groundwater modelling were to:  

• identify areas of potential drawdown risk, based on approximated aquifer hydraulic parameters 

and planned mine schedules, for the purpose of planning acid sulfate and groundwater-

dependent ecosystem investigations  

• determine the volume of water available for mining due to seepage into the mine void  

• simulate drawdown in the Yarragadee aquifer due to abstraction from production bores.  

Modelling was undertaken with the MODFLOW modelling package (Version 4.3) using known stratigraphy, 

topography, groundwater and surface water interaction, recharge and discharge.  The model was initially 

calibrated to steady state groundwater levels from observation wells located in the area.  The model 

covers an area of approximately 230 km
2
 and consists of four layers (the superficial aquifer, the upper 

Yarragadee aquifer, the highly conductive Yarragadee aquifer and the lower Yarragadee aquifer).   
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Modelling was conducted assuming a ‘worst-case’ scenario.  In the dry mining option, the model assumes 

the Zeus, Heracles and Hebe pits are dewatered to the equivalent of the deepest part of the pit at six 

month intervals.  Water required for mineral processing will be supplied by Yarragadee production bores 

and flows from pit dewatering (when this occurs).  For the purpose of numerical modelling it has been 

assumed that four production bores from the Yarragadee borefield, each operating continuously at 20 L/s, 

with a combined total of 80 L/s.  

The PB (2011a) dry mining modelling considered three different scheduling scenarios (all over 12 years) to 

determine if the scheduling of mining operation affects the extent of predicted drawdown.  Although there 

were slight differences to the shape of the extent of groundwater drawdown, the overall drawdown zone 

was similar between the scenarios.  The results of Scenario 1 have been presented in Figure 21. 

Modelling of the dredge mining option was also undertaken by PB (2011b).  The option to undertake 

dredge mining will reduce the need for dewatering but will increase the demand on production bores to 

meet on-site processing and mining requirements.  The modelled water requirement for dredge mining, to 

be supplied from the Yarragadee Aquifer, is approximately 5 GL/year.  The model includes six bores 

operating at an average of 28 L/s each.  There will also be a requirement to raise the dredge pond water 

level above seasonal groundwater levels, potentially resulting in localised mounding.  The drawdown 

model results for the dredging scenario are presented in Figure 22.  However, the model is conservative as 

it assumes almost certainly over estimated connectivity between the Yarragadee and superficial aquifers.   

 

  



Figure 21 Extent of groundwater drawdown for dry mining under Scenario 1
               (PB 2011a)

Source: Figure extracted from PB Report, 2011.
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Figure 22 Estimated extent of groundwater drawdown for dredge mining

Source: Figure extracted from PB Report, 2011.
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6.3.3 Acid sulfate soils 
Geoprocc (2010) assessed the presence of potentially acid forming materials from results of drilling 

sampling cores drilled in and around the Zeus, Hades, Heracles, Dionysus, Demeter and Hebe deposits.  

Three core samples from within and surrounding the Zeus deposit exhibited peroxide oxidizable sulfur 

(POS) levels exceeding the DEC action criterion of 0.03%S.  As a result, the study recommends further 

evaluation of the potential acidity from tailings of ore mined below the water table at the Zeus deposit. 

The impact of acid sulfate soils is considered in Section 12. 6.4 Evaluation of options or alternatives to avoid or minimise impact 
Initial planning identified that placing mineral overburden dumps on the west of the Zeus deposit was the 

preferred location due to its proximity.  However, on the basis of investigation of the distribution of 

wetlands, the location of the overburden dumps has been transferred to the east of the deposit.  This 

change has significantly reduced the potential for wetlands to be directly disturbed.   

The option to undertake dredge mining has been identified as a potential method of reducing the extent of 

dewatering.  Details of this option have been provided in Section 2.3.  Tiwest also examined various 

mining sequences to determine if they materially reduce drawdown and related impact.  This showed that 

the sequence has little effect on overall drawdown risk (PB 2011).   

In addition, the Proposal applies a number of management measures that have been developed with the 

Proponent in the Cooljarloo Mine to reduce the impact to groundwater values including backfill as quickly 

as possible, not dewatering for longer than necessary and closely monitoring groundwater abstraction 

rates to ensure that groundwater dewatering closely matches progression of mine pit. 6.5 Assessment of likely direct and indirect impacts 6.5.1 Groundwater drawdown 
Dewatering of the Superficial aquifer is required to allow safe access to the ore and abstraction from the 

Yarragadee aquifer is needed to meet water requirements for processing.  The extent of groundwater 

drawdown for both Dry Mining and Dredge Mining is shown in Figure 21 and Figure 22, respectively.  The 

groundwater drawdown from the Dry Mining option (Figure 21) is greater (in terms of risk of impact) than 

that of Dredge Mining (Figure 22).  Therefore, drawdown within the superficial aquifer resulting from dry 

mininge has been applied to ensure that this impact assessment is based on the worst-case scenario.   

Groundwater drawdown is expected to result in drawdown of the superficial aquifer over an area of 

approximately 3 km east-west and 7 km north-south. 

The assessment of potential affect of groundwater drawdown on GDEs is described in Section 7.5.1. 6.5.2 Water abstraction 
Modelling of the abstraction of water from the Yarragadee aquifer assumes a degree of hydraulic 

connectivity between the Superficial and Yarragadee aquifers.  Abstraction of up to approximately 2.5 

GL/year for the dry mining scenarios and 5 GL/year for the dredge mining scenario from the Yarragadee 

has been modelled separately by PB (2011b).  Both these scenarios have been assessed in relation to 

groundwater drawdown.  Outcomes (for abstraction only modelling) show no impact to other users.   

The predicted extent drawdown in the superficial from abstraction from the Yarragadee aquifer is shown in 

Figure 22, with the drawdown within the Yarragadee aquifer shown in Figure 23.  In the superficial aquifer 

the a 0.5 m drawdown contours extends for approximately 8 km north south and is predominantly 

restricted to the area immediately around the mine pits.  In the Yarragadee aquifer the drawdown has a 

much shallower gradient, although extends further.   
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There are no existing groundwater allocations greater than 8000 kL/year within 7 km of the proposed 

Yarragadee production bores although there are some scattered small allocations.  The abstraction from 

this aquifer is not expected to affect any other water user.  A draft groundwater allocation plan for the 

Arrowsmith groundwater area was released by Department of Water in 2009.  This plan outlined the 

availability of 110 GL/yr for new users throughout the area.  Concurrent to this assessment, Tiwest is 

liaising with the Department of Water regarding the abstraction and dewatering allocations required to be 

licensed.   

For Dry Mining, the expected water requirement is approximately 2.5 GL/year from the Yarragadee aquifer 

(for water supply), and 1 GL/year from the superficial aquifer (for pit dewatering).  Should dredge mining be 

pursued, the required Yarragadee allocation sought would be increased to 5 GL/year.  A cumulative 

maximum allocation of 5 GL/year from the Yarragadee and 1 GL/year Superficial will not significantly 

reduce the water availability for other groundwater users. 

The potential affect of the abstraction of water from the Yarragadee aquifer on GDEs is limited to where 

the drawdown in the Yarragadee aquifer produces drawdown in the Superficial aquifer.  Figure 22shows 

that the predicted drawdown on the Superficial aquifer of abstraction from the Yarragadee aquifer for 

dredge mining.  The predicted extent of drawdown in the Superficial aquifer is greater in the dry mining 

option (dewatering from the Superficial Aquifer and abstraction from the Yarragadee Aquifer), therefore, 

the dry mining option is used to predict impact on GDEs (including wetlands) (Section 7.5.1). 

 

 

  



Figure 23 Impact from abstraction

Source: Figure extracted from PB Report, 2011
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6.5.3 Operation of tailing facility 
Operation of the tailings facilities will increase infiltration, which is expected to result in the mounding of 

groundwater in the immediate vicinity of the facility.  Where the tailing facility is located in-pit it will be of 

short duration.  Tailings facilities located outside of pits, such for initial period of pit production, will only be 

used for a temporary measure until such time as available pit space is available, after which time all 

tailings will be disposed of in pit. 

Water mounding is not expected to be significant due to the: 

• short duration of operation of the tailings facility 

• active reclaim of tailings water reducing the head of water in the facility 

• relatively low infiltration rate expected from tailings storage facilities due to the presence of 

suspended clays within the tailings.  

The use of solar drying cells are considered a low mounding risk as the inherent low particle size 

distribution of the material ensure low infiltration.  The key mode of water loss from the material is 

evaporation.  In addition, relative low volumes of slurry are placed in solar drying cells (about 3 m lifts of 

clay slurry at ~25 – 35% solids w/w).  

Tiwest currently operates similar facilities at Cooljarloo with no significant adverse impacts due to 

groundwater mounding.   6.5.4 Groundwater contamination  
Hydrocarbon spills, from usage and storage at the mining area, have the potential to contaminate 

groundwater.  The greatest risk of hydrocarbon spillage comes from the maintenance and refuelling of 

trucks and other machinery with diesel fuel.   

The risk of groundwater contamination from hydrocarbons is expected to be very low and will be managed 

through the application of existing design, infrastructure and operational procedures, and the Hydrocarbon 

Management Plan as part of the EMP (Appendix 1).  The Hydrocarbon Management Plan details 

procedures for maintaining and refuelling vehicles in compliance with relevant internal and external 

procedures and standards.  In addition, any spill that did occur would be unlikely to spread to the 

Yarragadee Aquifer due to the positive pressure within the confined aquifer. 

Salinisation is not expected to be an issue as the in situ groundwater has low TDS and there is little risk of 

concentration of salts due to evaporation as ponds are actively turned over (pumped and deposited into) 

and backfilled.   

The potential for Groundwater drawdown to result in acidification of groundwater from exposure of ASS to 

oxygen is discussed in Section 12.3.1. 

Management measures to be implemented include bunding hydrocarbon storage facilities, re-fuelling 

locations, and stationary hydrocarbon usage areas in compliance with relevant standards.  Hydrocarbon 

treatment facilities will be constructed and maintained at the workshop and wash-down facilities.   

Final landform configurations also have significant potential to impact surface and groundwater quality both 

positively and negatively.  These risks are considered in Section 13. 6.6 Potential for and nature of any cumulative impacts 
There are no known existing or approved developments in the area.  Any potential for cumulative 

groundwater impacts is consequently not expected.  The Beharra Springs facilities hold an abstraction 

licence for minor volumes (Hydrosearch 2011).  
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In addition, licences are required from the DoW under the RIWI Act to abstract groundwater (including for 

mine dewatering purposes).  In assessing these licence applications, the DoW considers potential 

cumulative impacts on groundwater resources and determines acceptable maximum abstraction rates 

based on Tiwest requirements and likely impacts to regional aquifers.  Groundwater abstraction licences 

specify the maximum abstraction rate from aquifers and may include conditions for monitoring and 

operation.   6.7 Management measures and performance standards 
The following key management actions will be implemented: 

• implementing the Adaptive Groundwater Management Plan (contained in the EMP Appendix 1)  

• backfilling as soon as possible to enable reinstatement of the aquifer and thereby through-flow 

across the mine void 

• monitoring of groundwater levels to determine the compliance with triggers identified in the EMP 

(Appendix 1) and comparison of results with modelling to determine accuracy of predicted 

groundwater drawdown contours 

• undertaking further investigations into potential ASS 

• investigating methods of water reuse and promotion of water use efficiency throughout site 

• spreading the load of abstraction across bores, locating bores in eastern most extent of project  6.8 Predicted environmental outcomes against environmental objectives, policies, guidelines, standards and procedures 
After application of management and mitigation measures described in Section 6.7, groundwater 

drawdown of the superficial aquifer is expected to cover an area of approximately 3 km from east to west 

and 7 km from north to south. 

Abstraction of water from the Yarragadee aquifer is not expected to affect any other groundwater user. 
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7. Groundwater-dependent ecosystems (including wetlands) 
There are six major types of GDEs (Sinclair Knight Mertz 2001): 

1. Terrestrial vegetation – vegetation communities and dependent fauna that have seasonal or episodic 

dependence on groundwater. 

2. River base flow systems – aquatic and riparian ecosystems that exist in or adjacent to streams that 

are fed by groundwater base flow. 

3. Aquifer and cave ecosystems – aquatic ecosystems that occupy caves or aquifers. 

4. Wetlands – aquatic communities and fringing vegetation dependent on groundwater fed lakes and 

wetlands. 

5. Terrestrial fauna – native animals that directly use groundwater rather than rely on it for habitat. 

6. Estuarine and near-shore marine ecosystems – coastal, estuarine and near shore marine plant and 

animal communities whose ecological function has some dependence on discharge of groundwater. 

The GDEs potentially subject to impacts from implementation of the Proposal are wetlands, terrestrial 

vegetation and associated fauna. 7.1 Relevant environmental objectives, policies, guidelines, standards and procedures 7.1.1 EPA objective 
The EPA applies the following objectives to the assessment of proposals that may affect GDEs: 

To maintain the integrity, ecological functions and environmental values of wetlands. 

To maintain the abundance, diversity, geographic distribution and productivity of fauna at species and 

ecosystem levels through the avoidance or management of adverse impacts and improvement in 

knowledge. 

To maintain the abundance, diversity, geographic distribution and productivity of flora at species and 

ecosystem levels through the avoidance or management of adverse impacts and improvement in 

knowledge. 7.1.2 Regulatory framework 
The RIWI Act provide for the regulation, management, use and protection of water resources, to provide 

for irrigation schemes, and related purposes.  The licensing provisions of the RIWI Act comprise the 

primary management instrument.  These provisions enable groundwater abstraction to be regulated to be 

within the sustainable use limits of the resource.  These limits take account of the impact on the resource, 

GDEs and third party groundwater users. 

The protection of GDEs is effected under Statewide Policy No. 5: Environmental Water Provisions Policy 

for Western Australia (WRC 2000). 
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7.2 Potential sources of impact 
Activities or aspects of the Proposal that have the potential to affect surrounding wetlands and GDEs, not 

considering mitigation measures, include: 

• Dewatering from the superficial aquifer to enable safe access to ore will alter groundwater 

level and flow and has the potential to affect GDEs 

• potential acid sulfate soils below the watertable may be exposed to oxygen potentially affecting 

groundwater quality, which could affect wetlands 

• abstraction of water from the Yarragadee for on-site water supply has the potential to affect 

GDEs 

• hydrocarbon spills have the potential to affect groundwater quality, which could affect wetlands. 

The assessment of impacts from groundwater drawdown on acid sulfate soils is described in 

Section 12.3.1.  The assessment of impacts from abstraction of groundwater from the Yarragadee aquifer 

is described in Section 6.5.2.  The assessment of impacts of groundwater contamination is described in 

Section 6.5.4.  The assessment of impact on fauna as a result of groundwater drawdown is described in 

Section 10.5.1.  This section provides an assessment of impacts on wetlands and associated terrestrial 

vegetation and habitat. 7.3 Surveys and investigations 
Tiwest has completed the following investigations to support the Environmental Impact Assessment: 

• groundwater-dependent ecosystem risk assessment (Froend, Bowen & Associates 2011). 

• wetland mapping and management, Mt Adams Road, Dongara (Endemic 2012) 

• vegetation and flora surveys (outlined in Section 4.2.2). 7.3.1 Groundwater-dependent ecosystems Assessment methodology for groundwater-dependent ecosystems 
An assessment of the impact on GDEs was conducted by Froend, Bowen & Associates (2011) using the 

consolidated extent of drawdown for dry mining (PB 2011), vegetation mapping (Woodman 2011) and the 

distribution and characteristics of wetlands (Endemic 2012).  Analysis of the response by vegetation to 

drawdown utilised work conducted at the Tiwest Cooljarloo operations and the risk assessment approach 

recommended in the DoW (2009) report on groundwater management in the Northern Perth Basin.  The 

assessment methodology uses both depth to groundwater and rate and magnitude of the predicted 

drawdown as the primary determinants in identifying the potential for impacts on GDEs. 

The extent of potential GDEs was mapped and groundwater dependency categories assigned based on 

depth to groundwater.  The area covered by GDE risk contours in Figure 27 is all considered to be 

groundwater-dependent.  This assumes all vegetation with a depth to groundwater of less than 10 m to be 

potentially groundwater-dependent and defining the following dependency categories: 0 – 3 m, 3 – 6 m, 

6 – 10 m.  Next, the rate and magnitude of the predicted drawdown is used to predict the likelihood of 

impact on vegetation.  The scale used by Froend, Bowen & Associates (2011) to rank vegetation impact 

identifies degree of change in terms of species composition, species distribution, species mortality, species 

richness and community structure.  The risk rankings identify the impact risk on the following scale: 

• no change 

• small change with some evidence of change 

• moderate change with measurable change 

• large change with severe changes. 

The potential consequences for the risk categories to GDEs, in particular vegetation, are described in 

Table 26.   
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Table 26 Expected results of groundwater drawdown (Froend, Bowen & Associates 2011) 

Key elements Small change  Moderate change Large change 

Species composition 
Some evidence of 
encroachment by more 
drought tolerant species. 

Measurable signs of 
encroachment by more 
drought tolerant species. 

Loss of less drought tolerant 
species, with establishment of 
exotic species and gradual 
dominance by more drought 
tolerant species. 

Species distribution 

Some evidence of 
changing distribution and 
encroachment of more 
drought tolerant species 
into areas previously 
dominated by less drought 
tolerant species. 

Measurable change in 
demographics of some 
species with encroachment 
of more drought tolerant 
species into areas 
previously dominated by 
less drought tolerant 
species. 

Over-storey and understorey 
decline and/or loss of species from 
ecosystem.  Greater than 50% 
reduction in abundance of 
dominant populations and/or 
disturbance allowing 
establishment of exotic species. 

Species mortality 
Some mortality of 
Individuals. 

Greater than 15% 
reduction in abundance of 
dominant species. 

Greater than 50% reduction in 
abundance of dominant species. 

Community structure Some evidence of change. Notable change. Significant change. 

Vegetation density, 
cover and frequency 

Some evidence of reduced 
growth in over-storey 
and/or understorey 
species. 

Measurable crown dieback 
in overstorey species 
and/or reduction in cover of 
understorey. 

Substantial crown dieback in over-
storey species and loss of density 
and cover in understorey. 

Vegetation height 
and diameter 

Some evidence of change 
in height due to loss of 
vigour and/or thinning of 
canopy. 

Measurable reductions in 
height due to loss of 
canopy and/or reduced 
diameter of adult stems. 

Significant reductions in height 
due to loss of canopy and reduced 
diameter of adult stems. 

 

The approach is inheritably conservative as it assumes all vegetation is (at least seasonally) materially 

dependent on groundwater if it is in areas where the depth to groundwater is less than 10 m (Figure 11).   

As the extent of area that is predicted to experience a groundwater drawdown of > 1 m is larger for dry 

mining than dredge mining (as shown Figure 21 and Figure 22), the impacts of groundwater drawdown 

from dry mining, the worst case scenario, is used in the GDE impact assessment.  The risk rankings for 

each of the three Dry Mining sequencing scenarios (identified in Section 6.3.2) were used to compile risk 

contours for each.  These risk contours were then combined to produce a consolidated risk map for impact 

assessment, taking the largest risk contours from each sequencing scenario (Figure 27).  As such, this 

impact assessment presents the maximum possible drawdown at any location under any of the three 

sequencing scenarios.  

Froend, Bowen & Associates (2011) identify that the threshold for measurable change (defined as 

Moderate change) in a GDE is at a magnitude of >1.25 m and a rate of 0.25 m/yr.  Tiwest has applied this 

threshold level to determine the impact assessment methodology, a range of monitoring triggers and 

associated contingency measures to be implemented.  As impacts below this threshold are not 

measurable, this scale is considered to be the most conservative scale available. 

The triggers identified in Section 7.7 are based on groundwater and biological monitoring, with the latter 

focussing on measurable changes to the vegetation communities.  In addition to presenting an adaptive 

management approach, this PER also identifies applicable outcome based conditions that could be 

applied in Section 16.4.  In consideration of this management approach, this assessment covers the extent 

of area predicted to experience a moderate to large change.  
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Groundwater-dependent vegetation associations  
For the GDE impact assessment, the inheritably conservative assumption was made that all vegetation, 

thus FCTs, are (at least seasonally) materially dependent on groundwater if they occur in areas where the 

depth to groundwater is less than 10 m.  The FCTs that have been considered to be groundwater-

dependent are more extensive than those identified by WEC (2011) and Endemic (2012).  As shown in 

Figure 24, the extent of potential GDEs coincides approximately with the distribution of FCT 4 and the units 

that occur within it (e.g. 10b and 23).  Descriptions and total areas of FCTs that are considered as GDEs 

for the purposes of the assessment are presented in Table 27.  On the basis of the percentage of the 

FCTs that is within the area assumed to be GDE on the depth to groundwater FCT 10a, 23 and 25b are 

considered to be strongly associated with the GDEs, with FCTs 4, 10b and 25a considered to be 

associated with the GDE 

Table 27 Relationship between GDEs and FCTs 

FCTs FCT description Area (ha) 
Area of FCT 
within GDE (ha) 

% of FCT within 
GDE area 

4 Low Woodland to Thicket of Banksia 
attenuata and Banksia menziesii over mixed 
shrubs dominated by myrtaceous species 
on brown or yellow sand on lower to mid 
slopes and plains. 

7775.6 3113.1 40 

10a Heath to Thicket dominated by 
Allocasuarina campestris and/or Banksia 
leptophylla var. leptophylla on grey or brown 
sandy clay in drainage lines. 

261.4 215.0 82.1 

10b Thicket dominated by Actinostrobus 
pyramidalis and Banksia leptophylla var. 
leptophylla on grey diatomaceous earth or 
sandy clays on lower slopes and 
depressions. 

682.2 432.0 63.3 

23 Scrub to Thicket dominated by Melaleuca 
huegelii subsp. huegelii or Chamelaucium 
uncinatum, with emergent Eucalyptus spp., 
on grey or brown sand on lower slopes and 
depressions. 

110.8 90.8 81.9 

25a Thicket dominated by Melaleuca huegelii 
subsp. huegelii and Acacia spp. on brown 
sandy clay over limestone on lower slopes 
and depressions. 

133.5 76.0 56.9 

25b Low Woodland of Melaleuca preissiana over 
a sparse, often disturbed shrub layer of 
species including Tecticornia pergranulata 
subsp. pergranulata and Rhagodia preissii 
subsp. obovata on grey sandy clay in 
depressions and seasonally inundated 
basins. 

49.3 49.3 100 

7.3.2 Wetlands 
The wetland features within and surrounding the Proposal Area have been characterised from field 

surveys by Endemic (2012) and Woodman (2009).  The Proposal Area lies within the Beharra Spring 

consanguineous wetland suite.  The wetland suite contains a relict palaeo-lake system blanketed by 

Bassendean Sands forming damplands of irregular morphology (Endemic 2012).  The depth to the relict 

palaeo-lake is less in the north of the Proposal Area; however, the stratigraphy within the palaeo-lake 

system is highly variable and complex.  Due to the occurrence of siliceous pans and clay and silt lenses 

associated with the palaeo-lake system, the hydrological connectivity between paleo-lakes and the 

underlying superficial aquifer varies from ‘unconfined’ (direct expression of the superficial aquifer) to 

‘perched’ (Endemic 2012).  The classification of the wetlands mapped in the area is considered to be 

equivalent to ‘Conservation Category Wetlands’ (CCWs) (Endemic 2012).   
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Endemic (2012) identified three wetlands occurring in the vicinity of the Proposal Area, as shown in 

Table 28, with a total area of approximately 1553 ha.  The majority of these wetlands are only seasonally 

inundated, with inundation dependent on winter rainfall.  Quarterly monitoring of groundwater levels has 

been ongoing across the Proposal Area since October 2006.  Wetland water levels peak after winter 

rainfall between August and October (Hydrosearch 2008).   Wetland vegetation associations 
The wetlands are structurally quite similar; however, they support different suites of annuals.  The FCTs 

considered to correspond with wetlands are due to an association with drainage depressions and basins 

(and are shown in Table 28).  As shown in Figure 25, the distribution of wetlands corresponds closely with 

the FCT mapping, in particular four FCTs; 10a, 10b, 25a and 25b, although are of FCT 4 is included in the 

area between these FCTs in the Zeus wetland.  This relationship is also shown in Table 28, which shows 

the majority of the wetlands are comprised by these four FCTs. 

Table 28 Extent of wetlands identified in proximity to the Proposal Area 

Wetland 
Area 
(ha) 

Main 
FCTs 

Area of FCT within 
wetland (ha) 

% of total wetland area 

Zeus 1029.6 10a 131.5 12.8 

10b 142.0 13.8 

4 312.6 30.4 

Heracles 32.0 10a 10.0 31.3 

10b 8.0 25.0 

Hebe 491.4 10b 146.3 29.8 

25a 64.2 13.1 

25b 48.5 9.9 

The vegetation in and surrounding the Zeus wetland has a subtle and gradation transition from wetland to 

dryland vegetation (Endemic 2012).  The wetland vegetation is considered to be in the least partially 

dependent on groundwater, either as a perched watertable or the superficial aquifer watertable.  

Groundwater drawdown will reduce water availability to some wetland vegetation adjacent to the Proposal.  

There is significant evidence of perching within the wetland systems with a consequent lower susceptibility 

to groundwater drawdown related impact than has been assessed (Endemic 2012).  However, this 

assessment assumed that the wetlands are groundwater (as in the superficial aquifer) dependent to 

maintain a precautionary approach.  

As shown in Figure 26, the wetlands occur are almost entirely contained with the area identified as 

potentially supporting GDEs.   
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7.4 Evaluation of options or alternatives to avoid or minimise impact 
Initial planning identified that placing mineral overburden dumps on the west of the Zeus deposit was the 

preferred location due to its proximity.  However, on the basis of investigation of the distribution of 

wetlands, the location of the overburden dumps has been transferred to the east of the deposit.  This 

change has significantly reduced the potential for wetlands to be directly disturbed.   

The option to undertake dredge mining has been identified as a potential method of reducing the extent of 

drawdown.  Details of this option have been provided in Section 2.3.  Tiwest also examined various mining 

sequences to determine if they materially reduce drawdown and related impact.  This showed that the 

sequence has little effect on overall drawdown risk (PB 2011).   

In addition, the Proposal applies a number of management measures that have been developed with the 

Proponent in the Cooljarloo Mine to reduce the impact to groundwater values including backfilling voids as 

quickly as possible, not dewatering for longer than necessary and closely monitoring groundwater 

abstraction rates to ensure that groundwater dewatering closely matches progression of mine pit. 7.5 Assessment of likely direct and indirect impacts  7.5.1 Drawdown 
Section 6.5.1 identified the effect of drawdown on groundwater levels in the Proposal Area.  Specifically, 

the extent of groundwater drawdown from the three mine scheduling scenarios was consolidated to identify 

a worst-case groundwater drawdown impact scenario for both dry mining and dredge mining (Figure 21 

and Figure 22 respectively).  Drawdown in the superficial aquifer has potential to modify the hydrological 

conditions of GDEs and wetlands surrounding the Proposal Area. Groundwater-dependent ecosystems 
The predicted impact on GDEs was determined based on the predicted extent of drawdown identified by 

the numerical modelling (PB 2011) (with the predicted risk contour shown on Figure 21) and methodology 

described in Section 6.3.2.  Froend, Bowen & Associates (2011) assessed the impact of groundwater 

drawdown on all areas with a depth to groundwater of less than 10 m.  All areas with a depth to 

groundwater of less than 10 m were, therefore, considered to potentially GDEs (in total 4369 ha) (Figure 

11).  

The majority of the area (3500 ha or 80%) will not be affected at all, with the next highest impact category 

‘Small’ (406 ha or 11.4%), which will experience some evidence of change; however, this change is 

considered too small to be measured.  As shown in Table 29 and Figure 27, the total area outside the 

clearing boundary considered to be potentially affected (including the Moderate and Large change) is 

373 ha, which is approximately 8.5% of the potential extent of GDEs within the vicinity of the Proposal 

Area.   

Table 29 Impact to GDEs  

Degree of change Area (ha) % 

Total area of potential GDEs  4369  

No change 3500 80.1 

Small - some evidence of change 496 11.4 

Moderate – measurable change 172 3.9 

Large – severe change 201 4.6 

Total predicted measurable 
change 

373 8.5 
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There will be measurable changes to the composition of vegetation communities in both categories.  While 

it is not expected that all native vegetation will be affected within each community (such as with clearing), 

the indirect impact of groundwater drawdown has the potential to be significant if it results in a reduction 

(including cumulative impacts) in the distribution of vegetation communities (FCTs) or individual 

conservation significant flora taxa.  The cumulative impact of drawdown on vegetation is considered in 

Section 9. 

The predicted GDE risk contours are also presented with the FCT mapping Figure 30 (in the Vegetation 

and Flora Section) to show the extent of impacts drawdown and clearing on the vegetation associations. Wetlands 
Of the three wetlands identified in the vicinity of the Proposal Area, the Proposal will only affect the Zeus 

wetland (Figure 28).  The Proposal (including direct and indirect impacts) is predicted to reduce the extent 

of the Zeus wetlands by approximately 24%.  The Heracles and Hebe wetlands will not be affected by the 

Proposal.   

As shown on Table 30, the Zeus wetland area will be reduced by approximately 3% by clearing.  The 

impact of drawdown has been assessed assuming total loss of the area identified by Froend, Bowen & 

Associates (2011) as the result of either a Large or Moderate change in groundwater levels. The reduction 

in the extent of the wetland is not expected to lead to a significant decrease in the availability of this 

feature or habitat type.  In addition, the drawdown of the watertable will only be temporary.   

Table 30 Impact to wetlands 

Wetland 
Area 
(ha) 

Direct disturbance 
(i.e. within the 
Disturbance 
Boundary) 

Drawdown Total 

ha % 

Large 
change 
(ha) 

Moderate 
change (ha) Total % ha % 

Zeus 1029.6 30.7 3.0 113.3 91.3 21.1 248.1 24.1 

Heracles  32.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Hebe 491.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

As the impact to wetlands is limited to the Zeus Wetland, Figure 28 has been presented to demonstrate in 

detail the relationship between the GDE risk contours, the wetland mapping and the FCT mapping.  At this 

scale the relationship between the wetland mapping and FCTs 23, 10a and 10b is quite prominent, with 

wetlands also linking these areas through FCT 4.  Thus, the combination of FCT mapping, wetland and 

depth to groundwater mapping identifies the vegetation functionally dependent on groundwater. 

Importantly, there are variations between the FCT, wetland and GDE mapping systems, which is why this 

impact assessment has included all three in determining the impact of the Proposal.  Hence, any 

differences in the scale of mapping between these different aspects is not considered to affect the overall 

outcome of the impact assessment. 
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7.6 Potential for and nature of any cumulative impacts 
There are no other known existing or approved developments in the area.  Therefore, no potential for 

cumulative impacts to GDEs or wetlands from other projects is expected. 7.7 Management measures and performance standards 
GDE and wetland values in the vicinity of the Proposal Area will be protected through implementation of 

the following measures: 

• implementing the GDE Management Plan (contained in the EMP Appendix 1) 

• implementing the Hydrocarbon Management Plan (contained in the EMP Appendix 1). 

The key management measures contained in these plans are: 

• backfilling as soon as possible to enable reinstatement of the aquifer and thereby through-flow 

across the mine void 

• monitoring of groundwater levels to determine the compliance with triggers identified in the EMP 

(Appendix 1)  and comparison of results with modelling to determine accuracy of groundwater 

drawdown contours 

• undertaking further investigations into potential ASS 

• investigating methods of water reuse and promotion of water use efficiency throughout site 

• spreading the load of abstraction across bores, locating bores in eastern most extent of project.  

Monitoring actions as well as triggers and contingency measures have been developed for the Adaptive 

Groundwater Management Plan based on vegetation condition and groundwater monitoring (Table 31 and 

Table 32).  

Table 31 Groundwater management and monitoring actions 

Item Action Purpose Timing Responsibility 

1. Establish five east-west GDE monitoring 
transects in the areas predicted to have low 
to large change (impact transects) and at 
least two east-west transects that are 
outside the area predicted to be affected by 
groundwater drawdown (control transects). 

At least one impact transect and one control 
transect must include a known occurrence 
of Banksia elegans (P3) 

All FCTs predicted to be impact by 
groundwater drawdown must be 
represented in at least one impact and one 
control transect. Control transect should 
also be representative of a similar 
hydrological state (as determined by depth 
to groundwater) to impact transects.  

Establish permanent vegetation condition 
monitoring sites at an interval of 100 m 
along transects. 

To establish adequate 
baseline vegetation 
conditions and suitable 
control monitoring sites 

At least two years 
prior to 
commencement of 
mine dewatering 

Site 
Environmental 
Manager 
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Item Action Purpose Timing Responsibility 

2. Conduct vegetation condition monitoring at 
the permanent monitoring sites along 
transects (from Item 1) measuring the 
following parameters: 

• Species composition (specifically for 
evidence of encroachment of drought 
tolerant species) 

• Species distribution (specifically for 
specifically for change in species 
distribution of drought tolerant and 
overstorey species for evidence of 
increased numbers of drought tolerant 
species) 

• Species mortality (specifically for 
dominant species to determine if there 
has been a reduction in the abundance 
of dominant species relative to baseline 
conditions and identification of % 
decrease) 

• Community structure (specifically for 
evidence of changes in the relative 
dominance of different elements, e.g. 
overstorey or ground cover) 

• Vegetation density and frequency 
(specifically for evidence of crown 
dieback in overstorey species and cover 
of understorey species) 

• Vegetation height and diameter for 
plants greater than 1 m in height 
(specifically for loss of canopy and/or 
reduced diameter of adult stems) 

• repeatable photographs community 
composition to ensure photos are 
comparable 

To establish adequate 
baseline vegetation 
conditions and suitable 
control monitoring sites. 

To identify changes in 
vegetation condition 

Once a year in 
Autumn 

Site 
Environmental 
Manager 

3. Conduct remote sensing (aerial multi-
spectral imagery or similar) of the area of 
predicted impact and appropriate controls 

To monitor areas 
outside formal transects 
for change in vegetation 
condition. 

To identify changes in 
vegetation condition 

Once a year, at 
least two years 
prior to 
commencement of 
mine dewatering 

Site 
Environmental 
Manager 

4. Review data from Item 2 and Item 3, 
including controls, to identify where there 
has been a change in vegetation condition 
in at least two of the criteria identified in 
Froend, Bowen & Associates (2011) for 
Moderate and Large change. 

Map the extent of change in vegetation 
condition utilising the scale  

To identify and map 
extent of area subject to 
change in vegetation 
condition 

Once a year Site 
Environmental 
Manager 

5. Compare result of Item 4 to predicted 
impacts to identify  

To identify exceedance 
of predicted impact 

Following 
vegetation 
condition 
assessment 

Site 
Environmental 
Manager 

6. Establish at least two superficial 
groundwater monitoring bores in proximity 
to each of the transects 

To establish adequate 
baseline groundwater 
monitoring sites 

At least two years 
prior to 
commencement of 
drawdown 

Site 
Environmental 
Manager 

7. Conduct monitoring of groundwater levels in 
monitoring bores 

To establish baseline 
groundwater levels. 

Quarterly, once in 
Spring, Summer, 
Winter and Autumn 

Site 
Environmental 
Manager 

8. Recalibration of groundwater model using 
the results of Item 6, with further 
recalibration required if there are significant 
changes to mining scenario  

To predict groundwater 
levels at the 
groundwater monitoring 
bores 

Prior to mining Site 
Environmental 
Manager 
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Item Action Purpose Timing Responsibility 

9. Conduct monitoring of groundwater levels in 
monitoring bores 

To determine changes 
in groundwater levels  

At least 3months 
prior to mine 
dewatering, 
commence monthly 
monitoring in areas 
of predicted 
drawdown and 
concluding once 
water levels have 
recovered 

Site 
Environmental 
Manager 

10. Identify where groundwater levels are more 
than 10% lower than predicted by Item 8 

To identify exceedance 
of predicted drawdown 

Following 
groundwater 
monitoring 

Site 
Environmental 
Manager 

 

Table 32 Contingency actions 

 Trigger Corrective action Timing  Responsibility 

1. Rates of groundwater 
decline (as determined of 
three or more successive 
monitoring events) 
exceed predictions. 

1. Investigate cause, which could include 

analysis of drawdown model 

2. Review Operational Management measures 

and escalate where possible. 

3. Increase frequency of monitoring of vegetation 

(impact and control transects) to Quarterly 

4. If vegetation condition has not declined 

following three successive rounds of sampling 

recommence biannual sampling 

Immediately after 
sampling and 
analysis 

Site 
Environmental 
Manager 

2. Groundwater levels are 
lower than predicted but 
vegetation condition has 
not declined more than 
predicted  

1. Investigate cause, which could include 

analysis of drawdown model 

2. Review Operational Management measures 

and escalate where possible. 

3. Increase frequency of monitoring of vegetation 

(impact and control transects) to Quarterly 

4. If vegetation condition has not declined 

following three successive rounds of sampling 

recommence biannual sampling 

Immediately after 
sampling and 
analysis 

Site 
Environmental 
Manager 

3. Groundwater levels are 
not lower that predicted 
but vegetation condition 
has declined more than 
predicted 

1. Investigate cause, which could include 

analysis of GDE impact model 

2. Review Operational Management measures 

and escalate where possible. 

3. Increase frequency of monitoring of vegetation 

(impact and control transects) and 

groundwater monitoring to Quarterly 

4. If area subject to Moderate Change has 

crossed predicted Low Change extent, or area 

subject to Large Change has crossed 

predicted extent of Moderate change 

implement remedial action on a trial basis 

5. Monitor success of remedy. 

Immediately after 
sampling and 
analysis 

Site 
Environmental 
Manager 
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 Trigger Corrective action Timing  Responsibility 

4. Groundwater levels are 
lower and vegetation 
condition has declined 
more than predicted 

1. Investigate cause, which could include 

analysis of groundwater model 

2. Review Operational Management measures 

and escalate where possible. 

3. Increase frequency of monitoring of vegetation 

(impact and control transects) and 

groundwater monitoring to Quarterly 

4. If area subject to Moderate Change has 

crossed predicted Low Change extent, or, are 

subject to Large Change has crossed 

predicted extent of Moderate change 

implement remedial action on a trial basis 

5. Monitor success of remedy. 

Immediately after 
sampling and 
analysis 

Site 
Environmental 
Manager 

5. Results from remote 
imagery analysis indicate 
vegetation has declined 
more than predicted. 

1. Ground truth remote data (visit area to verify 

change) 

2. If degree of change is clearly beyond that 

predicted investigate cause and implement 

remedial measures. 

3. Monitor location quarterly. 

4. If no change monitor annually. 

Immediately after 
sampling and 
analysis 

Site 
Environmental 
Manager 

 7.7.1 Potential remedial action  
The potential remedial actions that could be applied to the Proposal should triggers be exceeded include: 

• ensuring that dredge (and not dry) mining is used in selected areas 

• use hydraulic placement of sand tailings to offset drawdown and promote water level recovery 

recharge  

• modifying mining plan to reduce pit size 

• investigating the use of irrigation on affected vegetation  

• investigating the use and feasibility of a groundwater reinjection 

• investigating the use of fire to generate regrowth of vegetation communities; and / or 

• implementing restoration, such as distribution of locally sourced seed, control of weeds and use of 

germination. 

The selection of the remedial action will be chosen and undertaken in consultation with DEC. 7.8 Predicted environmental outcomes against environmental objectives, policies, guidelines, standards and procedures 
After application of management and mitigation measures described in Section 7.7, the Proposal is 

expected to result in 373 ha of vegetation beyond the clearing boundary potentially being impacted by 

groundwater drawdown to a measureable degree.  This 373 ha includes approximately 248 ha of the Zeus 

wetland (or approximately 24% of this wetland) being directly and indirectly affected.  Therefore objectives 

are met via management measures outlined in Section 7.7. 
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8. Surface water 
This section addresses the impact of the Proposal on surface water.  8.1 Relevant environmental objectives, policies, guidelines, standards and procedures 8.1.1 EPA Objectives 
The EPA applies the following objectives in the assessment of proposals that may affect surface water, 

water quality and the ecology that surface water supports: 

To maintain the quantity and quality of water so that existing and potential environmental values, 

including ecosystem maintenance, are protected. 

To ensure that emissions do not adversely affect environmental values or the health, welfare or 

amenity of people and land uses by meeting statutory requirements and acceptable standards. 8.1.2 Legislation, policy and guidance State 
The Government of Western Australia implemented the RIWI Act to provide for the regulation, 

management, use and protection of water resources, to provide for irrigation schemes, and related 

purposes.  Permits to interfere with bed and banks of a watercourse are also issued by the DoW under the 

RIWI Act to control impacts on watercourses and require suitable management strategies to address these 

impacts. 

Surface water discharges and potentially polluting activities are managed under an environmental licence 

issued under Part V of the EP Act. 

In 2000, the Water and Rivers Commission (now DoW) and Department of Minerals and Energy (now 

DMP) developed a series of Water Quality Protection Notes and Guidelines for mining and mineral 

processing.  These guidelines address a range of issues including installation of mine site groundwater 

monitoring wells, mine site water quality monitoring, mine site stormwater management and acid mine 

drainage.   National 
In 1996, the Australian and New Zealand Environment and Conservation Council (ANZECC) together with 

the Agricultural and Resource Management Council of Australia and New Zealand (ARMCANZ) developed 

the National Principles for the Provision of Water for Ecosystems (ANZECC/ ARMCANZ 1996).  These 

national principles aim to improve the approach to water resource allocation and management, and to 

incorporate the water requirements of the environment in the water allocation process.  The overriding goal 

of the principles is to provide water for the environment to sustain and, where necessary, restore the 

ecological processes and biodiversity of water-dependent ecosystems. 

A set of water quality guidelines for the protection of marine and freshwater ecosystems has also been 

released (ANZECC/ARMCANZ 2000).  The guidelines provide a comprehensive list of recommended low-

risk trigger values for physical and chemical stressors in water bodies, broken down into five geographical 

regions across Australia and New Zealand.   
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A series of guidelines on national water quality management have also been released by the Natural 

Resource Management Ministerial Council (NRMMC) and, in some cases, in collaboration with the 

National Health and Medical Research Council (NHMRC) and the Australian Health Ministers Conference.  

These guidelines address a range of issues including policies and processes for water quality 

management, water quality benchmarks, groundwater management, diffuse and point sources, guidelines 

for sewerage systems, effluent management and water recycling. 8.2 Potential sources of impact 
The following aspects of the Proposal may affect surface water values: 

• dewatering and abstraction will result in drawdown in the superficial aquifer which has the 

potential to modify the hydrological conditions of the watercourses in the Proposal Area and has 

the potential to affect vegetation and fauna habitats 

• runoff from disturbed areas and overburden dumps may result in increased sediment 

transport to watercourses 

• hydrocarbon spills have the potential to affect surface water quality. 

The potential impact of dewatering on wetlands is described in Section 7.5.1.  8.3 Surveys and investigations 
Tiwest has completed the following investigations to support the Environmental Impact Assessment: 

• Endemic (2012), Revised Wetland Mapping and Management, Mt Adams Road, Dongara 

• Parsons Brinckerhoff (2011a), Modelling of Groundwater Impacts at the Proposed Dongara 

Mineral Sands Mine. 8.3.1 Ephemeral watercourses 
The surface water characteristics of the Proposal Area were described by Endemic (2012) in the review of 

wetland characteristics.  There are two small drainage lines in the Proposal Area (Mt Adams Creek and 

Tomkins Rd Creek) shown on Figure 13.  These drainage lines flow from the Gingin Scarp (immediately 

west of the Proposal Area) and then terminate in the Proposal Area as a series of deltaic fans that locally 

recharge the aquifer.  These drainage lines are poorly defined and ephemeral, with infrequent streamflow 

resulting from the small catchment size, sandy soils and seasonal rainfall regime (Endemic 2012).  Mt 

Adams Creek was been gauged between July 2007 and 2009 , with the only streamflow recorded 

occurring within a single 2-hour period as a result of intense rainfall during winter 2008. 8.4 Evaluation of options or alternatives to avoid or minimise impact 
In order to minimise the impact on surface water the following measures were undertaken: 

• locating of overburden dumps on eastern side of Zeus to avoid wetlands  

• avoiding all ephemeral streams 

• Tiwest plan to backfill all mine voids to prevent the creation of wetlands (mine pit lakes). 8.5 Assessment of likely direct and indirect impacts 8.5.1 Watercourses 
Dewatering will result in drawdown in the superficial aquifer, which has the potential to modify the 

hydrological conditions of watercourses and/or wetlands in the Proposal Area and has potential to affect 

vegetation and fauna habitats. 
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The extent of dewatering (Figure 21) reaches the termination of one of the ephemeral watercourses.  

Given that this poorly defined watercourse is ephemeral and terminates flow to recharge groundwater, a 

minor reduction in the depth to the watertable of approximately 0.25 m will not significantly modify the 

hydrology of this watercourse. 8.5.2 Stormwater runoff 
Runoff from disturbed areas and overburden dumps has the potential to increase the volume of sediment 

transport to watercourses.  Surface water runoff is expected to be minimal given the Proposal Area is 

located on the Eneabba Sand Plains with an infiltration rate of over 1000 mm/hr in the majority of the 

Proposal Area (Blandford 2007).   

There are only two minor watercourses that each terminate in the Proposal Area and the high infiltration 

rate of the soils is expected to ensure that runoff from overburden dumps will not cause increased 

sedimentation in any creeklines.  Runoff from operational areas will be contained through the use of such 

control measures as windrows and table drains. 8.5.3 Surface water contamination from spills 
Given the high infiltration rates, hydrocarbon spills are considered unlikely to enter surface watercourses.  

The risk of potential hydrocarbon spills and resultant contamination will be minimised through application 

of management, monitoring and contingency measures to be implemented as part of the Hydrocarbon 

Management Plan (contained in the EMP Appendix 1).   

Management measures to be implemented include bunding hydrocarbon storage facilities, re-fuelling 

locations and stationary hydrocarbon usage areas in compliance with relevant standards.  Hydrocarbon 

treatment facilities will be constructed and maintained at the workshop and wash-down facilities and spill 

prevention measures will be implemented during mobile re-fuelling.   8.6 Potential for and nature of any cumulative impacts 
There are no known existing or approved developments in the area.  Therefore, no potential for cumulative 

surface water impacts from other projects is expected. 8.7 Management measures and performance standards 
Surface water values within the Proposal Area will be protected through implementation of the following 

measures: 

• implementing the Groundwater Management plan (contained in the EMP Appendix 1) 

• implementing the Hydrocarbon Management plan (contained in the EMP Appendix 1). 8.8 Predicted environmental outcomes against environmental objectives, policies, guidelines, standards and procedures 
After application of management and mitigation measures described in Section 8.7, the Proposal is 

expected to result in the following outcomes in relation to surface water: 

• no significant changes to the hydrology of the ephemeral watercourses in the Proposal Area 

• no contamination of surface water features. 
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9. Vegetation and flora 9.1 Relevant environmental objectives, policies, guidelines, standards and procedures 9.1.1 EPA objective 
The EPA applies the following objectives to the assessment of proposals that may affect vegetation and 

flora: 

To maintain the abundance, diversity, geographic distribution and productivity of flora at species and 

ecosystem levels through the avoidance or management of adverse impacts and improvement in 

knowledge. 9.1.2 Regulatory framework 
The protection of vegetation and flora is covered by the following statutes, the more important of which are 

discussed in more detail below: 

• Wildlife Conservation Act 1950 (WC Act) 

• Environmental Protection Act 1986 (EP Act) 

• Environment Protection and Biodiversity Conservation Act 1999 (EPBC Act) 

• Conservation and Land Management Act 1984 

• Agriculture and Related Resources Protection Act 1976. Wildlife Conservation Act 1950  
Wildlife Conservation Act 1950 (WC Act) – Native flora in WA is protected under the WC Act with the 

taking and dealing in such flora prohibited unless carried out in a manner approved under the Act.  Special 

protection is also afforded to rare flora declared under the Act via the Wildlife Conservation (Rare Flora) 

Notice 2010(2) including:  

• extant taxa considered likely to become extinct or rare (Schedule 1) 

• taxa presumed to be extinct (Schedule 2). 

Importantly, this extra protection applies to rare flora on both Crown land and private land. Environmental Protection Authority Act 1986 
The EP Act provides for the protection of flora and vegetation through the assessment of proposals (by the 

EPA) which may have a significant effect on the environment.  The EPA assesses proposals against a 

number of principles and objectives to determine whether, if implemented, the proposal would be likely to 

be environmentally acceptable.  Impacts to flora and vegetation are taken into account as part of the 

assessment process with special consideration normally given to any flora listed under the Wildlife 

Conservation (Rare Flora) Notice 2010(2) as well as Priority listed flora
2

, TECs and PECs
3

. 

                                                           
2

 Priority listed flora are flora nominated by the DEC which are not listed under the Wildlife Conservation (Rare Flora) 

Notice 2010(2), but are still considered in need of protection (due to being poorly known, vulnerable to changes in 

present circumstances etc.).  Priority listing does not confer any additional legal protection, but impacts to a priority 

species may be given special consideration when a proposal is being assessed by the EPA to avoid situations 

where the species could meet threatened species criteria in future. 
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Environment Protection and Biodiversity Conservation Act 1999  
The EPBC Act provides for the protection of MNES including threatened species of flora and TECs.  

Species are listed under a number of different categories including: 

• extinct 

• extinct in the wild 

• critically endangered 

• endangered 

• vulnerable 

• conservation dependent. 

TECs are listed under the following categories: 

• critically endangered 

• endangered 

• vulnerable. Guidances and position statements 
The following EPA position and guidance statements set the framework for identification and assessment 

of impacts to subterranean fauna: 

• EPA Position Statement No. 2 ‐ Environmental Protection of Native Vegetation in Western 

Australia - Clearing of Native Vegetation, with particular reference to the Agricultural Area 

(EPA 2000a) – provides an overview of the EPA position on the clearing of native vegetation in 

Western Australia 

• EPA Position Statement No. 3 ‐ Terrestrial Biological Surveys as an Element of Biodiversity 

Protection (EPA 2002a) – sets out the general principles for assessing biological values in the 

context of environmental impact assessment 

• EPA Guidance Statement No. 51 ‐ Terrestrial Flora and Vegetation Surveys for Environmental 

Impact Assessment in Western Australia (EPA 2004d) – provides guidance on standards and 

protocols for terrestrial flora and vegetation surveys, particularly those undertaken for the 

environmental impact assessment of proposals. 

In addition to the above, the State and Australian Governments have endorsed the National Strategy for 

Conservation of Australian Biodiversity (Australian Government 1996) and the National Strategy for 

Ecologically Sustainable Development (Australian Government 1992) that protects biodiversity.  The 

strategies address the conservation of Australia’s biological diversity by defining guiding principles. 

 

 

 

                                                                                                                                                                          
3

  TECs and PECs are nominated by the DEC with TECs endorsed by the Minister.  They are not listed in accordance 
with the provisions of any State Act and therefore do not confer any specific legal protection (unless listed under the 
EPBC Act).  Impacts to TECs and PECs may be given special consideration when a proposal is being assessed by 
the EPA due to the fact they generally represent a unique and rare set of interdependent ecological values. 
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9.2 Potential sources of impact 
Activities or aspects of the Proposal that have the potential to affect vegetation and flora, not considering 

mitigation measures, include: 

• clearing of vegetation will directly reduce the extent of vegetation communities, including 

vegetation communities of local conservation significance, and Priority Flora species which may 

be present 

• dewatering and groundwater abstraction will lower ground water levels in proximity to the pits 

and therefore may affect groundwater-dependent vegetation 

• vehicle movements, introduced/imported material and earthworks (including pumping of 

slurries) have the potential to introduce and spread weed species and dieback into adjacent 

vegetation 

• surface (alterations to drainage lines) or subsurface flow could wash infected soil from the 

Proposal area to unaffected areas or provide conditions ideal for disease establishment and 

spread. 

• dust generation due to earthworks, mining and vehicle movements has the potential to smother 

vegetation 

vehicle movements and earthworks have the potential to increase the risk of bush fires. 

Effects from dust and fire are discussed in Section 15.2 and Section 15.7 respectively. 9.3 Surveys and investigations 
Tiwest has completed the following investigations to support the Environmental Impact Assessment: 

• vegetation and flora surveys (outlined in Section 4.2.2) 

• Groundwater Dependent Ecosystem Risk Assessment (Froend, Bowen & Associates 2011) 

(discussed in Section 7.3.1) 

• Dongara Mineral Sands Project Flora and Vegetation Impact Assessment (Woodman 2011). 

Additional targeted surveys for Paracaleana dixonii (DRF) are planned for late spring/early summer 2011-

2012. 

The flora and vegetation impact assessment completed by Woodman (2011) covered the following: 

• quantification of the likely and potential impact of the Proposal on flora and vegetation of the area 

• assessment of the significance of the likely and potential impacts to flora and vegetation values at 

local and regional levels 

• discussion of the indirect impact of the Proposal on flora and vegetation values in terms of 

potential impacts from groundwater drawdown, introduction of dieback, weeds and dust. 

Information included in this report has been used to support preparation of the following sections 

(Section 9.4 to 9.8). 9.4 Evaluation of options or alternatives to avoid or minimise impact 
In order to avoid or minimise impacts to vegetation and flora a number of different project layout options 

were evaluated.  Flexible components of the layout were altered to: 

• avoid impacts to all known occurrences of Paracaleana dixonii  

• limit the extent of impacts to all other conservation significant flora  

• limit the extent of clearing within wetland FCTs. 
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9.5 Assessment of likely direct and indirect impacts 9.5.1 Clearing and groundwater drawdown 
The clearing of an estimated maximum of 1200 ha of native vegetation will be required for implementation 

of the Proposal.  An indicative breakdown of clearing amounts by Proposal component is provided in 

Table 2.  Indicative clearing locations (referred to as the Disturbance Boundary) are displayed in Figure 5.  

Clearing may also be required within additional areas largely enclosed by the Disturbance Boundary.  

These areas total approximately 92 ha and together with the Actual Footprint, form the Disturbance 

Boundary displayed in Figure 5.  Impacts to vegetation and flora the result of clearing are assessed on the 

basis of the Disturbance Boundary (i.e. 1292 ha or 1410 ha including pasture). 

In addition to clearing, impacts to native vegetation may be caused by groundwater drawdown attributed to 

dewatering of resource mining areas and abstraction from the Yarragadee (Section 6.5.1).  The total area 

of native vegetation that will potentially be affected by groundwater drawdown is approximately 373 ha (as 

shown in Table 29 and Figure 22).   

Impacts to vegetation and flora may vary greatly depending on a number of factors including: 

• individual species resilience 

• local hydrogeological conditions 

• climatic conditions. 

Drawdown related stress on vegetation is likely to manifest as reduced productivity and vigour in the first 

instance.  Scatter deaths may then progressively appear in some species, mainly during summer and 

autumn months when soil moisture content and groundwater levels are at their lowest.  Broad scale deaths 

will generally be experienced in areas immediately adjacent to dewatering areas as well as in areas of 

highly groundwater-dependent vegetation (e.g. wetlands).  Impacts of drawdown will particularly manifest 

during periods of poor moisture availability (e.g. dry summers that follow low rainfall winters) coincidental 

to dewatering.  

The combined total of native vegetation potentially affected by the Proposal from clearing and dewatering, 

referred to as the Disturbance Boundary, is approximately 1665 ha including 1292 ha from clearing (direct) 

and 373 ha from dewatering (indirect). Impacts to vegetation types 
Vegetation types of the Study Area have been described at two different scales; vegetation associations 

(Section 4.2.1) and FCTs (Section 4.2.3).  Impacts to each as a result of clearing and dewatering are 

discussed in the following sections. Vegetation associations 
A breakdown of impacts to vegetation associations as a result of clearing and groundwater drawdown is 

provided in Table 33.  Of the eight vegetation associations that exist in the Study Area, three will be 

impacted by the Proposal (378, 379 and 392). 

In accordance with EPA Position Statement No. 2 (EPA 2000a), it is expected that a proposal should 

demonstrate that the loss of vegetation would not compromise any vegetation type by taking it below the 

“threshold level” of 30% of that vegetation type’s pre-clearing extent.  Of the three vegetation associations 

to be impacted by the Proposal, one exhibits a current extent less than 30% of its pre-European extent 

(379 with 23.9% remaining).  The remaining two vegetation associations are currently well represented 

(64.9% and 97.9%) with impacts from clearing and groundwater drawdown not of a magnitude sufficient to 

take them below the 30% threshold level.  The total area of impact to vegetation association 379 is 15 ha, 

representing 0.01% of the association’s current extent. 
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FCTs 
Clearing will be required within eight of the 20 FCTs recorded from the Study Area (Figure 30).  Seven 

FCTs will potentially be subject to impacts from groundwater drawdown.  Six of these FCTs are impacted 

by both groundwater drawdown and clearing (Figure 30).  An assessment of the impacts to each FCT as a 

result of clearing and groundwater drawdown is provided in Table 34. 
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Table 33 Impacts to vegetation associations from clearing and groundwater drawdown 

Vegetation 
system 

Vegetation 
association 

Description 

Current extent Proposal impact 

Total 
remaining 
extent 

Area (ha) 

% pre-
European 
extent 
remaining 

% current 
extent held in 
IUCN class I-
IV reserves 

Clearing 
area (ha) 

Additional 
groundwater 
drawdown risk 
area (ha) 

Total (ha) 

% pre-European 
extent remaining 
after Proposal 

Illyarrie 619 Medium woodland; River Gum 
(Eucalyptus camaldulensis) 

85 54.8 0.3 0 0 0 54.8 

352 Medium woodland; York Gum 567 67.0 0.6 0 0 0 67.0 

377 Mosaic: Shrublands; scrub heath 
on limestone/sparse low woodland; 
Illyarrie 

62 755 99.4 75.6 0 0 0 99.4 

433 Mosaic: Shrublands; Acacia 
rostellifera & Melaleuca 
cardiophylla thicket/sparse low 
woodland; Illyarrie 

14 443 45.7 10.3 0 0 0 45.7 

Eridoon 378 Shrublands; scrub heath with 
scattered Banksia spp., Eucalyptus 
todtiana and Xylomelum 
angustifolium on deep sandy flats 

60 733 64.9 21.9 1385 299 1684 63.1 

392 Shrublands; Melaleuca thyoides 
thicket 

430 97.9 3.3 12 74 86 78.4 

433 Mosaic: Shrublands; Acacia 
rostellifera & Melaleuca 
cardiophylla thicket/sparse low 
woodland; Illyarrie 

131 68.3 86.9 0 0 0 68.3 

748 Shrublands; Melaleuca thyoides 
thicket with scattered rivergum 

294 85.9 49.9 0 0 0 85.9 

Tathra 379 Shrublands; scrub heath on the 
lateritic sandplains 

130 313 23.9 21.2 15 0 15 23.9 

Note: Proposal impact areas include a total of 120 ha of cleared pasture. 
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Table 34 FCTs impacted by clearing and groundwater drawdown 

FCT* 

Conservation 
significance 
ranking 
(Woodman 
2011) 

Total FCT 
area within 
Study 
Area (ha) 

Clearing areas 
Additional drawdown 
impact  area 

Total impact 
area (ha) 

Total % Likely level of impact Disturbance 
Boundary 
(ha) 

% (ha) % 

4 2 7776 138 1.8 191 2.5 329 4.3 Low – with a large area existing within the Study Area and less than 10% of this 
area to be affected by the Proposal, impacts to FCT 4 are unlikely to be 
significant. 

5a 4 11 787 1029 8.7 23 0.2 1052 8.9 Low – exhibits the highest total impact area of all FCTs and has a high 
conservation significance ranking of 4 but less than 10% of the FCT will be 
impacted. 

5b 2 7566 90 1.2 1 0.0 91 1.2 Low – with a large area existing within the Study Area and less than 10% of this 
area to be affected by the Proposal, impacts to FCT 5b are unlikely to be 
significant. 

6c 4 1067 4 0.4 0 0.0 4 0.4 Low – area of impact to FCT equates to less than 10%. 

10a 4 261 9 3.4 99 37.9 108 41.4 Moderate – relatively high percentage of impact with the FCT representing 
wetland areas of high conservation significance.  More than 50% of this FCT will 
remain however which is above the 30% threshold level identified by the EPA 
(2000a) as the point below which species loss appears to accelerate 
exponentially at an ecosystem level. 

10b 3 682 19 2.8 45 6.6 64 9.4 Low – area of impact to FCT equates to less than 10%. 

16a 3 401 2 0.5 0 0.0 2 0.5 Low – area of impact to FCT equates to less than 10%. 

23 4 111 1 0.9 9 8.1 10 9.0 Low – area of impact to FCT equates to less than 10%. 

25a 4 133 0 0.0 5 3.8 5 3.8 Low – area of impact to FCT equates to less than 10%. 

TOTAL 29 784 1292 4.3 373 1.3 1665 5.6  

* For FCT descriptions refer to Table 13. 
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Impacts to TECs/PECs 
No TECs or PECs are located within 20 km of the Proposal Area.  No FCTs identified within the Study 

Area are considered to constitute a TEC or PEC.  Therefore, no impacts to TECs or PECs are expected to 

result from implementation of the Proposal. Impacts to conservation significant flora 
Of the 25 species of conservation significant flora recorded from the Study Area, at least 13 will be affected 

by the Proposal from clearing or groundwater drawdown (or both) (Figure 31 & Figure 32) (Table 35).  

Additional impacts to these species or any of the other 12 recorded from the Proposal Area may result if 

they occur within unsurveyed extents of the Disturbance Boundary.  The likelihood of such impacts 

occurring has been determined by analysing the extent of impacts to the FCTs each species has been 

recorded from (Table 36).  An overall summary of impacts to conservation significant flora is provided in 

Table 37. 

Table 35 Conservation significant flora recorded within the proposed Disturbance Boundary 

Species 
Conservation 
status (State 
and Federal) 

No. locations (individuals) 
% of locations 
within the study 
area to be 
impacted  

Recorded 
in the 
Study 
Area 

Within the 
Disturbance 
Boundary 

Within the 
drawdown 
area  

Total to be 
impacted 

Baeckea sp. 
Walkaway (A.S. 
George 11249) 

P3 5 - - - Nil 

Banksia elegans P4 508 (537) 301 (328) 4 (4) 305 (332) 60 

Banksia 
scabrella 

P4 156 (223) 27 (27) - 27 (27) 17 

Beyeria gardneri P3 1 (1) 1 (1) - 1 (1) 100 

Calectasia 
palustris 

P1 2 - - - Nil 

Calytrix 
chrysantha 

P4 4 - - - Nil 

Comesperma 
griffinii 

P2 2 - - - Nil 

Eucalyptus 
macrocarpa 
subsp. 
elachantha 

P4 5 - - - Nil 

Eucalyptus 
macrocarpa x 
pyriformis 

P3 1 - - - Nil 

Eucalyptus 
zopherophloia  

P4 1 - - - Nil 

Guichenotia alba P3 3 - - - Nil 

Hemiandra sp. 
Eneabba (H. 
Demarz 3687)* 

P3 460 (471) 243 (249) - 243 (249) 53 

Hemigenia 
saligna 

P3 1 - - - Nil 

Hopkinsia 
anoectocolea 

P3 3 - - - Nil 

Hypocalymma 
gardneri 

P3 9 1 - 1 11 

Lasiopetalum 
ogilvieanum 

P1 1 - - - Nil 
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Species 
Conservation 
status (State 
and Federal) 

No. locations (individuals) 
% of locations 
within the study 
area to be 
impacted  

Recorded 
in the 
Study 
Area 

Within the 
Disturbance 
Boundary 

Within the 
drawdown 
area  

Total to be 
impacted 

Mesomelaena 
stygia subsp. 
deflexa 

P3 10 9 - 9 90 

Paracaleana 
dixonii 

DRF, 
Endangered 

40 - - - Nil 

Persoonia 
filiformis 

P2 371 (455) 283 (367) - 283 (367) 76 

Persoonia rudis P3 74 (74) 33 (33) - 33 (33) 45 

Schoenus 
griffinianus 

P3 11 - 1 (1) 1 (1) 9 

Schoenus sp. 
Eneabba (F. 
Obbens & C. 
Godden I154) 

P2 99 (99) 1 (1) - 1 1 

Stawellia 
dimorphantha 

P4, 
Vulnerable 

423 (477) 284 (334) - 284 (334) 67 

Stylidium 
carnosum subsp. 
Narrow leaves 
(J.A. Wege 490) 

P1 12(12) 2(2) - 2 (2) 16 

Verticordia 
luteola var. 
luteola 

P3 5(5) 2(2) 3 (3) 5 (5) 100 

* includes specimen locations identified as Hemiandra ?sp. Eneabba (H. Demarz 3687). 

Table 36 Impacts to conservation significant flora habitat FCTs 

Species 
Conservation 
Status (State 
and Federal) 

Habitat 
FCTs 

Total habitat 
within Study 
Area 

Habitat within 
Disturbance 
Boundary (ha) 

Habitat 
within 
drawdown 
area (ha) 

Total 
Impact 
Area (ha) 

% of total 
habitat 
affected 

Baeckea sp. 
Walkaway 
(A.S. George 
11249) 

P3 5b, 16a 7967 92 1 93 1.2 

Banksia 
elegans 

P4 3*, 4, 
5a, 5b, 
10a, 
10b, 
16a, 
16b*, 
23, 24* 

29 906 1288 368 1656 5.5 

Banksia 
scabrella 

P4 5a, 6c 12 854 1033 23 1056 8.2 

Beyeria 
gardneri 

P3 5a 11 787 1029 23 1052 8.9 

Calectasia 
palustris 

P1 5a, 6c 12 854 1033 23 1056 8.2 

Calytrix 
chrysantha 

P4 5a, 
17a* 

12 636 1029 23 1052 8.3 

Comesperma 
griffinii 

P2 6c 1067 4 0 4 0.4 
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Species 
Conservation 
Status (State 
and Federal) 

Habitat 
FCTs 

Total habitat 
within Study 
Area 

Habitat within 
Disturbance 
Boundary (ha) 

Habitat 
within 
drawdown 
area (ha) 

Total 
Impact 
Area (ha) 

% of total 
habitat 
affected 

Eucalyptus 
macrocarpa 
subsp. 
elachantha 

P4 5a, 6c 12 854 1033 23 1056 8.2 

Eucalyptus 
macrocarpa x 
pyriformis 

P3 6c 1067 4 0 4 0.4 

Eucalyptus 
zopherophloia  

P4 17a* 849 0 0 0 Nil 

Guichenotia 
alba 

P3 5a 11 787 1029 23 1052 8.9 

Hemiandra sp. 
Eneabba (H. 
Demarz 
3687)# 

P3 4, 5a, 
5b, 6c 

28 196 1261 215 1476 5.2 

Hemigenia 
saligna 

P3 5b 7566 90 1 91 1.2 

Hopkinsia 
anoectocolea 

P3 19* 267 0 0  Nil 

Hypocalymma 
gardneri 

P3 5a, 6c 12 854 1033 23 1056 8.2 

Lasiopetalum 
ogilvieanum 

P1 5a 11 787 1029 23 1052 8.9 

Mesomelaena 
stygia subsp. 
deflexa 

P3 5a, 5b 19 353 1119 24 1143 5.9 

Paracaleana 
dixonii 

DRF, 
Endangered 

5a, 6c 12 854 1033 23 1056 8.2 

Persoonia 
filiformis 

P2 5a, 6c 12 854 1033 23 1056 8.2 

Persoonia 
rudis 

P3 2a*, 3*, 
4, 5a, 
5b, 6c 

31 200 1261 215 1512 4.7 

Schoenus 
griffinianus 

P3 4, 5a, 
5b 

27 129 1257 215 1472 5.4 

Schoenus sp. 
Eneabba (F. 
Obbens & C. 
Godden I154) 

P2 4, 5a 19 563 1167 214 1381 7.1 

Stawellia 
dimorphantha 

P4, 
Vulnerable 

3*, 4, 
5a, 5b, 
16a, 
16b*, 
17a* 

29 505 1259 215 1474 5.0 

Stylidium 
carnosum 
subsp. Narrow 
leaves (J.A. 
Wege 490) 

P1 5a 11 787 1029 23 1052 8.9 

Verticordia 
luteola var. 
luteola 

P3 4 7776 138 191 329 4.2 

* FCTs not intersected by the Disturbance Boundary. 

# includes specimen locations identified as Hemiandra ?sp. Eneabba (H. Demarz 3687). 
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Table 37 Summary of impacts to conservation significant flora from clearing and drawdown 

Species 
Conservation 
status (State 
and Federal) 

% impact 
to 
locations 

% impact 
to habitat 
FCTs 

Significance of impacts 

Baeckea sp. Walkaway (A.S. 
George 11249) 

P3 0.0 1.2 Low – no known individuals located within Disturbance Boundary and less than 5% of potential FCT habitat will be 
affected. 

Banksia elegans P4 60.0 5.5 Low – known range extends approximately 200 km, between Badgingarra, Three Springs and Greenough; taxon known 
from approximately 27 populations; Proposal Area not on the boundary of the regional distribution. 

Banksia scabrella P4 17.3 8.2 Low – known range extends approximately 150 km; taxon known from over 20 populations between Eneabba to 
Walkaway; Proposal Area not on the boundary of the regional distribution. 

Beyeria gardneri P3 100.0 8.9 Low – known range extends approximately 380 km; taxon known from approximately 22 populations from Kalbarri to 
Watheroo; Proposal Area not on the boundary of the regional distribution; 100% of locations to be impacted only 
represents one individual with many more likely to be present. 

Calectasia palustris P1 0.0 8.2 Low – no known individuals located within Disturbance Boundary and less than 10% of potential FCT habitat will be 
affected. 

Calytrix chrysantha P4 0.0 8.3 Low – no known individuals located within Disturbance Boundary and less than 10% of potential FCT habitat will be 
affected. 

Comesperma griffinii P2 0.0 0.4 Low – no known individuals located within Disturbance Boundary and less than 5% of potential FCT habitat will be 
affected. 

Eucalyptus macrocarpa subsp. 
elachantha 

P4 0.0 8.2 Low – no known individuals located within Disturbance Boundary and less than 10% of potential FCT habitat will be 
affected. 

Eucalyptus macrocarpa x 
pyriformis 

P3 0.0 0.4 Low – no known individuals located within Disturbance Boundary and less than 5% of potential FCT habitat will be 
affected. 

Eucalyptus zopherophloia  P4 0.0 0.0 Low – no impacts to any individuals or habitat expected. 

Guichenotia alba P3 0.0 8.9 Low – no known individuals located within Disturbance Boundary and less than 10% of potential FCT habitat will be 
affected. 

Hemiandra sp. Eneabba (H. 
Demarz 3687)* 

P3 52.8 5.2 Low – known range extends approximately 80 km; taxon known from approximately 12 populations between Eneabba 
and Dongara; Proposal Area on the boundary of the regional distribution.  Despite the fact that a large proportion of 
known individuals will be impacted by the Proposal, more than 90% of the species FCT habitat will remain.  This means 
it is likely that further individuals will exist in the area with a local population likely to remain. 

Hemigenia saligna P3 0.0 1.2 Low – no known individuals located within Disturbance Boundary and less than 5% of potential FCT habitat will be 
affected. 

Hopkinsia anoectocolea P3 0.0 0.0 Low – no impacts to any individuals or habitat expected. 

Hypocalymma gardneri P3 11.1 8.2 Low – known range extends approximately 230 km; taxon known from approximately 15 populations between Cataby 
and Eneabba; Proposal Area is near the boundary of regional distribution but less than 15% of known individuals and 
habitat will be affected. 

Lasiopetalum ogilvieanum P1 0.0 8.9 Low – no known individuals located within Disturbance Boundary and less than 10% of potential FCT habitat will be 
affected. 
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Species 
Conservation 
status (State 
and Federal) 

% impact 
to 
locations 

% impact 
to habitat 
FCTs 

Significance of impacts 

Mesomelaena stygia subsp. 
deflexa 

P3 90.0 5.9 Low – known range extends approximately 80 km; taxon known from approximately 10 populations, from south of 
Dongara to south of Eneabba, with a population also near Arrino; Proposal Area near the boundary of regional 
distribution.  Despite the fact that a large proportion of known individuals will be impacted by the Proposal, more than 
90% of the species FCT habitat will remain.  This means it is likely that further individuals will exist in the area with a 
local population likely to remain. 

Paracaleana dixonii DRF, 
Endangered 

0.0 8.2 Low – no known individuals located within Disturbance Boundary and less than 10% of potential FCT habitat will be 
affected. 

Persoonia filiformis P2 76.3 8.2 Low – known range extends approximately 250 km; taxon known from approximately 11 populations between Cataby 
and Dongara; Proposal Area near the boundary of regional distribution.  Despite the fact that a large proportion of known 
individuals will be impacted by the Proposal, more than 90% of the species FCT habitat will remain.  This means it is 
likely that further individuals will exist in the area with a local population likely to remain. 

Persoonia rudis P3 44.6 4.7 Low – known range extends approximately 300 km; taxon known from approximately 25 populations between Mogumber 
and Dongara; Proposal Area is near the boundary of regional distribution.  Despite the fact that a large proportion of 
known individuals will be impacted by the Proposal, more than 95% of the species FCT habitat will remain.  This means 
it is likely that further individuals will exist in the area with a local population likely to remain. 

Schoenus griffinianus P3 9.1 5.4 Low – known range extends approximately 360 km; taxon known from approximately 13 populations between Perth and 
Dongara, and east to Wongan Hills; Proposal Area is located near the boundary of regional distribution but less than 
10% of known individuals and habitat will be affected. 

Schoenus sp. Eneabba (F. 
Obbens & C. Godden I154) 

P2 1.0 7.1 Low – known range extends approximately 80 km; taxon known from approximately 7 populations between the Proposal 
Area and Eneabba; Proposal Area near the boundary of regional distribution but less than 10% of known individuals and 
habitat will be affected. 

Stawellia dimorphantha P4, 
Vulnerable 

67.1 5.0 Low – known range extends 90 km; taxon known from approximately 47 populations between Eneabba and Burma Rd 
(north of Dongara); Proposal Area is not near the boundary of regional distribution.  Despite the large proportion of 
locations to be impacted, approximately 140 locations of the species in the Study Area will remain. 

Stylidium carnosum subsp. Narrow 
leaves (J.A. Wege 490) 

P1 16.7 8.9 Low – known range extends approximately 35 km; taxon known from 4 populations (Proposal Area, Lake Indoon, and 
Natta and Sundelarra Roads to the East of the Proposal Area); the Proposal Area is on the boundary of regional 
distribution but less than 20% of known individuals and habitat will be affected. 

Verticordia luteola var. luteola P3 100.0 4.2 Low – known range extends approximately 120 km; taxon known from approximately 14 populations from Eneabba to 
west of Walkaway; Proposal Area not on the boundary of the regional distribution.  Despite the fact all known individuals 
will be impacted by the Proposal, more than 95% of the species FCT habitat will remain.  This means it is likely that 
further individuals will exist in the area with a local population likely to remain.  

* includes specimen locations identified as Hemiandra ?sp. Eneabba (H. Demarz 3687) 

 



Figure 31 Impact on conservation significant flora - clearing

Source: Figure extracted from Woodmand Environmental Consultant Report, 2011.
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9.5.2 Weeds and dieback spread from vehicles and earthworks 
Impacts to vegetation and flora the result of vehicular activity is likely to be associated with the spread of 

weeds and/or dieback (Phytophthora cinnamomi).   Dieback 
As discussed in Section 4.2.3, no dieback infestations have been identified within the Proposal Area.  

Areas at greatest risk of establishment of dieback due to implementation of the Proposal include: 

• areas adjacent to Mt Adams Road 

• areas adjacent to the Beharra Springs Gas Facility access road 

• drainage lines and damplands located within the Proposal Area 

• any wet areas created by the installation and operation of tailings dams or other infrastructure 

involving the regular use of significant volumes of water. 

Native species most affected by dieback generally belong to the following four families: 

• Proteaceae 

• Epacridaceae 

• Papilionaceae 

• Myrtaceae. 

A total of 175 flora taxa from these four families (Proteaceae – 64, Epacridaceae – 14, Papilionaceae – 22 

and Myrtaceae – 75) were recorded from the Study Area, representing approximately 30% of all flora taxa 

recorded. 

In addition to the spread of dieback from vehicles, dieback can also potentially be spread from the 

pumping of sand as slurry.  The pumping of a slurry will draw water from the open dredge pond and has 

the potential to also transport dieback if it is located in the water.  As the water sourced for the slurry will be 

sourced from the dredge pond there is the potential for runoff from within the Proposal Area to transport 

dieback into the dredge pond.  However, this would rely on dieback being transported into the Proposal 

Area and considering the high infiltration rates of the soil and poorly defined drainage network, the 

potential area from which dieback could be transported into the dredge pond is expected to be limited to 

the area immediately around the mine pits.  Therefore the priority to preventing the spread of dieback by 

the pumping of slurry is preventing the introduction of dieback into the Proposal Area, in particular the area 

immediately surrounding the mine pits.   

Given the large proportion of vegetation at the site susceptible to dieback, and the high conservation 

significance of some of the areas at greatest risk of dieback establishment (e.g. drainage lines and 

damplands), the introduction of dieback to the area may result in significant impacts.  Given there are no 

known infestations in the area and that dieback hygiene measures will be implemented (Section 9.7), the 

Proposal is expected to ensure adequate management of the risk of dieback introduction. Weeds 
As discussed in Section 4.2.4, the distribution of weeds within the Proposal Area is generally low with 

weeds only prevalent in disturbed areas located adjacent to farming properties.   

With the majority of the Disturbance Boundary is borded by remnant vegetation, the highest risk of weed 

spread is likely to be associated with the importation of unclean material by vehicles.  Any establishment of 

weed species in areas cleared for the Proposal from neighbouring pastoral areas may result in further 

intrusion in surrounding vegetation, especially if that vegetation is under stress due to groundwater 

drawdown or is in an otherwise disturbed state (e.g. early stages of rehabilitation).  
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Appropriate weed hygiene and control measures (Section 9.7) will be required to ensure adequate 

management of weed establishment/increased weed distribution risks.  Management of weed ingress and 

establishment is addressed in the rehabilitation measures identified in the EMP (Appendix 1).  Areas of 

particular focus are those adjoining pasture such as Hades ore body; and other weed introduction vectors 

such as Mt Adams Road.  9.6 Potential for and nature of any cumulative impacts 
The Proposal Area is located within the north eastern corner of a large contiguous stand of mostly intact 

remnant native vegetation.  This remnant vegetation stand extends for approximately 300 km along the 

coast between Dongara in the north, and the northern suburbs of Perth in the south. It is rarely less than 

10 km in width, reaching approximately 40 km wide at its greatest. 

At present, approximately 4500 ha (or approximately 11%) of the total 40 000 ha Study Area has been 

cleared for various land uses including agriculture, the Beharra Springs Gas Facility and the Dampier to 

Bunbury Natural Gas Pipeline.  With the total Disturbance Boundary for the Proposal equating to 

approximately 1665 ha, the proportion of the Study Area that would be cleared as a result would rise to 

approximately 15%. 

A number of Proposals with the potential to have a significant impact on the environment occur within the 

wider region. These include: 

• Iluka Eneabba proposed expansion (mineral sands mine near Eneabba) 

• Aviva Corporation Limited (Aviva) Central West Coal Project (CWCP) 

• Aviva Coolimba Power Station Project (CPSP) (located south and east of Eneabba, currently 

under appeal under the EP Act) 

The combined proposed disturbance area of the two Aviva projects is approximately 900 ha.  The level of 

likely disturbance associated with the proposed Iluka Eneabba expansion is unknown.  

Cumulative impacts to vegetation and flora from all of these Proposals are difficult to quantify.  Although 

Iluka jointly manages a conservation significant flora database with Tiwest, and FCT mapping has been 

undertaken over the tenements held by both Iluka and Tiwest (Northern Sandplains Study Area) 

(Appendix 3), no quantitative assessment can be undertaken until the extent of proposed impact by Iluka is 

known.  Although the disturbance area proposed by Aviva has been quantified, the vegetation mapping 

undertaken utilised a different system to that used by Tiwest/Iluka, and therefore no direct comparative 

assessment can be made.  Three conservation significant flora taxa are proposed to be impacted by both 

the Tiwest and Aviva projects: 

• Hemiandra sp. Eneabba (H. Demarz 3687) (P3) 

• Mesomelaena stygia subsp. Deflexa (P3) 

• Schoenus griffinianus (P3). 

The impact to each of these taxa by Tiwest has been ranked ‘Low’ (Table 37) with the impact to each of 

these taxa by Aviva not quantified (Woodman 2011). 9.7 Management measures and performance standards 
A number of governing principles will be adopted to ensure appropriate management of impacts to 

vegetation and flora.  These include: 

• minimising areas cleared as far as is practicable 

• adjusting, where possible, clearing areas to incorporate lower conservation significance areas 

rather than higher conservation significance areas 

• minimising time between clearing and rehabilitation. 
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Taking these principles into account, the following key management actions will be implemented for the 

Proposal in relation to vegetation and flora: 

• carrying out pre-clearing planning and internal permitting to minimise footprints and select areas 

of lowest conservation significance 

• planning for rehabilitation – resources available for rehabilitation will, in general, be maximised 

and directed towards specific activities (i.e. return of specific communities and species through 

specific practices) 

• on-site control – appropriate levels of survey, signage, supervision and auditing will be carried out 

on site for clearing and rehabilitation activities 

• training personnel in relevant requirements with awareness maintained throughout the duration of 

the Proposal 

• restricting vehicles to designated roads and mining areas 

• investigating unauthorised clearing and implementing appropriate corrective and preventative 

measures to prevent recurrence 

• rehabilitating all areas disturbed in accordance with the Rehabilitation Management Plan section 

of the EMP (Appendix 1) 

• implementing weed and dieback hygiene measures in accordance with the Weed and 

Phytophthora cinnamomi Management Plan section of the EMP (Appendix 1)
4

 

• implementing dust control measures in accordance with the Dust Management Plan section of the 

EMP (Appendix 1) 

• implementing fire control measures in accordance with the Fire Management Plan section of the 

EMP (Appendix 1). 9.8 Predicted environmental outcomes against environmental objectives, policies, guidelines, standards and procedures 
After application of management mitigation measures described in Section 9.7, the Proposal is expected to 

result in the following outcomes in relation to vegetation and flora: 

• no decline in any vegetation association to a point below 20% pre-European extent 

• no loss or significant decline (i.e. 50% or more) in any FCT 

• no loss or significant decline in any TEC or PEC 

• no loss of conservation significant flora at species level 

• no loss of important populations of conservation significant flora 

• no significant risk of an increase in the prevalence of weeds 

• minimal risk of introduction of dieback. 9.8.1 Residual risk 
Aspects of the Proposal which may represent residual risks to vegetation and flora include: 

• a slight decline (0.01%) in vegetation association 379 further below the threshold level of 30% 

pre-European extent remaining  

• a moderate level of impact to FCT 10a (approximately 41% of FCT to be impacted), mainly 

associated with groundwater drawdown. 

                                                           
4

 Throughout over 17 years of operation, Tiwest has successfully maintained the hygiene status of operational areas of 
the existing Cooljarloo mine site. 
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10. Terrestrial fauna 10.1 Relevant environmental objectives, policies, guidelines, standards and procedures 10.1.1 EPA objective 
The EPA applies the following objectives to the assessment of proposals that may affect fauna: 

To maintain the abundance, diversity, geographic distribution and productivity of fauna at species 

and ecosystem levels through the avoidance or management of adverse impacts and 

improvement in knowledge. 10.1.2 Regulatory framework 
The protection of fauna in WA is covered by the following statutes, which are discussed in more detail 

below: 

• Wildlife Conservation Act 1950 (WC Act) 

• Environmental Protection Act 1986 (EP Act) 

• Environment Protection and Biodiversity Conservation Act 1999 (EPBC Act). Wildlife Conservation Act 1950 
All native fauna in WA is protected under the WC Act with the taking, dealing in or possession of fauna 

prohibited unless carried out in a manner approved under the Act.  Special protection is also afforded to 

particular fauna declared under the Act via the Wildlife Conservation (Specially Protected Fauna) Notice 

2010(2) including:  

• fauna that is rare or is likely to become extinct (Schedule 1) 

• fauna presumed to be extinct (Schedule 2) 

• migratory birds protected under an international agreement (Schedule 3) 

• other specially protected fauna (Schedule 4).    Environmental Protection Act 1986  
The EP Act provides for the protection of fauna through the assessment of proposals (by the EPA) which 

may have a significant effect on the environment.  The EPA assesses proposals against a number of 

principles and objectives to determine whether, if implemented, the proposal would likely be 

environmentally acceptable.  Impacts to fauna are taken into account as part of the assessment process 

with special consideration normally given to any fauna listed under the Wildlife Conservation (Specially 

Protected Fauna) Notice 2010(2) and Priority listed fauna
5

.  

 

                                                           
5

 Priority listed fauna are fauna nominated by the DEC which are not listed under the Wildlife Conservation (Specially 

Protected Fauna) Notice 2010(2), but are still considered in need of protection (due to being poorly known, vulnerable to 

changes in present circumstances or reliant on a specific conservation program).  Priority listing does not confer any 

additional legal protection, but impacts to a priority species may be given special consideration when a proposal is being 

assessed by the EPA to avoid situations where the species could meet threatened species criteria in future. 
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Environment Protection and Biodiversity Conservation Act 1999 (EPBC Act) 
The Australian Government EPBC Act provides for the protection of MNES including threatened species of 

fauna and migratory species.  Under the Act, a list of threatened species was first established to match 

those species contained in Schedule 1 of the Endangered Species Protection Act 1992 (Australian 

Government) with amendments published by the Minister in the Commonwealth of Australia Gazette to 

ensure currency.  Species are listed under a number of different categories including: 

• extinct 

• extinct in the wild 

• critically endangered 

• endangered 

• vulnerable 

• conservation dependent. 

Migratory species are listed under the Act as those species recognised under any of the following:  

• the Bonn Convention (Convention on the Conservation of Migratory Species of Wild Animals) 

• the China-Australia Migratory Bird Agreement (CAMBA) 

• the Japan-Australia Migratory Bird Agreement (JAMBA) 

• the Republic of Korea-Australia Migratory Bird Agreement (ROKAMBA) 

• any other international agreement approved by the Minister. Guidances and position statements 
The following EPA position and guidance statements set the framework for identification and assessment 

of impacts to subterranean fauna: 

• EPA Position Statement No. 3 ‐ Terrestrial Biological Surveys as an Element of Biodiversity 

Protection (EPA 2002a) – sets out the general principles for assessing biological values in the 

context of environmental impact assessment 

• EPA Guidance Statement No. 20 ‐ Sampling of Short Range Endemic Invertebrate Fauna for 

Environmental Impact Assessment in Western Australia (EPA 2009) – provides guidance on 

standards and protocols for surveys for SREs, particularly those undertaken for the environmental 

impact assessment of proposals 

• EPA Guidance Statement No. 56 ‐ Terrestrial Fauna Surveys for Environmental Impact 

Assessment in Western Australia (EPA 2004) – provides guidance on standards and protocols for 

terrestrial fauna surveys, particularly those undertaken for the environmental impact assessment 

of proposals. 10.2 Potential sources of impact 
Activities or aspects of the Proposal that have the potential to affect fauna, not considering mitigation 

measures, include: 

• clearing – clearing of vegetation will directly disturb fauna habitat and may result in the loss of 

individual terrestrial fauna 

• dewatering and abstraction will lower ground water levels in proximity to the pits and therefore 

may affect groundwater-dependent vegetation and associated fauna habitat/s 

• vehicles – vehicle movements within the Proposal Area may result in the injury or fatality of 

individual terrestrial fauna, especially less-mobile species 

• human activity – human activities have the potential to increase in presence introduced predator 

species (e.g. foxes and cats) which has the potential to result in increased rates of predation of 

native fauna species. 
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10.3 Surveys and investigations 
Tiwest has completed the following investigations to support the Environmental Impact Assessment: 

• Fauna Assessment of Tiwest’s Dongara Project (Bamford 2012). 

This investigation included a literature review, a site visit and two field surveys for the Proposal, consistent 

with a Level 2 survey (i.e. desktop study, reconnaissance and detailed survey) in accordance with EPA 

Position Statement No. 3 (EPA 2002a).  Results of the investigation are summarised in Section 4.2.5.  A 

number of additional targeted surveys for specific species were recommended (and carried out) as a result 

of the investigation and details of these are also provided in Section 4.2.5.  Additional targeted surveys for 

the Western Ground Parrot (Pezoporus wallicus flaviventrus) are planned for pre-mining, during mining 

and post-mining. 

Structural vegetation community mapping was available at the time of field investigations.  As a result, 

potentially significant areas of habitat (e.g. wetlands) could be and were targeted for investigations. 10.4 Evaluation of options or alternatives to avoid or minimise impact 
In order to avoid or minimise impacts to terrestrial fauna a number of different project layout options were 

evaluated.  Flexible components of the layout were altered to limit the extent of clearing within wetland 

FCTs with these considered the most valuable habitat type within the Proposal Area. 10.5 Assessment of likely direct and indirect impacts 10.5.1 Clearing and drawdown 
The clearing of native vegetation for the Proposal will result in direct impacts to fauna and their habitat.  

Individual losses of fauna may occur during clearing activities with less mobile species particularly 

vulnerable.  Indirect impacts to fauna may also be experienced due to clearing through the degradation of 

habitat caused by the introduction and/or spread of weeds and/or dieback.  Such impacts are discussed in 

Section 9.5.2. 

Drawdown impacts to fauna primarily relate to the loss or degradation of habitat caused by lowering of the 

watertable.  Drawdown related stress on vegetation generally manifests itself as reduced productivity and 

vigour in the first instance.  Scatter deaths may be observed in some species particularly during summer 

and autumn months.  This depends on a number of factors including the resilience of the species, current 

climatic conditions and the hydrogeological profile of the area.  Broad scale vegetation stress may be 

experienced in areas where vegetation is groundwater-dependent.   

Any considerable loss of vegetation attributable to groundwater drawdown may impact the availability of 

food and, to a lesser degree cover, for some fauna species.  These impacts are expected to be transitory 

for the Proposal, relating to periods when dewatering is required for each stage of the mine development.  

Following dewatering and abstraction periods, natural recharge and groundwater flows should be restored 

allowing the aquifer (and therefore vegetation) to recover.  As such, groundwater drawdown impacts differ 

from clearing impacts in that they are likely to be temporary, of a lower severity, and are based on a 

predicted area of impact. Loss of habitat 
An estimated maximum of 1200 ha of native vegetation (excluding cleared pasture areas) will need to be 

cleared for the Proposal (Table 2, Figure 5).  An additional 373 ha of native vegetation is likely to be 

impacted by groundwater drawdown (Table 29, Figure 22).  Habitat types existing within these areas 

include woodlands, shrublands, heathlands, thickets, sedgelands and damplands/wetlands. 
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Overall, the Proposal will not result in the loss of more than 10% of the total area of habitat within the 

Study Area.  Therefore, sufficient habitat is likely to be retained for the majority of fauna species adjacent 

to the Proposal Area. 

The most significant impacts to fauna are likely to be associated with the direct loss of any habitat that is 

unique and/or uncommon in the area.  Within the Proposal Area, these habitat areas are likely to be 

associated with the various damplands/wetlands which are represented by FCTs 10a, 10b, 23 and 25a.  A 

breakdown of impacts to each of these FCTs is provided in Table 34.  The proportion of impact to wetland 

FCTs is approximately 16% (187 ha out of a total of 1187 ha). 

As discussed in Section 9.5.1, while clearing and drawdown impacts are expected from implementation of 

the Proposal, adequate representation of these FCTs is likely to remain in the area.  None of these habitat 

types are therefore likely to be lost from the local area.   Habitat fragmentation 
In cases where the construction of linear pits or infrastructure (e.g. roads) divide fauna habitat, the 

movement of some fauna may be inhibited to their detriment.  Habitat fragmentation can restrict fauna 

access to resources (water, food etc.), reduce population sizes, and limit gene flow by decreasing the 

opportunities for individuals to interact and breed.   

Given that the Disturbance Boundary is for the most part surrounded by a large contiguous stand of 

remnant native vegetation, habitat fragmentation caused by the Proposal is likely to be limited.  The most 

significant area of fragmentation may be experienced within the chain of damplands/wetlands located to 

the west of the Zeus resource area.  Impacts from clearing and dewatering in this area may result in a 

north-south disconnect of these damplands/wetlands.  This could potentially be significant for less mobile 

species, especially any that normally journey northwards in alignment with the damplands/wetlands drying 

sequence (refer Section 4.1.5).  The nature of drawdown impacts is expected to be temporary and spatially 

variable.  This supports the view that significant habitat fragmentation is unlikely to occur. Impacts to conservation significant fauna 
Conservation significant fauna recorded from the Proposal Area or recognised as having potential to occur 

in the Proposal Area are identified in Section 4.2.5.  Information on the likely impacts to/presence of these 

fauna in the Proposal Area is provided in Table 38 and Table 39. 
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Table 38 Impacts to conservation significant fauna species recorded from the Proposal Area 

Fauna group Species 
Conservation 
status (Federal) 

Conservation 
status (State) 

Significance of impacts 

Reptiles Black-striped Snake 

Neelaps calonotos 

- P3 The Black-striped Snake is generally found in coastal areas between Mandurah and Dongara, preferring areas of 
Banksia woodland.  The species was recorded within the Proposal Area during field investigations.  Given the 
Proposal Area is located towards the northern edge of the species’ range, the local population may be important for 
retaining genetic diversity. 

Approximately 422 ha of Banksia woodland FCTs (FCTs 4, 5b & 16a) will be affected by the Proposal.  This 
represents approximately 2% of the area of Banksia woodland FCTs within the greater Study Area (FCTs 2a, 3, 4, 5b 
& 16a).  The loss of a portion of habitat of this magnitude is unlikely to pose a significant risk to the survival of the 
local population. 

Birds Carnaby's Cockatoo 

Calyptorhynchus latirostris 

Endangered Endangered Carnaby’s Cockatoo occurs throughout the south west of WA, utilising Eucalyptus species for nesting habitat and 
feeding on a variety of species in proteaceous heathlands and Eucalyptus woodlands.  The species is under threat 
due to the loss of both nesting and foraging habitat, particularly on the Swan Coastal Plain where clearing for urban 
development continues. 

Carnaby’s Cockatoos were recorded from the Proposal Area, given the absence of suitable nesting sites in the 
general area, it is not expected to utilise the Proposal Area for breeding purposes.  Impacts to the species the result of 
the Proposal predominantly relate to the loss of foraging habitat.  The vast majority of native vegetation within the 
Proposal Area can be considered to constitute foraging habitat for Carnaby’s Cockatoo.  Further assessment of 
impacts to Carnaby’s Cockatoo is provided in Section 14.4.3. 

Rainbow Bee-eater 

Merops ornatus 

Marine, 
Migratory 
(JAMBA) 

- The Rainbow Bee-eater has a widespread distribution throughout mainland Australia with no specific threats to the 
species currently identified (SEWPaC 2011).  Impacts to the species the result of the Proposal are unlikely to be 
significant given current distribution levels. 

Rufous Fieldwren 

Calamanthus campestris 
montanellus 

- P4 Rufous Fieldwrens were only recorded from areas of low dense heathland/sedgeland in the Proposal Area of which 
large areas exist in the Study Area.  The species has a wide distribution range being recorded from the South-West, 
Wheatbelt and Mid-West regions of WA.  Given the low overall level of impact to habitat in the Study Area (i.e. less 
than 10%), impacts to the species are unlikely to be significant. 

Crested Bellbird (southern) 

Oreoica gutturalis gutturalis  

- P4 The Crested Bellbird has a wide distribution range being recorded from the South-West, Wheatbelt, Goldfields, Mid-
West, Gascoyne and Pilbara regions of WA.  Given the low overall level of impact to habitat in the Study Area (i.e. 
less than 10%), impacts to the species are unlikely to be significant. 

Square-tailed Kite 

Hamirostra isura 

- - Although widespread throughout Australia, the WA population of the Square-tailed Kite is considered to be isolated.  It 
is considered that the species may regularly use the region, tending to forage over heaths that are widespread in the 
area.  Given the low overall level of impact to habitat in the Study Area (i.e. less than 10%), impacts to the species are 
unlikely to be significant. 

White-breasted Robin 

Eopsaltria georgiana 

- - The White-breasted Robin’s favoured habitat is dense vegetation surrounding wetlands that are located within 
proximity of the coast.  It is relatively widespread throughout the south-west of Western Australia in areas of suitable 
habitat.  The species is considered of local significance within the Proposal Area as the resident population is at the 
north eastern edge of the species range, representing an outlying population which may be of genetic importance for 
the species.  The Acacia thickets in the north of the Proposal Area where the species was recorded fits with the 
species’ usual habitat.  Key threats to the local population by the Proposal are the loss of habitat but with less than 
10% of the Study Area to be affected, it is unlikely that impacts to the species will be significant. 
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Fauna group Species 
Conservation 
status (Federal) 

Conservation 
status (State) 

Significance of impacts 

Mammals Western Brush Wallaby 

Macropus irma 

- P4 Being recorded in initial fauna surveys, the Western Brush Wallaby is assumed to be widespread throughout the 
Proposal Area.  The Proposal Area is located at the northern extent of the species range which covers the South-
West of WA.  Favoured habitat includes open forest or woodland, open seasonally wet flats with low grasses and 
open scrubby thickets as well as some areas of mallee and heathland.  Potential impacts to the species the result of 
the Proposal include habitat loss, road mortalities and increased predation.  Given the low overall level of impact to 
habitat in the Study Area (i.e. less than 10%), impacts to the species are unlikely to be significant.  Impacts due to 
road mortalities and increased predation will be minimised through implementation of appropriate management 
measures (Section 10.7). 

Short range 
endemics 
(SREs) 

Millipede 

Antichiropus ‘Eneabba 1’ 

- - This species was previously known only from the Iluka Eneabba Mineral Sands mine until it was recorded within the 
Proposal Area at several locations, resulting in a range extension.  The locations where the millipede was recorded 
were always low in the landscape, favouring vegetation consisting of thickets of acacia, close to wetlands.  With only 
16% (approximate) of the total area of wetland FCTs (FCTs 10a, 10b, 23 & 25) to be impacted by the Proposal, 
sufficient habitat should remain to support the local population. 

 

Table 39 Likely presence of/impacts to conservation significant fauna that may be expected to be recorded from the Proposal Area 

Fauna 
group 

Species 
Likelihood of 
occurrence 

Conservation 
status (Federal) 

Conservation 
status (State) 

Comments 

Reptiles Slender blue-tongue 

Cyclodomorphus branchialis 

Unlikely  - Vulnerable The Proposal Area is located outside of the species known range. 

Western Spiny-tailed Skink 

Egernia stokesii badia 

Unlikely Endangered Vulnerable The species is unlikely to occur within the Proposal Area due to the fact the area does not support any 
habitat suitable to the Western Spiny-tailed skink. 

Woma or Ramsay’s Python 

Aspidites ramsayi 

Possible - P1, Other 
specially 
protected 
fauna 

With the Proposal Area containing habitat suitable to the Woma and the few recent records of the 
species in the south west coming from locations nearby (Watheroo and Badgingarra), it is possible that 
the species occurs in the area.  Given the low overall level of impact to habitat in the Study Area (i.e. less 
than 10%), impacts to the species are unlikely to be significant. 

South-west Carpet Python 

Morelia spilota imbricata 

Likely - P4, Other 
specially 
protected 
fauna 

The South-west Carpet Python is known from the south-west of WA with a distribution range extending 
from Northampton in the north to Albany in the south and Kalgoorlie in the east.  The species is found 
within semi-arid coastal and inland habitats of banksia woodlands, eucalypt woodlands, and grasslands.  
Habitat suitable for the species occurs within the Proposal Area and although it was not recorded, it is 
likely individuals are present.  Individuals have been recorded nearby at Tiwest’s Cooljarloo mine and at 
a site just north of Dongara.  If the species is present, it is likely to occur throughout the Proposal Area at 
low densities, favouring areas where trees provide hollows that form shelter.  Given the low overall level 
of impact to habitat in the Study Area (i.e. less than 10%), impacts to the species are unlikely to be 
significant. 

Michaelsen’s Gecko 

Strophurus michaelseni 

Possible - - This species has a restricted distribution occurring in only a narrow strip of sand-plain habitat along the 
west coast.  Habitat within the Proposal Area appears to be suitable but the species was not recorded 
during surveys.  Given the low overall level of impact to habitat in the Study Area (i.e. less than 10%), 
impacts to the species are unlikely to be significant. 
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Fauna 
group 

Species 
Likelihood of 
occurrence 

Conservation 
status (Federal) 

Conservation 
status (State) 

Comments 

White-spotted Ground 
Gecko 

Lucasium alboguttatus 

Possible - - This species has a restricted distribution occurring in only a narrow strip of sand-plain habitat along the 
west coast.  Habitat within the Proposal Area appears to be suitable but the species was not recorded 
during surveys.  Given the low overall level of impact to habitat in the Study Area (i.e. less than 10%), 
impacts to the species are unlikely to be significant. 

Diplodactylus ornatus Possible - - This species has a restricted distribution occurring in only a narrow strip of sand-plain habitat along the 
west coast.  Habitat within the Proposal Area appears to be suitable but the species was not recorded 
during surveys.  Given the low overall level of impact to habitat in the Study Area (i.e. less than 10%), 
impacts to the species are unlikely to be significant. 

Birds Malleefowl 

Leipoa ocellata 

Unlikely Vulnerable, 
Migratory 
(JAMBA) 

Vulnerable No evidence of this species was found in the Proposal Area, despite searches of the Proposal Area.  
Therefore it is unlikely that there is a resident, breeding population in the area as tracks and mounds 
made by the species are distinctive.  

Western Ground Parrot 

Pezoporus wallicus 
flaviventrus 

Possible Endangered, 
Migratory 
(JAMBA) 

Critically 
Endangered 

Suitable habitat for the Western Ground Parrot, being low heath occasionally with sedges, exists within 
the Proposal Area.  The species is known from only a few locations in southern coastal areas of Western 
Australia.  A sighting of the species from the Mt Adams Road area was recorded in 1992 however there 
have been no confirmed sightings since despite a number of targeted surveys.  The fire history of 
vegetation may be important to the Western Ground Parrot as it appears to favour long un-burnt 
vegetation although it may move to areas that have had more recent fires.   

If present, there is potential for a minor decline in the extent of potential habitat for the Western Ground 
Parrot.  Further assessment of impacts to the Western Ground Parrot is provided in Section 14.4.5. 

Major Mitchell's Cockatoo 

Cacatua leadbeateri 

Possible - Other specially 
protected 
fauna 

This species has a widespread distribution and therefore it is unlikely that the Proposal will adversely 
affect the species’ regional population. 

Peregrine Falcon 

Falco peregrinus 

Possible - Other specially 
protected 
fauna 

This species has a widespread distribution and therefore it is unlikely that the Proposal will adversely 
affect the species’ regional population. 

Great Egret, White Egret 

Ardea alba 

Possible Marine, 
Migratory 
(JAMBA, 
CAMBA) 

- This species has a widespread distribution and therefore it is unlikely that the Proposal will adversely 
affect the species’ regional population. 

Fork-tailed Swift 

Apus pacificus 

Likely Marine, 
Migratory 
(JAMBA, 
CAMBA, 
ROKAMBA) 

- This species has a widespread distribution and therefore it is unlikely that the Proposal will adversely 
affect the species’ regional population. 

White-bellied Sea-eagle 

Haliaeetus leucogaster 

Unlikely Marine, 
Migratory 
(CAMBA) 

 Habitat within the Proposal Area was deemed not suitable and therefore this species is unlikely to occur 
in the area. 

Cattle Egret 

Ardea ibis 

Unlikely Migratory 
(JAMBA, 
CAMBA) 

 Habitat within the Proposal Area was deemed not suitable and therefore this species is unlikely to occur 
in the area. 
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Fauna 
group 

Species 
Likelihood of 
occurrence 

Conservation 
status (Federal) 

Conservation 
status (State) 

Comments 

Bush Stonecurlew 

Burhinus grallarius 

Unlikely - P4 Given this species was not recorded within the Proposal Area and it is a conspicuously noisy species, it 
is unlikely to be present in the area. 

White-browed Babbler 

Pomatostomus superciliosus 
ashbyi 

Unlikely - P4 Given this species was not recorded within the Proposal Area and it is a conspicuously noisy species, it 
is unlikely to be present in the area. 

Western Yellow Robin 

Eopsaltria australis subsp. 
griseogularis 

Unlikely  - - Habitat within the Proposal Area may not be suitable and therefore this species is unlikely to occur in the 
area. 

Southern Scrub-robin 

Drymodes brunneopygia 

Unlikely  - - Habitat within the Proposal Area may not be suitable and therefore this species is unlikely to occur in the 
area. 

Mammals Western Free-tail Bat 

Mormopterus aff. planiceps 

Possible - - Suitable habitat for this species may exist in the Proposal Area.  If it does occur in the Proposal Area it 
would be at the northern edge of its range.  Given the low overall level of impact to habitat in the Study 
Area (i.e. less than 10%), impacts to the species are unlikely to be significant. 

SREs Shield-backed Trapdoor 
Spider 

Idiosoma nigrum 

Unlikely - Vulnerable This species is known from the northern and central wheatbelt with historical records (1950s) located 
near the Proposal Area at Eneabba and at a location 50km to the east-north-east.  The species is 
associated with gravelly-loam soils on lower slopes of hills.  FCT 6c is the only habitat that potentially 
fulfils this description and despite searching, no evidence of this species was found.  Only a very small 
proportion of this community will be impacted. 

Phasmid-mimic cricket 

Phasmodes jeeba 

Possible - P2 The Phasmid-mimic cricket has a limited known distribution range, only being recorded from sites near 
Eneabba, Jurien Bay and Dongara.  One specimen was recorded from near the Proposal Area in the 
1980s however no individuals were recorded during targeted surveys of the Proposal Area.  Habitat 
favoured by the species has not been confirmed but a related species (P. ranatriformis) is regularly 
encountered in shrublands and heaths at Jurien Bay and Cooljarloo.  Given the low overall level of 
impact to habitat in the Study Area (i.e. less than 10%), impacts to the species are unlikely to be 
significant. 
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10.5.2 Vehicles 
Vehicle movements associated with implementation of the Proposal have the potential to cause fauna to 

be killed or injured as a result of collisions, with less mobile species such as reptiles being most at risk.  

Appropriate management (Section 10.7) should ensure that mortality rates do not rise to a level where the 

viability of any local fauna populations are jeopardised. 10.5.3 Human activity 
An increase in human activity in the Proposal Area may result in an increased prevalence of introduced 

species such as rabbits, foxes, feral cats, feral pigs and mice.  Aspects of human activities that may 

encourage introduced species include: 

• generation of food scraps and other wastes – may provide additional food sources  

• clearing/disturbance – may result in increased predation opportunities (loss of cover) or an 

increased prevalence of flora species (e.g. grasses) more favoured to introduced species 

• construction of buildings – may provide conditions favourable to introduced species (e.g. warm 

environments, shelter) 

• introduction of permanent water sources. 

An increased prevalence of introduced species may result in a number of impacts to native fauna 

including: 

• higher rates of predation 

• increased competition for food sources 

• degradation of habitat. 

Appropriate management (Section 10.7) should ensure that any impacts to native fauna the result of 

introduced species are not significant. 10.6 Potential for and nature of any cumulative impacts 
The most significant cumulative impact to native fauna is likely to relate to the loss of habitat.  As 

discussed in Section 9.6, more than 80% of native vegetation will remain within the Study Area after 

implementation of the Proposal.  Rehabilitation of areas of disturbance will aim to establish habitat of 

value.  This should ensure adequate representation of habitat types to maintain the viability of resident 

fauna populations. 10.7 Management measures and performance standards 
A number of governing principles will be adopted to ensure appropriate management of impacts to 

terrestrial fauna.  These include: 

• minimising areas cleared as far as is practicably possible 

• where possible, adjusting clearing areas to incorporate lower conservation significance areas 

rather than higher conservation significance areas (e.g. areas of high habitat value) 

• minimising time between clearing and rehabilitation. 
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Taking these principles into account, the following key management actions will be implemented for the 

Proposal in relation to terrestrial fauna: 

• prior to engagement on site, all staff will be inducted on fauna management procedures 

• updated information regarding fauna management will be provided to personnel during mine 

operations by way of toolbox meetings, site Health Safety and Environment (HSE) meetings, 

training and awareness sessions and visual displays in prominent on-site locations 

• clearing will be undertaken in stages and along one front to allow fauna to vacate the area   

• clearing of vegetation will be confined to designated clearing areas only 

• Carnaby’s Cockatoos encountered during construction will be allowed to make their own way from 

the area 

• native animals encountered on site will be given the opportunity to move on if there is no real 

threat to personnel safety 

• vehicles, machinery and personnel will be restricted to designated areas 

• food scraps and other waste will be disposed of in covered waste facilities to ensure that feral or 

other animals are not attracted to the site 

• signs will be installed on internal roads warning of the potential for fauna to be mobile in the area 

• all personnel will be required to observe on-site vehicle speed limits to prevent the likelihood of 

road mortalities 

• active site areas will be inspected each morning during clearing and mining, prior to starting-up 

machinery to ensure fauna may be avoided 

• the feeding of fauna, hunting, or keeping of pets on site will be prohibited 

• incidents involving fauna will be recorded (reported to site Environment staff) 

• fauna across the site will be monitored, in general and targeted towards species of conservation 

significance to be impacted. 

Additional management actions that will be implemented in order to limit impacts on terrestrial fauna are 

outlined in the Fauna Management Plan section of the EMP (Appendix 1). 10.8 Predicted environmental outcomes against environmental objectives, policies, guidelines, standards and procedures 
After application of management mitigation measures described in Section 10.7, the Proposal is expected 

to result in the following outcomes in relation to terrestrial fauna: 

• no loss or significant decline (i.e. 50% or more) in any habitat critical to the survival of any species 

of fauna 

• no loss of conservation significant fauna at species level 

• no loss of important populations of conservation significant fauna. 
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11. Subterranean fauna 11.1 Relevant environmental objectives, policies, guidelines, standards and procedures 11.1.1 EPA objective 
The EPA applies the following objectives to the assessment of proposals that may affect subterranean 

fauna: 

• To maintain the abundance, diversity, geographic distribution and productivity of fauna at species 

and ecosystem levels through the avoidance or management of adverse impacts and 

improvement in knowledge. 11.1.2 Regulatory framework 
Key legislation relevant to the protection of subterranean fauna is the same as for terrestrial fauna 

(Section 10). 

The following EPA position and guidance statements set the framework for identification and assessment 

of impacts to subterranean fauna: 

• EPA Guidance Statement No. 54 ‐ Consideration of Subterranean Fauna in Groundwater and 

Caves during Environmental Impact Assessment in Western Australia (EPA 2003) – provides 

guidance on the information the EPA will consider when assessing proposals where subterranean 

fauna is a relevant factor 

• EPA Draft Guidance Statement No. 54a ‐ Sampling Methods and Survey Considerations for 

Subterranean Fauna in Western Australia (EPA 2007b) – provides guidance on sampling for 

subterranean fauna, including sampling effort, sampling design and ongoing monitoring. 11.2 Potential sources of impact 
Activities or aspects of the Proposal that have the potential to affect subterranean fauna, not considering 

mitigation measures, include: 

• mining – mining will remove potential subterranean fauna habitat and has the potential to result 

in the loss of individual fauna through the extraction of material 

• dewatering and abstraction will reduce the extent of stygofauna habitat, which has the potential 

to cause population fragmentation 

• contamination – hydrocarbons spills and other potential pollutants have the potential to degrade 

the habitat for subterranean fauna through surface or groundwater contamination. 

The exposure of acid sulfate soils that may also impact upon subterranean fauna (through contamination) 

is discussed in Section 12. 11.3 Surveys and investigations 
Tiwest has completed the following investigations to support the Environmental Impact Assessment: 

• Dongara Mineral Sands Project Subterranean Fauna Sampling Programme (Rockwater 2011). 

Rockwater carried out subterranean fauna sampling for the Proposal during 2009 using methodologies 

consistent with the principles outlined in EPA Guidance Statements 54 and 54a (EPA 2003, EPA 2007b).  

Results from the sampling program are outlined in the following sections. 
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11.3.1 Species diversity 
Stygofauna species recorded from the Proposal Area are listed in Table 40.  Of the six species recorded, 

three were also recorded from the Study Area.  As discussed in Section 4.2.6, superficial formations within 

the Proposal Area were considered unlikely to provide suitable voids and cavities capable of supporting 

troglofauna communities and therefore no field investigations for troglofauna were carried out (Figure 19). 

Table 40 Stygofauna recorded from the Proposal Area 

Species 
Recorded from 
Proposal Area (Y/N) 

Recorded from Study 
Area (Y/N) 

Oligochaete worms 

Enchytraeidae sp. [nr sp WAM 2] Y Y 

Harpacticoid copepods 

Parastenocaris sp. B4 Y N 

Parastenocaris sp. B5 Y N 

Parastenocaris sp. Y Y 

Syncarids 

Hexabathynella sp. Y N 

Rotifers 

Bdelloidea sp. Y Y 

Results from the stygofauna investigations indicated that the superficial aquifer within the Proposal Area 

contains a low abundance and diversity of stygofauna when compared to higher yielding karstic habitats 

located closer to the coast (Rockwater 2011).  The superficial formations of the Proposal Area consist 

mainly of sand and clay profiles, which by nature are unlikely to support a high diversity and abundance of 

subterranean fauna.   11.3.2 Species distribution 
Of the three species of stygofauna solely recorded from the Proposal Area, the two harpacticoid copepods 

(Parastenocaris sp. B4 and Parastenocaris sp. B5) are from a stygofaunal group generally considered to 

be widespread.  The syncarid (Hexabathynella sp.) is considered likely to be the same as Hexabathynella 

sp. B2 which was recorded from the Study Area (the specimen was recorded as a juvenile and hence 

could not be identified further). 

It is considered unlikely that any of these three species are restricted to the Proposal Area.  This is further 

supported by limited sampling of the underlying Yarragadee aquifer (which is not restricted to the Proposal 

Area) recording a number of species also recorded from the superficial aquifer.  This suggests that where 

the superficial aquifer is in hydraulic connection with the Yarragadee aquifer, it is possible that local 

stygofaunal populations will be dispersed throughout both (although not abundantly) where suitable habitat 

exists (Rockwater 2011). 11.4 Assessment of likely direct and indirect impacts 11.4.1 Mining 
The mining of resource areas will result in the direct loss of subterranean fauna and their habitat.  With no 

evidence to suggest that the lithology of the superficial formations in the vicinity of the Proposal Area is 

unique (Rockwater 2011), the potential loss of habitat is considered unlikely to be significant.  Furthermore, 

given that none of the species recorded from the Proposal Area are considered to be restricted to the 

Proposal Area (Section 11.3.2), impacts to the status of any of these species are also unlikely to be 

significant. 
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11.4.2 Dewatering 
Dewatering will be required for implementation of the Proposal, mainly for the mining of mineral sand 

deposits which reside below the water table.  This will inevitably result in the loss/fragmentation or 

otherwise decline in additional areas of stygofauna habitat.  Drawdown contours for the Proposal are 

shown in Figure 21 and Figure 22. 

Excluding the three species of stygofauna solely recorded from the Proposal Area (Table 40 and Figure 

19), all other species of stygofauna have been recorded from bores in the Study Area that are located 

outside of the predicted area of significant groundwater drawdown (i.e. areas with a maximum drawdown 

level not exceeding 1.25 m with an average drawdown rate of 0.1 m/yr).  Therefore it is highly unlikely that 

dewatering will result in a significant impact to the status of any of these species of stygofauna.  As 

discussed in Section 11.3.2, the remaining three species of stygofauna are unlikely to be restricted to the 

Proposal Area. 11.4.3 Contamination 
The contamination of surface water or groundwater may occur in the event of inappropriate use or storage 

of hydrocarbons or other hazardous materials.  If the risk of such contamination is managed effectively 

(Section 15.6), impacts to subterranean fauna are unlikely to be significant. 11.5 Potential for and nature of any cumulative impacts 
Given the limited presence of existing mining operations in the region, significant cumulative impacts to 

subterranean fauna are not expected. 11.6 Management measures and performance standards 
The following key management actions will be implemented for the Proposal in order to reduce the 

potential for impacts to subterranean fauna: 

• mine dewatering will be minimised to the level necessary to conduct safe mining 

• rehabilitation and back filling of voids will be conducted progressively to promote groundwater 

flow and reinstatement of near original hydrogeological conditions. 

The risk of contamination will be managed in accordance with those actions outlined in Section 15.6.4. 11.7 Predicted environmental outcomes against environmental objectives, policies, guidelines, standards and procedures 
After application of management mitigation measures described in Section 11.6, the Proposal is expected 

to result in the following outcomes in relation to subterranean fauna: 

• no loss of subterranean fauna at species level 

• no reduction in the distribution range of any species of subterranean fauna. 11.7.1 Residual risk 
No aspects of the Proposal are considered to represent residual risks to subterranean fauna. 
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12. Acid sulfate soils 12.1 Relevant environmental objectives, policies, guidelines, standards and procedures 12.1.1 EPA objective 
The EPA applies the following objectives to the assessment of proposals that may affect environmental 

values (soil and groundwater) through the oxidation of acid sulfate soils.  The objectives specifically relate 

to the management of soil and water quality: 

To ensure that emissions do not adversely affect the environmental values of health, welfare and 

amenity of people and land uses by meeting statutory requirements and acceptable standards.  

To ensure that rehabilitation achieves an acceptable standard compatible with the intended land 

use, and consistent with appropriate criteria. 12.1.2 Regulatory framework 
The EP Act and the Contaminated Sites Act 2003 provide provisions for the Proponent to: 

Control the extent and discharge of dewatering at a site to ensure that soil, groundwater and 

surface water are of an acceptable standard compatible with the intended land use, and 

consistent with appropriate criteria, as well as minimising the risk to human and ecological health.  

This involves identification, recording, management and remediation of contaminated sites and 

acid sulfate soils. Government and industry guidelines 
Regulatory agencies and industry bodies have established guidelines (industry best-practice) to assist 

Proponents achieve acceptable standards for site development.  The Department of Conservation (DEC) 

is the regulatory agency for assessing the management of acid sulfate soils in Western Australia.  The 

DEC has developed a number of guidelines and environmental notes in relation to mining and acid sulfate 

soils, which include: 

• Acid Sulfate Soils Guideline Series: 

• Identification and Investigation of Acid Sulfate Soils (DEC 2009b) 

• Treatment and management of soils and water in acid sulfate soil landscapes (DEC 2011b) 

The Western Australian Planning Commission (WAPC) Planning Bulletin No. 64 Acid Sulfate Soils, 

provides advice on matters that should be taken into account in the development of land that contain acid 

sulfate soils.  The Bulletin provides planning guidelines for acid sulfate soils and refers proponents to the 

Acid Sulfate Soils Guidelines Series, prepared by the DEC, which assist developers and individuals to 

manage development in areas where acid sulfate soils may be affected.  Potential sources of impact 

Activities or aspects of the Proposal that have the potential to affect acid sulfate soils, not considering 

mitigation measures, include: 

• exposure of acid sulfate soil material to oxygen has the potential to generate acid that could 

then be mobilised 

• contamination of soil and/or groundwater through improper handling and/or treatment of acid 

sulfate soil materials 

• inappropriate storage of acid sulfate soil mineral waste has the potential to cause 

contamination through mobilisation of acid.  
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The mobilisation of acid can impact on revegetation programs, and other closure objectives if not managed 

appropriately, and this is discussed in Section . 12.2 Surveys and investigations 
Tiwest has completed the following investigations to support the Environmental Impact Assessment: 

• Geoprocc (2010), Assessment of Acid Sulfate Soils in the Tiwest Dongara Project Area. 12.2.1 Assessment of Acid Sulfate Soils in the Tiwest Proposal Area 
Geoprocc’s (2010) assessment involved desktop and field investigations, as well as field testing and 

laboratory testing.  Included in the field investigations within and around the resource area was sampling of 

cores, field testing for pH and pH after oxidisation, lithological profile assessment, and subsequent 

selection of samples for laboratory analysis – Suspension Peroxide Oxidation Combined Acidity and Sulfur 

(SPOCAS) and metals.  As a part of investigations, groundwater quality results from piezometer and 

existing monitoring bore testing from 2007 was also assessed. 

Geoprocc (2010) concluded the following points from the assessment of all information obtained during 

investigations: 

• elevated peroxide oxidisable sulphur (POS) was found in soils in the Proposal Area, and this was 

associated with clay, linked to elevated iron, aluminium and manganese, but there was no link 

between POS and arsenic 

• within the Zeus deposit area, POS exceeds DEC action criterion in one sample (taken from 1  m 

below the water table) 

• elevated POS (with limited acid neutralising capacity [ANC]) occurs in samples from 3 to 27 m 

below the water table west of the Zeus deposit, and near the water table to the east of the Zeus 

deposit.  Groundwater drawdown is estimated to expose the soils to the east, but not those to the 

west of the Zeus deposit 

• elevated POS (with limited ANC) occurs at between 9 and 19 m below the water table to the west 

of the Heracles deposit, but groundwater drawdown estimations predict that these soils will not be 

exposed 

• observed decreases in pH following peroxidation were not related to POS, and ANC of these soils 

was sufficient to buffer any acid that would be generated 

• titratable actual acidity and exchangeable acidity in surface soils were commonly below action 

criterion 

• concentrations of manganese, nickel, chromium, lead, copper, zinc and arsenic did not exceed 

Health Investigation Levels (HIL) 

• concentrations of arsenic exceeded Ecological Investigation Levels (EIL) in Hades, Demeter and 

Heracles deposits, while nickel exceeded EIL in the Heracles and Dionysus deposits. 

Geoprocc (2010) recommended further investigation of the Zeus deposit be undertaken to manage ASS in 

the Proposal Area, specifically: 

• spatial analysis of areas of elevated POS with the view of potentially avoiding high ASS areas 

• consideration of a liming plan for tailings produced from mining below the water table at the Zeus 

deposit 

• monitoring of drawdown around the Zeus deposit area, with option to lime groundwater entering 

the mine. 

More detailed information on investigations can be found in the Geoprocc (2010) report (Appendix 3).  
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12.3 Assessment of likely direct and indirect impacts 12.3.1 Acid sulfate soils 
Geoprocc (2010) assessed the presence of potentially acid forming materials from cores drilled in and 

around the Zeus, Hades, Heracles, Dionysus, Demeter and Hebe deposits.  Three core samples from 

within and surrounding the Zeus deposit exhibited peroxide oxidisable sulfur (POS) levels exceeding the 

DEC action criterion of 0.03%S.  The three samples that exceeded were recorded at one site in the pit 

(0.06 % at 30m bgl), at one site west of the pit (0.6%S at 33 m bgl) and at one site east of the pit (0.08% at 

12m bgl).  Significant volumes of ASS waste material are unlikely to be encountered, as these sampled 

locations in the pit occur at approximately the maximum depth of the pit.  However, the study recommends 

further evaluation of the potential acidity from tailings of ore mined below the watertable at the Zeus 

deposit. 

Groundwater drawdown may potentially result in acidification of groundwater to the east of the Zeus 

deposit, where elevated POS soil is likely to be exposed.  However, acidic groundwater can be managed 

by recording the inflowing groundwater and treating with neutralising agent as required.  Where 

groundwater pH is observed to decline, lime can be applied to neutralise groundwater.  Once mining 

operations have ceased and groundwater is recharged into the Zeus deposit, any acidification should be 

reversed (Geoprocc 2010).  

Based on the above, it can also be concluded that liming of tailings from the ore mined below the water 

table at Zeus is not necessary, provided ANC is sufficient to maintain a net acidity below 0.02%S. 

An Acid Sulfate Soils Management Plan has been developed for the Proposal, and is included as 

Appendix 1.  12.4 Potential for and nature of any cumulative impacts 
There are no details of proposed developments in the area available to the Proponent.  Any potential for 

cumulative groundwater impacts from other projects is considered unlikely. 12.5 Management measures and performance standards 
Tiwest is committed to undertaking investigations prior to mining and dewatering at the Zeus deposit.  The 

outcomes of the investigation will guide operational management and mitigation. 

Management and mitigation actions are included in the Acid Sulfate Soil Management Plan component of 

the EMP (Appendix 1).  Key measures include: 

• conducting further soil investigations in proximity to the Zeus deposit prior to mining  

• regular monitoring of soil and groundwater to confirm ASS has not been encountered 

• implementing induction and education to make personnel aware of ASS risk within the Proposal 

Area. 

Additional investigations will be conducted at the Zeus area prior to the commencement of mining 

activities, as well as further investigatory drilling in the area surrounding Zeus, to further investigate ASS 

risk as a result of groundwater drawdown.  The investigations will assess the potential liming of tailings 

from the Zeus deposit. 
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12.6 Predicted environmental outcomes against environmental objectives, policies, guidelines, standards and procedures 
After application of management mitigation measures described in Section 6.7 and the Acid Sulfate Soil 

Management Plan, the Proposal is expected to result in the following outcomes in relation to acid sulfate 

soils: 

• excavation and dewatering in the vicinity of the Zeus deposit will be investigated and planned 

• acid generation due to oxidised material will be avoided, or compensated for through acid 

neutralising capacity of the soils 

• outcomes of further investigations into tailings, and around the Zeus deposit, will guide mining of 

Zeus.  
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13. Closure 13.1 Relevant environmental objectives, policies, guidelines, standards and procedures 13.1.1 EPA objective 
In most circumstances, including this assessment, the EPA applies the following objective in its 

assessment of proposals that have a closure component: 

To ensure, as far as practicable, that rehabilitation achieves a stable and functioning landform that is 

consistent with the surrounding landscape and other environmental values. 13.1.2 EPA Statements and Guidelines 
EPA Guidance Statement No. 6 (EPA 2006b) provides guidance on the rehabilitation of terrestrial 

ecosystems following disturbance.  The Guidance Statement states that the key aims of rehabilitation are 

to: 

• ensure the long-term stability of soils, landforms and hydrology required for the sustainability of 

sites 

• partially or fully repair the capacity of ecosystems to provide habitats for biota and services for 

people. 

Actions relevant to rehabilitation planning and design include the identification of relevant rehabilitation 

objectives (in consultation with key stakeholders), as well as the development of clear targets for 

rehabilitation that can be effectively monitored and audited to confirm objectives are achieved.  

Rehabilitated sites should (EPA 2006b): 

• include safe, stable and resilient landforms and soils 

• include appropriate hydrology 

• provide visual amenity 

• retain heritage values 

• be suitable for agreed land uses 

• include resilient and self-sustaining vegetation comprised of local provenance species 

• reach agreed numeric targets for vegetation recovery 

• comprise habitats capable of supporting all types of biodiversity. 13.1.3 Government and industry guidelines 
Regulatory agencies and industry bodies have established guidelines (industry best-practice) to assist 

mining companies achieve acceptable standards of mine closure and rehabilitation.  While there are no 

legislative requirements to adhere to these guidelines, the Proponent subscribes to the intent and advice 

of such guidelines. 

The DMP is the regulatory agency for mining operations in Western Australia.  The DMP has developed a 

number of guidelines and environmental notes in relation to mining and rehabilitation, which include: 

• Guidelines for Preparing Mine Closure Plans (DMP and EPA 2011) 

• Environmental Notes on Mining – Waste Rock Dumps (DMP 2009 – produced by the former 

Department of Industry and Resources) 

• Mine Void Water Resource Issues in Western Australia (Johnson and Wright 2003 – produced by 

the [former] Water and Rivers Commission) 
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• Mining Environmental Management Guidelines, Safe Design and Operating Standards for 

Tailings Storage (DMP 1999). 

Other key government and industry guidelines relevant to mine closure and rehabilitation include: 

• Strategic Framework for Mine Closure (ANZMEC/MCA 2000) 

• Enduring Value – The Australian Minerals Industry Framework for Sustainable Development 

(Minerals Council of Australia 2004) 

• Mine Closure and Completion (Department of Industry, Tourism and Resources [DITR] 2006a) 

• Mine Rehabilitation (DITR 2006b) 

• Best Practice Environmental Management in Mining Series (EPA 1995, Environment Australia 

1998, 2002). 13.1.4 Closure Plan 
A Mine Closure and Decommissioning Plan (Closure Plan) (contained in Appendix 2) has been prepared 

for the Proposal in accordance with the ANZMEC/MCA Strategic Framework for Mine Closure 

(ANZMEC/MCA 2000) and refers to methodology outlined in the DMP/EPA Guidelines for Preparing Mine 

Closure Plans (DMP /EPA 2011) and Leading Practice Sustainable Development in Mining handbooks and 

the Planning for Integrated Mine Closure: Toolkit (ICMM 2008).  

The Closure Plan has been prepared at the planning stage of the Proposal to enable the identification and 

management of closure and decommissioning risks, consistent with 2010 amendments to the Mining Act.  

The Closure Plan builds upon knowledge and experience gained by Tiwest through the existing Cooljarloo 

Mine.  The Cooljarloo Mine, located 140 km south of Proposal, commenced in 1989 is also located on the 

Northern Sandplains and has very similar closure risks to the Proposal due to the similarities in 

environmental setting and mining methodology (it uses both dry and dredge mining).  The implementation 

of progressive rehabilitation at Cooljarloo for over a decade of more than 850 ha of native vegetation has 

provided Tiwest with a significant technical knowledge on the implementation of rehabilitation and closure.  

The feedback from regulators on rehabilitation completion criteria at Cooljarloo have been taking into 

account in this Proposal. 

The Closure Plan identifies closure objectives and the strategies and plans for achieving these objectives.  

In addition, it also highlights areas for further investigation to satisfy gaps in knowledge at a level of detail 

appropriate for the stage of development of the Proposal.  Closure planning is an ongoing process and will 

continue to evolve over time.   13.2 Potential sources of impact 
In recognition of the guidelines in Section 13.1, the potential closure impacts were identified to ensure that 

following mining, the area becomes safe, stable and capable of supporting self-sustaining ecosystems.  

Specifically, the potential impacts addressed are: 

• stability of post-closure landforms unsuitable reconstruction could lead to unacceptable levels 

of erosion preventing the establishment of appropriate biological ecosystems, hazard to humans 

and affect end land uses 

• lack of self-sustaining ecosystems on post-closure landforms from inadequate rehabilitation 

establishment works which could render the site susceptible to introduced species 

• contamination originating from post closure landforms which could provide an ongoing hazard 

to humans and other environmental factors. 
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13.3 Closure planning 13.3.1 End land use 
The Proposal Area is primarily undisturbed UCL that supports native vegetation and is currently used by 

oil/gas operators, apiarists, wildflower pickers and Native Title Claimant Group.  In addition, a portion of the 

mining lease M70/1195, which overlies freehold land, is predominantly cleared and used for agriculture. 

The end land use for the UCL is expected to be the same as the post mining land use.  As such, 

rehabilitation and closure will target the establishment of self-sustaining native vegetation communities 

composed of local endemic species.  Target end landuse will be reviewed regularly throughout the life of 

the project in consultation with key stakeholders.   

The intended end land use of the freehold land is expected to be agriculture and will be determined with 

the landowner.  Given that this is a minor component of the Proposal the rehabilitation of freehold land is 

not addressed in detail for the remainder of this section.  The 115 ha of land proposed for clearing is 

cleared pastoral land and will be returned to pastoral land use post mining in consultation with the 

landowner. 13.3.2 Closure objectives 
The overarching closure objective for the Proposal is to: 

Establish safe and stable landforms supporting a sustainable native ecosystem similar to that which occurs 

in adjacent areas, and which; 

• fulfils designated land uses including conservation, protection of water quality and, where 

appropriate, provides for use by apiarists, native wildflower and seed pickers 

• can be achieved using mining industry current leading practice 

• returns vegetation groups appropriate to the post mining land capabilities and are broadly 

representative of unmined reference sites 

• targets re-establishment of significant flora species  

• provides habitat for local endemic native fauna species with particular focus on species listed 

under the Wildlife Conservation Act 1950 and the Environmental Protection and Biodiversity 

Conservation Act 1999, as of conservation significance (i.e. rare or threatened) 

• is based on the findings of relevant research into the establishment of biodiversity, ecosystem 

function, and sustainability 

• is aligned with Tiwest’s whole-of-lease management and biodiversity offset activities 

• takes into account the views of regulatory authorities, neighbours and all other relevant 

stakeholders 

• results in no unacceptable off-site impacts  

• has management requirements (e.g. maintenance of access tracks, fire control) that are not 

greater than those of areas prior to mining, or where extra management actions may be required, 

a mechanism has been put in place for addressing these 

• is commensurate with the surrounding landscape. 13.3.3 Planning Process 
Tiwest has developed a Closure Plan (Appendix 2that addresses how the mine will be progressively 

rehabilitated and, ultimately closed in order to meet closure objective. The plan will be maintained 

throughout the mine life and formally reviewed with key stakeholders every three years. The plan 

considered both planned and unexpected mine closure. 
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13.3.4 Temporary closure (care and maintenance) 
In the event of unexpected or temporary closure, the site will be made safe by undertaking such activities 

as contouring and backfilling, dams and ponds, to a safe standard, prior to being fenced and mine voids 

are securely demarcated.  Adequate signage will be installed to prevent access by unauthorised 

personnel.  13.4 Closure criteria and implementation strategies 
Preliminary closure criteria, including specific targets (Table 41) and implementation strategies (Section 

13.4.2) have been developed for the key elements of the Proposal.  These set out the means by which 

Tiwest will achieve the closure objective.  The Closure implementation strategies utilise existing knowledge 

(regarding the site and also available from Cooljarloo and other relevant sources) to address anticipated 

project risks to achieving the desired final land uses via the most suitable and realistic approach.  The 

closure implementation strategies are described for each project domain (a portion or group of segments 

of the Proposal area that contain common activities) in Section 13.4.2.  13.4.1 Closure criteria  
Table 41 Preliminary closure criteria 

Factor  Management objective Target 

Final land use Construction of landforms that 
are stable, free draining, non-
polluting, aesthetically 
compatible with the surrounding 
landscape and capable of 
supporting the end land use. 

All slopes are designed to ensure reconstructed landform 
can withstand 1:100 year rainfall event. 

Reconstructed landforms and drainage lines are tied into 
pre disturbed topography (step up or step down between 
rehabilitation and pre-existing landform is no steeper than 
1:12 and drainage is maintained).  

Absence of channelised flow resulting in gullies greater 
than 30 cm deep and 25 cm wide (excepting specifically 
constructed drainage lines) at, and leading up to, 3 years 
post rehabilitation works. 

Soil profiles in the post mining landscape are capable of 
supporting the end land use:  

• upper soil profile to comprise Class 16 material. The 
minimum depth of Class 1 material on sloping (steeper 
than 1:100) areas is 1 m and 0.3 m on non-sloping/low 
lying areas. 

• lower soil profile to comprise either Class 1 or Class 2 
material. The combination of the upper profile and 
lower profile is >3 m on all sloping (steeper than 1:100) 
native areas and >2 m on all non sloping areas. 

No contaminated sites (as defined by the Contaminated 
Sites Act 2003) requiring ongoing management beyond 
five years post-closure.  

                                                           
6

 Defining Class 1, 2, 3 Materials: Materials are characterised prior to placement to ensure the soil profiles are 
constructed as planned and unstable dispersive soils are treated or buried at depth as required.  Materials are classified 
according to particle size distribution (clays %), exchangeable sodium percentage, aggregate stability and dispersion 
percentage.  There are four classes of material characterised prior to reconstruction of the soil profile:  
Topsoil – Distinguished by colour change indicating horizon change 
Class 1 – Sandy stable material used in the upper or lower soil profile 
Class 2 – Stable sandy material with a higher clay content used in the lower soil profile 
Class 3 – Material that is deemed to be unsuitable for use in the upper profile due to such factors as instability due to 
the presence of dispersive clays. 
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Factor  Management objective Target 

Groundwater  Final groundwater quality (in 
relation to level of contaminants 
present) does not pose an 
unacceptable risk to users. 

Groundwater availability is 
sufficient to maintain dependent 
ecological communities and 
land users.   

Removal and decommissioning of groundwater wells 
unless otherwise agreed with DOW. 

Groundwater quality results do not indicate unacceptable 
contamination, as per the Contaminated Sites Act 2003. 

Groundwater levels affected by the Proposal demonstrate 
recovery (i.e. commensurate with pre-mining or control 
trends or demonstrably trending to that). 

Relinquishment  Proposal Area is successfully 
relinquished for final land use. 

Agreement with stakeholder regarding final land use. 

Heritage  Cultural, historical, and 
archaeological heritage values 
in the Proposal Area are 
maintained. 

No sites are disturbed without appropriate permissions/ 
permits (both site specific and legislative permissions and 
permits). 

Biodiversity  Establishment of self-sustaining 
vegetation / habitats (composed 
of local provenance species) 
consistent with reconstructed 
landforms, soil profiles, and 
surrounding vegetation, that is 
suitable for the support of the 
future land use option.  

Establish self-sustaining vegetation communities (taking 
into account agreed post mining land use): 

• The community types in rehabilitated areas broadly 
represent those present in pre-disturbance 
environment (i.e. include dry and wet woodlands and 
dry and wet heaths) and are located appropriately 

• Species richness ≥60% of mean recorded in reference 
sites for same vegetation group 

• Total projected foliage cover is 50% of mean recorded 
in reference sites for the same vegetation group 

• All key structural components are present (e.g. trees 
for woodlands, perennial shrubs, grasses, sedges etc). 

Declared Weeds are not present and total combined 
projected foliar cover of other weeds is not significantly 
greater than that measured in reference plots. 

Rehabilitation is suitable for 
fauna colonisation. 

Trees/shrub species Banksia attenuata, Banksia 
menziesii, Banksia prionotes as well as other species from 
genera Hakea, Grevillia, Allocasuarina, and Eucalyptus 
(where applicable) are included in native seed mixes at 
appropriate densities to provide a feeding resource for 
Carnaby’s Black-Cockatoo. 

 

Upper soil profile is of sufficient depth (>300 mm) and with 
Class 1 properties (sandy and non-hard setting) to provide 
habitat suitable for burrowing species.  

 

Key fauna habitat characteristics are present in 
rehabilitation, including a developing soil profile, vegetation 
structure, a diversity of flowering species and a developing 
litter layer. 

Rehabilitation is sustainable and 
resilient to fire, disease and 
drought. 

Rehabilitation will regenerate following burning.  

 

Soil nutrient resources are sufficient to support the end 
land use. Nutrient cycling processes (e.g. litter breakdown) 
have developed in soil profiles  

Contaminated 
drainage  

Ensure all identified or 
potentially acidic forming 
material is suitably contained to 
prevent contamination of soil, 
surface water and groundwater. 

Acidic and PAF materials are contained on site, or 
otherwise treated such that they do not pose an ongoing 
contamination issue.  
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Factor  Management objective Target 

Public health, and 
safety 

Site is left in a condition where 
the risk of adverse effects (to 
people, livestock, other fauna 
and the general environment) is 
reduced to a level acceptable to 
stakeholders. 

Buildings and signage are removed  

Excavations are filled 

Mine voids are securely demarcated (for 
unexpected/temporary closure only). 

Drill holes and wells are securely capped, filled or 
otherwise made safe 

Rubbish is removed from the site, or encapsulated within 
waste dumps and landfills (if environmentally appropriate 
to do so) 

Visual amenity  Final landforms are compatible 
with the surrounding landscape. 

Post mining profile is integrated into the surrounding 
undisturbed landscape (i.e. no step up or down >1:12 
slope to height ratio). 

Post mining land surface will be within vegetation cover 
and species richness  targets 

Soil  Soils are able to support the 
targeted ecosystem. 

Soils contamination is not at or 
above background levels that 
presents a risk to human or 
ecosystem health.  

Compliance with the Contaminated Sites Act 2003. 

 13.4.2 Closure strategies  
The closure strategy uses progressive mine rehabilitation to ensure that closure criteria can be achieved 

as soon as possible after the completion of mining.  Progressive mine rehabilitation involves the 

rehabilitation of land disturbed throughout the life of the mine.  Progressive rehabilitation is achieved by 

backfilling mined out pits with sand, clay and overburden from active mining areas as the mining operation 

advances.  Sand and clay materials (tails) are returned to the mine void via a combination of co-disposal of 

both sand and clay or separately following drying of the clay minerals.  Tiwest successfully employs 

progressive mining and rehabilitation techniques for both dredge and dry mining, at the Cooljarloo 

Operation.  

By returning overburden and tailings progressively into the mine pit this approach reduces the total area 

disturbed at any one time.  In addition to limiting the size of the pit that is ‘open’, and the size of 

overburden dumps, this method enables rehabilitation work to start as soon as possible.  After backfilling, 

the area is contoured commensurate with surrounding landforms and drainage patterns.  This method also 

ensures that final mine voids are not required.   

Progressive rehabilitation also makes the best use of available material for rehabilitation.  The sequence of 

materials is controlled to ensure that soil profiles are stored and returned appropriate to the final land use.  

In the case of resources, such as topsoil and mulch, undertaking rehabilitation throughout the project life 

offers significant opportunities to minimise storage times and thereby maximise their viability, diversity and 

availability.  

To ensure the ongoing stability of the landforms, all mine voids will be backfilled to or above maximum 

seasonal groundwater levels, or pre-disturbance contours.  This will be able to be achieved due to the fact 

that following excavation, ore and overburden typically swell in volume by around 16%.   

Prior to use in landform reconstruction, materials will be characterised to ensure they are suitable for their 

intended final position within the landform and soil profile.  The rehabilitation of the post-mining surface 

generally involves the ripping of soil profiles to relieve compaction formed during landform reconstruction 

activities and then placement of topsoil of the ripped surface.  The site will then be stabilised with mulch, 

cover crop and/or other means and then seeded with local provenance flora species.  
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Overburden dumps  
Although using progressive pit rehabilitation decreases the need for out of pit overburden dumps, the 

establishment of overburden dumps will still be required.  Overburden dumps will be required following the 

clearing of a mining area, to store the initial overburden removed outside the pit.   

The majority of the overburden dumps will be temporary, however, due to the swelling of the material 

during excavation there will be an excess of material over the mine life and some permanent dumps will 

remain.  Temporary dumps will be returned to pit voids using truck and shovel method.  Both backfilled pits 

and permanent overburden dumps will re-contoured to meet the agreed completion criteria, in particular to 

provide geotechnically stable landforms with the ability to support revegetation targets.   

Overburden will be characterised and material movement planned, to maximise the availability of pre-

disturbance upper soil materials (Class 1 materials) for use in the rehabilitated landform. Solar drying cells 
Where possible solar drying cells will be located in the footprint of the mine voids prior to or post mining.  

Those cells that are not excavated to return the contained materials to the mine void, will be ripped to 

provide for drainage/infiltration and covered with Class 1 material at depths appropriate to the landform 

situation.   Miscellaneous disturbance areas (roads, etc) 
All other areas disturbed for miscellaneous infrastructure will be rehabilitated following the removal of 

infrastructure.  This will involve land forming and re-contouring of the site, ripping to relieve compaction 

and covering the location with topsoil and stabilisation with mulch, cover crop and/or other means and then 

seeding. 13.5 Assessment of key risks to successful closure 
The end land use for the majority of the Proposal Area is native vegetation.  In order to achieve this end 

land use post-closure planning needs to: 

• design landforms that are stable in terms of the re-establishment of soil profiles that do not 

significantly increase the potential for erosion 

• recreate a landform that is capable of supporting self-sustaining ecosystems 

• create a landform that is free of ongoing contamination.  13.5.1 Landform stability  
To achieve ongoing stable landforms closure planning must consider soil profiles in terms of their 

characteristics and how they function within the soil/landform/ecological system, as well as landform 

contours.  

Re-establishing appropriate soil profiles is critical to support self-sustaining vegetation.  This requires 

ensuring soil characteristics, such as its capacity for moisture infiltration and retention, particle stability 

(e.g. aggregate stability) and the potential for hard-setting layers are addressed.  Changes to infiltration 

rates can alter moisture retention and availability in the soil, which has the potential to affect the growth of 

native vegetation.  Hard-setting layers can also restrict root growth also the re-establishment of native 

vegetation.  The failure to re-establish sufficient vegetation cover can also result in unacceptable soil 

erosion in the long-term.   
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To ensure the successful re-establishment of soil profiles in rehabilitated areas the key strategies identified 

are: 

• characterising all materials for use in landform reconstruction  according to key characteristics 

• planning for their appropriate use (placement) within the reconstructed landform such that results 

soil profiles and landforms meet completion criteria (described in Table 41) 

• establishing landforms using practices that minimise compaction and disturbance of the soils 

fabric (although this is largely unavoidable).  

The re-contouring of post-closure landforms, mulching and re-establishment of vegetation will prevent the 

post-closure landforms from being susceptible to unacceptable erosion and will assist in the achievement 

of stable landforms.   

Creating landforms that are compatible with surrounding areas that comprise broadly comparable soil 

profiles (in terms of their key functional characteristics) Tiwest will ensure that the areas are stable and 

capable of supporting appropriate ecology.  13.5.2 Self-sustaining ecosystems 
In addition to creating landforms that are physical capable of supporting appropriate biological systems it is 

also necessary to sufficiently re-establish these systems to ensure that they will be self-sustaining.    

Rehabilitation of disturbance also prevents the invasive of introduced species, which can dominate 

biological systems if native systems are not successfully re-established following closure.  This helps to 

preserve floristic and zoological diversity. 

The key measures to ensuring self-sustaining ecosystems are developed are: 

• preserving and applying high quality topsoil resources 

• stabilising re-spread top soil with mulch, cover crop  

• collecting sufficient seed of local provenance flora species 

• spreading seed with local provenance flora species as appropriate with surrounding and pre-

disturbance vegetation communities. 

• relevant success targets to measure if criteria have been achieved (as shown in Table 41). 

The use of top soil, mulch and local provenance seed will ensure these targets are achieved and the 

Proposal are meets the end land use of native vegetation and provide habitat for fauna.   13.5.3 Ongoing contamination 
In addition to establishing self-sustaining native ecosystem, successful rehabilitation requires that the site 

does not provide a source of ongoing contamination.  Potential ongoing contamination sources could be 

from ASS, hydrocarbons and general waste.  The Proposal does not involve establishing a waste dump on 

site and all waste will be transport to appropriate landfill facilities. 

Inappropriate waste and/or ASS management have the potential to cause contamination post closure, 

which has the ongoing potential to affect human land use and the sustainability of biological systems.  The 

relevant completion criteria for this potential impact are: 

• ensure all identified or potentially acidic forming material is suitably managed (i.e. avoided, 

contained or treated) to prevent contamination of soil, surface water and groundwater. 

• site is left in a condition where the risk of adverse effects (to people, livestock, other fauna and 

the general environment) is reduced to a level acceptable to stakeholders. 
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There will be no landfill on-site and waste and hydrocarbons will be handled in accordance with the Waste 

Management Plan and Hydrocarbons and Hazardous Materials Management Plan (both included in the 

EMP, Appendix 1).  The key management measures included in the Waste Management Plan are: 

• ensuring that all domestic and non-process waste (with the exception of inert materials) are sent 

off-site to licensed landfill facilities 

• implementing an ongoing waste monitoring program, including spills and leaks, litter/rubbish, 

chemicals and effluent  

• implementing spill response procedures in the event of hydrocarbons spills 

• reporting all contaminated sites to the DEC. 

The key management measures included in the Hydrocarbons and Hazardous Materials Management 

Plan are: 

• hydrocarbon and hazardous material storage will be designed/constructed to protect storage and 

containment areas from stormwater ingress. 

• minor storage (<500 litres) will be secondarily contained in bunded areas or chemical storage 

cabinets and bulk liquid transfer points will be fully bunded 

• all bulk fuel tanks and mobile refuelling vehicles will be fitted with auto-shut-off valves or other 

appropriate devices to prevent overfilling. 

After the application of management measures the potential for waste, ASS or hydrocarbons to produce 

ongoing contamination of the Proposal Area after closure is unlikely.   

Although only a minor area of potential ASS has been recorded in the Proposal Area (and not within the 

Disturbance Boundary) an ASS Management Plan (included in the EMP, Appendix 1) has been prepared.  

The key management measures included in the ASS Management Plan are: 

• undertaking a risk assessment prior to disturbance and undertaking further testwork as required 

• undertaking regular soil and groundwater monitoring to be undertaken to confirm ASS has not 

been encountered 

• reporting any contamination as an environmental incident. 

The potential for ASS to cause ongoing contamination of the Proposal Area after closure is considered 

unlikely after the application of management measures.  It is therefore considered unlikely that the 

Proposal will result in ongoing contamination of the Proposal after closure. 13.6 Potential for and nature of any cumulative impacts 
There are no details of other proposed developments of relevance to this factor/aspect in the area 

available to Tiwest.  Any potential for cumulative impacts from other projects is considered unlikely.  13.7 Predicted environmental outcomes against environmental objectives, policies, guidelines, standards and procedures 
After application of management and mitigation measures described in the EMP (Appendix 1), and CMP 

(Appendix 2), the Proposal is expected to result in the following outcomes: 

• progressive rehabilitation of all disturbed areas 

• no ongoing contaminated sites 

• the establishment of biological systems that are consistent with surrounding vegetation 

• rehabilitated sites achieve end land use of native vegetation. 
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14. Matters of National Environmental Significance impact 
assessment 

The Proposal has the potential to affect the following MNES: 

• threatened species 

• migratory species. 

The EPBC Act objectives are to: 

• provide for the protection of the environment, especially MNES 

• promote ecologically sustainable development through the conservation and ecologically 

sustainable use of natural resources 

• control the international movement of wildlife, wildlife specimens and products made or derived 

from wildlife. 14.1 Relevant environmental objectives, policies, guidelines, standards and procedures 14.1.1 Australian Government protection 
The EPBC Act protects species listed under Schedule 1 of the Act.  In 1974, Australia became a signatory 

to the Convention on International Trade in Endangered Species of Wild Fauna and Flora (CITES).  As a 

result, an official list of endangered species was prepared and is regularly updated.  This listing is 

administrated through the EPBC Act.  The current list differs from the various State lists; however, some 

species are common to both. 

The EPBC Act aims to prevent significant impacts occurring to MNES, including threatened species 

through assessment of proposed actions against the Matters of National Environmental Significance: 

Impact Guidelines 1.1 Environment Protection and Biodiversity Conservation Act 1999  (DEWHA 2009).   14.1.2 International agreements 
Australia is party to the Japan-Australia (JAMBA), China-Australia (CAMBA) and Republic of Korea-

Australia (ROKAMBA) Migratory Bird Agreements.  Most of the birds listed in these agreements are 

associated with saline wetlands of coastal shorelines and have little relevance to the Proposal; however, 

some migratory birds not associated with water are also listed on these international treaties. 14.2 Potential sources of impact 
Activities or aspects of the Proposal that have the potential to affect MNES, not considering mitigation 

measures, include: 

• clearing – clearing of vegetation will directly reduce the extent of vegetation communities, 

including any threatened species of flora or fauna which may be present 

• dewatering and abstraction will lower ground water levels in proximity to the pits and may affect 

groundwater-dependent vegetation including any threatened species of flora or habitat for 

threatened species of fauna 

• vehicles and earthworks – vehicle movements and earthworks have the potential to introduce 

and spread weed species and dieback into adjacent vegetation/habitat. 
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14.3 Surveys and investigations 
Tiwest has completed the following investigations to support the Environmental Impact Assessment: 

• flora field surveys, discussed in detail in Section 4.2.2  

• flora and vegetation impact assessment 

• fauna assessment. 

Additional targeted surveys for Paracaleana dixonii are planned for late spring/early summer 2011-12.  

Additional targeted surveys for the Western Ground Parrot (Pezoporus wallicus flaviventrus) are planned 

for pre-mining, during mining and post-mining. 14.3.1 Flora field surveys 
Flora taxa recorded in field surveys of the Study Area which are listed as MNES under the EPBC Act 

include: 

• Paracaleana dixonii (Endangered) 

• Stawellia dimorphantha (Vulnerable). 14.3.2 Flora and vegetation impact assessment 
A flora and vegetation impact assessment (including MNES) was completed for the Proposal 

(Woodman 2011) and covered the following: 

• quantification of the likely and potential impact of the Proposal on flora and vegetation of the area 

• assessment of the significance of likely and potential impacts to flora and vegetation values at 

local and regional levels 

• discussion of the indirect impact of the Proposal on flora and vegetation values in terms of 

potential impacts from groundwater drawdown, introduction of dieback, weeds and dust. 14.3.3 Fauna assessment 
The Bamford (2012) investigation included a literature review, a site visit and two field surveys for the 

Proposal, consistent with a Level 2 survey (i.e. desktop study, reconnaissance and detailed survey) in 

accordance with EPA Position Statement No. 3 (EPA 2002a).  The following species of fauna listed as 

MNES under the EPBC Act were recorded from the Proposal Area: 

• Carnaby's Cockatoo (Calyptorhynchus latirostris) – Endangered 

• Rainbow Bee-eater (Merops ornatus) – Marine, Migratory (JAMBA). 

The following species were identified as having the potential to occur in the Proposal Area: 

• Western Ground Parrot (Pezoporus wallicus flaviventrus) – Endangered, Migratory (JAMBA) 

• Western Spiny-tailed Skink (Egernia stokesii badia) – Endangered 

• Malleefowl (Leipoa ocellata) – Vulnerable, Migratory (JAMBA) 

• Great Egret, White Egret (Ardea alba) – Marine, Migratory (JAMBA, CAMBA) 

• Cattle Egret (Ardea ibis)–Migratory (JAMBA, CAMBA)  

• White–bellied sea eagle (Haliaeetus-leucogaster)–Marin, Migratory (CAMBA) 

• Fork-tailed Swift (Apus pacificus) – Marine, Migratory (JAMBA, CAMBA, ROKAMBA). 

A number of additional targeted fauna surveys were also carried out for the Proposal by Bamford (2008a & 

2008b) with details of these provided in Section 4.2.5. 
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14.4 Assessment of likely direct and indirect impacts 
The following sections discuss each of the Matters of NES listed in Sections 14.3.1 to 14.3.3 in terms of 

occurrence, threats, conservation programs and potential impacts. 14.4.1 Paracaleana dixonii (Endangered) Occurrence 
Paracaleana dixonii is a tuberous, perennial herb growing to between 10 and 20 cm tall with yellow-brown 

flowers that emerge in late spring/early summer (DEC WAHerb 2011).  It occurs in grey sand over granite 

or laterite and has a fragmented distribution range of approximately 250 km between Moore River National 

Park in the south and the Proposal Area in the north (Woodman 2009).  A total of five populations of the 

species were recorded within the Study Area comprising a total of 69 individuals.  This represents 

approximately 50% of the total number of populations and individuals of the currently known species 

(145 individuals from 12 locations) (Woodman 2011). 

P. dixonii was recorded from FCTs 5a and 6c. Threats 
Current threats to the species predominantly relate to disturbance due to clearing, grazing or edge effects 

(e.g. weed invasion).  Three of the populations of the species are located on secure tenure (nature 

reserves or national parks) but the remainder are located on mining leases, private property, railway/road 

verges or unknown tenure (Woodman 2008b).  The species flowers more profusely following summer fire, 

but burning may be detrimental if it occurs during the plant’s growing period (i.e. May to December) 

(Patrick & Brown 2001).  Susceptibility of the species to dieback is unknown but thought to be low (Patrick 

& Brown 2001).   Conservation programs 
No conservation programs are currently in place for the species. Potential impact 
No direct impacts to P. dixonii are expected to be caused by the Proposal as the mine layout has been 

specifically designed to avoid any individuals recorded in the Proposal Area.  The total extent of 

disturbance to the FCTs the species was recorded from is 1056 ha or 8.2% of the FCTs total area 

(Table 36). 

A detailed assessment of impacts to P. dixonii against the SEWPaC significant impact criteria for species 

listed as Endangered (DEWHA 2009) is provided in Table 42. 

Table 42 Assessment of impacts to P. dixonii  

No. SEWPaC significant impact criteria Assessment 

1 Lead to a long-term decrease in the size of a 
population. 

Unlikely; no known individuals to be impacted. 

2 Reduce the area of occupancy of the species. Unlikely; no known individuals to be impacted. 

3 Fragment an existing population into two or more 
populations. 

Unlikely; no known individuals to be impacted. 

4 Adversely affect habitat critical to the survival of a 
species. 

Unlikely; low impact to FCT habitat area within the 
Study Area. 

5 Disrupt the breeding cycle of a population. Unlikely; no known individuals to be impacted. 

6 Modify, destroy, remove, isolate or decrease the 
availability or quality of habitat to the extent that the 
species is likely to decline. 

Unlikely; low impact to FCT habitat area within the 
Study Area. 
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No. SEWPaC significant impact criteria Assessment 

7 Result in invasive species that are harmful to a 
critically endangered or endangered species 
becoming established in the endangered or critically 
endangered species’ habitat. 

Unlikely; weed hygiene to be carried out in 

accordance with the EMP (Appendix 1). 

8 Introduce disease that may cause the species to 
decline. 

Unlikely; dieback hygiene to be carried out in 

accordance with the EMP (Appendix 1); no known 
diseases of this taxon. 

9 Interfere with the recovery of the species. Unlikely; no known individuals to be impacted. 14.4.2 Stawellia dimorphantha (Vulnerable) Occurrence 
Stawellia dimorphantha is a stilt rooted perennial herb growing to 0.2 m high with purple/cream flowers that 

appear from June to November (DEC WAHerb 2011).  It is known from 34 populations between Dongara 

and Eneabba with the total number of individuals of the species estimated to be more than 50 000 

(SEWPaC 2008).  The species was previously listed as DRF in WA under the WC Act, but is currently 

considered to be rare but not threatened and was recently downgraded to a Priority 4 species. 

S. dimorphantha was recorded from FCTs 3, 4, 5a, 5b, 16a, 16b and 17a. Threats 
The main potential threats to S. dimorphantha include inappropriate fire regimes, weeds, clearing for sand 

mining and firebreaks, and dieback.  The species generally responds well to disturbance, with good post-

fire regeneration from seed and good regeneration from cleared areas where topsoil remains (Patrick & 

Brown 2001). 

A total of 16 populations of the species are located on secure tenure being the Yardanogo and Lake Logue 

Nature Reserves (Woodman 2009). Conservation programs 
No conservation programs are currently in place for the species. Potential impact 
A considerable proportion of the individuals (423) of S. dimorphantha recorded from the Study Area will be 

impacted by the Proposal due to clearing and groundwater drawdown.  Of the 423 individuals 

approximately 67% (284 individuals) will be impacted.  A detailed assessment of impacts to 

S. dimorphantha against the SEWPaC significant impact criteria for species listed as Vulnerable 

(DEWHA 2009) is provided in Table 43. 

Table 43 Assessment of impacts to S. dimorphantha 

No. SEWPaC significant impact criteria Assessment 

1 Lead to a long-term decrease in the 
size of an important population. 

Unlikely; 55.2% of known individuals within the Study Area are to be 
impacted by the Proposal but the taxon is likely to be more 
widespread throughout the Study Area with approximately 95% of 
the species FCT habitat areas to remain. 

2 Reduce the area of occupancy of an 
important population. 

Unlikely; the taxon distribution will remain within the Proposal Area. 

3 Fragment an existing important 
population into two or more 
populations. 

Unlikely; Disturbance Boundary is relatively localised. 

4 Adversely affect habitat critical to the 
survival of a species. 

Unlikely; low impact to FCT habitat area within the Study Area with 
approximately 95% to remain. 
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No. SEWPaC significant impact criteria Assessment 

5 Disrupt the breeding cycle of an 
important population. 

Unlikely; the species should easily be able to continue reproducing 
given 139 locations will remain unaffected within the Study Area.  
Implementation of fire management measures identified in the EMP 

(Appendix 1) should also prevent inappropriate fire regimes 
disrupting any future breeding cycles. 

6 Modify, destroy, remove, isolate or 
decrease the availability or quality of 
habitat to the extent that the species is 
likely to decline. 

Unlikely; low impact to FCT habitat area within the Study Area with 
approximately 95% to remain. 

7 Result in invasive species that are 
harmful to a vulnerable species 
becoming established in the 
vulnerable species’ habitat. 

Unlikely; weed hygiene to be carried out in accordance with the EMP 

(Appendix 1). 

8 Introduce disease that may cause the 
species to decline. 

Unlikely; dieback hygiene to be carried out in accordance with the 

EMP (Appendix 1). 

9 Interfere substantially with the 
recovery of the species. 

Unlikely; no recovery plans/conservation programs are currently in 
place for the species. 14.4.3 Calyptorhynchus latirostris (Carnaby's Cockatoo) (Endangered)  Occurrence 

Carnaby’s Cockatoo is a large, mostly black cockatoo usually observed in small groups but occasionally 

congregates in large flocks of hundreds of birds.  The species is endemic to the southwest of Western 

Australia, occurring between Kalbarri to the northwest and Cape Arid in the southeast, extending inland 

into the wheatbelt.  The species is relatively long-lived, and understood to be capable of living for at least 

21 and up to 60 years.  Population estimates have ranged from between less than 10 000 and up to 

60 000 birds although it is estimated that population sizes have declined by at least 50% over the last 

45 years (SEWPaC 2011).   

Carnaby’s Cockatoo breeds between early July to mid-December mainly in wheatbelt areas between 

Three Springs and the Stirling Ranges; although breeding has also been recorded from the Swan Coastal 

Plain.  Individuals do not begin to breed until at least four years of age when adults pair and mate for life.  

Females normally lay a clutch of two eggs, or more rarely one, with nestlings brooded by both parents.  

Evidence suggests that in most cases only one nestling is successfully fledged with the second nestling 

normally dying within 48 hours of hatching.  Importantly, breeding success is largely dependent upon 

suitable feeding habitat being located within close proximity of the nest site in order to provide the 

necessary food for nestlings to survive (SEWPaC 2011). 

Carnaby’s Cockatoo require three key habitat types; nesting habitat, foraging habitat and roosting habitat.  

Required nesting habitat consists of hollows of smooth-barked eucalypts, especially Salmon Gum 

(Eucalyptus salmonophloia) and Wandoo (Eucalyptus wandoo), but nests have also been found in hollows 

of other eucalypts including York Gum (Eucalyptus loxophleba), Flooded Gum (Eucalyptus rudis), Tuart 

(Eucalyptus gomphocephala) and the rough-barked Marri (Corymbia calophylla).  In terms of foraging 

habitat, the species mainly feeds in areas of native vegetation on proteaceous shrubs (e.g. Banksias, 

Hakeas, Grevilleas) in kwongan heathlands.  It is also regularly observed feeding on non-natives such as 

Pines (Pinus radiata) as well as on insects and insect larvae from under the bark and from the wood of live 

and dead trees and shrubs.  Roosting habitat is required during non-breeding periods for protection whilst 

the species rests at night.  Tall native or introduced eucalypts or pines (Pinus radiata or Pinus pinaster) 

near food and water resources are most often utilised as roosting sites with sites commonly revisited over 

a number of years (SEWPaC 2011). Results of targeted fauna surveys and monitoring programs 
A large flock of Carnaby’s Cockatoos was regularly seen feeding in heathland areas of the Proposal Area 

during fauna surveys carried out by Bamford (2012).  As a result, the vast majority of the Proposal Area 

can be considered to constitute Carnaby’s Cockatoo foraging habitat.   
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A number of potential nesting sites were identified in the vicinity of the Proposal Area (Tiwest 2010a) 

(Figure 33).  However, absence of the species during breeding periods suggests that the Proposal Area 

does not support any suitable breeding habitat (Bamford 2012). Threats 
The main threats to Carnaby’s Cockatoo are loss and fragmentation of habitat as a result of clearing and 

dieback.  This relates to the need for the species to move sequentially throughout the landscape, utilising 

different habitats at different times of the year (SEWPaC 2011). Conservation programs 
The WA DEC has an approved recovery plan in place for Carnaby’s Cockatoo (Cale 2003).  This plan 

identifies a number of recovery actions for the species including: 

• habitat management within priority areas 

• management of feeding habitat in non-breeding areas 

• population monitoring 

• community involvement 

• captive-breeding programs. Potential impact 
The vast majority of the Disturbance Boundary for the Proposal constitutes Carnaby’s Cockatoo foraging 

habitat.  A detailed assessment of impacts to Carnaby’s Cockatoo against the SEWPaC significant impact 

criteria for species listed as Endangered (DEWHA 2009) is provided in Table 44. 

Table 44 Assessment of impacts to Carnaby’s Cockatoo  

No. 
SEWPaC significant impact 
criteria 

Comment 

1 Lead to a long-term decrease 
in the size of a population. 

Clearing activities are unlikely to result in the direct loss of any individuals 
due to the mobile nature of the species and the lack of nesting habitat in the 
area.  Disturbance to native vegetation from the Proposal may lead to a 
decline in the size of a local population due to a reduction in foraging habitat 
and associated reduction in food availability.  This reduction however is less 
than 10% of the Study Area (the Study Area also exhibits native vegetation 
which constitutes foraging habitat).   

2 Reduce the area of occupancy 
of the species. 

Carnaby’s Cockatoo is relatively widespread throughout the south west of 
WA.  The Proposal Area is located near the edge of the known distribution 
range of the species; however, large stands of remnant native vegetation 
capable of supporting the existing population still remain in the surrounding 
landscape.  These areas of vegetation are also highly connected.  As a 
result, while clearing for the Proposal will reduce the area of habitat, the area 
of occupancy of the species will not be reduced and existing populations will 
not be fragmented. 

3 Fragment an existing 
population into two or more 
populations. 

4 Adversely affect habitat critical 
to the survival of a species. 

The majority of the Proposal Area contains foraging species suited to 
Carnaby’s Cockatoo.  Foraging habitat is critical to the survival of the species 
in breeding areas (for rearing chicks) but generally less so in non-breeding 
areas.  The Proposal Area is located in a non-breeding area. 

5 Disrupt the breeding cycle of a 
population. 

No potential nesting sites are located within the clearing footprint 

(Figure 33).  Furthermore, the species was not observed in the area during 
breeding periods suggesting it does not breed nearby.  It is therefore highly 
unlikely that the Proposal Area is currently used by the species for breeding. 

6 Modify, destroy, remove, 
isolate or decrease the 
availability or quality of habitat 
to the extent that the species 
is likely to decline. 

Refer criteria 1 – 4. 
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No. 
SEWPaC significant impact 
criteria 

Comment 

7 Result in invasive species that 
are harmful to a critically 
endangered or endangered 
species becoming established 
in the endangered or critically 
endangered species’ habitat. 

As discussed in Sections 9.5.2 and 10.5.3, the Proposal may result in an 
increased prevalence of both weeds and feral animals.  With the 
implementation of appropriate management measures (Sections 9.7 & 10.7), 
any impacts to the species are not expected to be significant. 

8 Introduce disease that may 
cause the species to decline. 

As discussed in Section 9.5.2, the Proposal may result in the introduction of 
dieback which could result in the loss of foraging habitat.  With the 
implementation of appropriate management measures (Section 9.7), any 
impacts to the species are not expected to be significant. 

9 Interfere with the recovery of 
the species. 

Unlikely; although the recovery plan for the species targets management of 
feeding habitat in non-breeding areas, specific management actions are only 
identified for land managed by DEC. 14.4.4 Merops ornatus (Rainbow Bee-eater) (Marine, Migratory)  Occurrence 

The Rainbow Bee-eater is a medium-sized bird that mainly feeds on insects including bees and wasps.  It 

has a widespread distribution throughout mainland Australia with complex movement patterns.  Southern 

Australian populations migrate north after breeding to escape the southern winter, while northern 

Australian populations are present throughout the year and are considered resident.  Although not 

quantified, the greater population size is assumed to be reasonably large with little evidence documented 

of population decline (SEWPaC 2011). 

The Rainbow Bee-eater mainly occurs in open forests and woodlands, shrublands and various cleared or 

semi-cleared habitats.  It also occurs in inland and coastal sand dune systems and in mangroves in 

northern Australia.  Mating pairs create nests in a long burrow or tunnel that they excavate in flat or sloping 

ground, in the banks of rivers, creeks or dams, in roadside cuttings, in the walls of gravel pits or quarries, 

in mounds of gravel, or in cliff-faces (SEWPaC 2011). Results of targeted fauna surveys and monitoring programs 
Rainbow Bee-eaters were recorded from Mt Adams Road, west of the Proposal Area (Bamford 2012).  

Therefore it is highly likely that the species occurs in the Proposal Area. Threats 
Very few threats to the Rainbow Bee-eater have been identified with predation of eggs/young or 

displacement of nesting sites by cane toads (Bufo marinus) the main threat identified at present.  Predation 

by other introduced animals such as foxes may also be a potential threat to the species (SEWPaC 2011). Conservation programs 
No conservation programs are currently in place for the species. Potential impact 
Given the species large estimated population size, its widespread distribution and the absence of the main 

identified threat (i.e. the cane toad) in the Proposal Area, impacts to the Rainbow Bee-eater the result of 

the Proposal are unlikely to be significant. 
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14.4.5 Pezoporus wallicus flaviventris (Western Ground Parrot) (Endangered)  Occurrence 
The Western Ground Parrot is a cryptic, ground-dwelling parrot that has a current distribution range 

restricted to the south coast of WA near Albany and Esperance (Burbidge et al. 1997).  The current total 

population size of the species is estimated at less than 250 birds.  The species was recorded north of 

Perth during the 19
th

 century but was believed to be extinct in the region until relatively recent unconfirmed 

reports suggested that the species may still occur in the area.  These reports included a potential sighting 

of an adult male and an immature bird in August 1992, a few kilometres southwest of the Beharra Springs 

Gas Plant, located within the Study Area (Bamford 2008b).   

Based on information on known populations, the Western Ground Parrot favours long-unburnt heath 

vegetation, often with a component of sedges.  The species may, however, forage in recently burnt areas 

(Bamford 2008b). Results of targeted fauna surveys and monitoring programs 
A number of targeted surveys for the Western Ground Parrot have been carried out in the vicinity of the 

Proposal Area (Bamford 2008a, 2008b, 2012).  In 2008 a targeted survey was undertaken at the Mt 

Adams Road area in conjunction with volunteers from Birds Australia and Tiwest personnel.  Surveys for 

this species are based on aural surveys, in which people are placed at regular intervals through suitable 

habitat to listen for the distinctive ascending whistles at the right time of the day (Bamford 2008b).  Dawn 

and dusk listening was conducted during winter and spring 2007 surveys with a total of five evening 

surveys and two morning surveys.  The surveys were conducted in areas that are deemed most likely to 

be suitable habitat, low sedge dominated heathland (Bamford 2012).  The species was not recorded 

(visually or aurally) in any of these surveys although a small number of calls potentially consistent with part 

of a Western Ground Parrot call were heard.  Potentially suitable habitat was identified in the vicinity of the 

Proposal Area with vegetation located around Mt Adams Road and Tomkins Rd most similar to that used 

by the species on the south coast.   Threats 
The key potential threats to the Western Ground Parrot include inappropriate fire regimes, predation by 

feral animals and loss/degradation of habitat due to dieback.  The direct loss of habitat due to clearing is 

not currently identified as a key threat due to all currently known populations residing on secure 

conservation tenure (Burbidge et al. 1997).  Conservation programs 
No conservation programs are currently in place for the species. Potential impact 
As occurrence of the species has not been confirmed in the Proposal Area, potential impacts to the 

Western Ground Parrot are difficult to quantify.  An assessment of potential impacts to the species against 

the SEWPaC significant impact criteria for species listed as Endangered (DEWHA 2009) is provided in 

Table 45. 
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Table 45 Assessment of impacts to the Western Ground Parrot  

No. 
SEWPaC significant impact 
criteria 

Comment 

1 Lead to a long-term decrease 
in the size of a population. 

Clearing activities are unlikely to result in the direct loss of any adult 
individuals due to the mobile nature of the species.  Clearing may result in 
the loss of nests (including chicks) if present in the area.  This could lead to a 
long-term decrease in the size of the present population if the number of 
nests destroyed represents a significant proportion of those present in the 
area. 

2 Reduce the area of occupancy 
of the species. 

If a population is present in the area, this would represent an increased 
occupancy range of the species.  Any reduction in this occupancy range 
would likely be linked to the loss of habitat discussed in criterion 6 or the 
direct loss of individuals discussed in criterion 1. 

3 Fragment an existing 
population into two or more 
populations. 

As large stands of highly connected remnant native vegetation remain in the 
surrounding landscape, it is unlikely that disturbance from the Proposal will 
fragment any existing populations.  Despite this, any outbreak of fire may 
result in fragmentation of populations by burnt vegetation. The 
implementation of fire management controls (Section 14.5) will significantly 
reduce the risk of impact from fire.  

4 Adversely affect habitat critical 
to the survival of a species. 

Refer criterion 6. 

5 Disrupt the breeding cycle of a 
population. 

Little is currently known about the breeding cycle of the species.  Potential 
impacts from the Proposal which may disrupt the breeding cycle of any 
present population include: 

• noise 

• predation 

• fire. 

Implementation of appropriate management measures (Section 14.5) may 
help ensure a low risk of significant impacts in this regard. 

6 Modify, destroy, remove, 
isolate or decrease the 
availability or quality of habitat 
to the extent that the species 
is likely to decline. 

Although some habitat similar to that used by the species on the south coast 
exists in the area, it cannot be assumed that the species would solely use 
this area (or any other) if present.  This is due to the high degree of 
separation between the two populations.  Therefore it is uncertain as to what 
extent vegetation within the proposed Disturbance Boundary constitutes 
suitable habitat for any potential population. 

7 Result in invasive species that 
are harmful to a critically 
endangered or endangered 
species becoming established 
in the endangered or critically 
endangered species’ habitat. 

As discussed in Sections 9.5.2 and 10.5.3, the Proposal may result in an 
increased prevalence of both weeds and feral animals.  With the 
implementation of appropriate management measures (Sections 9.7 & 10.7), 
the risk of any impacts to the species will be significantly reduced. 

8 Introduce disease that may 
cause the species to decline. 

As discussed in Section 9.5.2, the Proposal may result in the introduction of 
dieback which could result in the loss of habitat.  With the implementation of 
appropriate management measures (Section 9.7), the risk of any impacts to 
the species will be significantly reduced. 

9 Interfere with the recovery of 
the species. 

No recovery plans/conservation programs are currently in place for the 
species in this area. 14.4.6 Other threatened and migratory species  

Other threatened and migratory (MNES) fauna species identified as having potential to occur in the 

Proposal Area include: 

• Western Spiny-tailed Skink (Egernia stokesii badia) 

• Malleefowl (Leipoa ocellata) 

• Great Egret, White Egret (Ardea alba) 

• Cattle Egret (Ardea ibis) 

• White-belied sea eagle (Haliaeetus leucogaster) 

• Fork-tailed Swift (Apus pacificus). 
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As identified in Table 38 and Table 39, impacts to these species are unlikely to be significant due to either 

the high level of probability that they do not occur in the Proposal Area (Western Spiny-tailed Skink and 

Malleefowl) or current distribution levels (Great Egret, White Egret, Cattle Egret, White-bellied sea eagle 

and Fork-tailed Swift).  

An assessment of the likely occurrence of other threatened (MNES) flora species identified as having 

potential to occur in the Proposal Area is provided in Table 46. 

Table 46 EPBC Act listed flora with potential to occur in the Proposal Area 

Species 
Conservation 
status (Federal) 

Conservation 
status (State) 

Likelihood of 
occurrence 

Comment 

Banksia 
serratuloides 
subsp. perissa 

Vulnerable DRF Unlikely All known populations of Banksia 
serratuloides subsp. perissa are located 
south of Eneabba, approximately 70 km 
away (Woodman 2009). 

Chorizema 
humile 

Endangered DRF Unlikely No taxa within this genus were identified 
during surveys conducted within the Study 
Area by Woodman.  Vegetation and soil 
combinations that the species is associated 
with were not observed within the Study 
Area by Woodman (2009). 

Eucalyptus 
crispata 

Vulnerable DRF Unlikely The nearest known population of Eucalyptus 
crispata is located to the east of the Study 
Area on lateritic hills associated with the 
Tathra system.  The species is commonly 
found on lateritic breakaways or gullies 
between breakaways and none of these soil 
associations/landscapes are located within 
the eastern Tathra system margins of the 
Study Area (Woodman 2009). 

Eucalyptus 
leprophloia 

Endangered DRF Unlikely Populations of Eucalyptus leprophloia are 
known from east of the Study Area on 
lateritic hills associated with the Tathra 
system.  The species prefers lateritic soils on 
valley slopes and grey sands over laterite in 
hilly areas (Woodman 2009). 

Hypocalymma 
longifolium 

Endangered DRF Unlikely The population distribution of Hypocalymma 
longifolium is located north of Geraldton 
approximately 130 km away 
(Woodman 2009). 

Schoenia filifolia 
subsp. 
subulifolia 

Endangered DRF Unlikely The nearest known population of Schoenia 
filifolia subsp. subulifolia is located 
approximately 50 km away to the north of 
the Study Area.  The species is associated 
with depressions in breakaway areas and 
swamps (Woodman 2009). 14.5 Management measures and performance standards 

A number of governing principles will be adopted to ensure appropriate management of impacts to MNES.  

These include: 

• minimise areas cleared as far as is practicable 

• where possible, adjust clearing areas to incorporate lower conservation significance areas rather 

than higher conservation significance areas 

• minimise time between clearing and rehabilitation. 
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Taking these principles into account, the following key management actions will be implemented for the 

Proposal in relation to MNES: 

• pre-clearing planning and internal permitting will be carried out to minimise footprints and select 

areas of lowest conservation significance 

• on-site control – appropriate levels of survey, signage, supervision and auditing will be carried out 

on site for clearing and rehabilitation activities 

• personnel will be trained in relevant requirements with awareness maintained throughout the 

duration of the Proposal 

• unauthorised clearing will be investigated and appropriate corrective and preventative measures 

implemented to prevent recurrence 

• clearing will be undertaken in stages and along one front to allow fauna to vacate the area, with 

licensed fauna handlers available to identify species and assist in translocation 

• clearing of vegetation will be confined to designated clearing areas only 

• Carnaby’s Cockatoos encountered during construction will be allowed to make their own way from 

the area 

• native animals encountered on site will be given the opportunity to move on if there is no real 

threat to personnel safety, or will be translocated by licensed fauna handlers 

• vehicles, machinery and personnel will be restricted to designated areas 

• food scraps and other waste will be disposed of in covered waste facilities to ensure that feral or 

other animals are not attracted to the site 

• signs will be installed on internal roads warning of the potential for fauna to be mobile in the area 

• all personnel will be required to observe on-site vehicle speed limits to prevent the likelihood of 

vehicle impacts 

• active site areas will be inspected each morning during clearing and mining, prior to starting-up 

machinery to ensure fauna are avoided 

• feeding of fauna, hunting, or keeping of pets on site will be prohibited 

• planning for rehabilitation – resources available for rehabilitation will, in general, be maximised 

and directed towards specific activities (i.e. return of specific communities and species through 

specific practices) 

• all disturbed areas will be rehabilitated in accordance with the Rehabilitation Management Plan 

section of the EMP (Appendix 1) 

• weed and dieback hygiene measures will be implemented in accordance with the Weed and 

Phytophthora cinnamomi Management Plan section of the EMP (Appendix 1) 

• dust control measures will be implemented in accordance with the Dust Management Plan section 

of the EMP (Appendix 1) 

• fire control measures will be implemented in accordance with the Fire Management Plan section 

of the EMP (Appendix 1). 

Additional management actions that will be implemented in order to limit impacts on fauna are outlined in 

the Fauna Management Plan section of the EMP (Appendix 1). 
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14.6 Predicted environmental outcomes against environmental objectives, policies, guidelines, standards and procedures 
After application of mitigation and management measures described in Section 14.5, the Proposal is 

expected to result in the following outcomes in relation to MNES: 

• no loss of flora or fauna at species level 

• low risk of reduction in occupancy ranges of any species 

• low risk of fragmentation of populations of any species 

• low risk of disruption of breeding cycles of any species 

• low risk of introduction/spread of invasive species or disease 

• low risk of population and habitat decline for Paracaleana dixonii, Stawellia dimorphantha, 

Rainbow Bee-eater, Western Spiny-tailed Skink, Malleefowl, Great Egret/White Egret and Fork-

tailed Swift. 14.6.1 Residual risk 
Aspects of the Proposal which may represent residual risks to MNES include: 

• loss of foraging habitat for Carnaby’s Cockatoo 

• if present, potential for minor decline in the extent of potential habitat for the Western Ground 

Parrot. Offsets 
As discussed in Section 17, an environmental offset package to address the residual impacts is being 

developed in consultation with DEC and SEWPaC based on the principles set out in EPA Guidance No 19 

(EPA 2008a) and Commonwealth draft offsets policy statement (DEWR 2007).  Correspondence from 

SEWPaC to Tiwest indicated that an offsets package would need to consider impacts to Carnaby’s Black-

Cockatoo, and may have to consider impacts to S. dimorphantha. 
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15. Other factors 
In addition to those described in Sections 6 to13, other environmental factors relevant to the Proposal are: 

• noise 

• dust and air emissions 

• greenhouse gas 

• radiation 

• Aboriginal heritage 

• non-mineral waste 

• fire 

• visual amenity. 

The above factors require less detailed assessment due to their low environmental impact and the ability of 

Tiwest to readily manage impacts through standard operating procedures already in place.  As a 

conservative measure, environmental management plans for a majority of these factors have been 

developed (Appendix 1), and resulting management actions have been outlined for each factor.  15.1 Noise 15.1.1 Objective 
The EPA environmental objective for noise is: 

To protect the amenity of nearby residents from noise impacts resulting from activities associated with the 

proposal by ensuring the noise levels meet statutory requirements and acceptable standards 15.1.2 Description of factor 
Noise will be generated by various activities throughout the life of the Proposal.  Key sources of noise 

include mining and construction equipment, processing plant, haulage traffic and rehabilitation activities.  

The significance of noise emissions depends on the proximity of locations of receptors sensitive to noise, 

in this case residences.  

The closest noise-sensitive receptor to the Proposal Area is a residential premise, 2.5 km from the 

Proposal Area.  The nearest large population centre is Dongara, approximately 27 km northwest of the 

Proposal Area.  15.1.3 Potential impacts and mitigation 
The Environmental Protection (Noise) Regulations 1997 (WA) set noise limits (assigned levels) for various 

types of receiving premises and buildings associated with noise-sensitive uses.  Guidance statement No.3 

(EPA 2005) states, where the separation between the industrial and sensitive land uses is greater than the 

generic distance, there will not usually be a need to carry out site-specific technical analyses to determine 

the likely area of amenity impacts due to emissions from the industry.  Based on the recommend buffer 

distances from the EPA (2005) guidelines, the closest sensitive receptor is located outside the buffer 

distance and therefore should not have any significant effect from noise emission from the mine. 

The Proponent has had an acoustical assessment of the dry mine facilities at the existing Cooljarloo North 

Mine (located approximately 100 km south of the Proposal Area) conducted by Herring Storer Acoustics in 

March 2007 (Herring Storer 2007).  The assessment at Cooljarloo North included modelling of 

environmental noise contours from the combined noise emanations from the Dry Mine Feed Preparation 

Unit, pit (including mining machinery) and Concentrator on the basis of a “worst case” scenario from actual 
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noise measurements.  The Dry Mine Feed Preparation Unit, or similar equipment, will be relocated to 

Dongara upon cessation of Cooljarloo North Mine. 

The assessment at Cooljarloo indicated that at distances greater than 1.5 km, environmental noise levels 

could be expected to be well below 30 dB(A).  At Dongara there are no neighbours within 2.5 km of the 

proposed concentrator or feed preparation unit sites (Figure 34).  Therefore, it is expected there will be no 

adverse impacts from noise emissions during the operational life of the Proposal and that it meets the 

requirements of the Environmental Protection (Noise) Regulations 1997.   

The affect of noise on fauna is considered in Section 10.5.3. 15.1.4 Management measures 
Although the Proposal is not expected to exceed Environmental Protection (Noise) Regulations 1997, the 

Proponent is committed to minimising noise wherever practicable.  To ensure the Proposal does not 

exceed these regulations, Tiwest is committed to implementing the following management actions: 

• carry out all construction work in accordance with Section 6 of AS 2436-1981 Guide to Noise 

Control on Construction, Maintenance and Demolition Sites 

• inform all personnel (including contractors) through site inductions of their responsibilities and the 

importance of managing noise levels during the construction phase 

• register any noise-related complaints received and take any necessary corrective action to ensure 

operational/ management procedure(s) and practice(s) are put in place 

•  install ‘smart reversing alarms’ in all vehicles to reduce noise impacts. 

Noise emissions within the Proposal Area during construction and mining are not expected to have any 

significant effects as a result of the implementation of the proposed management measures and due to the 

distance from any sensitive premises. 15.2 Dust and air emissions 15.2.1 Objective 
The EPA environmental objective for air quality is: 

To ensure that emissions do not adversely affect environment values or the health, welfare and amenity of 

people and land uses by meeting statutory requirements and acceptable standards. 15.2.2 Description of factor 
Dust is generally characterised by three size ranges: less than 50 µm, less than 10 µm and less than 

2.5 µm with the particulate matter (PM) in each range abbreviated as PM50, PM10 and PM2.5 respectively.  

PM50 is also referred to as Total Suspended Particulates (TSP). 

Mineral sands mining can generate dust which, if not managed appropriately, may adversely impact 

environmental values, as well as create a nuisance for workers and nearby land users. 

The Proposal may generate dust during construction activities, from mining activities, haulage and light 

traffic on unsealed roads, wind erosion in areas where vegetation has been cleared, and dust lift-off from 

stockpiles.  The generation of dust from construction and mining operations depends on: 

• the frequency of dust generating activities 

• meteorological conditions, including wind speed and rain 

• composition of dust, including particle size distribution, particle density and moisture content 

• the condition of the source (dry or otherwise). 
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15.2.3 Potential impacts and mitigation 
The closest residents to the Proposal Area are 2.5 km away, and are not anticipated to be impacted by 

dust generated by construction and mining activities.  The nearest townsite (Dongara) is 27 km northwest 

of the Proposal Area, and will not be affected by dust generated during construction or mining activities.  

The prevalent wind direction at Geraldton (approximately 85 km north) are northeast to southerly at 9 AM 

and south to south-westerly at 3PM (wind roses included in Appendix 1).  The closest sensitive receptor to 

the Proposal Area is a residential premise, more than 2.5 km to the north and is unlikely to be affected by 

windblown dust. 

Dust may have physical effects on plants, although this is likely to be restricted to vegetation in the 

immediate vicinity of active mining activities (e.g. roads, mine pits and rehabilitation activities).  Any dust 

build-up that does occur on plants in the immediate vicinity is likely to be removed from plants by seasonal 

rainfall events.   15.2.4 Management measures 
Dust generation within the Proposal Area would be controlled through management measures detailed in 

the Dust Management Plan section of the EMP (Appendix 1) including: 

• implementing speed limits within the Proposal Area to minimise dust generation by traffic, and 

applying dust suppression techniques to tracks and roads as required 

• vegetation clearing: disturbed areas will be periodically stabilised to reduce dust liftoff 

• retaining vegetated areas until clearing is required to reduce amount of exposed soil  

• not undertaking earthworks and related activities in high wind conditions 

• undertaking progressive rehabilitation to reduce exposed soil 

• using water trucks to apply water to suppress dust on areas prone to dust generation 

• ensuring haulage trucks and earthmoving equipment is clean on entry and exit to and from the 

site to prevent the spread of dust  

• inductions to include information on the impacts of high levels of dust, hygiene and washdown 

procedures, and speed limitations on site 

• regularly updating training and awareness 

The generation of dust within the Proposal Area is not expected to have any significant effects as a result 

of the implementation of the proposed management measures and due to the distance from any sensitive 

premises. 
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15.3 Greenhouse gas 15.3.1 Objectives, policies and legislation EPA Objective 
The EPA environmental objective for greenhouse gas emissions is: 

To minimise emission to levels as low as practicable on an on-going basis and consider offsets to further 

reduce cumulative emissions.  Australian Government policies and legislation Climate change plan 
Increasing greenhouse gas (GHG) emissions and the implications for climate change are significant 

national and international issues and as such, the Australian Government has proposed national schemes 

to reduce overall emission rates.  The current Climate Change Plan (Commonwealth of Australia 2011) 

incorporates a range of mechanisms and initiatives: 

• a Carbon Pricing Mechanism (CPM) 

• substantial funding for renewable and clean energy development 

• energy efficiency initiatives 

• assistance packages for certain entities that will be affected by the CPM. 

The Government has announced that the CPM will commence on 1 July 2012, using the broad framework 

of the previously proposed Carbon Pollution Reduction Scheme (CPRS) and the existing National 

Greenhouse Gas Emissions Reporting Act 2007 (NGER Act) as a base. Energy Efficiency Opportunities Act 2006 
The Australian Government’s Energy Efficiency Opportunities (EEO) program took effect on 1 July 2006 

and encourages large energy-using businesses to improve their energy efficiency by improving the 

identification, evaluation and resulting implementation of cost effective energy savings opportunities.  

Participation in the program is mandatory for corporations that use more than 0.5 petajoules (PJ) of energy 

per year, which is approximately, equivalent to: 

• 139,000 megawatt hours of electricity 

• 9000 tonnes of LNG or 10,000 tonnes of LPG 

• 13 megalitres of diesel; or 

• spending of approximately $6-11 million on electricity, $3-4 million on gas or $18-21 million on 

diesel (depending on prices). 

All Tiwest operations are registered and report under the EEO program.  WA legislation / policies 
In October 2002, the EPA released a “Guidance Statement for Reducing Greenhouse Gas Emissions” 

(Guidance Statement No. 12) (EPA 2002b).  The statement details objectives regarding the minimisation of 

GHG emissions from new or expanding operations.  

Carbon rights legislation was passed by the Western Australian Parliament in 2003.  The purpose of the 

Act is to provide for the registration on land titles and a ‘carbon right’ and accompanying ‘carbon covenant’.  

The Act would give certainty to those wanting to trade in carbon rights and gain the credits or emission 

offsets which arise from sequestration. 
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The Western Australia Greenhouse Strategy was released in 2004 and detailed the State Government 

response to climate change at that time.  Key components of the Strategy included government leadership, 

reducing emissions, Local Government and community involvement, and national and international 

representation.  No specific State legislation has been introduced on GHG management. 15.3.2 Potential impacts and mitigation 
The main sources of greenhouses gases associated with the Proposal include: 

• combustion of fuels by mobile plant, equipment and on-site vehicles 

• clearing of vegetation 

• decomposition of waste (landfill) 

• indirectly from electrical power usage by processing plants, dewatering pumps and conveyors. 

The largest direct contributor to carbon emissions from the Proposal is the combustion of fuels (by mobile 

plant, equipment, and vehicles).  Tiwest will manage any carbon impacts in accordance with the 

Greenhouse Gas Emissions Inventory and Management Plan developed for the Proposal, included as part 

of the EMP (Appendix 1).  Energy management will be in accordance with the EEO Act. 

In addition to these management plans and standards for the Proposal, Tiwest will manage and report 

emissions and energy consumption under the NGERS and EEO as a part of the entire Northern 

Operations report and in accordance with corporate systems.  As a part of this reporting process, energy 

use and emissions will be assessed, with emphasis on regulatory compliance.  Energy and Carbon 

Emission Auditing will also be conducted, as required, to identify areas for emission reduction and 

efficiency improvement.  15.3.3 Management measures 
Greenhouse gas emissions as a result of the Proposal will be managed and controlled through 

management measures and contingency actions detailed in the Greenhouse Gas Emissions Inventory and 

Management Plan component of the EMP (Appendix 1).  Management actions relating to emissions are 

summarised below: 

• setting annual emissions targets for the Proposal  

• investigating opportunities to reduce emissions by increasing efficiency and continually updating 

to more efficient technology 

• evaluating the need for emission offsets, such as revegetation carbon abatement offsets 

• clearing minimal amounts of vegetation and conducting progressive rehabilitation wherever 

practicable 

• regular updates of training and awareness. 15.4 Radiation 15.4.1 Objective 
The EPA environmental objective for radiation is: 

To ensure that radiological impacts to the public and the environment are kept as low as reasonably 

achievable and comply with acceptable standards. 
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15.4.2 Description of factor 
The Dongara ore bodies contain the naturally occurring radioactive elements uranium and thorium.  

Mineral sands are generally not mined for their radionuclide content, rather these are entrained within the 

various target minerals recovered from the ore as heavy mineral concentrate (HMC) and occur in most 

mineral sands resources.  

Radiation safety is regulated by the Department of Mines and Petroleum in accordance with section 16 of 

the Mines Safety and Inspection Act 1994 in accordance with standards and codes of the Australian 

Radiation Protection and Nuclear Safety Authority (ARPANSA).  Of these, the Code of Practice and Safety 

Guide for Radiation Protection and Radioactive Waste Management in Mining and Mineral Processing 

(ARPANSA 2005) is most relevant.  

The activity concentration of 1 Bq/g
7

 is the internationally accepted level for defining the scope of 

regulation for naturally occurring materials containing uranium or thorium (ARPANSA 2005).  Facilities 

handling materials with activity levels above this threshold are required to manage their activities in 

accordance with State legislation and ARPANSA code and guidelines.  The regulation threshold for the 

transport of radioactive materials is 10Bq/g.  

A comparison of activity levels of the ore and HMC from Dongara to these thresholds is shown in Table 47.  

These indicate that on average, the ore at Dongara is well below regulation thresholds but that the HMC 

produced at the primary concentrator exceeds thresholds.  Further concentration and separation of the 

Dongara HMC will occur off site (i.e. at the Chandala Dry Separation Plant).  Resultant wastes will be 

returned to the Cooljarloo Mine site for burial in licensed Class III Landfill in accordance with existing 

approvals. 

The average concentration of key minerals in the ore of the Dongara deposits is shown in Table 48.  Of the 

minerals present in the HMC, monazite carries the highest radiological content.  Monazite constitutes on 

average 1% by weight of the HMC.  Monazite is a rare earth phosphate and, at this location, will typically 

contain on average 5% thorium and 1% Uranium.  This equates to an activity level of around 300 Bq/g.  

Other minerals also contain uranium and thorium, but at several orders of magnitude less than Monazite.  

For instance Zircon is generally less than 5 Bq/g and ilmenite less than 1Bq/g.  The uranium and thorium 

content of ilmenite and rutile for the Dionysus, Heracles and Zeus deposits is provided in Table 49. 

 

                                                           
7

 Bq (Becquerel) is defined as the activity of a quantity of radioactive material in which one nucleus decays per second. 
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Table 47  Radiological activity levels of ore and HMC for Dongara Titanium Minerals
8

 
9

 

Component Units Hades Dionysus 1 Dionysus 2 Zeus 1 Zeus 2 Zeus 3 Hebe Demeter Heracles 

U in HMC (%w/w) 0.009 0.007 0.007 0.014 0.013 0.013 0.015 0.004 0.007 

Th in HMC (%w/w) 0.048 0.035 0.041 0.096 0.103 0.087 0.122 0.047 0.07 

Total U+Th Activity in HMC (Bq/g) 3.5 3.0 2.3 2.5 5.6 5.8 5.1 2.1 6.8 

Heavy Mineral (HM)  (%w/w in ore) 4.27 11.1 8.34 2.35 4.16 3.44 3.74 11.2 8.93 

U in Ore   (%w/w)  0.0004 0.0008 0.0006 0.0003 0.0005 0.0004 0.0006 0.0004 0.0006 

 Th in Ore   (%w/w)  0.0020 0.0039 0.0034 0.0023 0.0043 0.0030 0.0046 0.0053 0.0063 

 Total U+Th Activity in Ore   (Bq/g)  0.1 0.3 0.2 0.1 0.2 0.2 0.3 0.3 0.3 

Table 48 Mineralogy of Dongara Deposits 

Component Hades Dionysus 1 Dionysus 2 Zeus 1 Zeus 2 Zeus 3 Hebe Demeter Heracles 

Heavy Mineral (HM) (%w/w in ore) 4.27 11.1 8.34 2.35 4.16 3.44 3.74 11.2 8.93 

Valuable Heavy Mineral (%w/w in HM) 68.6 64.3 62.9 70.8 71.8 58.3 88.1 66.8 79.3 

Non-valuable heavy Mineral (%w/w in 
HM) 

31.4 35.7 37.1 29.2 28.2 41.7 11.9 33.2 20.7 

Ilmenite (%w/w in HM) 50.5 50.0 49.4 50.2 47.0 39.1 55.0 50.0 59.1 

Rutile (%w/w in HM) 8.93 8.30 8.45 8.19 9.52 8.80 11.1 9.90 10.7 

Zircon (%w/w in HM) 9.20 6.02 5.07 12.5 15.3 10.4 22.1 6.93 9.50 

Monazite (%w/w in HM) 0.66 0.29 0.24 1.26 1.23 1.06 1.69 0.62 1.01 

Table 49 Uranium and Thorium Content of Ilmenite and Rutile for Dionysus, Heracles and Zeus 

Mineral Dionysus Heracles Zeus 

Ilmenite (uranium + thorium [ppm w/w]) 90 110 120 

Rutile (uranium + thorium [ppm w/w]) 140 180 90 

                                                           
8 

Assumes specific activities of 12 000 Bq/g for U238 and 4100 Bq/g for Th232 and that each have a single decay series. 

9

 Average concentration of U and Th in HMC were from assays of HMC samples resulting from primary concentrator simulations.  Concentrations of U and Th in ore were calculated from concentrations for 

HMC and average HM contents of ore. 
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15.4.3 Potential impacts and mitigation 
The Proposal has the potential to have the following effects as a result of radiation: 

• contamination of soil and groundwater through inappropriate handling and storage of HMC and 

generation of dust from HMC 

• emission of radiation (including gamma radiation and radioactive dust) has the potential to affect  

ecological values and human health 

• contamination of soil and groundwater through accidental release during transport. 

Radiation risk is determined by the activity level of a particular material and the level of exposure to 

sensitive environmental factors, including workers and the public. 

Radiation exposure arises in the mining and mineral processing industries through three principal 

pathways; external gamma radiation from ores and concentrates, inhalation of dust, and inhalation of the 

short-lived decay products of radon (ARPANSA 2005). 

Dust generated at the Dongara mine site is expected to arise, in the majority, from roads, open areas and 

the active mine pit.  Dust generated from the HMC stockpiles is expected to be minimal as the HMC is 

deposited wet.  As such, radiological content of the dust is expected to be minimal as dust from HMC 

stockpiles represents the principal radiation exposure pathway.   

Given the comparatively low radiological content and corresponding activity level of HMC, risks to the 

public during transport of HMC to Chandala are similarly considered low.  Even so materials tracking and 

spill response will be implemented.  

The nature of the mineralogy of the ore and resultant HMC, coupled with the low concentrations in ore and 

HMC is such that risk of land or water contamination is low.  However, there is potential for HMC spillage 

and residue (at stockpiles, transport corridors) to result in elevated radiation at the ground surface during 

operation and following mine rehabilitation.  15.4.4 Management measures 
Tiwest is committed to responsible radiation management and compliance with all laws and regulations 

concerning radiation protection.  Tiwest prescribes to the ALARA (As Low As Reasonably Achievable) 

principle in respect to radiation exposure.  Radiation exposure, to human and environmental values, will be 

managed and controlled through management measures and contingency actions detailed in the Radiation 

Management Plan component of the EMP, included in Appendix 1.  This conforms with ARPANSA 

Guidelines (ARPANSA 2005) which specifically requires the plan to set out the measures that are intended 

to be taken to control the exposure of employees and members of the public to radiation at or from the 

practice including: 

(a) demonstrated access to appropriate professional expertise in radiation protection 

(b) a plan for monitoring radiation exposure and for assessing the doses received by exposed 

employees 

(c) the provision of appropriate equipment, staffing, facilities and operational procedures 

(d) details of induction and training courses 

(e) record keeping and reporting 

(f) a plan for dealing with incidents, accidents and emergencies involving exposure to radiation 

(g) a system of periodic assessment and review of the adequacy and effectiveness of procedures 

instituted under the Radiation Management Plan to ensure currency and to facilitate a process 

of continual improvement. 

The aim of the management plan is to ensure exposure remains within accepted thresholds as shown in 

Table 50. 
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Table 50  Recommended radiation dose limits (ARPANSA 2002) 

Application 
Dose limit* 

For occupational exposure For members of the public 

Effective dose 20 mSv per year, averaged over a period of 5 
consecutive calendar years* 

1 mSv in a year* 

* limits are conditional – refer ARPANSA (2002) for further information 

The plan will operate within the existing framework of the Tiwest Northern Operation Radiation 

Management Plan (Tiwest 2010b) which addresses management of radiation at the Cooljarloo and 

Chandala sites including: 

• undertaking ongoing monitoring across the site prior to and during mining activities as well as 

post-rehabilitation (including thermoluminescent dosimeters [TLD], personnel respiratory dust 

monitoring, area gamma monitoring and groundwater monitoring)  

• classifying materials prior to transport 

• classifying waste prior to disposal 

• screening plant and equipment entering and leaving the site to ensure radiation levels are 

acceptable 

• implementing measures to reduce dust generation during construction and operation 

• implementing appropriate spill response and incident management processes. 15.5 Indigenous Heritage 15.5.1 Objective, guidelines and legislation 
The EPA environmental objective for heritage is: 

To ensure that changes to the biophysical environment do not adversely affect historical and cultural 

associations and comply with relevant heritage legislation.  

The Cultural Heritage Due Diligence Guidelines (2001) provide guidance to assist in meeting statutory 

obligation under the Aboriginal Heritage Act 1972 and is intended to help identify activities which may 

impact adversely on Aboriginal heritage.  This is a guiding document for decision making during the 

planning and implementation of this proposal.  The Proponent will abide by all obligations under the 

Aboriginal Heritage Act. 15.5.2 Description of factor 
The Proposal Area is within the Amangu Native Title Claim area (WAD6002/04) recognised under the 

Native Title Act 1993.   

Three sites of Aboriginal heritage significance in the vicinity of the Proposal Area, all of which were 

classified as ‘open’ and without registered ‘restrictions’, were identified in a search of the Department of 

Indigenous Affairs (DIA) Aboriginal Heritage Inquiry System. 
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As a part of the Proposal, and other developments in the region, the following heritage studies have been 

conducted: 

• Report of an Archaeological Study of Proposed Seismic Programme, Beharra Springs (Jacqueline 

Harris, Quartermaine Consultants 1999)  

• Report on a Survey for Aboriginal Ethnographic Sites at the Beharra Springs 1999 3D Seismic 

Survey Area (Rory O’Connor, R & E O’Connor Pty Ltd 1999) 

• Report on an Ethnographic Survey of the Proposed Hibbertia 3D and Ularino 2D Seismic 

Programmes (Rory O’Connor, R & E O’Connor Pty Ltd 2001) 

• Report on an Archaeological Investigation for Aboriginal Sites Denison 3D Seismic Programme 

(Gary Quartermaine, Quartermaine Consultants 2003) 

• Report on an Ethnographic Survey of the Proposed Denison 3D Seismic Programme (Rory 

O’Connor, R & E O’Connor Pty Ltd 2003) 

• Indigenous Heritage Survey Report (Work Program Clearance) Tiwest Pty Ltd Proposed 2007 

Exploration Drilling Tenements E70/1592, E70/2263 and E70/2347, Dongara (Stephen Corsini, 

SJC Heritage Consultants 2007) 

• Preliminary Advice Following an Ethnographic Heritage Survey of the Dongara Mineral Sand 

Project with Amangu Traditional Owners (Gary Watson, Yamatji Land and Sea Council 2008a) 

• Results of an Amangu Heritage Survey Tiwest – Dongara Mineral Sands (Yamatji Land and Sea 

Council 2008b) 15.5.3 Potential impacts and mitigation 
Dongara Project Agreement (the Agreement) was reached following consultation with the Amangu Native 

Title Claimant group via the Yamatji Barna Baba Maaja Aboriginal Corporation.  The Agreement includes 

provisions for the protection of heritage, as well as compensation to claimants and programs to further the 

education and opportunities for the local Aboriginal community.   15.5.4 Management measures 
The management of Aboriginal heritage in relation to the Proposal Area is addressed within the 

Agreement, which has been signed and agreed to by all relevant parties associated with the Native Title 

Claim in the Proposal Area.  

Key measures included in the Agreement include: 

• protection of heritage including agreed procedures for survey, supervision of ground disturbance 

and protocols to apply in the event of identification of matters of heritage significance (i.e. 

discovery of archaeological matters) 

• training of staff and contractors in heritage and cultural matter of significance 

• ongoing consultation. 

If during construction and operational activities, and Aboriginal site not previously identified is uncovered, 

the following measures will be implemented: 

1. Stop any work likely to impact on the Aboriginal Site 

2. Notify the Native Title Party of the location and nature of the Aboriginal Site 

3. Not disturb the Aboriginal Site unless they get consent under section 18 of the Aboriginal Heritage 

Act 1972 (WA) 

4. Give the Native Title Party a copy of any application for a consent under section 18 of the Aboriginal 

Heritage Act 1972 (WA) 

5. Give the Native Title Party an opportunity to be consulted by the Joint Venture Participants about the 

matter the subject of the section 18 notice before the Minister makes a determination on the 

application. 
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15.6 Non-mineral waste 15.6.1 Objective 
The objectives of Tiwest for non-mineral waste management are: 

• to ensure waste is disposed of in a manner compliant with DEC and local government 

requirements 

• to ensure waste does not have unacceptable impacts on the environment 

• minimise the volume of waste generated 

• ensure contaminated sites do not pose a risk to human health or environmental values.  15.6.2 Description of factor 
Non-mineral waste expected to be generated by the Proposal will typically include: 

• domestic solid and liquid waste 

• food scraps from mining and construction workforce 

• scrap metal/drums 

• rubber products (e.g. tyres) 

• batteries and light bulbs 

• hydrocarbon waste 

• sewage 

• washdown water. 15.6.3 Potential impacts and mitigation 
Inappropriate waste management has the potential to contaminate soil, groundwater, which can 

subsequently affect flora and fauna values.   

In addition, poor housekeeping may result in windblown rubbish and waste degrading the amenity of the 

site, as well as travelling to offsite locations.  

Putrescible waste (such as food scraps) can also attract native fauna as well as introduced species (such 

as foxes). 15.6.4 Management measures 
The potential for contamination from non-waste will be managed via the implementation of the Waste 

Management Plan component of the EMP (Appendix 1).  The Waste Management Plan also outlines 

waste management techniques for reducing the potential degradation of amenity.  Tiwest is committed to 

minimising the use of resources through recycling and re-use of materials on site, where practicable, as 

outlined in the Waste Management Plan. 

Key management actions relating to waste include: 

• conducting a risk assessment on each waste stream  

• segregating waste prior to disposal, allowing for: 

• recycling and/or reuse of appropriate materials 

• appropriate disposal of hazardous wastes at licensed facilities 

• appropriate disposal of spent chemicals and their containers at licensed facilities 

• appropriate disposal of rubber at licensed facilities 

• banning of littering on site 
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• implementing housekeeping standards in offices and workshops at site, facilitated by the 

provision of rubbish containers 

• using materials balance sheet to track wastes 

• undertaking periodic waste reduction reviews to assess waste generation and efficiency of 

recycling 

• reporting contamination and spills to environmental personnel, advice sought by DEC where 

appropriate 

• training and inducting personnel on waste risks and management. 

The Waste Management Plan is supported by Tiwest’s Environmental Performance Standard no. 29 – 

Waste Management and no. 30 – Water Management (Tiwest 2011). 

In addition to the management of non-mineral waste, Tiwest will obtain environmental permits and licenses 

under Part V of the EP Act for the disposal and treatment of sewage within the Proposal Area where 

required.  

As a result of management actions, and a proven track record at several sites in Western Australia, Tiwest 

anticipates that waste will not be a significant issue for the Proposal.  15.7 Fire 15.7.1 Objective 
The objective of Tiwest for fire management is to manage operational fire hazards in order to minimise the 

risk of fire affecting biodiversity, property and personnel.   15.7.2 Description of factor 
Unplanned bushfires have the potential to cause major damage through: 

• risk to human life 

• risks to property and infrastructure 

• damage and/or death to fauna and flora 

• destruction of grazing area.   

Due to the dry, warm climate of Western Australia, fire has the potential to spread rapidly, and small fires 

can very easily result in large scale bushfires. 15.7.3 Potential impacts and mitigation 
Activities associated with mining and construction have the potential to increase the risk of fire.  Both 

construction and mining will result in increased vehicular traffic, which provides an ignition source and can 

increase the risk of accidental fire outbreak.  Some activities associated with mining and construction also 

constitute hot work.  Hot work is work that involves sources of ignition (such as welding, cutting and 

soldering) or work conducted in the vicinity of flammable material (such as fuels and leaf litter).   

In addition to the destruction of native flora and fauna, fire can also favour the establishment of weeds, as 

they can be faster to regenerate following fire events.    

The following aspects have been identified as posing the highest risk of fire during mining and 

construction:  

• storage and use of flammable material may increase the potential risk of fire outbreak 

• on-site machinery may increase the risk of fire through the use of fuels and by providing ignition 

sources  

• repair and maintenance of vehicle, plant and equipment may pose a fire risk.  



 Dongara Titanium Minerals Project 

TIW11174.01 Dongara PER Rev 2  4-May-12  163 

In order to minimise the risk of fire outbreak, Tiwest have developed a Fire Management Plan as part of 

the EMP (Appendix 1), and will implement established and proven procedures to ensure hot work (work 

with a high risk of fire, including work with ignition sources and work near fire-vulnerable areas) is done 

safely, and in such a way that the risk of accidental fire outbreak is minimised.    15.7.4 Management measures 
Fire risk as a result of the Proposal will be managed and controlled through management measures and 

contingency actions detailed in the Fire Management Plan component of the EMP (Appendix 1).  Key 

management actions relating to fire include: 

• banning open fires, except for fire training purposes 

• banning burning of rubbish 

• subset of site personnel trained (to FESA standards) in fire response 

• establishing and maintaining fire breaks around key facilities 

• undertaking periodic visual assessment of potential fire risks as part of audits 

• including bushfire response plan in on-site emergency procedures 

• training and inducting personnel on fire risks and management 

• undertaking regular visual assessment of storage areas containing ignition sources 

• only undertaking hot work following granting of a hot work permit 

• implementation of controlled burns in consultation with DEC and local fire control officers to 

manage fuel levels commensurate with ecological considerations (e.g. habitat preservation). 

The Fire Management Plan is supported by Tiwest’s Hot Work Procedure (NO0008), which is well 

established, and is in use at all Tiwest facilities.  The procedure requires all personnel undertaking work 

with an increased fire risk to obtain a permit.  This permit outlines requirements to reduce the risk of 

accidental fire outbreak dependent on the activity being undertaken, and can include measures such as: 

• personal protective equipment 

• signage 

• fire fighting equipment 

• fire watchers 

• isolation of equipment associated with the activity. 15.8 Visual amenity 15.8.1 Objective 
The EPA environmental objective for visual amenity is: 

To ensure that aesthetic values are considered and measures are adopted to reduce visual impacts on the 

landscape as low as reasonably practicable. 15.8.2 Description of factor 
Visual amenity is generally associated with the aesthetic and function value of a land parcel or landscape 

following mining.  Visual amenity is defined by expectations of receptors in the area, whether they be 

nearby community, traditional owners, heritage stakeholders (European and Aboriginal), or other land 

users such as pastoral lease holders.   

Key alterations to visual amenity can occur through clearing and developing of the mine, excavation of 

resources, development of infrastructure and landforms (such as dumps and tailings facilities), and the 

construction of roads.  
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The closest receptors to the Proposal Area are residents 2.5 km away, and the town of Dongara which is 

27 km away.  The Proposal Area is within the Amangu Native Title claim boundaries (WAD6002/04, 

WC04/002).  The closest major road is the Brand Highway, which is located approximately 10 km from the 

Proposal Area. 15.8.3 Potential impacts and mitigation 
The Proposal Area lies between the Eneabba Plan and the Gingin Scarp.  The area surrounding the 

Proposal Area is used for a combination of pastoral and reserve land.  The wider area has had substantial 

natural gas exploration and development.  Given the combination of cleared and developed/explored land 

and the distance from the town of Dongara, visual amenity is not expected to be affected by the Proposal.  

Despite this, Tiwest will employ management measures to reduce the effects of visual amenity as a result 

of the Proposal.  The primary measure to reduce impacts to visual amenity is the use of progressive 

rehabilitation, which will ensure the landscape is returned to the agreed post mining land use as soon as 

practicable, reducing time where land is left visually changed.  15.8.4 Management measures 
The effect on visual amenity as a result of the Proposal will be managed and controlled through 

management measures and contingency actions detailed in the Rehabilitation Management Plan 

component of the EMP (Appendix 1).  Key management actions relating to visual amenity include: 

• commencing planning of post mining l landforms commensurate with surrounding landscape prior 

to clearing to ensure that completion criteria can be met 

• undertaking rehabilitation to ensure landforms blend with the surrounding landscape 

• undertaking progressive rehabilitation to re-establish natural landscape as soon as practicable. 

Tiwest has established a proven track record of successful progressive rehabilitation at other sites in 

Western Australia and is committed to undertaking successful protection of visual amenity at the Proposal 

Area.  
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16. Summary of environmental measures and controls 16.1 Environmental management framework 
The Proponent will minimise environmental impacts through the implementation of ongoing management 

measures, which include: 

• maintaining an Environmental Management System (EMS) and business systems 

• implementing an Environmental Management Program (EMP) for the Proposal (Appendix 1) 

• developing environmental improvement plans each year for priorities identified in reviews of 

systems and performance 

• improving mechanisms to measure water and energy use, and greenhouse gas emissions 

• improving the efficiency of natural resource use 

• updating plans for disturbance and closure, progressively rehabilitating and measuring success 

• training staff and contractors in environmental requirements of their work 

• ensuring that community views are sought, respected and considered 

• reporting regularly to stakeholders on performance. 

The Proponent acknowledges the environmental protection principles listed in section 4a of the EP Act 

through its strong commitment to sustainable development and environmental management at its 

operations (Section 5.3).   16.1.1 Environmental Policy of Proponent 
The Proponent’s Environmental Policy includes a number of commitments intended to drive prudent, 

responsible and environmentally sustainable performance.  These commitments include: 

• compliance with all statutory environmental requirements as a minimum 

• implementation of programs to avoid causing environmental harm, conserve natural resources, 

reduce waste, reduce any controllable contribution to human induced climate change and 

promote efficient use of energy and water 

• establishment of environmental targets 

• developing, educating and endeavouring to ensure all employees and contractors understand and 

are accountable for their role in achieving environmental targets 

• maintaining environmental systems and procedures including the investigation and analysis of 

environmental incidents  

• monitoring and evaluating company performance 

• actively pursuing opportunities for improvement 

• aiming to provide adequate resources and training in order to implement systems required to 

maintain and improve environmental performance 

• providing environmental leadership through open and effective communication with all 

stakeholders and by sharing environmental expertise. 
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16.1.2 Environmental Management Program (EMP) 
The environmental aspects of the Proposal will be primarily managed through the EMP (Appendix 1).  The 

purpose of the EMP is to document environmental management objectives and strategies in relation to the 

Proposal, including: 

• measures to prevent, minimise, mitigate and manage any potential environmental impacts of the 

Proposal 

• monitoring procedures 

• contingency actions. 

The following management plans have been developed as part of the EMP: 

1. Surface and groundwater management plan 

2. Weed and Phytophthora cinnamomi management plan 

3. Fauna management plan 

4. Rehabilitation management plan 

5. Dust management plan 

6. Greenhouse gas inventory and management plan 

7. Radiation management plan 

8. Acid sulfate soil management plan 

9. Waste management plan 

10. Fire management plan 

11. Hydrocarbons and hazardous materials management plan. 

The Closure Plan will be submitted separately.   16.2 Summary of likely environmental control instruments 
Table 51 outlines the controls that either currently exist or will be put in place to ensure appropriate 

management of the Proposal for each environmental factor.  The controls include: 

• potential implementation conditions as per any Ministerial Statement  

• requirements of the Tiwest EMP or Closure Plan 

• conditions of the DEC (Environmental Management Division) Works Approval (under Part V of the 

EP Act) for construction of works on prescribed premises 

• conditions of the DEC (Environmental Management Division) Licence (under Part V of the EP Act) 

for the operation of activities on prescribed premises (ore processing, landfill and sewage facility) 

• conditions of the Licences to ‘Take Water’ (under Rights in Water and Irrigation Act 1914 (WA)) 

• conditions/requirements of any other relevant legislation and regulations. 

• relevant Tiwest Standards and guidelines. 
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Table 51 Statutory and environmental management controls for the Proposal 

Factor Topic 

Potential 
Statement 
Conditions 
(Part IV) 

EMP/ 
Closure 
Plan 

Works 
Approval/ 
Licence 
(Part V) 

Other relevant legislation 
and regulations 

Key environmental factors 

Groundwater Extent of groundwater 
drawdown 

 �  � Licence under RIWI Act 

Groundwater quality and 
quantity monitoring 

� � � � Licence under RIWI Act 

Surface water Modified surface drainage  �   

Surface water quality and 
monitoring 

� � �  

Vegetation 
and flora 

Extent of vegetation clearing �    

Conservation significant flora �    

Weeds  �   

Dieback  �   

Terrestrial 
fauna  

Extent of habitat removal  �   

Conservation significant fauna � �   

Feral fauna   �   

Subterranean 
fauna 

Extent of groundwater 
drawdown (removal of habitat) 

 �   

Extent of mine pits (removal of 
habitat) 

� �   

Closure Decommissioning, 
decontamination/remediation, 
and rehabilitation 

� �  � Mining Act 

Groundwater monitoring post- 
closure  

 �   

Other environmental factors 

Noise  Emissions of noise   � �  

Dust and air 
emissions  

Dust generation   � �  

Air emissions  � �  

Greenhouse 
gases 

Emissions reduction  �   

Reporting    � NGER Act 

Radiation Radiation emissions  � � � Mining Act 

Indigenous 
heritage 

Disturbance of indigenous 
heritage sites 

   � Aboriginal Heritage Act 

Acid sulfate 
soils 

Exposure of acid sulfate soils 
 �  � Contaminated Sites Act 

Non-mineral 
waste 

Liquid waste (including 
sewage) 

 � � � Health Act 

Solid waste disposal (landfill)  � � � Health Act 

Fire Fire outbreaks  �   

Visual 
amenity 

Visual amenity 
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16.3 Summary of proposed environmental management measures and performance standards 16.3.1 Groundwater 
The key management measures to be implemented to protect groundwater values include: 

• implementing the Surface and groundwater management plan (contained in the EMP Appendix 1)  

• backfilling as soon as possible to enable reinstatement of the aquifer and thereby through-flow 

across the mine void 

• monitoring of groundwater and vegetation against defined  trigger levels for adaptive 

management and contingency measures. 

• monitoring results to be used to verify and improve the accuracy of groundwater drawdown and 

GDE risk predictions and assessments 

• undertaking further investigations into potential ASS 

• investigating methods of water reuse and promotion of water use efficiency throughout site. 16.3.2 Surface water 
The key management measures to be implemented to protect surface water values include: 

• implementing the Surface and groundwater management plan (contained in the EMP Appendix 1) 

• implementing the Hydrocarbons and hazardous materials management plan (contained in the 

EMP Appendix 1). 16.3.3 Vegetation and flora 
The key management measures to be implemented to protect vegetation and flora values include: 

• pre-clearing planning and internal permitting will be carried out to minimise footprints and select 

areas of lowest conservation significance 

• planning for rehabilitation – resources available for rehabilitation will, in general, be maximised 

and directed towards specific activities (i.e. return of specific communities and species through 

specific practices) 

• on-site control – appropriate levels of survey, signage, supervision and auditing will be carried out 

on site for clearing and rehabilitation activities 

• personnel will be trained in relevant requirements with awareness maintained throughout the 

duration of the Proposal 

• vehicles will be restricted to designated roads and mining areas 

• unauthorised clearing will be investigated and appropriate corrective and preventative measures 

implemented to prevent recurrence 

• all areas disturbed will be rehabilitated in accordance with the Rehabilitation Management Plan 

section of the EMP (Appendix 1) 

• weed and dieback hygiene measures will be implemented in accordance with the Weed and 

Phytophthora cinnamomi Management Plan section of the EMP (Appendix 1) 

• dust control measures will be implemented in accordance with the Dust Management Plan section 

of the EMP (Appendix 1) 

• fire control measures will be implemented in accordance with the Fire Management Plan section 

of the EMP (Appendix 1). 
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16.3.4 Terrestrial fauna 
The key management measures to be implemented to protect terrestrial fauna values include: 

• prior to engagement on site, all staff will be inducted on fauna management procedures 

• updated information regarding fauna management will be provided to personnel during mine 

operations by way of toolbox meetings, site Health Safety and Environment (HSE) meetings, 

training and awareness sessions and visual displays in prominent on-site locations. 

• clearing will be undertaken in stages and along one front to allow fauna to vacate the area   

• clearing of vegetation will be confined to designated clearing areas only 

• Carnaby’s Cockatoos encountered during construction will be allowed to make their own way from 

the area 

• native animals’ encountered on site will be given the opportunity to move on if there is no real 

threat to personnel safety 

• vehicles, machinery and personnel will be restricted to designated areas 

• food scraps and other waste will be disposed of in covered waste facilities to ensure that feral or 

other animals are not attracted to the site 

• signs will be installed on internal roads warning of the potential for fauna to be mobile in the area 

• all personnel will be required to observe on-site vehicle speed limits to prevent the likelihood of 

road kill 

• active site areas will be inspected each morning during clearing and mining, prior to starting-up 

machinery to ensure fauna may be avoided 

• the feeding of fauna, hunting, or keeping of pets on site will be prohibited 

• fauna will be monitored. 

Additional management actions that will be implemented in order to limit impacts on terrestrial fauna are 

outlined in the Fauna management plan section of the EMP (Appendix 1). 16.3.5 Subterranean fauna 
The key management measures to be implemented to protect subterranean fauna values include: 

• the extent of excavation will be restricted to that required for the successful implementation of the 

Proposal 

• mine dewatering will be minimised where practical 

• rehabilitation and back filling of voids will be conducted progressively to promote groundwater 

flow and reinstatement of near original hydrogeological conditions. 16.3.6 Closure 
The Proponent will develop and implement a closure plan to manage and mitigate unavoidable and/or 

potential long-term impacts on the environment.  Closure management will assist in ensuring that disturbed 

areas are safe and are suitably rehabilitated for the long-term end land use.  The following closure 

objectives have been identified as part of the current closure vision for the Proposal: 

• progressive rehabilitation of all disturbed areas 

• no ongoing contaminated sites 

• the establishment of biological systems that are consistent with surrounding vegetation 

• rehabilitated sites achieve end land use of native vegetation. 

Detailed management of closure is covered in the Rehabilitation management plan section of the EMP 

(Appendix 1) and the Closure Plan. 
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16.4 Proposed environmental conditions 
Tiwest has reviewed the aspects of the Proposal where outcome-based environmental conditions may be 

appropriate (Section 16.2).   

In undertaking this assessment Tiwest is seeking approval to implement the Proposal with the expected 

outcomes as described in this report including: 

• clearing and disturbance of no more than 1315 ha, including up to 1200 ha of native vegetation 

within the Project Boundary (shown in Figure ES2) 

• no more than 373 ha of vegetation will experience measurable impact (a Moderate or Large 

change) from groundwater drawdown 

• progressive rehabilitation of vegetation within the Disturbance Boundary 

Critical controls and triggered to be applied to achieve this include: 

• cessation of dewatering until appropriate remedial action is undertaken if measurable impact (a 

Moderate or Large change) is recorded in the Yardanogo Nature Reserve 

• implementation of remedial measures specified in Section 6.7.1 of this PER in accordance with 

consultation with DEC if triggers levels contained specified in the Items 3 or 4 of Table 29 of the 

PER are exceeded. 
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17. Environmental offsets strategy 
The EPA’s objective for environmental offsets is to ensure that significant and unavoidable adverse 

environmental impacts are counterbalanced by a positive environmental gain, with an aspirational goal of 

achieving a ‘net environmental benefit’. 17.1 Overview of impacts 
The significant residual environmental impacts of the Proposal, after consideration of other mitigation 

measures to be applied, are expected to be: 

1. Short to medium term impact of loss of up to 1200 ha of native vegetation with high natural 

biodiversity, which supports a number of conservation flora and fauna species. 

2. An associated medium term loss of up to 1200 ha of potential foraging habitat for Carnaby’s Black-

Cockatoo.  Longer-term impacts would be reduced over time through achievement of targets for 

forage species return in rehabilitation. 

3. Longer-term impact on local biodiversity from permanent change in biodiversity of the area subject to 

clearing.  This is expected as a result of rehabilitated communities differing in species composition 

and vegetation structure from the pre-mining state. 

In addition to the clearing impacts, 373 ha of remnant vegetation would potentially be affected in the short 

term (i.e. during the life of the mine) by groundwater drawdown. These impacts, while significant, are 

expected to be transitory in nature and thereby not expected to result significant residual environmental 

impacts. 

From a regional perspective, impacts to S. dimorphantha are considered as minor (Woodman 2011).  

However, this and a number of Priority Flora species contribute to the inherent high biodiversity values of 

the area. 

Woodman (2011) found that the impact to each Floristic Community Type (FCT) at a local and regional 

scale would be ‘very low’ based on clearing within the Proposal Area. 

It is not known whether the Western Ground Parrot has a population in the Proposal Area (Bamford 2012), 

however, given its potential importance if in the region, Tiwest has considered potential initiatives for the 

species in its mitigation program, including further surveys to confirm its presence/absence in the wider 

area. 17.2 Significance of residual impacts on 'critical' environmental assets 
The proposed site is considered a ‘critical’ environmental asset under definitions in EPA Position 

Statement No. 9 (2006a); given that the Proposal Area constitutes vegetation with high biodiversity values, 

potential habitat for the Endangered Carnaby's Black-Cockatoo and several Threatened Fauna species 

listed under the Wildlife Conservation Act 1950. 

The staged mining and rehabilitation program would ensure that the significant residual impacts are largely 

transitional, and not permanent.  The exception to this may be the longer-term changes in species 

composition and vegetation structure resulting from rehabilitation not returning the identical pre-existing 

state.  The progressive mine development/rehabilitation program would ensure that no more than half of 

the Actual Footprint area would be cleared at any one time. Given consideration to the scale, and the 

transitional and temporary nature, of the expected residual impact on both ‘critical;’ and ‘high value’ assets, 

Tiwest does not consider there to be any significant adverse impacts to critical assets from the proposal. 

Furthermore, together with the offsets package to be negotiated as discussed in the following section, 

Tiwest believes that there would be a ‘net environmental benefit’ resulting from implementation of the 

Proposal, in accordance with EPA goals.  This is considered sufficient to limit application of a presumption 

of unacceptability of the Proposal. 
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17.3 Environmental offset strategy 
This offset strategy is being developed in consultation with DEC and SEWPaC based on the principles set 

out in EPA Guidance No 19 (EPA 2008a) and Commonwealth draft offsets policy statement (DEWR 2007).   

The basic components of the offsets package have been qualitatively defined and are reported in Table 52 

(the environmental offsets reporting form prescribed by the EPA [EPA 2008]).   

It is intended that a detailed offsets strategy, once agreed with the DEC and SEWPaC, will be provided to 

the EPA at the time of submission of the Summary and Response to Public Submissions on the PER. 

Tiwest believes that the finalised offsets strategy would represent a substantial ‘net environmental benefit’ 

in respect of both ‘critical’ and “high value’ assets, and the conservation of MNES.  It would provide for 

adequate mitigation of the residual impact on an area with high biodiversity values, such that the overall 

outcome can be considered environmentally acceptable, in accordance with EPA objectives. 
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Table 52 Environmental offsets reporting form 

Section A: Administrative information 

1.  Proposal or scheme name: Dongara Titanium Minerals Project 

2.  Summary of proposal or scheme:  

To mine and concentrate titanium bearing (and other valuable) mineral sands from resources located approximately 25 km southeast of Dongara.  This would involve the clearing of approximately 1200 ha 

of native vegetation, based around a clearing and rehabilitation schedule..  An additional 373 ha of remnant vegetation would potentially be affected in the short term (i.e. during the life of the mine) by 

groundwater drawdown.  

Section B: Type of environmental asset (s) – State whether Critical or High Value, describe the environmental values and attributes 

The proposed site is considered a ‘critical’ environmental asset as per definitions given in EPA (2006a) as the Proposal Area constitutes vegetation with high biodiversity values and potential habitat for 

the Endangered Carnaby's Black-Cockatoo and several Threatened Fauna species listed under the Wildlife Conservation Act 1950.   

The following is a summary of environmental assets for the Proposal Area: 

• high levels of natural biodiversity, including significant flora and fauna 

• large area of Carnaby’s Black-Cockatoo (Endangered under EPBC Act) foraging habitat  

• populations of conservation significant flora, including Paracaelena dixonii, (DRF Endangered) Stawellia dimorphantha (Vulnerable under EPBC Act, Priority 4 flora species) and other Priority flora 
species (Banksia elegans, Banksia scabrella, Beyeria gardneri, Hemiandra sp. Eneabba (H. Demarz 3687), Hypocalymma gardneri, Mesomelaena stygia subsp. deflexa, Persoonia filiformis, 
Persoonia rudis, Schoenus sp. Eneabba (F. Obbens & C. Godden I154), Stylidium carnosum subsp. Narrow leaves (J.A. Wege 490), Verticordia luteola var. luteola) 

• potential for the Western Ground Parrot (Endangered under EPBC Act) to occur, though there are no confirmed reports of its existence in the area 

• likely presence of several Priority and Schedule 4 vertebrate fauna species (South-western Carpet Python, Woma / Ramsay’s Python, Black-striped Snake, Brush Wallaby) 

• two invertebrates of conservation significance may be present: the Shield-backed Trapdoor Spider (Idiosoma nigrum), listed as Threatened - Vulnerable under the Wildlife Conservation Act 1950, and 
the Phasmid-mimic Cricket (Phasmodes jeeba), listed as Priority 2 by the DEC (Bamford 2012) 

• short-range endemic millipede (Antichiropus ‘Eneabba 1’), and two short-range endemic Mygalomorph spiders (Family Nemesiidae): Chenistonia tepperi and Merredinia or Aname sp. 

Section C: Significant impacts (describe the significant adverse environmental impacts related to the proposal or scheme before mitigation measures are applied) 

Clearing of up to 1200 ha of vegetation contained in a range of Unallocated Crown Land parcels and freehold pasture within Beard Vegetation Associations 378, 379 and 392 (of these the current extent 

of 379 is below 30% of pre-European), and within FCTs 4, 5a, 5b, 6c, 10a, 10b, 16a and 23 (Woodman 2011). 

Changes to groundwater levels through mine dewatering and abstraction potentially impacting FCTs 4, 5a, 5b, 10a, 10b, 23 and 25a (Woodman 2011) and wetlands and subterranean fauna. Of these, 

FCT 10a is identified as of moderate risk from impacts. 

Loss of some potential habitat and known locations of conservation significant flora including the EPBC Act listed (Vulnerable) S. dimorphantha and a number of Priority flora species. 

Loss of 1200 ha foraging habitat for Carnaby’s Black-Cockatoo. 

Potential introduction and spread of invasive weed species and the plant pathogen Phytophthora cinnamomi (Dieback). 

Removal of vegetation may cause appreciable land degradation through nutrient loss, soil erosion and eutrophication. 

Potential to encounter pyrite acid formation. 
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Section D: Mitigation measures (describe all measures to Avoid, Minimise, Rectify and Reduce) 

 

Avoid 

It is difficult to avoid the majority of the area of impact, as the Proposal is restricted to areas in which the mineral resources are located.  Tiwest has conducted comprehensive minerals exploration 

activities in order to establish a Proposal Area with minimal potential for environmental impacts.  There is flexibility in placement of infrastructure to avoid areas of higher environmental value. 

Mining infrastructure would be located in already disturbed areas, or those considered less environmentally sensitive. 

Progressive mining and rehabilitation, including associated void backfill practices, restrict many activities to the mining areas avoiding unnecessary clearing in high value areas.  

A specific clearing footprint for installation of power and water infrastructure would be avoided through alignments alongside roads instead of clearing separate dedicated areas. 

 

Minimise 

Mine operations would follow a staged sequence such that the net extent of clearing and mining impacts at any point in time is minimised. 

Tiwest would develop a rigorous internal clearing and stripping permits system to ensure clearing is minimise to that necessary and authorised. 

Rehabilitation would be staged through the life-of-mine so that time-dependency of returning the Proposal site to a functioning ecosystem is minimised. 

Sand and clay materials (tailings) separated during the processing phase would be returned to the mine void, minimising impacts to the form of the post-mining landscape. 

Replacement of topsoil and use of locally collected seed in rehabilitation works. 

Use of mobile screening and pumping facilities to slurry and pump ore from the pit to the feed preparation unit instead of using standard truck and shovel methods would minimise risk of road fatalities to 

native fauna. 

Impacts to groundwater-dependent vegetation from groundwater abstractions for water supplies would be minimised by using the deeper Yarragadee aquifer, rather than the shallow watertable resource. 

Drawdown impacts are limited to less than 373 ha through the implementation of adaptive management based on impact triggers. Vegetation is expected to recover post impact. 

The use of ‘progressive rehabilitation’ minimises the overall clearing disturbance footprint throughout the life-of-mine.  Progressive rehabilitation refers to the rehabilitation of old mine voids throughout the 

life-of-mine rather than at the completion of all mineral extraction. 

 

Rectify/Reduce 

Long-term impacts would be reduced through the rehabilitation of all land affected by the Proposal.  Tiwest would implement a Mine Decommissioning and Closure plan in accordance with the DMP and 

EPA Guidelines for Preparing Mine Closure Plans (DMP & EPA 2011).  This would include the definition of a final land use for the Proposal Area, development of completion criteria, and specific 

rehabilitation strategies for the management of significant flora and fauna species and communities. 

Tiwest would also implement environmental management plans (Appendix 1) to reduce impacts to key environmental assets. 

Topsoil would be removed prior to mining, and respread either directly into nearby rehabilitation areas, or stockpiled (< 12 months where possible) for return to the same or nearby areas.  

Tiwest would develop specific rehabilitation criteria to increase the potential for conservation significant flora and fauna species to be successfully returned to the rehabilitated mine site.  For example, 

Tiwest would ensure all species considered likely to be foraging species for Carnaby's Black-Cockatoo are returned to a specified density in rehabilitation works.  For Priority flora taxa, Tiwest would 

develop strategies for the establishment of these species and monitor compliance against the targets identified in rehabilitation areas. 
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Section E: Significant residual impacts (describe all the significant adverse residual impacts that remain after all mitigation attempts have been exhausted)  

1. Short to medium term impact of loss of up to 1200 ha of native vegetation with high natural biodiversity, which supports a number of conservation flora and fauna species. 

2. An associated medium term loss of up to 1200 ha of potential foraging habitat for Carnaby’s Black-Cockatoo.  Longer-term impacts would be reduced over time through achievement of targets for 

forage species return in rehabilitation. 

3. Longer-term impact on local biodiversity from possible permanent change in biodiversity of the area subject to clearing.  This may include a change in species composition and vegetation structure 

resulting from rehabilitated ecosystems not fully resembling the pre-mining state. 

Following the application of proposed management measures, impacts resulting from groundwater drawdown are not considered to result in significant residual impacts in general. However, risks 

presented to the conservation status of FCT10a are addressed in the offsets package. 

The residual impacts listed above includes a significant impact to Carnaby's Black-Cockatoo (Endangered under EPBC Act), a MNES.  In addition, the following species are also proposed to be 

considered specifically in the offsets strategy: 

• Western Ground Parrot (Endangered under EPBC Act) 

• S. dimorphantha (Arrowsmith Stilt-lily) (Vulnerable under EPBC Act) 

• Priority flora species affected by Proposal and FCT 10a. 

From a regional perspective, impacts to S. dimorphantha appear to be minimal (Woodman 2011) however, it and a number of Priority flora species contribute to the inherent high biodiversity values of the 

area and would be further considered in proposed indirect offsets. 

Section F: Proposed offsets for each significant residual impact (identify direct and contributing offsets). Include a description of the land tenure and zoning / reservation status of the 

proposed offset site. Identify any encumbrances or other restrictions on the land that may impact the implementation of the proposed offset and provide evidence demonstrating how these 

issues have been resolved. 

As offset negotiations are at a preliminary stage, and considering the components of the package carry some commercial sensitivity, a brief description of the offset concepts being considered is provided 

below. These include a number options of direct and indirect offsets that could be pursued. These are divided into ‘primary’ offsets and ‘supporting’ offsets. 

 

Primary Offsets (Direct and Indirect/Contributing Components) 

Acquisition of land for Carnaby's Black-Cockatoo habitat conservation project 

This offset is based around the acquisition of land for the conservation of Carnaby’s Black-Cockatoo foraging habitat and vegetation of high biodiversity value between Perth and Geraldton.  This land is to 

be acquired and managed for conservation in perpetuity through an agreement with DEC.  Acquisition of this land would be supported by funding for initial works to allow transfer to DEC management, 

preparation of a Conservation Management Plan and ongoing conservation management of the land.  Preference will be given to areas of Beard Vegetation Association 379.  

This component consists of direct (conservation of land, improved management) and indirect/contributing offsets (ongoing management activities, implementation of management plan, removal of 

threatening processes). 

Carnaby's Black-Cockatoo habitat protection in agricultural land 

This project would involve the provision of funding and in-kind support to landowners delivered by the Regional NRM Group for the maintenance and enhancement of remnant Carnaby’s Black Cockatoo 

habitat on agricultural land.  This project focuses on remnant areas of habitat unlikely to become available or too small or unsuitable shape to be added to the conservation estate.  The intention is for the 

funding to be provided to landowners to assist them in managing the remnant habitat, improving its condition and relative habitat value, and supporting the landowners in arranging for conservation 

covenants on the land to provide for its ongoing protection from clearing. 

This component consists of both direct (re-establishment of habitat, placement of conservation covenants) and indirect/contributing offsets (ongoing management activities, contributions to relevant 

education programs). 
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Supporting Offsets (Indirect/Contributing Only) 

Carnaby’s Black-Cockatoo habitat rehabilitation research 

Tiwest would undertake research to collect data on the primary juvenile period and time taken to produce seeds for key foraging species for Carnaby’s Black Cockatoo.  This would include focusing on 

species likely to be utilised by Carnaby's Black-Cockatoo, where no observational data exists or where little data is available on its growth and reproductive maturity on rehabilitated lands. 

The outcome from this offset is intended to result in a net environmental benefit to Carnaby's Black-Cockatoo by further informing the ecology of Carnaby's Black-Cockatoo in rehabilitated lands.  

Information obtained through this monitoring program would help inform short, medium and potential long-term impacts on Carnaby's Black-Cockatoo of mining in similar environments. 

Regional surveys for significant flor, vegetation and fauna species  

Tiwest would undertake surveys outside the Proposal Area to provide further information on the known extent and range of conservation significant flora, vegetation communities and fauna that may be 

impacted by the Proposal (e.g. FCT 10a, S. dimorphantha, selected Priority flora).  This survey program would be developed in consultation with DEC. 

Significant and recalcitrant flora propagation trials and research 

Tiwest would undertake trials into propagation methods and habitat needs of conservation significant flora, including S. dimorphantha, and recalcitrant species.  The aim of this offset component is to 

provide information that aids in meeting Tiwest commitments to achieve the return of conservation significant and recalcitrant species to rehabilitation areas to maximise return of diversity. 

Section G: Spatial data relating to offset site/s (see EPA Guidance Statement No. 19: environmental offsets- biodiversity, Appendix 4) 

Spatial data and metadata statements would be provided to the EPA when the offsets package is finalised.  This is expected to coincide with submission of the Summary and Response to Public 

Submissions on the PER. 

Section H: Relevant data sources and evidence of consultation (consultation with agencies, relevant stakeholders, community and references to sources of data / information). Include 

details of specific environmental, technical or other relevant advice and information obtained to assist in the formulation of the offset. 

N/A – refer Reference list (Section 18). 
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