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EXECUTIVE SUMMARY 

BACKGROUND 
The Windimurra Vanadium Project and the remaining associated infrastructure are situated 
some 600 kilometres northeast of Perth in Western Australia.  The deposit is approximately 80 
kilometres southeast of Mount Magnet, the closest town, in the Murchison region of Western 
Australia.  There is access to natural gas from a 365 kilometre long spur pipeline, which was 
originally built specifically for the project. 
 
In 1991, Precious Metals Australia Ltd (PMA) referred to the Environmental Protection 
Authority (EPA) a proposal to develop a vanadium mine and process plant at Wagoo Hills 
(Windimurra), approximately 80 kilometres south-east of Mt Magnet.  PMA prepared a Public 
Environmental Review (PER) which was released for public review in January 1992.  After 
extensive public consultation, the Minister for the Environment approved the proposals on 16 
September 1992.  The project was however deferred in 1992 due to low metal prices.  In 
1997/8, PMA reviewed the project and decided to proceed to implementation. 
 
In 1997, in order to keep the project active, PMA applied to the Minister for the Environment 
under the provisions of Section 46 of the Environmental Protection Act 1986, to extend 
environmental approval for a further two years.  A Section 46 application for amendment to 
the environmental approval was submitted in February 1998 for an amendment of the 
Ministerial Conditions, as contained in the 1992 Ministerial Statement.   
 
A statement that the proposal may be implemented pursuant to the provisions of the 
Environmental Protection Act 1986 was issued by the Minister for the Environment on 9 July 
1998 (Ministerial Statement 481).  Accompanying this statement was an amended set of 
Ministerial Conditions and a list of consolidated commitments for the project. 
 
The Windimurra Vanadium Project originally commenced operations in November 1999 
under ownership by Xstrata PLC (Xstrata) and PMA under the proponent, Vanadium Australia 
Pty Ltd (Vanadium Australia), which was a joint venture between PMA and Xstrata.  During 
the first 12 months of its operation, the project was impacted by a number of commissioning 
delays, forcing PMA to sell its participating interest in the project to Xstrata at the end of 
2000.  Xstrata continued to operate the mine until April 2003 when it was placed on care and 
maintenance and ultimately closed permanently in 2004.  Following closure, PMA 
commenced legal action against Xstrata which was settled in April 2005.  During 2004, 
significant amounts of infrastructure, particularly ore processing equipment were removed 
from the site. 
 
In 2005 Vanadium Australia submitted a Performance and Compliance Report to the 
Department of Environment (now the Department of Environment and Conservation (DEC)) 
that covered the years 2002 – 2004.  A Conceptual Closure and Rehabilitation Plan was 
submitted to the EPA by Xstrata in August 2005, following a Notification of Non-Compliance 
issued to Xstrata for Closure from the EPA.  PMA were advised by DEC that this Notice 
would be lifted following approval of project re-commissioning. 
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On 30 May 2005, the Minister for State Development consented to transfer of all Windimurra 
mining tenements from Xstrata to PMA and on 5 August 2005, the Minister for Environment 
consented to nomination of PMA as the Proponent under the Environmental Protection Act 
1986, replacing Vanadium Australia.  Following grant of these approvals, PMA became the 
sole owner of the Windimurra Site from 9 August 2005. 
 
The Windimurra Vanadium Project design as described in this document incorporates largely 
the same process as operated previously.  A number of potential improvements were 
recognised during project operation and recommissioning of the project has provided PMA 
with the opportunity to incorporate these improvements into the design.  A Section 45C 
application submitted to the EPA on 27 September 2007 seeking approval for non significant 
changes to the approved project was approved on 22 October 2007. 
 
[Note: On 19 December 2007, PMA changed its name to Windimurra Vanadium Limited 
(WVL).  For consistency with previous documentation the previous name, PMA, has been 
retained throughout this document.  WVL and PMA have the same ABN and are essentially 
the same legal entity.] 
 
 

KEY PROJECT CHARACTERISTICS 
A summary of the key project characteristics is produced below. 
 

Proposal 
Characteristics Units Ministerial 

Statement 481 

Approved 
September 2007 

Amendment 
EPS 2008 

Life of mine production years >15 >20 >20 
Pit Depth metres   90 
Area of tenement hectares 988 Unchanged Unchanged 
Area of disturbance hectares 120 705 650 

 
 

OVERVIEW OF THE PROPOSAL 

Land Clearing 
This proposal relates to land clearing required for re-commencement of an approved mining 
project (Ministerial Statement 481).  The initial project approval allowed for 120 hectares of 
clearing.  However, the total amount of land clearing undertaken until the end of 2002 was 
reported as being 350 hectares in that year’s Annual Environmental Report (AER).  
Additionally, plans provided to the Department of Environmental Protection (now DEC) as 
part of Works Approval documents submitted in August 1999, suggest that land disturbance 
for the plant area and pit is about 140 hectares while land disturbance for the non-magnetic 
Tailings Storage Facility is about 510 hectares. 
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The land clearing outlined in this EPS is required to construct waste disposal facilities and 
allow mining of additional vanadium resources identified by mineral exploration undertaken 
by PMA since cessation of mining in 2003.  Land clearing required for re-commencement of 
the project is about 300 hectares of which about 28 hectares has previously been cleared.  This 
comprises:  

• Construction of a new Barren Liquor Disposal Evaporation Pond (BLP) – 15 hectares. 

• Movement of the existing Non-magnetic Tailings Storage Facility (TSF) – 86 hectares. 

• Development of the open pit to the north and south and widening of the existing pit – 81 
hectares. 

• Development of four small waste rock stockpiles – 81 hectares. 

• Extension of the Calcine Waste Disposal Facility (CWDF) – 5.3 hectares. 

• Expansion of the mine village to accommodate an increased workforce – two hectares. 

• Clearing around infrastructure i.e. power lines, water supply lines – 30 hectares. 
 
Clearing would commence on receipt of all project approvals.  This is anticipated to be in the 
first quarter of 2008.  Clearing for the BLP, mine village and infrastructure will occur within 
the first year of re-commencement of the project.  Clearing for the open pit extension, waste 
rock stockpiles and TSF will occur over the projected 20 year life of the project. 
 

Groundwater and Mining Below the Base of Weathering 
Previous mining operations progressed to about 35 to 40 metres in depth along the 1,000 
metre length of the pit which is some two to five metres below the base of weathering.  Inflow 
water was successfully managed through construction of sumps within the pit floor.  Water 
was either re-used within operations or evaporated. 
 
Mining operations are now proposed to occur to a maximum of 90 metres in depth.  Minor 
faulting is apparent in the current pit wall that may yield small amounts of groundwater if 
encountered below the base of weathering.  The magnetite - hosting gabbro rock has extremely 
low primary porosity and permeability, with the inflows being the result of secondary 
permeability caused by geological structures.  To date no large structures have been 
intercepted that are likely to result in significant inflows.   
 
Low levels of ground water are likely to be intersected from the base of weathering (35 
metres) to depths of about 80 metres.  Based on previous hydrological investigations and 
records of water encountered during mineral exploration, static water levels will be 30 - 35 
metres below ground level.  The aquifers likely to be encountered are in fractured rock and are 
unconfined in nature.  Estimates of water supply likely to be possible from this aquifer are in 
the order of 1.2 to 2.3 litres per second (Rockwater, 1991a).  Water quality analysis indicates 
salinities of 900 to 1,400 milligrams per litre Total Dissolved Solids (TDS).   
 
Preliminary hydrological investigations do not indicate the need for installation of production 
bores to dewater ahead of mining activities below the base of weathering.  Groundwater when 
encountered will be managed in the same manner as used by previous operations by directing 
it into sumps within the pit where it will be removed for re-use by portable pumps.  If larger 
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volumes are encountered than can be re-used within mining operations, water will be re-used 
within ore processing operations and abstraction from the bore field will be reduced to 
compensate. 
 
 

SUMMARY OF ENVIRONMENTAL COMMITMENTS 
A large number of commitments to prevent or minimise adverse environmental impacts have 
been made throughout this document.  These are summarised below with the commitment 
number referencing the section of the document in which they are made. 
 

Commitment 
Number Commitment 

Soil and Landform 
5.1.2-a Clearing of vegetation will be minimised consistent with safe and efficient operations and in 

accordance with the recommendations of the Flora Management Plan. 
5.1.2-b Work will be carefully planned to ensure construction immediately follows clearing wherever 

possible. 
5.1.2-c Land clearing and/or topsoil removal will not be conducted during adverse weather conditions 

(e.g. during periods of high wind or intense rainfall). 
5.1.2-d Topsoil stockpiles will be as low as possible (up to two metres) with a large surface area for 

the preservation of seed stock. 
5.1.2-e Topsoil stockpiles will be stabilised using brush from cleared vegetation to reduce the erosion 

potential, discourage weeds and maintain soil microbes. 
5.1.2-f Topsoil will be used as soon as possible after collection. 
5.1.2-g Investigate opportunities later in the project life to dispose of non magnetic tailings and waste 

rock within completed sections of the open pit. 
Vegetation and Flora 
5.2.2-a Prior to clearing, the area to be cleared will be clearly delineated. 
5.2.2-b Use of disturbed areas in preference to requiring additional land clearing. 
5.2.2-c Clearing for re-instatement of the powerlines will be conducted using a bulldozer with a raised 

blade 
5.2.2-d Location of project infrastructure where possible to avoid impacts on populations of flora of 

conservation significance. 
5.2.2-e Where removal of priority flora species can not be avoided in approved areas, DEC will be 

advised of the removal of the plants. 
5.2.2-f The Calytrix erosipetala located near the western edge of the Southern Pit will be flagged as a 

no-go area during clearing and construction of the abandonment bund. 
5.2.2-g All heavy earthmoving equipment moving from a known weed area to a weed free area within 

the site will be cleaned prior to entry to site to remove weed seeds and plant pathogens. 
5.2.2-h Inclusion of flora and fauna information in project inductions for all employees and 

contractors.  This includes information on weed identification and reporting and priority flora. 
5.2.2-i Targeted surveys for Grevillea inconspicua and Calytrix erosipetala will be undertaken prior to 

clearing. 
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Commitment 
Number Commitment 

5.2.2-j Existing fences for protection of Grevillea inconspicua and Calytrix erosipetala will be 
repaired and new fences installed as shown in Figure 7 to assist with protection of these 
species from adverse impacts associated with mining. 

5.2.2-k Regular inspections will be undertaken of the fence (and signage) around the protection areas 
to ensure that unauthorised access, and hence unnecessary disturbance to the remaining 
populations of Grevillea inconspicua and Calytrix erosipetala, does not occur. 

5.2.2-l Photographic monitoring sites for Grevillea inconspicua and Calytrix erosipetala will be 
established within the protection areas.  Monitoring will be conducted annually in spring with 
the results reviewed by a qualified botanist. 

5.2.2-m Investigate the potential for propagation of Grevillea inconspicua and Calytrix erosipetala and 
their potential for inclusion in rehabilitation strategies. 

Fauna 
5.3.2-a An internal Vegetation Clearing Permit will be completed, and the appropriate signatures 

obtained, prior to the commencement of any clearing activities.  Specific project related 
management practices will be determined for each application and listed on the form. 

5.3.2-b Cleared vegetation will be stockpiled in a designated area and retained for rehabilitation 
purposes to provide habitat for fauna. 

Surface and Groundwater 
5.4.2-a Construction of diversion channels adjacent to infrastructure to divert clean water in 

ephemeral watercourses around the facilities. 
5.4.2-b Construction of drains and sumps within the pit floor to direct any groundwater and rain water 

inflows to points where it can be re-used for dust suppression or ore processing purposes. 
Air Quality 
5.5.2–a Water trucks will be used to prevent excessive dust emissions during earthworks operations 

and from use of roads. 
5.5.2-b To assist in the capture of CO2, all completed areas will be rehabilitated with local provenance 

species as soon as practicable. 
Rehabilitation and Closure 
6.1.2-a Rehabilitation of disturbed areas will be undertaken on a progressive basis throughout the life 

of the project. 
6.1.2-b Prior to undertaking these works, a final landform and long term land use must be agreed upon 

for the disturbed area and the rehabilitation program designed to achieve these objectives. 
6.1.2-c Areas of disturbance to be rehabilitated will be surveyed and the size and location recorded on 

a site plan for future monitoring. 
6.1.2-d Areas undergoing rehabilitation will be clearly signed (e.g. “Area under rehabilitation”) to 

notify site personnel.  Fencing may be required to prevent vehicle access and browsing by 
native fauna and stock. 

6.1.2-e Access to areas undergoing rehabilitation can only be obtained with permission from the site 
Environmental Manager. 
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1.0 INTRODUCTION 

1.1 PROJECT HISTORY 
The Windimurra Vanadium Project originally commenced operations in November 1999 
under ownership by Xstrata and Precious Metals Australia Ltd (PMA) under the proponent, 
Vanadium Australia Pty Ltd (Vanadium Australia), which was a joint venture between PMA 
and Xstrata.  During the first 12 months of its operation, the project was impacted by a number 
of commissioning delays, forcing PMA to sell its participating interest in the project to Xstrata 
at the end of 2000.  Xstrata continued to operate the mine until April 2003 when it was placed 
on care and maintenance and ultimately closed permanently in 2004.  Following closure, PMA 
commenced legal action against Xstrata which was settled in April 2005.  During 2004, 
significant amounts of infrastructure, particularly ore processing equipment were removed 
from the site. 
 
In 2005 Vanadium Australia submitted a Performance and Compliance Report to the 
Department of Environment (now the Department of Environment and Conservation (DEC)) 
that covered the years 2002 – 2004.  A Conceptual Closure and Rehabilitation Plan was 
submitted to the Environmental Protection Authority (EPA) by Xstrata in August 2005, 
following a Notification of Non-Compliance issued to Xstrata for Closure from the EPA.  
PMA were advised by the Department of Environment and Conservation (DEC) that this 
Notice would be lifted following approval of project re-commissioning. 
 
On 30 May 2005, the Minister for State Development consented to transfer of all Windimurra 
mining tenements from Xstrata to PMA and on 5 August 2005, the Minister for Environment 
consented to nomination of PMA as the Proponent under the Environmental Protection Act 
1986, replacing Vanadium Australia.  Following grant of these approvals, PMA became the 
sole owner of the Windimurra Site from 9 August 2005. 
 
The Windimurra Vanadium Project design as described in this document incorporates largely 
the same process as operated previously.  A number of potential improvements were 
recognised during project operation and recommissioning of the project has provided PMA 
with the opportunity to incorporate these improvements into the design.  A Section 45C 
application submitted to the Environment Protection Authority on 27 September 2007 seeking 
approval for non significant changes to the approved project was approved on 22 October 
2007. 
 
 

1.2 APPROVAL PROCESS 

1.2.1 Previous Approvals 
In 1991, PMA referred to the EPA a proposal to develop a vanadium mine and process plant at 
Wagoo Hills (Windimurra), approximately 80 kilometres south-east of Mt Magnet.  PMA 
prepared a Public Environmental Review (PER) which was released for public review in 
January 1992.  After extensive public consultation, the Minister for the Environment approved 
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the proposals on 16 September 1992.  The project was however deferred in 1992 due to low 
metal prices.  In 1997/8, PMA reviewed the project and decided to proceed to implementation. 
 
In 1997, in order to keep the project active, PMA applied to the Minister for the Environment 
under the provisions of Section 46 of the Environmental Protection Act 1986, to extend 
environmental approval for a further two years.  A Section 46 application for amendment to 
the environmental approval was submitted in February 1998 for an amendment of the 
Ministerial Conditions, as contained in the 1992 Ministerial Statement.   
 
A statement that the proposal may be implemented pursuant to the provisions of the 
Environmental Protection Act 1986 was issued by the Minister for the Environment on 9 July 
1998 (Ministerial Statement 481).  Accompanying this statement was an amended set of 
Ministerial Conditions and a list of consolidated commitments for the project. 
 
Work Approval for the project was granted in two stages by the Department of Environmental 
Protection (DEP, now DEC).  Stage 1 Work Approval (No. 02600, file W118/98/0) was 
granted on 8 December 1998.  This addressed bulk earthworks, road construction, water 
supply construction, construction of non process related buildings, installation of tanks, kilns 
and piping and construction of some ponds excluding liners.  Stage 2 Work Approval (No. 
027729 file W118/98/1) was granted on 8 June 1999 and addressed construction of the 
processing plant, air emission control systems, tailings storage facility and other lined dams.  
Completion reports were submitted to DEP for both Work Approvals and the project 
commissioned in November 1999. 
 

1.2.2 Current Approvals Process 
PMA presented the proposal to recommission the Windimurra Vanadium Mine to the EPA 
and other government stakeholders in late 2005 and early 2006.  The EPA decided that 
recommissioning of the project would not trigger full formal assessment under the 
Environment Protection Act 1986 as the changes to the original project design were deemed to 
be ‘non-substantial’ under Part V of the Act.  PMA submitted a ‘Section 45C Proposal for 
Minor Changes to the Windimurra Vanadium Project’ to the EPA in June 2006.  This 
application was formally rejected on 21 August 2007.  Discussions with the Chairman of the 
EPA on 28 August 2007 outlined reasons for the rejection and methods for re appraisal of the 
project.  A new application has subsequently been made under Section 45C.  This was 
submitted to the EPA on 27 September 2007.  The application addressed the majority of the 
proposed changes, but omitted most of the land clearing and water aspects.  These issues are 
instead addressed in this document and will be assessed under the Section 38 process.  The 
Section 45C Application was formally approved on 22 October 2007. 
 
A Proponent Referral focusing on the land clearing aspects of the project was submitted to the 
EPA on 7 September 2007.  The referral was subsequently amended on 12 October 2007 to 
include water aspects of the project.  The EPA advised PMA in a letter dated 15 October 2007 
that they thought it would be appropriate to utilise an expedited assessment process, 
specifically an Environmental Protection Statement (EPS). 
 
This EPS document addresses the land clearing and mining below the base of weathering 
aspects of the proposal insofar as they represent changes to previously granted approvals.  All 
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other aspects of the project that are different from that already approved were addressed in the 
Section 45C application, approved on 22nd October 2007.   
 
Land clearing is primarily required to allow construction of new or extension to existing 
process waste facilities, re-construction of infrastructure and full development of the vanadium 
ore body over a 20 plus year period.  Groundwater within the fractured bedrock of operational 
areas is limited in volume.  Planned deeper mining has potential to result in increased inflow 
of groundwater.  This is addressed within this document. 
 
 

1.3 PROPONENT DETAILS 

1.3.1 Licensee and Occupier 
The proponent is Windimurra Vanadium Pty Ltd (Windimurra Vanadium) a private company 
incorporated in Western Australia.  Windimurra Vanadium is a wholly owned subsidiary of 
PMA. 
 
All correspondence should be faxed, posted, couriered or e-mailed to Mr Marin Reed, Chief 
Operating Officer, Windimurra Vanadium as follows: 
 
Street Address: Level 4, 76 Kings Park Road 
   West Perth  WA  6005 
 
Mailing Address PO Box 620 
   West Perth  WA  6872 
 
Telephone: (08) 9423 1900 
Facsimile: (08) 9423 1999 
E-mail: Martin.Reed@windimurra.com.au 
 
Inquiries pertaining to this referral should be addressed to Ms Lisa Boulden of MBS 
Environmental at LBoulden@mbsenvironmental.com.au or on telephone (08) 9226 3166. 
 
 

1.4 PURPOSE OF THIS DOCUMENT 
This EPS document details the land clearing and mining below the base of weathering aspects 
associated with recommencement of the Windimurra Vanadium Project.  The existing 
environment is described, potential environmental impacts identified and assessed and 
management and mitigation measures to prevent or minimise adverse impacts are described.  
Consultation undertaken with stakeholders is outlined. 
 

mailto:Martin.Reed@windimurra.com.au
mailto:LBoulden@mbsenvironmental.com.au
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1.5 STRUCTURE OF THE EPS 
The EPS document has been prepared in consultation with stakeholders and interested parties 
and aims to: 

• Provide a detailed description of the proposed land clearing activities for the 20+ year 
life of the Windimurra Vanadium Project. 

• Describe the environment in which the land clearing and mining will take place. 

• Address issues raised during the stakeholder consultation process specifically in relation 
to land clearing and mining below the base of weathering. 

• Identify potential environmental impacts associated with proposed land clearing and 
mining below the base of weathering and propose draft environmental management 
measures to prevent or minimise the adverse environmental impacts associated with land 
clearing and mining below the base of weathering. 

• Describe rehabilitation measures for disturbed areas. 
 
The EPS is presented as two components, the first being the main text and the second being 
the supporting appendices.  The main text comprises Sections 1 to 9 as described below: 

Section 1: Provides background information on the proposed land clearing including 
proponent details and the environmental approval process. 

Section 2: Describes the proposed project including the location and methodology. 

Section 3: Provides a description of the existing environment of the area, specifically the 
areas where land clearing and mining is required. 

Section 4: Describes the consultation process and how outcomes of the consultation were 
incorporated in the design of the project.   

Section 5: Identifies the potential environmental impacts, proposes management and 
mitigation measures and assesses the likely resultant environmental impact. 

Section 6: Discusses rehabilitation measures for the project. 

Section 7: Details the environmental performance objectives for the project. 

Section 8: Details key roles and environmental responsibilities associated with these roles. 

Section 9: Provides a list of documents referenced within the EPS including reports, texts 
and guidelines. 

 
Appendices 1 to 7 provide supporting information for the EPS and include: 

• Appendix 1: Flora Survey Report 2007. 

• Appendix 2: Flora Survey Report 2008. 

• Appendix 3: Fauna Database Search Results. 

• Appendix 4: 2007 Fauna Survey Report. 

• Appendix 5: Mine Pit Stygofauna Survey Report. 

• Appendix 6: Pit Hydrogeology Information. 

• Appendix 7: Environmental Management Plan. 
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2.0 PROJECT DESCRIPTION 

2.1 LOCATION 
The Windimurra Vanadium Project and the remaining associated infrastructure are situated 
some 600 kilometres northeast of Perth in Western Australia, as shown in Figure 1.  The 
deposit is approximately 80 kilometres southeast of Mount Magnet, the closest town, in the 
Murchison region of Western Australia.  There is access to natural gas from a 365 kilometre 
long spur pipeline, which was originally built specifically for the project. 
 
Windimurra Vanadium holds a 100% interest in a total of three granted Exploration Licences, 
three granted Mining Leases and five granted Miscellaneous Licences in the Windimurra area 
(Figure 2). 
 
Project tenements comprise Mining Leases 58/178, 58/279 and 58/280.  Of these M58/178 
contains existing open pit, infrastructure, plant area, accommodation complex and part of the 
tailings storage facility (TSF) complex.  The remainder of the TSF complex is situated within 
M58/279 and M58/280.  The water bore fields and associated pipelines and access roads are 
located on Miscellaneous Licenses L58/27, L58/28, L58/29, L58/30, and L58/32. 
 
In addition there are seven pending Mining Lease Applications covering exploration areas.   
 
 

2.2 LAND USE 
The Windimurra Pastoral Lease is used for grazing sheep and goats.  The project area will 
affect some 650 hectares (total disturbance) which represents less than 0.3% of the total area 
of the pastoral lease.  The pastoral lease covers approximately 260,065 hectares. 
 
The lessees of the Windimurra Pastoral Lease live in buildings that are part of the old 
Windimurra Homestead complex which is some four kilometres south of the mine and ore 
processing areas.  The next closest homestead is located approximately 20 kilometres north-
west of the mine site.  
 
There is no permanent surface water in the project area and most stock water is produced from 
bores.   
 



Windimurra Vanadium Ltd

Environmental Protection Statement



Figure 2
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2.3 PROPOSED LAND DISTURBANCE 
This proposal relates to land clearing required for re-commencement of an approved mining 
project (Ministerial Statement 481).  The initial project approval allowed for 120 hectares of 
clearing.  However, the total amount of land clearing undertaken until the end of 2002 was 
reported as being 350 hectares in that year’s Annual Environmental Report (AER).  
Additionally, plans provided to the Department of Environmental Protection (now DEC) as 
part of Works Approval documents submitted in August 1999, suggest that land disturbance 
for the plant area and pit is about 140 hectares while land disturbance for the non-magnetic 
TSF is about 510 hectares. 
 
The land clearing outlined in this EPS is required to construct waste disposal facilities and 
allow mining of additional vanadium resources identified by mineral exploration undertaken 
by PMA since cessation of mining in 2003.  Land clearing required for re-commencement of 
the project is about 300 hectares of which about 28 hectares has previously been cleared 
(Figure 3).  This comprises: 

• Construction of a new Barren Liquor Disposal Evaporation Pond (BLP) – 15 hectares. 

• Movement of the existing Non-magnetic TSF – 86 hectares. 

• Development of the open pit to the north and south and widening of the existing pit – 81 
hectares. 

• Development of four small waste rock stockpiles – 81 hectares. 

• Extension of the Calcine Waste Disposal Facility (CWDF) – 5.3 hectares. 

• Expansion of the mine village to accommodate an increased workforce – two hectares. 

• Clearing around infrastructure i.e. power lines, water supply lines – 30 hectares. 
 
Clearing would commence on receipt of all project approvals.  This is anticipated to be in the 
first quarter of 2008.  Clearing for the BLP, mine village and plant infrastructure will occur 
within the first year of re-commencement of the project.  Clearing for the open pit extension, 
waste rock stockpiles and TSF will occur over the projected 20 year life of the project. 
 

2.3.1 Open Pit 
Exploration drilling undertaken since Windimurra Vanadium took ownership of the project 
has better defined the ore body.  Better understanding of the ore body location and improved 
vanadium economics means that a larger economic ore body exists than what was defined in 
previous project documents.  The proved and probable ore reserve has increased from 34 
million tonnes to 79 million tonnes.  Annual ore mining rates are proposed to increase from 
2.28 million tonnes per annum to an average of 3.9 million tonnes per annum.  Given known 
reserves, assuming increased annual mining rates are used, the life of the project has extended 
from the 15 years projected in 1998 to about 20 years.  Ongoing exploration is considered 
likely to continue to increase the known ore reserves and potential mining area. 
 
Mining plans have been revised to develop a deeper, longer and wider pit than previously 
approved.  Table 1 compares dimensions of the existing pit, conceptual pit approved by 
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Ministerial Statement 481 and the proposed pit.  Figure 3 shows the location of the proposed 
modified life of mine pit. 
 

Table 1: Open Pit Dimension Comparison 
 Length at Surface 

(metres) 
Width 

(metres) 
Depth 

(metres) 
Footprint 
(hectares) 

Existing Pit 1,100 150 40 17 
Approved Pit* 950 150 35 15 
Proposed Pit 4,000 290 90 114 

* Specified as Conceptual Plan for first 5 years.  No specific dimensions or areas for total 
pit dimensions are stated in the PER.  Existing pit exceeds conceptual details even after 
only four years of planned 15 year life of project. 

 
Previous mining operations progressed to about 35 to 40 metres in depth along the 1,000 
metre length of the pit which is some two to five metres below the base of weathering.  
Mining operations are now proposed to occur to a maximum of 90 metres in depth.   
 

2.3.2 Waste Rock Generation 
Only small volumes of waste rock were generated by previous mining operations.  No specific 
waste rock stockpile was required as the small volumes generated were able to be fully utilised 
for construction purposes.  The 1992 and 1998 PER documents allowed for the development 
of two small waste rock stockpiles, each covering approximately four hectares. 
 
An outcome of the increased project total mining volume and changed pit dimensions will be 
production of about 12 million cubic metres of waste rock over the 20+ year life of the project.  
The majority of this will need permanent disposal.  Some waste rock will be able to be re-used 
for construction of infrastructure (TSF walls), remediation of contaminated sites associated 
with previous operations (BLP) and project closure. 
 
Excess waste rock will be stored in four separate waste rock stockpiles of about three million 
cubic metre capacity.  Each stockpile has been designed to be 15 metres above natural surface 
with a five metre wide berm located 10 metres above natural surface.  Batters have been 
designed to be no steeper than 15 degrees.  Proposed locations are shown in Figure 3.  Waste 
rock developed during initial mining will be used for closure (encapsulation) of the historic 
BLP and construction of walls for the non magnetic TSF. 
 
The development strategy and waste rock stockpile locations are detailed in Table 2. 
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Table 2: Waste Rock Management Strategy 

Waste 
Rock 

Stockpile 
(WRS) 

Life 
Expectancy 

Footprint 
(hectares) Comments 

WRS 1A 2008 to 2014 10 Encapsulates the old BLP and will cover 9 ha of 
existing disturbed area. 

WRS 1B 2008 to 2014 9 Will contain waste from the Central Pit. 
WRS 2 2008 to 2020 40 Will contain upper horizon waste from all 3 pits 

and waste from the Central Pit.  
WRS 4 2017 to 2027 30 Will contain the majority of the Southern Pit waste. 

 
Geochemical characterisation work undertaken by Graham Campbell and Associates as part of 
project closure studies in June 2005 does not indicate the presence of any potentially acid 
forming (PAF) waste (Campbell, 2005).  Analysis results pertain to weathered material.  
 
Windimurra Vanadium, as part of exploration and resource definition studies in 2006 and 
2007, has undertaken sulphur analysis on a range of RC drilling samples.  In oxidised ore, 
sulphur is present as gypsum.  In unweathered rock, sulphur is present as pyrite.  Percentage 
sulphur values for samples at different depths are presented in Table 3.  From this it can be 
seen that average sulphur percentages are below the 0.3% level typically used as part of waste 
rock characterisation to classify waste as PAF. 
 

Table 3: Percentage Sulphur Values of Waste Rock 

Pit Zone Depth 
(metres) 

No of 
Samples 

% 
Sulphur 

A 0 - 12 26 0.073 
B 12 - 24 26 0.023 
C 24 - 36 25 0.008 
D 36 - 48 25 0.032 
E 48 - 60 25 0.200 
F 60 - 72 24 0.257 
G 72 plus 56 0.233 

 
As part of its ongoing activities, Windimurra Vanadium is continuing to assess the 
geochemical characteristics of waste rock in both the oxidised zone and fresh rock.  Analysis 
of oxide and fresh rock wastes and the ore zone has been partially completed.  Preliminary 
results indicate: 

• There are insufficient sulphides present to result in the formation of sulphuric acid 
within wastes that will be generated.  All wastes are classifiable as Non Acid Forming. 

• There is a minute trace of soluble arsenic in the close to surface, high gypsum content 
oxide samples.  There are no associated heavy metals in the oxide or fresh rock wastes 
or in the ore samples.  The likelihood of any potentially contaminant leachates is low. 
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• Both hanging wall and footwall waste rock, whether oxidised or fresh, are effectively 
free of any sulphides or any potentially leachable heavy metals.   

• The ore zone has a small amount of sulphide-Sulphur averaging 0.19% Sulphur which is 
comparable with the values previously measured by MWVPL.  All ore zone samples are 
Non Acid Forming.   

 

2.3.3 Non Magnetic Tailings 
Annual tailings generation will be 3.2 million tonnes.  The location of the TSF is required to 
be moved about 100 metres west of the existing facility (Figure 3).  Movement to the revised 
position allows for: 

• Pit widening (increased economic ore body size). 

• Construction of adequate abandonment bunds.  

• Maintenance of a sufficient area of geotechnical stability between the pit and TSF.   
 
The design of the TSF has been reviewed.  Improvements will include construction of a multi 
celled facility within the proposed footprint.  Upstream lifts would be constructed as required 
to ensure adequate freeboard is maintained for tailings disposal.  The previous TSF did not 
effectively return water and issues were experienced with tailings distribution.  The revised 
design will improve water return to the process (decreased losses to evaporation or seepage) 
and ensure better placement of tailings to facilitate closure and rehabilitation. 
 
The footprint area of the TSF will not be increased compared to the existing facility, however 
additional land clearance will be required as a result of the proposed shift in location.  Tailings 
within the eastern area that will not be used for ongoing tailings disposal will be removed 
during the project life.  Where suitable, they will be used for future wall construction.  All 
other material will be relocated within the re-commissioned TSF or waste rock stockpiles. 
 
The design of the TSF will be subject to review through the Work Approval process and the 
proposed operational methodology will be assessed as part of the Mining Proposal system 
managed by Department of Industry and Resources (DoIR). 
 

2.3.4 Calcine Waste Disposal Facility 
The CWDF will be the final repository for calcine, ferrovanadium slag and desilication sludge. 
 
Calcine waste consists of the magnetic ore fraction after it has been roasted and leached free of 
soluble vanadium.  As per the previous process, calcine will be excavated daily from the leach 
vats and trucked and stacked in the CWDF.  The physical and chemical characteristics of the 
calcine will not change compared to that produced during the previous project. 
 
Desilication sludge will be produced as a result of removal of silica from dirty pregnant 
solution immediately after completion of leaching.  This was produced as part of the existing 
approved project and disposed of in the existing CWDF.  The physical and chemical 
characteristics of the sludge will not change compared to that produced during the previous 
project.   
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Small volumes of ferrovanadium slag (a calcium aluminate product) will be produced as a by 
product of Ferrovanadium production.  Annual production will be about 8,300 tonnes per 
annum.  The slag will be a solid material removed in about 1.6 by 0.7 metre blocks.   
 
The existing CWDF is underlain by a one millimetre thick High Density Polyethylene (HDPE) 
liner.  The facility was decommissioned and partially rehabilitated following closure of the 
project in 2003.  The existing facility will be recommissioned and the facility will be extended 
to allow for ongoing storage of calcine, ferrovanadium slag and desilication sludge.  The 
additional cell will be constructed in a section that is part of the existing lined facility footprint 
(Figure 3).  The design of the facility will be subject to review through the Work Approval 
process. 
 
The method of operation will be modified slightly so that any seepage collected from the 
underdrainage system will be reused within ore processing.  A reticulation system will still be 
utilised for dust suppression on operational and un-rehabilitated areas.  Previously any 
collected seepage was re-used within the CWDF for dust suppression. 
 

2.3.5 Barren Liquor 
Barren liquor waste consists of solution depleted of vanadium following AMV precipitation.  
Annual generation will be 120,900 tonnes.  The physical and chemical characteristics of the 
liquor will not change compared to that produced during the previous project. 
 
The original BLP was partly decommissioned, following project shut down, and will be 
rehabilitated as part of the ongoing project.  Waste rock generated as a result of 
recommencement of mining will be used as encapsulation material as part of closure of the 
facility. 
 
The new BLP will be located in a relatively flat area, thereby reducing the earthworks, and 
will cover an estimated 15 hectares area.  A larger surface area design provides an optimised 
strategy for solar evaporation of excess water from the liquor while maintaining the required 
free board during operations for the life of the facility.   
 
The design of the BLP will be subject to review through the Work Approval process. 
 

2.3.6 Other 
Removal of infrastructure as part of previous closure has also meant additional clearing is 
required to re-install infrastructure such as power lines, water pipelines and access roads.  
Clearing for these elements will aim to utilise existing tracks and disturbed areas where 
possible.   
 
In particular, a services corridor will be re-established to the borefield.  A 20 metre corridor 
will run from the plant area to the borefield.  This corridor will use the same alignment and 
width as the services corridor for the original project, though additional corridors will be 
required to access bores not previously utilised.  The corridor will contain: 
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• A six metre wide access road.  This is an existing road from the previous operation.  It is 
in good condition and does not require any further improvement. 

• A buried water pipeline. 

• Power line to provide electricity to the borefield. 
 
The re-clearing for this infrastructure will be undertaken at a minimum and shall be less than 
the 20 metre width of the corridor.  Provision of power to the borefield will eliminate the need 
for diesel generators to operate pumps. 
 
 

2.4 MINING BELOW THE BASE OF WEATHERING 
Previous mining operations progressed to about 35 to 40 metres in depth along the 1,000 
metre length of the pit which is some two to five metres below the base of weathering.  Inflow 
water was successfully managed through construction of sumps within the pit floor.  Water 
was either re-used within operations or evaporated. 
 
Mining operations will now occur to a maximum of 90 metres in depth.  Minor faulting is 
apparent in the current pit wall that may yield small amounts of groundwater if encountered 
below the base of weathering.  The magnetite - hosting gabbro rock has extremely low primary 
porosity and permeability, with the inflows being the result of secondary permeability caused 
by geological structures.  To date no large structures have been intercepted that are likely to 
result in significant inflows.   
 
Low levels of ground water are likely to be intersected from the base of weathering (35 
metres) to depths of about 90 metres.  Based on previous hydrological investigations and 
records of water encountered during mineral exploration, static water levels will be 30 - 35 
metres below ground level.  The aquifers likely to be encountered are in fractured rock and are 
unconfined in nature.  Estimates of water supply likely to be possible from this aquifer are in 
the order of 1.2 to 2.3 litres per second (Rockwater, 1991a).  Water quality analysis indicates 
salinities of 900 to 1,400 milligrams per litre Total Dissolved Solids.   
 
Preliminary hydrological investigations do not indicate the need for installation of production 
bores to dewater ahead of mining activities below the base of weathering.  Groundwater when 
encountered will be managed in the same manner as used by previous operations by directing 
it into sumps within the pit where it will be removed for re-use by portable pumps.  If larger 
volumes are encountered than can be re-used within mining operations, water will be re-used 
within ore processing operations and abstraction from the bore field will be reduced to 
compensate. 
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3.0 EXISTING ENVIRONMENTAL FACTORS 

3.1 CLIMATE 

3.1.1 Rainfall and Evaporation 
The Mt Magnet area lies in the arid zone of Western Australia and rainfall is typically low 
with an annual mean of 239 millimetres, calculated from more than 100 years of recorded 
data.  Monthly mean rainfall ranges from 7.7 millimetres in October to 31.5 millimetres in 
June (Bureau of Meteorology, 2007).  Generally, very little rainfall occurs from September to 
December inclusive.  The average number of rain days in each month is also low and indicates 
that the overall pattern is one of occasional, but locally significant falls.   
 
Greenbase Consulting (1999) generated rainfall intensity frequency duration estimates for 
location 28o15’S, 118o45’E near the Windimurra site, following the approach outlined in 
Institution of Engineers Australia (1987), showing that the following storms may be expected 
at Windimurra (Table 4). 
 

Table 4: Windimurra Rainfall and Run-off 
Storm Duration 

(hours) 
Return Interval 

(years) 
Amount 

(millimetres/hour) 
1 2 13.8 
12 2 2.68 
72 2 0.67 
1 50 36.2 
12 50 7.59 
72 50 1.99 

 
Data indicates that a storm of 12 hours duration producing a total of 32.1 millimetres of rain 
may be expected once every two years.  This information will be used to design adequate 
drainage measures for the pit, process plant, and waste disposal facilities.  
 
The annual evaporation rate averages 3,200 millimetres per year (Bureau of Meteorology, 
1988) which exceeds average rainfall by a factor of more than 10. 
 

3.1.2 Temperature 
Temperatures and evaporation rates in the region are relatively high.  The average monthly 
maximum temperature exceeds 30 degrees Celsius from November to March inclusive and the 
daily maximum temperature often exceeds 40 degrees Celsius.  
 
In autumn and spring, the average monthly maximum temperatures are above 23 degrees 
Celsius while in winter the average maximum temperatures are about 20 degrees Celsius.   
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3.1.3 Wind 
In the morning, north-easterly winds predominate, particularly during summer.  Easterly to 
south-easterly winds also frequently occur.  In contrast, westerly winds are infrequent and tend 
to be relatively light with speeds of one to 20 kilometres per hour.  South-easterly winds 
dominate in the afternoon, with easterly and north-easterly winds also common.  
 
 

3.2 PHYSICAL FEATURES 
The physiography of the Windimurra region falls into the "salinaland" category (Agriculture 
and Resource Management Council of Australia and New Zealand, 1995).  The terrain is 
generally flat and drainage is entirely internal with the formation of salt pans to the east of 
Wagoo Hills.  The elevation of the mine and plant sites averages from 450 metres to 470 
metres above sea level. 
 
The main physiographic components of the project area are: 

• The Hawkstone Ridge area, where the ore body is located. 

• The Wagoo Hills. 

• Clay and calcrete flats between and surrounding these areas. 
 
The Hawkstone Ridge area comprises a low lateritic ridge that forms a breakaway over the 
kaolinised titano-magnetite horizon.  Total relief along the vanadium orebody is 
approximately 20 metres.  The ore body is characterised by a magnetite scree covered area on 
the eastern side of this ridge that trends in a north north-westerly direction.  The surface of the 
ore body is generally 10 metres below the highest point on the ridge and mining activity will 
generally be to the east of this point.  Soils on the Hawkstone Ridge and flat areas have been 
significantly eroded in many places and the exposed roots of dead mulga trees indicate a three 
to five centimetre soil loss. 
 
The Wagoo Hills are the only significant rock outcrop in the area.  These north-south trending 
strike ridges mostly comprise large boulders of gabbroic rock at high angles of repose.   
 
The extensive flats surrounding the Wagoo Hills consist of smectite (montmorillonite) clays 
which, due to their shrinking and swelling properties have formed "gilgai" or "crab hole" 
country.  The flats to the east of the Wagoo Hills are largely covered by a layer of rubbly 
calcrete.   
 
The main physiographic components of the project area can be further subdivided into seven 
distinct landforms as follows: 

• Hills and rocky outcrops - with a prominent mantle of heavily weathered cobbles and 
pebbles, lateritic platforms and steep grades towards the summit.  Soils are skeletal, 
though sandy belts occur with depths to 25 centimetres. 

• Less highly weathered hills with gabbro - hills with lower internal relief than above and 
with substantially less weathering, grades are lower and footslopes trend to the drainage 
plain.  Soils are skeletal. 
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• Abrupt ridge-like hills (Wagoo Hills). 

• Gravel covered slopes. 

• Drainage plains marginal to hills - footslopes and gently sloping plains broken with 
incised drainage.  Soils are sandy loams with gravel and stone inclusions to 20 
centimetres. 

• Central drainage flats - broad usually un-incised zones of surface water flows with 
drainage flats.  Soils are shallow sandy loams over hardpan with cracking clay soils in 
the drainage areas. 

• Sloping plains flanking the Hawkstone Ridge on the east.  
 
 

3.3 VEGETATION AND FLORA 

3.3.1 Vegetation 
The vegetation of the Windimurra area has been mapped by Beard (1976).  According to this 
mapping, the Windimurra project is located near the boundaries of the Barlee and Wiluna Sub-
regions of Beard's (1976) Murchison Region.  Within both sub-regions, in the general vicinity 
of the project, Beard (1976) described four vegetation communities.  These are: 

• Mulga scrub on hills. 

• Mulga low woodlands on plains. 

• Steppe on sandplains. 

• Halophytic communities in low-lying saline areas. 
 
The vegetation of the Windimurra area specifically has been studied on three different 
occasions for the Public Environmental Review (1992 and 1998), Environmental Management 
Plan (1999) and the re-commissioning of the Windimurra Vanadium Project (2006/07). 
 
Two recent surveys by Paul Armstrong and Associates (2007; 2008) described and mapped the 
vegetation associations of the project area.  The survey reports are provided as Appendix 1 and 
Appendix 2 respectively.  The survey described six vegetation associations that will be 
impacted by the project (Figure 4).  These were: 

• Mulga Thicket on slopes and uplands.  Recorded from around the northern and southern 
pit extension, Waste Rock Stockpile 1B, and the southern extension of the TSF. 

• Mulga Scrub on plains.  Recorded from east of the CWDF extension and the BLP. 

• Acacia xanthocarpa Thicket on slopes.  Recorded from the south-western edge of Waste 
Rock Stockpile 1A. 

• Mixed Low Shrubland on plains.  Recorded from the north-east end of the new 
borefield, from the western edge of the TSF expansion, and around the Windimurra 
homestead airstrip. 

• Mulga Low Woodland on plains.  Recorded from along the borefield route. 

• Mulga Shrubland on Plains.  Recorded from along the borefield route. 
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All of these vegetation associations are considered to be locally common and widespread (Paul 
Armstrong and Associates, 2007). 
 

3.3.2 Vegetation Condition 
The entire area has been subject to grazing for an extended period of time, as it is located 
within an operating pastoral lease.  As a result the shrub stratum would appear to be less dense 
than would be anticipated for an un-grazed area. 
 

3.3.3 Significant Flora 
No Declared (Rare) Flora, as listed under the Wildlife Conservation Act 1950 (WA), have been 
recorded from the project area.  Nor were any species of listed under the Environment 
Protection and Biodiversity Conservation Act 1999 (Cth) (EPBC Act) observed.  Three DEC 
Priority Flora species have been identified within the project area.  These are Calytrix 
erosipetala (P3), Grevillea inconspicua (P4), and Ptilotus procumbens (P1).  The locations of 
these species are shown on Figure 5.  More information on each species is given below. 
 
Calytrix erosipetala 
Calytrix erosipetala (P3), a low shrub to 70 centimetres tall, is typically found on rocky 
sandstone or granite breakaways (Western Australian Herbarium (FloraBase), 2007).  
FloraBase identifies Calytrix erosipetala as having white to pink flowers, which flower in 
September and October.  DEC (2006a) recorded the distribution as Hillview Station, Lake 
Barlee, Leinster, Mt Keith, Mt Magnet and Wildara Pinnacle. 
 
The specimens of Calytrix erosipetala recorded at Windimurra were low shrubs growing 30 to 
70 centimetres tall with a spread to 40 to 100 centimetres in diameter.  Many of the plants had 
been heavily grazed, but otherwise appeared to be in good health.  The 183 recorded plants of 
Calytrix erosipetala were from a single population, which was comprised of six 
subpopulations.   
 
Grevillea inconspicua 
Grevillea inconspicua, an intricately branched erect shrub one to two metres tall, is mostly 
found on the small stony slopes associated with the greenstone hills.  The specimens of 
Grevillea inconspicua were identified as consisting of three distinct sub-populations, northern, 
central and southern, with each having approximately 80, 220 and 120 plants respectively.  Of 
note is the mature age of the plants observed, with the youngest at least twenty years old, and 
most at least twice that age.  This indicates that there has been no effective recruitment over 
the last twenty years.  This could be due to a number of factors, including changed climatic 
conditions (reduced rainfall) and increased grazing pressure.   
 
During the previous operations, a voluntary agreement was entered into between the then 
Department of Conservation and Land Management (now DEC) and the proponent to fence 
two areas known to contain Grevillea inconspicua.  The fencing that was erected was intended 
to keep mine personnel from entering these protection areas and as such was not adequate to 
exclude goats.  Additionally, the fences did not completely enclose the protection areas, 
instead being placed near operational areas and roads.  Figure 6 shows the extent of the 
existing fences. 
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Ptilotus procumbens 
A single plant of Ptilotus procumbens (P1) was recorded from near the perimeter of the 
existing accommodation village in 2006.  However, the recent survey by Paul Armstrong and 
Associates (2008) found no evidence of this individual, and it appears that the habitat 
previously created by the sewerage overflow no-longer exists.  FloraBase reports it as a 
procumbent annual herb growing to 10 centimetres tall in red clay soils.  Prior to this survey, 
only two specimens of this species were known.  The first one was from Boulder, which was 
flowering when collected in November.  The other collection was from Windimurra, but no 
other location details were available.  In addition, the Windimurra specimen appeared to be a 
biannual as a result of two years of good rainfall.  
 
The specimen of Ptilotus procumbens observed growing near the village was growing adjacent 
to a sewage overflow outlet on red sandy loam.  In October 2006, the plant was 70 centimetres 
in diameter and 20 centimetres tall with numerous fully open flowers.  The same area was 
searched again in December 2006 and July 2007, but no evidence of the plant could be 
located.  This early flowering in October, compared to information from FloraBase indicating 
November as the flowering time, is likely to be due to the different seasonal conditions to 
those experienced in Boulder.  
 
This specimen of Ptilotus procumbens was the second specimen collected from Windimurra 
Station and the third ever collected.  Anecdotal evidence suggests that it occurs near bores 
after heavy winter rains and that it is suspected to be relatively abundant in the local area, 
growing on damp sandy loams. 
 

3.3.4 Weeds 
Six species of introduced weeds were recorded from existing or proposed operational during 
vegetation surveys undertaken between 2006 and 2007.  These were: 

• Acetosa vesicaria - Ruby Dock. 

• Carthamus lanatus - Saffron thistle – Declared Plant (DP). 

• Cucumis myriocarpus - Paddy melon – Pest Plant (PP). 

• Nicotiana glauca - Tree tobacco. 

• Sisymbrium orientale - Indian hedge mustard. 

• Solanum nigrum - Black berry nightshade. 
 
Acetosa vesicaria was observed growing in several disturbed areas adjacent to the 
administration buildings.  This species was also observed growing in the pastoral areas, 
including numerous plants adjacent to the access track between the operations and the 
homestead.   
 
Carthamus lanatus was observed growing in several areas adjacent to the access track between 
the operations and the homestead.  C. lanatus has been listed as a P4 Declared Plant in the 
Mount Magnet area by the Western Australian Department of Agriculture and Food.  This 
classification requires land managers to aim to prevent the weed from spreading beyond 
existing infestation boundaries and to prevent reinfestation of areas where the weed has been 
eradicated.  This species also has a P1 classification in the remainder of the State, thereby 
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prohibiting the movement of plants or seed, including the movement of contaminated 
machinery or livestock. 
 
Cucumis myriocarpus was observed growing at two locations; at the western end of the 
existing Windimurra homestead airstrip and the intersection of Youanmi Road and a boundary 
fence heading towards the borefield.  This species has been declared a Pest Plant and as such 
the Mount Magnet Shire can enforce control of this species within the Shire. 
 
Nicotiana glauca was only observed growing within and adjacent to the radio tower 
compound.  This weed population should be relatively easy to remove by physical means. 
 
Sisymbrium orientale and Solanum nigrum, both were only recorded from within and adjacent 
to the accommodation village and facilities.  It appeared the Sisymbrium is increasing in 
numbers and has the potential to become a problem. 
 
 

3.4 HABITATS AND FAUNA 

3.4.1 Fauna 
A recent search of the DEC Threatened and Priority Fauna Database and the Environmental 
Protection and Biodiversity Conservation (EPBC) Act 1999 Protected Matters Database was 
conducted for the Windimurra project area and a 100 kilometre buffer.  The results are shown 
in Table 5 and Appendix 3. 
 
A targeted threatened fauna survey for the Black-footed Rock Wallaby (Petrogale lateralis) 
and the Mulgara (Dasycercus cristicauda) was carried out by David Pearson, a research 
scientist from the Department of Conservation and Land Management (CALM), now DEC, in 
September 1998.  This survey was conducted because information on the fauna likely to occur 
in the Windimurra area compiled for the 1998 PER process indicated they had the potential to 
occur.  This field survey found no evidence of these mammals occurring in the project area, 
and both species subsequently do not appear in the above recent database searches.  However, 
during the survey, opportunistic bird sightings were recorded.  None of the species of 
conservation significance listed below were sighted. 
 
A reconnaissance level survey was undertaken by Mr Richard King of Western Wildlife, Ms 
Lisa Boulden of MBS Environmental and Mr Nick Barr of Windimurra Vanadium on 19 and 
20 September 2007 of the areas proposed to be cleared.  This survey did not record the 
presence, either through direct observation or other evidence such as tracks, of any of the 
fauna species listed below.  The full survey report is included as Appendix 4. 
 
Stygofauna communities are known to occur in the aquifers of the palaeochannel, 
approximately 10 kilometres from the mine.  All impacts relating to stygofauna in this area 
were addressed at the time of the initial PER.  The geology of the pit area is unlikely to 
provide habitat for either troglobitic or stygofaunal populations.  The area largely consists of 
gabbro, a dense igneous rock unlikely to contain voids.  Assessment of the pit walls and 
information collected from exploration drill holes verifies this with very few voids recorded. 
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A stygofauna survey of the pit area was undertaken by MBS Environmental in February 2008 
(Appendix 5).  This survey aimed to identify whether any stygofauna were present in the 
vicinity of the proposed pit.  Nine existing monitoring bores were sampled.  The survey 
recorded the presence of syncarid species in one of the sampled bores.  This bore is within a 
Tertiary sedimentary cover, similar to the borefield geology, consisting of ferricrete and 
calcrete.  This geology will not be impacted by the mining operation.  There was no 
stygofauna recorded from any of the bores located in the orebody geology, indicating that 
stygofauna are unlikely to be present within the final pit outline. 
 

Table 5: Results of Fauna Database Searches 

Common Name Scientific Name Status Likelihood of Occurrence 

Slender-billed Thornbill Acanthiza iredalei 
iredalei 

Vulnerable Not likely to occur in the study area 
due to lack of suitable habitat. 

Rainbow Bee-eater Merops ornatus Migratory Likely to occur in the study area. 
Great Egret Ardea alba Migratory Not likely to occur in the study area 

due to lack of suitable habitat. 
Fork-tailed Swift Apus pacificus Migratory May overfly study area. 
Bilby Macrotis lagotis Schedule 1: 

Vulnerable 
This species is now locally extinct. 

Malleefowl Leipoa ocellata Schedule 1: 
Vulnerable 

Unlikely to occur due to lack of 
suitable habitat. 

Gilled Slender Blue-
tongue 

Cyclodomorphus 
branchialis 

Schedule 1: 
Vulnerable 

This species may occur in the study 
area. 

Shield-backed Trapdoor 
Spider 

Idiosoma nigrum Schedule 1: 
Vulnerable 

Unlikely to occur due to lack of 
suitable habitat. 

 Lerista eupoda Priority 1 This species may occur in the study 
area. 

Ghost Bat Macroderma gigas Priority 4 Locally extinct. 
Australian Bustard Ardeotis australis Priority 4 This species may occur in the study 

area though is more common in the 
Pilbara and Kimberley regions. 

Hooded Plover Charadrius rubricollis Priority 4 This species will not occur in the 
study area due to lack of suitable 
habitat. 

 
Bilby (Macrotis lagotis)  Threatened (EPBC); Schedule 1 (DEC) 
The Bilby can occupy a variety of habitats from Eucalyptus and Acacia woodlands to Triodia 
grasslands in the desert regions.  It prefers habitats with sandier soils for burrowing and is able 
to live in habitats with very little surface water (DEC 2006b; Strahn 2004).  
 
This animal was common throughout its range until the early 1900’s.  However it has 
contracted and fragmented severely due to changing fire regimes, competition for food and 
predation from introduced species (Strahn 2004).  They are now only found at the margins of 
their range.  In Western Australia, this is typified by mulga scrub and hummock grasslands on 
sand plains or along drainage or salt lake systems (DEC 2006b). 
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Within the Mount Magnet area this species is considered to be locally extinct.  It is therefore 
unlikely that the Bilby will occur within the Windimurra project area. 
 
Malleefowl (Leipoa ocellata) Vulnerable (EPBC); Schedule 1 (DEC) 
The Malleefowl inhabits arid to semi-arid mallee woodlands, mulga (Acacia aneura) 
shrublands and coastal heaths with an abundant litter layer (DEC, 2006c).  They build large, 
distinctive nest mounds consisting of a central core of leaf litter covered by soil that are 
generally over five metres in diameter and up to one metre high (DEC, 2006c).  Threatening 
processes include clearing and grazing of habitat, increased fire frequency, predation by foxes 
and cats and habitat fragmentation (Benshemesh, 2000). 
 
The Malleefowl may occur in the Windimurra project area.  This species has been sighted 
twice within a 100 kilometre radius of the Windimurra project area.  Out of the ten vegetation 
associations described by Paul Armstrong and Associates, five are considered highly suitable 
for Malleefowl habitation.  However Pizzey and Knight (2003) suggest the distribution of the 
species is very patchy.  The Windimurra area is also at the northern edge of their preferred 
distribution (Pizzey and Knight, 2003).  The 2007 fauna survey did not identify any habitat 
suitable for Malleefowl within the project area. 
 
Gilled Slender Bluetongue (Cyclodomorphus branchialis) Schedule 1 (DEC) 
This ground dwelling, largely nocturnal skink prefers loamy soils in Acacia woodlands and 
rocky areas.  It often shelters in Spinifex, leaf litter and under fallen logs.  This species is 
known from a handful of animals confined to a relatively small area in Western Australia, 
from the Irwin River, north to the Murchison River, and inland to Mount Magnet (Bush et. al, 
2007). 
 
C. branchialis has been recorded on two occasions in Mount Magnet, around 70 kilometres 
away.  Suitable habitat may also be present in the Windimurra project area.  This species may 
be present in the Windimurra project area, thought the 2007 fauna survey did not identify any 
habitat suitable for this Skink within the project area. 
 
Shield-backed Trapdoor Spider (Idiosoma nigrum) Schedule 1 (DEC) 
The genus Idiosoma is endemic to the southwest of Western Australia, with I. nigrum found 
only in the central wheatbelt area (Main, 1991).  The species is now restricted to a small area 
of Acacia acuminata woodland in the region (Main, 1982).  The species burrows in heavy clay 
soils of York Gum (Eucalyptus loxophleba), Salmon Gum (Eucalyptus salmonophloia) and 
wheatbelt Wandoo (Eucalyptus capillosa) woodland.  A thin layer of leaf litter is required for 
foraging.  The main threat to these spiders is the fragmentation of the sparse habitat available, 
due to sheep grazing and cropping (Main, 1991). 
 
The Shield-backed Trapdoor Spider has not been sighted within a 100 kilometre radius of the 
project area for 50 years.  None of the flora species listed above as suitable habitats are present 
in the Windimurra project area.  Heavy clay loams area also absent.  Therefore it is considered 
unlikely that this species would occur in the project area and as such the Windimurra project 
will not have a significant impact on the conservation status of this species. 
 
Lerista eupoda Priority 4 (DEC) 
This species prefers open mulga areas on loamy soils.  It is known only from a small area in 
the arid Southern interior of Western Australia, between Meekatharra and Cue (Wilson and 
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Swan, 2003).  While the Windimurra project area may contain suitable habitat, is not within 
the known range of the species.  This species has a low likelihood of occurrence in the 
Windimurra project area.  Therefore the Windimurra project is considered unlikely to 
significantly impact the conservation status of the species. 
 
Ghost Bat (Macroderma gigas) Priority 4 (DEC) 
The Ghost Bat is nocturnal, roosting in large caves, mines or deep rock fissures during the day.  
It is a carnivorous and emerges at night to feed on large insects, frogs, lizards, birds, small 
mammals and even other bats (Strahn 2004).  They are very sensitive to disturbance. 
 
The Ghost bat is considered to be extinct within the Mount Magnet area and it is therefore 
unlikely this species will be present within the Windimurra project area.  
 
Australian Bustard (Ardeotis australis) Priority 4 (DEC) 
This species inhabits grasslands and savannah grasslands, moving nomadically in response to 
the presence of food (Johnstone and Storr, 1998 in Pizzey and Knight, 2003).  The species is 
clumsy when taking off and is vulnerable to colliding with vehicles and overhead powerlines.  
Bustards will readily abandon nests when disturbed by humans or stock.  The Australian 
Bustard is threatened by hunting and habitat degradation in the region.   
 
Australian Bustards range over most of continental Australia, although they are almost extinct 
near settled districts.  There has been one confirmed sighting of two animals at Sandstone, 
approximately 70 kilometres from Windimurra.  These birds were not observed during the 
1998 targeted fauna survey. 
 
The Windimurra project area does not contain the preferred grassland habitat of this species.  
Their highly mobile, nomadic lifestyle and ability to survive in many habitats indicate that 
even if suitable habitat was present, the species will not be significantly impacted by the 
Windimurra project. 
 
Hooded Plover (Charadrius rubricollis) Priority 4 (DEC) 
The Hooded Plover inhabits a variety of habitats, including sandy ocean beaches, marine rock 
shelves, tidal flats and coastal and inland salt lakes.  It is widespread across the south coast of 
Australia, yet restricted to suitable habitat within this area (Pizzey and Knight, 2003).  
 
It is known to inhabit many inland salt lakes in Western Australia and has been sighed at Lake 
Barlee and Lake Austin, 55 and 60 kilometres respectively from the Windimurra project area. 
 
This species is unlikely to occur in the Windimurra project area due to the absence of salt lake 
habitat.  Therefore the Windimurra project will not significantly impact the conservation status 
of the species. 
 
Slender-billed Thornbill (western) (Acanthiza iredalei iredalei) Vulnerable (EPBC) 
This nomadic species primarily inhabits chenopod shrublands dominated by samphire, 
Maireana or Atriplex associations (Pizzey and Knight, 2003).  It can also inhabit low sandy 
shrubland, sand-plains, mulga scrublands and mangroves.  Populations are known across 
southern inland Western and South Australia, including desert areas.   
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This vegetation complex is not present within the Windimurra project area.  It is thus 
considered unlikely that this species will occur in the project area or be impacted by the 
proposed Windimurra project. 
 
Rainbow Bee-eater (Merops ornatus)  Migratory (CAMBA, JAMBA) 
The Rainbow Bee-eater prefers open or lightly timbered areas, often near water.  This species 
has a large range and has been recorded in dry open sclerophyll forest, open woodlands and 
shrublands - including mallee, spinifex tussock grassland with scattered trees, chenopod 
shrubland with scattered trees and riverine or littoral assemblages.  It is often seen around 
disturbed areas such as quarries, road cuttings and mines where exposed bare soil provides 
suitable breeding sites (Higgins, 1999).  Rainbow Bee-eaters are generally summer breeding 
migrants in the south west of Western Australia spending September to April in the southwest 
and returning to northern Australia from May to August (Pizzey and Knight, 2003).  This 
species may be present at the project area during the summer breeding months though there 
are no records of this species from the area.  
 
Given that the land systems are represented widely on a regional scale, and the variety of 
habitat the species can exist in, it is unlikely a highly localised disturbance such the proposed 
clearing would impact on the conservation status of the Rainbow Bee-eater. 
 
Cattle Egret (Ardea ibis) Migratory (CAMBA, JAMBA) 
The Cattle Egret inhabits wetlands, tidal mudflats and drains to pastures, croplands and 
garbage tips.  This species is widespread from the Kimberly to coastal South East Australia, 
spending summer in the warm north and winter in cooler southern regions (Pizzey and Knight, 
2003).  
 
This cosmopolitan species can move great distances, thorough a variety of habitats.  Therefore 
the Windimurra project is considered unlikely to significantly affect the conservation status of 
this species. 
 
Great Egret, White Egret (Ardea alba) Migratory (CAMBA, JAMBA) 
The Great Egret inhabits terrestrial wetlands, estuarine and littoral habitats and moist 
grasslands.  It prefers permanent water bodies and floodplains and the shallows of deep 
permanent lakes (Marchant and Higgins, 1993). 
 
The small amount of floodplain vegetation in the regional area will not be disturbed by the 
Windimurra project.  No other suitable habitat is present; hence it is considered unlikely that 
the Great Egret will be significantly impacted by the Windimurra project. 
 
Fork-tailed Swift (Apus pacificus) Migratory (CAMBA, JAMBA) 
The Fork-tailed Swift is an aerial species belonging to the Apodidae family of birds.  Members 
of this family typically spend their lives in the air and seldom come to ground.  The Fork-
tailed Swift may be seen over all areas of Australia, though is more typically over open 
country (Pizzey and Knight, 2003).  Due to their high mobility and ability to use a wide variety 
of habitats, a localised disturbance, such as the Windimurra project, is considered unlikely to 
significantly affect the conservation status of this species. 
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3.4.2 Habitat 
The fauna habitats present generally follow the vegetation descriptions.  Vegetation and 
habitat condition has already been affected by mineral exploration and grazing activities.  Of 
the remaining vegetation, the majority is not suitable habitat for most of the species recorded 
as ‘likely to occur’ in DEC and EPBC Act database searches.   
 
Literature reviews identify two species as having a moderate to high likelihood of occurring in 
the project area.  The Malleefowl has large nest, which would be obvious to the casual 
observer.  However operations at the Windimurra site and field surveys for purposes other 
than fauna observation have failed to identify any such nests.  Therefore it is considered the 
Windimurra project is unlikely to significantly impact the conservation status of the species. 
 
The Gilled Slender Bluetongue, while found nearby, has not been located in the Windimurra 
project area.  Its existence in the project area would extend the known range of the species.  
This species requires a substantial leaf litter layer within which to forage and burrow.  The 
vegetation of the project area does not possess large amounts of leaf litter and thus is unlikely 
to provide suitable habitat for this species. 
 
Aquifer conditions at the mine are not favorable for stygofauna, which are most common in 
aquifers with significant void space above and below the water table.  Calcrete aquifers rather 
than bedrock aquifers are preferred habitat.  In the area of the Hawkestone Pit, the minor 
aquifer material is interpreted to be low-porosity clay and weathered bedrock, and minor 
fractures at depth in crystalline rock.  There would appear to be small likelihood of substantial 
stygofauna populations.   
 
 

3.5 SURFACE WATER 
Regionally, the project area lies immediately west of a major topographic divide that runs 
across the Yilgarn Block in Western Australia.  From here the ancient river systems and the 
present day drainage systems traverse 400 kilometres to 500 kilometres toward either the west 
coast or the southern coast.  The Windimurra Vanadium Project area lies within the western 
drainage system.  
 
There is no permanent flow of surface water in the project area.  The area falls into the semi-
arid region and therefore experiences mild wet winters and hot dry summers.  Monthly mean 
rainfall ranges from 7.6 millimetres in October to 32.4 millimetres in June.  Generally, very 
little rainfall occurs from September to December.  Rainfall in this arid region either infiltrates 
into the substrate or evaporates.  Evaporation rates, averaging 3,200 millimetres per year 
(Bureau of Meteorology, 1988), greatly exceed the average rainfall of 237 millimetres per 
year.  
 
Most of the project area comprises broad, flat valleys with low gradients.  Runoff from the 
mine and plant area generally drains to the south and east where it collects in the 
palaeodrainage area, a topographic low five kilometres east of the mine.  This palaeochannel 
runs in a north-westerly direction to a point about ten kilometres to the north of the site before 
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discharging into a salt lake system south of Challa Homestead.  The salt lake system runs in a 
south-westerly direction towards Lake Moore (Rockwater, 1999).  
 
The main surface drainage features of the project area include a floodplain area that runs in a 
north-westerly direction across the northern portion of the mine area.  A salt pan also exists to 
the south of borefield lease L58/27.  This pan may be fed by a groundwater seep from an 
adjacent area to the north as well as collecting surface water flows on a seasonal basis.  
 
Other drainage features consist of a series of small gullies (up to 0.5 metres wide, 0.3 metres 
deep) leading from the foothills area of the Hawkestone Ridge.  The majority of surface water 
runoff, however, disperses as sheet drainage across the site. 
 
 

3.6 GROUNDWATER 
A palaeochannel is located some three kilometres to the north and east of the mining and ore 
processing area and extends through Miscellaneous Licences L58/29, L58/30, L58/32, L58/27 
and L58/28.  Groundwater in the palaeochannel consists of three main aquifers and it from 
these that all water required for the project is drawn.  Groundwater abstraction is conducted in 
compliance with existing groundwater licenses. 
 
Of the additional areas to be cleared, about 30 hectares (8.5%) lies within the existing 
borefield.  Very little of this area has not been cleared of vegetation before and the new 
clearing relates to clearing of regrowth or pruning of individual trees and shrubs.  Construction 
activities in these areas relate to re-installation of powerlines and water pipelines as those used 
for previous operations were removed as part of site closure activities.  There have been no 
Declared (Rare) or Priority flora recorded from the borefield or access roads (Figure 7). 
 
The vanadium deposit is contained within gabbro, an igneous intrusive rock of mafic 
composition i.e. one of the “greenstone” rock types.  At the deposit, there are up to 50 
repetitions of bands of magnetite (the ore), gabbro, and anorthosite (a non-mafic igneous 
rock).  Down to about 40 metres depth the sequence is oxidized (weathered) to soft clay 
minerals and hard mineral bands.  There is no interstitial porosity in the fresh igneous 
(crystalline) rocks therefore any groundwater would be contained in rock fractures, or vugs 
occurring as a result of dissolution of mineral matter.   
 
Groundwater in the vicinity of the pit and plant infrastructure is located within an unconfined 
fractured rock aquifer in the bedrock.  Groundwater, when encountered, is approximately 30 to 
40 metres below the ground surface at the base of weathering.  About 91.5% of the area 
proposed to be cleared lies within this area. 
 
Drilling operations into the mineral deposit of the Windimurra mine during 2006/07 has 
comprised 24 reverse circulation drill holes to depths in the range of 100 to 164 metres in 
which no groundwater has been encountered.  This indicates that rock fractures or vugs are 
absent from the rock at the Windimurra mine.  Minor groundwater was reported in three drill 
holes.  Water occurred at the weathered–unweathered contact of two holes and at one hole 
near the base of drilling in the fresh bedrock.  The other 21 holes were reported to be dry 
(Rockwater, 2008). 
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Given that the minor water intersections occurred at depths greater than 40 metres and the 
standing water levels are at depths of 17 to 39 metres, the groundwater is confined i.e. 
submerged beneath impermeable confining material such as clay and unfractured rock, and 
there is no water table as occurs in unconfined aquifers (Rockwater, 2008). 
 
Further information in regards to the hydrogeology of the pit area and the effect of dewatering 
are provided in Appendix 6. 
 
 

3.7 ABORIGINAL HERITAGE 
Consultation with the local Aboriginal community groups has been ongoing since the onset of 
the project.  PMA have completed two surveys over the mine and plant site (Quartermaine 
Consultants, 1992 and 1998) covering both ethnographic and archaeological sites.  The 1998 
survey also included the accommodation village and access road. 
 
The initial survey identified two archaeological sites (Sites 1-2) with a further four sites (Sites 
3-6) identified in the latter survey as shown in Table 6. 
 

Table 6: Location of Archaeological Sites 

Location Number of Sites 

Pit 
Waste Dumps 

Plant 
TSF 

Airstrip 
Village 

Borefield 
Access Road 

3 
- 
- 
- 
- 
- 
2 
1 

 
All Aboriginal surveys undertaken on behalf of PMA are maintained as confidential, and the 
precise locations of these sites kept in confidence, so that the integrity and heritage value can 
be maintained for the benefit of the Aboriginal people and the community at large.  The 
release of any such site specific information will not be undertaken publicly without the 
express permission of the Department of Indigenous Affairs (DIA).  Two sites are within the 
proposed extension to the pit and will be removed during mining.  Windimurra Vanadium is in 
the process of submitting a Section 18 application to DIA for destruction of these sites.  It is 
not anticipated that it will be rejected based on the precedent of granting to the previous 
project owners. 
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4.0 COMMUNITY CONSULTATION 
The Windimurra Vanadium Project was approved via formal assessment under Part IV of the 
Environmental Protection Act 1986.  This involved publication of a Public Environmental 
Report, consideration by the Environment Protection Authority and final approval via 
Ministerial Statement 481 in July 1998.  As part of the project assessment and approval 
process, considerable community consultation was undertaken.   
 
Recommencement of the project was discussed with key stakeholders from about January 
2006.  This consultation focused on plans for recommencement of the project.  Information 
regarding community consultation for the re-commenced project is provided in the following 
sub sections. 
 
 

4.1 STAKEHOLDER IDENTIFICATION 
Stakeholders for the recommenced project are listed in Table 7.  These were identified via: 

• Review of original project approvals including the PER, Works Approval and site 
Environmental Licence. 

• Review of project documentation during the period of construction and operation (1999 
to 2003). 

• Discussions with regulatory agency and government personnel. 

• Discussions with local government and local non governmental groups and individuals. 
 

Table 7: Project Stakeholders 
Community Statutory Corporate 

Shire of Mt Magnet EPA Precious Metals Australia Ltd 
Mt Magnet residents Dept of Environment and Conservation Windimurra Vanadium Pty Ltd 
Windimurra Station Dept of Industry and Resources ASX 
Badimia People Department of Consumer and Employee 

Protection 
Companies Analysts 

Yamaji Land and Sea Council Department of Water Customers 
Meeline Station Department of Health Future Shareholders 
Challa Station  Banks 
Windsor Station  Greenstone Power and AGL 

Pipelines Trust 
Mid West Development Commission   
WA Conservation Council   
Politicians   
Local businesses   
Mining industry peers   
Shires of Cue and Sandstone   
Media   
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To enable effective management of the consultation process, stakeholders were grouped 
according to their roles and interest in the project.  In assessing the communication needs to 
stakeholders PMA considered the likely impact of its activities on the range of stakeholders. 
 
Stakeholders were then classified into two groups: 

• Those where the activities of PMA would have a direct impact (e.g. the pastoralist). 

• Those where the activities of PMA were unlikely to impact directly, but were more of a 
general interest nature (e.g. Conservation Council). 

 
Various media for communicating information to stakeholders were considered as was the 
appropriate level of engagement. 
 
 

4.2 COMMUNITY INVOLVEMENT STRATEGY 
PMA committed to an open and informed discussion regarding the status of the project and the 
plans for future re-opening of the mine.  The objective of community consultation was to 
inform interested parties of the activities and proposed activities of PMA in connection with 
re-development of the Windimurra Vanadium Mine.  
 
Desired outcomes of the communications strategy were: 

• To provide a mechanism to keep stakeholders informed about the project. 

• To provide a forum so that the general public were informed about the project. 

• To provide an opportunity for feedback and comment from stakeholders. 

• Ensure a mechanism was developed and implemented for addressing bona fide concerns 
of stakeholders in connection with re-development of the project. 

• To create a consultative environment and where appropriate, incorporating the concerns 
of stakeholders into the project plan. 

 
PMA identified that government agencies would have a critical role in both managing the 
statutory aspects of the project as well as ensuring that the interest of the other stakeholders 
were represented and included.  The DEC and DoIR were identified as the lead agencies 
involved in this process. 
 
PMA adopted the following strategy for communicating its intents in regard to the project: 

• Formal briefings to identified stakeholders. 

• Informal/ad hoc briefings as required. 

• Formal submissions (to Regulatory Authorities). 

• Press updates and advertisements. 

• On-going mass market disclosure. 
 
Windimurra Vanadium used a number of mass media communications which were available 
and updated on an on-going basis to interested stakeholders.  This included: 
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• Project details and copies of all press and ASX releases posted on the PMA Website 
(www.pmal.com.au). 

• All releases by PMA to the ASX were posted on the ASX website. 

• Project details were included in the “Major Projects” list published by the Mid-West 
Development Commission, and posted on the MWC web site (www.mwdc.wa.gov.au). 

 
In addition, other mass media communication was used on an ad-hoc basis including press 
articles in the West Australian newspaper, mining industry online newsletters (i.e. 
MiningNews.net), press articles in local publications of the Shire of Mt Magnet, and in 
regional newspapers. 
 
Stakeholders were able to provide feed back to PMA through the following methods: 

• Via the website by sending an e-mail to info@pmal.com.au. 

• By writing to the contact address which the company provided on all its publications. 

• Verbally at a briefing session conduced by PMA. 

• By responding media articles or letters. 
 
 

4.3 COMMUNITY CONSULTATION 
PMA has pursued a policy of active engagement with stakeholders regarding its intent to 
recommence the project and to date has: 

• Presented its intentions at a public meeting of the Shire of Mount Magnet. 

• Presented at a meeting of the working group of the Badimia traditional owners and held 
ongoing discussions with representatives. 

• Ongoing discussions with the owner of the Windimurra Pastoral Station regarding 
relations between the pastoral and mining operations on the station. 

• Had discussions with adjoining pastoralists (Meeline Station and Challa Station). 

• Ongoing discussions with regulatory authorities including DEC, DoIR, DoW, the 
Department of Consumer and Employment Protection (DoCEP) and the Department of 
Health (DoH). 

• Ongoing discussions with the Shire of Mt Magnet. 

• Provided information to the general public via its web sites, articles in national press and 
through ASX disclosure requirements. 

 
Discussions regarding the status of the project and an update on the project going forward 
were held with: 

• The Windimurra Station Manager on 19 October 2007. 

• The Shire of Mt Magnet on 26 October 2007. 

• Mt Magnet Community on 14 February 2008.  The public meeting was attended by 
about 40 people with varying interests in the project. 

http://www.pmal.com.au)
http://www.mwdc.wa.gov.au)
mailto:info@pmal.com.au
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The Windimurra Station Manager was informed as to the reasons for the need for the 
submission, content of the document, major changes and reasons for these compared to the 
previous project and implications of the EPS for project.  Issues such as environmental 
monitoring during construction and operations were also discussed. 
 
Contact has been made with the Badimia People however efforts to consult with 
representatives have proved difficult.  The Company intends to engage with Badimia People 
on matters associated with the project as much as possible. 
 
Consultation with regulatory authorities has been ongoing during 2007.  Representatives from 
DoIR (Environment Division and Major Project Management Branch), DEC (Midwest Office) 
and DoW (Midwest Gascoyne Region) have been consulted in the following manner: 

• Involved in discussions regarding changes to project approval methodologies.  This was 
primarily after rejection of the original S45C application by the EPA in August 2007. 

• Copied in on submissions such as the S45C and Work Approval applications. 

• Provided with copies of technical reports relevant to this or other regulatory submissions 
where interest was expressed or written advice of the need for submission provided. 

 
The status of current environmental approvals was presented at the Mt Magnet community 
meeting on 14 February 2008.  No questions regarding environmental matters were raised at 
this meeting. 
 
 

4.4 STAKEHOLDER INPUT AND FEEDBACK 
Throughout the community consultation process no concerns have been raised in relation to 
the additional land clearing required for the project or mining below the base of weathering.  
Concerns that have been raised are related to the socio-economic impacts of the project.  All 
stakeholders were generally supportive of PMA’s decision to re-open the project.  
 
Feedback from the Government bodies was essential in developing the proposed plant design. 
 
Site visits with the Badimia people produced the unexpected benefit of improving their 
understanding of the Heritage sites on the mining lease. 
 
 

4.5 ONGOING COMMUNITY ENGAGEMENT 
PMA will engage and keep key stakeholders informed of its activities at the project on an as 
required basis.  The key community stakeholders for the project have been identified as being 
the Badimia people, the Shire of Mt Magnet (in its own right and as the representative of the 
local community) and Windimurra Pastoral Station. 
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5.0 POTENTIAL IMPACTS AND MITIGATION MEASURES 
The Windimurra Vanadium Project will operate under the requirements of the site 
Environmental Management Plan (EMP).  The EMP sets out management objectives and 
strategies to minimise the operation’s impact on the environment and forms the basis for the 
mitigation measures outlined in this section.  The EMP has been provided for regulatory 
agencies for review and comment during 2006 and 2007.  The Windimurra EMP is provided 
as Appendix 7. 
 
The impacts considered here relate only to land clearing and mining below the base of 
weathering.  All other aspects are addressed in the S45C application made on 28 September 
2007 and approved on 22 October 2007. 
 
 

5.1 SOIL AND LANDFORMS 

5.1.1 Potential Impacts 
Potential impacts to land associated with the proposal include: 

• Additional land clearing of about 300 hectares over the 20 year life of the project. 

• Construction of permanent landscape features such as waste rock stockpiles, TSF and 
open pit. 

• Potential contamination of soil as a result of construction of additional or enlargement of 
existing waste disposal facilities including waste rock stockpiles. 

• Erosion of the soil in cleared areas. 

• Erosion of topsoil stockpiles. 

• Loss of soil fertility as a result of topsoil storage over long periods. 
 

5.1.2 Management and Mitigation Measures 
Management of impacts to soil and landform are discussed in detail within the EMP, 
specifically the Soil Management Plan which forms Part II, Section 2 of the EMP.  Review of 
these measures indicates they remain appropriate and address potential impacts associated 
with the proposed project modifications.  
 
The following management measures will be adopted in addition to those presented in the Soil 
Management Plan to ensure impacts on soils and landforms are minimised: 

• Clearing of vegetation will be minimised consistent with safe and efficient operations 
and in accordance with the recommendations of the Flora Management Plan 
(Commitment 5.1.2-a). 

• Work will be carefully planned to ensure construction immediately follows clearing 
wherever possible (Commitment 5.1.2-b). 
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• Land clearing and/or topsoil removal will not be conducted during adverse weather 
conditions (e.g. during periods of high wind or intense rainfall) (Commitment 5.1.2-c). 

• Topsoil stockpiles will be as low as possible (up to two metres) with a large surface area 
for the preservation of seed stock (Commitment 5.1.2-d). 

• Topsoil stockpiles will be stabilised using brush from cleared vegetation to reduce the 
erosion potential, discourage weeds and maintain soil microbes (Commitment 5.1.2-e). 

• Topsoil will be used as soon as possible after collection (Commitment 5.1.2-f). 

• Investigating opportunities later in the project life to dispose of non magnetic tailings 
and waste rock within completed sections of the open pit (Commitment 5.1.2-g).  This 
can not occur in the early stages of project re-commencement due to safety issues 
associated with management of unconsolidated waste materials in close proximity to 
operational areas. 

 

5.1.3 Impact Assessment 
Potential adverse impacts on soil and landforms are expected to be minimal after 
implementing control measures described above and outlined in the EMP. 
 
Potential for land or water contamination as a result of permanent waste rock disposal are not 
considered significant.  Geochemical investigations undertaken for weathered (oxidised) rock 
confirm it is non acid generating.  Unweathered waste rock has sulphides present in the form 
of pyrite, however total sulphur percentages are relatively low (i.e. less than 0.3%) and thus 
the risk of potential acid generation is considered low.   
 
The proposed waste rock stockpile design will minimise erosion potential during the period of 
vegetation establishment and during low frequency, but high intensity rainfall events.  
Progressive construction and rehabilitation over the project life will minimise the period of 
exposure of waste rock.  The proposed design is consistent with design principles advocated 
by DoIR for this environment. 
 
 

5.2 VEGETATION AND FLORA 

5.2.1 Potential Impacts 
The proposed land clearing will result in the additional removal of about 300 hectares of 
vegetation for infrastructure development.  Of this, about 28 hectares has previously been 
cleared.  Table 8 shows the total hectares of land clearing required by vegetation type. 
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Table 8: Land Clearing Requirements by Vegetation Type 
Waste Rock Stockpiles Community BLP CWDF Camp Open 

Pit TSF 
1A 1B 2 4 

Other Total 

Acacia xanthocarpa 
Thicket on slopes 0 0 0 0 0 1 0 0 0 0 1 
Bogata Thicket on plains 0 0 0 0 14 0 0 40 0 0 54 
Mulga Scrub on plains 14 5 2 0 0 0 0 0 30 0 51 
Mulga Thicket on slopes 
and uplands 1 0 0 76 39 0 9 0 0 0 125 
Mixed Low Shrubland on 
plains 0 0 0 0 11 0 0 0 0 0 11 
Not Mapped 0 0 0 0 0 0 0 0 0 30 30 
Total Vegetation Clearing 15 5 2 76 64 1 9 40 30 30 272 
Previously Cleared  0 0.3  0 5 22 1 0 0 0 0 28.3 
Total Land Clearing 15 5.3 2 81 86 2 9 40 30 30 300.3 

 
The proposed development and expansion of the Windimurra Vanadium Project will result in 
the removal of some DEC Priority Flora as shown on Figure 5 and described as follows: 

• Calytrix erosipetala 

− South of pit – 15 plants with 100% to be taken by Central Pit expansion in the 
short term. 

− West of pit - 30 plants with 100% to be taken by the North Pit expansion in the 
medium term. 

− These losses in the subpopulations represent a reduction of 24.6% in the overall 
known population numbers. 

• Grevillea inconspicua 

− Waste Rock Stockpile 1A – 15 plants (12%) of the southern population to be 
taken.  This stockpile will be designed to minimise impacts upon the species.  The 
focus of waste rock dumping activities in this location will be encapsulation of the 
existing (decommissioned) BLP. 

− Waste Rock Stockpile 1B – five plants (4%) of the southern population to be 
taken. 

− CWDF – 21 plants (26%) of the northern population to be taken.  These 
individuals are in a previously cleared area, indicating that this species is likely to 
recolonise disturbed areas.  Approximately one hectare of the area previously set 
aside for protection of this species will need to be cleared to allow for expansion 
of the CWDF.  No Grevillea inconspicua plants are located within this part of the 
protection area. 

− The proposed losses represent a reduction of 10% in the overall known population. 
 
Despite actively searching for Ptilotus procumbens during all five field inspections during 
2006 and 2007, it was only during the October 2006 survey that the single plant was located.  
As Ptilotus procumbens was only recorded in the one location next to the camp sewage plant.  
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Due to upgrades on the sewerage treatment plant, the conditions that were favourable for the 
growth of this plant have been removed.  It is unlikely this species will reoccur in the area. 
Land clearing may also result in the introduction or spread of weed species.  Sources of weeds 
include: 

• Vehicles and other mobile equipment entering the Windimurra site in an unclean state. 

• Vehicles and other mobile equipment moving from known weed areas to weed free 
areas. 

• Topsoil and cleared vegetation from known weed areas being placed in weed free areas. 
 

5.2.2 Management and Mitigation Measures 
Management of impacts to flora and fauna are discussed in detail within the EMP, specifically 
the Flora Management Plan which forms Part II, Section 5 of the EMP.  Review of these 
measures indicates they remain appropriate and address potential impacts associated with the 
proposed project modifications.  
 
In addition to the measures outlined in the Flora Management Plan the following management 
and mitigation actions will be taken: 

• Prior to clearing, the area to be cleared will be clearly delineated (Commitment 
5.2.2-a). 

• Use of disturbed areas in preference to requiring additional land clearing (Commitment 
5.2.2-b). 

• Clearing for re-instatement of the powerlines will be conducted using a bulldozer with a 
raised blade (Commitment 5.2.2-c). 

• Location of project infrastructure where possible to avoid impacts on populations of 
flora of conservation significance (Commitment 5.2.2-d).  Waste Rock Stockpile 1 has 
specifically been located away from populations of Grevillea inconspicua and Calytrix 
erosipetala. 

• Where removal of priority flora species can not be avoided in approved areas, DEC will 
be advised of the removal of the plants (Commitment 5.2.2-e). 

• The Calytrix erosipetala located near the western edge of the Southern Pit will be 
flagged as a no-go area during clearing and construction of the abandonment bund 
(Commitment 5.2.2-f).  These individuals are between 20 and 30 metres from the edge 
of the pit and will ultimately be within the abandonment bund. 

• All heavy earthmoving equipment moving from a known weed area to a weed free area 
within the site will be cleaned prior to entry to site to remove weed seeds and plant 
pathogens (Commitment 5.2.2-g). 

• Inclusion of flora and fauna information in project inductions for all employees and 
contractors.  This includes information on weed identification and reporting and priority 
flora (Commitment 5.2.2-h). 

• Targeted surveys for Grevillea inconspicua and Calytrix erosipetala will be undertaken 
prior to clearing (Commitment 5.2.2-i). 
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• Existing fences for protection of Grevillea inconspicua and Calytrix erosipetala will be 
repaired and new fences installed as shown in Figure 8 to assist with protection of these 
species from adverse impacts associated with mining (Commitment 5.2.2-j). 

• Regular inspections will be undertaken of the fence (and signage) around the protection 
areas to ensure that unauthorised access, and hence unnecessary disturbance to the 
remaining populations of Grevillea inconspicua and Calytrix erosipetala, does not occur 
(Commitment 5.2.2-k). 

• Photographic monitoring sites for Grevillea inconspicua and Calytrix erosipetala will be 
established within the protection areas.  Monitoring will be conducted annually in spring 
with the results reviewed by a qualified botanist (Commitment 5.2.2-l). 

• Investigate the potential for propagation of Grevillea inconspicua and Calytrix 
erosipetala and their potential for inclusion in rehabilitation strategies (Commitment 
5.2.2-m). 

 

5.2.3 Impact Assessment 
Through implementing the management measures described above and outlined in the Flora 
Management Plan of the EMP, impacts on vegetation and flora of the project area will be 
minimised.  Rehabilitation of disturbed areas upon completion of the project will result in the 
permanent loss of vegetation being reduced from the initial disturbance of 300 hectares to the 
final surface expression of the pit (114 hectares).   
 
The loss of a small number of Grevillea inconspicua individuals will not adversely impact on 
the population as a whole with about 10% of the total known population proposed to be 
removed over the life of the project.  Management measures to protect the known populations 
of DEC Priority species will result in positive benefits. 
 
Removal of Calytrix erosipetala for development of the open pit will result in a 24.6% 
decrease in the overall known population numbers over the life of the project.  Location of 
individual Calytrix erosipetala plants in close proximity to the boundary of the South Pit will 
ultimately assist with their long term protection.  Their close proximity to the pit will result in 
them being located within the abandonment bund of the pit.  This bund is designed to prevent 
access for safety reasons in the long term and will prevent the possibility of inadvertent 
disturbance of these individuals. 
 
Fencing of areas to the north and south of the processing plant will ensure unauthorised access 
to these areas is avoided.  This will therefore limit the possibility of inadvertent disturbance of 
remaining Grevillea inconspicua and Calytrix erosipetala populations from activities 
associated with the Windimurra Vanadium project.  The proposed improvement to fencing in 
the southern area more effectively excludes mine personnel from this area as it creates a more 
complete enclosure than what is currently in place. 
 
 



Figure 8Environmental Protection Statement
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Prevention of impacts on these species by stock animals is not practicable for Windimurra 
Vanadium, particularly as the current Windimurra Station managers actively promote stock 
populations in the immediate area, as they are used as a harvestable resource, and populations 
of these species also occur outside the Windimurra project area.  These populations are not 
protected from the effects of grazing.  Windimurra Vanadium will undertake feral animal 
control within its operational areas where agreement for such activities can be reached with 
the Station Manager. 
 
Re-use of existing disturbed areas for construction of powerlines and water pipelines for the 
borefield will minimise impacts on vegetation communities.  Additionally, any clearing that is 
required will be carried out by using a bulldozer with its blade raised, such that only trees and 
rigid shrubs directly in the path of the powerlines alignment will be removed. 
 
 

5.3 FAUNA 

5.3.1 Potential Impacts 
No fauna species of conservation significance have been recorded from the Windimurra 
project area.  About 300 hectares of habitat will be impacted over the life of the project.  Of 
this, 114 hectares (38%) will be permanently lost as it falls within the pit outline. 
 
The geology of the pit area is unlikely to provide habitat for either troglobitic or stygofaunal 
populations.  The area largely consists of gabbro, a dense igneous rock unlikely to contain 
voids.  Assessment of the pit walls and information collected from exploration drill holes 
verifies this with very few voids recorded.  Survey of the pit area has indicated that stygofauna 
are not present within the pit geologies and will not be impacted by mining.  Land clearing in 
areas associated with known stygofauna populations (paleochannel) is limited to removal of 
vegetation regrowth and pruning of individual trees or shrubs. 
 
The habitats present across the project site do not represent preferred habitat for short-range 
endemic species (SREs).  Typically, these species are found in ‘island’ or ‘refuge’ habitats 
such as deep, south facing valleys, remnant vegetation within a fragmented landscape and 
habitats which have a higher humidity or moisture content than the surrounding habitat.  These 
habitats are not present within the project area and as such there are not expected to be any 
impacts on SREs. 
 

5.3.2 Management and Mitigation Measures 
Management of impacts to fauna are discussed in detail within the EMP, specifically the 
Fauna Management Plan which forms Part II, Section 6 of the EMP.  Review of these 
measures indicates they remain appropriate and address potential impacts associated with the 
proposed project modifications.  The Fauna Management Plan also details management 
practices and monitoring requirements in relation to stygofauna populations of the 
palaeochannel. 
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In order to minimise the impacts from land clearing on fauna and habitats the following 
additional management measures will be adopted: 

• Clearing of vegetation will be minimised consistent with safe and efficient operations 
and in accordance with the recommendations of the Flora Management Plan. 

• An internal Vegetation Clearing Permit will be completed, and the appropriate 
signatures obtained, prior to the commencement of any clearing activities.  Specific 
project related management practices will be determined for each application and listed 
on the form (Commitment 5.3.2-a). 

• Prior to clearing, the area to be cleared will be clearly delineated. 

• Cleared vegetation will be stockpiled in a designated area and retained for rehabilitation 
purposes to provide habitat for fauna (Commitment 5.3.2-b). 

• Inclusion of flora and fauna information in project inductions for all employees and 
contractors.  This includes information on identification and reporting. 

5.3.3 Impact Assessment 
The fauna habitats present in the project area are regionally common and widespread.  
Rehabilitation of disturbed areas upon completion of the project will result in the permanent 
loss of habitat being reduced from the initial disturbance of about 300 hectares to the final 
surface expression of the pit (114 hectares). 
 
Review of local geology, including faces of the existing open pit does not indicate that suitable 
voids are present in the weathered or unweathered zones to support subterranean fauna 
populations.  Additionally, EPA Draft Guidance Statement 54a (EPA, 2007) suggests there is 
a very low probability of subterranean fauna occurring in the geology type of the pit area.  A 
survey of the pit area for stygofauna indicated they were not present in the geologies of the 
proposed pit. 
 
The management measures outlined above and described in the EMP will minimise any 
adverse impacts on fauna species and fauna habitat. 
 
 

5.4 SURFACE AND GROUNDWATER 

5.4.1 Potential Impacts 
Potential impacts to surface water associated with the proposed land clearing and mining 
below the base of weathering include: 

• Temporarily reducing surface water volume to downstream areas from diverting runoff 
from additional operational areas (pit, waste rock stockpiles, waste disposal facilities).  
Adjacent pastoral land use does not rely on surface water flows for supply of water to 
stock. 

• Contaminating surface water from releasing contaminants associated with land clearing, 
excavation and waste disposal.   
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Potential impacts to groundwater associated with the proposed land clearing and mining below 
the base of weathering include: 

• Seepage from water storages and waste disposal facilities causing localised recharge of 
groundwater.   

• Deteriorating local groundwater quality as a result of seepage of contamination from 
waste disposal facilities into local aquifers after mining has ceased. 

• Accumulation of groundwater in mining areas:  Potential exists for inflow of 
groundwater to the pit as pit depth goes below 35 - 40 metres.  Based on the 
understanding of local hydrology, inflow of groundwater is not anticipated as being 
significant.   

 
Previous operations are known to have caused development of water mounds beneath the TSF 
and plant areas.  Ongoing monitoring has shown that both mounds are receding over time.  
Monitoring has shown that no mounds have developed beneath or adjacent to the BLP or 
CWDF, indicating that the liners installed for both structures have been effective in preventing 
seepage.   
 

5.4.2 Management and Mitigation Measures 
Management of impacts to surface and groundwater are discussed in detail within the EMP, 
specifically the Water Management Plan which forms Part II, Section 1 of the EMP.  Review 
of these measures indicates they remain appropriate and address potential impacts associated 
with the proposed project modifications.  
 
Specific management measures relevant to the proposed modifications include: 

• Land clearing and/or topsoil removal will not be conducted during adverse weather 
conditions (e.g. during periods of high wind or intense rainfall). 

• Topsoil stockpiles will be stabilised using brush from cleared vegetation to reduce 
erosion potential. 

• Work will be carefully planned to ensure construction immediately follows clearing 
wherever possible. 

• Construction of diversion channels adjacent to infrastructure to divert clean water in 
ephemeral watercourses around the facilities (Commitment 5.4.2-a). 

• Construction of drains and sumps within the pit floor to direct any groundwater and rain 
water inflows to points where it can be re-used for dust suppression or ore processing 
purposes (Commitment 5.4.2-b). 

 
In order to satisfy existing groundwater users within the area, Windimurra Vanadium will: 

• Maintain the continuity of stock water if changes in groundwater levels, caused by the 
project, adversely affect pastoral activities (Commitment 5.4.2-i). 

• Provide the Pastoral Lessee with a potable water supply if the project adversely affects 
the current source of freshwater (Commitment 5.4.2-j). 
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5.4.3 Impact Assessment 
Surface water resources in the local area are scarce as a result of climatic conditions and 
natural topography.  Additional areas proposed to be cleared are predominantly located away 
from ephemeral drainage lines.  Where drainage lines will be affected by clearing and 
construction of infrastructure, proposed diversion structures will ensure clean water is 
managed separately from potential contaminated waters and diverted back to downstream 
areas.   
 
No other beneficial users of surface water exist in the local area and thus additional land 
clearing and infrastructure construction will not adversely impact on other users. 
 
No additional impacts to local groundwater resources are anticipated.  Proposed annual 
abstraction volumes remain within the currently licensed volumes.   
 
Based on results of exploration and resource definition drilling, it is not anticipated that 
substantial groundwater inflows into the pit will be experienced.  As such, local drawdown of 
groundwater is not considered to be an issue for the project. 
 
Designs to be implemented for construction of new and expansion of existing waste disposal 
facilities will ensure contamination of groundwater is prevented.  Remediation activities 
planned for previous waste disposal facilities will address suspected contamination issues 
during the project life rather than at project closure. 
 
Any groundwater entering the pit will be used in the processing plant to reduce the amount of 
water required from the borefield as will any surface runoff collected from the plant area.  
There will be no requirement to discharge water from the project area. 
 
 

5.5 AIR QUALITY 

5.5.1 Potential Impacts 
Land clearing has the potential to result in the following impacts on air quality: 

• Increased dust generation as a result of clearing activities. 

• Dust generation from exposed soil during dry and windy periods. 

• Loss of carbon sink functions of the cleared vegetation. 
 

5.5.2 Mitigation Measures 
Management of impacts to air quality are discussed in detail within the EMP, specifically the 
Atmospheric Emissions Management Plan which forms Part II, Section 4 of the EMP.  Review 
of these measures indicates they remain appropriate and address potential impacts associated 
with the proposed project modifications. 
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The following management measures will be implemented during all land clearing activities to 
minimise or avoid adverse impacts on air quality: 

• Clearing of vegetation will be minimised to avoid creating large areas of bare soil. 

• Water trucks will be used to prevent excessive dust emissions during earthworks 
operations and from use of roads (Commitment 5.5.2-a). 

• Work will be carefully planned to ensure construction immediately follows clearing 
wherever possible. 

• Land clearing and/or topsoil removal will not be conducted during adverse weather 
conditions (e.g. during periods of high wind or intense rainfall). 

• Topsoil stockpiles will be stabilised with brush. 

• To assist in the capture of CO2, all completed areas will be rehabilitated with local 
provenance species as soon as practicable (Commitment 5.5.2-b). 

 

5.5.3 Impact Assessment 
Fugitive dust will be generated from clearing activities, vehicular movement and wind erosion.  
Dust generated will be localised.  Experience with other mining operations has demonstrated 
that these relatively course particles (i.e. greater than 10 microns) are highly likely to settle 
within a short distance of the point of generation.  Additional land clearing will not result in 
increased exposure to soluble vanadium. 
 
The temporary loss of carbon sink functions of the cleared vegetation will be partially offset 
over the life of the mine through progressive rehabilitation of completed areas.  Given the 
remoteness of the site, the temporary loss of these functions will not result in significant 
impacts. 
 
 

5.6 ABORIGINAL HERITAGE 

5.6.1 Potential Impacts 
Potential cultural heritage issues associated with proposed project modifications include: 

• Destruction of two known archaeological sites as a result of open pit development, 
specifically the Central pit area. 

 
Xstrata had permission from DIA via Section 18 of the Aboriginal Heritage Act 1972 to 
disturb Aboriginal heritage sites within the ultimate pit shells.  This permission is not 
transferable to the new project owners.  Windimurra Vanadium is in the process of submitting 
a Section 18 application to DIA for destruction of these sites.  It not anticipated that it will be 
rejected based on the precedent of granting to the previous project owners. 
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5.6.2 Mitigation Measures 
Cultural heritage management impacts are discussed in detail within the EMP, specifically the 
Aboriginal Heritage Management Plan which forms Part II, Section 7 of the EMP.  Review of 
these measures indicates they remain appropriate and address potential impacts associated 
with the proposed project modifications.  
 

5.6.3 Impact Assessment 
No additional impacts on Aboriginal cultural heritage will occur as a result of proposed project 
modifications. 
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6.0 REHABILITATION AND CLOSURE 

6.1 REHABILITATION 

6.1.1 Objectives 
In the short term, the objectives of the rehabilitation program are to minimise the: 

• Generation of dust. 

• Potential for erosion. 

• Impacts on natural drainage. 

• Potential for contamination of surface and groundwater systems. 
 
In the long term, the objective of the rehabilitation program will be to re-establish a stable, 
productive land surface that requires minimal ongoing maintenance and management.  This is 
likely to involve revegetation of disturbed areas with a self sustaining system of native Mulga 
scrub, and associated open woodland species that are similar in diversity, density and cover to 
pre-mine conditions. 
 

6.1.2 Rehabilitation Method 
The rehabilitation method to be employed within the Windimurra project area, with specific 
details for each type of disturbance, are detailed in the EMP, specifically the Rehabilitation 
Management Plan which forms Part II, Section 9 of the EMP.   
 
The following general guidelines apply to all rehabilitation activities across the project area: 

• Rehabilitation of disturbed areas will be undertaken on a progressive basis throughout 
the life of the project (Commitment 6.1.2-a).  

• Prior to undertaking these works, a final landform and long term land use must be 
agreed upon for the disturbed area and the rehabilitation program designed to achieve 
these objectives (Commitment 6.1.2-b).  The preferred objective of the post-operational 
rehabilitation is to re-establish a productive land surface to allow rangeland grazing for 
the pastoralist. 

• Areas of disturbance to be rehabilitated will be surveyed and the size and location 
recorded on a site plan for future monitoring (Commitment 6.1.2-c). 

• Areas undergoing rehabilitation will be clearly signed (e.g. “Area under rehabilitation”) 
to notify site personnel.  Fencing may be required to prevent vehicle access and 
browsing by native fauna and stock (Commitment 6.1.2-d).   

• Access to areas undergoing rehabilitation can only be obtained with permission from the 
site Environmental Manager (Commitment 6.1.2-e). 
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6.2 CLOSURE 
A Conceptual Closure Plan (CCP) has been developed and is included in the EMP, 
specifically Part 3, Section 6.  The CCP has been developed in accordance with the Australian 
and New Zealand Minerals and Energy Council (ANZMEC)/Minerals Council of Australia 
(MCA), (August 2000) Strategic Framework for Mine Closure and the Chamber of Minerals 
and Energy Mine Closure Guidelines for Minerals Operations in Western Australia.   
 
In summary the Conceptual Closure Plan comprise the following key elements: 

• Stakeholder Identification and Engagement: 

− Community – The key community stakeholders are the local pastoralists 
(Windimurra Pastoral Station and Challa Pastoral Station) and the Badimia 
Aboriginal People represented by the Badimia Working Group.  Other community 
stakeholders include the Yamaji Land and Sea Council, the Mid-West 
Development Commission, Greenstone Power Joint Venture and AGL Pipelines 
Trust. 

− Government – Key government stakeholders include the Shire of Mount Magnet, 
DEC and DoIR. 

• Post Closure Land Use – At the completion of mining the site will be returned to the 
pre-mining/surrounding land use of pastoral/rangeland. 

• Site Closure Objectives: 

− Maintain the ‘environmental value’ of the area.  Environmental value includes, but 
are not limited to; biodiversity, pastoral grazing, aesthetic value, European and 
Aboriginal cultural heritage value. 

− Adopt safe and responsible closure practices in order to protect the environment 
and public health and safety. 

− Minimise adverse environmental effects after cessation of operations. 

− Reduce the need for long term monitoring and maintenance after closure. 

• Financial Provision for Closure.  Provision has been made for planned, unplanned and 
temporary closure.  Closure provisioning will be reviewed prior to recommencement and 
on an annual basis. 

• Closure Management Strategies for all areas.  These strategies include: 

− Decommissioning of operational facilities. 

− Revegetation of decommissioned operational areas. 

− Rehabilitation of waste disposal facilities. 
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7.0 ENVIRONMENTAL PERFORMANCE OBJECTIVES 
Environmental performance objectives are specified in the EMP and are based on the 
conditions of and proponent commitments from previous approvals and licences.  As far as is 
possible, commitments have been developed in such a way so that they can be quantitatively 
measured against set goals.  A qualitative approach based on previous experience and best 
practice has been taken for objectives where measurable criteria cannot be set. 
 
Environmental performance objectives that relate specifically to land clearing for the project 
are: 

• That there is no unauthorised clearing of vegetation in the project area. 

• That the remaining Grevillea inconspicua population and the tall grassland (canegrass) 
population are preserved and that the health of the plants is not affected by project 
activities. 

• That dust standards identified in the Atmospheric Emissions Management Plan (EMP, 
Part II Section 4) are not exceeded during clearing operations. 

• Any accidental or unavoidable native fauna deaths caused by fire, road kills, snake 
removal or blasting activities will be recorded and the cause of death noted (if feasible).  
Management practices will be reviewed and appropriate measures undertaken to prevent 
the re-occurrence of these events, wherever possible. 

• That there is no further spread of existing weed populations in the project area and in 
fact that these weed populations diminish through the eradication program. 

• That the introduction of any new weed species into the project area is prevented. 
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8.0 ROLES AND RESPONSIBILITIES 
The day to day responsibility for maintaining operating standards in relation to land clearing 
will be undertaken by the Plant Manager, Mine Manager and Construction Manager (where 
applicable) in their respective areas of duty.  The Mine Manager is ultimately responsible for 
ensuring all regulatory and approval conditions are complied with and sufficient resources are 
allocated to achieve this. 
 
The Environmental Manager is responsible for implementing the requirements of the EMP.  
This includes implementing monitoring programs, weed eradication programs, compliance 
monitoring and auditing, internal and external reporting and review of the EMP.  Specifically 
related to land clearing, the Environmental Manager is responsible for reviewing and 
approving internal clearing permits and auditing compliance with the conditions of any such 
permits. 
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1 INTRODUCTION AND SCOPE 

Windimurra Vanadium Proprietary Limited (WV) commissioned Paul Armstrong and 
Associates to undertake a vegetation and flora, Declared Rare Flora (DRF) and 
Priority Flora search covering the proposed recommissioning of the Windimurra 
vanadium mine (currently on care and maintenance).  This survey was undertaken as 
part of Environmental Impact Assessment documentation to prepare the mine site for 
construction of additional facilities and mine void development. 
 
The existing Windimurra mine facilities are located 72km east-south-east of Mt 
Magnet (on bearing 110°), 83km south-west of Sandstone (on bearing 245°) and 
45km north-west of Youanmi (bearing 320°) (see Figure 1).  The Windimurra 
homestead is located approximately 5km south-east of the mine operations 
 
The purpose of the study was to identify the locations of any significant vegetation, 
DRF or Priority Flora species within the areas that would be cleared as a result of the 
proposed the mine operations or expansion.  Although no exact plans were available 
where the clearing activities were proposed, the general areas were delineated.  These 
areas were: the expansion of the pit; Barron liquor facility; Calcine storage facilities; 
borefield extension, the airstrip extension and accommodation village expansion.  The 
general locations of these locations are shown in Figure 2 and in detail in Figure 3. 
 
While most of these areas have been surveyed for flora previously, a second survey 
was required to update information to consider up to date guidelines for survey 
methodology, consider lists of Threatened Ecological Communities (TEC) and up to 
date lists of DRF and Priority Flora.  These include: 

• DEC Declared Rare and Priority Flora List for Western Australia (CALM 
2006 and DEC 2006); 

• DEC list of TEC (DEC 2006);  
• Environment Australia listings on Environmental Protection and Biodiversity 

Conservation Act (EA, 2005); and 
• Environmental Protection Authority Guidance Statement Number 51 for the 

assessment of environmental factors – Terrestrial flora and vegetation (EPA 
2004) 

 
Dr. Paul Armstrong, a senior botanist from Paul Armstrong and Associates, undertook 
the associated vegetation survey and rare flora search in April, May, October and 
December 2006 and July 2007. 
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1.1 THE PROJECT 
It is proposed to re-open, to expand the mine and processing plant at the WV 
Windimurra operations.  This entails the further development of the open cut pit area, 
duplication of the Barron liquor facilities; expansion of the calcine storage facilities; 
and the exploration for the potential future expansion of the borefield.  There may also 
be an extension to the existing airstrip, located adjacent to the Windimurra homestead.  
Due to the increased personnel required on-site, the accommodation village will need 
to be expanded.  Those areas potentially to be impacted upon are presented in Table 1 
along with the areas that are already cleared. 
 

Table 1.  Locations requiring clearing for the proposed Windimurra Project 
expansion and those portions that are already cleared. 

Location of proposed impact Estimated area of 
impact 

Initial clearing 

Pit area expansion - Short term 22.7ha 6.7ha 
 - Medium term 35.3ha 31.1ha 
 - Long term 41.6ha 41.6ha 
Barron liquor facilities No. 2 11.3ha 11.3ha 
Non-magnetic tailings facilities 237.2ha 58.4ha 
Tailings pipeline 0.2ha 0.1ha 
Calcine storage facilities 17.7ha 0 
Waste dump - East 27.0ha 27.0ha 
 - West 34.1ha 34.1ha 
ROM pad 5.7ha 0 
Short term paddock storage 23.2ha 0 
Airstrip 10.0ha 0 
Accommodation village 11.3ha 7.6ha 
Overall 477.3 ha 217.9ha 

 
Although this survey was for the inspection of 477.3ha that could potentially be 
cleared for the reopening and expansion of the WV operations, only a portion of this 
area will require clearing (as shown in Table 1).  In addition to the areas now 
proposed for clearing, other areas were inspected prior to finalisation of the current 
mine operations layout.  The reason for the larger areas to be inspected was to 
determine what areas supported significant species (DRF or Priority Flora) or were 
otherwise of interest.  With knowledge of those sensitive areas, a plan to avoid or at 
least minimise any impacts could be determined.   
 
Initially, redeveloping the deposit will commence immediately south of the current 
depleted pit.  The Central Pit will be 800 metres long by 350 metres wide (see Figure 
3), will be developed over a 5 year life-span to produce 20Mt of mill feed.  
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Development will then move to the northern end of the current depleted pit, with 
mining focusing on pushing the western wall of the current pit back and developing 
mill feed at depth in the floor of the current pit.  Production from the North Pit will 
last from years 5 to 12.  Production will then move from the northern part of the ore 
body to the southern part.  The South Pit will be developed from the south end of the 
Central Pit and work south from years 12 to 20. 
 
Similarly, since the initial planning and inspection of the expanded airstrip, to be 
2,000m in length, it is now anticipated not to require any further clearing (see Figure 
2).  However, if at some future date, the extended length is required, the extension 
will necessitate clearing of the entire 1,000m long by 100m wide, essential for safety 
reasons. 
 

1.2 RARE FLORA 
There are estimated to be 16,000 species of native vascular plants within Western 
Australia.  Due to the rarity or threatened status of some species, the Minister for the 
Environment has given them special protection under the Wildlife Conservation Act 
1950-79 (WA), under the direction of the Department of Environment and 
Conservation (DEC).  Two broad classifications have been applied to species in need 
of special protection, the higher level of protection being the Declared Rare Flora 
(DRF) status, while species requiring less protection are referred to as Priority Flora.  
These are further divided, depending on levels of rarity and perceived threats.  
APPENDIX 1 is a listing of the classifications and definitions for the DRF and 
Priority Flora. 
 
In December 2006, DEC (2006) classified 378 taxa (plant names) as extant (living) 
DRF, with a further 14 taxa believed to be extinct for the state of Western Australia.  
In addition, a further 615 taxa were classified as Priority 1; 634 as P2; 654 as P3 and 
331 as P4.  These add up to 2,626 taxa believed to be under threat, representing 
approximately 20% of the state’s flora. 
 
Several Western Australian Government departments now require a rare flora search 
to be undertaken before a permit to clear land can be granted.  If a DRF species were 
found on the proposed site, the development would usually need to be changed to 
avoid damaging that species.  However, if the development can be shown to have a 
minimal impact on the species or if translocation is appropriate, then a permit may be 
granted to disturb the DRF species.  Similar, but less stringent requirements also apply 
to disturbing Priority flora. 
 
At the Australian national level, Environment Australia administers the Environment 
Protection and Biodiversity Conservation Act 1999 (EPBC Act).  The levels of threat 
are again assessed at a number of levels (see APPENDIX 2). 
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In addition to those taxa classified by DEC or the EPBC Act, a species may be 
considered of interest for several reasons: 

• The collection is a range extension of its previously recorded range; 
• It has a restricted distribution; or  
• It is poorly represented in the collection at the Western Australian Herbarium. 

 

1.3 THREATENED ECOLOGICAL COMMUNITIES 
Because of the extensive land clearing that has occurred in portions of Western 
Australia, a number of ecological communities have become threatened.  In addition, 
there are a number of communities that would never have been common, and these 
are also considered as threatened.  These communities are referred to as Threatened 
Ecological Communities (TEC) (English & Blyth 1997).  DEC has compiled a list of 
the TEC’s within Western Australia (English 2002).  An Australia wide list has also 
been prepared by Environment Australia (2005) under the EPBC Act. 
 
Similar to the rare flora classification, the TEC’s are also classified by the level of 
threat to their continued survival.  The communities under greatest threat are 
classified in order of descending vulnerability as: presumed totally destroyed, 
critically endangered, endangered and vulnerable ecological communities.  Those 
threatened communities under less threat, but still percieved vulnerable, are classified 
as Priority (PEC).  APPENDIX 3 is a listing of definitions and criteria of the DEC 
classifications. 
 

1.4 SCOPE 
The scope of this study has been based on the Environmental Protection Authority’s 
Guidance No 51 documentation.  This sets out the criteria under what level of 
investigation and reporting is required for the different types of impacts associated 
with various developments, including mine sites. 
 
When the ten factors for Table 3 of Guidance 51 are considered: one was classified as 
High (size), four as Moderate (rare or priority flora, other significant flora, size of 
remnant and condition/intactness and heterogeneity or complexity) and four as Low 
and one not relevant.  Using Table 2, with Group 2 (Murchison) the level of 
assessment is between Level 1 and Level 2 (criteria, scale and nature of impacts are 
presented in detail in APPENDIX 4).  This indicates the Level of Survey (Table 1) is 
between Reconnaissance (upper level of Level 1) and Detailed survey (lower level of 
Level 2) as the required level for this Project.  Descriptions of these two surveys 
follow: 
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A Reconnaissance Survey (EPA 2004) is one that: 
• Verifies the accuracy of the background study; 
• Further delineates and characterises the flora and the range of vegetation units 

present in the target area; and 
• Identifies potential impacts. 
• Involves a target area visit by suitably qualified personnel to undertake 

selective low intensity sampling of the flora and vegetation; and to produce 
maps of vegetation units and vegetation condition at an appropriate scale. 

 
A Detailed Survey (EPA 2004) is one that: 

• Incorporates background research and reconnaissance survey as a preparation 
for more intensive survey; 

• The purpose is to enhance the level of knowledge at the locality scale. 
• Involves one or more visits in the main flowering season and visits in other 

seasons; and replication of plots in vegetation units, and greater coverage and 
displacement of plots over the target area. 

 
Several vegetation and flora studies have been prepared for the mine site in the past.  
Those reports available and reviewed were: 

• Wagoo Hills vanadium project and Mingenew coal project – Public 
environmental review, by Alan Tingay & Associated and Precious Metals 
Australia Limited, January 1992, for Precious Metals Australia Limited 

• Windimurra Vanadium Project – Flora and Vegetation Survey, by Alan 
Tingay and Associated, October 1998, for Vanadium Australia Pty Limited. 

• Windimurra Vanadium Project – Flora and Vegetation Survey of bore Field 
Zone B, by Alan Tingay and Associated July 1999, for Vanadium Australia 
Pty Limited. 

• Windimurra Vanadium Project - Conceptual Closure and Rehabilitation Plan, 
by Vanadium Australia Pty Limited, Draft, August 2005. 

 
These above reports, combined with the current study where five field surveys were 
undertaken to obtain details of the vegetation and any rare or significant perennial or 
ephemeral flora, it is considered that an adequate survey has been undertaken to 
achieve the objectives of Guidelines No 51 (EPA 2004). 
 

2 OBJECTIVES 

Prior to commencing the fieldwork, a desktop study was undertaken of the vegetation 
and flora of the project area with the objective of identifying any areas were impacts 
should be minimised during project development.  Using published material, the 
vegetation of the project area was identified.  In addition, a database search was 
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undertaken to identify any significant flora species and TEC’s that occur in the Mt 
Magnet to Sandstone to Youanmi general area. 
 
The objectives of the botanical field study were to undertake vegetation and flora 
surveys, and a rare flora search.  The vegetation survey was to identify and describe 
the different plant communities located in areas of proposed impact and adjacent 
areas.  The flora survey identified as many of the plant species growing in the Project 
area as was practical. 
 
In addition to the flora survey recording as many species from each vegetation 
community encountered, locations and numbers of any DRF or Priority Flora were 
also recorded.  An attempt was made to determine the extent of each of the 
populations.  Similarly, the location of any significant weed species; that is, those 
classified by Department of Agriculture and Food (2006) or Hussey et. al. (1999). 
 
From the observations made during this study, recommendations are made on how to 
minimise impacts to the vegetation, flora, and in particular the rare or otherwise 
significant flora that may be encountered within the project area.  These findings were 
then compiled into this report. 
 

3 DESKTOP STUDY 

3.1 VEGETATION 
Beard (1990) mapped the vegetation system of the Mt Magnet, Sandstone and 
Youanmi area as the Austin Botanical District (Murchison Region) within the 
Eremaean Province.  The climate of the District is arid with both winter and summer 
rainfall, with an average of 200mm annually (Beard 1990).  The geology of the area is 
Archaean granite with infolded volcanics and meta-sediments forming the Yilgarn 
Block.  The topography is undulating with occasional ranges of low hills.  The main 
soil type is shallow earthy loam overlying red-brown hardpan with shallow stony 
loams on hills.  The dominant vegetation of the District is mulga (Acacia aneura). 
 
Beard (1976) divided the Murchison Region into six sub-regions; Windimurra is 
located near the boundary of the Barlee and Wiluna Sub-regions.  This area is the 
southern to central portion of the Austin Botanical District.  Within both sub-regions, 
in the general vicinity of the Project, Beard (1976) described four vegetation 
communities.  These were: 

• mulga scrub on hills; 
• mulga low woodlands on plains; 
• steppe on sandplains; and 
• halophytic communities in low-lying saline areas. 
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The Murchison vegetation maps, prepared by Beard (1976) at a scale of 1:1,000,000, 
show the Windimurra area adjacent (within approximately 20km) to five different 
communities.  These are presented in Table 2 and mapped in Figure 4. 
 

Table 2.  Vegetation types described by Beard (1976) as occurring within 20km 
of the Windimurra project (see Figure 4 for map of the area). 

Beards 
vegetation code 

Vegetation description 

a1Li Mulga low woodland 
a1Si Mulga shrubland 
a1

8Si Mulga and Acacia sclerosperma shrubland 
a1

14Si Mulga and Acacia quadrimarginea shrubland 
a1e21Sr.t2Hi Mulga and mallee (Eucalyptus kingsmillii) and spinifex 

 
In 1998, Agriculture Western Australia published a review of the land systems of the 
Sandstone-Yalgoo-Paynes Find area in their Technical Bulletin No. 90.  Within the 
general Windimurra project area there were eleven land systems mapped which were 
from ten land types (see Figure 5).  Of these systems, four are in the immediate 
project area and would be impacted upon.  These land types and systems are listed in 
Table 3. 
 
Based on Agriculture Western Australia (1998) areas estimated for each of the land 
systems and the proposed areas to be impacted, the relative impact can be assessed 
(see Table 4 and Figure 5).  This shows the land system with the smallest area, Tango 
with 86km2, would have approximately 0.31% of its area impacted upon, which is 
also the largest relative impact.  The areas to be cleared were for the eastern waste 
dump and the Barren Liquor Dam No2. (BLD2)  The next largest relative impact 
would be to Naluthanna, having an area of 277km2, with 0.108% impacted due to the 
pit expansion and the eastern waste dump.  This is followed by Hootanui, which has 
an area of 423km2, with 0.018% impacted due to the expansion of the non-magnetic 
tailings storage facilities (TSF) and the accommodation village.  The remaining area 
to be impacted upon was Jundee, with an area of 1,333km2, with 0.00253% impacted 
due to non-magnetic tailings storage facilities and the western waste dump. 
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Table 3.  Land types and land systems (with map unit number) in the general 
area of the Windimurra project (based on Agriculture Western Australia 1998).  
In addition those components that would be impacted by the project are 
indicated (A - accommodation village; B - borefield; and M - mining operations). 

Land types 
    Number and land system 

 Impacted 

Hills with Acacia shrubland   
5 Naluthanna – Rough hills, tor fields and slopes of gabbro with 

restricted lower stony plains and gilgaied drainage floors. 
M 

Breakaways and alluvial plain with predominately saline soils and halophytic 
shrubland 
21 Hootanui – Breakaways, hills and ridges on weathered greenstone 

and felsic extrusive rocks with extensive gravelly lower alluvial 
plains. 

A+M 

Irregular plains and low rises supporting mulga, bowgada and some halophytic 
shrublands 
27 Violet – Undulating plains with stony and gravelly mantles and 

low raises with limonite. 
No 

Stony plains and lower alluvial plains with predominantly saline soils and halophytic 
shrublands 
31 Nallx – Undulating plains and occasional rises of gabbro. No 
Wash plains on hardpan with mulga shrublands   
42 Jundee – Level to gently inclined wash plains with mantels of fine 

ironstone gravel. 
B+M 

Wash plains on hardpan with mixed halophytic and non-halophytic shrublands 
53 Tango – Wash plains on hardpan with saline soils and gravelly 

mantels. 
B+M 

Plains with deep sandy soils supporting Acacia shrublands and occasionally with 
wanderrie grasses 
58 Yowie – Extensive nearly level plains with sandy surfaces. B 
Alluvial plains with saline soils and predominantly halophytic shrublands  
62 Merbla – Clayey alluvial plains with gilgai micro-relief. N 
66 Steer – Alluvial plains with gravelly mantels and scattered small 

circular drainage foci. 
N 

Calcreted drainage plains with mixed halophytic and non-halophytic shrublands 
70 Cunyu – Calcrete platforms, narrow drainage floors, and fringing 

wash plains. 
No 

Salt lakes and fringing alluvial plains with halophytic shrublands  
76 Carnegie – Salt lakes with fringing alluvial plains, kopi dunes and 

sandy banks. 
No 
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Table 4.  Areas of the land systems in the general area of the Windimurra 
project and the current estimated impacts to each of them (Agriculture Western 
Australia 1998). 

Areas proposed for impact Land system  Area 
(km2) Area (km2) Percentage 

impacted 
Carnegie (76) 8,649 - - 
Cunyu (70) 358 - - 
Hootanui (21) 423 0.076 (accommodation 

village + TSF) 
0.018% 

Jundee (42) 1,333 0.30 (TSF + west waste 
dump) 

0.00253% 

Merbla (62) 360 - - 
Nallx (31) 439 - - 
Naluthanna (5) 277 0.31 (pit + east waste 

dump) 
0.108% 

Steer (66) 133 - - 
Tango (53) 86 0.26 (east waste dump + 

BLD2) 
0.31% 

Violet (27) 882 - - 
Yowie (58) 9,189 - - 

 
There were no impacts assessed for either the airstrip or the borefield as these areas 
were currently not to be cleared.  Although both waste dumps (east and west) were 
included in the area estimates, it is anticipated that only one of these will be utilised, 
and hence only one will require clearing. 
 
The original borefield lease would have impacted on the Yowie land system, which 
had not been inspected.  However, the revised route, if it were to proceed, does not 
extend as far south-west as the original, which has resulted in no impact upon Yowie. 
 
The various reports prepared on the Windimurra project (Alan Tingay & Associates 
1992, 1998 and 1999) identified mulga woodlands and shrublands as the dominant 
vegetation of the area.  In addition, although the operation of the borefield for water 
extraction would significantly lower the water table, this was unlikely to have any 
lasting impact on the vegetation. 
 
The report prepared by Alan Tingay & Associates (1998) on the Windimurra project 
identified the declared plant (Department of Agriculture) Carthamus lanatus and a 
pest plant (Hussey 1997) Acetosa vesicaria as occurring within the project area.  
Recommendations were made on how to restrict the invasion of these and weeds in 
general in the management plan. 
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3.2 RARE FLORA 
In April 2006 the DEC (previously CALM) rare flora database was searched for 
species occurring in the Mt Magnet, Sandstone and Youanmi areas (see Figure 6).  
This search area encompassed a rectangle with boundaries approximately 40km from 
Windimurra, along with location names within this area. 
 
This search identified thirty-three species of DRF and Priority Flora as occurring in 
the general areas and a listing of these is presented in APPENDIX 5.  There were no 
species of DRF; no species Presumed Extinct; nineteen Priority 1 flora; one P2; nine 
P3 and four P4.  Each of the DEC records, with locations, has been plotted onto a map 
(see Figure 6). 
 
Since the initial DEC rare database search was undertaken (April 2006) the listing has 
been updated twice.  The first update was released at the end of June 2006 (CALM 
2006), which was after the first two field inspections had been undertaken.  Then in 
late December 2006 DEC released another update (DEC 2006), which was after the 
third and fourth field inspections had been undertaken.  For completeness, both of the 
updated lists were compared to the original list; however, no changes or additions 
were noted.  Classification of the species recorded during the site inspection remains 
the same.  
 
None of these Priority Flora (DEC 2006) species were classified under the EPBC Act. 
 
Most of the species on the DEC (2006) list of significant flora occurring in the area 
were perennial shrubs or trees (see APPENDIX 5).  These perennial species would 
have been apparent and would presumably have been observed and recorded if they 
were present.  There are, however, five species of annual, ephemerals or cryptic 
nature that may not have been apparent.  These were described as (based on FloraBase 
reports and DEC 2006): 

• Angianthus uniflorus (P1):  Erect to ascending annual daisy growing to 7cm 
tall with a spread to 4cm in diameter, with grey to white flowers.  No 
flowering details reported.  Occurring on the margin of calcrete rises near 
gypseous salt lakes.  Previously recorded from Lake Austin and Cue. 

• Goodenia neogoodenia (P4);  Prostrate scrambling annual herb growing to 
1cm tall with a spread to 10cm in diameter, with minute yellow to brown 
flowers.  Flowering recorded between August and September.  Grows on red 
loam or clay, near water forming a band along the waters edge.  Previously 
recorded from Burnerbinmah Station, Eurardy, Mt Magnet and Yalgoo. 

• Goodenia stellata (P4):  Decumbent to prostrate herb growing to 5cm tall and 
10cm in diameter, with stellate hairs on the leaves and yellow flowers.  
Flowering recorded between July to October. Grows on red stony soils.  
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Previously recorded from Hamersley Range, North of Sandstone, West 
Angelas and Yampire Gorge. 

• Millotia depauperata (P1):  Slender annual daisy, growing to 20cm high and 
10cm in diameter with yellow flowers.  Flowering recorded between August 
and September.  Grows on red sandy loam associated with granite outcrops.  
Previously recorded from Lake Austin, Mt Magnet and Wannoo. 

• Ptilotus procumbens (P1):  Spreading procumbent annual herb, growing to 
approximately 10cm high, with pink to white flowers.  Flowering recorded for 
November.  Grows on red clay.  Previously recorded from Boulder and 
Windimurra Station. 

 
Those Priority Flora records with location details (42 records), identified from the 
general area, were plotted onto a map (see Figure 6).  Those species recorded within 
approximately 15km of the Windimurra project were identified (see Figure 7), these 
were: 
 Grevillea inconspicua (P4); 
 Goodenia neogoodenia (P4) 
 Ptilotus procumbens (P1) 
 
The report prepared by Alan Tingay & Associates (1998) on the Windimurra project 
identified Grevillea inconspicua as occurring on the greenstone hills on and adjacent 
to the areas of the then proposed, now existing, plant and pit areas.  Using aerial 
photography interpretation an area of 120ha was mapped as suitable habitat, 
greenstone.  With a population density of 22 plants per hectare a population size in the 
order of 2600 plants was calculated.  The estimated impact of clearing (now cleared) 
for the project was 390 plants were to be taken (destroyed), which represented 15% of 
the population. 
 

3.3 THREATENED ECOLOGICAL COMMUNITIES 
In addition to the DEC rare flora database being searched, the TEC database was also 
examined.  This search area encompassed a rectangle with boundaries approximately 
50km from Windimurra.  This TEC’s search area is larger than that undertaken for the 
DRF and Priority Flora for the reason that TEC’s are far less common and as such 
larger catchment is desirable. 
 
The DEC TEC search located no TEC's or any Priority Community within the search 
area.  Nor were there any located outside a 50km extension of the search area. 
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4 METHODS AND LIMITATIONS 

Guidelines 51 (EPA 2004) were used to assess the level of detail required for this 
survey.  Using Tables 1, 2 and 3 of the Guidelines (see APPENDIX 4 for details), the 
level of assessment was determined to be between a reconnaissance and detailed 
survey.  Based on the criteria specified for the Level of survey, the following criteria 
were used as the guidance of this study: 

• Incorporates background research and reconnaissance survey as a preparation 
for more intensive survey; 

• The purpose is to enhance the level of knowledge at the locality scale;  
• Identify potential impacts; and 
• This involves target area visits by suitably qualified personnel to undertake 

selective low intensity sampling of the flora and vegetation; and to produce 
maps of vegetation units and vegetation condition at an appropriate scale; and 
replication of plots in vegetation units, and greater coverage and displacement 
of plots over the target area. 

 
Vegetation descriptions were undertaken for all of the areas proposed for clearing.  
The structure of each plant community was described using Muir Classification 
(1977) of the Wheatbelt vegetation (see APPENDIX 6 for definitions).  This 
classification is widely accepted for vegetation descriptions for the state of Western 
Australia.  In addition, the dominant species were recorded and the height of the 
stratum in which they occurred.  These details are included with the community 
description. 
 
Vegetation health was assessed using the vegetation condition scale used by Keighery 
(1994) for the Bush Plant Survey (see APPENDIX 7 for definitions).  The 
classification scale was: 

P - Pristine; 
E - Excellent; 
VG - Very Good; 
G - Good; 
D - Degraded; and 
CD - Completely Degraded. 

A map of the area was prepared of the Project area with the vegetation condition 
based on field observations. 
 
The DEC DRF and Priority Flora databases were searched prior to undertaking this 
botanical study.  The coordinates for the area was: 

27° 50’S to 28° 50’S  and  118° 00’E to 119° 00’E 
This search identified 33 Priority Flora species as occurring in the general area, with 
three species recorded less than 15km from the project. 
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In addition to the DRF and Priority Flora Search a TEC and PEC search was also 
undertaken.  The limits of the search were set to: 

27.70°S to 28.75°S  and  118.00°E to 119.20°E. 
No TEC’s or PEC’s were identified as occurring within the search area.  Nor were any 
identified as occurring 50km outside of the search area. 
 
The fieldwork for this vegetation and flora survey and rare flora search was 
undertaken over five field inspections.  These were as follows: 

1. 25th to 27th April 2006.  When most of the areas were inspected.  However, 
due to the recent heavy rainfall in the area, the track to the borefield was not 
usable; 

2. 23rd to 25th May 2006.  When the borefield was inspected and follow up 
work was undertaken on the previously recorded Priority Flora; 

3. 3rd to 5th October 2006.  When the general area was briefly inspected for Rare 
Flora and the Barron Liquor and Village areas were inspected in detail;  

4. 5th and 6th December 2006.  When additional work was undertaken on the 
Rare Flora; and 

5. 26th and 27th July 2007.  When additional work was undertaken on the pit 
extension and the recently proposed wasted dump area. 

 
The first two field inspections (April and May 2006) corresponded with mid to late 
autumn.  Typically, such timing would have resulted in very few ephemeral flora 
being recorded.  However, due to the heavier than typical rains over the previous few 
months, numerous patches of annuals were evident, although many were too 
immature to be identifiable during either inspection.  The third inspection (October 
2006) was in mid spring with many of the ephemeral species evident.  The fourth 
inspection (December 2006) corresponded to early summer with very few of the 
ephemeral species evident.  The fifth inspection (July 2007), corresponded to mid 
winter with only occasional patches of very immature ephemeral species evident, thus 
none were identifiable. 
 
During the site inspections, the dominant species, those species suspected to be DRF 
or Priority species and those not immediately recognised were recorded or collected 
for later identification.  In addition to recording the dominant species from the 
proposed areas of disturbance, detained species lists were prepared at sites 
representative of the different plant associations.  Dr. Paul Armstrong or a recognised 
expert on particular genera processed all collected plant material at the Western 
Australian State Herbarium (PERTH).  A list of all plants recorded and identified is 
attached as APPENDIX 8.  On completion of this study, all location data (see 
APPENDIX 9) and specimens of significance or interest will be lodged at PERTH 
with suitable documentation attached. 
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Portions of each of the areas proposed for disturbance adjacent to the existing plant 
facilities, including the mine expansion (short and medium term areas), waste dump 
(east and west) and TSF expansion were inspected on foot.  These areas were selected 
as being representative of the different vegetation types, based on aerial photography 
interpretation and ground truthing.  The entire length of the proposed airstrip 
extension was traversed on foot. 
 
To assess the vegetation along the borefield initially proposed, it was desirable to 
inspect the entire lease area by travelling in a slow moving vehicle, with foot traverses 
as required.  However, due to the closed structure of patches of the vegetation along 
the corridor this was not possible.  An existing track was located south 100m to 400m 
of the north-eastern 2.5km of the corridor.  Presumably, the vegetation along the track 
was similar to that of the corridor and was used as an indication of the corridor 
vegetation.  The next 1.7km of the corridor was traversed, keeping within the lease 
boundaries.  However, beyond this point the vegetation became too thick for vehicle 
access and time constraints prevented a foot traverse of the remaining 2.4km.  
Subsequent to the field inspection, the proposed borefield access route has been 
changed (see Figure 2).  However, based on aerial photography interpretation and due 
to the relatively close proximity of the altered route to the original, it was considered 
that the survey was adequate.  Also, the revised route does not extend as far south-
west as the original, and unlike the original route most of the revised route was 
adequately inspected. 
 
The definition of a DRF or Priority Flora population used by DEC has been used in 
this report.  This defines a population of a species that may comprise of two or more 
subpopulations as being separated by less than 1km.  Greater distances would indicate 
a separate population. 
 
During the first two field inspections, locations were recorded using a hand held GPS 
(Garmen 12XL) set to UTM with AGD ’84.  Accuracy of locations recorded was to 
typically 5 to 8m.  In the third to fifth inspections a Garmen GPS60 was used with an 
accuracy of 3 to 5m. 
 
Dr. Paul Armstrong, a senior botanist from Paul Armstrong and Associates, undertook 
the vegetation and flora survey, rare flora search and vegetation condition assessment. 
 

5 VEGETATION 

5.1 VEGETATION SYSTEM DESCRIPTIONS 
The Windimurra project is located near the boundaries of the Barlee and Wiluna Sub-
regions of Beard's (1976) Murchison Region.  Beard (1976) described the vegetation 
of these Systems. 
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5.1.1 Barlee Sub-region 
The Barlee Sub-region (Beard 1976) is high-lying, forming a watershed to the east 
and the west, with the disorganised drainage ending up in the Lake Barlee and the 
Youanmi salt flats to the east, and Lake Austin and the Lake Moore-Lake Monger 
systems to the west.  The country is gently undulating with relatively little dissection.  
The extensive sandplains occur on the Tertiary surface.  There are occasional hills and 
ranges of metamorphic rocks. 
 
This sub-region supports Acacia scrub on the hills; mulga low woodland on the 
plains; northern steppe on the sandplain; and halophytic communities in the low-lying 
saline areas.  This sub-region is adjacent to the Southwestern Interzone and the 
vegetation is transitional from the arid to the more mesic. 
 
5.1.2 Wiluna Sub-region 
The Wiluna Sub-region has experienced relatively little dissection, with substantial 
remnant areas of Tertiary land surface remaining.  The topography is gently 
undulating with extensive plains of mulga separated by expansive sandplains, 
frequently separated by a low breakaway.  The low ranges of Archaean rock and the 
occasional more subdued hills of the greenstone belts break up the plains.  Drainage is 
disorganised and there are numerous playa lakes. 
 
This sub-region supports mulga low woodland on the lower plains and mulga 
shrubland on the granitic hills; tree and shrub steppe on the sandplains; and halophytic 
communities on the greenstone hills and playa lakes in the valleys. 
 

5.2 VEGETATION DESCRIPTIONS 
The two main areas inspected, mine operations and borefield, differed in vegetation 
and were largely dependant upon the different topography and soil type of each site.  
The area adjacent to the mine and operations areas proposed for additional clearing - 
pit extension, BLD2, TSF expansion, waste dumps (east and west) - were comprised 
mostly of plains, low stony hills and breakaways.  The two areas adjacent to these 
were the accommodation village and the airstrip extension.  The village expansion 
supported two associations.  The airstrip was a flat plain which supported a single 
association, with a wetland to the west of the western end.  The other main area, the 
proposed borefield, supported three vegetation associations.  Although the entire 
originally proposed lease was not inspected, the currently proposed borefield access 
track was adequately surveyed. 
 
The following vegetation descriptions represent the associations encountered during 
the botanic survey.  These descriptions are typical of each association, however there 
was usually some variation within and between the same associations.  These 
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associations have been mapped for the mine operations area, accommodation village 
and airstrip (see Figure 8) and the borefield (see Figure 9). 
 
Those species with a canopy cover greater than 2% were listed as being common for 
the appropriate stratum.  The occurrence of any rare flora or flora of interest were also 
noted. 
 
5.2.1 Vegetation associations adjacent to the Operations Areas 
There were seven associations recorded from the mine and operations area, 
accommodation village and the airstrip (see Figure 8). 
 
5.2.1.1 Mulga Thicket on slopes and uplands 
The upper stratum was Scrub to Thicket (canopy cover 10 to 30 to 70%) dominated 
by Acacia aneura growing 3 to 5m tall; over occasional low shrubs to Open Low 
Scrub (canopy cover <2% to 2% to 10%) dominated by Grevillea inconspicua 
growing to 1.5m tall; over Open Dwarf Scrub D to Dwarf Scrub D (canopy cover 2 to 
10 to 30%) dominated Maireana triptera growing to 0.3m tall; over patches of Open 
Low Grass (local canopy cover 10 to 30% and overall <2%) dominated by Aristida 
contorta growing 0.2m tall.  This association was restricted to the hilly areas 
surrounding the existing mine and operations areas.  The soil type was red gravelly 
sandy loam with rocky outcropping and low breakaways in some areas. 
 

Common species 
Tall shrubs (>2m tall) 
Acacia aneura, Acacia burkittii, Acacia ramulosa var. ramulosa, Acacia 
tetragonophylla, Casuarina pauper and Eremophila fraseri. 
Medium shrubs (0.5 to 2m tall) 
Eremophila clarkei and Grevillea inconspicua. 
Low shrubs (< 0.5m tall) 
Atriplex holocarpa, Maireana triptera, Sclerolaena fusiformis and Solanum 
lasiophyllum. 
Grasses 
Aristida contorta and Enneapogon caerulescens. 

 
This association supported the Priority Flora species Grevillea inconspicua (P4). 
 
5.2.1.2 Mulga Scrub on plains 
The upper stratum was Scrub (canopy cover 10 to 30%) dominated by Acacia aneura 
growing 3 to 5m tall; over Open Dwarf Scrub to Dwarf Scrub (canopy cover 2 to 10 
to 30%) with no species dominating, although Eremophila spp. were common, 
growing to 1m tall; over Very Open Low Grass and Very Open Herbs (canopy cover 
2 to 10%) with no species dominating growing to 0.2m tall.  This association was 
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restricted to the lower slopes and plains to the east of the plant, extending easterly and 
southerly to the airstrip access track.  The soil type was red sandy loam to loams sand 
with patches of ironstone pebbles and patches of calcrete pebbles. 
 

Common species 
Tall shrubs (>2m tall) 
Acacia aneura, Acacia burkittii, Acacia ramulosa var. ramulosa and Acacia 
tetragonophylla. 
Medium shrubs (0.5 to 2m tall) 
Eremophila clarkei and Grevillea inconspicua. 
Low shrubs (< 0.5m tall) 
Maireana triptera, Sclerolaena fusiformis and Solanum lasiophyllum. 
Grasses 
Aristida contorta and Enneapogon caerulescens. 

 
This association supported the Priority Flora species Grevillea inconspicua (P4) and 
Ptilotus procumbens (P1). 
 
5.2.1.3 Acacia xanthocarpa Thicket on slopes  
The upper stratum was Scrub to Thicket (canopy cover 10 to 30 to 70%) dominated 
by Acacia xanthocarpa growing 2 to 3.5m tall; over occasional low shrubs (canopy 
cover <2%) dominated by Grevillea inconspicua growing to 1.5m tall; over Open 
Dwarf Scrub D (canopy cover 2 to 10 %) dominated Senna artemisioides subsp. 
helmsii growing to 0.5m tall; over patches of Open Low Grass (local canopy cover 10 
to 30% and overall <2%) dominated by Enneapogon caerulescens growing 0.2m tall.  
This association was restricted to the low hills located to the south and to east of the 
existing operations area.  The soil type was red gravelly sandy loam with rocky 
outcropping in some areas. 
 

Common species 
Tall shrubs (2 to 5m tall) 
Acacia aneura, Acacia burkittii, Acacia ramulosa var. ramulosa, Acacia 
tetragonophylla, Acacia xanthocarpa and Casuarina pauper. 
Medium shrubs (0.5 to 2m tall) 
Grevillea inconspicua.  
Low shrubs (< 0.5m tall) 
Sclerolaena fusiformis, Senna artemisioides subsp filifolia and Senna 
artemisioides subsp. helmsii. 
Grasses 
Aristida contorta and Enneapogon caerulescens. 

 
This association supported the Priority Flora species Grevillea inconspicua (P4). 
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5.2.1.4 Bowgada Scrub on plain 
The upper stratum was Scrub (canopy cover 10 to 30%) with patches of Thicket 
(canopy cover 30 to 70%) dominated equally by Acacia aneura and Acacia ramulosa 
var ramulosa growing 3 to 5m tall; over Low Scrub (canopy cover 10 to 30%) 
dominated by Eremophila forrestii subsp. forrestii; over Open Dwarf Scrub (canopy 
cover 2 to 10%) with no species dominating; over Very Open Low Grass dominated 
by Monachather paradoxus growing to 0.2m tall.  This association was restricted to 
the low planes to the west of the greenstone ridge.  The soil type was orangey red 
sandy clay loam. 
 

Common species 
Tall shrubs (>2m tall) 
Acacia aneura, Acacia ramulosa var. ramulosa and Grevillea nematophylla 
subsp. supraphana. 
Medium shrubs (0.5 to 2m tall) 
Eremophila clarkei, Eremophila forrestii subsp. forrestii and Eremophila 
fraseri. 
Low shrubs (< 0.5m tall) 
Maireana triptera, Sclerolaena fusiformis and Solanum lasiophyllum. 
Grasses 
Aristida contorta and Monachather paradoxus. 

 
5.2.1.5 Mixed Low Shrubland on plain 
The upper stratum was scattered patches of Scrub to Thicket (local canopy cover 10 – 
30 to 70% and overall <2%) dominated variously by Acacia aneura, Eremophila 
oldfieldii subsp. angustifolia, Hakea preissii or Pittosporum angustifolium growing 2 
to 4m tall; over Open Low Scrub (local canopy cover 30 to 70% and overall <2%) 
dominated by Scaevola spinescens growing to 1.5m tall; over Dwarf Scrub D (canopy 
cover 10 to 30%) dominated by Maireana triptera, Maireana ?pyramidata, Ptilotus 
aervoides, Sclerostegia disarticulata growing 0.3m tall; over Open Low Grass 
(canopy cover 10 to 30%) dominated by Brachyachne prostrata growing to 0.1m tall.  
This association was restricted to the flat plain adjacent to the existing and proposed 
extension of the airstrip.  The soil type was red sandy loam with some gravelly 
ironstone.  The tall shrubs were restricted to small areas (mostly less than 5m 
diameter) in shallow depressions where more water was available. 
 

Common species 
Tall shrubs (2 to 4m tall) 
Acacia aneura, Acacia ramulosa var. ramulosa, Dodonaea inaequifolia, 
Eremophila oldfieldii subsp. angustifolia, Eremophila serrata, Hakea preissii 
and Pittosporum angustifolium. 
 



Windimurra Vanadium Project  Page 19 
Botanical Survey 
Conducted April to July 2007 

Paul Armstrong and Associates – Botanical Consultancy 10 August 2007 

Medium shrubs (1 to 2m tall) 
Exocarpos aphyllus and Scaevola spinescens. 
Low shrubs (< 0.5m tall) 
Maireana triptera, Maireana ?pyramidata, Ptilotus aervoides and 
Sclerostegia disarticulata. 
Grasses  
Aristida contorta, Brachyachne prostrata and Paspalidium basicladium. 

 
In addition to the native species, two introduced species of significance were 
recorded.  These were Cucumis myriocarpus and Carthamus lanatus.  See Section 9 
on weeds for details of these species. 
 
5.2.1.6 Flood Plain 
The flood plain was a mosaic of several associations, mainly dependant upon the soil 
depth and proximity to the drainage channel.  The two main associations were: 

• Deeper soils - the dominant and upper stratum was Thicket (canopy cover 30 
to 70%) with patched of Dense Thicket (canopy cover 70 to 100%) dominated 
by Acacia aneura and Casuarina pauper growing 3 to 6m tall; over Open Low 
Scrub (canopy cover 2 to 10%) with no species dominating; over Open Dwarf 
Scrub (canopy cover 2 to 10%) dominated by Maireana georgei; over patches 
of Open Low Grass (local canopy cover 10 to 30% and overall <2%) 
dominated by Aristida contorta growing 0.2m tall.  The soil type was red 
sandy loam. 

• Shallow soils - the upper stratum was occasional (canopy cover <2%) of 
Acacia aneura growing to 2m tall; over the dominant stratum of patches of 
Dwarf Scrub to Low Heath (canopy cover 10 to 30 to 70%) with no species 
dominating; over patches of Open Low Grass (local canopy cover 10 to 30% 
and overall <2%).  This association was restricted to a drainage channel 
running north-east – south-west immediately to the north of the 
accommodation village.  The soil type was shallow red sandy loam over 
hardpan. 

 
Common species 
Tall shrubs (>2m tall) 
Acacia aneura, Acacia ramulosa var. ramulosa, Acacia tetragonophylla and 
Casuarina pauper. 
Medium shrubs (0.5 to 2m tall) 
Eremophila clarkei. 
Low shrubs (< 0.5m tall) 
Maireana georgei, Maireana triptera, Sclerolaena fusiformis and Solanum 
lasiophyllum. 
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Grasses 
Aristida contorta and Enneapogon caerulescens 

 
5.2.1.7 Wetland  
The upper stratum was Thicket to Dense Thicket (canopy cover 30 to 70 to 100%) 
dominated variously by Acacia aneura and Eremophila oldfieldii subsp. angustifolia 
growing 2 to 4m tall; over Low Scrub to Dwarf Scrub (canopy cover 10 to 30%) no 
species dominated; over patches of Ferns (canopy cover 30 to 70%) dominated by 
Marsilea drummondii.  This association was restricted to a depression at the western 
end of the proposed extension of the airstrip.  The soil type was red sandy clay loam.  
Water was observed in portions of this wetland in the April and May 2006 field 
inspections. 
 

Common species 
Tall shrubs (2 to 4m tall) 
Acacia aneura, Acacia ramulosa var. ramulosa, Eremophila oldfieldii subsp. 
angustifolia and Pittosporum angustifolium. 
Medium shrubs (< 2m tall) 
Exocarpos aphyllus. 
Ferns 
Marsilea drummondii. 

 
This association supported the flora of interest Alectryon oleifolius subsp oleifolius. 
 
5.2.2 Vegetation associations associated with the borefield 
There were three associations recorded from the borefield area, see Figure 9 for 
mapping details. 
 
5.2.2.1 Mulga Low Woodland on plains 
The upper stratum was Low Forest to Dense Low Forest (canopy cover 30 to 70 to 
100%) dominated by Acacia aneura, growing 3 to 6m tall; over Open Low Scrub 
(canopy cover 2 to 10%) dominated by Acacia ramulosa var. ramulosa growing to 2m 
tall; over mixed Open Dwarf Scrub to Dwarf Scrub (canopy cover 2 to 10 to 30%) 
occasionally dominated by Eremophila forrestii subsp. forrestii growing 1m tall; over 
Open Low Grass (canopy cover 2 to 10%) dominated by Eragrostis dielsii and other 
unidentifiable annual grasses growing to 0.2m tall.  This association was common 
along the proposed borefield route.  The soil type was red sandy loam with some 
gravelly ironstone. 
 

Common species 
Trees (to 6m tall) 
Acacia aneura. 
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Upper Stratum (2 to 4m tall) 
Acacia aneura, Acacia tetragonophylla and Eremophila fraseri. 
Medium shrubs (1 to 2m tall) 
Acacia grasbyi, Acacia ramulosa var. ramulosa and Eremophila forrestii 
subsp. forrestii. 
Low shrubs (< 0.5m tall) 
Maireana triptera, Maireana ?pyramidata, Ptilotus aervoides and Ptilotus 
obovatus. 
Grasses  
Aristida contorta and Eragrostis dielsii. 

 
5.2.2.2 Mulga Shrubland on plains 
The upper stratum was Scrub with patches of Thicket (canopy cover 10 to 30 to 70%) 
dominated by Acacia aneura, growing 2 to 5m tall; over Open Low Scrub (canopy 
cover 2 to 10%) dominated by Acacia ramulosa var. ramulosa; over mixed Open 
Dwarf Scrub to Dwarf Scrub (canopy cover 2 to 10 to 30%) with no species 
dominating growing; over Open Low Grass (canopy cover 2 to 10%) dominated by 
Eragrostis dielsii and other unidentifiable annual grasses growing to 0.2m tall.  This 
association was common along the proposed borefield route.  The soil type was red 
sandy loam with some gravelly ironstone. 
 

Common species 
Tall shrubs (3 to 6m tall) 
Acacia aneura and Acacia tetragonophylla. 
Medium shrubs (1 to 2m tall) 
Acacia ramulosa var. ramulosa and Eremophila fraseri.  
Lower Stratum ( < 0.5m tall) 
Maireana triptera, Maireana ?pyramidata and Ptilotus aervoides. 
Grasses  
Aristida contorta and Eragrostis dielsii. 

 
5.2.2.3 Low Shrubland on plains 
The upper stratum was Open Scrub (canopy cover 2 to 10%) dominated by Hakea 
preissii growing to 3m tall; over Heath to Low Heath (canopy cover 30 to 70%) 
dominated by Maireana pyramidata; over patches of Open Low Grass (canopy cover 
2 to 10%) dominated by Brachyachne prostrata and Eragrostis dielsii growing to 
0.2m tall.  This association was only recorded near the north-eastern end of the 
proposed borefield, although it was observed at other locations away from the 
borefield.  The soil type was red sandy loam with some gravelly ironstone. 
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Common species 
Upper Stratum (2 to 3m tall) 
Acacia aneura and Acacia tetragonophylla. 
Lower Stratum (< 1m tall) 
Maireana triptera and Maireana ?pyramidata. 
Grasses  
Aristida contorta, Brachyachne prostrata and Eragrostis dielsii. 

 

6 FLORA 

Plant material collected during this survey, from the sampled areas that are proposed 
for clearing for the WV expansion, has been identified and is listed in APPENDIX 8.  
In total 103 native plant taxa and nine introduced weeds from 35 families were 
identified from the areas.  Most native species were common and widespread, the 
exceptions being three species of Priority Flora and a range extension of another 
species.  These rare flora and flora of interest are discussed in the next section. 
 
As would be expected from a survey in the Murchison Region, the dominant family 
(with the greatest number of species) was Chenopodiaceae with fifteen species.  The 
next most common were Amaranthaceae and Myoporaceae both with eleven species; 
then Mimosaceae with nine species.  The most common genera were Eremophila and 
Ptilotus both with eleven species; also common were Acacia with nine species. 
 
The nine weed species are discussed in detail in the Vegetation Health section (see 
Section 10). 
 

7 RARE FLORA AND FLORA OF INTEREST 

7.1 DEC RECORDS 
Thirty three species of DRF and Priority Flora were identified from the Mt Magnet - 
Sandstone - Youanmi area in the DEC database search (see APPENDIX 5).  Of these, 
there were 42 site locations and 26 distribution records identified (see Figure 6).  
These comprised of no DRF; nineteen Priority 1; one P2; nine P3 and four P4.  Of 
these 33 species, two were recorded within 5km of the Project and a third within 
15km (see Figure 7).  These were: 

• Grevillea inconspicua (P4); 
• Goodenia neogoodenia (P4); and 
• Ptilotus procumbens (P1). 

Of the three species of Priority Flora recorded by CALM as occurring near the 
Project, Grevillea inconspicua and Ptilotus procumbens were observed.  In addition, 
one other species, the Priority 3, Calytrix erosipetala, was observed.  The other 
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species recorded, Goodenia neogoodenia, has a habitat requirement of placement near 
water, which was not observed within any of the Project areas.  However, such a 
habitat was located to the west of the proposed airstrip extension, and was inspected 
but no Goodenia were located during either April or May site inspection when the 
area was wet. 
 
Spring (typically from August to September in this area) is considered to be the 
optimal time to undertake a vegetation and rare flora search, coinciding with 
maximum flowering time and opportunity to observe the ephemeral species.  The two 
initial surveys were undertaken in autumn, a time when typically few annual species 
are recorded.  However, due to the recent heavy rains from the cyclonic activity, many 
perennial plants were in flower and many annual species were observed.  In addition, 
the third survey, conducted in October, observed numerous annual species. 
 
There were five ephemeral species of Priority Flora that were recorded by DEC 
(2006) as occurring in the general area (see section 3.2 for descriptions): 

• Angianthus uniflorus  P1 
• Goodenia neogoodenia  P4 
• Goodenia stellata  P4 
• Millotia depauperata  P1 
• Ptilotus procumbens  P1 

 
Only Angianthus uniflorus can safely be eliminated from the list of ephemeral species 
that could potentially occur within the project area, based on habitat requirements.  
The other four species could not be eliminated as potentially occurring within the 
project area, as similar habitats do occur. 
 
Although these annuals could have been expected to be in flower, particularly during 
the second and third site inspections, and as only one (Ptilotus procumbens) of the 
above species were observed, it would seem reasonable to assume none of the other 
species were present in portions of the Project inspected.  However, no guarantee can 
be given that other DRF or Priority Flora species, particularly the ephemerals, do not 
exist within the Project area. 
 

7.2 DRF AND PRIORITY FLORA FIELD OBSERVATIONS 
No DRF species (DEC 2006) were recorded from anywhere within the portions of the 
Project area that were inspected.  Nor were any species of Threatened Flora (EPBC 
Act 1999 - Environment Australia 2005) observed. 
 
Three Priority Flora species were identified from the Project area; these were Calytrix 
erosipetala (P3), Grevillea inconspicua (P4) and Ptilotus procumbens (P1) (see 
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Figure 10).  The location coordinates of all rare species are presented in APPENDIX 
9. 
 
At the time the survey was conducted, the final layout of the expansion had not been 
determined.  Hence, no accurate assessment of the impact to individual populations 
was made.  However, based on the current drawings prepared (July 2007), and the 
recorded populations, the likely impact to each population has been estimated. 
 
7.2.1 Calytrix erosipetala 
Calytrix erosipetala (P3) was recorded from three locations, in a similar habitat to and 
two of these locations were with the Grevillea inconspicua being restricted to the 
slopes of the greenstone hills (see Figure 8).  FloraBase report a habitat of Calytrix 
erosipetala as rocky sandstone or granite breakaways, records flower colour as white 
to pink and flowering in September and October.  DEC (2006) recorded the 
distribution as Hillview Station, Lake Barlee, Leinster, Mt Keith, Mt Magnet and 
Wildara Pinnicle. 
 
The specimens of Calytrix erosipetala recorded at Windimurra were low shrubs 
growing 30 to 70cm tall with a spread to 40 to 100cm in diameter (see Figure 11).  
Many of the plants had been heavily grazed but otherwise appeared to be in good 
health.   
 
The 150 plants of Calytrix erosipetala recorded were from a single population, which 
was comprised of five subpopulations.  Within these subpopulations the number of 
plants estimated and the impact, if the project were to proceed as currently planned 
(July 2007), were: 

• North of calcine storage facility – 30 plants with 0% taken; 
• South of pit – 15 plants with 100% taken by Central Pit expansion in the short 

term; 
• West of pit - 30 plants with 100% taken by the North Pit expansion in the 

medium term;  
• North of Waste dump east - 15 plants with 0% taken; and 
• North-east of Waste dump east - 60 plants with 0% taken.  

 
These losses in the subpopulations represent a reduction of 30% in the overall 
population numbers. 
 
7.2.2 Grevillea inconspicua  
At Windimurra, Grevillea inconspicua (P4) was mostly recorded from the stony 
slopes associated with the greenstone hills.  There were some plants recorded away 
from the slopes, on the flat plains immediately to the east of the greenstone hills (see 
Figure 10).  Florabase reports a habitat of loam and gravel along watercourses 
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associated with rocky outcrops.  Other than Windimurra, DEC (2006) recorded the 
distribution as Cue, Leinster, Meekatharra, Melrose, Mt Magnet, Sandstone and 
Yakabindie. 
 
Grevillea inconspicua is an intricately branched erect shrub growing 1 to 2m tall with 
a spread 1 to 1.5m in diameter (see Figure 12).  The leaves are 2 to 5cm in length and 
2 to 5mm wide with a sharp tip.  In April 2006 many plants (30 to 50%) were in full 
flower with many buds to open.  In May there were a small number of plants still 
flowering (5 to 10%) but very few fruits were observed on any plants, less than 20 
from over 200 plants inspected.  This reflects poorly on the large effort of the April 
flowering; that is very few of the flowers will produce any seed.  Florabase recorded 
flowering between June and August.  This out of season flowering is likely a response 
to the heavy rains that occurred in the previous several months. 
 
All of the estimated 400 plants recorded in of Grevillea inconspicua were from a 
single population (see Figure 10).  Within this population there were three distinct 
subpopulations; northern, central and southern with approximately 60, 220 and 120 
plants respectively.  Of note is the mature age of the plants observed, with the 
youngest at least 20 years old and most at least twice that age.  This indicates that 
there has been no effective recruitment over the last twenty years.  This could be due 
to a number of factors, including changed climatic conditions (reduced rainfall) and 
increased grazing pressure. 
 
Within these three subpopulations, only the southern would be impacted upon if the 
project were to proceed as currently planned (July 2007).  Of the estimated 120 plants, 
within the area proposed for the Waste dump east, approximately 70% would be 
taken.  This represents a reduction of 22% in the overall population numbers. 
 
In 1998 Alan Tingay and Associates estimated the Grevillea inconspicua population 
at Windimurra to be in the order of 2600 plants.  This was based on a plant density of 
22 plants per hector with the population extending over 120ha.  In the current survey 
there were 400 plants recorded from an estimated 20% of the population.  This results 
in an estimated population of 2,000 plants in the area.  This reduction is likely due to 
the successive years with low rainfall and also the approximate nature of the two 
estimated population sizes. 
 
7.2.3 Ptilotus procumbens 
A single plant of Ptilotus procumbens (P1) was recorded from near the perimeter of 
the existing accommodation village (see Figure 10).  FloraBase reports it as a 
procumbent annual herb growing to 10cm tall and a habitat of red clay.  Prior to this 
study only two specimens of this species were known.  The first one was from 
Boulder, which was in flower when collected in November.  The other collection was 
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from Windimurra but no other location details were available.  In addition, the 
Windimurra specimen appeared to be a biannual as a result of two years of good 
rainfall. 
 
The specimen of Ptilotus procumbens observed growing near the village was growing 
adjacent to a sewage overflow outlet on red sandy loam.  In October 2006 the plant 
was 70cm in diameter and was 20cm tall with numerous fully open flowers (see 
Figure 13).  The same area was searched again in December 2006 and July 2007 but 
no evidence of the plant could be located.  This earlier flowering in October, 
compared to the FloraBase November, is likely to be due to the different seasonal 
conditions to those experienced in Boulder. 
 
During the July 2007 inspection, it was observed that the sewage plant for the camp 
site had been upgraded and was no longer overflowing to where the Ptilotus was 
previously recorded.  Hence, with those changed conditions, reduced water 
availability, it is considered unlikely that it would occur in this location in the future. 
 
This specimen of Ptilotus procumbens was the second specimen collected from 
Windimurra Station and the third ever collected.  Anecdotal evidence suggests that it 
occurs near bores after heavy winter rains and that it is suspected to be relatively 
abundant in the local area, growing on damp sandy loams. 
 
Despite actively searching for the Ptilotus procumbens during all five of the field 
inspections, it was only during the October 2006 trip that the single plant was located.  
It is suggested that further searches be undertaken in consultation with the local 
pastoralists at a suitable time of year.  If such a search were to be undertaken it is very 
likely that more populations would be located, hence reducing the apparent rarity of 
this species. 
 

7.3 FLORA OF INTEREST 
Several specimens of interest were collected during the current survey of the 
Windimurra mine expansion project.  These were all Alectryon oleifolius subsp. 
oleifolius.  Initially, only sterile material was available despite an intensive search for 
flowers, fruits and fallen fruits; however in October 2006 material with buds and 
flowers was collected.  This allowed the identification to be confirmed. 
 
Based on DEC records (FloraBase), Alectryon oleifolius subsp. oleifolius has a 
distribution from Kalbarri in the south to Karratha in the north and inland to about 
Paraburdoo.  Its habitat details were recorded as grey sandy clay or red sand or 
limestone occurring on coastal plains and sand dunes with a distribution largely 
restricted to near coastal areas (FloraBase). 
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These Windimurra collections of Alectryon oleifolius are a range extension of 
approximately 80km.  The nearest locations of the Alectryon oleifolius subsp. 
oleifolius were 125km to the west-south-west, near Burnerbinmar Station and 350km 
north-east to Launa Glen Station.  Neither of these specimens had been identified to 
subspecies level, but were similar to the specimens collected from Windimurra.  All 
three of these records were well away from the recorded distribution of either 
subspecies. 
 
Approximately twenty plants of Alectryon oleifolius subsp. oleifolius were observed 
during the site inspections.  These were from two populations; the northern one along 
the airstrip access road and the southern one to the west of the proposed airstrip 
extension (see Figure 10).  It is unlikely that either of these populations would be 
adversely impacted if the Project were to proceed as currently planned, provided 
reasonable care is exercised. 
 

8 TEC’S 

No TEC’s were identified from the area nominated for CALM search of the general 
Mt Magnet, Sandstone and Youanmi area.  Nor were any PEC’s Communities 
identified from the same area. 
 
However, the TEC stygofauna, recorded from Depot Hill, are known to occur in the 
calcrete formations of the Murchison Region.  Over recent years there has been a 
number of recordings of stygofauna from other locations, mostly restricted to calcrete 
environments.  This habitat was previously reported along the borefield.  Hence, if 
tests have not already been undertaken to determine if this form of fauna exists, these 
should be undertaken. 
 

9 VEGETATION HEALTH 

Within the immediate mine and operations areas, other than the areas previously 
cleared for the existing operations, most of the vegetation was in an Good condition 
(using Keighery 1994 - see APPENDIX 7 for definitions) (see Figure 14).  Similarly, 
the accommodation village and airstrip had previously been cleared and were in a 
Completely Degraded to Degraded condition, however the surrounding areas were in 
Good to Very Good condition. 
 
This entire area has been subject to grazing for an extended period of time, as it is 
located within an operating pastoral lease.  The shrub stratum would appear to be less 
dense than would be anticipated for an un-grazed area. 
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Nine species of introduced weeds were recorded during the Windimurra Project 
surveys.  These were, with common names (Hussey et. al. 1997): 

Acetosa vesicaria - Ruby Dock 
Anagallis arvensis - Pimpernel 
Carthamus lanatus - Saffron thistle (DP) 
Cucumis myriocarpus – Paddy melon (PP) 
Hypochaeris glabra – Flatweed 
Nicotiana glauca – Tree tobacco 
Sisymbrium orientale - Indian hedge mustard 
Solanum nigrum – Black berry nightshade 
Sonchus oleraceus - Sowthistle 

 
There were four species observed to be of significance.  These were; Acetosa 
vesicaria, Carthamus lanatus (DP), Cucumis myriocarpus (PP) and Nicotiana glauca 
(Hussey et al. 1997).  Locations of where these species were recorded are shown in 
Figure 15. 
 
There were several areas of disturbance within the operations area (adjacent to the 
Administration buildings) where Acetosa vesicaria was observed growing.  This 
species was also observed growing in the pastoral areas, including numerous plants 
adjacent to the access track between the operations and the homestead.  Carthamus 
lanatus was observed growing in several locations, including airstrip and several areas 
adjacent to the access track between the operations and the homestead.  Cucumis 
myriocarpus was observed growing at two locations; at the western end of the existing 
airstrip and the intersection of Youanmi Road and a boundary fence heading towards 
the borefield.  Nicotiana glauca was only observed growing within and adjacent to the 
radio tower compound. 
 
Alan Tingay & Associates (1998) reported the presence of the declared weed 
Carthamus lanatus and the pest plant Acetosa vesicaria in small numbers within the 
Project area and larger populations in the adjacent pastoral land. 
 
Carthamus lanatus is listed under the Declared Plants (Department of Agriculture and 
Food 2006) list as a P4 for the Mount Magnet area and P1 for the entire state of 
Western Australia.  A P4 classification requires that “Aims to prevent infestation 
spreading beyond existing boundaries of infestation”.  A P1 classification requires 
“Prohibits movement”.  A copy of the information posted for this species is included 
in APPENDIX 11. 
 
Three of the other lesser weed species were mostly restricted to the western end of the 
existing airstrip and the wetter areas (small depressions) of the proposed airstrip 
extension.  These weeds were: Anagallis arvensis, Hypochaeris glabra and Sonchus 
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oleraceus.  None of these weeds were common within this area or other areas 
inspected. 
 
The remaining weeds recorded were Sisymbrium orientale and Solanum nigrum, both 
were only recorded from within and adjacent to the accommodation village and 
facilities.  It appeared the Sisymbrium is increasing in numbers and has the potential to 
become a problem.  These weeds should be the targets of an eradication program in 
the village area, before they become a problem in the wider region. 
 
Nicotiana glauca should be readily controllable by physical removal, then in 
subsequent years, with follow-up treatment by either physically removing any small 
plants or application of an appropriate herbicide.  To prevent any seed production, and 
hence reinfection of the species, this treatment should be applied before the annual 
plants have reached maturity and set any seed. 
 
Prior to the clearing of those areas proposed for the mine expansion, an attempt 
should be made to remove as much of the weed biomass as is practical.  In addition, 
all vehicles must be cleaned of all soil before moving onto any site and before leaving 
a weed infected site.  These steps will assist in the ongoing controlling of these 
species. 
 

10 SUMMARY 

There are a number of locations that will be impacted upon if the expansion of the 
Windimurra Vanadium project were to proceed as currently planned.  These locations 
are listed in Table 1, along with the area that is proposed for clearing. 
 
There were two areas proposed as the waste dump, to the east and west of the 
proposed southern extension.  If at all possible the western site should be used, as it 
will have a much lesser impact on the rare flora, uncommon vegetation association 
and uncommon land systems.  The eastern dump would take an estimated 85 plants of 
the Priority Flora (P4) Grevillea inconspicua and reduce the overall population by 
22%.  It would also require the clearing of approximately 40% of the relatively 
uncommon Acacia xanthocarpa Thicket on slopes association.  In addition the 
uncommon land systems of Tango and Naluthanna would have the impacts reduced 
from 0.31% to 0.136% and 0.108% to 0.063% respectively, both significant 
reductions. 
 
Although areas were inspected for the anticipated expansion to the borefield and an 
extension to the airstrip, it is currently anticipated that neither of these areas will 
require upgrading. 
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All flora species, irrespective of conservation value, are protected under the Wildlife 
Conservation Act 1950-79 (WA).  Before any clearing can be undertaken the 
appropriate clearing permits are required.  To minimise the impact on the local 
environment and its flora, clearing and construction activities should be kept to an 
absolute minimum. 
 

10.1 VEGETATION  
The vegetation proposed for clearing for the Project expansion is mostly common 
locally and also widespread.  The exception was the Acacia xanthocarpa thicket on 
slopes.  This association was only recorded from a relatively small area (see Figure 8).  
Although it is likely to occur on other adjacent hills no other occurrences were noted 
during the various field inspections.  Acacia xanthocarpa as a species has a moderated 
distribution, with an approximate 500km north to south and east to west range and 
would occur in similar associations throughout its range. 
 
No TEC’s or Priority TEC’s were recorded by DEC as occurring in the local or 
regional area.  Nor were any TEC or PEC recorded during the various site inspections.  
However, there is a potential for the TEC stygofauna to occur in the calcrete areas of 
the Project. 
 
The vegetation condition in areas of proposed impact was mostly in Good condition 
(using Keighery 1994).  There were several small areas in a degraded condition, these 
were areas that were regenerating; for example, the area to the east of the northern end 
of the TSF.  Those areas away from the mining and operations, accommodation 
village, borefield, airstrip and pastoral homestead were mostly in Good to Very Good 
condition.  The exceptions were the various pastoral and mine access tracks and roads. 
 
The entire region has been subject to pastoral grazing for an extended period.  
Portions of the vegetation within Project area had a shrubby stratum that was sparser 
than would be expected.  This is likely due to the impacts of grazing over an extended 
period and also possibly overstocking during adverse conditions. 
 

10.2 FLORA 
One Hundred and three native species were recorded from Project area, during the 
current flora survey (see APPENDIX 8).  With the exception of the three Priority 
Flora species and one taxa of interest, the remainder were typical of the area and were 
mostly common and widespread. 
 
The 103 native species and nine weeds were from 35 families.  As would be expected 
from an area within the Murchison (Beard 19990) the dominant families were 
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Chenopodiaceae and Myoporaceae.  Other well represented families included 
Amaranthaceae, Mimosaceae and Poaceae. 
 
It was estimated that the 103 native species collected would be 60 to 70% of the 
actual number of native species of plant present within the WV project.  There would 
be many species of ephemeral Asteraceae and Poaceae that were not recorded during 
the current survey. 
 
Nine introduced weed species were recorded from the areas inspected.  Of these, three 
were of particular significance, Acetosa vesicaria, Carthamus lanatus and Cucumis 
myriocarpus, and need particular care to control existing populations and prevent their 
spread.  With Carthamus lanatus being a declared weed with P1 and P4 classification, 
see APPENDIX 11 for more details on the control of this species. 
 

10.3 RARE FLORA 
No DRF and 33 Priority Flora species were identified by DEC as occurring within 
50km of the Windimurra project.  The Priority Flora were made up of 19 Priority 1 
flora; one P2; nine P3 and four P4.  However, none of these were species were 
classified under the EPBC Act. 
 
There were no species of DRF (as described by DEC 2006) recorded from any of the 
locations inspected during the field surveys conducted in 2006.  Nor were any species 
classified under the EPBC Act. 
 
The number of Priority Flora identified by the DEC rare flora database search was 
typical for the Murchison pastoral areas.  As can be seen in Figure 6 many of the DEC 
records for the Priority Flora are clustered around the main roads of the area and areas 
of mineral exploration.  When additional surveys are conducted, many more 
populations of these species are likely to be discovered and the distribution is likely to 
increase for some of the currently suspected rare species.  This is likely to result in the 
down grading or removal of species currently believed to be rare or under threat.  
However, additional botanical surveys are likely to find previously unrecorded species 
that will potentially be classified as rare. 
 
Of those DEC Priority Flora species with location data, three were recorded from 
within 15km of the Windimurra project (see Figure 7).  Of these species only 
Grevillea inconspicua (P4) and Ptilotus procumbens (P1) were recorded during the 
site inspections (see Figure 10).  The estimated population size of the Grevillea was 
2400 plants, a reduction from the 2,600 estimated in 1998.  This reduction is likely to 
be due to the low rainfall and the approximate nature of the two population size 
estimates.  Despite extensive searches for the Ptilotus, only a single plant was 
recorded, from near the village.  Despite searching in locations suspected to support 



Windimurra Vanadium Project  Page 32 
Botanical Survey 
Conducted April to July 2007 

Paul Armstrong and Associates – Botanical Consultancy 10 August 2007 

Goodenia neogoodenia, it was not recorded.  However, one additional species 
Calytrix erosipetala (P3) with 150 plants of from a single population were recorded 
from the general area of the mine. 
 
If the mine expansion were to proceed as currently planned, it would adversely impact 
on the two of the Priority Flora species Calytrix erosipetala (P3) and Grevillea 
inconspicua (P4).  The Calytrix would have two of the five subpopulations totally 
cleared, resulting in an overall reduction to the population numbers by 30%.  The 
Grevillea would have one of the three subpopulations reduced by 22%.  However, if 
the waste dump west were to be used, in preference to the east dump, then the 
Grevillea would avoid being impacted. 
 

10.4 FLORA OF INTEREST 
One species of interest was located during the current survey for the proposed 
expansion of the Windimurra operations (see Figure 10).  This was Alectryon 
oleifolius subsp. oleifolius; which is a significant range extension of the subspecies.  
Its previously recorded distribution was from Kalbarri in the south to Karratha in the 
north to Paraburdoo inland (FloraBase). 
 
However, provided reasonable care is exercised, it is unlikely that any of these plants 
would be adversely impacted upon if the Project were to proceed as planned.  
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13 FIGURES 

Figure 1.  Regional map showing the Windimurra mine site, the towns and other locations of the area.  Map based on 1:250,000 
Natmap topographic raster mosaic with UTM gridlines using datum GDA ’94 in cell 50J. 
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Figure 2.  Local map 
showing the existing 
Windimurra mine site, 
airstrip, accommodation 
village, proposed 
borefields, access roads 
and tracks.  Map based 
on 1:250,000 Natmap 
topographic raster mosaic 
with UTM gridlines using 
datum GDA ’94 in cell 
50J.
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Figure 3.  Aerial photograph of the 
existing Windimurra Mine 
operations, existing roads and 
tracks (red lines).  In addition the 
layout of the proposed expansion 
of operations.  Aerial photograph 
supplied by WV - coordinates are 
UTM in cell 50J GDA ‘94 datum. 
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Figure 4.  Vegetation map of the general area between 
Mt Magnet, Sandstone and Youanmi as mapped and 
described by Beard (1976).  The key is for the vegetation 
units within 20km of Windimurra. 

 

Key: a1Li - Mulga low woodland; 
 a1Si - Mulga shrubland; 

 a1
8Si - Mulga and Acacia sclerosperma shrubland; 

 a1
14Si - Mulga and Acacia quadrimarginea shrubland; and 

 a1e21Sr.t2Hi - Mulga and mallee (E. kingsmillii) and spinifex. 

Project area 

Approximately 20km 
N 



 
Windimurra Vanadium Project  Page 39 
Botanical Survey 
Conducted April to July 2007 

Paul Armstrong and Associates – Botanical Consultancy  10 August 2007 

Figure 5.  Map showing the land 
systems of the general area near 
the Windimurra project 
(Agriculture Western Australia 
1998).  In addition, the areas of 
proposed impact are shown.  
Coordinates are UTM in cell 50J 
GDA ‘94 datum. 
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Figure 6.  Map 
showing the 
results of the 
DEC database 
search areas 
for the DRF 
and Priority 
Flora.  Species 
name 
abbreviations 
are given in 
APPENDIX 5.  
Map based on 
1:250,000 
Natmap 
topographic 
raster mosaic 
with UTM 
gridlines using 
datum GDA 
’94 in cell 50J. 
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Figure 7.  Map 
showing the results 
of the DEC database 
search areas for the 
DRF and Priority 
Flora near the 
Windimurra project.  
Map based on 
1:250,000 Natmap 
topographic raster 
mosaic with UTM 
gridlines using 
datum GDA ’94 in 
cell 50J. 

 
Key: 

GI - Grevillea 
inconspicua 
(P4); 

GN - Goodenia 
neogoodenia 
(P4); and 

PPR - Ptilotus 
procumbens 
(P1). 

 

Proposed Borefield 

5km



 
Windimurra Vanadium Project  Page 42 
Botanical Survey 
Conducted April to July 2007 

Paul Armstrong and Associates – Botanical Consultancy 10 August 2007 

Figure 8.  Aerial photograph of the general Windimurra project area, showing the various areas of proposed impact; mine and 
operations, airstrip and accommodation village.  In addition the vegetation associations are shown (green outlines).  Main roads and 
tracks shown as red lines.  Aerial photograph supplied by WV - coordinates are UTM in cell 50J GDA ‘94 datum. 
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Figure 9.  Aerial photo of 
the proposed borefield 
extension showing the 
actual traverse taken 
during the vegetation 
survey (light blue line) 
with the vegetation 
associations mapped (fine 
red lines) are shown.  In 
addition, the original and 
currently proposed 
borefields with access 
tracks shown.  Aerial 
photograph supplied by 
WV - coordinates are 
UTM in cell 50J GDA ‘94 
datum. 
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Figure 10.  Aerial photograph of the 
existing plant and proposed expansion 
areas with locations of the Priority and 
Significant Flora shown.  Aerial 
photograph supplied by WV - coordinates 
are UTM in cell 50J GDA ‘94 datum. 
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Figure 11.  Photos of Calytrix erosipetala (P3) showing the plant form and typical 
habitat, a section of a plant showing leaves and flowers which were 
approximately 5mm in diameter.  Photos taken August 2001 near the Leinster.
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Figure 12.  Photos of Grevillea inconspicua (P4) showing the plant form and 
typical habitat, a section of a plant showing intricately branched habit and 
branch showing leaves and flowers which were approximately 10 to 15mm long.  
Photos taken April 2006 near the Calcine storage facilities. 
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Figure 13.  Photos of Ptilotus procumbens (P1) showing the plant form and the 2 
to 3cm long flowers.  Photos taken October 2006 near the accommodation 
village. 
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Figure 14.  Aerial photograph of the general Windimurra project area showing the main roads (red lines), mine tracks (blue lines), 
accommodation village, mine and operations, tailings storage facilities, airstrip, the Windimurra homestead (green outlines) and the 
gas pipeline (pink line).  In addition the vegetation conditions of the area are indicated.  Aerial photograph supplied by WV - 
coordinates are UTM in cell 50J GDA ‘94 datum.  
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Figure 15.  Aerial photograph 
of the pit and mine operations, 
accommodation village, 
borefield and airstrip areas, 
showing the locations where the 
weed species were recorded 
during the current vegetation 
studies.  In addition the areas 
proposed for clearing (purple 
outlines) and GPS recorded 
traverses (green lines) are 
shown.  Aerial photograph 
supplied by WV - coordinates 
are UTM in cell 50J GDA ‘94 
datum. 

 
Key: 

Av – Acetosa vesicaria; 
Cl - Carthamus lanatus; 
Cm - Cucumis myriocarpus; 
Ea - Emex australis; and 
Ng - Nicotiana glauca.

Borefield 

Accommodation 
village 

Pit and 
mine operations 

Airstrip 500m
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APPENDIX 1. WESTERN AUSTRALIAN FLORA 
CONSERVATION CODES 

(extracted from Nuytsia 1998 12(1): p157) 
 
R:  Declared Rare Flora - Extant Taxa 

Taxa which have been adequately searched for and are deemed to be in the 
wild either rare, in danger of extinction, or otherwise in need of special 
protection, and have been gazetted as such, following approval by the Minister 
of the Environment, after recommendation by the States Endangered Flora 
Consultative Committee. 

X:   Declared Rare Flora - Presumed Extinct Taxa 
Taxa which have not been collected, or otherwise verified, over the past 50 
years despite thorough searching, or of which all known wild populations have 
been destroyed more recently, and have been gazetted as such, following 
approval by the Minister of the Environment, after recommendation by the 
States Endangered Flora Consultative Committee. 

Priority One - Poorly known Taxa 
Taxa which are known from one or a few (generally < 5) populations which 
are under threat, either due to small population size, or being on lands under 
immediate threat, eg. road verges, urban areas, farmland, active mineral leases, 
etc., or the plants are under threat, eg. from disease, grazing by feral animals, 
etc. May include taxa with threatened populations on protected lauds. Such 
taxa are under consideration for declaration as 'rare flora', but are in urgent 
need of further survey. 

Priority Two - Poorly Known Taxa 
Taxa which are known from one or a few (generally < 5) populations, at least 
some of which are not believed to be under immediate threat (ie. not currently 
endangered). Such taxa are under consideration for declaration as 'rare flora', 
but are in urgent need of further survey. 

Priority Three - Poorly Known Taxa 
Taxa which are known from several populations, and the taxa are not believed 
to be under immediate threat (ie. not currently endangered), either due to the 
number of known populations (generally >5), or known populations being 
large, and either widespread or protected. Such taxa are under consideration 
for declaration as 'rare flora' but are in need of further survey. 

Priority Four - Rare Taxa 
Taxa which are considered to have been adequately surveyed and which, 
whilst being rare (in Australia), are not currently threatened by any identifiable 
factors.  These taxa require monitoring every 5-10 years. 
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APPENDIX 2. THREATENED FLORA 

Categories and definitions of Threatened Flora species under the Environmental 
Protection and Biodiversity Act 1999. 
 
 
Critically Endangered (CE) 
Taxa at a particular time if, at that time, it is facing an extremely high risk of 
extinction in the wild in the immediate future, as in accordance with the prescribed 
criteria. 
 
Endangered (E) 
Taxa which is facing a very high risk of extinction in the wild in the immediate or 
near future, as in accordance with the prescribed criteria. 
 
Vulnerable (V) 
Taxa which is not endangered and is facing a high risk of extinction in the wild in the 
medium-term future, as in accordance with the prescribed criteria. 
 
Extinct (Ex) 
Taxa which is known only to survive in cultivation, in captivity or as a naturalized 
population well outside its past range; or it has not been recorded in its known and/or 
expected habitat, at appropriate seasons, anywhere in its past range, despite 
exhaustive surveys over a time frame appropriate to its life cycle and form. 
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APPENDIX 3. TEC - DEFINITIONS 

Definitions and criteria for presumed totally destroyed, critically endangered, 
endangered and vulnerable ecological communities.  Based on the CALM definitions. 
 
 
Presumed Totally Destroyed (PD) 

An ecological community that has been adequately searched for but for which 
no representative occurrences have been located. The community has been 
found to be totally destroyed or so extensively modified throughout its range 
that no occurrence of it is likely to recover its species composition and/or 
structure in the foreseeable future. 

 
Critically Endangered (CR) 

An ecological community that has been adequately surveyed and found to 
have been subject to a major contraction in area and/or that was originally of 
limited distribution and is facing severe modification or destruction throughout 
its range in the immediate future, or is already severely degraded throughout 
its range but capable of being substantially restored or rehabilitated. 

 
Endangered (EN) 

An ecological community that has been adequately surveyed and found to 
have been subject to a major contraction in area and/or was originally of 
limited distribution and is in danger of significant modification throughout its 
range or severe modification or destruction over most of its range in the near 
future. 

 
Vulnerable (VU) 

An ecological community that has been adequately surveyed and is found to 
be declining and/or has declined in distribution and/or condition and whose 
ultimate security has not yet been assured and/or a community that is still 
widespread but is believed likely to move into a category of higher threat in 
the near future if threatening processes continue or begin operating throughout 
its range. 

 
PRIORITY ECOLOGICAL COMMUNITY LIST 
Possible threatened ecological communities that do not meet survey criteria or that are 
not adequately defined are added to the Priority Ecological Community Lists under 
Priorities 1, 2 and 3. These three categories are ranked in order of priority for survey 
and/or definition of the community, and evaluation of conservation status, so that 
consideration can be given to their declaration as threatened ecological communities. 
Ecological Communities that are adequately known, and are rare but not threatened or 
meet criteria for Near Threatened, or that have been recently removed from the 
threatened list, are placed in Priority 4. These ecological communities require regular 
monitoring. Conservation Dependent ecological communities are placed in Priority 5.  
 
Priority One: Poorly-known ecological communities  
Ecological communities with apparently few, small occurrences, all or most not 
actively managed for conservation (e.g. within agricultural or pastoral lands, urban 
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areas, active mineral leases) and for which current threats exist. Communities may be 
included if they are comparatively well-known from one or more localities but do not 
meet adequacy of survey requirements, and/or are not well defined, and appear to be 
under immediate threat from known threatening processes across their range.  
 
Priority Two: Poorly-known ecological communities  
Communities that are known from few small occurrences, all or most of which are 
actively managed for conservation (e.g. within national parks, conservation parks, 
nature reserves, State forest, unallocated Crown land, water reserves, etc.) and not 
under imminent threat of destruction or degradation. Communities may be included if 
they are comparatively well known from one or more localities but do not meet 
adequacy of survey requirements, and/or are not well defined, and appear to be under 
threat from known threatening processes.  
 
Priority Three: Poorly known ecological communities 
(i) Communities that are known from several to many occurrences, a significant 
number or area of which are not under threat of habitat destruction or degradation or:  
(ii) communities known from a few widespread occurrences, which are either 
large or within significant remaining areas of habitat in which other occurrences may 
occur, much of it not under imminent threat, or; 
 (iii) communities made up of large, and/or widespread occurrences, that may or not 
be represented in the reserve system, but are under threat of modification across much 
of their range from processes such as grazing by domestic and/or feral stock, and 
inappropriate fire regimes. 
 
Communities may be included if they are comparatively well known from several 
localities but do not meet adequacy of survey requirements and/or are not well 
defined, and known threatening processes exist that could affect them. 
 
Priority Four: Ecological communities that are adequately known, rare but not 
threatened or meet criteria for Near Threatened, or that have been recently 
removed from the threatened list. These communities require regular 
monitoring. 
(a) Rare. Ecological communities known from few occurrences that are 
considered to have been adequately surveyed, or for which sufficient knowledge is 
available, and that are considered not currently threatened or in need of special 
protection, but could be if present circumstances change. These communities are 
usually represented on conservation lands.  
(b) Near Threatened. Ecological communities that are considered to have been 
adequately surveyed and that do not qualify for Conservation Dependent, but that are 
close to qualifying for Vulnerable. 
(c) Ecological communities that have been removed from the list of threatened 
communities during the past five years. 
 
Priority Five: Conservation Dependent ecological communities  
Ecological communities that are not threatened but are subject to a specific 
conservation program, the cessation of which would result in the community 
becoming threatened within five years. 
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APPENDIX 4. EPA GUIDANCE 51 CRITERIA 

Listed below are the criteria used to assess the level of assessment required for the 
Windimurra Vanadium expansion project.  These are based on the Environmental 
Protection Authority Guidance No. 51 “Guidance for the Assessment of 
Environmental Factors – Terrestrial flora and vegetation surveys for Environmental 
Impact Assessment in Western Australia” (2004). 
 
Based on Guidance No 51 - Appendix 2. 

• Bioregion - Murchison - Group 2 
• Area Characteristics - based on the following: 

o Degree of degradation or clearing within region - low (more than 50% 
of native vegetation remaining) 

o Size of proposal - high (> 50ha) 
o Rarity of vegetation - low (vegetation is naturally more widespread 

than 10% of local area) 
o Significant vegetation unit - low (significant vegetation units not 

known from area or found during reconnaissance) 
o Refugia - - low (refugia not known from the area) 
o Rare or Priority flora - moderate (Two Priority species are found in the 

area)  
o Other Significant Flora – moderate (Significant range extension of one 

species, making it an isolated population or an eastern limit of 
distribution). 

o Size of remnant and condition/intactness of vegetation - moderate (the 
vegetation is not more intact than that in the district) 

o Ecological linkages - not applicable - vegetation is continuous with 
isolated areas clearing. 

o Heterogeneity or complexity of the vegetation - moderate (The area 
and/or its immediate surrounds have similar range of component units) 

 
 
Table 2 of Guidance No 51 – Appendix 2. 

Numbers indicate levels of flora and 
vegetation survey expected 

Sensitivity of 
Environment 
(Bioregion group) Scale and Nature of Impact 
 High Medium Low 
Group 1 2 2 1 
Group 2 and 3 2 1 or 2 1 
Group 4 2 1 1 

 
Note:  Murchison is in bioregion 2. 
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APPENDIX 5. DRF AND PRIORITY FLORA OF THE 
STUDY AREA 

Flora of conservation significance in the Mt Magnet, Sandstone and Youanmi region 
(CALM 2005).  In addition, the 2006 DFR and Priority Flora list was consulted for 
updated conservation status updates, non were found. 
 
Notes: 
CALM Conservation Codes 
 R – Declared Rare Flora; 
 X – Presumed Extinct Flora: 
 1 to 3 – Poorly known taxa; and 
 4. – Rare taxa. 
 
EPBC Act Conservation Codes - no species were classified. 
 
Map - Plant name abbreviations used in mapping the locations of those species with 
CALM location data.  
 
Species CALM Map 
Acacia microneura P1 AM 
Acacia sp. Mt Magnet (T. McKenzie 5) P1 AMM 
Alyxia tetanifolia P3 - 
Angianthus uniflorus P1 - 
Baeckea sp. London Bridge (M.E. Trudgen 5393) P3 BL 
Baeckea sp. Sandstone (C.A. Gardner s.n. 26 Oct. 1963) P1 BS 
Banksia rosserae P1 - 
Calytrix erosipetala P3 - 
Commersonia bivillosa P1 - 
Cryptandra glabriflora P2 CG 
Dampiera plumosa P1 - 
Dicrastylis linearifolia P3 - 
Eucalyptus striaticalyx subsp. delicata P1 - 
Euryomyrtus patrickiae P3 EP 
Euryomyrtus recurva P3 ER 
Goodenia neogoodenia P4 GN 
Goodenia stellata P4 - 
Grevillea inconspicua P4 GI 
Grevillea kirkalocka P1 GK 
Guichenotia impudica ms P3 - 
Jacksonia lanicarpa P1 JL 
Labichea eremaea P1 LE 
Lepidobolus deserti P4 - 
Millotia depauperata P1 - 
Mirbelia stipitata P3 - 
Petrophile pauciflora P3 PPA 
Petrophile sp. Mt Magnet (RJ Cranfield6191) P1 - 
Phyllanthus baeckeoides P1 PB 
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Species CALM Map 
Pityrodia canaliculata P1 PC 
Pseudactinia sp. Bungalbin Hill (F.H. & M.P. Mollemans 3069) P1 PSB 
Ptilotus procumbens P1 PPR 
Sauropus sp. Woolgorong (M Officer s.n. 10/8/94) P1 - 
Stenanthemum mediale P1 SM 
 

* * * * * *
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APPENDIX 6. MUIR VEGETATION CLASSIFICATION 

VEGETATION CLASSIFICATION TO BE USED IN WHEATBELT SURVEY 
CANOPY COVER LIFE FORM/HEIGHT 

CLASS DENSE MID-DENSE SPARSE VERY SPARSE 
 70-100% 30-70% 10-30% 2-10% 
T Trees >30m Dense Tall Forest Tall Forest Tall Woodland Open Tall Woodland 
M Trees 15-30m Dense Forest Forest Woodland Open Woodland 
LA Trees 5-15m Dense Low Forest A Low Forest A Low Woodland A Open Low Woodland A 
LB Trees<5m  Dense Low Forest B Low Forest B Low Woodland B Open Low Woodland B 
KS Mallee shrub form  Dense Tree Mallee Tree Mallee Open Tree Mallee Very Open Tree Mallee 
KT Mallee tree form  Dense Shrub Mallee Shrub Mallee Open Shrub Mallee Very Open Shrub Mallee 
S Shrubs >2m  Dense Thicket Thicket Scrub Open Scrub 
SA Shrubs 1.5-2.0m  Dense Heath A Heath A Low Scrub A Open Low Scrub A 
SE Shrubs 1 0-1.5m  Dense Heath B Heath B Low Scrub B Open Low Scrub B 
SC Shrubs 0.5-1.0m  Dense Low Heath C Low Heath C Dwarf Scrub C Open Dwarf Scrub C 
SD Shrubs 0.0-0.5m  Dense Low Heath D Low Heath D Dwarf Scrub D Open Dwarf Scrub D 
P Mat plants Dense Mat Plants Mat Plants Open Mat Plants Very Open Mat Plants 
H Hummock Grass Dense Hummock Grass Mid-Dense Hummock Grass Hummock Grass Open Hummock Grass 
CT Bunch grass >0.5m Dense Tall Grass Tall Grass Open Tall Grass Very Open Tall Grass 
GL Bunch grass<0.5m Dense Low Grass Low Grass Open Low Grass Very Open Low Grass 
J Herbaceous spp.  Dense Herbs Herbs Open Herbs Very Open Herbs 
VT Sedges >0.5m Dense Tall Sedges Tall Sedges Open Tall Sedges Very Open Tall Sedges 
VL Sedges <0.5m Dense Low Sedges Low Sedges Open Low Sedges Very Open Low Sedges 
X Ferns Dense Ferns Ferns Open Ferns Very Open Ferns 
Mosses, liverwort  Dense Mosses Mosses Open Mosses Very Open Mosses 
Note: Muir, B.G. (1977).  Biological Survey of the Western Australian Wheatbelt. Pt 2: Vegetation and Habitat of Bendering Reserve. 
Records of the Western Australian Museum. Suppl. No.3.
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APPENDIX 7. KEIGHERY VEGETATION CONDITION 
SCALE 

(Extracted from Keighery 1994) 
 
 
P = 'Pristine' 
Pristine or nearly so, no obvious signs disturbance. 
 
E = Excellent 
Vegetation structure intact, disturbance affecting individual species and weeds are 
non-aggressive species.  For example damage to trees caused by fire, the presence of 
non-aggressive weeds and occasional vehicle tracks. 
 
VG = Very Good 
Vegetation structure altered, obvious signs of disturbance. 
For example disturbance to vegetation structure caused by repeated fires, the presence 
of some more aggressive weeds, dieback, logging and grazing. 
 
G= Good 
Vegetation structure significantly altered by very obvious signs of multiple 
disturbance.  Retains basic vegetation structure or ability to regenerate to it. 
For example disturbance to vegetation structure caused by very frequent fires, the 
presence of some very aggressive weeds at high density, partial clearing, dieback and 
grazing. 
 
D = Degraded 
Basic vegetation structure severely impacted by disturbance.  Scope for regeneration 
but not to a state approaching good condition without intensive management. 
For example disturbance to vegetation structure caused by very frequent fires, the 
presence of very aggressive weeds, partial clearing, dieback and grazing. 
 
CD = Completely Degraded 
The structure of the vegetation is no longer intact and the area is completely or almost 
completely without native species.  These areas are often described as 'parkland 
cleared' with the flora composing weed or crop species with isolated native trees or 
shrubs. 
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APPENDIX 8. TAXA RECORDED FROM THE PROJECT 
AREA 

The following list of plants was recorded from the areas proposed for extension in the 
Windimurra Project.  Those species that have been classified by DEC as Priority are 
indicated. 
 
Notes: 
 subsp. – subspecies; 
 var. – variety; 
 ms  - manuscript name; 
 ? – identification doubtful - sterile material or inadequate material collected; 
 interest – collection is of interest; and 

* - introduced species. 
 DP – declared plant (Hussy et al 1997) 
 PP – pest plant (Hussey et al 1997). 

 
FAMILY 
 Taxa 

Typical 
height (m) 

Canopy 
cover (%) 

ADIANTACEAE   
  Cheilanthes austrotenuifolia 0.2 < 1 
MARSILEACEAE   
  Marsilea drummondii 0.1 5 
POACEAE   
  Aristida contorta 0.1 5 
  Austrostipa trichophylla  0.3 < 1 
  Brachyachne prostrata   
  Enneapogon caerulescens 0.2 2 
  Eragrostis dielsii 0.1 5 
  Eriachne pulchella subsp. pulchella 0.1 10 
  Monachather paradoxus 0.3 5 
  Paspalidium basicladium 0.2 2 
PHORMIACEAE   
  Dianella revoluta var. divaricata 0.5 < 1 
COLCHICACEAE   
  Wurmbea deserticola 0.1 < 1 
CASUARINACEAE   
  Casuarina pauper 5.0 1 
PROTEACEAE   
  Grevillea sarissa subsp. sarissa 1.5 < 1 
  Grevillea deflexa 0.5 < 1 
 P4 Grevillea inconspicua 0.4 2 
  Grevillea nematophylla subsp. supraplana 3.5 2 
  Hakea preissii 2.5 10 
SANTALACEAE   
  Exocarpos aphyllus 2.5 < 1 
  Santalum spicatum 3.0 < 1 
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FAMILY 
 Taxa 

Typical 
height (m) 

Canopy 
cover (%) 

POLYGONACEAE   
 * Acetosa vesicaria 0.3 < 1 
CHENOPODIACEAE   
  Atriplex holocarpa 0.5 < 1 
  Chenopodium cristatum 1.0 < 1 
  Dysphania rhadinostachya subsp. inflata 0.05 < 1 
  Enchylaena tomentosa 0.3 < 1 
  Maireana ?pyramidata 0.2 < 1 
  Maireana carnosa 0.1 1 
  Maireana eriosphaera 0.5 5 
  Maireana georgei 0.5 1 
  Maireana suaedifolia 0.5 1 
  Maireana triptera 0.3 2 
  Rhagodia drummondii 1.0 < 1 
  Salsola tragus 0.3 < 1 
  Sclerolaena eriacantha 0.2 1 
  Sclerolaena fusiformis 0.1 2 
  Sclerostegia disarticulata 0.3 5 
AMARANTHACEAE   
  Ptilotus aervoides 0.03 1 
  Ptilotus divaricata subsp. divaricata 1.2 5 
  Ptilotus exaltatus 0.6 < 1 
  Ptilotus gaudichaudii var. gaudichaudii 0.3 < 1 
  Ptilotus helipteroides var. helipteroides 0.2 < 1 
  Ptilotus macrocephala 0.6 1 
  Ptilotus obovatus 0.4 5 
  Ptilotus polakii 0.3 5 
  Ptilotus polystachyus var. polystachyus 1.0 5 
 P1 Ptilotus procumbens 0.2 < 1 
  Ptilotus schwartzii 0.4 < 1 
PORTULACACEAE   
  Portulaca oleracea 0.05 10 
BRASSICACEAE   
 * Sisymbrium orientale 0.3 < 1 
PITTOSPORACEAE   
  Pittosporum angustifolium 3.0 < 1 
MIMOSACEAE   
  Acacia aneura 3.0 10 to 60 
  Acacia burkittii 2.5 5 
  Acacia grasbyi 3.0 5 
  Acacia microcalyx 2.0 2 
  Acacia oswaldii 3.0 5 
  Acacia quadrimarginea 3.0 10 
  Acacia ramulosa var. ramulosa 2.0 10 
  Acacia tetragonophylla 3.0 5 
  Acacia xanthocarpa 2.5 201 
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FAMILY 
 Taxa 

Typical 
height (m) 

Canopy 
cover (%) 

CAESALPINIACEAE   
  Senna artemisioides subsp. X artemisioides 1.5 2 
  Senna artemisioides subsp. X helmsii 1.2 < 1 
  Senna artemisioides subsp. X sturtii  1.2 < 1 
  Senna glutinosa subsp. chatelainiana 1.5 < 1 
  Senna stowardii 1.0 1 
PAPILIONACEAE   
  Lotus ?cruentus < 1 0.2 
GERANIACEAE   
  Erodium cygnorum 0.02 5 
ZYGOPHYLLACEAE   
  Tribulus astrocarpus 0.02 < 1 
RUTACEAE   
  Philotheca brucei subsp. brevifolia 0.4 < ! 
EUPHORBIACEAE   
  Euphorbia drummondii 0.01 < 1 
SAPINDACEAE   
 range Alectryon oleifolius subsp oleifolius 4.0 1 
  Dodonaea inaequifolia 3.0 < 1 
  Dodonaea microzyga subsp. acrolobata 1.0 5 
MALVACEAE   
  Abutilon cryptopetalum 0.6 < 1 
  Sida calyxhymenia 0.6 < 1 
  Hibiscus gardneri 1.0 < 1 
STERCULIACEAE   
  Brachychiton gregorii 5.0 < 1 
  Rulingia luteiflora 3.0 < 1 
THYMELAEACEAE   
  Pimelea microphylla  1.8 < 1 
MYRTACEAE   
 P3 Calytrix erosipetala 0.3 < 1 
  Micromyrtus sulphurea 0.3 < 1 
  Thryptomene decussata 2.0 1 
HALORAGACEAE   
  Haloragis trigonocarpa 0.2 < 1 
PRIMULACEAE   
 * Anagallis arvensis 0.05 < 1 
ASCLEPIADACEAE   
  Marsdenia australis 2.0 < 1 
  Rhyncharrhena linearis 2.0 < 1 
BORAGINACEAE   
  Halgania cyanea var. latisepala 0.3 < 1 
SOLANACEAE   
  Lycium australe 1.8 < 1 
 * Nicotiana glauca 2.5 2 
  Nicotiana simulans 0.4 < 1 
  Solanum lasiophylla 0.3 1 
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FAMILY 
 Taxa 

Typical 
height (m) 

Canopy 
cover (%) 

 * Solanum nigrum 0.3 < 1 
  Solanum nummularia 0.4 < 1 
MYOPORACEAE   
  Eremophila clarkei 2.0 2 
  Eremophila forrestii subsp. forrestii ms 1.2 5 
  Eremophila freelingii subsp. freelingii 0.2 2 
  Eremophila fraseri 1.5 5 
  Eremophila latrobei subsp. latrobei 1.5 2 
  Eremophila mackinlayi subsp. spathulata 0.6 < 1 
  Eremophila maculata subsp. brevifolia 0.3 5 
  Eremophila oldfieldii subsp. angustifolia 3.0 < 1 
  Eremophila platycalyx subsp. platycalyx 2.0 2 
  Eremophila punicea 0.3 < 1 
  Eremophila serrulata 1.5 < 1 
CUCURBITACEAE   
 * PP Cucumis myriocarpus 0.1 < 1 
GOODENIACEAE   
  Brunonia australis 0.1 < 1 
  Scaevola spinescens 1.2 < 1 
ASTERACEAE   
  Brachyscome ciliaris var. ciliaris 0.2 2 
 * DP Carthamus lanatus 0.4 < 1 
  Cratystylis subspinescens 1.0 5 
 * Hypochaeris glabra 0.3 < 1 
  Senecio pinnatifolius 0.3 < 1 
 * Sonchus oleraceus 0.4 < 1 
 

* * * * * 
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APPENDIX 9. RARE AND OF INTEREST FLORA 
LOCATIONS  

Listed below for the Priority Flora species and species of interest are the locations 
where they were recorded during the current study of the Windimurra mine site 
expansion.  Locations were recorded using a GPS set to AGD ‘84 using UTM within 
cell 50J. 
 
Alectryon oleifolius subsp oleifolius of interest (range extension) 
 mE mN 
650907 6870295 
649498 6865607 

649468 6865721 
649459 6865662 

 
Calytrix erosipetala P3 
 mE mN 
650034 6870151 
650028 6870140 
649964 6870157 
649996 6870162 
649996 6870154 
651019 6868879 

651015 6868904 
651027 6868905 
651036 6868892 
651049 6868877 
651037 6868865 
651048 6868840 

651022 6868796 
650864 6868545 
650879 6868527 
650872 6868512 
650893 6868476 
650929 6869226 

 
Ptilotus procumbens P1 
 mE mN 
648102 6872376 
 
Grevillea inconspicua P4 
 mE mN 
650034 6870152 
650155 6869987 
650138 6869948 
649844 6870192 
649892 6870160 
649898 6870141 
649891 6870104 
649882 6870093 
649903 6870082 
649888 6870082 
649901 6870014 
649895 6870018 
649957 6870010 
650002 6870112 
650007 6870122 
650005 6870125 
649974 6870091 
649984 6870088 
649984 6870079 
650081 6870031 

650001 6870100 
649949 6870023 
649937 6870026 
649940 6870048 
649947 6870055 
649954 6870048 
649968 6870046 
649947 6870075 
649945 6870083 
649939 6870087 
649958 6870084 
649969 6870143 
649971 6870148 
649969 6870152 
649964 6870153 
649957 6870132 
649958 6870125 
649952 6870136 
649949 6870144 
649943 6870141 

649936 6870135 
649935 6870152 
649937 6870155 
649944 6870152 
649932 6870158 
649924 6870153 
649923 6870161 
649909 6870161 
649904 6870145 
649996 6870159 
650004 6870155 
650008 6870125 
650435 6870089 
650444 6870073 
650455 6870064 
650488 6870035 
650485 6870021 
650490 6870023 
650472 6870031 
650470 6870006 
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650487 6869984 
650459 6869971 
650454 6869980 
650460 6869979 
650432 6869946 
650451 6869896 
650450 6869889 
650464 6869870 
650478 6869858 
650531 6869818 
650540 6869795 
650545 6869797 
650550 6869769 
650470 6869851 
650483 6869856 
650484 6869854 
650468 6869865 
650466 6869874 
650442 6869895 
650423 6869952 
650415 6869985 
650964 6868906 
651088 6868875 
650536 6869481 
650532 6869502 
650524 6869509 
650519 6869508 
650516 6869525 
650523 6869531 
650510 6869541 
650510 6869561 
650557 6869551 
650580 6869554 
650522 6869588 
650533 6869653 
650552 6869764 
650560 6869713 
650557 6869630 
650528 6869523 
650580 6869455 
650586 6869456 
650588 6869448 
650576 6869406 
650582 6869405 
650584 6869407 
650602 6869394 
650646 6869362 
650655 6869357 
650712 6869415 

650927 6870227 
651067 6869572 
651056 6869371 
651056 6869364 
651062 6869307 
651065 6868878 
651067 6868872 
651080 6868856 
651002 6868752 
650967 6868713 
650962 6868713 
650946 6868728 
650929 6868702 
650937 6868681 
650921 6868673 
650902 6868678 
650898 6868689 
650890 6868686 
650893 6868682 
650863 6868669 
650864 6868650 
650855 6868640 
650868 6868639 
650880 6868616 
650870 6868612 
650861 6868590 
650854 6868575 
650864 6868545 
650879 6868527 
650872 6868512 
650868 6868486 
650893 6868476 
650820 6868358 
650694 6868651 
650752 6868683 
650762 6868696 
650770 6868713 
650789 6868705 
650788 6868734 
650791 6868753 
650874 6868848 
650882 6868856 
650891 6868849 
650906 6868860 
650897 6868869 
650926 6868882 
650976 6868923 
650971 6868942 
650752 6869224 

650794 6869244 
650805 6869227 
650818 6869231 
650822 6869240 
650852 6869264 
650912 6869244 
650925 6869240 
650953 6869209 
650946 6869194 
650953 6869191 
650953 6869209 
650620 6868959 
650628 6868937 
650708 6868859 
650723 6868831 
650718 6868828 
650715 6868825 
650718 6868820 
650730 6868823 
650781 6868816 
650777 6868809 
650768 6868803 
650760 6868800 
650685 6868919 
650588 6868921 
650588 6868937 
650654 6868642 
650663 6868605 
650698 6868602 
650712 6868613 
650728 6868586 
650744 6868572 
650766 6868575 
650763 6868587 
650775 6868598 
650781 6868609 
650775 6868617 
650763 6868624 
650793 6868626 
650806 6868625 
650815 6868650 
650837 6868643 
650839 6868632 
650851 6868637 
650868 6868638 
650842 6868667 
650744 6868695 
650739 6868706 
650722 6868726 
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650727 6868734 
650730 6868745 

650702 6868764 
650668 6868715 

650677 6868700 
650668 6868678
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APPENDIX 10. WEED SPECIES LOCATIONS 

 
Listed below for five of the nine the weed species are the locations where they were 
recorded during the current studies of the Windimurra project.  The remaining four 
were all restricted to the accommodation village or the western end of the existing 
landing strip.  Locations were recorded using a GPS set to AGD ‘84 using UTM 
within cell 50J. 
 
 
Acetosa vesicaria (Ruby Dock) 
 642875mE 6875688mN 
 651623 6867871 
 651565 6865920 
 651528 6865659 
 650577 6865569 
 649498 6865607 
 648145 6872426 
 648037 6872497 
 
Carthamus lanatus (Saffron thistle) 
 650166 6870120 
 650199 6870096 
 650343 6870090 
 649605 6865911 
 650538 6868730 
 648098 6872318 
 
Cucumis myriocarpus (Paddy melon) 
 638433 6876012 
 650577 6865569 
 
Emex australis (Double Gee) 
 642580 6876377 
 642460 6876460 
 
Nicotiana glauca (tree tobacco) 
 650510 6869450 
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APPENDIX 11. CARTHAMUS LANATUS CONTROL 
DETAILS 

The following data on the declared weed, Carthamus lanatus (Saffron Thistle), was 
obtained from:  
 
http://agspsrv34.agric.wa.gov.au/dps/version02/01_plantview.asp?page=1&contentID
=55&p1=Carthamus+lanatus 
 
Via the Department of Agriculture and Food weeds web site: 
 
http://agspsrv34.agric.wa.gov.au/dps/version02/01_plantsearch.asp 
 
Declared plant in Western Australia - Saffron thistle (Carthamus lanatus) 
 
Category: P3 
Location: For the municipal districts of Albany (C), Augusta-Margaret River (S), 
Broomehill (S), Bunbury (C), Busselton (S), Capel (S), Carnamah (S), Collie (S), 
Coorow (S), Cranbrook (S), Cunderdin (S), Dardanup (S), Denmark (S), Donnybrook-
Balingup (S), Dowerin (S), Dumbleyung (S), Gnowangerup (S), Harvey (S), 
Katanning (S), Kellerberrin (S), Kojonup (S), Koorda (S), Mandurah (C), Mount 
Marshall (S), Murray (S), Plantagenet (S), Serpentine-Jarrahdale (S), Tambellup (S), 
Tammin (S), Trayning (S), Wagin (S), Waroona (S), West Arthur (S), Woodanilling 
(S), Wyalkatchem (S).   
   
Category: P1  
Location: for the whole of the State   
   
Category: P4  
Location: For the municipal districts of Ashburton (S), Beverley (S), Boddington (S), 
Brookton (S), Broome (S), Bruce Rock (S), Carnarvon (S), Chittering (S), Coolgardie 
(S), Corrigin (S), Cuballing (S), Cue (S), Dalwallinu (S), Dandaragan (S), Derby-
West Kimberley (S), Dundas (S), East Pilbara (S), Esperance (S), Exmouth (S), 
Gingin (S), Goomalling (S), Halls Creek (S), Jerramungup (S), Kalgoorlie/Boulder 
(C), Kent (S), Kondinin (S), Kulin (S), Lake Grace (S), Laverton (S), Leonora (S), 
Meekatharra (S), Menzies (S), Merredin (S), Moora (S), Mount Magnet (S), 
Mukinbudin (S), Murchison (S), Narembeen (S), Narrogin (S), Ngaanyatjarraku (S), 
Northam (S), Northam (T), Nungarin (S), Pingelly (S), Port Hedland (T), Quairading 
(S), Ravensthorpe (S), Roebourne (S), Sandstone (S), Shark Bay (S), Toodyay (S), 
Upper Gascoyne (S), Victoria Plains (S), Wandering (S), Westonia (S), Wickepin (S), 
Williams (S), Wiluna (S), Wongan-Ballidu (S), Wyndham-East Kimberley (S), 
Yalgoo (S), Yilgarn (S), York (S). 
 
Standard Control Codes (these may vary for individual plants) 
 
P1 REQUIREMENTS 
Prohibits movement. 
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The movement of plants or their seeds is prohibited within the State. This prohibits 
the movement of contaminated machinery and produce including livestock and 
fodder. 
 
P3 REQUIREMENTS 
Aims to control infestation by reducing area and/or density of infestation. 
 
The infested area must be managed in such a way that prevents the spread of seed or 
plant parts within and from the property on or in livestock, fodder, grain, vehicles 
and/or machinery. Treat to destroy and prevent seed set all plants:-· 
 Within 100 metres inside of the boundaries of the infestation  
 within 50 metres of roads and highwater mark on waterways 
 within 50 metres of sheds, stock yards and houses 
Treatment must be done prior to seed set each year.   
 
Of the remaining infested area:- 

Where plant density is 1-10 per hectare treat 100% of infestation. 
Where plant density is 11-100 per hectare treat 50% of infestation. 
Where plant density is 101-1000 per hectare treat 10% of infestation. 

 
Properties with less than 2 hectares of infestation must treat the entire infestation.  
Additional areas may be ordered to be treated. 
  
P4 REQUIREMENTS 
Aims to prevent infestation spreading beyond existing boundaries of infestation. 
 
The infested area must be managed in such a way that prevents the spread of seed or 
plant parts within and from the property on or in livestock, fodder, grain, vehicles 
and/or machinery.  Treat to destroy and prevent seed set all plants:-· 
 within 100 metres inside of the boundaries of the infested property 
 within 50 metres of roads and highwater mark on waterways 
 within 50 metres of sheds, stock yards and houses 
 
Treatment must be done prior to seed set each year. Properties with less than 2 
hectares of infestation must treat the entire infestation.  Additional areas may be 
ordered to be treated.  
 
Special considerations  
In the case of P4 infestations where they continue across property boundaries there is 
no requirement to treat the relevant part of the property boundaries as long as the 
boundaries of the infestation as a whole are treated. There must be agreement between 
neighbours in relation to the treatment of these areas. 
 
Control Method 
For control methods – refer to the web pages listed above. 
 
Weed Description 
Family: Asteraceae 
Form: Herbaceous – Annual 
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Status: Present in WA 
Saffron thistle is an erect annual thistle to 1 (rarely to 1.5) m high, native of southern 
Europe and Mediterranean to central Asia. It is now widespread in parts of the cereal 
growing areas, goldfields and other pastoral areas in Western Australia. Hardy weed 
of cultivation that displaces more useful species in poor pasture. Arguably the most 
widespread thistle in Australia. Only considered an important weed in Australia. The 
spines contaminate wool, and make handling contaminated sheep painful. Seldom 
eaten, but seeds are oil and protein rich. Plant matures with cereal crops and seed is 
harvested with the grain and this is one of the main methods of spread. Dry seeds 
tangle in wool. 
 
Wheat contaminated with saffron thistle seed is liable to a dockage imposed by the 
Australian Wheat Board. 
 
Stems: Ribbed, branched above, hairless to downy. Stems round in cross-section. 
Leaves: Variable; basal leaves in a rosette, lanceolate, initially with few lobes but 
older leaves more dissected, to 20 cm long and to 5 cm wide; stem leaves to 11 cm 
long and to 5 cm wide, usually hairless but some plants with hairy leaves, base stem-
clasping and not on a leaf stalk.  
 
Flowers: In solitary heads to 2 cm wide surrounded by spiny bracts (involucral bracts) 
to 5 cm long. Heads made up of small flowers (florets) to 3 cm long. All flowers 
within heads tubular and yellow. Flowers late spring to autumn. 
 
Seeds: Seeds ovoid, grey-brown, 4–6 mm long, about 3 mm wide, hairless, 4-angled, 
apex with linear scales to 1 cm long. 
 
 



 

Windimurra\EPS\Draft V5 Final 
 
 

APPENDIX 2:  
FLORA SURVEY REPORT (2008) 



PAUL ARMSTRONG 

AND ASSOCIATES 

CONSULTANT BOTANIST 
 

Native Flora Specialist and Ecologist 
 

Office: 14 DOWNER WAY,  BULL CREEK 

Mail: PO Box 145,  BULL CREEK 

WESTERN AUSTRALIA,  6149 

PHONE - FAX  (08) 9310 4473 

 

 

 

 

VEGETATION SURVEY 
AND 

RARE FLORA SEARCH 
OF THE 

WINDIMURRA 
VANADIUM MINE PROJECT 

 
ADDENDUM 3 
CONDUCTED  

7TH AND 8TH FEBRUARY 2008 
 

 

 

 

FOR 

 

 

Windimurra Vanadium Limited 

and  

MBS Environmental 

 

 

 

February 2008  



Windimurra Vanadium Project  Page b 

Botanical Survey 

Addendum 3 - Field report of changed impacts 

Conducted 7-8
th

 February 2008 

Paul Armstrong and Associates – Botanical Consultancy 25 February 2008 

TABLE OF CONTENTS 

 

1 INTRODUCTION AND SCOPE 3 

2 METHODS AND LIMITATIONS 3 

3 VEGETATION 4 

4 FLORA 5 

5 RARE FLORA AND FLORA OF INTEREST 5 

5.1 Alectryon oleifolius subsp. oleifolius (range extension) 5 

5.2 Calytrix erosipetala (P3) 6 

5.3 Grevillea inconspicua (P4) 6 

5.4 Ptilotus procumbens (P1) 6 

5.5 Stenanthemum patens (P1) 6 

6 VEGETATION HEALTH 6 

7 ADEQUACY OF CURRENT SURVEYS 7 

8 SUMMARY 8 

9 ACKNOWLEDGEMENTS 9 

10 ADDITIONAL REFERENCES 9 

11 FIGURES 10 

APPENDIX 1. RARE FLORA LOCATIONS 14 

 

 

 

LIST OF FIGURES 

Figure 1.  The current proposed Windimurra infrastructure and mine layout (red 

outlines).  In addition the previous (purple lines) and the current (green) traverses 

are shown.  The location of recorded Priority Flora are also shown.  Map based 

on aerial photograph supplied by MBS with UTM gridlines using datum GDA 

’94 in cell 50J.......................................................................................................10 

Figure 2.  The cleared outline of the Windimurra Vanadium Mine camp site (green 

lines) and the traverses previously undertaken of the area (purple lines).  The 

recorded location of recorded Priority Flora (Ptilotus procumbens - Pp) is also 

shown.  Map based on aerial photograph supplied by MBS with UTM gridlines 

using datum GDA ’94 in cell 50J. .......................................................................11 
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1 INTRODUCTION AND SCOPE 

Windimurra Vanadium Limited commissioned Paul Armstrong and 

Associates to undertake a vegetation and flora survey, including Declared Rare Flora 

(DRF) and Priority Flora search covering the proposed extension of the Windimurra 

Vanadium Mine and associated infrastructure.  The project is currently in the 

construction phase which is expected to reach completion in late 2008.  

 

The initial survey (Paul Armstrong and Associates 2007a) was undertaken as part of 

Environmental Impact Assessment documentation required for permission to prepare 

the mine site for construction of additional facilities and mine void development.  The 

first addendum (Paul Armstrong and Associates 2007b) to the initial report was 

prepared for the exploration lease located adjacent to and extending southwards of the 

existing facilities.  The second addendum was commissioned by MBS Environmental 

to assess the impacts on the vegetation, flora and rare flora due to changes in the 

proposed mine and infrastructure layout since the initial report was prepared (Paul 

Armstrong and Associates 2008). 

 

This third addendum reports on the additional field survey that was undertaken, 

covering the proposed extension of the Windimurra Vanadium Mine and 

infrastructure including: the mine pit, Barren Liquor Evaporation Pond, Waste Rock 

Stockpiles 1B, 2 and 4 (see Figure 1) and the accommodation village (see Figure 2).  

The vegetation survey was undertaken on the 7
th

 and 8
th

 February 2008. 

 

2 METHODS AND LIMITATIONS 

The same basic methods and procedures set out in the original report by Paul 

Armstrong and Associates (2007a) were followed for this survey.  There were, 

however, several changes made during the 2008 survey, as noted below. 

 

Vegetation descriptions, using Muir (1977), were made during the entire inspection of 

the revised areas of proposed impact.  Areas selected for inspections were based on 

the different aerial photography signatures and reasonable access tracks being 

available. 

 

To record the area cleared for the Camp, the perimeter of the cleared area was walked 

while recording the trace on the GPS.  This was later transferred to the aerial 

photograph to determine if the previously recorded location of the Priority Flora, 

Ptilotus procumbens, had been impacted. 

 

This survey was undertaken on 7
th

 and 8
th

 February 2008.  This corresponds with mid 

summer, when maximum temperatures would typically reach 40 to 50°C, with very 

dry conditions.  However, heavy rain in the preceding week or so had resulted in wet 

to damp soil conditions, making access difficult in some areas.  In addition, the rain 

resulted in numerous annuals germinating; however, these were too immature to be 



Windimurra Vanadium Project  Page 4 

Botanical Survey 

Addendum 3 - Field report of changed impacts 

Conducted 7-8
th

 February 2008 

Paul Armstrong and Associates – Botanical Consultancy 25 February 2008 

identified.  Maximum temperatures while the survey was being undertaken were in 

the low 30’s°C. 

 

Because this survey was undertaken in summer, and the recently germinated annuals 

were too immature, no ephemeral species were recorded during this survey. 

 

The same set of DRF and Priority Flora (DEC 2006) identified in the initial report 

(Paul Armstrong and Associates 2007a) were searched for during the field inspection.  

The additional location details of the Priority Flora species recorded during the survey 

are included in this addendum (see Appendix 1). 

 

The design of this survey methods and preparation of this report, when read in 

conjunction with the initial report (Paul Armstrong and Associates 2007a) and 

Addendum 2 (Paul Armstrong and Associates 2008), complies with the EPA 

Guidance Statement No. 51. 

 

On completion of this project, a copy of this report will be submitted to DEC, being 

conditional to the granting of the Scientific or Other Prescribed Purposes Licence – 

No SL007755. 

 

3 VEGETATION 

In the original survey (Paul Armstrong and Associates 2007a) of the mine and 

associated infrastructure, the vegetation of the general area was mapped.  This 

included all the areas within the currently proposed layout.  The areas proposed for 

clearing are known to be situated within the following vegetation associations: 

 

• Mulga Scrub on plains: Barren Liquor Evaporation Pond; 

• Mulga Thicket on slopes and uplands: Waste Rock Stockpile 1B, the southern 

pit extension, and the southern extension of the TSF; and 

• Bogata Thicket on plains: Waste Rock Stockpile 2, and the southern extension 

of the TSF. 

 

A variation of ‘Mulga Thicket on slopes and uplands’ was recorded with the Acacia 

xanthocarpa present as a tall shrub with a canopy cover of 5 to 10%, growing to 3m 

tall.  This variation was recorded from and between the Waste Rock Stockpile 1B and 

the southern Pit extension and from and between Waste Rock Stockpile 4 and the 

southern Pit extension.  The variation is included within the vegetation association 

‘Mulga Thicket on slopes and uplands’. 

 

These three vegetation associations were very common within both the local area and 

regionally.  For a detailed description of these associations see the original report 

(Paul Armstrong and Associates 2007a).  
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4 FLORA 

Of the additional areas proposed for impact, the flora was mostly widespread and 

common to the region.  The exceptions were the Priority Flora (DEC 2006) and the 

species of interest, which are discussed in Section 5. 

 

During the February 2008 inspection no additional species were recorded. 

 

5 RARE FLORA AND FLORA OF INTEREST 

For the thirty three species of DRF and Priority Flora identified by DEC (DEC 2006) 

as occurring in the general area, three of these as well as an additional Priority Flora 

and one species of interest were previously recorded from the overall Windimurra 

project area.  These were: 

 

• Alectryon oleifolius subsp. oleifolius (of interest - range extension) 

• Calytrix erosipetala (P3); 

• Grevillea inconspicua (P4);  

• Ptilotus procumbens (P1); and 

• Stenanthemum patens (P1).  

 

Of these five species, only Grevillea inconspicua was recorded in the areas proposed 

for disturbance, that were surveyed (see Figure 1). 

 

Based on the results (below) of the proposed disturbance areas surveyed, only the 

Calcine Waste Disposal Facility and to some extent the southern pit extension will 

adversely impact on recorded Priority Flora.  However, as Grevillea inconspicua and 

Calytrix erosipetala occur throughout suitable habitat in the Windimurra region, the 

proposed disturbance in this area is not likely to have a significant effect on the 

viability of the species populations. 

 

Similarly Alectryon oleifolius subsp. oleifolius and Stenanthemum patens were only 

recorded well away from areas of currently proposed clearing and hence unlikely to 

be impacted. 

 

However, the location recorded for Ptilotus procumbens had been cleared during the 

construction of the Camp. 

 

5.1 Alectryon oleifolius subsp. oleifolius (range extension) 

The species of interest, Alectryon oleifolius subsp. oleifolius, was not recorded from 

any locations currently proposed for impact.  Hence, there is little probability of any 

significant impact on the population of this species.   
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5.2 Calytrix erosipetala (P3) 

Two subpopulations, made up of 33 individuals of Calytrix erosipetala were found 

approximately 5 to 40 metres west of the proposed southern pit expansion (see Figure 

3 and Appendix 1 for location details).  Although the subpopulations do not occur 

within the proposed pit area, caution must be taken so as not to adversely impact them 

during the construction of the pit and abandonment bunds.  It is likely that other 

individuals of Calytrix erosipetala exist within or near the proposed pit extension 

area. 

 

5.3 Grevillea inconspicua (P4)  

A more thorough survey was undertaken of the area proposed for the Calcine Waste 

Disposal Facility expansion.  This area was found to support a further fifteen 

individuals of Grevillea inconspicua than had previously been recorded (see Figure 4 

and Appendix 1 for location details). 

 

The proposed area of clearing for the Calcine Waste Disposal Facility expansion 

overlaps with the eastern end of the areas fenced to provide protection of Grevillea 

inconspicua to ensure mining infrastructure areas did not inadvertently affect this 

species.  Approximately 20 plants of Grevillea inconspicua were recorded from this 

area. 

 

5.4 Ptilotus procumbens (P1) 

The single plant of Ptilotus procumbens that was previously found adjacent to the 

existing Camp site is discussed in the initial report (Paul Armstrong and Associates 

2007a).  However, during the recent survey no evidence of this individual was 

located.  Additionally, it appears that the recorded location has since been bulldozed 

(see Figure 2). 

 

5.5 Stenanthemum patens (P1) 

Although the Priority Flora species Stenanthemum patens (P1) was recorded from the 

project area, it was restricted to an area within the exploration lease, approximately 

18km to the south of the current areas (see Paul Armstrong and Associates 2007b).  It 

was only found growing in a single location associated with Acacia aneura and 

Acacia xanthocarpa shrubland on a rocky substrate (gabbro). 

 

6 VEGETATION HEALTH 

In the original survey (Paul Armstrong and Associates 2007a) of the mine and 

associated infrastructure the vegetation health of the general area was mapped.  This 

included all the areas within the currently proposed layout.  

 

The same comments about introduced weed species made in the original survey still 

remain relevant and necessary. 
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7 ADEQUACY OF CURRENT SURVEYS 

Previous flora surveys were completed prior to the changes in the proposed mine and 

infrastructure layout.  Thus, some of the proposed disturbance areas were 

inadequately traversed as part of a vegetation survey.  The current flora survey was 

necessary to identify any DRF and Priority Flora that exist within the proposed 

extension of the Windimurra Vanadium Mine pit, Barren Liquor Evaporation Pond, 

Camp and Waste Rock Stockpiles 1B, 2 and 4.  All of the areas proposed for 

disturbance have now been traversed during botanical surveys (see Figures 1 to 4).  

Based on these traversed locations it is considered that an adequate survey of these 

areas has now been undertaken.  

 

Waste Rock Stockpile 2 had not been traversed in previous vegetation surveys at 

Windimurra.  The current survey included a sufficient portion of the proposed 

disturbance area (see Figure 1), and revealed no DRF or Priority Flora.  The 

vegetation association of this area was assessed to be Bogata Thicket on plains, which 

is very common and widespread. 

 

Previously, only portions of the area proposed for the southern extension of the pit 

area was traversed.  Figure 1 shows the traverse of the proposed pit area undertaken in 

the current survey.  Individuals of the Priority Flora, Calytrix erosipetala, were 

recorded approximately 5 to 40 metres west of the proposed pit extension, and caution 

must be exercised so as not to impact these individuals during the construction of the 

pit extension and abandonment bunds (see Figure 3).  The vegetation association in 

this area was assessed to be Mulga Thicket on slopes and uplands, which is common 

and widespread. 

 

The area proposed for the northern extension of the Calcine Waste Disposal Facility 

was again traversed during the current survey, revealing fifteen additional individuals 

of the Priority Flora, Grevillea inconspicua (see Figure 4).  The vegetation association 

in this area was assessed to be Mulga Scrub on plains, which is very common and 

widespread. 

 

Previously, only portions of the area proposed for Waste Stockpile 1B was traversed, 

recording several plants of the Priority Flora Grevillea inconspicua.  The current 

survey traversed a greater portion of this area, no additional individuals of Grevillea 

inconspicua were recorded (see Figure 1).  The vegetation association of this area was 

assessed to be Mulga Scrub on plains and Mulga Thicket on slopes and uplands, 

which are both common and widespread. 

 

Similarly to Waste Stockpile 1B, only a small portion of Waste Rock Stockpile 4 had 

previously been traversed.  The current survey traversed a greater portion, no DRF or 

Priority Flora were recorded.  The vegetation association of this area was assessed to 

be Mulga Scrub on plains, which is very common and widespread. 

 

The area previously proposed for Waste Rock Stockpile 3 has not been traversed.  

However, as this area is no longer proposed for disturbance as part of the project, a 

survey of the areas was not required. 
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8 SUMMARY 

This addendum to the previous reports (Paul Armstrong and Associates 2007a, b and 

2008) addresses changes to the proposed infrastructure and mine layout for the re-

opening of the Windimurra Vanadium Mine, as shown in Figure 1. 

 

There were five additional areas proposed for disturbance that had not been 

previously or adequately surveyed. These areas were: 

 

• Southern extension of the pit area; 

• Waste Rock Stockpile 1B, 2 and 4; and 

• Barren Liquor Evaporation Pond. 

 

Areas previously identified for impact, now redundant in the current layout: 

• Waste Rock Stockpile 3. 

 

The areas proposed for disturbance supported three common and widespread 

vegetation associations: Mulga Scrub on plains, Mulga Thicket on slopes and uplands, 

and Bogata Thicket on plains.  

 

The less common Acacia xanthocarpa Thicket on slopes was also recorded from the 

perimeter of the Waste Rock Stockpile 1A, while the variation of the Mulga Thicket 

with Acacia xanthocarpa was found in and adjacent to parts of the southern extent of 

the pit extension, Waste Rock Stockpile 1b and 4.  The flora supported was mostly 

common and widespread, the exceptions being two species of Priority Flora, Calytrix 

erosipetala and Grevillea inconspicua and the species of interest, Alectryon oleifolius 

subsp. oleifolius. 

 

The impact on the population viability of the Priority Flora Calytrix erosipetala, 

would be minimal if the Project were to proceed as currently proposed.  However, 

care must be taken so as to avoid adverse impact on the recorded individuals during 

the construction of the southern pit extension and abandonment bunds.  

 

The impact on the population viability of the Priority Flora Grevillea inconspicua is 

of greater concern.  Fifteen additional individuals were recorded within the area 

proposed for the Calcine Waste Disposal Facility, which takes the total estimated 

number of the northern subpopulation to 80 plants.  The removal of these individuals 

and the six previously recorded may adversely influence the subpopulation viability, 

reducing the subpopulation by 21 plants (26% taken).  However, when compared to 

the overall number of plants estimated within the immediate population (400 plants), 

the impact is not great; an additional 5% would be taken.  A portion of the area 

proposed for clearing was initially set aside for conservation of this species. 

 

It would appear that the only recorded location of the Priority Flora, Ptilotus 

procumbens, has been bulldozed during the camp expansion process. 

 



Windimurra Vanadium Project  Page 9 

Botanical Survey 

Addendum 3 - Field report of changed impacts 

Conducted 7-8
th

 February 2008 

Paul Armstrong and Associates – Botanical Consultancy 25 February 2008 

Plants of the species of interest, Alectryon oleifolius subsp. oleifolius, were not located 

in any of the additional areas currently proposed for clearing. 

 

The current field survey included adequate traverses of all the proposed disturbance 

areas, and has thus satisfactorily described the vegetation associations and Priority 

Flora at Windimurra.  It is likely that additional Grevillea inconspicua and Calytrix 

erosipetala plants occur in the additional areas of proposed impact; however, it is 

believed that these numbers would not be significant. 
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11 FIGURES 

Figure 1.  The current proposed 

Windimurra infrastructure and 

mine layout (red outlines).  In 

addition the previous (purple lines) 

and the current (green) traverses are 

shown.  The location of recorded 

Priority Flora are also shown.  Map 

based on aerial photograph supplied 

by MBS with UTM gridlines using 

datum GDA ’94 in cell 50J. 

Key: 

Ao - Alectryon oleifolius subsp. 

oleifolius 

Ce – Calytrix erosipetala 

 yellow squares – previous 

 blue squares – new 

Gi – Grevillea inconspicua  

 red squares – previous 

 orange squares – new 
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Figure 2.  The cleared outline of the Windimurra Vanadium Mine camp site 

(green lines) and the traverses previously undertaken of the area (purple 

lines).  The recorded location of recorded Priority Flora (Ptilotus procumbens 

- Pp) is also shown.  Map based on aerial photograph supplied by MBS with 

UTM gridlines using datum GDA ’94 in cell 50J. 

N 

200m 
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Figure 3.  The current proposed 

Windimurra Vanadium Mine southern pit 

extension layout (red outlines).  In addition 

the previous (purple lines) and the current 

(green) traverses are shown.  The location 

of recorded Priority Flora, Calytrix 

erosipetala (CE), are also shown.  Map 

based on aerial photograph supplied by 

MBS with UTM gridlines using datum 

GDA ’94 in cell 50J. 

Waste Rock Stockpile 2 

Waste Rock 

Stockpile 1B 

Pit Extension 

N 

200m 
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Figure 4.  The current 

proposed Windimurra 

Vanadium Mine 

Calcine Waste 

Disposal Facility (red 

outlines).  In addition 

the previous (purple 

lines) and the current 

(green) traverses are 

shown.  The location 

of recorded Priority 

Flora, Calytrix 

erosipetala (Ce) and 

Grevillea inconspicua 

(Gi) are also shown, as 

are the Priority Flora 

fence lines (brown 

lines).  Map based on 

aerial photograph 

supplied by MBS with 

UTM gridlines using 

datum GDA ’94 in cell 

50J. 

Calcine Waste 

Disposal Facility 

N 

200m 
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APPENDIX 1. RARE FLORA LOCATIONS 

Listed below are the locations were additional Priority Flora were recorded during the 

February 2008 field inspection. 

 

Locations were recorded using UTM cell 50J using datum Australian Geocentric 1994 

(GDA94) 

 

Calytrix eriosipetala  (P3) 

650682mE  6868039mN 

650668mE  6867993mN 

650625mE  6868069mN 

650640mE  6868043mN 

 

Grevillea inconspicua  (P4) 

650348mE  6870100mN 

650337mE  6870085mN 

650337mE  6870083mN 

650288mE  6870069mN 

650289mE  6870077mN 

650289mE  6870078mN 

650294mE  6870092mN 

650349mE  6870188mN 

650357mE  6870195mN 

650353mE  6870123mN 

650349mE  6870118mN 
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Protected Matters Search Tool 

You are here: Environment Home > EPBC Act > Search 

 

EPBC Act Protected Matters 
Report 

3 September 2007 15:15

This report provides general guidance on matters of national environmental significance and other 
matters protected by the EPBC Act in the area you have selected. Information on the coverage of 
this report and qualifications on data supporting this report are contained in the caveat at the end 
of the report.  

You may wish to print this report for reference before moving to other pages or websites. 

The Australian Natural Resources Atlas at http://www.environment.gov.au/atlas may provide 
further environmental information relevant to your selected area. Information about the EPBC Act 
including significance guidelines, forms and application process details can be found at 
http://www.environment.gov.au/epbc/assessmentsapprovals/index.html 

 

 

This map may contain data which are 
© Commonwealth of Australia 
(Geoscience Australia) 
© 2007 MapData Sciences Pty Ltd, PSMA 

Search Type: Point

Buffer: 100 km

Coordinates: -28.3,118.55

 

 

 

 

Report Contents: Summary  
Details  
l Matters of NES  
l Other matters protected by the 
EPBC Act  
l Extra Information  
Caveat  
Acknowledgments  

 

Summary 

Matters of National Environmental Significance 

Page 1 of 6EPBC Act Protected Matters Report

3/09/2007http://www.environment.gov.au/cgi-bin/erin/ert/epbc/epbc_report.pl?searchtype=point;...

http://www.environment.gov.au/atlas
http://www.environment.gov.au/epbc/assessmentsapprovals/index.html
http://www.environment.gov.au/cgi-bin/erin/ert/epbc/epbc_report.pl?searchtype=point;


This part of the report summarises the matters of national environmental significance that may 
occur in, or may relate to, the area you nominated. Further information is available in the detail 
part of the report, which can be accessed by scrolling or following the links below. If you are 
proposing to undertake an activity that may have a significant impact on one or more matters of 
national environmental significance then you should consider the Administrative Guidelines on 
Significance - see 
http://www.environment.gov.au/epbc/assessmentsapprovals/guidelines/index.html. 

World Heritage Properties: None

National Heritage Places: None

Wetlands of International Significance:  
(Ramsar Sites)

None

Commonwealth Marine Areas: None

Threatened Ecological Communities: None

Threatened Species: 2

Migratory Species: 7

Other Matters Protected by the EPBC Act 
This part of the report summarises other matters protected under the Act that may relate to the 
area you nominated. Approval may be required for a proposed activity that significantly affects the 
environment on Commonwealth land, when the action is outside the Commonwealth land, or the 
environment anywhere when the action is taken on Commonwealth land. Approval may also be 
required for the Commonwealth or Commonwealth agencies proposing to take an action that is 
likely to have a significant impact on the environment anywhere.  
 
The EPBC Act protects the environment on Commonwealth land, the environment from the 
actions taken on Commonwealth land, and the environment from actions taken by Commonwealth 
agencies. As heritage values of a place are part of the 'environment', these aspects of the EPBC 
Act protect the Commonwealth Heritage values of a Commonwealth Heritage place and the 
heritage values of a place on the Register of the National Estate. Information on the new heritage 
laws can be found at http://www.environment.gov.au/heritage/index.html.  
 
Please note that the current dataset on Commonwealth land is not complete. Further information 
on Commonwealth land would need to be obtained from relevant sources including 
Commonwealth agencies, local agencies, and land tenure maps.  
 
A permit may be required for activities in or on a Commonwealth area that may affect a member of 
a listed threatened species or ecological community, a member of a listed migratory species, 
whales and other cetaceans, or a member of a listed marine species. Information on EPBC Act 
permit requirements and application forms can be found at 
http://www.environment.gov.au/epbc/permits/index.html. 

Commonwealth Lands: 1

Commonwealth Heritage Places: None

Places on the RNE: None

Listed Marine Species: 4

Whales and Other Cetaceans: None

Critical Habitats: None

Commonwealth Reserves: None
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Details 

Matters of National Environmental Significance 

Other Matters Protected by the EPBC Act 

Extra Information 

This part of the report provides information that may also be relevant to the area you have 
nominated. 

State and Territory Reserves: None

Other Commonwealth Reserves: None

Regional Forest Agreements: None

Threatened Species [ Dataset Information ] Status Type of Presence

Birds
Acanthiza iredalei iredalei*  
Slender-billed Thornbill (western) 

Vulnerable Species or species habitat likely to 
occur within area

Leipoa ocellata *  
Malleefowl 

Vulnerable Species or species habitat likely to 
occur within area

Migratory Species [ Dataset Information ] Status Type of Presence

Migratory Terrestrial Species
Birds
Leipoa ocellata *  
Malleefowl 

Migratory Species or species habitat likely to 
occur within area

Merops ornatus *  
Rainbow Bee-eater 

Migratory Species or species habitat may occur 
within area

Migratory Wetland Species
Birds
Ardea alba  
Great Egret, White Egret 

Migratory Species or species habitat may occur 
within area

Ardea ibis  
Cattle Egret 

Migratory Species or species habitat may occur 
within area

Migratory Marine Birds
Apus pacificus  
Fork-tailed Swift 

Migratory Species or species habitat may occur 
within area

Ardea alba  
Great Egret, White Egret 

Migratory Species or species habitat may occur 
within area

Ardea ibis  
Cattle Egret 

Migratory Species or species habitat may occur 
within area

Listed Marine Species [ Dataset Information ] Status Type of Presence

Birds
Apus pacificus  
Fork-tailed Swift 

Listed - 
overfly 

Species or species habitat may occur 
within area
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Caveat 
The information presented in this report has been provided by a range of data sources as 
acknowledged at the end of the report.  

This report is designed to assist in identifying the locations of places which may be relevant in 
determining obligations under the Environment Protection and Biodiversity Conservation Act 1999. 
It holds mapped locations of World Heritage and Register of National Estate properties, Wetlands of 
International Importance, Commonwealth and State/Territory reserves, listed threatened, migratory 
and marine species and listed threatened ecological communities. Mapping of Commonwealth land 
is not complete at this stage. Maps have been collated from a range of sources at various 
resolutions.  

Not all species listed under the EPBC Act have been mapped (see below) and therefore a report is 
a general guide only. Where available data supports mapping, the type of presence that can be 
determined from the data is indicated in general terms. People using this information in making a 
referral may need to consider the qualifications below and may need to seek and consider other 
information sources.  

For threatened ecological communities where the distribution is well known, maps are derived from 
recovery plans, State vegetation maps, remote sensing imagery and other sources. Where 
threatened ecological community distributions are less well known, existing vegetation maps and 
point location data are used to produce indicative distribution maps.  

For species where the distributions are well known, maps are digitised from sources such as 
recovery plans and detailed habitat studies. Where appropriate, core breeding, foraging and 
roosting areas are indicated under "type of presence". For species whose distributions are less well 
known, point locations are collated from government wildlife authorities, museums, and non-
government organisations; bioclimatic distribution models are generated and these validated by 
experts. In some cases, the distribution maps are based solely on expert knowledge.  

Only selected species covered by the migratory and marine provisions of the Act have been 
mapped.  

The following species and ecological communities have not been mapped and do not appear in 
reports produced from this database: 

marine 
area

Ardea alba  
Great Egret, White Egret 

Listed - 
overfly 
marine 
area

Species or species habitat may occur 
within area

Ardea ibis  
Cattle Egret 

Listed - 
overfly 
marine 
area

Species or species habitat may occur 
within area

Merops ornatus *  
Rainbow Bee-eater 

Listed - 
overfly 
marine 
area

Species or species habitat may occur 
within area

Commonwealth Lands [ Dataset Information ] 

Unknown   
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l threatened species listed as extinct or considered as vagrants  
l some species and ecological communities that have only recently been listed  
l some terrestrial species that overfly the Commonwealth marine area  
l migratory species that are very widespread, vagrant, or only occur in small numbers.  

The following groups have been mapped, but may not cover the complete distribution of the 
species: 

l non-threatened seabirds which have only been mapped for recorded breeding sites;  
l seals which have only been mapped for breeding sites near the Australian continent.  

Such breeding sites may be important for the protection of the Commonwealth Marine environment. 
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Date Location NameCertainty Seen Method*

Threatened and Priority Fauna Database

°S27.25301 °S29.28293°E   /117.59189 °E119.45911 Windimurra Vanadium Project (plus ~100km buffer)

Page 1 of 2

Schedule 1 - Fauna that is rare or is likely to become extinct

Macrotis lagotis Bilby records1

This species shelters in burrows and occupies a range of habitats from grassland on clayey and stony soils or sandplains to mulga scrub 
and woodlands on red earths. It has suffered a large decline and contraction in distribution. 

1854 Windimurra2 0 Definite signs

Leipoa ocellata Malleefowl records2

This species was once widely distributed across southern Australia. It prefers woodland or shrubland with an abundant litter layer that 
provides essential material for the construction of its nest mound. 

1974 Paynes Find1 1 Day sighting

1995 Atley1 1

Cyclodomorphus branchialis Cyclodomorphus branchialis records2

A ground-dwelling and largely nocturnal skink which shelters in spinifex, leaf litter and under fallen timber. 

2005 Mount Magnet1 2 Caught or trapped

2005 Mount Magnet1 2 Caught or trapped

Idiosoma nigrum Shield-backed Trapdoor Spider records9

This species is in decline in its patchy distribution through the northern and central wheatbelt and coastal plain. It is a long-lived species 
that is very sensitive to disturbance. 

1955 Oudabunna1 1 Caught or trapped

1955 Oudabunna1 1 Caught or trapped

1955 Oudabunna1 1 Caught or trapped

1955 Oudabunna1 1 Caught or trapped

1955 Oudabunna1 1 Caught or trapped

1955 Oudabunna1 1 Caught or trapped

1955 Oudabunna1 1 Caught or trapped

1955 Oudabunna1 1 Caught or trapped

1957 Brown's Soak1 1 Caught or trapped

Priority One: Taxa with few, poorly known populations on threatened lands

Lerista eupoda Lerista eupoda records2

This species of skink is restricted to the vicinity of Cue and Meekatharra. 

1990 Reedy1 1 Caught or trapped

1998 Reedy1 1 Caught or trapped

Priority Four: Taxa in need of monitoring

Macroderma gigas Ghost Bat records1

This species is Australia�s only carnivorous bat and has a patchy distribution across northern Australia. It shelters in caves, mine shafts 
and deep rock fissures and is sensitive to disturbance. 

1854 Wydgee2 3 Day sighting

Ardeotis australis Australian Bustard records3

This species is uncommon and may occur in open or lightly wooded grasslands. 

1974 Sandstone1 2 Day sighting

Friday, 31 August 2007
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1974 Wanarie1 1 Day sighting

1983 Paynes Find1 2

Charadrius rubricollis Hooded Plover records2

This species frequents the margins and shallows of salt lakes, also along coastal beaches, where it forages for invertebrates along the 
water's edge. 

1992 Lake Barlee1

2000 Lake Austin1 2 Day sighting

Information relating to any records provided for listed species:-
Date: date of recorded observation
Certainty (of correct species identification): 1=Very certain; 2=Moderately certain; and 3=Not sure.
Seen: Number of individuals observed.
Location Name: Name of reserve or nearest locality where observation was made
Method: Method or type of observation

*

Friday, 31 August 2007
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Introduction 
 

Western Wildlife has been asked by MBS Environmental to assess the fauna values of 

the proposed Windimurra Vanadium minesite. The aims of the site visit and this 

report were to search for conservation significant fauna on the site, provide a list of 

fauna of conservation significance that have the potential to occur in the area, discuss 

the importance of the areas to threatened fauna, and make recommendations of ways 

to minimise the impact of the proposed works on fauna.   

 

Methods 
 

This report is classified as a Level 1 survey (a background research or ‘desk-top’ 

study with a site visit) according to the EPA Position Statement No.3 (Environmental 

Protection Authority 2002) and Guidance Statement 56 (Environmental Protection 

Authority 2004).  This was the level of assessment commissioned by the client.  

  

The site was visited on the 19
th

 and 20
th

 of September 2007 by Mr Richard King 

(Western Wildlife), Ms Lisa Boulden (MBS Environmental) and Mr Nick Barr 

(Windimurra Vanadium), and the area was traversed on foot.  All vertebrate fauna 

encountered was recorded and notes were made on the fauna habitats present on the 

site. 

 

So far as possible within the time available, searches were made for species of 

conservation significance, or evidence of species of conservation significance.  For 

example, some raking was undertaken to search for Cyclodomorphus branchialis and 

areas were visually surveyed for Malleefowl mounds.   

 

Personnel 
 

Mr Richard King (BSc.Env. Biol.), Ms Lisa Boulden and Mr Nick Barr carried out the 

site inspection, and Ms Jenny Wilcox (BSc.Biol./Env.Sci., Hons.Biol.) and Mr Richard 

King prepared this report.  The report was reviewed by Dr Robert Davis 

(BSc.Biol./Env.Sci., Hons.Biol., PhD. Zool.) of Western Wildlife. 

 

Sources of Information 
 

The conservation significant fauna expected to occur in the study area were identified 

using information from a number of sources.  These included publications that 

provide information on general patterns of distribution of frogs (Tyler et al. 2000), 

reptiles (Storr et al. 1983, 1990, 1999 and 2002), birds (Barrett et al. 2003; Johnstone 

and Storr 1998; Johnstone and Storr 2004), and mammals (Menkhorst and Knight 

2001; Strahan 1995).  In addition, the databases listed below in Table 1 were searched 

for specimen or observational records. 

 

As far as possible, expected species are those that are likely to utilise the study area, 

or be affected by changes to the study area.  The lists exclude species that have been 

recorded in the general region as vagrants or for which suitable habitat is absent.   
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Table 1.  Databases used in the preparation of this report. 

 

Database Type of records held on database Area searched 

Faunabase (WA 

Museum) 

Records of specimens held in the 

WA Museum.  Includes historical 

data. 

28°00’ to 28°25’S and 

118°13’ to 118°49’E 

DEC’s Threatened and 

Priority Fauna 

Database 

Information and records on 

Threatened and Priority species in 

Western Australia 

27.25301° to 29.28293°S 

and 117.59189° to 

119.45911°E 

Birds Australia’s New 

Atlas Database 

Observational bird records from 

1998 to present. 

28°00’ to 28°25’S and 

118°13’ to 118°49’E 

EPBC Protected 

Matters Search Tool 

Records on matters protected under 

the EPBC Act, including threatened 

species. 

28.246° to 28.334°S and 

118.472° to 118.573°E 

 

 

Taxonomy and nomenclature for fauna species used in this report generally follow the 

WA Museum (2001) with alternative bird taxonomy from Christidis and Boles (1994) 

given in parentheses. 

 

Assessment of conservation significance 
 

Three levels of conservation significance are recognised in this report: 

 

Conservation Significance 1: 

• Species listed under State or Commonwealth Acts. 

Conservation Significance 2: 

• Species not listed under State or Commonwealth Acts, but listed in publications 

on threatened fauna or as Priority species by CALM. 

Conservation Significance 3: 

• Species not listed under State or Commonwealth Acts or in publications on 

threatened fauna or as Priority species by CALM, but considered of local 

significance because of their pattern of distribution. 

 

At the highest level of conservation significance (Conservation Significance 1) are 

those species that are protected under State or Commonwealth legislation.   

 

The Environment Protection and Biodiversity Conservation Act 1999 (EPBC Act) is 

the Commonwealth Government’s primary piece of environmental legislation.  Listed 

under Part 3 of the EPBC Act are ‘matters of National Environmental Significance’ 

that include threatened species and ecological communities and migratory species, 

among others.  IUCN categories are used to categorise threatened species as ‘extinct’, 

‘extinct in the wild’, ‘critically endangered’, ‘endangered’, ‘vulnerable’ and 

‘conservation dependent’, with all categories except ‘extinct’ and ‘conservation 
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dependent’ listed as matters of National Environmental Significance.  A list of 

migratory species is also maintained, containing mostly bird and marine species.  The 

migratory species listed are those recognised under China-Australia Migratory Bird 

Agreement (CAMBA), the Japan-Australia Migratory Bird Agreement (JAMBA) or 

species listed under the Bonn Convention for which Australia is a range state.  

Species listed in JAMBA are also protected under Schedule 3 of the Western 

Australian Wildlife Conservation Act 1950. 

 

The Western Australian Wildlife Conservation Act 1950 (WA Wildlife Conservation 

Act) is State legislation for fauna protection administered by the Department of 

Environment and Conservation (DEC).  The WA Wildlife Conservation Act lists 

species under a set of Schedules, where threatened species are listed as Schedule 1.  

Schedule 1 species are further categorised by DEC into the IUCN categories ‘extinct’, 

‘extinct in the wild’, ‘critically endangered’, ‘endangered’, ‘vulnerable’ and 

‘conservation dependent’ species.  The schedules and categories are further described 

in Appendix 1.   

 

At the second-highest level of conservation significance (Conservation Significance 

2) are species that are listed under publications on threatened species, or are listed as 

Priority species by DEC. 

 

Reports on the conservation status of most vertebrate fauna species have been 

produced by the Department of the Environment and Heritage (DEH) in the form of 

Action Plans.  An Action Plan is a review of the conservation status of a taxonomic 

group against IUCN categories.  Action Plans have been prepared for amphibians 

(Tyler 1998), reptiles (Cogger et al. 1993), birds (Garnett and Crowley 2000), 

monotremes and marsupials (Maxwell et al. 1996), rodents (Lee 1995) and bats 

(Duncan et al. 1999).  These publications also use categories similar to those used by 

the EPBC Act.  The information presented in some of the earlier Action Plans may be 

out of date due to changes since publication. 

 

In Western Australia, DEC has also produced a list of Priority Fauna made up of 

species that are not considered Threatened under the WA Wildlife Conservation Act, 

but for which DEC feels there is cause for concern.  Levels of Priority are described 

in Appendix 1. 

 

At the third-highest level of conservation significance (Conservation Significance 3) 

are species that are not recognised under Federal or State legislation, listed in 

publications by DEH or listed as Priority species by DEC.  These are species 

considered to be of local significance in the study area because they are at the limit of 

their distribution in the area, they have a very restricted range or they occur in 

breeding colonies (e.g. some waterbirds).  This level of significance has no legislative 

or published recognition and is based on interpretation of information on the species 

patterns of distribution.  The WA Department of Environmental Protection (2000) 

used this sort of interpretation to identify significant bird species in the Perth 

metropolitan area as part of Bush Forever.  Recognition of such species is consistent 

with the aim of preserving regional biodiversity. 
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Site description 

 

 
Plate 1.  Vegetation present on the site.   

 

The study area is about 355ha close to existing mining activities (Figure 1).  The 
habitat is generally open tall shrubland.  The area is heavily grazed by goats and 
generally lacks understorey and leaf litter.  Some photographs of the area are given 
below. 
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Plate 2.  Vegetation present on the site.   

 

 
Plate 3.  Vegetation present on the site.   
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Plate 4.  Vegetation present on the site.   

 
 

Results 
 

The results of the database searches are given in Appendices 2, 3, 4 and 5.  These lists 

include all species identified by the searches, but are not complete lists of all species 

that may occur in the proposed development area.  All amphibians, reptiles, birds and 

mammals of conservation significance that are likely to occur on the site are listed and 

discussed below. 

 

Amphibians 
 

Although a number of frog species are expected to occur in the study area, there are 

no frogs of conservation significance likely to be present. 

 

Reptiles 
 

No reptiles were observed during the site visit, but evidence of goanna species were 

found as diggings and tracks at all surveyed locations.    There are two reptiles of 

conservation significance that have the potential to occur in the area, as listed and 

discussed below. 

 

Conservation Significance 1 

• Gilled Slender Blue-tongue   Cyclodomorphus branchialis 

This skink is listed under Schedule 1 (Vulnerable) of the WA Wildlife Conservation 

Act. 
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The Gilled Slender Blue-tongue is a small skink that is endemic to a small area of the 

mid-west coast between the Irwin River and the Murchison River.  This species 

inhabits semi-arid shrubland on heavy soils (Storr et al. 1999) and has been recorded 

from Mount Magnet in 2005 (DEC’s Threatened and Priority Species Database).  The 

study area is about 70km east of Mount Magnet, but as there is suitable habitat within 

the study area, the Gilled Slender Blue-tongue may be present.   

 

Conservation Significance 2 

• Skink      Lerista eupoda 

This skink is listed as Priority 1 by DEC. 

 

The skink Lerista eupoda is known only from the vicinity of Cue and Meekatharra 

and was described only in 1996 (Storr et al. 1999).  Wilson and Swan (2003) describe 

it as inhabiting open mulga areas on loamy soils.  This species has been recorded from 

Reedy (DEC’s Threatened and Priority Species Database), which is about 150km 

north of the study area.  Although the study area is outside of the known range of this 

species, Lerista eupoda could potentially occur in the area.    

 
Birds 
 

Twenty-two species of birds were observed in the study area during the site visit 

(Table 2).  Sixty-four bird species have been recorded from the general area by Birds 

Australia (Appendix 5).  Most of these species are common and widespread in semi-

arid regions of Western Australia.   

 

There are eleven bird species of conservation significance that have the potential to 

occur on the study area, as discussed below.  

 

Conservation Significance 1 

• Malleefowl     Leipoa ocellata 

This species is listed under Schedule 1 (Vulnerable) of the WA Wildlife Protection 

Act, and as Vulnerable under the EPBC Act.   

• Peregrine Falcon     Falco peregrinus 

This falcon is listed as Schedule 4 (other specially protected fauna) under the WA 

Wildlife Conservation Act. 

• Rainbow Bee-eater    Merops ornatus 

This species is listed as Migratory under the EPBC Act.   

• Fork-tailed Swift     Apus pacificus 

This species is listed under Schedule 3 of the WA Wildlife Conservation Act and as 

migratory under the EPBC Act.   

• Slender-billed Thornbill    Acanthiza iredalei iredalei 

This thornbill is listed as Vulnerable under the EPBC Act.   
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Table 2.  Birds observed in the study area during the site visit. 

 

Species 

Columbidae  (pigeons and doves) 

Common Bronzewing Phaps chalcoptera 

Crested Pigeon Ocyphaps lophotes 

Psittacidae  (parrots, lorikeets and rosellas) 

Australian Ringneck Barnardius zonarius 

Maluridae  (fairy-wrens, grasswrens and emu-wrens) 

Splendid Fairy-wren Malurus splendens 

Pardalotidae  (pardalotes, thornbills, gerygones and allies) 

Chestnut-rumped Thornbill Acanthiza uropygialis 

Yellow-rumped Thornbill Acanthiza chrysorrhoa 

Meliphagidae  (honeyeaters and chats) 

Singing Honeyeater Lichenostomus virescens 

Yellow-throated Miner Manorina flavigula 

Spiny-cheeked Honeyeater Acanthagenys rufogularis 

Pomatostomidae  (babblers) 

White-browed Babbler Pomatostomus superciliosus 

Pachycephalidae  (shrike-tits, whistlers and allies) 

Crested Bellbird Oreoica gutturalis 

Rufous Whistler Pachycephala rufiventris 

Grey Shrike-thrush Colluricincla harmonica 

Dicruridae  (flycatchers, magpie-larks and fantails) 

Willie Wagtail Rhipidura leucophrys 

Magpie-Lark Grallina cyanoleuca 

Campephagidae  (cuckoo-shrikes and trillers) 

Black-faced Cuckoo-Shrike Coracina novaehollandiae  

Artamidae  (woodswallows, butcherbirds, magpies) 

Black-faced Woodswallow Artamus cinereus 

Grey Butcherbird Cracticus torquatus 

Pied Butcherbird Cracticus nigrogularis 

Corvidae  (ravens and crows) 

Little Crow Corvus bennetti 

Hirundinidae  (swallows and martins) 

White-backed Swallow Cheramoeca leucosternus 

Tree Martin Hirundo nigricans 

 

 

The Malleefowl is a bird of dense shrub-lands, mulga woodlands and mallee 

woodlands, and used to be common in southern arid and semi-arid areas (Johnstone 

and Storr 1998).  In order to construct their nests (mounds), the Malleefowl needs leaf 

litter on sandy substrates (Garnett and Crowley 2000).  As Malleefowl nest on the 

ground, the eggs and flightless chicks are vulnerable to predation by introduced 

predators.  Other threatening processes include habitat loss and the fragmentation of 

remaining habitat, as well as the death of adults on roads (Garnett and Crowley 2000).  

There is a relatively recent record of the Malleefowl at Atley in 1995 (DEC’s 

Threatened and Priority Fauna Database), however, this species is unlikely to occur in 

the study area due to lack of suitable habitat.   
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The Peregrine Falcon may forage over the study area, and may nest in disused open 

pit areas.  If the Peregrine Falcon is present in the area, the study area would only be a 

part of a larger home range for a pair of birds.  The Peregrine Falcon has not been 

recorded in the area by Birds Australia (Appendix 5), but only a small number of 

surveys have been undertaken nearby.   

 

The Rainbow Bee-eater is a migratory species that moves southward in summer to 

breed.  This species is likely to occur in the study area and may breed in some of the 

embankments in the area.  As the Rainbow Bee-eater is common, the development of 

the study area is unlikely to significantly affect this species.   

 

The Fork-tailed Swift is a largely aerial species and its ecology in Western Australia 

is poorly known.   The effect of the development on this species is likely to be 

negligible.   

 

The Slender-billed Thornbill is a small insectivorous bird that occurs in disjunct 

populations in the semi-arid zone.  Inland, this species is very uncommon and inhabits 

chenopod shrublands around salt lakes (Johnstone and Storr 2004).  This species may 

occur in surrounding areas, but is unlikely to occur in the study area due to lack of 

suitable habitat.     

 

Conservation Significance 2 

• Australian Bustard    Ardeotis australis 

This species is listed as Priority 4 by DEC. 

• Bush Stone-Curlew    Burhinus grallarius 

This species is listed as Priority 4 by DEC. 

 

The Australian Bustard is a large bird that inhabits open plains.  There are old records 

of this species in the general area (DEC’s Threatened and Priority Fauna Database), 

but this species is more commonly recorded further north, in the Pilbara and Kimberly 

regions of Western Australia (Barrett et al. 2003).  However, the Australian Bustard is 

likely to occur in the study area, at least on occasion.  When present, this species is 

vulnerable to being killed on roads as it is slow to take flight. 

 

The Bush Stone-Curlew inhabits lightly timbered areas (Johnstone and Storr 1998) 

and is likely to occur in the study area.  This nocturnal species may be vulnerable to 

being hit by vehicles travelling after dark, as it is often present along roads. 

 

Conservation Significance 3 

• Grey Honeyeater    Conopophila whitei 

• Banded Whiteface   Aphelocephala nigricincta 

• Scarlet-chested Parrot   Neophema splendida 

• Inland Dotterel    Charadrius australis 

 

Four species have been listed above, for which there is little known and any records in 

the mid-west region are rare.  The Grey Honeyeater is a scarcely recorded bird of the 

arid mulga described by Storr (1985) as scarce and patchily distributed.  It may be at 

the western edge of its range in the region.   
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The Banded Whiteface is represented by very few records in the Murchison in Barrett 

et al. (2003).  Storr (1985) records the Banded Whiteface as generally scarce but 

locally common in good years.  It prefers stony country such as that found throughout 

the lease area.   

 

The Scarlet-chested Parrot is an irruptive species with a core range further to the east. 

Storr (1985) describes it as a rare vagrant with historical records in the region.  

Similarly, there are few records of the Inland Dotterel from the Murchison region in 

Barrett et al. (2003).  Storr (1985) describes the Inland Dotterel as uncommon and 

occurring in small numbers on sparsely vegetated plains or stony flats.   

 

Mammals 
 

Three mammals were observed during the site visit; the Euro (Macropus robustus), 

the introduced European Rabbit (Oryctolagus cuniculus) and Goat (Carpa hircus).  

There are two mammals of conservation significance that may once have occurred in 

the proposed development area.  Each species is listed and discussed below. 

 

Conservation Significance 1 

• Bilby      Macrotis lagotis 

This species is listed as Vulnerable under the EPBC Act and under Schedule 1 

(Vulnerable) of the WA Wildlife Conservation Act. 

 

The Bilby was once widespread in Western Australia, and was recorded from 

Windimurra in 1854 (DEC’s Threatened and Priority Fauna Database).  This species 

is now locally extinct so will not be present in the study area.   

 

Conservation Significance 2 

• Ghost Bat      Macroderma gigas 

This species is listed as Vulnerable under the EPBC Act and under Schedule 1 

(Vulnerable) of the WA Wildlife Conservation Act. 

 

There is an old record of the Ghost Bat from Wydgee in 1854 (DEC’s Threatened and 

Priority Fauna Database).  This species is now locally extinct so will not be present in 

the study area.   

 

Threatened Invertebrates 
 

Although this report focuses on vertebrate species, there is one invertebrate of 

conservation significance listed on DEC’s Threatened and Priority Fauna Database for 

the area.   

 

Conservation Significance 1 

• Shield-backed Trapdoor Spider   Idiosoma nigrum 

Act. 

 

This spider is listed under Schedule 1 (Vulnerable) of the WA Wildlife Conservation 
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The Shield-backed Trapdoor Spider has been recorded from Oudabunna in 1955 and 

Brown’s Soak in 1957 (DEC’s Threatened and Priority Fauna Database).  This spider 

occurs throughout the mid-west of Western Australia, but much of its habitat has been 

cleared for agriculture (Burbidge 2004).  The Shield-backed Trapdoor Spider 

constructs a silk-lined burrow with a fan of twigs attached to the rim, usually arranged 

in two bundles (Burbidge 2004).  Burrows are usually located in Acacia woodland on 

granitic soils, or sometimes in eucalypt woodlands on heavy soils (Burbidge 2004).  

This species is unlikely to occur in this area as much of the habitat is very degraded 

and lacks leaf litter.   

 

Summary and recommendations 
 

At the time of the site visit, conditions were dry and had been dry for an extended 

period.  The soil under rocks and leaf litter was very dry and there was little 

invertebrate activity.  These conditions were not conducive to finding vertebrate 

fauna.  

 

However, there are one reptile, five birds and one mammal of conservation 

significance 1 that may occur in the area.  There are also one reptile, two birds and 

one mammal of conservation significance 2 that may occur in the study area.  The 

majority of these species are unlikely to occur as they are either locally extinct in the 

area, there is no suitable habitat present in the study area, or the habitat available is 

degraded.  No species of conservation significance (or evidence of such species) were 

observed during the site visit. 

 

In order to preserve some of the fauna values of the study area, it is recommended that 

the minimum amount of native vegetation is cleared.  After mining activities have 

ceased, the areas cleared should be re-vegetated appropriately.  As goats are having a 

large adverse impact on the vegetation in the area, a programme to exclude these 

animals from some areas of native vegetation would be beneficial to the native fauna 

of the area.   
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Appendix 1.  Categories used in the assessment of conservation status. 

 

Environmental Protection and Biodiversity Conservation (EPBC) Act and/or the 

WA Wildlife Conservation Act 

 
Schedule 1: Fauna that are rare or likely to become extinct. 
Schedule 2: Fauna presumed to be extinct. 
Schedule 3: Migratory birds that are listed under JAMBA. 

Schedule 4: Other specially protected fauna. 

 
Extinct: Taxa not definitely located in the wild during the past 50 years. 
Extinct in the wild: Taxa known to survive only in captivity. 
Critically Endangered: Taxa facing an extremely high risk of extinction in the wild in the 
immediate future. 
Endangered: Taxa facing a very high risk of extinction in the wild in the near future. 
Vulnerable: Taxa facing a very high risk of extinction in the wild in the medium-term future. 
Near Threatened: Taxa that risk becoming Vulnerable in the wild. 
Conservation Dependent: Taxa whose survival depends upon ongoing conservation 
measures.  Without these measures, a conservation dependent taxon would be classed as 
Vulnerable or more severely threatened. 
Data Deficient: Taxa suspected of being Rare, Vulnerable or Endangered, but whose true 
status cannot be determined without more information. 
Least Concern: Taxa that are not Threatened. 

 

WA Department of Environment and Conservation Priority species (species not 

listed under the Conservation Act, but for which there is some concern). 

 
Priority 1: Taxa with few, poorly known populations on threatened lands. 
Taxa which are known from few specimens or sight records from one or a few localities on 
lands not managed for conservation, e.g. agricultural or pastoral lands, urban areas, active 
mineral leases.  The taxon needs urgent survey and evaluation of conservation status before 
consideration can be given to declaration as threatened fauna. 
 
Priority 2: Taxa with few, poorly known populations on conservation lands. 
Taxa which are known from few specimens or sight records from one or a few localities on 
lands not under immediate threat of habitat destruction or degradation, e.g. national parks, 
conservation parks, nature reserves, State forest, vacant Crown land, water reserves, etc.  
The taxon needs urgent survey and evaluation of conservation status before consideration 
can be given to declaration as threatened fauna. 

 
Priority 3: Taxa with several, poorly known populations, some on conservation lands. 
Taxa which are known from few specimens or sight records from several localities, some of 
which are on lands not under immediate threat of habitat destruction or degradation.  The 
taxon needs urgent survey and evaluation of conservation status before consideration can be 
given to declaration as threatened fauna. 
 
Priority 4: Taxa in need of monitoring.  
Taxa which are considered to have been adequately surveyed, or for which sufficient 
knowledge is available, and which are considered not currently threatened or in need of 
special protection, but could be if present circumstances change.  These taxa are usually 
represented on conservation lands. 
 
Priority 5: Taxa in need of monitoring.  
Taxa which are not considered threatened but are subject to a specific conservation program, 

the cessation of which would result in the species becoming threatened within five years. 
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Appendix 2.  Species listed for the area 28.246° to 28.334°S and 118.472° to 

118.573°E on the EPBC Protected Matters Search Tool, excluding listed marine 

species. 
 

Species Status Author’s Comment 

Slender-billed Thornbill 

Acanthiza iredalei iredalei 
Vulnerable 

Not likely to occur in the study area 

due to lack of suitable habitat. 

Rainbow Bee-eater 

Merops ornatus 
Migratory Likely to occur in the study area. 

Great Egret 

Ardea alba 
Migratory 

Not likely to occur in the study area 

due to lack of suitable habitat.   

Fork-tailed Swift 

Apus pacificus 
Migratory May overfly study area. 
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Appendix 3.  Species listed for the area 27.25301° to 29.28293°S and 117.59189° to 

119.45911°E on the DEC Threatened and Priority Fauna Database. 

 

Species Status Author’s Comment 

Bilby 

Macrotis lagotis 

Schedule 1: 

Vulnerable 

DEC record from Windimurra in 1854.  This 

species is now locally extinct. 

Malleefowl 

Leipoa ocellata 

Schedule 1: 

Vulnerable 

DEC records from Paynes Find (1954) and 

Atley (1995). 

Gilled Slender Blue-tongue 

Cyclodomorphus branchialis 

Schedule 1: 

Vulnerable 

DEC records from Mount Magnet in 1995.  

This species may occur in the study area.   

Shield-backed Trapdoor Spider 

Idiosoma nigrum 

Schedule 1: 

Vulnerable 

DEC records from Oudabunna (1955) and 

Brown’s Soak (1957).  This species may 

occur in the study area.   

skink 

Lerista eupoda 
Priority 1 

DEC records from Reedy in 1990 and 1998. 

This species may occur in the study area.     

Ghost Bat 

Macroderma gigas 
Priority 4 DEC record from Wydgee in 1854. 

Australian Bustard 

Ardeotis australis 
Priority 4 

DEC record from Sandstone (1974), Wanarie 

(1974) and Paynes Find (1983). This species 

may occur in the study area. 

Hooded Plover 

Charadrius rubricollis 
Priority 4 

DEC record from Lake Barlee (1992) and 

Lake Austin (2000).  This species will not 

occur in the study area due to lack of suitable 

habitat. 
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Appendix 4.  Specimens listed for the area 28°00’ to 28°25’S and 118°13’ to 

118°49’E on Faunabase (WA Museum).  Note that this list represents specimens 

collected in the area and not a complete list of the fauna that occur in the area. 
 
Amphibians 

 
No records 

 
 
Reptiles 
 

Agamidae 
Tympanocryptis cephala Pebble Dragon 
 

Elapidae 
Pseudechis australis Mulga Snake 
Pseudonaja modesta Ringed Brown Snake 

Pseudonaja nuchalis Gwardar 
Suta fasciata  Rosen’s Snake 
 

Gekkonidae 
Heteronotia binoei  Bynoe’s Gecko 
Nephrurus vertebralis 

Strophurus strophurus Western Spinytailed Gecko 
Strophurus wellingtonae 
 

Scincidae 
Ctenotus schomburgkii 
Lerista muelleri 

 
Varanidae 
Varanus gouldii  Gould’s Goanna 

 

Birds 

 
Acanthizidae 
Acanthiza robustirostris Slaty-backed Thornbill 
 

Climacteridae 
Climacteris affinis  White-browed Treecreeper 
 

Cracticidae 
Cracticus tibicen  Australian Magpie 
 

Maluridae 
Amytornis textilis  Thick-billed Grasswren 
 

Meliphagidae 
Certhionyx niger  Black Honeyeater 
Phylidonyris albifrons White-fronted Honeyeater 

 
Petroicidae 
Petroica cucullata  Hooded Robin 

 
 
 

Mammals 
 
No records 
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Appendix 5.  Birds listed for the area 28°00’ to 28°25’S and 118°13’ to 118°49’E 

on the Birds Australia New Atlas.  Note that this list represents observations of birds 

present in the area and not necessarily a complete list of the birds that occur in the 

area.   

 

Species 
 Number of 

sightings from 25 
surveys 

Emu Dromaius novaehollandiae 4 

Black Swan Cygnus atratus 1 

Australian Shelduck Tadorna tadornoides 1 

Collared Sparrowhawk Accipiter cirrhocephalus 1 

Wedge-tailed Eagle Aquila audax 4 

Little Eagle Hieraaetus morphnoides 1 

Brown Falcon Falco berigora 1 

Nankeen Kestrel Falco cenchroides 5 

Red-capped Plover Charadrius ruficapillus 1 

Banded Lapwing Vanellus tricolor 1 

Silver Gull Larus novaehollandiae 1 

Crested Pigeon Ocyphaps lophotes 7 

Diamond Dove Geopelia cuneata 1 

Galah Cacatua roseicapilla 4 

Cockatiel Nymphicus hollandicus 1 

Australian Ringneck Barnardius zonarius 2 

Mulga Parrot Psephotus varius 3 

Budgerigar Melopsittacus undulatus 2 

Pallid Cuckoo Cuculus pallidus 4 

Black-eared Cuckoo Chrysococcyx osculans 1 

Horsfield's Bronze-Cuckoo Chrysococcyx basalis 1 

Tawny Frogmouth Podargus strigoides 1 

Variegated Fairy-wren Malurus lamberti 2 

White-winged Fairy-wren Malurus leucopterus 1 

Weebill Smicrornis brevirostris 1 

Inland Thornbill Acanthiza apicalis 1 

Chestnut-rumped Thornbill Acanthiza uropygialis 9 

Slaty-backed Thornbill Acanthiza robustirostris 2 

Yellow-rumped Thornbill Acanthiza chrysorrhoa 5 

Southern Whiteface Aphelocephala leucopsis 6 

Spiny-cheeked Honeyeater Acanthagenys rufogularis 15 

Yellow-throated Miner Manorina flavigula 13 

Singing Honeyeater Lichenostomus virescens 18 

Brown Honeyeater Lichmera indistincta 1 

White-fronted Honeyeater Phylidonyris albifrons 2 

Pied Honeyeater Certhionyx variegatus 3 

Crimson Chat Ephthianura tricolor 5 

White-fronted Chat Ephthianura albifrons 1 

Red-capped Robin Petroica goodenovii 7 

Hooded Robin Melanodryas cucullata 4 

Grey-crowned Babbler Pomatostomus temporalis 4 

White-browed Babbler Pomatostomus superciliosus 2 

Chestnut-breasted Quail-thrush Cinclosoma castaneothorax 1 

Varied Sittella Daphoenositta chrysoptera 1 

Crested Bellbird Oreoica gutturalis 16 

Rufous Whistler Pachycephala rufiventris 7 

Grey Shrike-thrush Colluricincla harmonica 6 
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Appendix 5 (cont.) 

 

Species 
 Number of 

sightings from 25 
surveys 

Magpie-Lark Grallina cyanoleuca 4 

Grey Fantail Rhipidura fuliginosa 1 

Willie Wagtail Rhipidura leucophrys 10 

Black-faced Cuckoo-Shrike Coracina novaehollandiae 5 

White-winged Triller Lalage sueurii 2 

Black-faced Woodswallow Artamus cinereus 12 

Little Woodswallow Artamus minor 1 

Grey Butcherbird Cracticus torquatus 10 

Pied Butcherbird Cracticus nigrogularis 8 

Australian Magpie Gymnorhina tibicen 4 

Little Crow Corvus bennetti 7 

Torresian Crow Corvus orru 1 

Western Bowerbird Chlamydera guttata 2 

Richard's Pipit Anthus novaeseelandiae 4 

Zebra Finch Taeniopygia guttata 6 

Welcome Swallow Hirundo neoxena 5 

Tree Martin Hirundo nigricans 1 
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1. SUMMARY 
Windimurra Vanadium Limited plan to recommission the Windimurra Vanadium Project in 
the Murchison Region of Western Australia.  The mine will consist of an open pit 4,000 
metres in length at the surface, 290 metres in width and 90 metres in depth.  Small volumes of 
water have been encountered during previous mining operations and recent exploration 
drilling.  Groundwater, when encountered, has been at depths of 35 to 40 metres which 
corresponds with the base of weathering.  Material below the weathered zone is of low 
porosity.  Dewatering bores are not expected to be required given the confined nature of the 
aquifer.  
 
A stygofauna sampling survey was conducted by MBS Environmental in January 2008.  This 
survey comprised sampling of eight monitoring bores using 50 micron and 150 micron mesh 
nets.  A total of six samples were taken from each monitoring bore in accordance with 
Guidance Statement 54a (Environmental Protection Authority, 2007). 
 
Stygofauna specimens were found in one of the eight monitoring bores sampled.  Preliminary 
identification indicates that the specimens are of the superorder Syncarida.  Dr Brenton Knott 
of the Zoology Department of the University of Western Australia has been engaged to 
undertake detailed identification of collected specimens.  At the time of writing, further 
identification had not yet been undertaken and no conclusions as to the genus or species of 
these specimens can be made.   
 
The monitoring bore in which stygofauna were found is located approximately 900 metres to 
the north-west of the proposed pit.  This monitoring bore has been drilled in Tertiary 
sedimentary geology comprising ferricrete and calcrete.  This type of geology will not be 
intercepted during mining operations.  No stygofauna were found in any monitoring bores that 
occur in the geology in which the orebody occurs. 
 
It can be concluded from this survey that stygofauna occur in the Tertiary sedimentary cover 
that comprises gravels, clays and calcrete.  Stygofauna appear to be absent from the gabbros 
that constitute the orebody geology.  It is considered as such that mining of this area will have 
minimal impact on stygofauna. 
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2. BACKGROUND INFORMATION 
The Windimurra Vanadium Project is situated some 600 kilometres northeast of Perth in 
Western Australia.  The deposit is approximately 80 kilometres southeast of Mount Magnet, 
the closest town, in the Murchison region of Western Australia (Figure 1).  Mining and 
processing infrastructure for the Windimurra Vanadium Project is located on Mining Leases 
58/178, 58/279 and 58/280.  Figure 2 shows the layout of the site including tenements and 
infrastructure.   
 
The owner of the project is Mid West Vanadium Pty Ltd (MWVPL), a joint venture between 
Windimurra Vanadium Limited (WVL), who owns 90% of MWVPL and is responsible for 
development and mining of the project, and Noble Resources Limited, who own 10% of 
MWVPL and are responsible for marketing. 
 
The Windimurra Vanadium Project was originally subject to approval under the 
Environmental Protection Act 1984.  A Public Environmental Report was prepared in 1992 
with amendments made in 1998.  The project was approved and operated under Ministerial 
Statement 481 and commenced operations in 1999.  The project was then closed in 2004.  In 
order to recommission the mine, discussions were held with the Environmental Protection 
Authority (EPA).  It was determined that the majority of changes to the project could be 
approved under a Section 45C application.  However, issues relating to land clearing and 
mining below the water table were deemed to require further assessment.  In a letter dated 15 
October 2007 the EPA advised that they thought it would be appropriate to utilise an 
expedited assessment process, specifically an Environmental Protection Statement (EPS), to 
assess the impacts related to these issues.  This stygofauna survey was completed as part of the 
requirements of the EPS. 
 
It is proposed to mine a pit 4,000 metres in length at the surface, 290 metres in width and 90 
metres in depth using traditional bench mining by excavator.  Blasting will occur as needed, 
initially to blast silicified surface caprock overlying the oxide ore, and also when mining takes 
place below the weathered/oxidised zone (about 40 metres depth).  The proved and probable 
mining reserve is 79 million tonnes with annual mining rates expected to be 3.9 million tonnes 
per annum.   
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3. OBJECTIVES 
The objectives of this survey are to: 

• Describe the geology, hydrogeology and the likely presence of stygofaunal habitat within 
the geological formations within the Windimurra Vanadium project. 

• Undertake a stygofauna sampling survey to determine the presence or absence of 
stygofauna within the planned mining area. 

• Discuss the potential impacts on stygofauna as a result of mining and measures to avoid, 
manage and monitor these potential impacts. 

• Provide technical data for the Environmental Protection Statement. 
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4. CLIMATE 

4.1.1 Rainfall and Evaporation 
The rainfall at Windimurra is similar to that at Challa Station (2.2 kilometres west of 
Windimurra), based on measurements taken in 1998 and 1999 at both locations.  The long-
term average rainfall at Challa is 212 millimetres per annum and at Mt Magnet is 239 
millimetres per annum (Table 1).  There is a relatively even spread of values from January to 
August because of occasional heavy falls in summer/autumn, associated with barometric 
depressions following cyclonic activity. 
 
The annual evaporation rate averages 3,200 millimetres per year (Bureau of Meteorology, 
1988; Table 1) which exceeds average rainfall by a factor of more than 10. 
 

Table 1: Long-Term Mean Rainfall and Pan Evaporation 

 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual 

Challa 
Mean Rainfall (mm) 20.9 24.2 23.6 17 24.4 29.8 25.4 17.6 7.1 6.5 6.5 10.6 211.9 

Mt Magnet Mean 
Rainfall (mm) 23.2 29.5 24.9 18.7 25.4 31.5 27.7 20.1 9.3 7.6 8.7 12 238.6 

Mt Magnet  
Mean Pan 
Evaporation (mm) 

480 410 370 240 165 102 107 140 195 320 370 460 3360 

 
Measured rainfall data for the period 1999 to 2006 are listed in Table 2.  Annual rainfall was 
above average in five years, 1998 to 2001 and 2003 and below average in 2002, 2004 and 
2005.  In all cases, the above-average rainfall was the result of strong summer/autumn rains. 
 

Table 2: Monthly Rainfall 1999-2006 at Challa Station 

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual 

1998 0 0 0 11 23.4 29 50.4 48 1.2 1.4 3 68.6 236 
1999 31.4 3 92 7.8 58 15 19 0.4 2 3.2 22.8 27.4 282 
2000 42 26.4 100.6 28.8 0 5.6 2 25 6.4 0 1.4 34.6 272.8 
2001 86 63 25 13.4 5.4 4.2 16 11 5.8 15.3 13.6 40 298.7 
2002 31 0 11.4 20 13 14.2 4.8 12.6 4.2 1.4 6 14.4 133 
2003 50.8 31.2 49.4 17.2 14.2 18 6.8 21 6.7 2 33.8 0 251.1 
2004 10.6 29.3 4.4 26.6 16.4 1.6 67.2 1.8 5.8 3 4.4 0 171.1 
2005 0 0.2 4.2 4.4 62.3 41.6 5.2 7.8 11.9 0.2 0 0 137.8 
2006 105.2 51.3 98           

 Readings are in millimetres 
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4.1.2 Temperature 
Temperatures and evaporation rates in the region are relatively high.  The average monthly 
maximum temperature exceeds 30 degrees Celsius from November to March inclusive and the 
daily maximum temperature often exceeds 40 degrees Celsius. 
 
In autumn and spring, the average monthly maximum temperatures are above 23 degrees 
Celsius while in winter the average maximum temperatures are about 20 degrees Celsius. 
 

4.1.3 Wind 
In the morning, north-easterly winds predominate, particularly during summer.  Easterly to 
south-easterly winds also frequently occur.  In contrast, westerly winds are infrequent and tend 
to be relatively light with speeds of one to 20 kilometres per hour.  South-easterly winds 
dominate in the afternoon, with easterly and north-easterly winds also common.  
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5. EXISTING ENVIRONMENT 

5.1 REGIONAL SETTING 
The project is located within the western section of the Murchison IBRA region (Environment 
Australia, 2000).  The physiography of the Windimurra region falls into the "salinaland" 
category (ARMCANZ, 1995).  The terrain is generally flat and drainage is entirely internal 
with the formation of salt pans to the east of Wagoo Hills.  The elevation of the mine and plant 
sites averages from 450 metres to 470 metres above sea level. 
 
The main physiographic components of the project area are: 

• The Hawkstone Ridge area, where the orebody is located. 

• The Wagoo Hills. 

• Clay and calcrete flats between and surrounding these areas. 
 
The physiographic attributes are explained in detail in the EPS. 
 
 

5.2 GEOLOGY AND HYDROGEOLOGY 

5.2.1 Regional Geology 
Bedrock in the Windimurra area comprises a belt of mafic intrusive rocks – mainly gabbro and 
some magnetite-bearing intrusives – within a broad area of intrusive granitoid.  These are all 
of Archaean age (Rockwater, 2006).  
 
A palaeodrainage system runs north-westerly on the eastern side of the deposit then turns to 
run south-westerly on the western side of the deposit.  It follows approximately the course of 
an ancient valley, about 130 metres deep, now filled with alluvial deposits.  The profile of 
these deposits (from the base up) is typically 20 to 40 metres of sand and silt, 60 to 80 metres 
of clay, and 10 to 15 metres of alluvium, calcrete and ferricrete. 
 
The palaeochannel system is more than ten kilometres from the proposed pit (Figure 3) and 
will not be impacted by mining activities. 



Windimurra Vanadium

Figure 3

Location of 
Palaeodrainage System
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5.2.2 Windimurra Project Geology and Ore Resource 
The vanadium mineralisation occurs within a magnetite rich horizon - the Shephards 
Discordant Zone (SDZ) located on the eastern side of a large gabbroic intrusion known as the 
Windimurra Complex.  The magnetite horizon extends for a strike length of over 25 
kilometres, five kilometres of which has been tested by drilling.   
 
The resource takes the form of a shallow, 35 degree west dipping cumulate layered intrusive 
with up to 50 separate magnetite bands between five centimetres to two metres thick separated 
by magnetite gabbro/leucogabbro and rare anorthosite pods.  Economic mineralisation extends 
to surface with a mineable width of up to 150 metres.  Weathering extends to depths of about 
40 metres over much of the strike length of the deposit.   
 
WVL began evaluating the resource in 1988 and have undertaken several extensive 
exploration programmes.  Almost 14,700 metres of RC drilling and almost 1,400 metres of PQ 
and HQ diamond core drilling has taken place.  Eight twinning holes have been placed with 
good correlations throughout.  Nine trenches up to five metres deep for a combined length of 
1,204 metres have been excavated from footwall to hanging wall of the deposit and a detailed 
study of variation in vanadium concentrate from hanging wall to footwall has also been carried 
out. 
 
The Windimurra Vanadium deposit contains a measured resource of 79 megatonnes at 0.47% 
vanadium pentoxide (V2O5).  Estimates of the inferred resource beneath the mineral rich 
oxidised zone are expected to extend the life of the mine beyond this.  The combined resource 
in all categories (including the Proven Reserve) is 148.82 megatonnes at 0.46% V2O5 (July 
2007 Windimurra Vanadium Resource Estimate – Coffey Mining). 
 
These resource estimates have been prepared in accordance with the JORC code and are based 
on the results of the previous drilling program completed up to and including January 2007. 
 
 

5.3 AQUIFER DESCRIPTION 
There is no interstitial porosity in the fresh igneous (crystalline) rocks therefore any 
groundwater would be contained in rock fractures, or vugs occurring as a result of dissolution 
of mineral matter.   
 
Drilling operations into the mineral deposit of the Windimurra mine has comprised 24 reverse 
circulation drill holes to depths in the range of 100 to 164 metres in which no groundwater has 
been encountered.  This indicates that rock fractures or vugs are absent from the rock at the 
Windimurra mine.  Minor groundwater was reported in three drill holes.  Water occurred at 
the weathered–unweathered contact of two holes and at one hole near the base of drilling in 
the fresh bedrock.  The other 21 holes were reported to be dry (Rockwater, 2008). 
 
Given that the minor water intersections occurred at depths greater than 40 metres and the 
standing water levels are at depths of 17 to 39 metres, the groundwater is confined i.e. 
submerged beneath impermeable confining material such as clay and unfractured rock, and 
there is no water table as occurs in unconfined aquifers (Rockwater, 2008). 
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Stygofauna are most common in aquifers with significant void space above and below the 
water table, such as calcrete aquifers.  The aquifer conditions at the Windimurra mine 
(Hawkestone Pit) comprise bedrock and are therefore not favourable for stygofauna.  In the 
present case, the minor aquifer material is interpreted to be low-porosity clay and weathered 
bedrock, and minor fractures at depth in crystalline rock.  There would appear to be small 
likelihood of substantial stygofauna populations, and if there were, they would also exist in 
similar mafic rocks that are common in the district (Rockwater, 2008). 
 
 

5.4 GROUNDWATER 
Groundwater in the vicinity of the pit and plant infrastructure is located within an unconfined 
fractured rock aquifer in the bedrock.  The water table is approximately 30 to 40 metres below 
the ground surface.   
 
A palaeochannel is located some three kilometres to the north and east of the mine and ore 
processing area.  Groundwater in the palaeochannel consists of three main aquifers and it is 
from these that all water required for the project is drawn.  Stygofauna is known to be present 
within these aquifers.  Impacts on these populations has been assessed by regulatory 
authorities as part of project environmental approvals.   
 
Monitoring bores have been installed in the processing plant and waste disposal facility areas 
during previous operations and as part of baseline studies for recommencement of the project.  
The location of these bores was reviewed as part of this stygofauna assessment to develop a 
sampling program.  Monitoring bores TSMB1 to TSMB5 are considered to be representative 
of the area potentially impacted by mining operations. 
 

5.4.1 Water Levels 
Water levels have been measured by WVL in each of the TSF monitoring bores.  Water levels 
vary between about 18 to 36 metres below ground level.  Water levels for these bores are 
shown in Appendix 1. 
 

5.4.2 Water Quality 
Groundwater quality was tested by WVL in the second and third quarters of 2007 in each of 
the monitoring bores surrounding the TSF.  Water quality ranged from brackish to saline, 
neutral to alkaline at the monitoring bore sites.  Groundwater quality results are attached as 
Appendix 2 and summarised in Table 3. 
 

Table 3: Groundwater Quality 
Range Parameter Unit Lower Upper Average 

pH pH units 6.6 8.5 7.48 
Conductivity (EC) mS/cm 0.1 14.00 2.77 
Total Dissolved Solids mg/L 1,170 10,140 5,011 
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6. DEWATERING 
Estimates of water supply likely to be possible from the pit area are in the order of 1.2 to 2.3 
litres per second (Rockwater, 1991).  Water quality analysis indicates salinities of 1,100 to 
11,000 milligrams per litre Total Dissolved Solids.   
 
Preliminary hydrological investigations do not indicate the need for installation of production 
bores to dewater ahead of mining activities below the base of weathering.  Groundwater, when 
encountered, will be managed in the same manner as used by previous operations by directing 
it into sumps within the pit where it will be removed for re-use by portable pumps.  If larger 
volumes are encountered than can be re-used within mining operations, water will be re-used 
within ore processing operations and abstraction from the bore field will be reduced to 
compensate. 
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7. STYGOFAUNA SURVEY METHODOLOGY 

7.1 SAMPLING LOCATIONS 
A total of eight monitoring bores in the vicinity of the Hawkestone Pit were sampled in 
January 2008.  Sampling was specifically aimed at establishing the presence or absence of 
stygofauna in the immediate vicinity of the Hawkestone Pit.   
 
Table 4 provides details regarding the location of each of the sampling points.  Figure 4 shows 
the locations sampled.  Construction details of each monitoring bore are presented in 
Appendix 1. 
 

Table 4: Stygofauna Sampling Locations 

Monitoring 
Bore Name 

Distance from 
Proposed Pit 

(metres) 
Underlying Geology 

Depth to 
Water 

(metres) 

TSMB1 45 0 – 8 metres Ferricrete 
8 – 34 metres Clay / Weathered Gabbro 
34 – 50 metres Fresh Gabbro 

31.82 

TSMB2 40 0 – 18 metres Ferricrete 
18 – 38 metres Clay / Weathered Gabbro 
38 – 50 metres Partially weathered Gabbro 

34.29 

TSMB3 17 0 – 4 metres Ferricrete 
4 – 14 metres Calcrete 
14 – 36 metres Weathered Gabbro 
36 – 44 metres Partially weathered Gabbro 

35.98 

TSMB4 0 0 – 4 metres Calcrete 
4 – 22 metres Weathered Gabbro 
22 – 40 metres Partially weathered Gabbro 
40 – 42 metres Fresh Gabbro 

35.23 

TSMB5 45 0 – 8 metres Ferricrete 
8 – 36 metres Weathered Gabbro 
36 – 46 metres Partially weathered Gabbro 
46 – 50 metres Fresh Gabbro 

37.01 

TSMB8 1132 0 – 30 metres Ferricrete / Calcrete 
30 – 35 metres Weathered Gabbro 

19.07 

TSMB9 895 0 – 35.5 metres Ferricrete / Clay 18.83 
TSMB10 430 0 – 14 metres Ferricrete 

14 – 40 metres Weathered Gabbro 
25.40 

 



Figure 4: Monitoring Bore Locations
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7.2 SAMPLING METHOD 
Sampling was undertaken to depths of up to 52 metres below ground level in accordance with 
the guidelines set out in Guidance Statement 54a (Environmental Protection Authority, 2007).  
The following sampling method was employed: 
 
The water column of selected bores was sieved a total of six times for each bore comprising of 
three times with a 150 micron mesh net and three times with a 50 micron mesh net.  Nets 
similar to the nets used by the Department of Environment (previously the Department for 
Conservation and Land Management (CALM)) for the Pilbara Biological Survey, were used.   
 
The CALM Pilbara Biological Survey methodology was used as a basis for this survey as 
follows: 

1. Insert 150 micron net into bore and lower slowly to the base. 

2. Pull net up and down six times, approximately one metre, to gently agitate the 
sediment/benthos. 

3. Slowly and steadily retrieve the net. 

4. At the surface, wash net down with isotonic water to ensure all organics are flushed 
into the vial. 

5. Decant excess water off sample through net. 

6. Repeat steps 4 and 5 until the entire sample has been collected in the vial. 

7. Leave approximately ¼ of vial with air to ensure any animals remain alive until the 
samples can be inspected. 

8. Remove the vial from the net and label with bore ID, location, repetition number, 
date and collector. 

9. Store samples upright in an esky with ice bricks. 

10. Repeat steps one to nine until three samples are collected using the 150 micron 
mesh net then repeat steps one to nine using a 50 micron mesh net until three 
samples are collected. 

 
 

7.3 IDENTIFICATION METHODOLOGY 
Samples were flown to Perth and visually screened and sorted by MBS Environmental under 
the supervision of Dr Brenton Knott at the University of Western Australia.  Any specimens 
found were then provided to Dr Brenton Knott to undertake detailed inspection.  At the time of 
writing, specimens had not yet undergone this detailed inspection.  A magnification of 16 to 
40 times was used for initial screening and a magnification of 100 to 1,000 times will be used 
for species identification. 
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8. RESULTS AND DISCUSSION 
Stygofauna were found in one of the eight monitoring bores surveyed, namely TSMB9.  
Preliminary identification undertaken during screening recorded 12 specimens of a species of 
syncarid.  No further information is available on these specimens until further identification is 
completed. 
 
TSMB9 occurs approximately 800 metres to the north-west of the pit.  Geological logging 
undertaken during drilling of TSMB9 indicates that the geology at this location consists of 
ferricrete (an iron rich capping rock) and clay from 0 to 26 metres and ferricrete and calcrete 
from 26 metres to the base of the borehole (35.5 metres).  This indicates that the hole has been 
drilled in Tertiary sedimentary cover similar to the geology that occurs in the palaeochannel, 
instead of the bedrock in which the pit will be developed. 
 
The presence of stygofauna in TSMB9 and absence at all other sampled sites indicates 
stygofauna are present in gravel and clay tertiary materials, but not in the orebody rocks.  
Calcrete geologies, such as that surrounding TSMB9, will not be disturbed by development of 
the open pit.  TSMB1 to TSMB5 are drilled directly into bedrock with no Tertiary cover 
material.  This indicates that the orebody materials do not provide a viable habitat for 
stygofauna.   
 
At the request of MBS Environmental, Dr Brenton Knott has undertaken a desktop assessment 
of the hydrogeology of the proposed pit area at Windimurra.  It is his opinion based on the 
geological description of the area provided by Rockwater and Windimurra Vanadium, that 
stygofauna is not expected to be found in the ore deposit as suitable habitat is not present to 
sustain stygofaunal populations.  A copy of Dr Knott’s expert opinion is provided in Appendix 
3. 
 
Groundwater inflow to, and subsequent dewatering of, the pit will be insignificant.  There is 
not expected to be any drawdown effect on the surrounding water table.  As such, it is unlikely 
stygofaunal populations within the groundwater of areas of appropriate habitat (i.e. calcrete 
geologies) will be impacted. 
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9. CONCLUSION 
After preliminary identification, the stygofauna survey indicated that syncarid species occur 
within the vicinity of the Hawkestone Pit, however were not found in the target geology of the 
mining area.   
 
Based on the stygofauna results to date and the geology and hydrogeology of the Windimurra 
Project Area, it may be concluded that there will be minimal impacts on stygofauna due to the 
following: 

• Stygofauna are present within Tertiary sedimentary cover consisting of ferricrete and 
calcrete, but appear to be absent from the orebody materials.  The Tertiary sedimentary 
materials will not be impacted during this project. 

• Little to no dewatering will occur during mining operations resulting in very little effect 
on the unconfined aquifer system.  
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APPENDIX 1: 
MONITORING BORE CONSTRUCTION DETAILS 
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Monitoring Bore Construction Details 

Bore ID Easting 
(MGA94) 

Northing 
(MGA94) 

Ground 
Level 

(mRL) 

Hole depth 
(m) 

Static Water 
Level 
(m) 

Casing 
Height 

(m) 

Diameter 
(m) 

Volume 
(m3) 

TSMB1 649557.419 6870010.479 464.982 51.75 31.82 19.93 0.08 0.1002 
TSMB2 649736.424 6869678.466 467.444 49.20 34.29 14.91 0.08 0.0749 
TSMB3 650018.433 6869222.446 470.171 47.92 35.98 11.94 0.08 0.0600 
TSMB4 650186.439 6868931.433 470.137 44.55 35.23 9.32 0.08 0.0468 
TSMB5 650311.442 6868528.417 473.718 50.17 37.01 13.16 0.08 0.0661 
TSMB8 648413.416 6870705.5 453.576 35.00 19.07 15.93 0.08 0.0801 
TSMB9 648681.414 6870705.501 451.854 36.05 18.83 17.22 0.08 0.0866 
TSMB10 649120.413 6870565.498 458.686 40.20 25.40 14.80 0.08 0.0744 



 

Windimurra\Stygofauna\2008 Pit Investigations\2008 Stygofauna Report Final 
 
 

APPENDIX 2: 
MONITORING BORE WATER QUALITY 
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Monitoring Bore Water Quality 

Bore ID TSMB1 TSMB2 TSMB3 TSMB4 TSMB5 TSMB8 TSMB9 TSMB10 
Timing Q2 Q3 Q2 Q3 Q2 Q3 Q2 Q3 Q2 Q3 Q2 Q3 Q2 Q3 Q2 Q3 

Analyte Units  
Field EC mS/cm 0.638 0.651 0.64 0.656 1.149 1.185 3.36 3.4 0.926 0.907 11.35 14.41 1.95 1.971 0.991 1.01 
Field pH pH Units 7.27 7.74 6.42 6.55 7.06 7.04 8.42 8.29 7.55 7.59 4.1 6.71 5.94 7.29 6.9 7.18 
Field TDS mg/L 3080 3180 3090 3210 5640 5950 1170 1800 4510 4540 6090 8020 9860 10140 4870 5030 
Lab pH pH Units 7.45 7.70 6.60 6.80 7.15 7.35 8.40 8.50 7.85 7.80 7.15 7.15 7.55  7.50  7.00  7.75 
Lab EC mS/cm 610 0.65 0.620 0.66 1.100 1.2 3.300 3.5 880 0.9 12 14 1.900 2 .960 0.1 
Standing Water Level m (AHD) 434.282 434.122 434.344 434.194 430.871 430.791 433.44 434.43 437.718 437.738 442.576 442.576 434.654 434.754 434.986 434.756 
Total Dissolved 
Solids (grav) @ 
180ºC 

mg/L  390  420  400  420  720  770  2100  1900  570  580 11000   12000  1200  1300  620  650 

Major Anions and Cations: 
Bicarbonate (HCO3) mg/L  98  100  55  48  150  130  210  220  170  150  230  220  230  230  150  130 
Calcium (Ca) mg/L  21  21  22  22  54  53  21  19  40  39  850  790  66  75  22  22 
Carbonate (CO3) mg/L <1 <1 <1 <1 <1 <1   6   6 <1 <1 <1 <1 <1 <1 <1 <1 
Chloride (Cl) mg/L  140  110  130  120  240  220  700  680  170  150  4000  4500  410  440  190  180 
Nitrate (NO3) mg/L  45  47  59  59  53  47  43  28  66  70  310  320  110  110  66  63 
Potassium (K) mg/L 3.5 3.5 3.1 3.0 3.3 3.2  14  13 8.8 8.2  62  44  13  13 4.9 4.9 
Sulphate (SO4) mg/L  14  17  23  11  72  31  490  590  68   3  650  920  88  34  50  51 
Major Metals: 
Aluminium (Al) mg/L 0.009 <0.005 0.012 <0.005 0.013 <0.005 0.015 <0.005 0.013 <0.005 0.010 0.007 0.012 0.006 0.012 <0.005 
Arsenic (As) mg/L <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.002 <0.001 <0.001 <0.001 <0.005 <0.005 <0.001 <0.001 <0.001 <0.001 
Chromium (Cr) mg/L 0.002 <0.001 0.002 <0.001 <0.001 0.001 0.001 <0.001 0.003 0.001 0.001 <0.001 0.004 0.005 <0.001 <0.001 
Copper (Cu) mg/L <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 
Iron (Fe) mg/L <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 
Lead (Pb) mg/L <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.005 <0.005 <0.001 <0.001 <0.001 <0.001 
Magnesium (Mg) mg/L  12  13  12  12  27  28  31  29  19  18  550  460  36  42  15  15 
Nickel (Ni) mg/L <0.005 <0.005 <0.005 0.008 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 
Silica (SiO2) mg/L  53  120  49  110  31  66  12  23  36  81  54  81  49  100  38  84 
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Bore ID TSMB1 TSMB2 TSMB3 TSMB4 TSMB5 TSMB8 TSMB9 TSMB10 
Timing Q2 Q3 Q2 Q3 Q2 Q3 Q2 Q3 Q2 Q3 Q2 Q3 Q2 Q3 Q2 Q3 

Analyte Units  
Sodium (Na) mg/L  80  79  77  73  130  130  650  650  100  100  1200  1400  270  270  150  150 
Vanadium (V) mg/L 0.036 0.040 0.008 0.006 0.007 0.006 0.078 0.022 0.010 0.013 <0.002 <0.002 0.018 0.014 0.042 0.040 
Zinc (Zn) mg/L 0.028 0.005 0.031 0.006 0.030 <0.005 0.034 <0.005 0.032 <0.005 0.034 0.010 0.031 <0.005 0.030 <0.005 
Oxalate mg/L 370 300 490 370 430 320 450 270 560 470 2730 2040 870 700 530 430 
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APPENDIX 3: 
EXPERT OPINION PROVIDED BY DR BRENTON KNOTT 
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APPENDIX 6:  
PIT HYDROGEOLOGY INFORMATION 
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WINDIMURRA VANADIUM LIMITED 
 

HYDROGEOLOGICAL ASSESSMENT RELATIVE TO 
STYGOFAUNA 
February 2008 

 
 
ROCK TYPE 
 
The Vanadium deposit is contained within gabbro, an igneous intrusive rock of mafic 
composition i.e. one of the “greenstone” rock types.  At the deposit, there are up to 50 
repetitions of bands of magnetite (the ore), gabbro, and anorthosite (a non-mafic igneous 
rock).  Down to about 40 m depth the sequence is oxidized to soft clay minerals and hard 
mineral bands. 
 
 
AQUIFER PROPERTIES 
 
There is no interstitial porosity in the fresh igneous (crystalline) rocks; any groundwater 
would be contained in rock fractures, or vugs resulting from dissolution of mineral matter.  
Evidently these features are almost absent from the rock at the Windimurra mine because 
almost no groundwater has been encountered in drilling operations into the mineral deposit 
(24 reverse circulation drill holes) to depths in the range of 100 to 164 m. 
 
Minor groundwater was reported to occur at the oxide–unoxidised contact (two holes only) 
and near the base of drilling in the fresh bedrock (one hole only).  The other 21 holes were 
reported to be dry. 
 
Given that the minor water intersections were at more than 40 m depth and the standing 
water levels are at 17 to 39 m depth, the groundwater is confined i.e. submerged beneath 
impermeable confining material such as clay and unfractured rock, and there is no water 
table as occurs in unconfined aquifers. 
 
STYGOFAUNA IMPLICATIONS 
 
The aquifer conditions at the Windimurra mine are not favorable for stygofauna, which are 
most common in aquifers with significant void space above and below the water table.  
Calcrete aquifers rather than bedrock aquifers are preferred habitat.  In the present case the 
minor aquifer material is interpreted to be low-porosity clay and weathered bedrock, and 
minor fractures at depth in crystalline rock.  There would appear to be small likelihood of 
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substantial stygofauna populations.  If there were, then they would also exist in similar 
mafic rocks that are common in the district. 
 
 
Dated: 7 February 2008 Rockwater Pty Ltd 
 
 
 
 
 
  J R Passmore 
  Principal Hydrogeologist 
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WINDIMURRA VANADIUM PTY LTD 
 

RESULTS OF GROUNDWATER MODELLING TO ASSESS IMPACTS OF 
PLANNED DEWATERING  

 
APRIL 2008 

 
 

1 BACKGROUND 
 
The mine pit at Windimurra is presently 1,000 m long, 170 m wide and 40 m deep.  It extends 
down to about 430 m AHD which is about 4 m lower than the local groundwater levels.  The 
pit is proposed to be lengthened to more than 2,000 m and deepened to 390 m AHD, ie. 40 m 
below current groundwater level. 

Locality and geological maps of the Windimurra pit area are shown in Figures 1 to 3. 

Eight groundwater monitoring bores are located in the vicinity of the pit.  In one bore only 
(TSMB9), specimens of stygofauna were recovered from water samples.  Rockwater was 
requested by Windimurra Vanadium Pty Ltd to assess the likely drawdown of water levels in 
the vicinity of TSMB9 as a result of pit-dewatering operations. 

The assessment has comprised an appraisal of the hydrogeological data available from the 
monitoring bores and other drill holes at the deposit.  Numerical modelling has been used to 
estimate the drawdown of groundwater levels around the proposed extension of the 
Windimurra mine pit. 

2 DESCRIPTION 
 
Holes TSMB1 to 5 and TSMB10 were drilled along the line of the mineral deposit trending 
north-north-westerly.  Holes TSMB 8 and 9 are located almost westerly from the northern 
end of the line, in alluvial/eluvial deposits of a small drainage basin (Fig. 3).  A longitudinal 
section along the bores is presented in Figure 4. 

Over the mineral deposit the surface materials of ferricrete/calcrete (5 to 20 m thick) are 
underlain by up to 30 m of weathered (gabbro) bedrock partly weathered to clay i.e. it is 
predominantly “saprolite”.  In the west-north-western holes TSMB8 and 9 the strata are 
ferricrete/clay overlying ferricrete/calcrete and bedrock.  It is interpreted that the 
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ferricrete/calcrete has developed in transported (eg alluvial) deposits, although there is a 
possibility that the material in TSMB9 is residual (weathered bedrock). 

Groundwater levels lie within fresh bedrock in the southern part of the line.  Further 
northwards they lie within weathered gabbro and saprolitic clay and at TSMB8 the water 
level is within ferricrete/calcrete.  Water-level elevations range from 432.5 to 436 m AHD.  
They slope downwards from south to north at a low gradient, indicating a northerly 
groundwater flow.  At the northern end of the line of bores there is downwards gradient from 
west to east. 

From south to north the water-bearing material is fresh gabbro bedrock, then weathered 
gabbro and saprolitic clay, then ferricrete/calcrete.  The latter may have moderate 
permeability, but the gabbro and clay are interpreted to have very low permeability based on 
the results of mineral-exploration drilling around the deposit.  In the numerical modelling of 
the proposed dewatering operation – described in Section 3 – the aquifer permeability is 
assigned low values of 0.004 and 0.002 m/d, typical of crystalline bedrock with few fractures. 
Local higher-permeability material in the vicinity of TSMB 8 and 9 would not significantly 
affect the calculations of drawdown induced by pit dewatering but actual drawdowns in this 
material would be a little less than calculated by the model. 

 

3 GROUNDWATER MODELLING 

 
The model for the site utilises Processing Modflow Pro which incorporates MODFLOW, 
industry-standard groundwater modelling software designed by the US Geological Survey.  
 
The model consists of a rectangular grid of 142 rows and 107 columns and a single aquifer 
layer.  It covers an area of 18.0 km in the north-west to south-east direction by 16.25 km in 
the north-east to south-west direction. Cell sizes range from 50 m by 50 m in the planned pit 
area, to 500 m by 500 m in some cells near the edge of the model.  The model grid along with 
the location of the simulated pit and location of monitoring bore TSMB9 is shown in 
Figure 5.  
 
The following values and assumptions are incorporated in the model: 
 

• Initial water levels across the model domain are at 430 m RL.   
• The base of the model is 350 m RL.  
• A 2000 m by 250 m drain is used to simulate the proposed pit.  The water level in the 

drain is set at 390 m RL. 
• Aquifer hydraulic conductivity in the SE-NW direction is 0.004 m/d. 
• Horizontal anisotropy is 2:1. (higher SE – NW) 
• Aquifer storativity (specific yield) is 0.001 
• Duration of simulation is 10 years  
• Aquifer recharge from rainfall is nil for Case A and 1.3 x 10-6 m/d (0.2 percent of 

rainfall) for Case B. 
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From the model, drawdown at bore TSMB9 after ten years of dewatering is calculated to be 
10 m if there were no aquifer recharge from rainfall (Case A, Fig. 6).  With aquifer recharge 
of 0.2 percent of average annual rainfall, the calculated drawdown at TSMB9 after 10 years is 
5 m (Case B, Fig 7).  This is consistent with the observed 0.5 m water-level rises in nearby 
observation bores during recharge periods in March 1999 and March 2000 (Rockwater 2000, 
Figs 28 and 29, bores S11, S25, S26 and S27).  The nett drawdown taking these recharge-
induced responses into account, would be 10–(10 x 0.5) = 5 m.  An additional factor, not 
incorporated in the present model, is that the aquifer at TSMB9 is apparently a local high-
permeability feature and will show less drawdown than the bedrock aquifer. 

 
4 CONCLUSIONS 

Monitoring bore TSMB9, from which stygofauna were sampled, is located 1,160 m from the 
northern end of the proposed Windimurra mine, and off-strike about 700 m to the west.  
Using realistic aquifer parameters, numerical modelling using MODFLOW predicts that there 
will be about 5 m of drawdown induced at bore TSMB9 as a result of ten years dewatering of 
the pit to 80 m depth, about 40 m below the current groundwater level. 
 
The main aquifer at TSMB9 - ferricrete/calcrete – lies about 10 m below the water table (Fig 
4).  If the recorded stygofauna inhabit this aquifer and/or the lower 5 m of the overlying 
ferricrete/clay material, they are unlikely to be affected by 5 m of drawdown. 
 
It is noted that the numerical modelling for this assessment has been based on realistic values 
of hydraulic parameters, not yet verified by field testing. 
 
Dated: 8 April 2008 Rockwater Pty Ltd 
  
 
 
 M P McGowan 
 Project Hydrogeologist 
  
 
 
 J R Passmore  
                                                                  Principal  
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APPENDIX 7:  
ENVIRONMENTAL MANAGEMENT PLAN 

 
 
 
 


