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Invitation to make a submission 

The Environmental Protection Authority (EPA) invites people to make a submission on this proposal.  Both 
electronic and hard copy submissions are most welcome. 

Reed Resources Limited proposes to develop the Barrambie Vanadium Project, a vanadium open cut mine 
and processing operation on the Sandstone Meekatharra Road.  In accordance with the Environmental 
Protection Act 1986 (EP Act), a Public Environmental Review (PER) has been prepared which describes 
this proposal and its likely effects on the environment. The PER is available for a public review period of 
(4) weeks from 28th June 2010 closing on 26 July 2010. 

Comments from government agencies and the public will help the EPA to prepare an assessment report in 
which it will make recommendations to government. 

Why write a submission? 

A submission is a way to provide information, express your opinion and put forward your suggested 
course of action – including any alternative approach.  It is useful if you indicate any suggestions you 
have to improve the proposal. 

All submissions received by the EPA will be acknowledged.  Submissions will be treated as public 
documents unless provided and received in confidence subject to the requirements of the Freedom of 
Information Act 1992, and may be quoted in full or in part in the EPA’s report.   

Why not join a group? 

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

Developing a submission 

You may agree or disagree with, or comment on, the general issues discussed in the PER or the specific 
proposal.  It helps if you give reasons for your conclusions, supported by relevant data.  You may make 
an important contribution by suggesting ways to make the proposal more environmentally acceptable. 

When making comments on specific elements of the PER: 

▼ Clearly state your point of view. 
▼ Indicate the source of your information or argument if this is applicable. 
▼ Suggest recommendations, safeguards or alternatives. 

Points to keep in mind 

By keeping the following points in mind, you will make it easier for your submission to be analysed: 

▼ Attempt to list points so that issues raised are clear.  A summary of your submission is helpful. 
▼ Refer each point to the appropriate section, chapter or recommendation in the PER. 
▼ If you discuss different sections of the PER, keep them distinct and separate, so there is no 

confusion as to which section you are considering. 
▼ Attach any factual information you may wish to provide and give details of the source.  Make sure 

your information is accurate. 

Remember to include: 

▼ Your name; 
▼ Address; 
▼ Date; and 
▼ Whether and the reason why you want your submission to be confidential. 

Information in submissions will be deemed public information unless a request for confidentiality of the 
submission is made in writing and accepted by the EPA.  As a result, a copy of each submission will be 
provided to the proponent but the identity of private individuals will remain confidential to the EPA. 

The closing date for submissions is: 26 July 2010 

The EPA prefers submissions to be made electronically using one of the following: 

▼ the submission form on the EPA’s website: www.epa.wa.gov.au/submissions.asp  
▼ by email to: submissions@epa.wa.gov.au 

http://www.epa.wa.gov.au/submissions.asp
mailto:submissions@epa.wa.gov.au


 

 

 

Alternatively, submissions can be: 

▼ posted to: Chairman, Environmental Protection Authority, Locked Bag 33, CLOISTERS SQUARE WA 
6850, Attention: Peter Tapsell. 

▼ delivered to the Environmental Protection Authority, Level 4, The Atrium, 168 St Georges Terrace, 
Perth, Attention: Peter Tapsell. 

▼ faxed to (08) 6467 5562. 

If you have any questions on how to make a submission, please ring the EPA assessment officer, Peter 
Tapsell on 6467 5491. 
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INTRODUCTION AND LOCATION  

Reed Resources Limited (Reed Resources) proposes to develop the Barrambie Vanadium Project located 
in the Mid West region of Western Australia, approximately 75km northwest of the Sandstone townsite 
and 116km southeast of Meekatharra.  The Port of Geraldton is located approximately 475 kilometres 
(km) to the west-south-west.  The proposed mining operation is located on granted Mining Lease 
M57/173 held by Reed Resources on the boundary between the Barrambie and Cogla Downs Pastoral 
Leases.  Processing facilities, waste rock landforms and associated support facilities are located on 
adjacent Miscellaneous Licences and General Purpose Leases.  The proposed mine and processing 
facilities are adjacent to the Sandstone Meekatharra Road.  

Project Background 

The Barrambie deposit was discovered in the 1960’s and acquired by Reed Resources in 2003 from 
Precious Metals Australia Limited and Magnum Properties Pty Ltd.  A preliminary feasibility study was 
conducted by Reed Resources on the Barrambie Vanadium Project during 2005/2006 and indicated that 
the Project was economically viable and merited further detailed investigation.  Since that time an 
extensive drilling programme has been conducted to further assess the extent of mining reserves.  Reed 
Resources have recently completed a Definitive Feasibility Study to provide a basis for Project funding.  
The Barrambie Vanadium Project is considered to have the highest grade vanadiferous magnetite 
resources of all major Australian deposits and is 100% owned by Reed Resources. 

The Proposal 

The Project plans to mine a nominal 40 million tonnes of oxidised ore over a 12 year period.  Mining 
would be by conventional open cut methods using trucks and excavators to a depth of up to 70 metres.   

Approximately 3.2 million tonnes per year of the mined ore will be crushed and upgraded through a 
process of crushing, grinding, floatation and magnetic separation.  The magnetic concentrate will be 
further treated using conventional salt roasting and processing technology similar to that to be used for 
the Windimurra Vanadium Project.  The proposed treatment facility will have the capacity to produce 
approximately 11,200 tonnes of the fused vanadium pentoxide (V2O5) product per year for export.  
Alternatively, up to 7,700 tonnes of the ferro vanadium 80 (FeV(80)) could be produced through an 
electric arc furnace which is being considered as part of the Project.  The option of including ferro 
vanadium would allow for varying amounts of either product to be produced depending on market 
requirements. 

An accommodation village and airstrip will be established in the vicinity of the mine to service the 
workforce which will operate on a fly in/ fly out (FIFO) basis from Perth. 

The proposed Barrambie Vanadium Project will comprise: 

▼ Open-cut mining and associated waste rock landforms. 
▼ Mine access and haul roads. 
▼ Ore stockpile/ ROM pad. 
▼ Vanadium processing plant (including crush, grind, floatation, magnetic separation, roast/leach 

circuit, and optional electric arc furnace). 
▼ Tailings storage facility (TSF). 
▼ Water supply borefield. 
▼ Water supply pipeline (approx. 45km). 
▼ Process water storage pond/ tank. 
▼ Power station. 
▼ Accommodation village. 
▼ Mine support facilities (administration buildings, workshops, laydown area, etc.) 
▼ Airstrip. 

Table ES-1 provides a summary of the key Project characteristics. 
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Table ES-1: Key Project Characteristics 

Barrambie Project Aspect Characteristic 

Life of Operations 12 years 

Mining Rate (Ore average) 3.2 Mtpa 

Mining Rate (Ore & Waste average) 18Mtpa 

Strip Ratio (waste: ore average) 4.4:1 

Quantity of ore for life of mine 40Mt 

Quantity of waste rock for life of mine 175Mt 

Maximum Height of Waste Landforms <30m above existing ground surface 

Number of Open Pits 3 

North Open Pit No 1 Dimensions 2600m long x 240m wide x 70m deep 

North Open Pit No 2 Dimensions 2600m long x 250m wide x 70m deep 

South Open Pit Dimensions 5200m long x 250m wide x 70m deep 

Total Area of Disturbance 1522ha 

Process Type Crush, Grind, Magnetic Separation, Gravity/ Floatation (optional), Roast 
(rotary gas fired kiln – sodium carbonate/ sulphate), water leach, 
calcine (fusion furnace), electric arc furnace (optional) 

Process Throughput 3.2Mtpa 

Fused Vanadium Pentoxide Product (V2O5) 11,200tpa 

Ferro Vanadium Product (optional) 7,700tpa 

TSF Dimensions Beneficiation tails – 6 adjoining compounds 550m x 512m x 5m each 

Calcine tails storage – 3 adjoining compounds 400m x 332m x 5m each 

Project Water Demand 2.5GL/year 

Source of Project Water Supply Barrambie Borefield approx. 30km north of Project on Yarrabubba 
Station (calcrete aquifer forming part of the Cogla Downs drainage 
system) 

22km x 3m corridor – 450mm trunkline from borefield to process plant 

16.6km x 3m corridor -  140mm interconnecting flowlines through 
borefield area 

Water Supply Pipeline Corridor Dimensions 

(pipeline buried over 80% of alignment)  

6.1km x 3m corridor – 140mm supply pipeline from process plant to 
Village 

Contingency Water Supply Flooded Gidgee open pit located approx. 35km NE 

Mine Dewatering rate 950kL/d at early stage of mining to 2,400kL/d near end of mine life 

Product Transport Containment Sealed drums and/or bulka-bags in sea containers 

Product Transport Distance 820km 

Heavy Vehicle movements per week Approx 35 return trips per week on Sandstone Meekatharra Road 
(Barrambie via Sandstone) 

Export Fremantle Container Port 

Estimated CO2 (Life of Project) 3516 kt CO2-e  (12 years @ 293 kt CO2-e per year) 

Workforce Accommodation Onsite Village (FIFO) - 250 bed with an assumed average occupancy of 
about 140 persons during operations with an additional 150 beds during 
the construction phase 

Power Station (fused V2O5  production 
option) 

28MW dual fuel gas/diesel 

Power Station (combined fused V2O5 
and/or Ferro Vanadium option (electric arc 
furnace) 

35MW dual fuel gas/diesel 

Other Infrastructure All-weather airstrip, workshops, administration offices, explosives 
magazine, fuel storage facilities, washdown pad 
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Use and Demand for Vanadium  

The primary use for vanadium is to harden steel.  Vanadium usage and demand worldwide remains high, 
due to global steel production and the move toward higher-strength specialty steels which has consumed 
the world stockpile of vanadium.  China’s role in the growing demand for vanadium represents a long-
term shift in worldwide consumption.  As the Barrambie Vanadium Project represents the highest grade 
of all major Australian vanadiferous magnetite resources, 65.2 million tonnes at 0.82% V2O5, the 
economic viability of the Project is likely to remain high for the foreseeable future. 

An exciting new use for vanadium is in vanadium redox flow batteries which are becoming an important 
part of storing electricity for renewable energy sources.  The vanadium batteries have a significant 
advantage over lithium-ion and most other types of batteries as they can absorb and release substantial 
amounts of electricity very quickly and do so over and over.  This makes vanadium redox flow batteries 
ideal for smoothing out the electricity flow from wind turbines and solar cells. 

Economic and Social Benefits  

Development of the proposed Barrambie Project will contribute economically through providing 
employment opportunities in the Mid West region.  Substantial infrastructure will also be developed in the 
region with the construction of a sealed all-weather airstrip, a natural gas supply pipeline, and a 
contribution towards upgrading and maintaining local roads.  Local businesses, pastoralists and transport 
companies will also benefit from increased economic activity and opportunities in the region.  

Public Environmental Review (PER) 

Reed Resources referred the Barrambie Vanadium Project to the Environmental Protection Authority 
(EPA) under Section 38(1) of the Western Australian Environmental Protection Act 1986 (EP Act) in 
January 2008.  The EPA subsequently confirmed on 18 February 2008 that the proposal will be formally 
assessed under Part IV of the EP Act at the level of Public Environmental Review (PER ). 

A draft Scoping Document was submitted to EPA in April 2008 and circulated to various Decision Making 
Authorities (DMAs) and other interested agencies for comment.  The purpose of the Scoping Document 
was to identify and prioritise the significant impacts of the proposed Barrambie Vanadium Project as the 
basis for preparing the PER.  Subsequent to the receipt of DMA comments, further environmental studies 
were undertaken to cover areas where there were changes in the Project design and to address the 
issues raised by DMAs.  The revised Environmental Scoping Document was resubmitted in January 2009 
and approved by the EPA on 24 February 2009. 

This PER has been prepared in accordance with the approved Environmental Scoping Document and the 
Environmental Impact Assessment (Part IV Division 1) Administrative Procedures 2002 for environmental 
impact assessment prescribed under the EP Act.  Specifically, the purpose of this PER document aims to: 

▼ Describe the proposal. 
▼ Describe the receiving environment. 
▼ Outline potential impacts of the proposal on environmental factors. 
▼ Identify proposed management strategies to ensure environmental factors are protected. 
▼ Address the principles of environmental protection. 
▼ Demonstrate that the proposal should be judged by the EPA to be environmentally acceptable  

(EPA, 2007).  

Environmental Factors 

Environmental factors relevant to the Barrambie proposal have been identified by risk assessment.  This 
process enabled key environmental factors, and those of low significance given existing or proposed 
environmental management and remoteness of the location, to be identified.  

Potential environmental factors associated with the Barrambie proposal are summarised below: 

▼ Biophysical: 
- Flora. 
- Vegetation – terrestrial vegetation communities. 
- Land – landform. 
- Fauna – terrestrial vertebrates. 
- Fauna – stygofauna. 
- Watercourses – ephemeral streams. 
- Water – groundwater. 
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▼ Pollution Management: 
- Air quality – particulates and dust. 
- Air quality – gaseous emissions. 
- Groundwater quality. 
- Surface water quality. 
- Greenhouse gases. 

▼ Social Surroundings: 
- Social surroundings - public health and safety. 

▼ Other: 
- Decommissioning. 

Potential environmental impacts, management and predicted outcomes, for the environmental factors 
listed above are summarised in Table ES-2. 

Summary of EPA Objectives and Environmental Outcomes 

Vegetation and Flora 

The EPA objective for management of terrestrial flora and vegetation communities is to maintain the 
abundance, diversity, geographic distribution and productivity of flora at species and ecosystem levels 
through the avoidance or management of adverse impacts and improvement in knowledge. 

The EPA objective for vegetation and flora will be achieved as vegetation and flora surveys conducted 
over areas to be disturbed by the Project indicate that: 

▼ No Declared Rare Flora (DRF) species, pursuant to subsection (2) of section 23F of the Wildlife 
Conservation Act, 1950 (WA) and as listed by the (DEC 2008a, 2008d) were located during the 
survey. 

▼ No plant taxa pursuant to section 179 of the Environment Protection Biodiversity Conservation Act, 
1999 (Commonwealth) were located in the survey area. 

▼ Two introduced (weed) species have been recorded within the survey area, however, none of these 
weeds are defined as Declared Weeds pursuant to Section 37 of the Agriculture and Related 
Resources Act, 1976 (WA). 

▼ No Threatened Ecological Communities (TEC’s) or Priority Ecological Communities (PEC’s) were 
observed in the survey area. 

The EPA objective for vegetation and flora will also be achieved through: 

▼ Limiting areas to be disturbed by the Project to no more than required for safe operation of the 
mine, processing and support facilities. 

▼ Implementing a Ground Disturbance and Topsoil Management Plan (GDTMP) which will define the 
processes to be undertaken before, during and after ground disturbance activities and provide 
procedures for the management of vegetation clearing, topsoil removal, storage and recovery 
associated with the Project.  The aim of the GDTMP is to ensure that environmental risks are 
controlled and relevant statutory and regulatory requirements are met. 

▼ Progressively developing effective rehabilitation techniques through rehabilitation trials which will 
be conducted during the early years of operations.  Appropriate closure criteria will be developed 
and refined based on the results of the trials and applied to progressive rehabilitation. 

▼ Undertaking progressive rehabilitation of all areas disturbed throughout the Project with the 
exception of the pit voids. 

▼ Monitor potential impacts of altered groundwater levels in the vicinity of the Barrambie Borefield 
and maintain groundwater levels to avoid adverse impacts by altering the pumping regime, and/ or 
developing alternative supplementary water supplies. 

Landform and Soils 

The EPA objective for the management of land (terrestrial) is to maintain the integrity, ecological 
functions and environmental values of the soil and landform. 

The potential impacts to the existing landforms and topography at the Barrambie Project include 
temporary and permanent physical changes in the vicinity of the mining area including the development 
of open pits, waste rock landforms, tailings storage facilities and the establishment of infrastructure 
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including the vanadium processing plant, accommodation village, airstrip, roads and service corridors.  
The total area disturbed by mining activities is estimated to be 1522ha. 

The EPA objective for the management of landforms will be met by meeting statutory requirements, 
through meeting and exceeding applicable standards and guidelines and establishing completion criteria. 

Upon completion of all mining, rehabilitation and site closure activities at Barrambie, the following will be 
achieved: 

▼ Post-mining landforms will remain in a safe, stable, sustainable and non-polluting condition and be 
aesthetically compatible with the surrounding landscape. 

▼ The site will be relinquished in a condition that minimises risk to human health or safety or to the 
natural environment. 

▼ Sustainable vegetation communities consistent with the agreed post closure land use and suitable 
for native fauna, grazing animals and people to conduct normal activities will be established. 

▼ No ongoing contaminated site management will be required beyond five years post-closure. 

Fauna 

The EPA objective for management of terrestrial fauna is to maintain the abundance, diversity, 
geographic distribution and productivity of fauna at species and ecosystem levels through the avoidance 
or management of adverse impacts and improvement in knowledge.  

The EPA objective for terrestrial fauna will be achieved as fauna surveys conducted over areas to be 
disturbed by the Project indicate that no critical habitat is located over the study area, and all of the 
broad terrestrial fauna habitat types identified over the study area are well-represented elsewhere in the 
bioregion. 

The management practices described above for protecting vegetation and flora through the 
implementation of the Ground Disturbance and Topsoil Management Plan (GDTMP) will also be important 
to protecting fauna habitat. 

Short Range Endemics (SRE) were included in the fauna surveys and it was concluded that while some 
suitable habitat is likely to occur within areas to be disturbed by the Project development, most habitats 
present appear to be common and widespread regionally without possessing the moisture retention 
qualities or geographical features that contribute to the presence of SREs.  More suitable SRE habitat has 
been identified immediately adjacent to the proposed Project in an area known as the Ballanhoe Peaks.  
The Ballanhoe Peaks are not on the Mining Leases and will not be disturbed by the Project in any way. 

A desktop assessment was undertaken to provide an evaluation of the potential loss of troglofauna 
habitat due to development of the Project, the assessment was based on geological, hydrogeological and 
other information for the Barrambie and regional area consistent with EPA Guidance Statement 54a.  This 
assessment provides evidence that local habitat is generally unsuitable for subterranean fauna due to the 
absence of significant voids within the mining profile and concludes that if any potential habit occurs it is 
well represented regionally. 

Four rounds of stygofauna surveys have been conducted in the vicinity of the proposed Barrambie 
Borefield area, with 15 sites (bores and pastoral wells) sampled, resulting in 41 samples collected.   From 
the 40 taxa identified, 24 were identified as stygal or potentially stygal taxa.  Some taxa were only 
collected from impact zone bores and their distribution therefore appears localised.  Among these were 
potentially new taxa that may be at risk from the groundwater abstraction associated with the proposed 
Barrambie borefield.  However, there are a number of factors which mitigate the risk to these taxa. 

The distribution pattern of several groups in the Barrambie borefield indicates a level of connectivity 
through the borefield which is further supported by the similarity in groundwater quality.  It should also 
be noted that the area of the calcrete which was modelled as the area of impact from predicted 
drawdown is only a portion (approx 15%) of the wider Cogla Downs calcrete aquifer system. 

Reed Resources proposes to manage abstraction from the Borefield to retain 75% of the saturated 
thickness across the aquifer during the first 5 years of operation as a low-risk strategy for maintaining 
stygofauna habitat.  A stygofauna management plan will be prepared to the satisfaction of DEC which will 
include the 75% - 5 year maximum drawdown and total 50% drawndown over the life of the Project. 

The trigger levels agreed to by DEC will be incorporated into the groundwater operating strategy to be 
submitted to DoW in support of a 5C groundwater licence application. 
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Stygofauna will not be significantly impacted by groundwater abstraction from the Barrambie Borefield as 
sufficient aquifer habitat will be preserved.   

Surface Water and Drainage 

The EPA objective for the management of watercourses is to maintain the integrity, ecological functions 
and environmental values of watercourses and sheet flow. 

The EPA objective for the management of surface water is to maintain the quantity of water so that 
existing and potential environmental values, including ecosystem maintenance, are protected. 

The EPA objective for surface water quality is to ensure that emissions do not adversely affect 
environment values or the health, welfare and amenity of people and land uses by meeting statutory 
requirements and acceptable standards. 

Consistent with the above EPA objectives for surface water, mine development areas, facilities and 
infrastructure are expected to cause little interruption to sheet flow and surface water flow in drainage 
lines within the Project area and further downstream. 

The quantity of surface water will be maintained and existing and potential environmental values will be 
protected by appropriate positioning of project facilities and drainage works. 

Surface water quality is expected to be maintained through containment of potential contaminants, 
regular monitoring and complying with statutory requirements and accepted industry standards and 
codes of practice. 

No reagents, hydrocarbons, explosives or other hazardous substances from the Barrambie operations will 
be discharged to the surface water.  

All hydrocarbon wastes including waste oil, hydrocarbon contaminated wastes generated by maintenance 
and machinery workshops and oils collected from the vehicle washdown treatment facility will be 
removed from site and disposed of at an appropriate facility.  All general putrescible waste and non-
recyclable solid waste will be placed in a landfill facility.  Treated wastewater released to the environment 
will comply with local shire standards.   

Groundwater 

The EPA objective for the management of groundwater is to maintain the quantity of water so that 
existing and potential environmental values, including ecosystem maintenance, are protected. 

The EPA objective for the management of groundwater quality is to ensure that emissions do not 
adversely affect environmental values or the health, welfare and amenity of people and land uses by 
meeting statutory requirements and acceptable standards. 

The EPA objectives for the management of groundwater quantity and quality will be met by meeting 
statutory requirements and through establishing conservative Project objectives. 

Prior to applying for a Ground Water Well Licence under Section 5C of the Rights in Water and Irrigation 
Act, Reed Resources propose to conduct further investigations in close consultation with the Department 
of Water to confirm the sustainable yield of the calcrete aquifer and develop a better understanding of 
local recharge conditions. 

Appropriate groundwater level and quality action and cut-off trigger levels will be adopted to ensure the 
effective management and mitigation of potential impacts on other groundwater users and the 
environment (e.g. Stygofauna and potential groundwater dependent vegetation). 

It is proposed that during the first 5 years of operation of the Barrambie Borefield, that 75% of the 
saturated thickness across the aquifer be retained.  The proposed Barrambie borefield will be managed to 
ensure that the saturated thickness of the calcrete aquifer across the area of investigations does not fall 
below 50% during the life of the Project.   

Contingency alternative, supplementary water supply options are identified and will be further 
investigated if groundwater levels or quality reach action trigger levels, so that the most appropriate 
supplementary supply can be commissioned prior to cut-off trigger levels being reached.  In the event 
that abstraction from the Barrambie borefield reduces the capacity of existing pastoral bores, Reed 
Resources will supplement the required water supply for the pastoralist. 
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Groundwater abstraction will be managed in accordance with groundwater licence conditions applied 
under Section 5C of the Rights in Water and Irrigation Act which includes the development of a detailed 
Groundwater Operating Strategy. 

In the event that water levels in monitoring bores 2km from the Barrambie pits decline 2m before 5 years 
due to the effect of dewatering, supplementary water supplies for pastoral activities will be investigated 
and developed. 

Three types of tailings will be produced from the ore extraction process: 

▼ Beneficiation circuit tailings. 
▼ Calcine leach tailings. 
▼ Process purge water from the crystallisation circuit, cooling tower, and steam generators. 

Tailings from the calcine leach circuit and process purge water have the potential to affect groundwater 
quality in the vicinity of the Barrambie Project if not stored and managed correctly.  These facilities will 
be lined to prevent seepage and monitoring bores will be established around the perimeter. 

The beneficiated tailings contain the non-magnetics from the beneficiation circuit and have not undergone 
any chemical changes and are therefore considered to be relatively low risk in terms of potential 
contamination of the underlying groundwater. 

No significant changes to groundwater levels in the vicinity of the combined tailings facility and purge 
water evaporation pond will occur.  The combined tailings facility and purge water evaporation pond will 
not have a significant impact on ground or surface water quality in the vicinity.  

Should groundwater levels and quality in the vicinity of the tailings and purge water storage facilities 
approach trigger limits of 10% above background values, an action plan will be initiated to investigate 
the cause.  Remedial action such as a seepage recovery plan will be developed and initiated dependant 
on results.  Any exceedences of DEC Operating Licence limits will be reported as per licence conditions. 

No reagents, hydrocarbons, explosives or other hazardous substances from the Barrambie operations will 
be discharged to the groundwater. 

All hydrocarbon wastes including waste oil, hydrocarbon contaminated wastes generated by maintenance 
and machinery workshops and oils collected from the vehicle washdown water treatment facility will be 
removed from site and disposed of at an appropriate facility. 

Air Quality and Greenhouse Gases 

The EPA objective for the management of air quality is to ensure that emissions do not adversely affect 
environment values or the health, welfare and amenity of people and land uses by meeting statutory 
requirements and acceptable standards. 

The EPA objective for greenhouse gases is to minimise emissions to levels as low as practicable on an on-
going basis and consider offsets to further reduce cumulative emissions. 

The EPA objective for the management of air quality and greenhouse gases will be met by meeting 
statutory requirements and acceptable standards. 

During operation of the Barrambie Vanadium Project, an Emissions Management Strategy will be 
implemented to ensure that the concentration of SO2 at the operation and accommodation village and 
other potentially affected premises will not exceed concentrations above the human health assessment 
criteria.  The human health and vegetation impacts from SO2, NO2 and NH3, PM10, V2O5 and NOX at the 
operation and accommodation village are not expected to be significant, and as a result will not exceed 
concentrations above the human health assessment, human health occupational assessment or 
vegetation assessment criteria. 

To ensure that air quality criteria are not exceeded during operation, an Adaptive Emissions Management 
Strategy will be developed and implemented prior to commissioning of the Barrambie ore processing 
facility.  This will involve actively managing and reducing SO2 emissions from the kiln stack, and 
monitoring the impacts at the accommodation village and nearby station homesteads using a predictive 
management scheme.  The Adaptive Emissions Management Strategy will be continually reviewed and 
revised throughout the life of the Project as experience is gained through operation of the kiln and local 
weather conditions are better understood. 
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The Adaptive SO2 Emissions Management Strategy will be based on the ability of the process to control 
SO2 emissions from zero to the maximum figures modelled in the PER by adjusting the level of sodium 
sulphate addition into the kiln in response to forecasts of up-coming weather patterns.  Response times 
within 2 hours can be anticipated from the known dynamics of the kiln operation.  As the process allows 
the re-cycled sodium sulphate to be replaced with externally sourced sodium carbonate, such a 
substitution can be effected without detriment to kiln throughput or overall plant production rate.  
Recycled sodium sulphate is mainly used in the roasting process to offset the consumption of externally 
sourced sodium carbonate and substantially reduce the amount of sodium and ammonium salts to be 
deposited in a storage facility. 

The remote location of the Barrambie Vanadium Project and scarcity of nearby residents is not likely to 
result in dust being an off-site issue. 

Atmospheric emissions will be reported to the National Pollution Inventory (NPI) and if any substances 
exceed the reporting thresholds, and to the Greenhouse and Energy Data Officer (GEDO) for greenhouse 
gas emissions and energy consumption during the operational phase. 

Public Health, Safety, Noise and Amenity 

The EPA objective for management of public health and safety is to ensure that risk from the proposal is 
as low as reasonably achievable and complies with acceptable standards and EPA criteria.  

The EPA objective for noise is to protect the amenity of nearby residents from noise impacts resulting 
from activities associated with the proposal by ensuring the noise levels meet statutory requirements and 
acceptable standards. 

The EPA objective for visual amenity is to ensure that aesthetic values are considered and measures are 
adopted to reduce visual impacts on the landscape as low as reasonably practicable. 

The Barrambie Vanadium Project will be managed to meet the EPA objectives Public Health and Safety, 
Noise and Visual Amenity. 

Aboriginal Heritage 

The EPA objective for the management of Aboriginal heritage is to ensure that changes to the biophysical 
environment do not adversely affect historical and cultural associations and comply with relevant heritage 
legislation. 

Only one area of potential Aboriginal heritage significance known as ‘One Tree Hill’ has been identified 
within the Barrambie Project area.  Reed Resources has recorded ‘One Tree Hill’ as a potential 
ethnographic site on spatial database files and quarantined this area from any disturbance as an interim 
measure until the final status of the place is determined in consultation with the Yugunga-Nya Native 
Title claimants. 

As an outcome of archaeological assessments it was concluded that there are few environments within 
the Project area where artefact material is likely to occur and no significant artefacts were identified. 

A Native Title Deed has been signed between the Yugunga-Nya Native Title Claimants and Reed 
Resources covering mining tenements associated with the Barrambie Vanadium Project. 

The Barrambie Vanadium Project will not result in adverse impacts to Aboriginal heritage values. 

Rehabilitation and Decommissioning 

The EPA objective for rehabilitation and decommissioning is to ensure, as far as practicable, that 
rehabilitation achieves a stable and functioning landform which is consistent with the surrounding 
landscape and other environmental values. 

The closure objectives, design criteria and constraints, and conceptual closure activities presented in the 
Conceptual Mine Closure Plan for the Barrambie Project is appropriate at the design and approvals phase 
of the Project and provides a sound basis for the progressive development of more detailed rehabilitation 
and decommissioning plans throughout the life of the operations. 

Environmental Performance Bonds required under the Mining Act, and financial provisioning practices 
required by the Australian Accounting Standards Board will ensure that adequate funding is available for 
closure at any stage during the Barrambie Vanadium Project to a standard which meets the EPA’S 
objective for rehabilitation and decommissioning.  
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Table ES-2: Environmental Factors 

Environmental Factor/ Sub-factor Project Aspects EPA Objective Investigations Potential Impacts Management Predicted Outcomes 

Biophysical 

Vegetation and Flora  

General Vegetation clearing 

Topsoil removal and 
stockpiling 

Excavation and drilling 

Overburden removal and 
placement  

Access and haul road 
construction 

Water pipeline construction 

Processing plant and tailings 
storage facilities construction 

Accommodation village and 
aerodrome construction 

Site Closure 

Direct disturbance through 
vegetation and topsoil clearing 
for mining and infrastructure 
establishment.  Construction 
of waste rock dump will create 
new landform to be 
rehabilitated with local native 
vegetation species. 

Ground Disturbance and Topsoil Management 
Plan (GDTMP). 

Keep clearing to a minimum. 

Rehabilitation of disturbed areas. 

Mine Closure Plan. 

A total of 1522ha of native vegetation will be 
disturbed by the Barrambie Vanadium Project, of 
which approximately 1197ha will be rehabilitated. 

Poorly represented 
vegetation 
communities 

N/A No impact N/A No poorly represented vegetation communities will 
be disturbed by the Project 

Restricted or 
significant 
communities 

N/A No impact N/A No restricted or significant communities will be 
disturbed by the Project 

Environmentally 
Sensitive Areas 
(ESA) 

N/A No impact N/A No ESAs will be disturbed by the Project 

Sheet-flow 
dependent 
vegetation 

Water pipeline 

Aerodrome 

Pit areas and Waste Rock 
Landforms 

Drainage 

Transport and service 
corridors 

Plant and Site Closure 

Mine, waste rock dumps and 
process plant near top of local 
catchment will have limited 
impact of down-stream 
vegetation 

Disruption of sheet-flow and 
minor drainage lines by linear 
infrastructure (e.g. roads 
aerodrome may limit flow to 
down-stream vegetation  

Ensure tracks/ infrastructure does not disrupt 
water flow patterns through design 
incorporating floodways and culverts. 

Restore natural drainage patterns at mine 
closure. 

No significant degradation of vegetation through 
disruption of surface water flows. 

Vegetation 
Communities 

Potentially 
groundwater 
dependent 
vegetation 

Water supply borefield Lowering of the groundwater 
table in the vicinity of the 
water supply borefield may 
impact on potentially 
groundwater dependent 
vegetation 

Monitor potential impacts of altered 
groundwater levels and maintain acceptable 
levels by altering the pumping regime, and/ or 
developing alternative supplementary water 
supplies. 

Impacts from water abstraction at the Barrambie 
Borefield will be minimal 

Declared rare and 
priority flora and other 
significant 

 N/A No impact N/A No declared rare and priority flora and other 
significant will be disturbed by the Project 

Weeds (invasive 
species) 

 Water pipeline construction 

Vegetation clearing 

Topsoil removal and 
stockpiling 

Overburden removal and 
placement 

Overburden storage 

Vehicle movement 

Transport and service 
corridors 

Accommodation village 

Refuse disposal 

Site Closure 

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

Flora and 
Vegetation of 
Barrambie Survey 
Area, Borefields 
and Water 
Pipeline Corridor 
2009; Mattiske 
Consulting 

Establishment of weeds Weed Management Plan (WMP) including: 
vehicle hygiene, monitoring and spraying, as 
required. 

Infestation of weeds for the Barrambie Project will 
be minimal. 

…continued 
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Table ES-2 (continued) 

Environmental Factor/ Sub-factor Project Aspects EPA Objective Investigations Potential Impacts Management Predicted Outcomes 

Fauna 

Vertebrates General Water pipeline construction 

Vegetation clearing 

Topsoil removal and stockpiling 

Overburden removal and 
placement 

Overburden storage 

Drilling and excavation 

Vehicle movement 

Transport and service corridors 

Process water return and 
storage 

Wastewater storage/ 
evaporation pond 

Tailings disposal 

Waste disposal 

Accommodation village 

Site closure 

Disturbance of habitats 
through vegetation clearing 

Mortality due to entrapment 
in excavated trenches, drill 
holes and open pit workings 

Mortality due to vehicle 
movement 

Attraction to grassed areas in 
accommodation camp and 
food waste disposal areas 

Attraction due to water 
storage ponds 

Ground Disturbance and Topsoil Management Plan 
(GDTMP). 

Vegetation clearing kept to a minimum. 

Service pipelines buried at intervals to allow fauna 
transit. 

Area of open trench kept to a minimum during 
construction with morning and evening removal 
and recording of fauna by suitably qualified person. 

Cap drill holes. 

Control feral animals in Project area. 

Management for disincentive for foraging fauna in 
food waste areas/ grassed areas. 

Landfill management. 

Maintain area of surface ponding to a minimum.  

Monitor fauna attraction to water storage areas. 

No critical fauna habitat is located over the 
Project area, and all of the broad terrestrial 
fauna habitat types identified over the 
Project area are well-represented elsewhere 
in the bioregion. 

The Project impact on terrestrial fauna will 
be minimal. 

Migratory birds  Wastewater storage/ 
evaporation pond 

Process water return and 
storage 

Tailings disposal 

Attraction to process water 
ponds and tailings storage 
facility resulting in illness/ 
mortality 

Maintain area of surface ponding to a minimum. 

Monitor water bird attraction to water storage 
areas. 

The Project impact on water birds will be 
minimal. 

Wading birds  Wastewater storage/ 
evaporation pond 

Process water return and 
storage 

Tailings disposal 

Barrambie Vanadium 
Project Targeted 
Fauna Assessment 
2009; Outback 
Ecology Services 

Attraction to process water 
ponds and tailings storage 
facility resulting in illness/ 
mortality 

Maintain area of surface ponding to a minimum. 

Monitor wading bird attraction to water storage 
areas. 

The Project impact on wading birds will be 
minimal. 

Invertebrates Mosquitoes Wastewater storage/ 
evaporation pond 

Process water return/ storage 

Drainage 

Plant site drainage 

No baseline 
investigations 

Increase in mosquito 
population locally due to 
surface water ponding 

Mosquito Management Plan including: Maintain 
area of surface ponding to a minimum, monitor 
mosquito populations and breeding in water 
storage areas and fogging, as required. 

The Project will not result in a significant 
increase in the local mosquito population. 

 Short range 
endemics 

Vegetation clearing 

Topsoil removal and stockpiling 

Drilling and excavation 

Transport and service corridors 

Drainage control 

Barrambie Vanadium 
Project Targeted 
Fauna Assessment 
2009; Outback 
Ecology Services 

Investigations indicated that 
suitable habitat is not present 
over the mining lease and will 
not be directly impacted by 
the proposal. 

Removal of topsoil and 
vegetation may impact on 
populations, if present. 

N/A Investigations indicated that suitable habitat 
is not present over the mining lease and 
hence SREs will not be significantly impacted 
by the Project. 

Subterranean fauna Stygofauna Water supply borefield Assessment of 
potential stygofauna 
and troglofauna 
species undertaken in 
conjunction by 
Outback Ecology 
(Phases I - IV) (2010) 

Groundwater drawdown may 
impact on taxa with limited 
known distribution 

Sustainable use of borefield 

Ongoing stygofauna monitoring and appropriate 
trigger levels to be set for contingency measures 
including alternative supplementary water supply 

Groundwater Operating Strategy 

Stygofauna taxa will not be significantly 
impacted by the operation of the Barrambie 
Borefield. 

 Troglofauna Topsoil removal and stockpiling 

Overburden removal and 
placement 

Excavation 

Site Closure 

Aquaterra Desktop 
Troglofauna Habitat 
Assessment for PER 
2009 

No impact as suitable habitat 
is not present in areas 
proposed to be disturbed. 

N/A No impact on troglofauna as suitable habitat 
is not present in areas proposed to be 
disturbed by the proposal. 

 Specially Protected 
(Threatened) Fauna 

N/A 

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

Barrambie Vanadium 
Project Targeted 
Fauna Assessment 
2009; Outback 
Ecology Services 

No specially protected 
(threatened) fauna or fauna 
habitat will be impacted by 
the proposal. 

N/A No specially protected (threatened) fauna or 
fauna habitat will be impacted by the 
proposal 

…continued 
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Table ES-2 (continued) 

Environmental Factor/ Sub-factor Project Aspects EPA Objective Investigations Potential Impacts Management Predicted Outcomes 

Wetlands 

 Lakes N/A N/A No lakes or permanent surface 
water occur in the vicinity of 
the Project area 

N/A No lakes will be impacted by the proposal. 

Watercourses Rivers N/A N/A No rivers occur in the vicinity 
of the Project area 

N/A No rivers will be impacted by the proposal. 

 Ephemeral streams Vegetation clearing 

Topsoil removal and 
stockpiling 

Excavation 

Transport and service 
corridors 

Site closure 

Overburden removal and 
placement 

Overburden storage 

Drainage Control 

Tailings disposal 

Accommodation village 

Surface Water 
Hydrology review 
for PER 2008; 
Aquaterra 

Interruption of minor natural 
drainage paths 

Surface water run-off from 
disturbed areas to natural 
drainage paths 

Project facilities located to avoid disturbance 
where practicable 

Site drainage works designed and constructed 
to divert water to re-enter natural drainage 
system 

Bunding of areas where fuel and hazardous 
materials in use/ storage 

Evaporation/ separation systems for water from 
potentially contaminated areas (washdown, 
workshops bundied areas) 

The proposal will impact minor, localised drainage 
lines but will not have a significant impact of 
ephemeral drainage systems. 

Water supply borefield and 
pipeline 

Water Groundwater 

Pit dewatering 

Wastewater storage/ 
evaporation pond 

Process water return and 
storage 

Tailings disposal 

Plant site drainage 

Site closure 

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

 

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

Barrambie Water 
Supply 
Investigations 
Report, 2009; 
Aquaterra 

Barrambie Mine 
Dewatering 
Investigation 
report; Aquaterra 
2008 

Groundwater lowering in areas 
of abstraction. 

Possible effects on 
groundwater dependent 
ecosystems (GDE) 
( i.e. stygofauna and/or 
vegetation) 

Groundwater Management Plan 

Monitoring bores 

Sustainable use of borefield 

Establish trigger levels for impact on 
surrounding users and environmental values 
(i.e. GDEs) 

Recycling of decanted water from tails to 
process stream 

Contingency supplementary water supplies 
identified 

Groundwater levels will be maintained at 75% of 
the saturated thickness of the aquifer during the 
first five years of abstraction from the proposed 
Barrambie Borefield and will not exceed 50% of the 
saturated thickness across the area of impact 
during the life of the Project. 

Groundwater drawdown due to dewatering at the 
mine will not have a significant impact on GDEs or 
other users. 

Land 

 Soil Vegetation clearing 

Topsoil removal and 
stockpiling 

Overburden removal and 
placement 

Excavation 

Site closure 

Direct disturbance of soil 
profile through land clearing 
and excavation 

Disturbance limited to that required for the 
project 

Ground Disturbance and Topsoil Management 
Plan (GDTMP) including removal and stockpiling 
of topsoil from all cleared areas for use in 
rehabilitation 

Progressive and post-mining rehabilitation  

Mine Closure Plan 

Change in soil profile and characteristics in areas of 
direct disturbance and rehabilitation. 

No permanent, significant loss of ecological land 
function. 

 Landform Vegetation clearing 

Topsoil removal and 
stockpiling 

Overburden removal and 
placement 

Excavation 

Transport and service 
corridors 

Tailings disposal 

Plant closure 

Site Closure 

Drainage control 

Accommodation village 

To maintain the 
integrity, ecological 
functions and 
environmental values 
of the soil and 
landform 

Baseline Soil and 
Landforms Survey 
2007; Outback 
Ecology Services  

Permanent changes to 
topography through 
development of open pits, 
waste rock landforms. 

Disturbance limited to that required for the 
project 

Ground Disturbance and Topsoil Management 
Plan (GDTMP) including removal and stockpiling 
of topsoil from all cleared areas for use in 
rehabilitation 

Progressive and post-mining rehabilitation  

Mine Closure Plan 

Permanent changes to the landform in the 
immediate vicinity of mining operations. 

No permanent, significant loss of ecological land 
function. 

…continued 
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Table ES-2 (continued) 

Environmental Factor/ Sub-factor Project Aspects EPA Objective Investigations Potential Impacts Management Predicted Outcomes 

Pollution management 

Air Quality 

Odour  Roasting 

Sewage Treatment 

No baseline 
investigations  

Unpleasant odour in 
immediate vicinity of process 
plant 

Plant design and operating procedures No significant impact outside of immediate Project area. 

Leach Circuit to fused 
ferrovanadium (FeV) / 
vanadium pentoxide (V2O5) 
product 

Particulates/ dust Vanadium dust 

Crushing/ grinding/ milling 
(dry) 

Ore blasting, removal and 
transport to ROM 

Transport of process 
materials and product 

Plant closure 

Roasting 

Site closure 

Barrambie 
Vanadium 
Project Air 
Quality 
Assessment 
2008; SKM 

Barrambie 
Vanadium 
Project 
Definitive 
Feasibility 
Study; SKM 

Exposure of on-site 
personnel 

Exposure during transport 
and storage 

On-site personnel exposure managed within 
occupational health requirements through 
engineering dust controls (e.g. dust 
extraction and water sprays) 

Sealed drums and/or bulka-bags in sealed 
containers for transport 

No exposure of personnel in access of occupational health 
exposure limits. 

No exposure risk to members of the public. 

 Non-vanadium dust Water pipeline construction 

Vegetation clearing 

Topsoil removal and 
stockpiling 

Overburden removal and 
placement 

Overburden storage 

Drilling and excavation 

Crushing/ grinding/ milling 
(dry) 

Roasting 

Leach circuit to fused V2O5/ 
FeV product 

Vehicle movement 

Transport and service 
corridors 

Plant closure 

Site closure 

Barrambie 
Vanadium 
Project Air 
Quality 
Assessment 
2008; SKM 

 

Barrambie 
Vanadium 
Project 
Definitive 
Feasibility 
Study; SKM 

Exposure of on-site 
personnel 

Smothering vegetation in 
immediate proximity to 
mine, waste dump and 
unsealed roads 

On-site personnel exposure managed within 
occupational health requirements 

Process plant and stockpile dust suppression 
and containment 

Dust suppression in mining areas and on 
unsealed roads 

No exposure of personnel in access of workplace exposure limits. 

No exposure risk to members of the public. 

Gases SO2 Roasting Sulfur dioxide (SO2) has an 
irritating odour that can 
contribute to or exacerbate 
respiratory illnesses 

Plant design and operational controls 

Adaptive Management Strategy including 
changing the mix of sodium sulphate and 
sodium carbonate in the roasting kiln to 
reduce SO2 emissions during periods where 
weather conditions could result in elevated 
levels. 

SO2 monitoring network (real-time telemetry) 

SO2 emissions will be controlled to ensure that the concentration 
of SO2 at the operation and accommodation village and other 
potentially affected premises will not exceed concentrations 
above 100% of the human health assessment criteria. 

SO2 emissions will not have a significant effect on native 
vegetation. 

 NOx Roasting In susceptible individuals 
nitrogen dioxide causes 
(NO2) irritation to human 
respiratory tracts.  

Plant design and operational controls NO2 emissions will be significantly below human health 
assessment criteria. 

 NH3  Roasting 

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

Barrambie 
Vanadium 
Project Air 
Quality 
Assessment 
2008; SKM 

Barrambie 
Vanadium 
Project 
Definitive 
Feasibility 
Study; SKM 

In moderate concentrations 
ammonia (NH3) can cause  
irritation to eyes, nose, 
throat 

Plant design and operational controls NH3 emissions will be significantly below human health 
assessment criteria. 

…continued 
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Table ES-2 (continued) 

Environmental Factor/ Sub-factor Project Aspects EPA Objective Investigations Potential Impacts Management Predicted Outcomes 

 Greenhouse gases Vehicle movement 

Power station emissions 

Roasting 

Leach circuit to fused V2O5/ 
FeV product 

Operation of heavy 
earthmoving equipment 

Transport of process 
materials and product 

To minimise 
greenhouse gas 
emissions to levels 
as low as 
practicable on an 
on-going basis and 
consider offsets to 
further reduce 
cumulative 
emissions 

Aquaterra 
Calculation  

Contribution to overall WA 
emissions 

Energy efficiency through design and 
operation 

Statutory reporting 

Total annual greenhouse gas emissions for fused flake (V2O5) 
option – 207.29(kt CO2-e) 

Total annual greenhouse gas emissions for Ferrovanadium option 
– 231.96(kt CO2-e) 

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

No baseline 
investigation  

Visibility N/A Haze will not have a significant impact 

Water Quality 

Groundwater quality Process 
contaminants 

Leach circuit to fused V2O5/ 
FeV product 

Process water return and 
storage 

Plant site drainage 

Wastewater storage/ 
evaporation pond 

Tailings disposal 

Plant closure 

Site closure 

Barrambie 
Water Supply 
Investigations 
Report 2009; 
Aquaterra 

Tailings Leach 
Testwork 
Report 2009; 
SKM 

Contamination of 
groundwater through 
seepage of process reagent 
and waste leachates 

Containment through project design including 
lining the calcine tailings facility and barren 
solution pond. 

Groundwater monitoring programme 

No contamination of the groundwater in the vicinity of the 
Barrambie Processing Plant and associated facilities. 

 Metals (ARD) Overburden storage 

Tailings disposal 

Geochemical 
Waste 
Characterisation 
(SPOCAS) 

No potentially acid forming 
(PAF) materials will be 
mined within the current 
scope of the proposal 

N/A No enrichment of metals will occur as mined materials are non-
acid forming (NAF). 

Surface water quality Turbidity Water pipeline construction 

Vegetation clearing 

Topsoil removal and 
stockpiling 

Overburden removal and 
placement 

Overburden storage 

Drainage Control 

Vehicle movement 

Transport and service 
corridors 

Site closure 

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

Surface Water 
Hydrology 
review for PER 
2008; 
Aquaterra 

Siltation from erosion of 
disturbed areas 

Stabilisation of disturbed areas 

Clearing controls 

Sediment containment and settling ponds 

Closure planning and rehabilitation 

No increased turbidity of significant surface water systems will 
occur downstream of the proposed Project area.   

…continued 
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Table ES-2 (continued) 

Environmental Factor/ Sub-factor Project Aspects EPA Objective Investigations Potential Impacts Management Predicted Outcomes 

 Process 
contaminants 

Wastewater storage/ 
evaporation pond 

Tailings disposal 

Plant closure 

Leach circuit to fused V2O5/ 
FeV product 

Process water return and 
storage 

Plant site drainage 

Site closure 

Fuel and hazardous 
materials use and storage 

Barrambie 
Vanadium 
Project 
Definitive 
Feasibility 
Study; SKM 

Contamination of surface 
water through spillage of 
process reagent and waste 
leachates 

Containment through project design No contamination of the surface water in the vicinity of the 
Barrambie Processing Plant and associated facilities. 

 Metals (ARD) Overburden storage 

Tailings disposal 

Geochemical 
Waste 
Characterisation 
(SPOCAS) 

No potentially acid forming 
(PAF) materials will be 
mined within the current 
scope of the proposal 

N/A No enrichment of metals will occur as mined materials are non-
acid forming (NAF). 

 Hydrocarbons Drilling and excavation 

Transport and service 
corridors 

Fuel and hazardous 
materials use and storage 

Transport of process 
materials and product 

Plant closure 

Waste Disposal 

Vehicle movement 

Crushing and Grinding 

Site closure 

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

No pre-mining 
investigations 

Potential local intermittent 
water course contamination 
where spillage may occur 

Waste Management Plan 

Spillage clean-up 

Containment through project design 

No persistent hydrocarbon contamination of surface water. 

Land 

Soil contamination Vanadium Leach circuit to fused V2O5/ 
FeV product 

Wastewater storage/ 
evaporation pond 

Process water return and 
storage 

Plant site drainage 

Tailings disposal 

Site closure 

Plant closure 

No pre-mining 
investigations 

Potential elevated level of 
vanadium in surface soils 

Spillage clean-up 

Control through project design 

Waste Management Plan 

No vanadium contamination of soils  

 Hydrocarbon Drilling and excavation 

Crushing/ grinding/ milling 
(dry) 

Fuel and hazardous 
materials use and storage 

Transport of process 
materials and product 

Plant closure 

Waste Disposal 

Vehicle movement 

Site closure 

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

No pre-mining 
investigations 
proposed  

Potential localised 
contamination of surface soil 
where spillage may occur 

Clean-up and bioremediation No hydrocarbon contamination of soils 

…continued 
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Table ES-2 (continued) 

Environmental Factor/ Sub-factor Project Aspects EPA Objective Investigations Potential Impacts Management Predicted Outcomes 

Non-chemical emissions 

Noise  Vegetation clearing 

Leach circuit to fused V2O5/ 
FeV 

 product 

Crushing/ grinding/ milling 
(dry) 

Vehicle movement 

Transport of process 
materials and product 

Drilling, blasting, operating 
heavy earthmoving 
equipment 

No pre-mining 
investigations 

Primarily OH&S matter due 
to remote location 

Control through project design 

Personal Protective Equipment 

No significant noise impacts on nearby residents or other 
sensitive premises 

Vibration  Excavation 

Crushing/ grinding/ milling 
(dry) 

Other drilling, blasting, 
operating heavy 
earthmoving equipment 

To protect the 
amenity of nearby 
resident from noise 
impacts resulting 
from activities 
associated with the 
proposal by 
ensuring the noise 
levels meet 
statutory 
requirements and 
acceptable 
standards 

No pre-mining 
investigations 

Uncomfortable for personnel Control through project design No significant vibration impacts on nearby residents or other 
sensitive premises 

Light  Mine 

Process Plant 

To avoid or 
manage potential 
impacts from light 
overspill and 
comply with 
acceptable 
standards 

No pre-mining 
investigations 

Not a significant issue due to 
remote location 

Control through project design No significant light spill impacts on nearby residents or other 
sensitive premises 

Social Surroundings 

Risk 

Public health and 
safety 

Road traffic hazards Vehicle movement 

Water pipeline construction 

Transport of plant and 
equipment 

Transport of process 
materials and product 

Transport and service 
corridors 

Site closure 

Stakeholder 
Consultation 

Collision Increased maintenance of roads 

Traffic control near active mine operations 
and processing facilities 

Low risk to the public. 

 Transport of 
reagents and 
hazardous materials 

Transport of process 
materials and fuel 

Stakeholder 
Consultation 

Exposure to hazardous 
materials in event of spillage 

Emergency response plan 

Adherence to appropriate procedures for 
storage and handling, transport of hazardous 
goods 

Low risk to the public. 

 Transport of product 
to port 

Transport of product Stakeholder 
Consultation 

Exposure to V2O5/ FeV 
product in event of spillage 

Emergency response plan 

Containment of V2O5/ FeV product in sealed 
drums and/or bulka bags and transport in 
sealed containers from process plant to port.  

Low risk to the public. 

 Port storage and 
handling/ ship 
loading 

Transport of process 
materials and product 

Transport and service 
corridors 

To ensure that risk 
from the proposal 
is as low as 
reasonably 
achievable and 
complies with 
acceptable 
standards and EPA 
criteria 

Stakeholder 
Consultation  

Exposure to V2O5/ FeV 
product in event of spillage 

Containment of V2O5/ FeV product in sealed 
drums and/or bulka bags.  Product will 
remain in sealed containers for storage and 
handling at the port . 

Low risk to the public. 

Visual amenity 

General amenity  Overburden removal and 
placement 

Excavation 

Site closure 

To ensure that 
aesthetic values 
are considered and 
measures are 
adopted to reduce 
visual impacts on 
the landscape to as 
low as reasonably 
practicable 

Changes to 
natural 
aesthetics of 
area from 
removal/ 
placement of 
waste 
landforms 

Stakeholder Consultation Progressive rehabilitation 

Minimise disturbance 

Mine Closure Plan 

Medium change to visual amenity of the local area through the 
creation of rehabilitated waste landforms. 

…continued 
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Table ES-2 (continued) 

Environmental Factor/ Sub-factor Project Aspects EPA Objective Investigations Potential Impacts Management Predicted Outcomes 

Culture and Heritage 

European heritage  N/A N/A N/A N/A No impact on European heritage values. 

Aboriginal culture 
and heritage 

 Overburden removal and 
placement 

Overburden storage 

Excavation 

Accommodation village 

Water pipeline construction 

To ensure that 
changes to the 
biophysical 
environment do not 
adversely affect 
historical and 
cultural 
associations and 
comply with 
relevant heritage 
legislation 

Stakeholder 
Consultation 

Ethnographic 
Survey 2005; 
Western 
Heritage 
Research 

Report on 
Indigenous 
Heritage Issues 
2009; Gleason 
and Associates 
Pty Ltd 

Disturbance of sites of 
indigenous significance 

Ground Disturbance and Topsoil Management 
Plan 

Exclusion zones established, no activities are 
proposed which will disturb these areas 

No impact on Aboriginal heritage values. 

Economic 

Local  Overall Project Stakeholder 
Consultation 

Business and employment 
opportunities 

Regional Infrastructure 

N/A Significant positive economic impact at local level. 

Regional/ State  Overall Project 

N/A 

Stakeholder 
Consultation 

Business and employment 
opportunities 

Royalties and tax/ charges 
revenue 

Regional Infrastructure 

N/A Significant positive economic impact at regional/ State level. 

Recreation 

Recreation  N/A To ensure that 
existing and 
planned 
recreational uses 
are not 
compromised 

Stakeholder 
Consultation  

N/A N/A No impact on local recreational uses. 

Other 

 Decommissioning Vegetation clearing 

Topsoil removal and 
stockpiling 

Overburden removal and 
placement 

Excavation 

Transport and service 
corridors 

Tailings disposal 

Plant closure 

Site Closure 

Drainage control 

Accommodation village 

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

PER Conceptual 
Mine Closure 
Plan 

Barrambie 
Vanadium 
Project 
Definitive 
Feasibility 
Study; SKM 

Barrambie 
Water Supply 
Investigations 
Report, 2009; 
Aquaterra 

Barrambie Mine 
Dewatering 
Investigation 
Report 2008; 
Aquaterra 

Unstable post mining 
landforms 

Erosion 

Sedimentation 

Dust 

Poor visual amenity 

Limited post-mining land use 
options 

Progressive mine closure planning 

Environmental bonds and financial 
provisioning 

Rehabilitation 

Post rehabilitation and closure monitoring 

Post-mining landforms that will remain in a safe, stable, 
sustainable and non-polluting condition and are 
aesthetically compatible with the surrounding landscape. 

Relinquish the site in a condition that minimises risks to 
human health or safety or to the natural environment. 

Establishment of sustainable vegetation communities 
consistent with the agreed post closure land use. 

Minimise erosion and sediment release to the surrounding 
environment 

Minimise the release of dust from the waste landforms 

 Regional planning N/A N/A N/A N/A N/A No impact on regional planning other than the establishment of 
an all weather aerodrome. 

 Water resources Water supply borefield and 
pipeline 

N/A Barrambie 
Water Supply 
Investigations 
Report 2009; 
Aquaterra  

Possible short to medium 
term, localised impact on 
pastoral bores 

N/A Supplement local pastoral water supplies if adverse impacts are 
measured at pastoral bores. 

No long-term adverse impact on local and regional groundwater 
resources. 
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1. INTRODUCTION AND BACKGROUND 

1.1 Overview and Location 

Reed Resources Limited (Reed Resources) proposes to develop the Barrambie Vanadium Project located 
in the Mid West region of Western Australia, approximately 75km northwest of the Sandstone townsite 
and 116km southeast of Meekatharra (Figure 1.1).  The Port of Geraldton is located approximately 
475km to the west-south-west.  The proposed mining operation is located on granted Mining Lease 
M57/173 (about 684 hectares) held by Reed Resources on the boundary between the Barrambie and 
Cogla Downs Pastoral Leases.  Processing facilities, waste rock landforms and associated support facilities 
are located on adjacent Miscellaneous Licences and General Purpose Leases as detailed in Table 1.1.  
Figure 1.2 shows the extent of the Barrambie Project leases and surrounding pastoral leases. 

Table 1.1: Mining Act Tenements 

Tenement Main Feature/s Purpose* Status 

M57/173 Mine Mining operations and support facilities Live 

G57/5 Process Plant and 
Tailings 

General Purpose Lease for erecting, placing and operating machinery, 
depositing, transporting and treating minerals and tailings; roads, 
pipelines, transport facilities; storage and transportation of minerals and 
mineral concentrate; storage and transportation of non-mineralised waste 
and topsoil; water management facilities and infrastructure, power 
generation and/or transmission facilities, fuel facilities, tunnel, bridge, 
meteorological station, explosives storage and preparation area, 
workshop maintenance facilities and office administration facilities. 

Live 

G57/6 Southern Waste 
Rock Landform 

General Purpose Lease for erecting placing and operating machinery, 
depositing transportation and treating minerals and tailings, roads, 
pipelines, transport facilities, storage and transportation of minerals and 
mineral concentrate, storage and transportation of non-mineralised waste 
and topsoil, water management facilities and infrastructure, power 
generation and or transmission facilities, fuel facilities, meteorological 
station, explosives storage and preparation area, workshop maintenance 
facilities and office administration facilities. 

Live 

G57/7 Southern Waste 
Rock Landform 

General Purpose Lease for erecting placing and operating machinery, 
depositing transportation and treating minerals and tailings, roads, 
pipelines, transport facilities, storage and transportation of minerals and 
mineral concentrate, storage and transportation of non-mineralised waste 
and topsoil, water management facilities and infrastructure, power 
generation and or transmission facilities, fuel facilities, meteorological 
station, explosives storage and preparation area, workshop maintenance 
facilities and office administration facilities. 

Live 

G57/8 Northern waste 
Landform 

General Purpose Lease for erecting placing and operating machinery, 
depositing transportation and treating minerals and tailings, roads, 
pipelines, transport facilities, storage and transportation of minerals and 
mineral concentrate, storage and transportation of non-mineralised waste 
and topsoil, water management facilities and infrastructure, power 
generation and or transmission facilities, fuel facilities, meteorological 
station, explosives storage and preparation area, workshop maintenance 
facilities and office administration facilities. 

Live 

L57/29 Accommodation 
Village and Airstrip 

Miscellaneous Licence for aerodrome, road, power line, water pipe line, 
gas pipeline, mine site accommodation and associated facilities, mine site 
administration buildings, workshop and vehicle facilities, equipment and 
fuel storage areas, electricity generation facilities, communications to 
services a mining operation and rubbish dump. 

Live 

L20/49 Water supply 
investigations 

Miscellaneous Licence for search for Groundwater Live 

L57/30 Water supply 
pipeline 

Miscellaneous Licence for pipeline, powerline, taking water, bore, 
borefield and water management facility and electricity generation facility 

Live 

L20/55 Water supply 
borefield 

Miscellaneous Licence for pipelines, roads, powerlines, taking water bore, 
borefield, water management facility, electrical generation facility 

Live 

* General tenement details as listed on Department of Mines and Petroleum on-line system – Mineral Titles Online 
(MTO) 
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The proposed mine and processing facilities are adjacent to the Sandstone Meekatharra Road.  

The Barrambie deposit was discovered in the 1960’s and acquired by Reed Resources in April 2003 from 
Precious Metals Australia Limited and Magnum Properties Pty Ltd.  A preliminary feasibility study was 
conducted by Reed Resources on the Barrambie Vanadium Project during 2005/2006 and indicated that 
the Project was economically viable and merited further detailed investigation.  Since that time an 
extensive drilling programme has been conducted to further assess the extent of mining reserves.  Reed 
Resources have recently completed a Definitive Feasibility Study (DFS) to provide a basis for Project 
funding.  The Barrambie Vanadium Project is considered to have the highest grade vanadiferous 
magnetite resources of all major Australian deposits and is 100% owned by Reed Resources. 

The Project plans to mine a nominal 40 million tonnes (Mt) of oxidised ore over a 12 year period.  Mining 
would be by conventional open cut methods using trucks and excavators to a depth of up to 
70 metres (m).   

Approximately 3.2 million tonnes per annum (Mtpa) of the mined ore will be crushed and upgraded 
through a process of crushing, grinding, floatation and magnetic separation.  The magnetic 
concentrate will be further treated using conventional salt roasting and processing technology similar to 
that to be used for the Windimurra Vanadium Project.  The proposed treatment facility will have the 
capacity to produce approximately 11,200 tonnes (t) of the fused vanadium pentoxide (V2O5) product per 
year for export.  Alternatively, up to 7,700t of the ferro vanadium 80 (FeV(80)) could be produced 
through an electric arc furnace which is being considered as part of the Project.  The option of including 
ferro vanadium would allow for varying amounts of either product to be produced depending on market 
requirements. 

An accommodation village and airstrip will be established in the vicinity of the mine to service the 
workforce which will operate on a fly in/ fly out (FIFO) basis from Perth. 

1.2 The Proponent 

Reed Resources Ltd (Reed Resources) is the proponent for the Barrambie Vanadium Project.  Reed 
Resources is an established Western Australian based, multi-commodity mining company, with projects in 
gold, vanadium, nickel and iron ore.  

Contact details are included in Table 1.2. 

Table 1.2: Proponent Contact Details 

Address 97 Outram Street 
West Perth  WA  6005 

Key Contact Mr Chris Reed 
Managing Director 
Telephone: 08 9322 1182 
Facsimile:   08 9321 0556 
Email: chris@reedresources.com 

Website www.reedresources.com 

 

1.3 Project Objectives 

The primary objective of the Barrambie Vanadium Project is to economically develop a world class 
vanadium deposit and to produce fused V2O5 or FeV(80) in a safe, reliable, environmentally responsible 
and cost efficient manner. 

The metallurgical design and flowsheet development for the processing plant was based on the following 
objectives: 

▼ Simple and robust process flowsheet. 
▼ Flexible design able to accommodate the oxidised ore variation with depth and across strike in the 

central zone. 
▼ Ability to accommodate eastern zone oxidised ore. 
▼ Use of well proven separation techniques and equipment. 
▼ Application of modern technology practice. 
▼ Ability to monitor key process variables. 
▼ Level of control instrumentation consistent with the complexity of the plant and its location. 
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1.4 Public Environmental Review 

Reed Resources referred the Barrambie Vanadium Project to the Environmental Protection Authority 
(EPA) under Section 38(1) of the Western Australian Environmental Protection Act 1986 (EP Act) in 
January 2008.  The EPA subsequently confirmed on 18 February 2008 that the proposal will be formally 
assessed under Part IV of the EP Act at the level of Public Environmental Review (PER ). 

A draft Scoping Document was submitted to EPA in April 2008 and circulated to various Decision Making 
Authorities (DMA) and other interested agencies for comment.  The purpose of the Scoping Document 
was to identify and prioritise the significant impacts of the proposed Barrambie Vanadium Project as the 
basis for preparing the PER.  Subsequent to the receipt of DMA comments, further environmental studies 
were undertaken to cover areas where there were changes in the Project design and to address the 
issues raised by DMAs.  The revised Environmental Scoping Document was resubmitted in January 2009 
and approved by the EPA on 24 February 2009. 

The Environmental Scoping Document will also be used as the basis for preparing a Mining Proposal to be 
submitted to the Department of Mines and Petroleum (DMP) in accordance with the Mining Act 1978. 

This PER has been prepared in accordance with the approved Environmental Scoping Document and the 
Environmental Impact Assessment (Part IV Division 1) Administrative Procedures 2002 (EPA, 2002) for 
environmental impact assessment prescribed under the EP Act.  Specifically, the purpose of this PER 
document aims to: 

▼ Describe the proposal. 
▼ Describe the receiving environment. 
▼ Outline potential impacts of the proposal on environmental factors. 
▼ Identify proposed management strategies to ensure environmental factors are protected. 
▼ Address the principles of environmental protection. 
▼ Demonstrate that the proposal should be judged by the EPA to be environmentally acceptable  

(EPA, 2007).  

1.5 Legal Framework 

Environmental protection in Western Australia is governed by both State and Commonwealth legislation.  
Significant legislation and environmental approvals are outlined below. 

1.5.1 Western Australian Legislation  

Environmental Protection Act 1986  

The Environmental Protection Act 1986 is the primary legislation for protection and management of the 
environment in Western Australia.  This legislation is administered by the Department of Environment 
and Conservation (DEC) and the Environmental Protection Authority. 

Part IV (Division 1) EP Act allows for the creation of the Environmental Protection Authority (EPA) to 
assess development proposals that it considers likely to have a significant effect on the environment 
(EPA, 2007).  This process is known as Environmental Impact Assessment (EIA) and is discussed below. 

Environmental Impact Assessment (Part IV EP Act) 

Proposals are referred to the EPA for assessment under Section 38 of the EP Act.  The EIA process begins 
formally when a proposal is referred in writing to the EPA (EPA, 2007).  The project proponent, 
government agencies, the Minister for the Environment, or members of the public can refer proposals to 
the EPA for EIA. 

The EPA determines the level of assessment under Section 40 of the EP Act, based on information in the 
referral and information from other government agencies and interest groups (EPA, 2007). 

For proposals requiring assessment as a Public Environmental Review (PER), the proponent first prepares 
an Environmental Scoping Document, which outlines environmental factors raised by the proposal and 
intended environmental studies, which the EPA agrees to.  The proponent then prepares a PER document, 
which must be in accordance with the Environmental Scoping document.  As part of the EIA process the 
proponent must demonstrate that: 

▼ Best practicable measures have been taken in planning and designing the proposal to avoid, and 
minimise impacts on the environment. 

▼ Unavoidable impacts of the proposal should be found to be environmentally acceptable, taking into 
account cumulative impacts which have already occurred in the region, and principles of 
sustainability (EPA, 2007). 

The assessment procedure for a PER level of assessment is shown on Figure 1.3. 
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Figure 1.3
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Environmental Impact Assessment (Part IV EP Act) 

Under Part V of the EP Act, some aspects of the Barrambie Vanadium Project will require a Works 
Approval for construction and a Licence to operate. 

Mining Act 1978 

The Mining Act 1978 is administered by the Department of Mines and Petroleum (DMP).  Reed Resources 
must submit a Mining Proposal to DMP prior to the start of mining activities on their mining tenements.  
This PER document will be provided as supporting information for the Mining Proposal application.  The 
DMP is unable to give approval for mining until after the EIA process is complete and the Minister for 
Environment has issued a statement allowing the proposal to be implemented. 

Rights in Water and Irrigation Act 

The construction of any bores for the development of the Barrambie Project water supply borefield will 
require a Licence to Construct or Alter a Well (CAW) to be issued by the Department of Water (DoW) 
under Section 26D of the Rights in Water and Irrigation Act (RIWI Act).  Any new or replacement 
production bores will be constructed to meet DoW specification requirements.  The results of the drilling, 
construction and testing will be reported to the DoW as outlined in the Hydrogeological Reporting 
associated with a Groundwater Well Licence, Statewide Policy No. 19 (DOW, 2007).  These reports will be 
submitted to the DoW within two months of programme completion. 

Groundwater abstraction for the operation of the Barrambie Borefield will require a Groundwater Well 
Licence to be issued by DoW under Section 5C of the RIWI Act.  This Licence will include abstraction 
limits and conditions to be agreed through consultation with the DoW.  A detailed Groundwater Operating 
Strategy specifying management and monitoring measures will be required to be prepared in consultation 
with DoW and implemented as part of the License conditions.  Groundwater management is considered in 
Section 5.4.  

Other Statutory Requirements 

Other State government legislation relevant to the Barrambie Project includes the following:  

▼ Aboriginal Heritage Act 1972. 
▼ Agriculture and Related Resources Protection Act 1976. 
▼ Building Regulations 1989. 
▼ Bush Fires Act 1954. 
▼ Conservation and Land Management Act 1984. 
▼ Contaminated Sites Act 2003. 
▼ Electricity Act 1945. 
▼ Environmental Protection Regulations 1987. 
▼ Environmental Protection (Noise) Regulations 1997. 
▼ Environmental Protection (Clearing of Native Vegetation) Regulations 2004. 
▼ Explosives and Dangerous Goods Act 1961. 
▼ Dangerous Goods (Transport) Act 1998. 
▼ Dangerous Goods Safety Act 2004. 
▼ Dangerous Goods Safety (Storage and Handling of Non-explosives) Regulations 2007. 
▼ Dangerous Goods Safety (Road and Rail Transport of Non-explosives) Regulations 2007. 
▼ Health Act and Regulations 1911. 
▼ Land Administration Act 1997. 
▼ Local Government Act 1995. 
▼ Mine Safety and Inspection Act 1994. 
▼ Occupational Safety and Health Act 1984. 
▼ Waterways Conservation Act 1976. 
▼ Wildlife Conservation Act 1950. 

1.5.2 Federal Government Legislation  

Commonwealth Environment Protection and Biodiversity Conservation Act 1999 

The primary Commonwealth environmental legislation is the Environment Protection and Biodiversity 
Conservation Act 1999 (EPBC Act).  Projects require referral to the Department of the Environment, 
Water, Heritage and the Arts (DEWHA) if there is potential for impacts to be of a national significance.   
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These may include: 

▼ World Heritage properties. 
▼ National Heritage places. 
▼ Ramsar wetlands of international significance. 
▼ Nationally listed threatened species and ecological communities. 
▼ Listed migratory species. 
▼ Commonwealth marine areas. 
▼ Nuclear actions (including uranium mining). 

The Barrambie Vanadium Project proposal has not been referred to the DEWHA under the EPBC Act, as it 
does not affect any of the above criteria. 

1.6 Project Justification 

1.6.1 Use and Demand for Vanadium  

The primary use for vanadium is to harden steel.  Vanadium usage and demand worldwide remains high, 
due to global steel production and the move toward higher-strength specialty steels which has consumed 
the world stockpile of vanadium.  China’s role in the growing demand for vanadium represents a long-
term shift in worldwide consumption.  As the Barrambie Vanadium Project represents the highest grade 
of all major Australian vanadiferous magnetite resources, 65.2 million tonnes (Mt) at 0.82% V2O5, the 
economic viability of the Project is likely to remain high for the foreseeable future. 

An exciting new use for vanadium is in vanadium redox flow batteries (VRB) which are becoming an 
important part of storing electricity for renewable energy sources.  The vanadium batteries have a 
significant advantage over lithium-ion and most other types of batteries as they can absorb and release 
substantial amounts of electricity very quickly and do so over and over.  This makes VRB ideal for 
smoothing out the electricity flow from wind turbines and solar cells. 

1.6.2 Economic and Social Benefits  

Development of the proposed Barrambie Project will contribute economically through providing 
employment opportunities in the Mid West region.  Substantial infrastructure will also be developed in the 
region with the construction of a sealed all-weather airstrip, a natural gas supply pipeline, and a 
contribution towards upgrading and maintaining local roads.  Local businesses, pastoralists and transport 
companies will also benefit from increased economic activity and opportunities in the region.  

1.6.3 Environmental Benefits  

The major environmental benefit from the Barrambie Project is the contribution to gaining a better 
understanding of the regional environment through surveys undertaken including:  

▼ Vegetation and flora. 
▼ Fauna. 
▼ Stygofauna. 
▼ Aboriginal heritage. 

Hydrogeological investigations and modelling within the Cogla Downs aquifer system (located on 
Yarrabubba Station) has also contributed to the knowledge base for water resources in the Murchison 
region.  This is described in further detail in Section 3.5.   

1.7 Alternatives Considered 

Limited alternatives exist for the location of the Barrambie Project as this is determined by the 
occurrence of economic resources.  Similarly, options for locating the processing infrastructure are limited 
due to the economics of transporting large quantities of material.  The proposed location of the 
Barrambie Project is also considered to be suitable, from an environmental perspective, as no areas of 
high environmental significance or sensitivity will be impacted. 

Significant steps have been taken to reduce the potential environmental impacts of the Project.  The 
Project environmental consultants have worked closely with the Definitive Feasibility Study team and 
environmental objectives are integrated into the Project design to achieve optimal, environmentally 
acceptable outcomes.  Details of the outcomes of some of these studies of alternatives are as follows. 
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Processing technologies and salt roasting options 

The initial laboratory salt roasting work established the ability to use sodium carbonate, sodium sulphate 
and sodium oxalate and established the salt dose levels, temperatures and minimum roasting times.  
These results were in general agreement with published literature.  Sodium oxalate was discarded as an 
option when it was determined that no reliable economic source was available in sufficient quantity. 

Recent test results indicate that the best recoveries are achieved using sodium carbonate.  However, a 
sodium sulphate recovery/ recycle process has been recommended for inclusion as an option for both 
economic and environmental reasons.  The use of recycled sodium sulphate in the roasting process would 
offset the consumption of externally sourced sodium carbonate and would substantially reduce the 
amount of sodium and ammonium salts to be deposited in a storage facility.  This mixed sodium 
carbonate/ sodium sulphate option will however, result in the production of sulphur dioxide as a by-
product being discharged via the main stack.  The process and economic viability of including a sodium 
sulphate/ recovery/ recycle process are undergoing further detailed investigation to optimise recovery 
cost of consumables and emissions and/ or discharges. 

Location of Waste Rock Landforms 

The location of the waste rock landforms was decided on the basis of avoiding areas of potentially higher 
environmental and heritage significance.  The vegetation, flora and fauna studies undertaken for the 
Project indicated that the hilly areas to the south east of the Project area (known as Ballanhoe Peaks) 
and are most likely to have significant biological values.   

The waste rock landforms will be located on flat area to the north, south and east of the Project area to 
avoid any areas of identified or potential significance.  The Ballanhoe Peaks area is not on the Mining 
Leases and is outside of the Barrambie Project area and will not be disturbed by the Project in any way. 

1.7.1  Ongoing Consideration of Alternative Options 

Other alternative options for the Project development that are continuing to be considered as part of the 
ongoing Project detailed design studies are in the following areas: 

▼ Fused Vanadium Pentoxide; V2O5. 
▼ Ferro Vanadium; FeV(80). 

The proposed treatment facility will have the capacity to produce approximately 11,200 tonnes (t) of the 
fused V2O5 product per year for export.  Alternatively, up to 7,700t of the FeV(80) could be produced 
through an electric arc furnace which is being considered as part as part of this study and could be 
produced depending on market requirements. 

Both of these options are included in this PER for assessment. 

Electrical Power Generation 

Electricity demand for the Project is contingent on whether the option to produce FeV(80) on site is 
adopted.  The power station for a stand alone V2O5 plant will have an installed capacity of 28MW.  If an 
electric arc furnace is installed to produce FeV(80), installed capacity would be 35MW. 

Gas Pipeline alignment 

While the gas pipeline is not part of the Proposal to be assessed under this PER, alternative alignments 
are being considered for a future proposal.  These alternatives include: 

▼ Spur line to the south west to take gas from the existing Mt Magnet to Windimurra gas pipeline; or 
▼ Spur line to the east to take gas from the Goldfields Gas Pipeline near Wiluna.  

Either of these gas pipeline options will be referred to the EPA as a separate proposal.   
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2. PROJECT DESCRIPTION 

2.1 Overview 

2.1.1 Project Components and Key Characteristics 

Reed Resources Ltd have recently completed a Definitive Feasibility Study to assess the feasibility of 
developing the Barrambie Vanadium Project.  The proposed Barrambie Vanadium Project will comprise: 

▼ Open-cut mining and associated waste rock landforms. 
▼ Mine access and haul roads. 
▼ Ore stockpile/ ROM pad. 
▼ Vanadium processing plant (including crush, grind, floatation, magnetic separation, roast/ leach 

circuit, and optional electric arc furnace). 
▼ Tailings storage facilities (TSF). 
▼ Water supply borefield. 
▼ Water supply pipelines (approx. 45km). 
▼ Process water storage pond/ tank. 
▼ Power station. 
▼ Accommodation village. 
▼ Mine support facilities (administration buildings, workshops, laydown area, etc.). 
▼ Airstrip. 

The detailed layout plan of the mine pits, processing plant, tailings dam, campsite and associated 
infrastructure are shown in Figure 2.1.  Table 2.1 provides a summary of the Project key characteristics.  

The Barrambie Project will involve the extraction of the oxidised ore by open-cut method and on site 
processing, as described in Section 2.2.2. 

The Barrambie deposit comprises vanadium, titanium and iron.  At this stage, the ore of primary interest 
is vanadium.  The mineralisation occurs within a 400m thick vertical layer striking approximately north 
south, with an overall strike length of at least 22km.  Mineral resource estimates for the Barrambie 
deposit have focused on the oxidised resource over approximately 11km of this strike length lying within 
the M57/173 lease as shown in Figure 2.1. 

2.1.2 Area of Disturbance  

Clearing requirements for the project are outlined in Table 2.2.  The areas given represent best estimates 
at the completion of Definitive Feasibility Stage of the Project.  Some minor changes to the final layout 
may occur. 
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Table 2.1: Key Project Characteristics 

Barrambie Project Aspect Characteristic 

Life of Operations 12 years 

Mining Rate (Ore average) 3.2 Mtpa 

Mining Rate (Ore & Waste average) 18Mtpa 

Strip Ratio (waste: ore average) 4.4:1 

Quantity of ore for life of mine 40Mt 

Quantity of waste rock for life of mine 175Mt 

Maximum Height of Waste Landforms <30m above existing ground surface 

Number of Open Pits 3 

North Open Pit No 1 Dimensions 2600m long x 240m wide x 70m deep 

North Open Pit No 2 Dimensions 2600m long x 250m wide x 70m deep 

South Open Pit Dimensions 5200m long x 250m wide x 70m deep 

Total Area of Disturbance 1522ha 

Process Type 
Crush, Grind, Magnetic Separation, Gravity/ Floatation (optional), 
Roast (rotary gas fired kiln – sodium carbonate/ sulphate), water 
leach, calcine (fusion furnace), electric arc furnace (optional) 

Process Throughput 3.2Mtpa 

Fused Vanadium Pentoxide Product (V2O5) 11,200tpa 

Ferro Vanadium Product (optional) 7,700tpa 

TSF Dimensions 

Beneficiation tails – 6 adjoining compounds 550m x 512m x 5m 
each 

Calcine tails storage – 3 adjoining compounds 400m x 332m x 
5m each 

Project Water Demand 2.5GL/year 

Source of Project Water Supply 

Barrambie Borefield approx. 30km north of Project on 
Yarrabubba Station 

(calcrete aquifer forming part of the Cogla Downs drainage 
system) 

22km x 3m corridor – 450mm trunkline from borefield to process 
plant 

16.6km x 3m corridor -  140mm interconnecting flowlines 
through borefield area 

Water Supply Pipeline Corridor Dimensions  
(pipeline buried over 80% of alignment)  

6.1km x 3m corridor – 140mm supply pipeline from process plant 
to Village 

Contingency Water Supply Flooded Gidgee open pit located approx. 35km NE 

Mine Dewatering rate 950kL/d at early stage of mining to 2,400kL/d near end of mine 
life 

Product Transport Containment Sealed drums and/or bulka-bags in sea containers 

Product Transport Distance 820km 

Heavy Vehicle movements per week 
Approx 35 return trips on Sandstone Meekatharra Road 

(Barrambie via Sandstone) 

Export Fremantle Container Port 

Estimated CO2 (Life of Project) 3516 kt CO2-e  (12 years @ 293 kt CO2-e per year) 

Workforce Accommodation 
Onsite Village (FIFO) - 250 bed with an assumed average 
occupancy of about 140 persons during operations with an 
additional 150 beds during the construction phase 

Power Station (fused V2O5  production option) 28MW dual fuel gas/diesel 

Power Station (combined fused V2O5 and/or 
Ferro Vanadium option (electric arc furnace) 

35MW dual fuel gas/diesel 

Other Infrastructure All-weather airstrip, workshops, administration offices, explosives 
magazine, fuel storage facilities, washdown pad 
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Table 2.2: Indicative Project Footprint / Clearing 

Project Area/ Activity Area of Disturbance (ha) 

South Open Pit 143 

Southern Waste Landforms @ 15° 309 

North Open Pit/s 142 

Northern Waste Landforms @ 15° 569 

Haul Roads 90 

Topsoil Storages 68 

Processing Plant 22 

Tailings Storage Facilities 86 

Aerodrome 40 

Accommodation Village 5 

Access Roads 35 

Water Pipeline 13 

Total 1522 

 

2.2 Mining and Processing Operations 

2.2.1 Mining 

Mining at Barrambie will be by conventional open pit drill, blast, load and truck haul.  Approximately 40Mt 
of V2O5 ore will be mined from the Central Band and Eastern Band oxidised zones to a depth of up to 70m 
below the existing ground surface over the proposed 12 year mine life.   

Ore and waste will be mined by blasting 5m benches and then removing the ore and waste in 2.5m 
fitches (or slices). The equipment to be used will consist of 100t capacity dump trucks loaded by 
hydraulic excavators of 120t capacity (by weight). 

The three open pits, Southern, Northern 1 and Northern 2 will be mined in sequence as a series of 
smaller pits or stages denoted as stage 1 through to stage 14. This staged mining of individual pits allows 
the properties of the ore and waste rock types to be managed and scheduled with greater accuracy.  The 
North open pits will each ultimately be around 2.6km long, 250m wide and up to 70m deep.  The South 
Open Pit will ultimately be approximately 5.2km long, 250m wide and 70m deep. 

During the course of mining ore the strongly oxidised ore and weakly oxidised ore can be mined and 
trucked separately and sent to the Run-of-mine ore pad (ROM) for blending with the aim of providing a 
feed to the plant that aims to keep the silica level in the ore below 2.2% SiO2 and the vanadium grade 
above 0.8% V2O5.  Sub-grade mineralised material (<0.8% V2O5) will be stored in out-of pit stockpiles 
which may be processed in future or rehabilitated. 

The strongly oxidised materials are classified as “hard digging” requiring excavators or face shovels for 
excavation and are considered “free dig” materials.  Blasting will be required where transitional or weakly 
oxidised materials are to be excavated towards the base of the open pits.  

To achieve a process plant throughput of 3.2 Mtpa a total mining rate of around 18Mtpa (ore and waste 
combined) will be required with an average waste to ore strip ratio of approximately 4.5:1. 

The waste rock material will be placed in out-of-pit waste rock landforms which will be designed to blend 
with existing topography.  The waste rock landforms will be located outside the zone of instability created 
by the open pits in accordance with geotechnical requirements. 

The waste rock lithologies to be mined at Barrambie comprises 75% strongly oxidised anorthositic gabbro 
(light brown in colour) and 22% of weakly oxidised anorthositic gabbro (red brown in colour) with the 
balance of up to 3% of fresher gabbro material.  The scheduling of the waste mining and waste rock 
landform construction has enabled the core of the landforms to be built with the strongly oxidised lighter 
colour more weathered material encapsulated by the weakly oxidised more resistant less weathered rock 
type.  The fresh waste will be buried within the strongly oxidised core of the landform as required. 

Rehabilitation of the waste rock landforms will be progressive.  Strongly oxidised waste on the perimeter 
of the landform can be battered down to 15° before the weakly oxidised waste rock is mined and trucked 
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to the waste rock landform where it is placed over the top of the strongly oxidised waste forming a layer 
1.5 to 2.0m thick thus encapsulating the strongly oxidised and highly visible kaolinitic material. 

The waste rock landforms will cover an area of 878ha and will be designed and constructed to maximise 
infiltration of rainwater with a final undulating crest with a height of less than 30m.  Crestal bunds and 
sub berms will be established on batters of less than 15° to limit runoff and minimise erosion.  Toe bunds 
will be constructed to prevent loss of clays to surrounding vegetation.  The shaped waste rock landform 
will be covered in topsoil and timber mulched using available timber harvested and stockpiled during 
initial clearing.   

The crest and slopes of the waste rock landforms will be deep ripped on the contour to a depth of 60cm 
and seeded with local catchment provenance framework species.  It is proposed to undertake 
revegetation trials once mining commences to determine fertiliser requirements and confirm seeding 
levels. 

The sequence of stage mining and progressive waste rock landform building is then continued throughout 
the life of mining from Stage 1 through to Stage 14 so that by the end of the mines life the majority of 
the waste rock landforms are rehabilitated. 

Table 2.3 provides an indicative summary of ore and waste material movement during the life of the 
mine. 

Table 2.3: Indicative Mine Schedule Yearly Summary 

Year -1 1 2 2 4 5 6 7 8 9 10 11 12 

Ore movement from 
pit to plant (Mt) 

0.0 2.1  3.2  3.2  2.9  3.2  3.2  3.2  3.2  1.7  2.3  3.0 2.2 

Ore movement from 
pit to stockpile (Mt) 

0.2 1.4  0.4  0.3  0.0  0.6  0.8  0.8  1.1  0.0  0.0  0.0  0.0  

Waste movement 
from pit waste rock 
landforms (Mt) 

1.5  14.1  17.4  17.3  18.7  16.6  17.0  16.0  15.7  8.3  11.5  7.7  9.5  

Total movement from 
pit (Mt) 

1.7  17.6  21.0  20.8  21.9  20.4  20.9  20.0  20.0  10.0  13.9  10.7  11.7  

 

Closure and rehabilitation objectives for the waste rock landform design are included Section 6 – Closure, 
Decommissioning and Rehabilitation. 

While mining will extend below the natural groundwater table at around 35 to 50m below ground level 
(mbgl), dewatering will be achieved through sumps to be established within the pits due to predicted low 
rates of inflow.  Any water collected in the pits will be pumped to a water storage facility and used in the 
process plant or for dust suppression.  

2.2.2 Ore Processing 

The proposed treatment of the oxidised vanadiferous magnetite (V2O5) ore will use conventional 
vanadium processing technology which includes the following stages:  

▼ Crushing, scrubbing, desliming, and grinding using a ball mill. 
▼ Treatment over magnetic separator drums of varying magnetic strengths to produce a magnetic 

concentrate. 
▼ Sodium salt roast-leach of the magnetic concentrate in a gas-fired rotary kiln with the addition of a 

sodium carbonate / sulphate to form sodium vanadate.  
▼ Continuous leaching, desilication, ammonium meta-vanadate (AMV) precipitation refinery operation 

to produce filter cake. 
▼ Sodium sulphate crystallisation and recycle as roasting salt. 
▼ De-ammoniation and calcining of the AMV to produce a fused vanadium pentoxide (V2O5) product. 
▼ Optional production of FeV(80) product through an electric arc furnace. 
▼ Product packing in sealed drums and/ or bulka bags. 
▼ Containerised transport to port for export. 

The proposed Process Plant Layout is provided as Figure 2.2 and a process flow diagram is provided as 
Figure 2.3.  
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Run-of-Mine (ROM) Ore Feed 

Ore will be delivered from the mine and dumped into a ROM stockpile area.  The stockpiles together with 
the use of selective mining techniques provide a means of blending the plant feed to assist in maintaining 
consistent concentrate grades and silica levels. 

Ore will be transported from the stockpile area and dumped through a coarse grid (grizzly) into a 
conventional ROM bin using a front end loader.  The ore is then fed from the bin onto a vibrating grizzly 
where ore material of less than 200mm is screened out and fed onto the scrubber feed conveyor.   

The over-size material from the grizzly is fed into a primary jaw crusher which discharges to the scrubber 
feed conveyor. 





ENVIRONMENTAL DRAFTING (08) 9486 9222    P:\work\Aquaterra\767C3\767-C3-f2-03.dgn

SOURCE: SKM, Dwg No. 2400-F-002, 24/10/07.

Figure 2.3

BARRAMBIE VANADIUM PROJECT
PROCESS FLOW DIAGRAM
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Scrubber, Primary Screening and Crushing 

Primary crushed ore will be fed to the primary screening station either directly or via rotary wet drum 
scrubber depending on the amount of fine material in the feed.  The primary and crushing screens are 
wet vibrating screens which feed and recycle ore to the crushing circuit comprising of secondary and 
tertiary crushers to produce a ball mill feed at less than 13mm.  The secondary crusher and tertiary 
crushers comprise a series of cone crushers. 

Secondary Screening and Fine Ore Handling 

A Secondary Screening Station is included to prepare feed for the ball mill by separating out the minus 
1.1mm feed material.  The coarser fraction is fed onto a fine ore stockpile for direct feed to the mill 
whereas the minus 1.1mm material is pumped to the mill feed cyclone for separation of the minus 
150micron (µ) fraction which can bypass the mill. 

The fine ore stockpile will have a total capacity of 3,600m3 and provides surge capacity, between the 
front-end crushing/ screening plant and the ball mill.  The fine ore is drawn from the stockpile via 
vibrating feeders installed in a reclaim tunnel.  The fine ore feeders discharge onto the ball mill feed 
conveyor. 

Beneficiation Milling 

A grinding system will be used to further reduce the material from the fine ore stockpile to less than 150µ 
which is the maximum particle size required for magnetic separation. 

The grinding system comprises: 

▼ Ball mill. 
▼ Ball mill discharge sump and discharge pumps. 
▼ Ball mill discharge cyclone classifier bank. 
▼ Ball mill feed cyclone classifier bank. 
▼ LIMS de-slime (cyclone overflow), feed hopper and pumps.  

Magnetic Separation and Regrind 

The magnetic separation and regrind circuit is housed in a partially enclosed 60x30m, 3-level steel 
structure.  The building contains the multistage magnetic separation machines, cyclone banks and regrind 
mill together with related slurry hoppers and pumps.  

The circuit makes use of the magnetic properties of the vanadium bearing components of the ore to 
separate out gangue materials (primarily silica) which would be deleterious to the downstream roasting 
process. 

The circuit separates the minus 150µ feed ore into coarse and fine streams which are each run though 
separate separation circuits.  A coarse regrind circuit is included to further reduce the particle size of the 
coarse stream after it has undergone initial magnetic separation both to liberate more magnetic material 
and to improve vanadium recovery from the subsequent roasting process.  

Non-magnetic tailings streams which are separated out throughout the process are combined and fed to 
a rake thickener for partial dewatering and pumping to a tailings storage facility (TSF).  

Subject to further testwork, gravity separation equipment such as floatation cells, cyclones and spiral 
separation equipment may be included in this circuit to replace some magnetic separation equipment. 

Beneficiated Concentrate Storage 

Beneficiated concentrate from magnetic separation circuit will be dewatered to enable the concentrate to 
be stockpiled, recover water and reduce kiln energy consumption.  Dewatering is achieved by a two step 
process commencing with thickening and followed by filtration resulting in a product with approximately 
10% moisture.  The filter cake is then conveyed to an enclosed stockpile.  The stockpile permits blending 
of the kiln feed and provides a storage buffer for times when the beneficiation circuit may be off-line.  
The stockpile has a reclaim system and discharge tunnel to supply material to the kiln.  

Salt Roasting 

The Barrambie Vanadium Project is based on using the proven salt roast process to extract the vanadium 
(in the form of V2O5) from the concentrated ore by heating it to between 1,200° and 1,300°C in the 
presence of a sodium salt. 
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The roasting of the concentrate and sodium salt is conducted in a rotary kiln.  The roasting system 
comprises: 

▼ Preheater Tower. 
▼ Roasting Kiln. 
▼ Transfer Chute. 
▼ Rotary Cooler. 
▼ Discharge Chute, Oversized Material Pit and Pan Conveyor. 
▼ Electrostatic Precipitator (ESP) Induced Draft Fan and Exhaust Stack. 

The Roasting Kiln is 85m in length and 5.5m in diameter and is designed to operate with natural gas and 
diesel fuel. 

Either sodium carbonate or a mixture of sodium carbonate and sodium sulphate will be used as the 
source of sodium and flux.  The mixture of the two salts can be adjusted to suit process conditions.  This 
is particularly relevant if sulphur dioxide concentrations are predicted to spike due to specific weather 
conditions and it is deemed necessary to reduce the level of sodium sulphate temporarily.  As the mix of 
concentrate and salt travels towards the burner, the sodium salt melts with the elements bound to the 
sodium, carbon or sulphur, volatising and oxidising.  The gas formed travels out with the products of 
combustion and exits via the exhaust stack.   

Calcine Leach 

The roasted or calcined concentrate (calcine) exiting the rotary cooler contains water soluble sodium 
vanadates.  The sodium vanadates are extracted from the calcine by agitating and milling the calcine in 
hot water.   

The solubilised sodium vanadates (and other dissolved salts present) are separated from the coarse solid 
calcine material for downstream processing to extract the vanadium, while the solid calcine material is 
pumped to the TSF.  

Desilication Circuit 

Silica remaining in the leachate must be removed before the precipitation of AMV.  Desilication is 
achieved by adding aluminium sulphate to the liquor and filtering out the insoluble aluminium silicates 
created. 

Overflow from the leach thickener gravitates to an agitated precipitation tank into which aluminium 
sulphate is added. This tank overflows to a second similar tank in which acid is added to reduce pH.  The 
liquor laden with precipitated silicate is cooled and fed to a thickener tank from which the underflow is 
filtered in a pressure plate type filter to remove the silicate for disposal in the calcine tailings stream.  
The desilicated pregnant liquor is further filtered through a cartridge type polishing filter before being 
transferred to the AMV precipitation circuit. 

AMV Precipitation 

Vanadium held in solution in the pregnant liquor is extracted by adding ammonium sulphate which reacts 
with the soluble sodium metavanadate to form insoluble ammonium metavanadate (AMV) and soluble 
sodium sulphate.  The insoluble AMV is then removed from the liquor by filtration. 

Pregnant liquor is pumped to the first of three precipitation tanks connected in series with ammonium 
sulphate solution being added to the first two tanks.  Liquor and suspended solids from the last tank are 
pumped into classifying/ dewatering cyclones to separate a concentrated coarse and dilute fine stream.  
The coarse stream is filtered with a belt filter to remove the AMV crystals. The fine stream is first 
thickened with the thickened underflow being sent to the filter and the barren liquor being recycled to the 
thickener. 

De-ammoniation 

In the de-ammoniation process the ammonium metavanadate filter cake (NH4VO3) is reduced to V2O5 
while preventing the formation of Vanadium tetroxide (V2O4).  The process occurs in a rotary calcining 
kiln which is designed to destroy 90% of the ammonia gas (NH3) produced in the reaction.    

AMV cake discharges from the AMV belt filter directly into the de-ammoniation kiln feed box.  The 
calcined product from the kiln is then fed via a powder surge bin into the V2O5 fusion furnace. 
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Fusion and Flake Production 

The powdered V2O5 produced from the de-ammoniation kiln is not suitable for safe or convenient 
downstream handling due to its dusting properties and possible toxicity.  The powdered V2O5 is fed using 
screw conveyors directly from the furnace feed hopper into the fusing furnace.  The molten product is 
then fed onto a rotating flaking wheel to cool and break off into flake sized particles for packing. 

Product Packing for Transport 

It is proposed that either sealed bulka bags or drums may be used in the packaging for transport of both 
fused V2O5 and FeV(80) dependant on end-user material handling requirements.  In line with best 
practice for the transport of bulk materials, the bulka bags or drums will be packed at the plant into sea 
containers and will not require further handling until reaching their overseas end user. 

The fused V2O5 will be shipped in the form of a stable fused flake (not a powder).  Fused flake inherently 
has very limited potential to create a dust nuisance should a circumstance arise where a bag were 
punctured in the open environment unless the material is actively disturbed. 

Fused vanadium pentoxide is considered to be general cargo and is not regarded as a hazardous 
substance by the Fremantle Port Authority and hence does not require unique handling or transport 
precautions (pers comm. Emma McCauley FPA). 

The FeV(80) is a +3mm non-toxic metal granule which also poses a minimal dust problem if exposed to 
the environment.  The metal granules will be packed in sealed bags (or drums) and contained within sea-
containers.  The potential for creating fugitive dust in the event of any spillage will therefore be minimal 
although all handling procedures should avoid unnecessary handling to minimise the chance of any small 
quantities of remaining dust and avoid cuts from sharp edges. 

In the case of spills that escape the bag and container, the material would be swept up or vacuumed and 
returned in sealed and labelled containers to the plant for re-processing.  The material is insoluble in 
water and there are no environmental sensitivities with respect to this material. 

Sodium Sulphate Recovery 

The sodium sulphate crystalliser plant recovers anhydrous sodium sulphate crystals from the barren 
liquor.  The sodium sulphate crystals are dried, stored and then recycled back into the roasting kiln 
reducing the amount of soda ash required to be purchased from external suppliers.  The recycling process 
will significantly reduce the amount of sodium sulphate generated in the refinery which would be 
discharged into lined evaporation ponds. 

Reagents 

Various bulk chemicals are required for the concentrate roasting and post-kiln hydrometallurgical stages. 
Other reagents will be needed for the production of service streams, RO water, potable water, cooling 
water and steam. 

Most of these reagents will be sourced from coastal port cities in WA with some coming from interstate or 
overseas. 

The major reagents required are: 

▼ Sodium carbonate (60,914tpa) as kiln roasting salt. 
▼ Sulphuric acid (16,800tpa) in desilication to reduce pH. 
▼ Ammonium sulphate (9,103tpa) in AMV precipitation. 
▼ Aluminium sulphate  (3,639tpa) in desilication.  
▼ Flocculent (203tpa) in high rate thickeners across the plant. 
▼ Water treatment chemicals (12tpa) cooling water, boiler feed and potable water circuits.  

Facilities will be installed to unload and store bulk deliveries of these reagents at site.  All facilities will be 
constructed and operated in accordance with Dangerous Goods Safety (Storage and Handling of Non-
explosives) Regulations 2007. 

2.2.3 Tailings Storage Facilities 

The leading practice approach to the design of the tailings storage facilities (TSF) considers the complete 
life of mine and storage requirements.  The site and tailings deposition strategy is largely dictated by 
closure objectives for the final landform.  At the point of closure the various TSF cells will be capped and 
shaped to provide maximum stability, limit infiltration, reduce visual impact and minimise the impact on 
the natural drainage regime. 
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The three main process waste streams include: 

▼ Primary Tailings – from the scrubbing, desliming and magnetic beneficiation circuit. 
▼ Calcine Tailings - after water leaching of the sodium vanadate. 
▼ Barren Leach Solution or a much reduced blowdown stream from the crystalliser plant if sodium 

sulphate recovery is adopted – after precipitation of the ammonium meta-vanadate.  

Designs for each of the waste storage facilities are discussed below.  The concepts are based on 
constructing facilities for the planned 12-year mine life.  A range of options are being considered for the 
respective tailings streams which optimise environmental management and economic constraints.  

Primary (Beneficiation) Tailings Storage Facility 

Primary Tailings constitutes the reject material from the primary physical beneficiation process.  The 
tailings material deposited into the un-lined Primary (beneficiation) tails ponds will consist of “as-mined” 
rock and clays which have been crushed and ground and mixed with untreated bore-water.  Process 
water from downstream of the kiln will not be mixed with this water and the only chemical additives will 
be a small amount (60gm/tonne) of flocculent (Magnafloc 342 or equivalent) which is a flocculent widely 
used through the industry for tailings which are to be disposed of in this manner.  Ponded runoff water 
and rainfall is continually collected in a decant tower and pumped back to the process to minimise the 
requirement for borewater. 

Due to the benign nature of the beneficiated tailings these impoundment areas do not require sealing or 
underdrainage to be installed (see Section 5.5.3 Groundwater Quality Management and Table 5.8 
regarding tailings leach testwork).  This water is pumped back into the plant for use as process water in 
the beneficiation circuit or used for dust control over the drying tailings area.  A series of monitoring 
bores will be installed around the perimeter of the TSF to detect the extent of seepage.  A plan view of 
the combined Primary and Calcine TSF arrangement is provided as Figure 2.4. 

As it is unlikely that this material will be re-treated in the future the tails will be deposited in a manner 
which facilitates decommissioning and closure objectives as indicated in Section 6. 

Calcine Tailings Storage Facility 

Calcine tailings are the filtered and thickened waste material from the calcine leach process following 
water leaching of the solubilised vanadium.  The calcine tails stream will contain traces of soluble 
ammonium and sodium salts and will be deposited into a high density polyethylene (HDPE) lined storage 
area.  Run-off liquor will be continually decanted removing any hydraulic head or significant un-entrained 
liquor surface area.  The driving force for any potential leakage will therefore be relatively small.  Return 
water will be pumped back to the plant for re-use in the refinery section of the plant or used for dust 
control over the drying tailings area. 

As shown in Figure 2.4, monitoring bores are installed to detect any seepage and approved interception 
bores will be installed if leakage is detected.  

The calcine tailings material will also contain some residual vanadium (not removed via the leach wash 
process), and is also high in ferric and titanium compounds that could potentially be saleable by-
products.  The ferric and titanium compound can remain on the stockpile ready for sale or be covered and 
rehabilitated in situ as part of the closure plan.  This stockpile will consist of black finely ground material 
and has the potential to become airborne if allowed to dry.  From the experiences of other mine sites, it 
is likely that sprinklers will be required to contain the dust prior to covering the stockpile with coarser 
waste material for rehabilitation or sealing purposes. 

Barren Solution Storage Facility 

Barren solution is the solution that remains after precipitation of the AMV and contains a low 
concentration of sodium and ammonium sulphates contaminated with low levels of chlorides.  The barren 
solution will be stored in a 100m x 100m x 4.5m deep HDPE lined evaporation pond which has been sized 
accordingly to contain and evaporate all liquids over the 12-year life of the Project.  The pond has 
sufficient volume and surface area to store and evaporate all discharged water over an average annual 
rainfall cycle while maintaining a 0.5m freeboard. 

The facility will be designed to eventually encapsulate the evaporite with an impermeable material (i.e. 
clay) to prevent ongoing leaching of the residual salts post-closure.  A plan view of the combined Barren 
Solution TSF arrangement is provided as Figure 2.5. 

The amount of material deposited in the Barren Solution TSF will be significantly reduced as the recovery 
and re-use of sodium sulphate in the roasting kiln is maximised.  In this circumstance the main evaporite 
will be the blow-down used to control chloride levels in the crystalliser circuit. 
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2.3 Infrastructure and Support Facilities 

2.3.1 Water Supply Borefield and Pipeline 

The Barrambie Project water supply requirements are currently estimated to be around 2.5GL/year 
(6,850kL/day).  Hydrogeological investigations have been undertaken to evaluate the groundwater 
resources within the vicinity of the Barrambie Project, and to ensure that there are adequate water 
supplies to meet the various Project water supply requirements, including water demands for ore 
processing, dust suppression and the accommodation village. 

Groundwater investigations have identified the existence of two aquifers (a shallow calcrete aquifer and a 
deeper sand/ sandstone aquifer), forming part of the Cogla Downs drainage system located 
approximately 30km north of the proposed mine site (Figure 2.6), on Yarrabubba Station.  Both of these 
aquifers could potentially act as water supply options for the Project.  However, more recent groundwater 
modelling of the sustainability of the calcrete suggests that this aquifer can supply sufficient water to 
meet projected Project demands (both in terms of yield and water quality) (see Section 5.5.2). 

The water supply pipeline from the Barrambie Borefield to the processing plant will be located adjacent to 
the Sandstone Meekatharra Road easement as shown in Figure 2.6.  The pipeline will be buried for over 
80% of the proposed alignment where trenching can be done efficiently using a bucket wheel trenching 
machine after ripping with a dozer.  The pipeline will remain above ground in hard areas where blasting 
may be required.  The borefield flowlines and accommodation village water supply lines will similarly be 
buried for most of their alignment as practicable. 

Potential supplementary or alternative water supply options exist through either an extension of the 
calcrete aquifer system to the south and east, or from the abandoned open pits at the Gidgee Mine 
approximately 35km to the north east.  These options will be further evaluated through the operational 
life of the Project if monitoring indicates that additional supplies are required (see Water Supply 
Contingencies Section 5.5.3). 

2.3.2 Gas Supply 

A gas pipeline is proposed to be extended from the existing infrastructure near the Windimurra Vanadium 
Mine located approximately 133km south west of Barrambie.  The gas pipeline will be built, owned and 
operated by a proponent other than Reed Resources, along with the Power Supply for the Barrambie 
Project.  Therefore, the gas pipeline is not part of the proposal being assessed through this PER. 

2.3.3 Power Supply 

Electrical power for the operations will be supplied from a 28MW (installed capacity) dual fuelled, diesel/ 
gas fired power station, built, owned, operated and maintained by a contractor.  The power station 
contractor will be responsible for the complete construction of the plant.  The proposed site for the power 
station is located at the south-east corner of the processing plant area.   

Electricity will be reticulated from the power station to the main office complex, process and mine 
operations area via 11kV cables with transformers located at strategic locations in the distribution 
system.  Power to the accommodation village will be supplied via a power line from the main process 
power plant.  Power station capacity will be increased to 35MW (installed capacity) if it is decided to 
include the ferro vanadium facility at Barrambie. 

2.3.4 Accommodation Village 

As most of the Project workforce will be employed on a fly in/ fly out (FIFO) basis, a 250 bed 
accommodation village is planned for the Barrambie Project, with an assumed average occupancy of 
about 140 persons during operations with an additional 150 beds during the construction phase.  The 
camp is proposed to be located off the access road that runs from the minesite to the aerodrome, as 
shown in Figure 2.1.  

The camp will likely include facilities such as a gymnasium, swimming pool, recreation area, coach drop 
off/ pick up area and carpark, as well as essential facilities such as water treatment, storage and supply, 
wastewater facility, mess/wet mess, laundry and linen store, generator and administration building.  
Potable water will be pumped to the camp from a water treatment plant located at the processing plant.  
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2.3.5 Wastewater Treatment 

Wastewater from site amenities at the mining and ore processing operations and accommodation village 
will be treated using BioMax treatment and recycling systems.  All wastewater treatment facilities will be 
installed and operated to comply with the Shire of Sandstone standards.  The treatment facilities will be 
serviced regularly to manufacturer recommendation.  Treated effluent will be directed to either sub-soil 
irrigation of landscaped areas or into the tailings thickener.  

2.3.6 Aerodrome 

Current plans for the Barrambie Project include the construction of a 2km bitumen, sealed certified 
aerodrome at Barrambie.  The aerodrome would include a small terminal building and limited facilities 
such as water, ticket/ baggage handling facilities, ablutions, maintenance shed, temporary power, fence, 
car park, fuel facilities and an unsealed access road.  The aerodrome is expected to function as a fly in/ 
fly out facility for the workforce based at Barrambie.   

The preferred location for the aerodrome is to the west of the Sandstone Meekatharra Road, based on 
physical terrain and wind data from the Bureau of Meteorology.  This is shown in Figure 2.1. 

2.3.7 Road Transport and Port 

It is proposed that the road transport of consumable goods for the Barrambie Project, including fuel and 
process reagents, will be from the south and will access the site leaving sealed arterial roads at 
Sandstone and travel north along the unsealed Meekatharra - Sandstone Road for a distance of 
approximately 70km. 

Sodium Carbonate is the largest single reagent requiring 846 trucks per year.  It is envisaged that bulk 
supplies will be shipped to the Port of Geraldton and trucked to site. 

Sulphuric Acid is the second largest consumed reagent requiring 353 trucks per year.  A supplier has 
been contacted and it is envisaged that it will be sourced from Kalgoorlie. 

Diesel will be provided from either Geraldton or Kalgoorlie depending on the successful wholesaler. 

It is envisaged the remaining goods will be sourced from the Perth/Kwinana area and a commercial 
consolidation yard will be used to optimise logistics.  

Fused vanadium pentoxide V2O5 is the plant final product and will require 187 trucks per year from 
Barrambie along the Meekatharra Sandstone road and then on sealed arterial roads from Sandstone to a 
consolidation yard in the general Perth area ready for transport to and export via the Port of Fremantle.  
Fremantle Ports Environmental Manager has reviewed the MSDS for fused vanadium pentoxide and 
accepted that it is considered general cargo.  Discussions have been held with the Fremantle Port 
Authority with regards to existing and future goods movement to and from the port via rail which will 
assist the project when selecting a consolidation yard. 

Export port options are limited to existing ports which are equipped to handle containers.  The likely 
transport route is indicated in Table 2.4 with the exception of the consolidation yard location which is yet 
to be determined. 

Table 2.4: Indicative Product Transport Route 

Road Distance (km) 

Sandstone Meekatharra Road 85 

Mt Magnet Sandstone Road 155 

Great Northern Highway 529 

Roe Highway 35 

Kwinana Freeway 4 

Leach Highway 8.5 

Stirling Highway 2.5 

Tydeman Road 1 

Total Product Transport Distance 820 

In line with best practice for the transport of bulk materials, the bulka bags or drums will be packed at 
the plant into sea containers and will not require further handling until reaching their overseas end user. 

Proposed levels of production will generate 561 containers (V2O5) or 387 containers (FeV (80)) annually.  
This is expected to constitute be around 187 return trips each year. 
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Table 2.5 summarises the estimated movement of goods to and from the Barrambie Project. 

Table 2.5: Goods Movements - To / From Site 

Goods Annual Usage Shipment Size Trucks per Year 

Sodium Carbonate 60,914 t 72 t 846 

Ammonium Sulphate 9,103 t 90 t 101 

Aluminium Sulphate 3,639 t 72 t 51 

Sulphuric Acid 16,800 t 47.6 t 353 

Flocculent 203 t 15 14 

Diesel 2,112 kl 105 kl 20 

Grinding Media 2,163 t 60 t 36 

Vanadium Product 11,200 t 60 t 187 

General Freight n/a n/a 104 

Catering Supplies n/a n/a 104 

Totals   1,829 - 1909 
(around 5 trucks per day) 

 

In its current condition the road is subject to closure following rainfall and would not support anticipated 
increased traffic associated with the Project.  Discussions are underway with the Shire of Sandstone 
regarding road upgrade and maintenance arrangements.  However, road upgrade will generally be an 
upgrading of the ongoing road maintenance programme being undertaken by the local shire.  Suitable 
sources of gravel have been located from within areas already covered by Mining or General Purpose 
Leases held by Reed Resources.  These are indicated in Figure 2.1.   

2.4 Project Timing 

The proposed project anticipates an initial mine life of 12 years with an expected start date in early 2012.  
Other key project dates are provided in Table 2.6.  

Table 2.6: Key Project Dates 

Project Phase Date 

Finalise Definitive Feasibility Study May 2009 

Commence PER Public Review Period 28 June 2010 

Closing Date for Submissions 26 July 2010 

Submit Mining Proposal to DMP September 2010 

EPA Report and Recommendations November 2010 

Part IV EP Act Ministerial Approval January 2010 

Works Approval March 2011 

Commence Site Works and Mine Development June 2011 

Commence Plant Commissioning December 2012 

Commence Plant Production March 2013 
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3. EXISTING ENVIRONMENT 

This section provides a description of the existing environment encompassing the Barrambie Vanadium 
Project.  The existing environment includes biophysical factors under the headings of climate, topography 
and land systems, soils, geology, surface water, groundwater, flora and fauna and social factors including 
heritage, land use and conservation. 

3.1 Climate 

Climate data from the Bureau of Meteorology (BoM) meteorological station at Meekatharra (Table 3.1), 
located approximately 100km to the north-west of the proposed Barrambie Project has been used to 
describe climatic conditions.  To supplement this information, Reed Resources installed a weather station 
near the proposed aerodrome site in August 2008 which will provide comparative, local baseline climatic 
data prior to Project construction and operations (Plate 3.1). 

The climate of the central Mid-West region of Western Australia is generally arid, with hot dry days and 
cold clear nights. 

Plate 3.1: Barrambie Weather Station 
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Table 3.1: Meekatharra Climate Data 

Statistics Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual 

Mean maximum 
temperature (°C) 

38.2 36.6 34.3 29.1 23.7 19.6 19 21.3 25.6 29.5 33.2 36.4 28.9 

Mean minimum 
temperature (°C) 

24.3 23.7 21.4 17 12.1 8.7 7.4 8.5 11.5 15 18.7 22 15.9 

Mean daily evaporation 
(mm) 

16.2 14.2 11.9 8.2 5.5 3.8 3.9 5.4 8.1 11.1 13.6 15.2 9.8 

Mean 9am relative 
humidity (%) 

30 37 38 45 52 63 61 51 40 33 29 28 42 

Mean 3pm relative 
humidity (%) 

18 24 23 28 34 41 38 30 22 17 15 16 25 

Mean rainfall (mm) 27.5 36.2 29 21.1 23.9 31 22.1 11.4 4.6 6.4 11.3 12.2 236.4 

Mean number of days 
of rain 

4.2 4.4 4.3 4.3 4.5 5.8 5.6 3.6 1.9 1.7 2.3 3 45.6 

Mean 9am wind speed 
(km/h)  

20.4 20.3 20.1 18.5 16.7 15 15.4 17.5 19.4 19.9 19.7 19.5 18.5 

Mean 3pm wind speed 
(km/h)  

15.1 15.6 14.7 14 14.2 14.6 15 15.9 16.9 17.3 16.4 15.4 15.4 

 

3.1.1 Temperature and Humidity 

The mean daily maximum and minimum temperatures at Meekatharra range from 24°C to 38°C during 
summer and 7°C to 19°C during winter (Figure 3.1).  The relative humidity is consistently low.  The 
maximum humidity occurs during the winter months between May and August, reaching a maximum of 
63%. 

3.1.2 Rainfall and Evaporation 

The total annual rainfall (Figure 3.2) in the region is very low (historical average 237.4mm per annum) 
with most rain falling during late summer and the early winter months.  Winter rain is associated with 
cold fronts from the southwest, whilst summer rainfall is associated with thunderstorms or rain-bearing 
depressions associated with tropical low pressure systems and cyclones, resulting in major rainfall 
events. 

September is the driest month of the year, receiving on average less than 5mm of rainfall over the entire 
month.  

The annual evaporation rate in the region is approximately 10 times greater than the annual rainfall.  The 
average annual pan evaporation rate recorded at Meekatharra is 3577mm.  The average daily 
evaporation rate is between 3.8mm/day in June to 16.2mm/day in January.  

3.1.3 Wind Direction and Wind Speed 

The dominant wind directions at Meekatharra are easterly during the first half of the year and southerly 
during the second half of the year (Figure 3.3).  Approximately 60% of all wind speeds at Meekatharra 
are between 2m/s and 5m/s with 28% of wind speeds greater than 5m/s. 
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Meekatharra Mean Monthly Rainfall and Evaporation, 1950 to 2008
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January – March Wind Rose 

 
May – June Wind Rose 

 
July – September Wind Rose 
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MEEKATHARRA SEASONAL WIND ROSES (2002 – 2006)  Figure 3.3 
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3.2 Topography, Land Systems and Soils 

The Barrambie Project area is typically flat to gently undulating with occasional prominent hills.  Elevation 
is generally between 400-500 metres above sea level.  The region is characterised by broad plains of red-
brown soils and red sandplains and breakaway complexes with minimal dune development.  Vegetation is 
dominated by Mulga Woodlands often rich in ephemerals, hummock grasslands, saltbush shrublands and 
Halosarcia shrublands.  Drainage is internal, and salt lakes such as Lake Austin located to the west of the 
Project area are associated with Palaeodrainage systems (Cowan, 2001). 

3.2.1 IBRA Bioregion 

The proposed Barrambie Project is within the East Murchison Subregion (MUR1) of the Murchison 
biogeographic region (Bioregion) of the Interim Biogeographic Regionalisation for Australia (IBRA) 
(Thackway and Cresswell, 1995).  Bioregions are defined on the basis of climate, geology, landforms, 
vegetation and fauna. 

3.2.2 Land Systems 

A regional inventory and condition survey of the Sandstone, Yalgoo, Paynes Find area was undertaken 
between 1992 and 1993 by the Department of Agriculture (now the Department of Agriculture and Food) 
and the Department of Land Administration (now Landgate).  The purpose of the survey was to develop a 
comprehensive description of the biophysical resources and an assessment of the condition of the soils 
and the vegetation of the region (Payne et al. 1998).  A component of the survey was the mapping of 
land types and associated land systems. 

The Barrambie Project area and water service corridor occur over eight Land Types and twelve associated 
Land Systems (Outback Ecology, 2007a).  Ten occur in the vicinity the main Project area and four over 
the proposed water corridor, as described in Table 3.2. 

3.2.3 Soils 

A baseline survey of surface soils in the Project area (Appendix A) was conducted in September 2007 
(Outback Ecology, 2007b).  The survey area included an investigation of soil properties within the 
proposed mining area, processing plant, TSF, airstrip and accommodation camp.  The surface soil profile 
at each location was described using the Australian Soil and Land Survey Handbook (McDonald et al. 
1998).   

The survey indicated that the soil surface characteristics differ in terms of coarse fragment/ gravel 
content, the presence/ absence and degree of surface crust and cryptogram cover.  Soil texture 
classifications ranged from clayey sands to medium heavy clays with little correlation to landform unit or 
depth within the soil profile, although soils with higher fines (clay) contents were generally identified at 
sites lower in the landscape.  Gravel contents were variable, but were higher at sites located on low hill/ 
slope areas and within the proposed plant area.   

Soil structure was predominantly single-grained with some weak aggregates in the surface horizon.  Soil 
structural stability testing did not identify any highly dispersive soils at any locations, though moderately 
dispersive properties were observed for samples from the lower lying and foothill/ sloped areas.  Root 
growth was commonly observed to be sparse and generally decreased rapidly with depth. 

Soil pH values were mostly moderate to strongly acidic, with some mildly alkaline samples found at sites 
lower within the landscape.  Electrical conductivities were found to be predominantly non-saline to 
slightly saline, with some moderately saline soils at the proposed airstrip and low hill.  The soil sampled 
from within the minor drainage line was classed as extremely saline. 

As would be expected, soil organic matter content was extremely low overall.  Nitrate levels were highest 
in the low hill/ slope areas in both the upper 0 – 5 and lower 10 – 20cm sample depths.  Phosphorous 
levels ranged between 3 and 19mg/kg, and were generally highest in the upper 0 – 5cm depth interval.  
Potassium levels ranged between 42 and 313mg/kg, and were highest at the proposed TSF area.  
Sulphur levels were notably highest at one of the sites located within a minor drainage line in the vicinity 
of the mining area, with values of 547 and 974mg/kg of extractable sulphur, likely gypsum (see 
Section 3.3.3).  All other sulphur contents fell below 119mg/kg (Outback Ecology, 2007a). 
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Table 3.2: Land Types and Land Systems Barrambie Project Area  
(adapted from Payne et al. 1998) 

Land Types Land Systems Mine / 
Waste Rock 
Landform / 
Process 
Plant Areas 

Water 
Pipeline 
Corridor 

3  Gabanintha  Ridges and rounded hills of 
basalt, dolerite, jaspilite, and 
greenstone  

x   1  Hills with Acacia 
shrublands  

5  Naluthanna  Rough hills. Or fields and 
slopes of gabbro with 
restricted lower stony plains 
and gilgaied drainage floors  

x   

4  Breakaways, stony plains 
and sandy surfaced plains 
on granite with mulga 
shrublands and minor 
halophytic shrublands  

18  Sherwood  Breakaways, kaolinised 
footslopes and extensive 
gently sloping plains on 
granite  

 x  

5  Breakaways and alluvial 
plains with predominantly 
saline soils and halophytic 
shrublands  

21  Hootanui  Breakaways, hills and ridges 
on weathered greenstone 
and felsic extrusive rocks 
with extensive gravelly lower 
alluvial plains  

x  x  

26  Nubev  Gently undulating plains and 
low rises with limonite above 
alluvial plains with saline 
soils  

x   7  Irregular plains and low 
rises supporting mulga, 
bowgada, and some 
halophytic shrublands  

27  Violet  Undulating plains with stony 
and gravelly mantles and low 
rises with limonite  

x   

8  Stony pains and lower 
alluvial plains with 
predominantly saline soils 
and halophytic shrublands  

31  Nallex  Undulating plains and 
occasional low rises of 
gabbro  

x   

12  Sandplains with grassy 
acacia shrublands  

40  Kalli  Level to gently undulating 
plains of red sand over 
laterite  

 x  

41  Hamilton  Plains on hardpan and 
granite with narrow, incised 
drainage lines  

x   

42  Jundee  Level to very gently inclined 
wash plains with mantles of 
fine ironstone gravels  

x   

13  Wash plains on hardpan 
with mulga shrubland  

46  Woodline  Nearly level loamy-surfaced 
plains over hardpan  

x   

17  Alluvial plains with saline 
soils and predominantly 
halophytic shrublands  

66  Steer  Alluvial plains with gravelly 
mantles and scattered small 
circular drainage foci  

x  x  

 

3.3 Geology 

3.3.1 Regional 

The Barrambie Project is within the northern Archaen Yilgarn Craton of Western Australia, which consists 
of extensive granitoids which have intruded NNW trending greenstone belts (Figure 3.4a).   

The Barrambie mineralisation lies within a narrow NNW trending greenstone belt approximately 60km 
long with maximum width of about 4km known as the Barrambie Belt, which comprises mafic and 
ultramafic volcanics, sedimentary and felsic volcanic rocks, with interlayered mafic and ultramafic 
intrusive rocks.  The surrounding granitoids are typically even-grained to porphyritic granite and 
adamellite. 
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These rocks have undergone extensive deformation and metamorphism, including folding, faulting and 
shearing and several phases of intense deep weathering. The shape and extent of these rocks is not well 
understood as they are covered by extensive areas of residual laterites and transported surficial deposits 
(alluvium and colluvium) (Figure 3.4b). 

3.3.2 Mine 

Vanadium mineralisation at Barrambie (SKM, 2008) is part of an unusually large layered mafic intrusive 
complex within the Barrambie Greenstone Belt known as the Barrambie Igneous Complex.  The current 
known extent is approximately 21km in length and 500 to 1700m wide.  The Barrambie Project extends 
approximately 11km along the length of this complex. 

The Barrambie Igneous Complex consists of anorthositic magnetite-bearing gabbros intruded into the 
Barrambie Greenstone Belt.  The five main rock units are anorthosite, magnetic anorthosite, gabbro or 
dolerite, magnetite gabbro and magnetite. Mineralisation occurs in a zone of magnetites approximately 
150 to 200m thick near the stratigraphic top of the Barrambie Igneous Complex, in massive and 
disseminated bands or layers of vanadiferous magnetite.  The zone of mineralised bands is continuous 
along strike however, individual bands are discontinuous.  Up to thirteen mineralised bands have been 
identified.  On the western side of the mineralisation, the Central Zone consists of massive bands of 80% 
magnetite, which also contain vanadium and ilmenite, separated by layers of anorthosite-gabbro 
containing varying amounts of disseminated magnetite.  Individual bands may be up to 5m wide.  The 
Eastern Zone mineralisation consists of disseminated magnetite bands between 15 to 50m.   

The area is intensely weathered to depths of up to 70m.  Within the weathered profile, magnetite is 
oxidised to hematite (martite).  There is only limited alteration of ilmenite to leucoxene.  

Rocks in the mineralised zone are sub-vertical to dipping steeply to the west, with the schistosity 
trending north-west.  The Barrambie deposit has been displaced by cross-faults.  Fault displacements 
may be up to 600m.  The Barrambie mineralisation has been divided into five sections, referred to as 
Bay, Cove, Gulf, Bight and Strait, with the boundaries between sections occurring at these fault offsets. 

An indicative cross section through the Barrambie mineralised zone is provided in Figure 3.5. 

3.3.3 Waste Rock Characterisation 

Material characterisation has been conducted to determine the acid producing potential of ore and waste 
rock produced during operation of the Barrambie Project.  

Ore at Barrambie comprises the oxide zone where magnetite is oxidised to hematite (martite) and the 
deeper, unweathered primary zone containing unweathered magnetite.  Waste rock is anorthosite, 
gabbro and dolerite containing disseminated magnetite. 

The scope of this PER is limited to mining and processing ore from the oxidised zone only.  Anorthosite, 
gabbro and dolerite will be transferred to the waste rock landforms. 

There is no sulphur present as sulphides in the oxide zone ore, which comprises the major part of the 
resource and is the type of material which the metallurgical processes have been designed to treat.  Total 
sulphur levels in the oxide zone are generally in the range of 0.005% to 0.07% S with higher values in 
the surface 2 to 3 metres in the range 1% to 3% S due to the presence of sulphates.  XRF analysis of the 
weakly or highly oxidised material which occurs at or near the surface indicate that there are no 
sulphides present and elevated sulphur levels are due to the presence of gypsum as indicated in 
Table 3.3. 

Analysis of the deeper primary zone ore (below proposed mining limits and therefore outside of the scope 
of the proposed Project) indicates 1% to 5% sulphides (mainly pyrite and pyrrhotite).  These sulphides 
are fine grained and rapidly oxidized during weathering to produce hydrated iron oxides and sulphates 
such as gypsum, alunite and epsomite. 

The net acidity of a range of materials to be mined was determined using the Suspension Peroxide 
Oxidation Combined Acidity and Sulphate (SPOCAS) method in accordance with the Acid Sulphate Soils 
Laboratory Methods Guidelines, Queensland Department of Natural Resources, Mines and Energy.   

The SPOCAS method is a self-contained acid base accounting test providing a measurement of the 
maximum oxidisable sulphur, Titratable Actual Acidity (TAA) and Titratable Peroxide Acidity (TPA) and the 
potential Acid Neutralising Capacity (ANC) in a soil sample.  ANC is a measure of a materials inherent 
ability, through the presence of alkaline materials, to buffer acidity and resist the lowering of the pH 
which may result in potential acid production. 

The Titratable Actual Acidity (TAA) provides a measure of the actual acidity (i.e. soluble and readily 
exchangeable acidity) within a soil sample. 
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The TPA result of SPOCAS represents a measure of the net acidity, effectively equivalent to the sum of 
the soil’s potential sulphidic activity and actual acidity.  A TPA of zero indicates that, for a finely-ground 
sample (under laboratory oxidation conditions), the soil’s buffering/acid neutralising capacity exceeds (or 
equals) the potential acidity from oxidation of sulphides. 

Titratable Sulphidic Acidity (TSA) is calculated by TPA minus TAA.  The ‘sulphur trail’ of SPOCAS (i.e. 
SPOS) gives a measure of the maximum ‘oxidisable’ sulphur’ (usually predominantly sulphides) present in 
the soil sample (Department of Environment and Conservation 2009b). 

SPOCAS test results indicate that the acid producing potential, as determined by SPOS, of the material 
proposed to be mined within the weak to medium oxidised zone of the Barrambie deposit is significantly 
below the TPA Action Criteria set out in the DEC Guidelines for the Identification of Acid Sulfate Soils and 
Acidic Landscapes where more that 1000 tonnes of material is disturbed (Tables 3.4a and 3.4b).  While 
some results for weakly oxidised material indicated TPAs above the Action Criteria, this material is 
located below the limit of the proposed mining operation.  Furthermore, no primary zone ore potentially 
containing sulphide material will be exposed in the pit wall or pit floor.  The presence of neutralising 
alkaline material was also indicated in some of the samples. 

Figure 3.6 shows the location of the drillholes where samples were collected for SPOCAS testing. The 
SPOCAS Testing Laboratory Reports are provided in Appendix B. 

Based on the results of SPOCAS testing undertaken for the proposed Barrambie Vanadium mine, it is 
concluded that acid production in the waste rock landforms and tailings storage facilities will not result in 
adverse environmental impacts. 
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Table 3.3: XRF and XRD Analysis – January 2008 

XRF XRD 
Drill 
Hole 

UWA 
Lab 
Ref. 

Depth 
(M) V2O5 

% 
TiO2 
% 

Fe 
% 

Si 
% 

Al 
% 

Mg 
% 

Ca 
% 

Mn 
% 

P 
% 

K 
% 

Na 
% 

S 
% 

LOI 
% 

Gypsum 
% 

Kaolin 
% 

Hematite 
% 

Quartz 
% 

28751 0-1 0.41 6.52 11.3 13.2 9.37 1.21 6.75 0.02 0.009 0.18 0.26 3.88 15 30 30 15 10 
BRC460 

28752 1-2 0.48 5.99 11.6 14.7 13.7 0.7 2.61 0.01 0.007 0.1 0.33 1.47 13.2 15 10 20 10 

28366 1-2 0.59 6.27 26.9 8.67 7.05 0.34 4.02 0.07 0.025 0.04 0.16 2.95 11.5 30 40 15 10 
BRC388 

28367 2-3 0.55 5.94 25.2 9.11 7.95 0.27 4.22 0.07 0.016 0.04 0.18 3.32 11.9 30 40 15 10 

BRC378 29210 5-6. 0.87 10.32 27.9 9.32 8.83 0.14 1.33 0.05 0.028 0.04 0.12 1.01 9.57 10 50 25 15 

TW001 70401 0-1 0.29 6.41 6.11 18.3 8.79 1.34 5.5 0.03 0.015 0.25 0.4 4.03 14.5 - - - - 

70549 0-1.5 0.36 8.84 5.18 16.8 12 1.32 5.45 0.02 0.007 0.06 0.25 3.59 12.2 - - - - 
BDDH021 

70550 1.5-3 0.62 8.87 3.49 17.6 15.2 0.28 3.27 - 0.009 0.08 0.4 2.53 11.9 - - - - 
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Table 3.4a – SPOCAS Results February 2008 

Drill Hole 
SGS Lab 

Ref. 
Depth 
(M) 

Description Oxidation pH KCl pH Ox 
S KCl 

(%ww) 
S p 

(%ww) 
S pos 

(%ww) 
ANCE 

TPA 
(moles 

H+/ 
tonne) 

TAA 
(moles 

H+/ 
tonne) 

TPA 
Action 

Criteria* 

59009-1 47 - 48 
Orange & black, medium grained, 

hematite 25%, clay 65 
Strong 6.7 7.7 0.005 0.006 <0.005 0.38 <5 <5 18.7 

BRC 489 

59009-2 55 - 56 Black & grey, medium grained, 
magnetite 60%, hematite 35 

Weak 5.9 6.4 0.015 0.016 <0.005 <0.01 <5 <5 18.7 

59009-3 11 - 12 
Brown & purple, fine grained, 
hematite 10%, feldspar 10%, 

clay 75% 
Strong 6.3 7.7 <0.005 <0.005 <0.005 0.08 <5 <5 18.7 

BRC 470 

59009-4 51 - 52 
Brown & black, medium grained, 

hematite 75%, feldspar 10%, 
clay 10% 

Weak 5.2 6.1 <0.005 <0.005 <0.005 <0.01 84 10 18.7 

59009-5 35 - 36 
Brown & black, medium grained, 

clay 25%, hematite 45%, 
geothite 15, magnetite 10% 

Strong 5.7 7.5 <0.005 <0.005 <0.005 0.44 <5 <5 18.7 

BRC 348 

59009-6 49 - 50 
Black & purple, medium grained, 
magnetite 45%, hematite 15%, 

clay 15%, chlorite 20% 
Weak 5.6 6.4 <0.005 <0.005 <0.005 <0.01 46 7 18.7 

59009-7 20 - 21 
Cream & yellow, fine grained, 

clay 70%, feldspar 15%, 
hematite 10% 

Strong 5.8 7.5 <0.005 <0.005 <0.005 0.14 <5 <5 18.7 

BRC 483 

59009-8 57 -58 
Brown & purple, medium grained, 

clay 10%, magnetite 25%, 
hematite 60% 

Weak 7.4 7.4 <0.005 <0.005 <0.005 0.15 19 <5 18.7 

59009-9 41 - 42 Black & orange, medium grained, 
hematite 85%, magnetite 10% 

Strong 6.6 6.9 <0.005 <0.005 <0.005 0.19 <5 <5 18.7 

BRC 416 

59009-10 65 - 66 
Brown & black, medium grained, 
magnetite 60%, hematite 10%, 

clay 25% 
Weak 6.0 6.7 <0.005 <0.005 <0.005 <0.01 110 <5 18.7 

59009-11 31 - 32 Brown & black, medium grained, 
hematite 90% 

Strong 6.0 7.6 <0.005 <0.005 <0.005 0.13 <5 <5 18.7 

BRC 371 

59009-12 64 -65 
Brown & grey, fine grained, 

magnetite 5%, hematite 15%, 
clay 75% 

Weak 6.3 2.9 0.006 0.37 0.36 <0.01 240 <5 18.7 
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Table 3.4b – SPOCAS Results January 2009 

Drill Hole 
SGS Lab 

Ref. 
Depth 
(M) Description Oxidation pH KCl pH Ox 

S KCl 
(%ww) 

S p 
(%ww) 

S pos 
(%ww) ANCE 

TPA 
(moles 

H+/ 
tonne) 

TAA 
(moles 

H+/ 
tonne) 

TPA 
Action 
Criteria 

6269-1 13 - 14 
White & dark brown, clay/ saprolite, 
kaolinite 85%, hematite 15% 

Strong 6.5 6.3 0.008 0.006 <0.005 <0.01 <5 <5 18.7 

BDDH 027 

6269-2 54 - 55 
Grey & green, blebby/ saprock, 
kaolinite 60%, hematite 20%, 
chlorite 20% 

Medium - 
Weak 6.6 7.2 <0.005 <0.005 <0.005 0.4 <5 <5 18.7 

BDDH 025 6269-3 53 - 54 
Light grey & green, saprock/ blebby, 
kaolinite 65%, chlorite 20%, 
epidote 10%, hematite 5% 

Medium 6.4 6.9 <0.005 <0.005 <0.005 0.35 <5 <5 18.7 

BDDH 032 6269-4 51 - 52 
White & brown, spotted, clay 90%, 
hematite 10% Strong 6.2 6.3 <0.005 <0.005 <0.005 <0.01 <5 <5 18.7 

6269-5 21 - 22 Yellow, clay 100% Strong 6.6 6.2 0.008 0.008 <0.005 <0.01 <5 <5 18.7 

BDDH 031 
6269-6 41 - 42 

Grey/ khaki & white, foliated sap., 
clay 75%, chlorite 30% 

Medium 6.6 6.7 <0.005 <0.005 <0.005 0.38 <5 <5 18.7 

BDDH 041 6269-7 30 - 31 
Brown & pink, clay 50%, 
kaolinite 30%, magnetite 10%, 
hematite 10% 

Strong 6.2 6.1 <0.005 <0.005 <0.005 <0.01 <5 <5 18.7 

6269-8 33 - 34 
Green & black, chlorite 40%, 
augite 30%, feldspar 25%, 
kaolinite 5% 

Weak 7.0 6.3 <0.005 <0.005 <0.005 <0.01 <5 <5 18.7 

BDDH 040 

6269-9 36 - 37 
Green & black, chlorite 40%, 
augite 30%, feldspar 25%, 
kaolinite 5% 

Weak 7.1 7.9 <0.005 <0.005 <0.005 0.35 <5 <5 18.7 

BDDH 037 6269-10 46 -47 
Grey & white, sap, kaolinite 60%, 
hematite 30%, chlorite 10% 

Strong 6.2 6.1 0.009 0.009 <0.005 <0.01 <5 <5 18.7 

*DEC Action Criteria for disturbance of medium/ heavy clay greater than 1000 tonnes (Department of Environment and Conservation 2009b) 
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3.4 Surface Drainage 

3.4.1 Regional 

The Barrambie Project is located on the eastern margin of the Murchison River Basin (Figure 3.7), a 
major river system with a total catchment area of 105,800km2.  Drainage through this catchment is 
generally west and south towards the coast, discharging near Kalbarri, some 500km to the west.  The 
section of the Murchison River Basin where Barrambie is situated is upland plains, red hardpan soils and 
laterites with occasional hills and ridges.  Watercourses are ephemeral and stream flows are highly 
seasonal and variable.  There are no major river systems in the immediate region.  Creeks are normally 
dry, with the exception of isolated low lying damplands and swamps.  Surface water runoff is dominantly 
by sheet flow from areas of higher elevation to low lying areas, swamps and salt lakes.  Following 
significant rainfall, the main stream channels typically carry large discharges.  Minor flows may persist for 
a few weeks in the main channels. 

The Barrambie Project is located in the southeast of a regional catchment (Figure 3.7) which is 
approximately 8,400km2.  Surface water flow through the catchment is generally to the centre of the 
catchment towards the Cogla Downs palaeodrainage system and Lake Annean, approximately 100km to 
the northwest and to Lake Austin, approximately 100km to the southwest.  During a significant rainfall 
event, these low lying areas may overspill and ultimately drain to the coast.  

3.4.2 Local 

The Barrambie Project is proposed to be located on a low local ridge and surface water runoff is expected 
to drain away from the mine site (Figure 3.8).  The topography in the area is relatively flat and runoff is 
generally in the form of small intermittent creek channels, washes and sheet flow.  Infrastructure 
including the pits, processing plant, tailings storage facility and waste rock landforms are proposed to be 
located immediately to the west of a north-northwest trending local catchment divide, and subsequently, 
general drainage patterns are expected to be away from this infrastructure. 

3.5 Groundwater 

3.5.1 Regional Hydrogeology 

The main aquifers in the Barrambie region are: 

▼ Hydrogeologically complex fractured basement rocks, with the occurrence of groundwater related 
to primary porosity associated with fracturing in mineralised zones, lithological contacts, faults and 
shear zones.  

▼ High yielding calcrete aquifers which occur at the margins of salt lakes, and associated 
palaeodrainages. 

▼ Moderate to high yielding palaeochannel sands within the palaeodrainages. 
▼ Alluvial and colluvial surficial deposits. 

Bedrock aquifers consist of north-north-west trending greenstone belts (mafic and ultramafic volcanics, 
felsic volcanics, volcaniclastics and metasedimentary rocks (cherts and banded iron formations) and 
granitoids. 
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Aquifers of shallow calcrete and deeper palaeochannel deposits which form part of an extensive 
palaeodrainage system, which extends 40km to the northwest and approximately 30km to the southwest 
of the Cogla Downs Station, have been identified as a suitable water supply for the proposed Barrambie 
Project. 

Groundwater flow in the area of Barrambie is from the south to the north through the Cogla Downs 
palaeodrainage system.  Groundwater flow systems throughout the area are maintained by recharge 
following rainfall.  Significant recharge is likely to occur during heavy rainfall when it is enhanced by 
surface runoff and flooding.  Recharge may occur by direct infiltration to the calcrete and bedrock where 
it outcrops.  However, recharge to most fractured rock aquifers is comparatively slow due to the deeply 
weathered regolith forming a relatively impermeable barrier.  The remainder of rainfall is evaporated and 
utilised by native vegetation and forms runoff to streams and salt lakes. 

3.5.2 Local Aquifer Characteristics 

Barrambie Borefield Aquifer Characteristics 

Aquaterra were commissioned by Reed Resources to assess water supply options in the Barrambie area 
and evaluate the potential for a borefield to meet the Project water demand.  The complete report on the 
Barrambie Water Supply Investigations conducted by Aquaterra is provided in electronic form as 
Appendix C (Aquaterra 2009).  Previous investigations were completed in 1972 and identified the 
presence of two potential aquifer systems, a shallow calcrete aquifer and a deeper palaeochannel aquifer 
in the Barrambie area (Geotechnics, 1972).  Aquaterra conducted a field investigation programme in 
2007, which included the installation of fifteen exploration holes, three of which were completed as test 
production bores, along the main channel in the calcrete aquifer on Yarrabubba Station approximately 
30km north of the proposed Barrambie processing plant site.  Seven of the exploration holes were 
completed as monitoring bores for use as observation points during the subsequent pumping tests 
undertaken, and to establish a preliminary monitoring bore network for future groundwater monitoring. 

The proposed Barrambie Borefield is situated over a portion of the Cogla Downs drainage system located 
on Yarrabubba Station.  The Cogla Downs drainage system forms part of an extensive palaeodrainage 
system which drains northwest toward Lake Annean; this drainage system and the aquifers associated 
with it extend, from the Barrambie / Cogla Downs area, some 40km to the northwest and approximately 
30km to the southwest.  A smaller sub-drainage channel exists running in an east-west direction and 
joining the main Cogla Downs system near Limestone Well.  This channel may be of interest in the future 
(as it is a potential source of additional groundwater supplies, if required), but was not investigated 
during the 2007 drilling programme. 

The surface geology of the Project area is presented in Figure 3.4a.  

Two main aquifer systems have been identified in the Project area: 

▼ A shallow calcrete aquifer. 
▼ A deeper palaeochannel system. 

The calcrete aquifer was identified as the main focus of the groundwater investigations and as the 
primary target for development of a mine water supply borefield.   

Calcrete Aquifer Thickness & Extent  

The unconfined calcrete aquifer outcrops extensively in the overall Project area.  In the southern area (to 
the west of the proposed mine site) near Scotties Well, the thickness of the calcrete ranges from around 
5-20m, thicknesses are up to 18-20m around CD16 (Limestone Bore), whilst thicknesses then decline 
moving further northwards to approximately 10m at B9M (see Figure 2.6).  There is limited lithological 
information available for the local pastoral bores, however information in the DoW WIN database 
identifies the presence of calcrete within the main Cogla Downs drainage system (corresponding to the 
outcrop areas defined by Geological Survey of Western Australia (GSWA) 1:250,000 Map Sheet for 
Sandstone) and also outside the identified area of outcrop (see Figure 3.4a).  

Calcrete channels, due to their depositional nature, are often braided/ channelised systems rather than 
one isotropic, homogeneous aquifer.  Conversely, the calcrete aquifer is not restricted to the outcrop area 
defined by the GSWA 1:250,000 Map Sheet for Sandstone, as demonstrated by pastoral bore Nanadie 
Well located approximately 4.5km east of B13X, which intercepts calcrete (Figure 3.4a).  In some cases 
where the calcrete is absent, the sediments present have a lower hydraulic conductivity (0.01 to 1m/d) 
than the surrounding calcrete, however, the available storage can often be significant. 

For the purposes of the Barrambie Water Supply Investigations, the extent of the calcrete aquifer in the 
area of investigation has been limited to the areas of outcrop, as defined by GSWA, which includes some 
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areas where the calcrete is not present (i.e. B13X) and excludes areas where it is present (i.e. Nanadie 
Well).  In addition, the thickness of the calcrete aquifer in the area of investigation is inferred to range 
from 5m in the north near Bedan Well up to 15m in the south near Limestone Well.  

Calcrete Aquifer Parameters  

Analysis of aquifer tests conducted on production bores installed by Aquaterra in 2007 and previous 
testing conducted by Geotechnics in 1972 estimated aquifer transmissivity values ranging from 600m2/d 
to 8,000m2/d, with an average of transmissivity of 2,900m2/d.  Bulk hydraulic conductivity values 
ranging from 55m/day to 570m/d, with an average hydraulic conductivity of 230m/d, were calculated 
using observed saturated thicknesses. 

Test pumping conducted during the Aquaterra 2007 investigations and by Geotechnics in 1972 indicated 
that stressing of the calcrete aquifer was not really achieved, due to the high yielding nature of the 
calcrete aquifer and pumping capacity being limited by casing diameters.  Therefore, it was not possible 
to calculate specific yield values for the calcrete aquifer.  However, available literature for other similar 
calcrete aquifers at Paroo calculated a specific yield of 26% (Sanders, 1972), which is consistent with 
specific yield values derived for similar calcrete systems in the north-eastern Goldfields. 

A hydraulic conductivity value of 100m/d and a specific yield value of 20% are considered to be 
representative aquifer properties for the calcrete aquifer within the area of investigation between 
Limestone Bore and Bedan well.  However, as evident from above, there appears to be considerable 
variation in the aquifer parameters of the calcrete, and thus future work to be undertaken prior to the 
Licencing of the Barrambie Borefield will need to assess the implications of potentially lower and/or 
higher hydraulic conductivity and specific yields. 

Groundwater Flow within the Calcrete 

Depth to water within the unconfined alluvium and calcrete in the area of investigation typically ranges 
from 2 to 7mbgl.  The groundwater flow direction is generally in a north-westerly direction toward Lake 
Annean.  Groundwater discharge is likely to occur through discharge to Lake Annean; downward leakage 
to the underlying clays and sands of the palaeodrainage system, where present, and weathered 
basement; and through evapotranspiration.  

Calcrete System Recharge 

Recharge to the unconfined calcrete aquifer is primarily by direct infiltration of rainfall and infiltration of 
surface water runoff/flooding (or indirectly by infiltration through overlying sediments) either during or 
soon after heavy rainfall events.  

A detailed study of alluvial and colluvial sediments east of Wiluna calculated a recharge rate of 0.7% of 
the mean annual rainfall (Bestow, 1992).  In addition, Sanders (1972) assessed groundwater recharge in 
the area west of Wiluna at Paroo to be at a rate of 0.79% of mean annual rainfall. 

Bestow (1992) reviewed rates of recharge to the unconfined aquifers using chloride mass balance 
calculations.  The mass balance uses three parameters: the average chloride concentration in rainfall; the 
long-term mean annual rainfall; and the average chloride concentration in groundwater.  This mass 
balance method estimated recharge rates in the eastern Goldfields to unconfined aquifers to range from 
0.09-0.9% of rainfall, reducing with higher chloride concentrations in groundwater.  

In June 2008, Aquaterra conducted a review of local recharge mechanisms based on newly available 
water level data and rainfall information.  The watertable responses to significant rainfall events help 
improve the understanding of the calcrete aquifer recharge mechanisms, such as the relative importance 
of direct rainfall recharge or infiltration of creek flow during major events. 

Aquaterra collected water level measurements from bores located within the area of investigation in 
September/ October 2007 and August 2008.  Subsequently, Outback Ecology collected water level 
measurements from these same bores (during a round of stygofauna sampling) in January and April 
2008.  The January 2008 water level measurements followed a significant rainfall event in the area in 
December 2007.   

The area of investigation is located approximately midway between the Bureau of Meteorology stations in 
Sandstone (no. 012072) and Meekatharra airport (no. 007045).  Data was collected from both these 
stations in order to assess rainfall variability in the area and to provide an indication of likely rainfall in 
the area of investigation.   

Monthly rainfall data at Sandstone and Meekatharra airport shows that rainfall patterns vary significantly 
between the two locations and that rainfall events are very localised, rather than regional.  For example, 
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Sandstone recorded 49.6mm in December 2007, while Meekatharra recorded 19mm.  Both rainfall 
stations recorded large rainfall totals for February 2008. 

Groundwater levels were available for bores drilled in September/October 2007 and pastoral bores South 
Mill Well, Barlanga Well, Yilby Bore, Bedan Well and Watsons Bore between September 2007 and 
November 2008.  South Mill Well, Barlanga Well, B6M, B8P and B10P show relatively stable water levels 
over the period from September 2007 to November 2008, where data is available.  However, Yilby Bore, 
B1M, B3M and B5M all show a water level rise in January 2008, possibly the result of recharge following a 
heavy December 2007 rainfall event.  Unfortunately there are no water levels available from these bores 
in February and March 2008 when significant rain also fell in the area.  However, water levels for these 
bores from April 2008 show water levels less than those in January 2008.   

In summary the recharge assessment concluded that: 

▼ Rainfall events are localised in the area. 
▼ There is some uncertainty with respect to actual rainfall distribution in the area of investigation. 
▼ Maximum rainfall at Sandstone and Meekatharra during December 2007 was 49.6mm and 19mm, 

respectively. 
▼ Some bores (but not all) showed a water level rise in January 2008 following a significant rainfall 

event in December 2007. 
▼ No obvious water level rise was evident in April 2008 following large rainfall recorded at Sandstone 

(92.5mm) and Meekatharra (127.6mm) in February 2008.   
▼ Water level response to recharge due to rainfall and/or runoff appears highly variable. 
▼ There is currently insufficient data to quantify the rainfall recharge within the area of investigation. 

Palaeochannel Deposits 

Palaeochannel deposits typically comprise coarse to fine grained carbonaceous, alluvial sand 
(palaeosands) commonly overlain by significant thicknesses of clay.  The palaeosands are usually 
relatively thin (typically less than 10m), while the overlying clay layer may reach considerable 
thicknesses (in excess of ten’s of metres).  Palaeochannel sand aquifers can yield significant volumes of 
groundwater, primarily sourced  from leakage (recharge) from overlying sediments, however, water 
quality can often be poor (high salinity), except in the upper tributary channels. 

The basement material surrounding the palaeochannels may contain groundwater resources within the 
weathered profile and within faults and fracture systems.  Yields and groundwater quality in these 
weathered/fractured aquifers are typically highly variable, being dependant on structural controls and the 
extent of weathering.  The long term sustainability of fractured rock aquifers is constrained by their 
limited storage and potential for recharge (recharge is typically either through direct run-off into fractures 
and weathered zones, or leakage from overlying sediments).  The depth of the weathered profile was 
noted during drilling investigations to aid with development of the conceptual hydrogeological model, 
however, the aquifer potential of the basement was not the primary focus of investigations. 

Barrambie Borefield Water Quality 

Water quality data for the Barrambie Borefield indicate groundwater within the calcrete aquifer to be 
fresh to brackish (2,100-2,700mg/L Total Dissolved Solids (TDS)) with the salinity increasing towards the 
north.  A sample from bore B10P shows groundwater in this area to have a TDS of 8,600mg/L.  The pH is 
8 to 8.2. The groundwater is rich in Na and Cl ions producing typical end-point waters.   

All parameters except nitrate (NO3) and sulphate (SO4) at B10P are within Livestock Drinking Water 
Guidelines (ANZECC 2000). 

Water quality analysis results for water sampled from the Barrambie Borefield are provided in Table 3.5. 

Mine and Process Plant Area Aquifer Characteristics 

Fractured basement rock aquifers in the area of the proposed Barrambie open pits consist of 
differentiated gabbro and metasediment within the north-south trending Barrambie Greenstone Belt.  
These greenstones have limited primary porosity and deeply weathered to dense clay, with the basement 
aquifer formed at the base of the weathering profile in secondary permeability resulting from fractures 
and chemical alteration of the bedrock.  Preliminary investigations by Aquaterra (2008) indicate that the 
basement greenstone aquifers in the vicinity of the Barrambie open pits are at depths of 25m to greater 
than 70m.  The complete report on the Barrambie Mine Dewatering Investigations conducted by 
Aquaterra is provided in electronic form as Appendix D (Aquaterra 2009). 
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Table 3.5: Barrambie Borefield Water Quality 

Bore Parameter Unit LOR 

B8P B10P B15P Limestone 
Bore 

Date of sample 05/10/07 06/10/07 08/10/07 08/10/07 

Australian 
Livestock 
Watering 
Guideline 
Values 
(2000) 

pH pH Units 0.1 8.1 8 8.2 8.2 6 - 8.5 

Conductivity @250C µS/cm 2 4300 14000 4500 3600 - 

Total Dissolved Solids 
@ 180oC 

mg/L 5 2600 8600 2700 2100 0 - 10 000 

Soluble Iron, Fe mg/L 0.02 <0.05 <0.05 <0.05 <0.05 - 

Sodium, Na mg/L 0.5 600 2400 620 480 - 

Potassium, K mg/L 0.1 64 190 66 52 - 

Calcium, Ca mg/L 0.2 100 260 100 96 1000 

Magnesium, Mg mg/L 0.1 100 360 110 110 - 

Chloride, Cl mg/L 1 1100 4100 1000 1000 - 

Carbonate, CO3 mg/L 1 <1 <1 <1 <1 - 

Bicarbonate, HCO3 mg/L 5 230 280 250 220 - 

Sulphate, SO4 mg/L 1 360 1500 360 270 1000 

Nitrate, NO3 mg/L 0.2 94 120 96 92 30 

LOR (Limit of Reporting) 
- Indicates where guideline value not available 

Greenstone bedrock aquifers are typically minor and local. Significant water yields from these aquifers 
are not expected due to the storativity and hydraulic conductivity limited by the degree of fracturing and 
the overlying weathered clay layer.  Large structures such as faults may significantly increase primary 
porosity, water storage and hence groundwater yield, however airlift testing of a number of open RC 
drillholes at the Barrambie mining area returned insignificant flows or were dry at completion of drilling.  
Estimates by Aquaterra (2008b) of aquifer permeability range from 0.1m/d to 0.95m/d, with an average 
permeability of 0.4m/d.  Pumping from the bedrock aquifer may induce downward leakage from overlying 
alluvium and calcrete aquifers, significantly increasing yield. 

The depth to water in the Barrambie project area is typically 35 to 50mbgl.   

The granitoids surrounding the Barrambie Greenstone Belt weather to a depth of up to 30m.  The quartz 
rich granitic sands at the base of the weathering profile form the aquifer, along with joints and fractures 
in the upper 5-10m of the fresh bedrock.  Groundwater obtained from these aquifers is fresh to saline 
(200 to 4,000mg/L TDS beneath catchment divides to saline (greater than 15,000mg/L TDS) deeper in 
the catchment).  

Mine and Process Plant Area Groundwater Water Quality 

Analysis of groundwater samples collected from the proposed mining area indicate water is fresh to 
brackish, with a salinity of 830 to 2,400mg/L TDS with a pH of 7.2 to 7.5.  

All parameters are within Livestock Drinking Water Guidelines (ANZECC 2000).  

Water quality analysis results for water sampled from the Barrambie project area is provided in Table 3.6. 
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Table 3.6: Barrambie Mine and Process Plant Area Water Quality 

Bore 
Parameter Unit LOR 

BWB01 BWB04 BWB05 BWB10 BWB11 BWB07 

Date of sample 4/12/08 4/12/08 4/12/08 4/12/08 4/12/08 4/12/08 

Australian 
Livestock 
Watering 
Guideline 
Values 
(2000) 

pH pH Units 0 7.5 7.4 7.2 7.4 7.2 7.2 6 - 8.5 

Conductivity @250C µS/cm 1 3900 1600 1500 1600 4900 1600 - 

Total Dissolved 
Solids @ 180oC 

mg/L 5 2400 860 830 830 2400 870 0 - 10 000 

Sodium, Na mg/L 0.1 450 170 140 190 530 200 - 

Potassium, K mg/L 0.2 6.5 13 15 14 33 15 - 

Calcium, Ca mg/L 0.1 160 51 53 50 190 40 1000 

Magnesium, Mg mg/L 0.1 80 45 48 37 140 37 - 

Chloride, Cl mg/L 0.1 740 260 220 230 1100 230 - 

Carbonate, CO3 mg/L 2 <2 <2 <2 <2 <2 <2 - 

Bicarbonate, HCO3 mg/L 2 240 170 200 170 200 170 - 

Sulphate, SO4 mg/L 0.4 490 140 140 140 440 150 1000 

Nitrate, NO3 mg/L 0.05 <0.1 1.2 1.6 7.4 <0.1 3.3 30 

 

3.5.3 Existing Groundwater Users 

Barrambie Borefield 

The DoW Water Information (WIN) database indicates that there are 19 registered pastoral bores and 
wells within 10km of the proposed Barrambie Borefield (Figure 3.9).  These are located on the 
Yarrabubba Pastoral Lease and approximately 10km to the north of the Cogla Downs/ Yarrabubba lease 
boundary.  Other bores and wells registered in the DoW database are also shown on Figure 3.9. 

Bore logs (where available) from the DoW and GSWA 1:250,000 Sandstone (SG 50-16) geology map 
sheet indicate that 11 of these bores are installed to the calcrete aquifer in the Cogla Downs 
palaeodrainage system.  

Construction details and operational status is recorded in the DoW database for some bores and wells and 
the status of the remainder has been determined from ground inspection.   

Details available from the DoW Water Information (WIN) database and from field inspection of pastoral 
bores and wells within 10km of the Barrambie Borefield are provided in Table 3.7. 

Mine and Process Plant Area  

The DoW (WIN) database indicates that there are seven registered pastoral bores and wells within 10km 
of the Barrambie mine (Figure 3.10).  These are located on the Barrambie and Cogla Downs Pastoral 
Leases.  Other groundwater sites registered in the DoW database are also shown on Figure 3.10. 

Construction details and operational status is recorded in the DoW database for some bores and wells and 
the status of the remainder has been determined from ground inspection.  The Barrambie Government 
Well (within the proposed southern pit outline) and the Sugarstone Well (approximately 2km northwest of 
the proposed northern pit) are both collapsed and unusable.  The Barrambie Bore (located approximately 
1km to the southwest of the proposed southern pit) is currently inoperable, although a windmill is 
present. 

Bore logs (where available) from the DoW and GSWA 1:250,000 Sandstone (SG 50-16) geology map 
sheet indicate that these bores and wells are installed to the gabbro and granite basement rock aquifers. 

Details available from the DoW Water Information (WIN) database and from field inspection of pastoral 
bores and wells within 10km of the Barrambie Project are provided in Table 3.8. 
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Table 3.7: Barrambie Borefield Existing Pastoral Bores and Wells 

Name 
WIN Site 
Id Easting Northing 

Station 
Location Status 

Listed 
Purpose Depth Aquifer 

SWL  
(mbgl) 

TDS  
(mg/L) Comments 

No. 362 Bore 20066060 686471 7003780 Yarrabubba  Livestock  Alluvium 12.19 1080  

No. 369 New Mili Well 20066061 688217 7000686 Yarrabubba Active Livestock  Alluvium 12.5 3060  

No. 370 Dummy Well 20066062 688187 7003808 Yarrabubba Abandoned Livestock 24.34 Alluvium  1450  

No. 376 Bradley 20066064 693772 7001669 Yarrabubba  Livestock 20.11 Alluvium  1374  

No. 361 Bore 20066072 682872 7001422 Yarrabubba        

No. 368 Monty Bore 20066074 688182 6994185  Active    Not accessible 1575  

No. 372 Limestone Well 20066075 690521 6988754 Yarrabubba Active Livestock 3.66 Calcrete 4.64 2238  

No 374 Nanadie Well 20066076 691890 6992217 Yarrabubba Active Livestock 7.93 Calcrete 
4.9 Not 
accessible 

3120  

No 375 Noel Bore 20066077 694519 6997836 Yarrabubba  Livestock  Alluvium  1980  

East Mill Well 20066078 697779 6988853 Yarrabubba Active Livestock    1692  

South Mill Well 20066079 690598 6984731 Yarrabubba Active Livestock   3.35 6000  

No. 59 Watson Well 20066083 682145 6998262 Yarrabubba Active Livestock 10.00 Ferricrete 5 No access 1900  

No. 363 Nullor Well 20066084 681907 6987481 Yarrabubba  Livestock 21.64 
Alluvium / 
calcrete 

 2922  

No. 364 Yilby Bore 20066085 680380 6994517  Active  4.28 Calcrete 3.8 No access 3000  

No. 365 Barlanga Well 20066086 683383 6991862 Yarrabubba Active Livestock 4.57 Alluvium No access 2790  

No. 366 Bedan Well 20066087 685209 6998313 Yarrabubba Active Livestock 5.45 Alluvium 3.2, 3.6 6500  

No. 367 Pera Well 20066096 686469 6983631 Yarrabubba Active Livestock 6.96 
Alluvium / 
calcrete  2652  

Nickyoo Bore  688305 6990484  Not active      
Not in  
database 

Source:  DoW Water Information (WIN) Database, November 2008 
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Table 3.8: Barrambie Mine and Process Plant Area Existing Pastoral Bores and Wells 

Name DoW ID Easting^ Northing^ 
Station 
Location 

Approximate Distance 
from Mining Area 
(km) 

Status 
Listed 
Purpose 

Total Depth 
(mbgl) Lithology 

SWL 
(mbgl) TDS Comment 

Sugarstone Well 20068063 704785 6971681 Cogla Downs 
Collapsed and not 
usable   Gneissic granite -   

SWL previously recorded 
at 30m.  Listed in DoW 
database as on 
Barrambie.  DoW location 
incorrect. 

Freds Bore 20068066 710769 6967039 Barrambie 
Operational.  Windmill 
requires maintenance.  28.9 Granite    

Recorded in DoW 
database as on Lake 
Mason pastoral lease. 

Barrambie Well 20068068 710006 6962412 Barrambie Collapsed and unusable.  40.8 Gabbro Dry   Within water reserve. 

Barrambie Bore 20068070 709003 6960167  
Collapsed and 
inoperable.  Equipped 
with windmill. 

 45.7 
Weathered, fractured and 
quartz veined gabbro 

~34   Within water reserve. 

Spexer Bore 20068069 703097 6959829 Cogla Downs Unknown  18.3 
Recorded as QF (quartz-
felspar=granite?) 3.7   

Water level recorded in 
1979. 

Spexers Bore 20068067 698076 6961091 Cogla Downs Unknown  18.3 Weathered granite     

Nelsons Well 20068015 698660 6954212 Cogla Downs Unknown  35.0 
Kaolinite, weathered 
granite. Recorded as QF 
(quartz-felspar=granite?) 

    

White Bore - 708160 6954890 Cogla Downs Not functioning   Weathered granite     

White Well 20068016 708495 6955113 Barrambie Unknown  30.5 
Recorded as QF (quartz-
felspar=granite?) ~34   

Recorded in DoW database 
as on Cogla Downs. 

Ballanhoe Bore 20068065 712373 6957224 Barrambie Unknown   Weathered granite 32.9    

Source:  DoW Water Information (WIN) Database, November 2008, Reed Resources and Aquaterra field investigations. 
^DoW locations are +/- 500m. 
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3.6 Flora and Vegetation 

3.6.1 Botanical Province and District 

The proposed Barrambie Vanadium Project is within the Austin Botanical District of the Murchison 
Botanical Region of the Eremaean Botanical Province as classified by Beard (1990). 

The Eremaean Botanical Province is typified by plants from the families Mimosaceae (Acacia spp.), 
Myrtaceae (Eucalyptus spp.), Myoporaceae (Eremophila spp.), Chenopodiaceae (Samphires, Bluebushes, 
Saltbushes), Asteraceae (Daisies) and Poaceae (grasses).   

Arid shrublands make up the vast majority of vegetation types encountered in the Murchison region.  
Most landscapes are dominated by mixed shrubland/ scrubland, with few or no trees or perennial 
grasses, with shrubs apparently randomly scattered or loosely aggregated, and with large amounts of 
bare ground and shallow red soils exposed between the shrubs (Curry et al. 1994). 

The region is well known for the dominance of the Mulga (Acacia aneura) woodlands (Beard 1976, 1990).  
Optimum conditions for the Mulga occur on the extensive flats and plains.  The communities defined by 
Beard (1976) have recently been updated and refined by Hopkins et al. (2001).  The dominant vegetation 
types as defined by Hopkins et al. (2001) within the Murchison area are the mulga woodlands. 

The Austin Botanical District is essentially Mulga (Acacia aneura) woodlands associated with red loams 
over siliceous hardpans on the plains (van Vreeswyk, 1994) reducing to scrub on the rises and hills 
(Beard, 1990).  Mulga and Eremophila shrublands dominate on stony plains, whilst chenopod 
communities are more often associated with duplex soils (Pringle, 1994). 

Boundaries between plant communities relate to the underlying landforms and their soils, with greater 
diversity in plant communities often found higher in the landscape (Pringle, 1994) where the products of 
landscape weathering remain close to the source and undiluted by transported material. 

3.6.2 Flora and Vegetation Surveys 

Mattiske Consulting was commissioned by Reed Resources to undertake a series of flora and vegetation 
surveys for the Barrambie Vanadium Project as follows: 

▼ October 2007 – mine and infrastructure areas including the previously proposed gas pipeline 
corridor (since removed from proposal), previous airstrip location (since relocated) and the 
currently proposed water pipeline route. 

▼ July 2008 - additional areas of disturbance including the proposed waste rock landforms and 
tailings storage areas.  A preliminary assessment of flora and vegetation in the area of the 
proposed Barrambie Borefield was also undertaken at this time. 

▼ April 2009 – additional areas of disturbance including tailings/ barren solution storage facility, 
airstrip, accommodation village and access road. 

▼ September 2009 – survey of Barrambie Borefield area on Yarrabubba Station and extent of 
groundwater drawdown. 

▼ A previous survey of M57/173 was also undertaken by Mattiske Consulting in December 2005 
coinciding with the Barrambie Feasibility Study and prior to the commencement of the extensive 
exploration drilling for the recently completed Definitive Feasibility Study. 

▼ An electronic copy of the 2009 Flora and Vegetation Survey report is provided as Appendix E which 
includes the consolidated results of the surveys conducted between 2007 and 2009.  

▼ The locations of flora and vegetation survey points are shown on Figure 3.11.  
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The general objective of the surveys was to define the flora and vegetation values of the Barrambie 
Project area, including the mine area, waste rock landforms, process plant, supporting infrastructure 
including the water pipeline corridor and the borefield.  The surveys also included identification of 
potentially groundwater dependant communities likely to be affected by dewatering within the borefield 
area.  More specific objectives of the survey were to: 

▼ Review the literature for the area. 
▼ Search the survey area for rare and priority flora. 
▼ Collect and identify all vascular plant species within the survey area. 
▼ Define the vegetation values in the survey area. 
▼ Review the significance of the values as defined on the survey area. 
▼ Define any management issues related to flora and vegetation values. 

Prior to undertaking survey work, a desktop search for Rare and Priority flora that may occur within the 
proposed corridor was undertaken.  Aerial photographs of the Project area were supplied by Reed 
Resources.  Sampling sites were selected to sample representative vegetation types within each 
particular survey area. 

The flora and vegetation was described and sampled systematically at each survey site (50x50m), in 
accordance with EPA (2004) Guidance Statement 51.  Opportunistic collecting was undertaken wherever 
previously unrecorded plants were observed.  At each site the following floristic and environmental 
parameters were noted:  

▼ GPS location. 
▼ Topography. 
▼ Percentage litter cover. 
▼ Soil type and colour. 
▼ Percentage of bare ground.  
▼ Outcropping rocks and their type. 
▼ Gravel type and size. 
▼ Time since fire. 
▼ Percentage cover and average height of each vegetation stratum. 

For each vascular plant species, the average height and percent cover (both live and dead material) were 
recorded. 

All plant specimens collected during the field surveys were dried and fumigated in accordance with the 
requirements of the Western Australian Herbarium.  The plant species were identified through 
comparisons with pressed specimens housed at the Western Australian Herbarium.  Where appropriate, 
plant taxonomists with specialist skills were consulted.  Nomenclature of the species recorded is in 
accordance with the DEC (2008a, 2008b). 

Survey Adequacy 

The species area curve presented Figure 3.12 indicates that coverage of the area appeared to be more 
than adequate and as such meets the requirement of the EPA process. 

3.6.3 Desktop Survey for Potential Rare and Priority Flora Species 

The results of a desktop search for rare and priority flora, which may occur within the survey area, are 
listed in Table 3.9 (DEC, 2009a). 
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Figure 3.12: Barrambie Flora Species Area Curve 

0

50

100

150

200

250

0 20 40 60 80 100 120 140
Number of Sites

Cu
m

ul
at

iv
e 

No
. o

f T
ax

a

 
 

Table 3.9: Potential Rare or Priority Flora Barrambie Survey Area 

Species Family Conservation Status 

Acacia burrowsiana (ms) Mimosaceae P1 

Anacampseros sp. Eremaean Portulacaceae P1 

Baeckea sp. Sandstone Myrtaceae P1 

Dampiera plumosa Goodeniaceae P1 

Euryomyrtus inflata Myrtaceae P1 

Labichea eremaea Caesalpiniaceae P1 

Pityrodia canaliculata Lamiaceae P1 

Ptilotus procumbens Amaranthaceae P1 

Beyeria lapidicola Euphorbiaceae P2 

Baeckea sp. London Bridge Myrtaceae P3 

Calytrix erosipetala Myrtaceae P3 

Calytrix uncinata Myrtaceae P3 

Drummondita miniata Rutaceae P3 

Eremophila arachnoides subsp. arachnoides Myoporaceae P3 

Euryomyrtus patrickiae Myrtaceae P3 

Homalocalyx echinulatus Myrtaceae P3 

Mirbelia stipitata Papilionaceae P3 

Philotheca coateana Rutaceae P3 

Acacia balsamea Mimosaceae P4 

Baeckea sp. Melita Station Myrtaceae P4 

Grevillea inconspicua Proteaceae P4 
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3.6.4 Flora 

A total of 33 families, 76 genera, 173 species and 193 taxa have been recorded within the overall survey 
area.  Species representation was greatest amongst the Chenopodiaceae (38 taxa), Myoporaceae (25 
taxa), Asteraceae (24 taxa) and Mimosaceae (21 taxa) families.  Detailed species lists are provided in the 
Flora and Vegetation Survey report included as Appendix E (Mattiske 2009b). 

Rare and Priority Flora 

Species of flora and fauna are defined as Rare or Priority conservation status where their populations are 
restricted geographically or threatened by local processes.  The Department of Environment and 
Conservation recognises these threats of extinction and consequently applies regulations towards 
population and species protection. 

Rare Flora species are gazetted under subsection 2 of section 23F of the Wildlife Conservation Act 1950 
[WA] and therefore it is an offence to “take” or damage rare flora without Ministerial approval.  Section 
23F of the Wildlife Conservation Act 1950 [WA] defines “to take” as “… to gather, pick, cut, pull up, 
destroy, dig up, remove or injure the flora to cause or permit the same to be done by any means.”  

Priority Flora are under consideration for declaration as ‘Rare Flora’, but are in urgent need of further 
survey (Priority One to Three) or require monitoring every 5-10 years (Priority Four).  Appendix E 
presents the definitions of Declared Rare and the four Priority ratings under the Wildlife Conservation Act 
1950 [WA], defined by the Department of Environment and Conservation (2009a). 

The Environment Protection and Biodiversity Conservation Act 1999 [Commonwealth] lists Threatened 
Flora species which are considered of national environmental significance (Department of Environment, 
Water, Heritage and the Arts 2009a).  A person must not take an action that has, will have, or is likely to 
have a significant impact on a listed threatened species or an ecological community, without approval 
from the Commonwealth Minister for the Environment, Water, Heritage and the Arts.  Appendix E 
presents the definitions of the categories of Threatened Flora Species, defined by the Environment 
Protection and Biodiversity Conservation Act 1999 [Commonwealth]. 

No Declared Rare Flora (DRF) species, pursuant to subsection (2) of section 23F of the Wildlife 
Conservation Act, 1950 (WA) and as listed by the (DEC 2008a, 2008d) were located within the survey 
area. 

No plant taxa pursuant to section 179 of the Environment Protection Biodiversity Conservation Act, 1999 
(Commonwealth) were located in the survey area. 

No Priority flora species as defined by as defined by the DEC (2009a, 2009d) were located within the 
survey area. 

The species Tecticornia fimbriata, initially recorded in 2007 as Halosarcia fimbriata has been revised since 
the previous report due to due to taxonomic revision.  It has been listed in this report as Tecticornia 
indica.   

Five introduced (weed) species have been recorded within the survey area: 

▼ Centaurium erythraea was recorded within an area disturbed by cattle grazing. 
▼ Erodium aureum was recorded within a disturbed area. 
▼ Malva parviflora was recorded within a disturbed area. 
▼ Malvastrum americanum was recorded from a drainage water hole. 
▼ Rostraria pumila was recorded within a disturbed area.  

None of these weeds are defined as Declared Weeds pursuant to Section 37 of the Agriculture and 
Related Resources Act, 1976 (WA). 

Forty-two of the 193 recorded taxa are considered to be annual or biennial species.  Of these forty-two 
species, twenty-five were recorded in September 2009.   

3.6.5 Vegetation 

Twenty-four plant communities were defined within the survey area (Keighery, 1994).  The communities 
differed in their structure, dominance and range of associated species and geographic factors.  Vegetation 
communities within the Project area and water supply pipeline are provided as Figure 3.13. 
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Acacia Woodland - Shrublands

Low Woodland of Acacia aneura var aneura with occasional Eucalyptus
lucasii, Psydrax latifolia and Acacia ramulosa var. linophylla on lower slopes
and adjacent to drainage lines.

Low Woodland of Acacia aneura var aneura, Acacia ayersiana and Acacia aneura var.
microcarpa over Eremophila forrestii, Eremophila latrobei subsp. latrobei, Acacia ramulosa var.
linophylla and Ptilotus obovatus on slopes and flats.

Low Open Woodland of Acacia aneura var. microcarpa, Acacia aneura var. aneura, Hakea
preissii and Acacia tetragonophylla over Senna artemisioides subsp. x sturtii, Sclerolaena
eriacantha, Eremophila galeata and Maireana triptera on lower slopes and well drained plains.

Low Open Woodland to Tall Shrubland of Acacia burkittii, Acacia ramulosa var. linophylla,
Acacia craspedocarpa over Ptilotus obovatus, Maireana pyramidata, Maireana triptera, Maireana
glomerifolia, Senna artemisioides subsp. filifolia and Senna artemisioides subsp. x sturtii on
drainage channels.

Low Open Woodland to Tall Shrubland of Acacia aneura var. microcarpa,
Acacia aneura var. aneura and Acacia ayersiana over Acacia ramulosa var.
linophylla over Eremophila forrestii with occasional emergent Acacia
pruinocarpa on orange sandy loams with a dense covering of ironstone
pebbles on flats and slopes.

Tall Shrubland to Tall Open Shrubland of Acacia aneura var. intermedia, Acacia aneura var.
microcarpa with Acacia ayersiana over Acacia ramulosa var. linophylla over Eremophila forrestii
and Eremophila spectabilis subsp. spectabilis on flat, red, sandy-loam soils with a covering of
coarse grain sand.

Tall Shrubland of Acacia aneura var. intermedia with Acacia pruinocarpa, Acacia aneura var.
microcarpa, Acacia craspedocarpa and Acacia tetragonophylla over mixed low shrubs on flat,
red sandy loam with a covering of coarse grain sand.

Tall Shrubland of Acacia aneura var. microcarpa, Acacia aneura var. intermedia, Acacia
craspedocarpa, Acacia tetragonophylla, Acacia ayersiana and Grevillea striata over a dense
covering of Eragrostis ?pergracilis on sandy-clay soils.

Tall Open Shrubland of Acacia aneura var. microcarpa with Acacia tetragonophylla and mixed
Acacia spp. over Ptilotus obovatus and mixed low open shrubs and Chenopods on orange
sandy loams with a dense covering of quartz rock on flats.

Shrublands

Open Scrub of Hakea preissii over Maireana pyramidata, Senna artemisioides subsp. x sturtii
and Sclerolaena cuneata on sheet wash areas.

Tall Shrubland of Hakea preissii with Acacia tetragonophylla over mixed low shrubs over Ptilotus
obovatus, Maireana triptera and Eragrostis eriopoda with occasional emergent Pittosporum
angustifolium and Eremophila longifolia on red sandy-clay soils in depressions.

Open Shrubland of Eremophila galeata with Acacia tetragonophylla and Senna artemisioides
subsp. helmsii over Salsola tragus, Maireana triptera and mixed low shrubs on flat red clay soils
with a thick cover ironstone pebbles.

Open Shrubland of Eremophila youngii subsp. youngii with mixed low open
shrubs and Chenopods with occasional emergent Acacia aneura var. aneura
on low hills.

Chenopod Shrublands

Chenopod Shrubland of Maireana triptera, Maireana pyramidata and Sclerolaena cuneata with
mixed low shrubs and Chenopods with occasional emergent Hakea preissii on flat red clays with
patches of ironstone covering.

Chenopod Shrubland of Tecticornia indica subsp. bidens and Maireana pyramidata with
Tecticornia fimbriata and mixed low shrubs and Chenopods on flat orange clays with a thick
cover of quartz and ironstone.

Chenopod Shrubland of Tecticornia indica subsp. bidens, Maireana glomerifolia, Sclerolaena
cuneata, Atriplex codonocarpa and Maireana pyramidata with occasional emergent Hakea
preissii and Eremophila pantonii on flat orange clay-sand saline flats with some quartz rock
cover.

Chenopod Shrubland of Sclerolaena cuneata, Maireana triptera, Frankenia setosa, Frankenia
pauciflora, Atriplex codonocarpa and Solanum lasiophyllum with occasional Acacia aneura var.
microcarpa on fine black gravel.

Chenopod Shrubland of Maireana pyramidata and Maireana triptera with Sclerolaena
patenticuspis and Ptilotus obovatus with occasional emergent Acacia aneura var. microcarpa
and Hakea preissii on flat orange sandy-clays with quartz rock cover.
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The vegetation communities are described as follows: 

Acacia Woodland – Shrublands 

A1 Low Woodland of Acacia aneura var aneura with occasional Eucalyptus lucasii, Psydrax latifolia and 
Acacia ramulosa var. linophylla on lower slopes and adjacent to drainage lines. 

A2 Low Woodland of Acacia aneura var aneura, Acacia ayersiana and Acacia aneura var. microcarpa 
over Eremophila forrestii, Eremophila latrobei subsp. latrobei, Acacia ramulosa var. linophylla and 
Ptilotus obovatus on slopes and flats. 

A3 Low Open Woodland of Acacia aneura var. microcarpa, Acacia aneura var. aneura, Hakea preissii 
and Acacia tetragonophylla over Senna artemisioides subsp. x sturtii, Sclerolaena eriacantha, 
Eremophila galeata and Maireana triptera on lower slopes and well drained plains. 

A4 Low Open Woodland to Tall Shrubland of Acacia burkittii, Acacia ramulosa var. linophylla, Acacia 
craspedocarpa over Ptilotus obovatus, Maireana pyramidata, Maireana triptera, Maireana 
glomerifolia, Senna artemisioides subsp. filifolia and Senna artemisioides subsp. x sturtii on drainage 
channels. 

A5 Low Open Woodland to Tall Shrubland of Acacia aneura var. microcarpa, Acacia aneura var. aneura 
and Acacia ayersiana over Acacia ramulosa var. linophylla over Eremophila forrestii with occasional 
emergent Acacia pruinocarpa on orange sandy loams with a dense covering of ironstone pebbles on 
flats and slopes. 

A8 Tall Shrubland to Tall Open Shrubland of Acacia aneura var. intermedia, Acacia aneura var. 
microcarpa with Acacia ayersiana over Acacia ramulosa var. linophylla over Eremophila forrestii and 
Eremophila spectabilis subsp. spectabilis on flat, red, sandy-loam soils with a covering of coarse 
grain sand. 

A9 Tall Shrubland of Acacia aneura var. intermedia with Acacia pruinocarpa, Acacia aneura var. 
microcarpa, Acacia craspedocarpa and Acacia tetragonophylla over mixed low shrubs on flat, red 
sandy loam with a covering of coarse grain sand.  

A10  Tall Shrubland of Acacia aneura var. microcarpa, Acacia aneura var. intermedia, Acacia 
craspedocarpa, Acacia tetragonophylla, Acacia ayersiana and Grevillea striata over a dense covering 
of Eragrostis ?pergracilis on sandy-clay soils.  

A11 Tall Open Shrubland of Acacia aneura var. microcarpa with Acacia tetragonophylla and mixed Acacia 
spp. over Ptilotus obovatus and mixed low open shrubs and Chenopods on orange sandy loams with 
a dense covering of quartz rock on flats. 

A12 Tall Shrubland of Acacia tetragonophylla, Acacia aneura var. aneura and Hakea preissii over 
Rhagodia eremaea, Atriplex vesicaria and other Chenpods on orange sand. 

Shrublands 

S1 Open Scrub of Hakea preissii over Maireana pyramidata, Senna artemisioides subsp. x sturtii and 
Sclerolaena cuneata on sheet wash areas. 

S2 Tall Shrubland of Hakea preissii with Acacia tetragonophylla over mixed low shrubs over Ptilotus 
obovatus, Maireana triptera and Eragrostis eriopoda with occasional emergent Pittosporum 
angustifolium and Eremophila longifolia on red sandy-clay soils in depressions. 

S3 Open Shrubland of Eremophila galeata with Acacia tetragonophylla and Senna artemisioides subsp. 
helmsii over Salsola tragus, Maireana triptera and mixed low shrubs on flat red clay soils with a 
thick cover ironstone pebbles.  

S4 Open Shrubland of Eremophila youngii subsp. youngii with mixed low open shrubs and Chenopods 
with occasional emergent Acacia aneura var. aneura on low hills.  

S5  Scrub of Acacia sclerosperma subsp. Sclerosperma and Acacia burkittii with other mixed Acacias 
over Chenopods on calcrete. 

Melaleuca Shrublands 

M1 Scrub of Melaleuca xerophila over Chenopods on clay. 

M2 Open scrub of Melaleuca stereophloia over Marieana tomentosa subsp. tomentosa with Scaevola 
spinescens on red clay loam with coarse sand.  
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Chenopod Shrublands 

C1 Chenopod Shrubland of Maireana triptera, Maireana pyramidata and Sclerolaena cuneata with 
mixed low shrubs and Chenopods with occasional emergent Hakea preissii on flat red clays with 
patches of ironstone covering.  

C2 Chenopod Shrubland of Tecticornia spp. and Maireana pyramidata with mixed low shrubs and 
Chenopods on flat orange clays with a thick cover of quartz and ironstone.  

C3 Chenopod Shrubland of Tecticornia indica subsp. bidens, Maireana glomerifolia, Sclerolaena 
cuneata, Atriplex codonocarpa and Maireana pyramidata with occasional emergent Hakea preissii 
and Eremophila pantonii on flat orange clay-sand saline flats with some quartz rock cover. 

C4 Chenopod Shrubland of Sclerolaena cuneata, Maireana triptera, Frankenia setosa, Frankenia 
pauciflora, Atriplex codonocarpa and Solanum lasiophyllum with occasional Acacia aneura var. 
microcarpa on fine black gravel. 

C5 Chenopod Shrubland of Maireana pyramidata and Maireana triptera with Sclerolaena patenticuspis 
and Ptilotus obovatus with occasional emergent Acacia aneura var. microcarpa and Hakea preissii 
on flat orange sandy-clays with quartz rock cover. 

C6 Chenopod shrubland of Tecticornia indica subsp. bidens and other mixed Chenopods with occasional 
emergent Melaleuca xerophila on orange clay-loam. 

Eucalypt Woodland 

E1 Low open woodland of Eucalyptus victrix over Eremophila glabra subsp. glabra, Acacia aneura var. 
aneura, Acacia burkittii and Melaleuca xerophila on orange clay and sand loam. 

The plant communities varied in condition from Good –Degraded, in areas that have been subject to 
grazing and where current infrastructure is in place, to Excellent in less disturbed areas of native 
vegetation (based on the criteria as developed by Keighery 1994). 

Threatened Ecological Communities  

Communities in Western Australia can be listed as ‘Threatened Ecological Communities’ (TEC’s) 
(Department of Environment and Conservation 2009c) once they have been defined by the Western 
Australian Threatened Ecological Communities Scientific Advisory Committee.  TEC’s are listed under four 
categories; Presumed Totally Destroyed (PD), Critically Endangered (CR), Endangered (EN) or Vulnerable 
(VU) (Department of Environment and Conservation 2009d). Appendix E presents a summary of the 
definitions of Threatened Ecological Communities as extracted from the Department of Environment and 
Conservation (2009d).  Some Western Australian TEC’s are also listed under the Environment Protection 
and Biodiversity Conservation Act 1999 [Commonwealth] (Department of the Environment, Water, 
Heritage and the Arts 2009b). 

Possible Threatened Ecological Communities can be listed as Priority Ecological Communities (PEC’s) by 
the Department of Environment and Conservation (2009e).  PEC’s are listed under five categories based 
on survey criteria and current knowledge, Priority 1, 2, 3, 4 and 5 Department of Environment and 
Conservation (2009b).  Appendix E presents a summary of the definitions of Priority Ecological 
Communities as extracted from the Department of Environment and Conservation (2009d). 

No Threatened Ecological Communities (TEC’s) as defined by the EPBC Act (1999) or DEC (2008c) were 
observed within the survey area.   

No Priority Ecological Communities (PEC’s) as defined by DEC (2008b) were observed in this survey area. 

3.6.6 Local and Regional Significance 

Flora or vegetation may be locally or regionally significant in addition to statutory listings by the State or 
Federal Government.  

In regards to flora; species, subspecies, varieties, hybrids and ecotypes may be significant other than as 
Declared Rare Flora or Priority Flora, for a variety of reasons, including:  

▼ A keystone role in a particular habitat for threatened species, or supporting large populations 
representing a significant proportion of the local regional population of a species. 

▼ Relic status. 
▼ Anomalous features that indicate a potential new discovery. 
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▼ Being representative of the range of a species (particularly, at the extremes of range, recently 
discovered range extensions, or isolated outliers of the main range). 

▼ The presence of restricted subspecies, varieties, or naturally occurring hybrids. 
▼ Local endemism/a restricted distribution. 
▼ Being poorly reserved (Environmental Protection Authority 2004). 

The Environmental Protection Authority (2004) in Guidance Statement 51 states that Vegetation may be 
significant because the extent is below a threshold level and a range of other reasons, including: 

▼ Scarcity. 
▼ Unusual species. 
▼ Novel combinations of species. 
▼ A role as a refuge. 
▼ A role as a key habitat for threatened species or large populations representing a significant 

proportion of the local to regional total population of a species. 
▼ Being representative of the range of a unit (particularly, a good local and/or regional example of a 

unit in “prime” habitat, at the extremes of range, recently discovered range extensions, or isolated 
outliers of the main range). 

▼ A restricted distribution (Environmental Protection Authority 2004). 

Vegetation communities are locally significant if they contain Priority Flora species or contain a range 
extension of a particular taxon outside of the normal distribution. They may also be locally significant if 
they are very restricted to one or two locations or occur as small isolated communities.  In addition, 
vegetation communities that exhibit unusually high structural and species diversity are also locally 
significant. 

Vegetation communities are regionally significant where they are limited to specific landform types, are 
uncommon or restricted plant community types within the regional context, or support populations of 
Declared Rare Flora. 

Determining the significance of flora and vegetation may be applied at various scales, for example, a 
vegetation community may be nationally significant and governed by statutory protection as well as 
being locally and regionally significant. 

Eight of the twenty four described communities from the survey area are Acacia aneura (Mulga) 
Woodlands - Shrublands.  Beard (1976, 1990) reported that Mulga typically covers lower plains within the 
region. Mulga communities are likely to be well represented within the Lake Mason and Black Range 
reserves. 

Communities A12 and S1 were both recorded from salty flats within the survey area. Beard (1990) 
reported that scrub of Acacia sclerosperma, A. tetragonophylla, A. victoriae and Hakea preissii is found in 
patches near salt lakes, and is likely to be well represented outside of the survey adjacent to salt lakes. 

Community S2 is similar to the community described by Keighery el al. (1994b) as scattered groves of 
mixed trees and tall shrubs that included Eremophila longifolia and Pittosporum phylliraeoides (likely to 
be Pittosporum angustifolium in the Murchison region) found on non-saline poorly drained soils. 

Community S3 is similar to the vegetation unit SS20 described by Keighery el al. (1994b) from the 
Sandstone-Sir Samuel Study Area as Eremophila fraseri (now Eremophila galeata) Tall Shrubland, which 
occurs stony plains. 

Community S5 is similar to the vegetation unit SS12 described by Keighery el al. (1994b) from the 
Sandstone-Sir Samuel Study Area as Acacia sclerosperma Tall Shrubland, which occurs on calcrete. 

Community M1 is similar to the vegetation unit LL13 described by Keighery el al. (1994b) from the 
Sandstone-Sir Samuel Study Area as Melaleuca lanceolata (likely to be referring to M. xerophila, M. 
lanceolata is a coastal species) Tall Shrubland, which occurs on calcareous soils, marginal to salt lakes. 

Chenopod Shrublands C1 - C5 are likely to be well represented outside of the survey area. Community C1 
has been recorded to the south, outside of the survey area, and is similar to the community Maireana 
pyramidata and Maireana triptera described by Beard (1990) which is found in open areas in saline areas. 
Communities C2-C5 are likely to be found in saline areas outside of the survey area, particularly to the 
west of the proposed Barrambie mine site. 
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Community S4, comprised of scattered shrubs, chenopods and Mulga on small low hills has not been 
recorded from outside of the survey area and may be considered locally significant. None of the species 
recorded from S4 are restricted to this community. 

Community E1 and M2, recorded from the Barrambie Borefield area, were not well replicated within the 
survey area and may be considered locally significant.  These areas could be indirectly impacted by water 
drawdown. 

3.6.7 Potentially Groundwater Dependent Vegetation 

Flora and Vegetation at Barrambie Borefield Survey  

A site inspection was undertaken by botanists from Mattiske Consulting Pty Ltd in July 2008, to assess 
the condition and type of vegetation at 15 borehole sites, north of Barrambie.  A further vegetation 
survey was undertaken by Mattiske Consulting in September 2009 to identify potentially or groundwater 
dependent (phreatophytic) vegetation in the area likely to be impacted by the Barrambie Borefield 
(Appendix E).   

Methodologies were the same as those undertaken for all other vegetation surveys and are described in 
Section 3.6.2. 

Groundwater Dependent Ecosystems (GDEs) are ecosystems that depend on groundwater, which include: 

▼ Ecosystems dependent on the surface expression of groundwater (such as baseflow rivers and 
streams, wetlands and some floodplains); and 

▼ Ecosystems dependent on the subsurface presence of groundwater (Eamus et al. 2006). 

Several of the defined communities; A12, M1, M2 and E1 have been identified as potentially being 
impacted by the placement of the Borefield.  These communities contain a range of tree and tall shrub 
species that may be dependent on groundwater; such as Acacia aneura, Melaleuca stereophloia, 
Melaleuca xerophila and Eucalyptus victrix.  These communities occur on the waterways and floodplains 
that are infrequently subjected to recent rainfall events. In other periods the communities are subjected 
to periods of extended below average rainfall levels and consequently the list above is considered to be a 
conservative list of potential communities that may be influenced by water extraction.  As the floodplain 
is dominated by clay and clay loams soils the potential impacts of the ground water may be minimised as 
the communities may be more dependent on the rainfall events as compared to the groundwater levels 
(Mattiske, 2009). 

All bore sites are located within pasture areas, and consequently the condition of vegetation is Good - 
Degraded (based on the criteria as developed by Keighery 1994). 

No Declared Rare Flora species, Priority Flora species, Threatened Ecological Communities (TEC’s) or 
Priority Ecological Communities (PEC’s) were observed in the proposed Barrabie Borefield survey area. 

3.7 Fauna  

3.7.1 Scope and Objectives of Fauna Assessment 

In 2007 Reed Resources engaged Outback Ecology Services (OES) to undertake an assessment of fauna 
and fauna habitats over the 2007 proposed Barrambie study area.  This included the proposed Barrambie 
mine site, gas service corridor and water service corridor.  A three day reconnaissance survey was 
conducted to assess terrestrial fauna and fauna habitats, including those likely to support short-range 
endemics. 

In 2008, further revisions to the Barrambie mine footprint were proposed and Reed Resources engaged 
Outback Ecology Services (OES) to undertake an additional Level 1 targeted vertebrate and short-range 
endemic (SRE) fauna assessment over the revised study area.  

The aim of the 2008 Level 1 survey was to assess terrestrial fauna and fauna habitats, with a focus on 
habitats likely to support short-range endemics.  The new areas assessed included Application 1- General 
Purpose Lease Northern Waste Rock Landforms 1 & 2; Application 2- General Purpose Lease Southern 
Waste Rock Landform 1; Application 3- General Purpose Lease Southern Waste Rock Landform; and the 
revised location of the accommodation village.  

In addition to this targeted fauna assessment, a revision to the previous 2007 Outback Ecology Fauna 
Report was requested by Reed Resources due to changes in the Project design.  Most notably the 
proposed gas pipeline corridor was excluded from this assessment as it is not within the scope of this 
PER.  Results of the 2008 Level 1 targeted fauna assessment and revision of the 2007 Outback Ecology 
fauna report are consolidated in one report which is provided as Appendix F.   
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Level 1 Fauna Assessment 

The Level 1 surveys were designed and conducted as far as practicable in accordance with the WA 
Environmental Protection Authority’s (EPA’s) Position Statement No. 3 Terrestrial Biological Surveys as an 
Element of Biodiversity Protection (EPA, 2002), and Guidance Statement No. 56  Terrestrial Fauna 
Surveys for Environmental Impact Assessment in Western Australia (EPA, 2004b).  The Level 1 surveys 
entailed a review of the relevant literature and appropriate databases, and reconnaissance surveys to 
verify the accuracy of the desktop survey, and to further delineate and characterise the fauna and faunal 
assemblages of the area and identify potential impacts.  Level 1 surveys were deemed to comply with 
Guidance Statement No. 56 Terrestrial Fauna Surveys for Environmental Impact Assessment in Western 
Australia based on the scale and nature of the project impact upon the contiguous native vegetation in 
the Murchison bioregion (EPA, 2004).  The impact caused by the project will not result in the loss of 
biodiversity in the Murchison bioregion (EPA, 2002). 

Aims of this Level 1 fauna assessment were to identify: 

▼ Broad fauna habitats occurring over the study area and their condition. 
▼ Terrestrial vertebrate fauna likely to occur over the study area. 
▼ Sensitive fauna habitats or habitats of particular conservation significance occurring over the study 

area, including habitats with an increased likelihood to support SRE invertebrates. 
▼ Terrestrial vertebrate fauna species of particular conservation significance potentially occurring 

over the study area. 
▼ Current impacts on terrestrial vertebrate fauna and fauna habitats over the study area. 
▼ Potential impacts to terrestrial fauna and fauna habitats from the proposal; and  
▼ Recommend general strategies to minimise potential impacts of the proposal to fauna and fauna 

habitats. 

3.7.2 Fauna Assessment Methodology 

The following approach was undertaken to assess terrestrial fauna and fauna habitats occurring over the 
study area: 

▼ A desktop study that reviews relevant databases and publicly-available literature. 
▼ A field survey to verify the accuracy of the desktop study and to characterise the fauna habitats 

and faunal assemblages of the study area. 
▼ Identification of potential impacts and broad management recommendations.  

Information on terrestrial vertebrate fauna and habitats present was obtained from database searches 
over large areas, using the following coordinates (with a 50km buffer): 

▼ 27.440 S 118.70370 E 
▼ 27.550  S 119.12240 E 

Databases searched included: 

▼ The Western Australian Museum (WAM) Faunabase database to identify potential vertebrate fauna 
within the study area. 

▼ Threatened and Priority Fauna Database held by the DEC to facilitate the identification of species of 
conservation significance within the study area. 

▼ The Protected Matters and Environmental Reporting Tools of the Australian Government 
Department of the Environment Water Heritage and the Arts (DEWHA, formerly DEW) to identify 
fauna species of national environmental significance that are protected under the Environment 
Protection and Biodiversity Conservation (EPBC) Act 1999 potentially occurring within the area. 

▼ The Birds Australia database to identify avifauna potentially occurring over the study area. 
▼ The Australian Natural Resources Atlas of the National Land and Water Resources Audit to gain 

information on significant fauna and fauna habitats within the Murchison Bioregion. 

Information from the above sources was supplemented with additional information obtained from other 
studies undertaken in the bioregion, as well as information on general patterns of distribution obtained 
from relevant texts, including: 

▼ Mammals: Churchill (1998); Menkhorst and Knight (2001); Dyck & Strahan (2008). 
▼ Birds: Johnstone and Storr (1998 and 2004); Barrett et al. 2003; Blakers et al. (1984); and 

Garnett & Crowley (2000). 
▼ Amphibians: Tyler et al. (2000). 
▼ Reptiles: Storr et al. (1983, 1990, 1999 and 2002); Wilson and Swan (2008). 
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Information was also supplemented from Hall et al. 1994; The biological survey of the eastern goldfields 
of Western Australia.  Part 10, Sandstone-Sir Samuel and Laverton-Leonora study area. 

Nomenclature and taxonomy generally follows that of the Western Australian Museum provided in the 
Checklist of the Vertebrates of Western Australia for amphibians, reptiles and mammals (WAM, 2002), 
and for birds the Birds Australia Draft Working List of Birds of Australia and Australian Territories, based 
on Christidis and Boles (2008). Common names for reptiles are consistent with Wilson and Swan (2008). 

Field Assessment 

A reconnaissance survey was undertaken by OES in August 2007 which covered the proposed mine site 
and proposed gas and water service corridors.  Both service corridors and the Barrambie Project area 
were traversed by vehicle and/ or foot during the reconnaissance survey.  Broad terrestrial fauna habitat 
types and descriptive site locations were identified on the basis of land systems, topography, substrate, 
condition, wildfire and vegetation associations.  Site selection was further influenced by the location of 
ore bodies and proposed infrastructure sites, in consideration of the zone of direct impact, zone of 
indirect impacts and zone of wider interest.  The reconnaissance survey therefore considered site 
selection in terms of: 

▼ Representativeness of the major fauna habitats present. 
▼ Conservation value, local refugia, or ecological sensitivity including known habitats of significant 

species. 
▼ Representativeness of areas of potential environmental impact arising from the proposed 

development. 

A description of each site was recorded, and a general assessment of habitat condition made, based on a 
scale from 1 (good) to 3 (poor).  Photographs and GPS coordinates of each representative site were 
taken.  Searches and identification of particular habitats of significance were also made. 

The fauna habitats described in this report are characteristic of the study area, and are generally 
consistent with classifications used elsewhere in the Murchison.  Although sites do not cover all 
differentiated habitats available to the wide range of fauna present in the region at a small scale, they 
are representative of the major habitats present and provide a useful grouping as a sampling strategy 
and within which to discuss species occurrence. 

No systematic surveying was undertaken during the reconnaissance trip.  However, observations of 
vertebrate fauna, and targeted invertebrate fauna, were recorded from within individual survey sites, as 
well as opportunistically over the study area.  Techniques included: 

▼ Identification of active animals, overturning logs and rocks, investigating burrows. 
▼ Recording tracks, diggings, scats, and other signs (including mygalomorph spider burrows and 

terrestrial snail shells. 
▼ Searches for birds present at each survey site. 
▼ Identification of all vertebrate species encountered while working and travelling within the study 

area. 

An additional targeted fauna assessment was undertaken in August 2008 which covered the revised 
proposed mine site and included three extended waste rock landform footprints and proposed 
accommodation village and airstrip.  Methods for this survey were based on those used for the 2007 
Level 1 survey (described above). 

The fauna sampling locations are provided as Figure 3.14. 

3.7.3 Habitats 

In 2007, a total of eight broad fauna habitats were identified across the study area and were described 
using terminology consistent with classifications used elsewhere in the Murchison Bioregion.  
Representative sites were identified and assessed within each of the broad habitats over the study area.  
Twenty sites were identified in total with 16 within the vicinity of the Barrambie Project area and four in 
the water service corridor (Outback Ecology, 2008b).   

In 2008, five broad fauna habitats were identified in the 2008 survey across the additional study areas 
and were described as in 2007.  Representative sites were identified and assessed within each of the 
broad habitats over the study area.  In 2008, twenty-five sites were identified in total.  These are 
summarised in Table 3.10. 

A total of seven habitats are identified across the revised study area including the water service corridor, 
with five occurring over the Barrambie study area and two over the water service corridor.  Only one 
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habitat type associated with rocky slopes and ranges (J) occurs in the vicinity of the proposed Barrambie 
Project area.  However, this habitat of the ‘Ballanhoe Peaks’ is outside of the Mining Leases and Project 
area and will not be directly impacted by the proposal.   

Mattiske (2005) undertook vegetation mapping over the Barrambie project area based on community 
structure and floristics.  The vegetation survey was restricted to areas of the Mining Lease only, and did 
not include the adjacent Ballanhoe Peaks.  Vegetation communities of the Barrambie Project area 
Mattiske (2005) and Land Types over the entire study (Payne et al. 1998) area are reconciled with broad 
fauna habitats identified during this study. 

Sites identified in the 2007 survey covered the then proposed Barrambie mine site area and water service 
corridor.  Eight habitats were identified during this field assessment compared to the 2008 survey which 
identified only five habitats (Plates 3.2 – 3.6). 

Table 3.10: Broad fauna habitats identified over the study area in 2007 and 2008 

Occurrence 2007 OES 
Survey  

Occurrence 
Additional 
2008 OES 
Survey  

Habitats identified by Outback Ecology  Allied 
Mattiske 
Unit  

Allied 
Land 
Types  

Mine site 
Area  

Water 
Corridor  

Mine site Area  

A  Stony Plains - or low rises with mantles 
of quartz and ironstone pebbles 
supporting mulga and/or bowgada  

C 2  No 8  X  X 

B Loamy-surfaced Plains - over hardpan 
supporting mulga woodlands  

A 3  No 7   X X 

No 13  X   X  C  Wash Plains - subject to sheet flow with 
concentrated drainage zones often 
supporting mulga groves  

A 1 
A 4 
H 1  No 14  X    

D  Saline Alluvial Plains - with scattered 
halophytic shrubland supporting Atriplex, 
Mariana and Halosarcia  

C 1  No 17  X  X  X  

E  Sandplains - supporting mixed Acacia 
shrublands  

 No 12   X   

H  Breakaways - with gently undulating 
plateaux and scarp faces to 4m with 
moderate to steeply inclined slopes.  

 No 4  
No 5  

X  X   

I  Low Hills and Ridges - supporting 
Acacia shrublands  

A 2  No 1  X    

J  Rocky Slopes and Outcrops   No 1    * 

Table developed by OES, 2008       
* Ballanhoe Peaks area outside of current proposed area of disturbance 
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Habitat A consists of stony plains or low rises with mantles of quartz and ironstone pebbles supporting 
mulga (Acacia aneura) and/or bowgada (Acacia ramulosa).  Soils are often saline and substrate is often 
gibber.  Common understorey species include Sclerolaena cuneata, Maireana triptera, Atriplex 
codonocarpa and Frankenia setosa.  A common habitat over the entire study area. 

Plate 3.2: Habitat A - Stony plains or low rises with mantles of quartz and ironstone pebbles 
supporting mulga and/or bowgada (OES 2007, 2008) 

 

 

Habitat B consists of nearly level loamy-surfaced plains over hardpan supporting mulga (Acacia aneura) 
woodlands.  Limonite is sometimes present above alluvial or saline plains.  Associated species and 
understorey typically consists of Acacia ramulosa, Acacia tetrgonophylla, Ptilotus obovatus, Senna 
artemesioides, Sclerolaena eracantha, and Maireana triptera.  A common habitat over the entire study 
area. 

Plate 3.3: Habitat B - Nearly level loamy-surfaced plains over hardpan supporting mulga 
woodlands (OES 2007, 2008) 
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Habitat C consists of wash plains subject to sheet flow with concentrated drainage zones often supporting 
mulga (Acacia aneura) groves. Minor drainage lines are often located within level or gently inclined wash 
plains with mantles of fine ironstone gravels.  Along with Acacia aneura drainage lines typically support 
Acacia craspedocarpa, Acacia ramulosa, Hakea preissii, Senna artemesioides, and Maireana sp.  Isolated 
occurrences over the entire study area. 

Plate 3.4: Habitat C - Wash plains subject to sheet flow with concentrated drainage zones 
often supporting mulga groves (OES 2007, 2008) 

 

 

Habitat D consists of saline alluvial plains.  Typical species include Maireana pyramidita, Halosarcia indica, 
Atriplex codonocarpa and Sclerolaena cuneata.  Habitat D is a common habitat over the entire study 
area. 

Plate 3.5: Habitat D - Saline alluvial plains with scattered halophytic shrubland supporting 
Atriplex, Mariana and Halosarcia (OES 2007, 2008) 
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Habitat J consists of the rocky slopes and outcrops.  The hill tops and slopes of the Ballanhoe Peaks 
provide shelter and niches in the form of crevices, fissures, boulders and scree.  Vegetation present 
consists of a shrubland (species unknown) over Ptilotus obovatus, Eremophila forrestii and Eremophila 
latrobei.  Rocky slopes and outcrops habitat was only identified in the vicinity of the Barrambie study 
area, however not within the Project area or on the Mining Leases and will not be disturbed through any 
activity associated with the Barrambie Project. 

Plate 3.6: Habitat J - Rocky slopes and outcrops (OES 2007, 2008) 

 

 

3.7.4 Current Impacts and Habitat Condition 

Threatening impacts have been analysed for the Murchison Bioregion by the National Land and Water 
Audit (NLWA, 2002).  Ecosystems and species at risk are currently subject to a number of threatening 
processes, and the trend in many cases is not known.  Impacts identified in the bioregion by the audit 
include changed fire regimes, grazing pressure, feral animals (especially Goats but also Rabbits), weeds 
and vegetation clearing.  These factors are deemed to be causing a general loss of soil fertility and 
vegetation cover over the bioregion and consequently a loss of native species. 

Terrestrial vertebrate species at risk within the bioregion have also been identified by Outback Ecology, 
and threats to viability have been described by the audit (Table 3.11).  Specific threats to terrestrial 
vertebrate fauna identified in the bioregion include (NLWA, 2002): 

▼ Feral predators (Red Foxes and feral Cats). 
▼ Changed fire regimes. 
▼ Vegetation fragmentation. 
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Table 3.11: Terrestrial vertebrate species at risk within the Murchison Bioregion, and 
associated threatening processes (ANRA, 2008) 

Species Name Threatening Processes Threatening Processes 
Notes 

Changed fire regimes No data Great Desert Skink 
Egernia kintorei 

Feral animals Foxes and cats 

Western Slender-billed Thornbill 
Acanthiza iredalei iredalei 

Changed fire regimes No data 

Princess Parrot 
Polytelis alexandrae 

Grazing pressure No data 

Feral animals Foxes and cats 

Firewood collection No data 

Malleefowl 
Leipoa ocellata 

Grazing pressure No data 

Changed fire regimes No data Mulgara 
Dasycercus cristicauda 

Feral animals Foxes and cats 

Changed fire regimes No data Greater Bilby 
Macrotis lagotis 

Feral animals Foxes 

Changed fire regimes No data Southern Marsupial Mole 
Notoryctes typhlops 

Feral animals Foxes and cats 

 

An assessment of habitat condition from the 2007 survey compared to the 2008 survey did not vary.  
Results from the recent 2008 survey indicate that most habitats over the Barrambie study area appear to 
be impacted by the grazing of sheep and cattle, and by previous clearing associated with mineral 
exploration over the Project area in particular.  Nevertheless, most habitats were in good condition.  Feral 
goats are likely to be very common if not controlled, but the level of local-scale goat control was not 
determined in this study.  The presence of feral goats was recorded in 2007, but not in the 2008 survey.  

It can be assumed that the impacts of feral predators are severe, and evidence of both foxes and feral 
cats were recorded during the 2007 survey.  Weed invasion currently appears to be minimal over the 
study area.  However, the surveys were not undertaken under optimum conditions for this to be assessed 
with little rain falling in the months preceding the survey and a consequent lack of annuals.  It should be 
recognised that distribution and abundance of weeds will be greatly affected by prevailing climatic 
conditions.  Mattiske (2005) assessed vegetation communities over the Barrambie Mining Lease as ‘very 
good’ to ‘excellent’ despite impacts of drought and grazing pressures. 

It is difficult to quantify the impacts on fauna habitats due to inappropriate fire regimes over long 
periods. Nevertheless, it is clear that inappropriate fire regimes due to an absence of fire management, 
and particularly widespread wildfires of high intensity, can simplify vegetation communities and lead to 
reduced heterogeneity of the landscape.  Broadscale fire also removes the available shelter required, 
particularly for medium-sized mammals, leading to a subsequent increase in predation rates 
predominantly by feral Cats and Red Foxes. 

Although vegetation clearing is not a significant environmental impact in the region, vegetation and 
habitat fragmentation can occur due to the impacts of over-grazing.  The effects of grazing due to the 
pastoral land use are clearly evident.  Rocky slopes outcrops, and low hills and ridgelines, of the 
Barrambie Project area, where palatable grass and shrub species were less common, appear to be less 
impacted by cattle grazing.  At the time of the survey habitats adjacent to the proposed Lake Mason-
Black Range reserve, and in the vicinity of the Barrambie study area, appeared to be free of stock. 

3.7.5 Vertebrate Fauna Potentially Occurring over the Study Area 

Species lists of vertebrate fauna occurring, or potentially occurring, over the study area are provided in 
the following sub-sections.  Lists have been prepared based on information obtained from database 
searches, reports relevant to the area, observations during both surveys, and knowledge of species 
habitat preferences and the actual habitats present over the study area.  Due to a lack of habitat, 
freshwater fish have been ignored. 
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Evidence of vertebrates, predominantly birds, was recorded during both the 2007 and 2008 survey.  Only 
one species of conservation significance was observed, Ardeotis australis, and this was during the 2008 
survey. 

Amphibians 

Although a semi-arid environment, the study area could support up to eight frog species (Table 3.12).  
Most of the species are burrowing ground frogs that are restricted to the more ‘diggable’ plains 
substrates and minor drainage lines occurring over the study area, particularly Habitat C.  None occur in 
salty areas associated with Saline Alluvial Plains Habitat (D).  All species breed in ephemeral or 
temporary water bodies that are often associated with seasonal water courses.  None are of conservation 
significance. 

Table 3.12: Amphibian species occurring, or potentially occurring, over the study area 

Family Species WAM Faunabase Other source 

Main's Frog 

Cyclorana maini 

X H Hylidae  

(Tree Frogs) 

Water-holding Frog 

Cyclorana playcephala 

 HO 

Spencer's Frog 

Limnodynastes spenceri 

X  

Desert Trilling Frog 

Neobatrachus centralis 

  

Kunapalari Frog Frog 

Neobatrachus kunapalari 

X H 

Shoemaker Frog 

Neobatrachus sutor 

 O 

Wilsmore's Frog 

Neobatrachus wilsmorei 

X  

Myobatrachidae  

(Ground Frogs) 

Western Toadlet 

Pseudophryne occidentalis 

X  

X:  Regional record (WAM Faunabase) 
0:   Within distribution (Tyler, et. al. 2000) 
H  (Hall et al. 1994) 
R: OES 2007-2008 
 

Reptiles 

The Murchison Bioregion is rich in reptile fauna, with many species known to occur.  Habitat preferences 
for reptiles are incompletely known, however, in addition to the vegetation present, the type and nature 
of substrate is an important determinant of distribution and abundance.  For example fossorial species 
(those that live beneath the ground and force themselves through the soil) would largely be confined to 
sandy or sandy-loam substrates of the study area (Habitat E), with different species favouring the rocky 
substrates of hills and footslopes (Habitats H and J).  

Sandplain habitat (Habitats E) only occurs over the water corridor, and is not present over the Barrambie 
mine area, and many species in Table 3.13 would therefore not occur over the proposed Barrambie mine 
site project area.  Several species listed in Table 3.13 are known to have specific habitat requirements.  
Gehyra purpurascens, Gehyra variegata, Strophurus wellingtonae, Varanus tristus and Egernia depressa 
are semi-arboreal species commonly sheltering under loose bark or crevices and hollow limbs of larger 
dead or alive trees.  Over the study area, larger Eucalypts (Plates 3.7) were only recorded in Spinifex 
sandplains with scattered Eucalyptus.  Ctenophorus caudicinctus, Ctenophorus ornatus, and Varanus 
giganteus would be largely restricted to rocky hills over the study area (Plate 3.8). 
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Table 3.13: Reptile species occurring, or potentially occurring, over the study area 

Family Species WAM Faunabase Other source 

Mulga Dragon  
Caimanops amphiboluroides 

X H 

Ring-tailed Dragon 
Ctenophorus caudicinctus  

X H 

Mallee Military Dragon 
Ctenophorus fordi 

 H 

Western Netted Dragon 
Ctenophorus reticulatus 

X H 

Claypan Dragon 
Ctenophorus salinarum 

X H 

Lozenge-marked Dragon 
Ctenophorus scutulatus 

X H 

Central Netted Dragon 
Ctenophorus nuchalis 

X H 

Ornate Dragon 
Ctenophorus ornatus 

X  

Crested Dragon 
Ctenophorus cristatus 

 O 

Thorny Devil 
Moloch horridus 

X H 

Dwarf Bearded Dragon 
Pogona minor minor 

X H 

Agamidae 
(Dragon Lizards) 

Pebble Dragon 
Tympanocryptis cephalus 

X  

Fat-tailed Gecko 
Diplodactylus conspicillatus 

 HO 

Western Stone Gecko 
Diplodactylus granariensis 

X  

Diplodactylus pulcher X H 

Diplodactylus squarrosus X H 

Sand-plain Gecko 
Diplodactylus stenodactylus 

X  

Gehyra purpurascens  HO 

Variegated Gecko 
Gehyra variegata 

X HR 

Bynoe’s Gecko 
Heteronotia binoei 

X  

Smooth Knob-tailed Gecko 
Nephrurus levis 

 o 

Nephrurus vertebralis X  

Banded Knob-tailed Gecko 
Nephrurus wheeleri wheeleri 

X  

Marbled gecko 
Oedura marmorata 

X  

Beaked Gecko 
Rhynchoedura ornata 

X H 

Gekkonidae 
(Geckos) 

Thorn-tailed Gecko 
Strophurus assimilis 

X  

 ….continued 
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Table 3.13 (continued) 

Family Species WAM Faunabase Other source 

Jewelled Gecko 
Strophurus elderi 

 H 

Western Spiny-tailed Gecko 
Strophurus strophurus 

X H 

Strophurus wellingtonae X H 

Gekkonidae 
(Geckos) 

Barking Gecko 
Underwoodisaurus milii 

 HO 

Delma butleri X H 

Delma nasuta X H 

Burton’s Legless Lizard 
Lialis burtonis 

X H 

Pygopodidae 
(Legless Lizards) 

Western Hooded Scaly-foot 
Pygopus nigriceps 

X  

Cryptoblepharus carnabyi X H 

Fence Skink 
Cryptoblepharus plagiocephalus 

X HR 

Ctenotus ariadnae  H 

Ctenotus atlas  O 

Ctenotus calarus  H 

Ctenotus grandis  H 

Ctenotus greeri  HO 

Ctenotus hanloni  O 

Ctenotus helenae X H 

Ctenotus leonhardii X H 

Ctenotus piankai  O 

Ctenotus pantherinus  H 

Scincidae 
(Skinks) 

Ctenotus quattuordecimlineatus  H 

Ctenotus schomburgkii X H 

Ctenotus severus X  

Ctenotus uber uber X  

Spinifex Slender Blue-tongue 
Cyclodomorphus menalops melanops 

 O 

Pygmy Spiny-tailed Skink 
Egernia depressa 

X H 

Egernia formosa  H 

Desert Skink 
Egernia inornata 

X  

Broad-banded Sand-swimmer 
Eremiascincus richardsonii 

X H 

Lerista bipes  HO 

Lerista desertorum X H 

Scincidae 
(Skinks) 

Lerista eupoda  DEC 

 ….continued 
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Table 3.13 (continued) 

Family Species WAM Faunabase Other source 

Lerista gerrardii X  

Lerista macropisthopus  X  

Lerista muelleri X H 

Menetia greyi  H 

Morethia butleri X H 

Scincidae 
(Skinks) 

Centralian Blue-tongue 
Tiliqua multifasciata 

 HO 

Short-tailed Pygymy Monitor 
Varanus brevicauda 

 H 

Stripe-tailed Monitor 
Varanus caudolineatus 

X H 

Gould’s Goanna 
Varanus gouldii 

X HR 

Yellow-spotted Monitor 
Varanus panoptes rubidus 

X H 

Varanidae 
(Monitor Lizards) 

Black-headed Monitor 
Varanus tristus tristus 

X  

Prong-snouted Blind Snake 
Ramphotyplops bituberculatus 

X  

Ramphotyplops hamatus X H 
Typhlopidae 
(Blind Snakes) 

Ramphotyplops waitii X  

Boidae (Pythons) 
Stimson’s Python 
Antaresia stimsoni stimsoni  

X  

Desert Death Adder 
Acanthophis pyrrhus 

X  

North-western Shovel-nosed Snake 
Brachyurophis approximans 

 O 

Narrow-banded Shovel-nosed Snake 
Brachyurophis fasciolata fasciolata 

 O 

Southern Shovel-nosed Snake 
Brachyurophis semifasciatus 

X  

Yellow-faced Whipsnake  
Demansia psammophis psammophis 

 O 

Yellow-faced Whipsnake  
Demansia psammophis reticulata 

 O 

Moon Snake 
Furina ornata 

 HO 

Monk Snake 
Parasuta monachus 

X  

Mulga Snake 
Pseudechis australis 

X H 

Spotted Mulga Snake 
Pseudechis butleri 

X  

Elapidae 
(Elapid Snakes) 

Ringed Brown Snake 
Pseudonaja modesta 

X  

 ….continued 
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Table 3.13 (continued) 

Family Species WAM Faunabase Other source 

Gwardar 
Pseudonaja nuchalis 

X H 

Jan’s Banded Snake 
Simoselaps bertholdi 

X H 

Elapidae 
(Elapid Snakes) 

Rosen’s Snake 
Suta fasciata 

X  

Cheluidae (Turtles) Steindachner’s Turtle 
Chelodina steindachneri 

 O 

X:  Regional record (WAM Faunabase)  R: OES 2007-2008 
O: Within Distribution (Various texts) DEC: Threatened species search (DEC) 
H  (Hall et al. 1994) 
 

Native Mammals 

There are 47 species of mammal known from the Murchison Bioregion (ANRA, 2008).  However, many 
native species within the bioregion and/ or East Murchison Subregion are now either extinct (e.g. Lesser 
Stick-nest Rat (Leporillus apicalis), Pig-footed Bandicoot (Chaeropus ecaudatus), Crescent Nail-tail 
Wallaby (Onychogalea lunata), Long-tailed Hopping-mouse (Notomys longicaudatus) and Short-tailed 
Hopping-mouse (Notomys amplus) or are regionally extinct (e.g. Numbat (Myrmecobius fasciatus), 
Banded Hare-wallaby (Lagostrophus fasciatus fasciatus), Boodie (Bettongia lesueur) Chuditch (Dasyurus 
geoffroii), Common Brushtail Possum (Trichosurus vulpecula), and Greater Bilby (Macrotis lagotis) and 
have therefore been excluded from the list (Table 3.14).   

Nearly all of these species are critical weight range (CWR) mammals that have a mass of between 35 and 
5,500 grams.  It is these CWR mammals that have been most affected by environmental changes 
following European settlement, predominantly due to Red Fox and feral Cat predation.  This is reflected 
with the bioregion recording very high faunal attrition and faunal contraction indices of 0.45 and 0.40, 
respectively as assessed by the ANRA (2008). 

Table 3.14: Native Mammal Species Occurring or Potentially Occurring, Over the Study Area 

Family Species WAM Faunabase Other source 

Tachyglossidae Echidna 
Tachyglossus aculeatus 

 HR 

Kultar 
Antechinomys laniger 

X H 

Wongai Ningaui 
Ningaui ridei 

 H 

Mulgara 
Dasycercus cristicauda 

 O 

Wooley’s Pseudantechinus 
Pseudantechinus woolleyae 

 HO 

Fat-tailed Dunnart 
Sminthopsis crassicaudata 

X H 

Little Long-tailed Dunnart 
Sminthopsis dolichura 

X  

Hairy-footed Dunnart 
Sminthopsis hirtipes 

X H 

Long tailed Dunnart 
Sminthopsis longicaudata  

X DEC 

Stripe-faced Dunnart 
Sminthopsis  macroura 

X H 

Ooldea Dunnart 
Sminthopsis ooldea 

X H 

Euro 
Macropus robustus erubescens 

 HR 

Dasyuridae 

Red Kangaroo 
Macropus rufus 

X HR 

 ….continued 
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Table 3.14 (continued) 

Family Species WAM Faunabase Other source 

Southern Free-tailed Bat 
Mormopterus planiceps 

X H 
Macropodidae 

White-striped Free-tailed Bat 
Tadarida australis 

X H 

Gould’s Wattled Bat 
Chalinolobus gouldii 

X H 
Molossidae 

Lesser Long-eared Bat 
Nyctophilus geoffroyi 

X H 

Inland broad-nosed Bat 
Scotorepens balstoni 

X H 

Inland Forest Bat 
Vespadelus baverstocki 

X  

Finlayson’s Cave Bat 
Vespadelus finlaysoni 

X H 

Hill’s Sheathtail-bat 
Taphozous hilli 

 O 

Vespertilionidae 

Spinifex Hopping-mouse 
Notomys alexis 

X H 

Emballonuridae Sandy Inland Mouse 
Pseudomys hermannsburgensis 

X H 

Muridae Bolam’s Mouse 
Pseudomys bolami 

 O 

X: Regional record (WAM Faunabase)  O: Within distribution (Strahan Menkhorst and Knight (2001); Dyck & Strahan (200). 
R: OES 2007-2008 DEC: Threatened species search (DEC) 
H  (Hall et al. 1994 

 

Native Birds  

Comprehensive presence/ absence bird data is obtainable for the bioregion through work undertaken by 
Birds Australia (BA) (Blakers et al. 1984; Barrett et al. 2003), and over 110 species have been recorded.  
Table 3.15 lists the bird species that may make use of the study area, as well as those recorded during 
the reconnaissance survey.  Waterbirds and waders are excluded from the table due to the lack of 
waterbodies over the study area.  However, after flood events some of these species may temporarily 
use habitats, particularly Habitats D and E.   

Table 3.15: Avian Species Occurring or Potentially Occurring, Over the Study Area 

Family Common Name BA Occurrence WA Museum Other source 

Casuaridae Emu 
Dromaius novaehollandiae 

H X H 

White-faced Heron 
Egretta novaehollandiae  

M  H Ardeidae 

White-necked Heron  
Ardea pacifica  

M  H 

Megapodiidae Malleefowl  
Leipoa ocellata  

L X  

Phasianidae Stubble Quail 
Coturnix pectoralis  

L   

 ….continued 
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Table 3.15 (continued) 

Family Common Name BA Occurrence WA Museum Other source 

Black-shouldered Kite 
Elanus axillaris  

L   

Square-tailed Kite 
Lophoictinia isura  

L   

Black-breasted Buzzard 
Hamirostra melanosternon   

L   

Black Kite 
Milvus migrans  

M   

Whistling Kite 
Haliastur sphenurus  

M   

Spotted Harrier 
Circus assimilis  

M  H 

Swamp Harrier 
Circus approximans  

L   

Brown Goshawk 
Accipiter fasciatus  

M   

Collared Sparrowhawk 
Accipiter cirrocephalus  

M  H 

Wedge-tailed Eagle 
Aquila audax  

H  HR 

Accipitridae 

Little Eagle 
Hieraaetus morphnoides  

M  H 

Brown Falcon 
Falco berigora   

H  HR 

Australian Hobby 
Falco longipennis  

M  H 

Grey Falcon 
Falco hypoleucos  

L   

Peregrine Falcon 
Falco peregrinus  

L   

Falconidae 

Nankeen Kestrel 
Falco cenchroides   

H X H 

Rallidae 
Black-tailed Native-hen 
Amaurornis olivaceus  

M  H 

Otididae 
Australian Bustard 
Ardeotis australis  

M X HR 

Turnicidae 
Little Button-quail 
Turnix velox   

M   

Burhinidae 
Bush Stone-curlew 
Esacus neglectus  

L  H 

Black-fronted Dotterel 
Elseyornis melanops  

M   
Charadriidae 

Banded Lapwing 
Vanellus tricolor  

M   

Common Bronzewing 
Phaps chalcoptera  

M  H 

Crested Pigeon 
Ocyphaps lophotes  

H X HR 

Diamond Dove 
Geopelia cuneata  

M  H 

Columbidae 

Peaceful Dove 
Geopelia striata  

L   

 ….continued 
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Table 3.15 (continued) 

Family Common Name BA Occurrence WA Museum Other source 

Red-tailed Black-cockatoo 
Calyptorhynchus banksii  

L   

Galah 
Eolophus roseicapilla  

H X H 

Little Corella 
Cacatua sanguinea  

M   

Major Mitchell’s Cockatoo 
Cacatua leadbeateri  

L   

Cacatuidae 

Cockatiel 
Nymphicus hollandicus  

M  H 

Princess Parrot 
Polytelis alexandrae  

 X  

Regent Parrot 
Polytelis anthopeplus  

L   

Australian Ringneck 
Barnardius zonarius 

H X HR 

Mulga Parrot 
Psephotus varius  

H  H 

Budgerigar 
Melopsittacus undulatus  

H  H 

Psittacidae 

Bourke’s Parrot 
Neosephotus bourkii  

M  H 

Pallid Cuckoo 
Cuculus pallidus  

M X H 

Black-eared Cuckoo 
Chrysococcyx osculans   

M   

Cuculidae 

Horsefield’s Bronze-cuckoo 
Chrysococcyx basalis  

M X H 

Strigidae Southern Boobook 
Ninox novaeseelandiae  

M   

Tytonidae Barn Owl 
Tyto alba  

L   

Podargidae Tawny Frogmouth 
Podargus strigoides  

M X H 

Caprimulgidae Spotted Nightjar 
Eurostopodus argus  

M   

Aegothelidae Australian Owlet-nightjar 
Aegotheles cristatus  

M  H 

Apodidae Fork-tailed Swift 
Apus pacificus  

L   

Red-backed Kingfisher 
Todiramphus pyrrhopygia   

M  H Halcyonidae 

Sacred Kingfisher 
Todiramphus sanctus  

M   

Meropidae Rainbow Bee-eater 
Merops ornatus  

M   

Climacteridae White-browed Treecreeper 
Climacteris affinis  

M X H 

 ….continued 



EXISTING ENVIRONMENT 

 
 

Barrambie Vanadium Project: Public Environmental Review  Page 3-56 

Table 3.15 (continued) 

Family Common Name BA Occurrence WA Museum Other source 

Splendid Fairy-wren 
Malurus splendens  

M X  

Variegated Fairy-wren 
Malurus lamberti   

M X H 

White-winged Fairy-wren 
Malurus leucopterus  

M  H 

Striated Grasswren 
Amytornis striatus striatus   

L X H 

Maluridae 

Thick-billed Grasswren 
Amytornis textilis 

 X  

Red-browed Pardalote 
Pardalotus rubricatus  

L   Pardalotidae 

Striated Pardalote 
Pardalotus striatus  

M X H 

Acanthizidae Rufous Fieldwren 
Calamanthus campestris   

L   

Redthroat 
Pyrrholaemus brunneus  

M X  Pardalotidae 

Weebill 
Smicrornis brevirostris   

M  H 

Western Gerygone 
Gerygone fusca   

M X  

Inland Thornbill 
Acanthiza apicalis  

M X H 

Chestnut-rumped Thornbill  
Acanthiza uropygialis  

H X H 

Slaty-backed Thornbill 
Acanthiza robustirostris  

M X H 

Slender-billed Thornbill 
Acanthiza iredalei iredalei  

L   

Yellow-rumped Thornbill 
Acanthiza chrysorrhoa  

H  H 

Southern Whiteface 
Aphelocephala leucopsis   

H X H 

Acanthizidae 

Banded Whiteface 
Aphelocephala nigricincta  

L X  

Red Wattlebird 
Anthochaera carunculata  

M X  

Yellow-throated Miner 
Manorina flavigula   

H X H 

Grey-fronted Honeyeater 
Lichenostomus plumulus   

M  H 

Spiny-cheeked Honeyeater 
Acanthagenys rufogularis  

H  H 

Meliphagidae 

Singing Honeyeater 
Lichenostomus virescens  

H  H 

 ….continued 
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Table 3.15 (continued) 

Family Common Name BA Occurrence WA Museum Other source 

Grey-headed Honeyeater 
Lichenostomus keartlandi  

L   

White-plumed Honeyeater 
Lichenostomus penicillatus  

M  H 

Brown-headed Honeyeater 
Melithreptus brevirostris  

L   

Brown Honeyeater 
Lichmera indistincta  

M  H 

White-fronted Honeyeater 
Phylidonyris albifrons   

M X H 

Grey Honeyeater 
Conopophila whitei  

L   

Black Honeyeater 
Certhionyx niger   

M X H 

Pied Honeyeater 
Certhionyx variegatus  

M X H 

Crimson Chat 
Epthianura tricolor  

H  H 

Orange Chat 
Epthianura aurifrons  

M X  

Meliphagidae 

White-fronted Chat 
Epthianura albifrons  

M   

Jacky Winter 
Microeca leucophaea 

M  H 

Red-capped Robin 
Petroica goodenovii  

H  H 

Eopsaltriidae 

Hooded Robin 
Melanodryas cucullata  

H  H 

Grey-crowned Babbler 
Pomatostomus temporalis  

M X  Pomatostomidae 

White-browed Babbler 
Pomatostomus superciliosus  

M  H 

Chiming Wedgebill 
Psophodes occidentalis  

M   

Chestnut Quail-thrush 
Cinclosoma castanotus  

L   

Cinclosomatidae 

Chestnut-breasted Quail-thrush 
Cinclosoma castaneothorax  

M X H 

Neosittidae Varied Sittella 
Daphoenositta chrysoptera  

M  H 

Crested Shrike-tit 
Falcunculus frontatus  

L   

Crested Bellbird 
Oreoica gutturalis  

H X H 

Rufous Whistler 
Pachycephala rufiventris  

H  H 

Pachycephalidae 

Grey Shrike-thrush 
Colluricincla harmonica  

H  H 

Magpie-lark 
Grallina cyanoleuca  

H  H 

Grey Fantail 
Rhipidura fuliginosa  

M X  

Dicruridae 

Willie Wagtail 
Rhipidura leucophrys  

H  H 

 ….continued 
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Table 3.15 (continued) 

Family Common Name BA Occurrence WA Museum Other source 

Black-faced Cuckoo-shrike 
Coracina novaehollandiae  

H X H 

Ground Cuckoo-shrike 
Coracina maxima  

M  H 

White-winged Triller 
Lalage sueurii 

M  H 

Masked Woodswallow 
Artamus personatus   

M X HR 

White-browed Woodswallow 
Artamus superciliosus   

L  H 

Black-faced Woodswallow 
Artamus cinereus  

H  HR 

Dusky Woodswallow 
Artamus cyanopterus  

L   

Campephagidae 

Little Woodswallow 
Artamus minor  

M  H 

Grey Butcherbird 
Cracticus torquatus  

H  H 

Pied Butcherbird 
Cracticus nigrogularis   

H X HR 

Australian Magpie 
Gymnorhina tibicen  

H X H 

Cracticidae 

Grey Currawong 
Strepera versicolor  

M X H 

Australian Raven 
Corvus coronoides   

M   

Little Crow 
Corvus bennetti  

H  H 

Corvidae 

Torresian Crow 
Corvus orru  

M X R 

Ptilonorhynchidae Western Bowerbird 
Chlamydera guttata 

M X  

Alaudidae Singing Bushlark 
Mirafra javanica  

L   

Motacilidae Australian Pipit 
Anthus australis  

H  H 

Passeridae Zebra Finch 
Taeniopygia guttata  

H  H 

Dicaeidae Mistletoebird 
Dicaeum hirundinaceum  

M  H 

White-backed Swallow 
Cheramoeca leucosternum 

M  H 

Welcome Swallow 
Hirundo neoxena  

H   

Tree Martin 
Hirundo nigricans  

M  H 

Fairy Martin 
Hirundo ariel   

M   

Rufous Songlark 
Cincloramphus mathewsi 

M X H 

Hirundinidae 

Brown Songlark 
Cincloramphus cruralis  

M  H 

Birds Australia (BA) Occurrence X:  Regional record (WAM Faunabase) 
H:  High R: OES 2007-2008 
M:  Medium H: (Hall et al. 1994) 
L:  Low  O:  Other sources (Johnstone and Storr (1998 and 2004) 
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Introduced Species 

Introduced species of fauna that occur in the bioregion have been identified by ANRA (2008) 
(Table 3.16).  Nine species have been recorded over the study area.  Feral Goats are likely to be very 
common if not controlled, but the level of local-scale goat control was not determined in this study.  The 
distribution and intensity of cattle grazing, as well as Goat abundances, are largely dependent upon 
pastoral management.  The three bird species listed in Table 3.16 occur predominantly in southern 
portions of the bioregion, are largely restricted to the major towns, and are therefore unlikely to occur 
over the study area.  

Table 3.16: Introduced Exotic Species Possibly Occurring Over the Study Area 

Group Common Name Scientific Name 
ANRA 

(2008) 
BA 

(2008) 
Other 
Source 

House Mouse Mus musculus  X  H 

Red Fox Vulpes vulpes  X  H 

Feral Cat Felis catus  X  HR 

European Rabbit Oryctolagus cuniculus  X  HR 

Brumby / Horse Equus caballus  X  H 

Donkey Equus asinus  X  R 

Dromedary Camel Camelus dromedarius  X  HR 

European Cattle Bos taurus  X  HR 

Feral Goat Capra hircus  X   

Sheep Ovis aries  X  H 

Mammals 

Dingo/Wild Dog Canis familiaris/Canis lupus dingo X  R 

Rock Dove Columba livia  X  

Laughing Turtle-Dove Streptopelia senegalensis  X  

Birds 

Spotted Turtle-Dove Streptopelia chinensis  X  

X: Regional record (WAM Fauna base) 
H  (Hall et al. 1994) 
R: OES 2007-2008 
 

3.7.6 Conservation Significance 

Fauna species that have been formally recognised as rare, threatened with extinction or as having high 
conservation value are protected by law under Federal and State legislation.  At the national level, fauna 
are protected under the Environmental Protection and Biodiversity Conservation Act, 1999 (EPBC Act, 
1999).  Within Western Australia, fauna can be listed under various Schedules under the Western 
Australian Wildlife Conservation Act, 1950 (WCA, 1950). 

The International Union for the Conservation of Nature (IUCN) reviews conservation status and lists 
fauna under various categories (the IUCN Red List).  Categories for fauna and their conservation 
status used under the EPBC Act 1999 are those recommended by the IUCN.  The WCA, 1950 uses a 
set of Schedules, but DEC also classifies species using IUCN categories.  International agreements 
that Australia has entered into include the Japan-Australia Migratory Bird Agreement (JAMBA) and 
the China-Australia Migratory Bird Agreement (CAMBA) that cover migratory species of avifauna, 
particularly trans-equatorial waders, and the Bonn Convention (The Convention on the Conservation 
of Migratory Species of Wild Animals).  The EPBC Act 1999 has lists of migratory species that are 
recognised under these international treaties.  Particular species listed in JAMBA are also protected 
under Schedule 3 of the WCA, 1950. 

The DEC recognises species not listed under the Western Australian Wildlife Conservation Act, but for 
which there is some concern, and has produced a supplementary list of ‘Priority’ fauna.  These species as 
well as those listed in various Government endorsed Action Plans are also of recognised significance.  
Other species of conservation significance include endemics, those with restricted or fragmented ranges, 
or those that are at the extreme limits of their distribution. 
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The conservation significance of terrestrial vertebrate fauna potentially occurring over the study area can 
be assessed at four spatial scales: 

▼ International-National (species listed under the EPBC Act 1999, IUCN, and International Treaties). 
▼ State (species listed under the WCA, 1950). 
▼ Regional (DEC Priority Species). 
▼ Local (species not listed under Acts or publications, but considered of conservation significance due 

to patterns of distribution). 

Vertebrate Species of Conservation Significance  

One species of conservation significance was recorded during the 2008 survey, the Australian Bustard.   

Table 3.17 identifies a number of species of conservation significance known from the Murchison 
bioregion, and their status at various conservation scales.  The table incorporates species identified 
through various database searches, as well as information known from general patterns of distribution 
and habitat preference.  An assessment of ‘likelihood of occurrence’ is given with a brief discussion in the 
following sub-sections.   

Freshwater fish, waders and waterbirds have been omitted from Table 3.17 reflecting their lack of habitat 
over the study area.  However, it should be recognised that waterbirds may be attracted to the study 
area given favourable surface water conditions, including the provision of permanent water, for example 
through the use of a tailings storage facility.   

Extinct or regionally-extinct mammal species have also been omitted from Table 3.17.  In addition, 
particular species of potential conservation significance were identified through database searches, and 
are therefore included in the overall species lists presented in Tables 3.12 to 3.15, however one species is 
not included in Table 3.17 as follows: 

▼ Schedule 1:  Boodie or Burrowing Bettong (Bettongia lesueur) - A record of the Boodie from 
Wiluna, in 2006, appears on the DEC Database search.  Although this species once occurred in the 
bioregion it is now extinct on the mainland, occurring only on offshore islands.  This record appears 
to be either an anomaly, or refers to historical evidence prior to its extinction on the mainland. 

Table 3.17: Vertebrate Species of Conservation Significance Potentially Occurring Over the 
Study Area and Their Conservation Status 

Conservation Significance 
Species 

Federal State Regional Local 

Likelihood of 
Occurrence 

Malleefowl 
Leipoa ocellata  

Vul S 1   U 

Peregrine Falcon 
Falco peregrinus  

 S 4   PO 

Grey Falcon 
Falco hypoleucos  

  P 4  PO 

Night Parrot 
Pezoporus occidentalis   

End S 1   U 

Princess Parrot 
Polytelis alexandrae  

Vul  P4  U 

Major Mitchell’s Cockatoo 
Cacatua leadbeateri  

 S 4   PO 

Australian Bustard 
Ardeotis australis  

  P 4  R 

Bush Stone-curlew 
Burhinus grallarius  

  P 4  PO 

Birds  

Rainbow Bee-eater 
Merops ornatus  

Mig    L 

 ….continued 
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Table 3.17 (continued) 

Conservation Significance 
Species 

Federal State Regional Local 

Likelihood of 
Occurrence 

Fork-tailed Swift 
Apus pacificus  

Mig    PO 

Western Slender-billed Thornbill 
Acanthiza iredalei iredalei  

Vul    U 

Birds  

Striated Grasswren 
Amytornis striatus   

  P 4  U 

Mulgara 
Dasycercus cristicauda  

Vul S 1   U 

Long-tailed Dunnart 
Sminthopsis longicaudata  

  P 4  U 

Greater Bilby 
Macrotis lagotis  

Vul S 1   U 

Mammals 

Southern Marsupial Mole 
Notoryctes typhlops  

End S 1   U 

Great Desert Skink 
Egernia kintorei  

Vul S 1   U 

Woma or Ramsays Python 
Aspidites ramsayi   

 S 4   U 

Lerista eupoda   P 1  PO 

Reptiles 

Yellow-bellied Black Snake 
Pseudechis butleri 

   
Bioregional 
Endemic 

PO 

Likelihood:  
L: Likely 
End: Endangered 
U:  Unlikely 
Mig:  Migratory 
P:  Priority 

PO:  Potentially Occur 
Vul:  Vulnerable 
R:  Recorded 
S: Schedule 

 

Birds 

Birds of conservation significance with the potential to occur over the study area are known from the 
bioregion.  However, few species are likely to regularly utilise the specific habitats of the study area. 

The Malleefowl is a large ground-dwelling bird that builds large and distinctive mounds of soil and litter 
within which its eggs are incubated.  The distribution of the Malleefowl (Leipoa ocellata) once included the 
Project area (Blakers et al. 1984; Barrett et al. 2003), but its current range is now to the south and west 
(Marchant and Higgins, 1993).  The following historical Malleefowl observations have been made in the 
region (DEC):   

▼ Atley 1995: Approximately 100km south-east of the study area at its closest point. 
▼ Yeelirrie 1984:  Approximately 120km to the east of the Barrambie Project area. 
▼ Wiluna 2006:  Approximately 170km to the north-east of the Barrambie Project area (Tracks 

recorded only). 

Although it is possible that this rare species still occurs in habitats present over the study area, 
particularly dense mixed Acacia shrublands associated with habitat B, its presence is unlikely.  This is due 
to the deterioration of appropriate habitat by grazing, inappropriate past and present fire regimes 
(particularly broadscale wildfire), as well as predation of eggs and juvenile birds by foxes.  The study 
area is outside the species known current distribution (Marchant and Higgins, 1993) and no distinctive 
mounds, or other evidence, was observed during the 2008 survey. 

The Peregrine Falcon (Falco peregrinus) has a widespread distribution in Australia, but requires specific 
nesting sites.  It does not build a nest and requires cliffs, high rocky outcrops or large tree hollows.  
Rocky outcrop habitat (Habitat J) associated with the “Ballanhoe Peaks” offers nesting habitat for this 
species.  However, this habitat will not be directly impacted by the proposal.  Larger eucalypts (Plates 3.7 
and 3.8) within the study area may also provide suitable breeding habitat.  The Grey Falcon (Falco 
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hypoleucos) has a very broad but scattered distribution across Australia and prefers larger water courses 
supporting River Red Gum (Eucalyptus camaldulensis); habitat that is not present over the study area.  
As both species are highly mobile they may potentially overfly the study area from time to time.  

The Night Parrot (Pezoporus occidentalis) is extremely rare and only sporadic records of sightings exist.  
Although it has been associated with hummock grasslands in the past, particularly dense clumps of 
mature Spinifex, its preferred habitat may be samphire flats and saltbush associated with salt lake 
systems (Blakers et al. 1984), or a juxtaposition of mature Spinifex and Chenopod (saltbush) habitats 
(FMG, 2005).  Potential habitat may occur within the proposed Lake Mason-Black Range DEC Pastoral 
Lease, however, this is outside the study area. This species is unlikely occur within the study area. 

Although known from the bioregion the Princess Parrot (Polytelis alexandrae) is an inhabitant of the arid 
interior of Australia in lightly wooded habitats, particularly dunal areas, of desert areas east of the study 
area; from the Great Sandy Desert, through the Gibson Desert and into the Great Victoria Desert 
(Higgins, 1999).  This species is unlikely to occur due to the lack of suitable habitat and the study area 
being outside the species’ primary range.  

The Major Mitchell’s Cockatoo (Cacatua leadbeateri) occurs in the bioregion and the study area is within 
the distribution described by Higgins (1999).  Johnstone and Storr (1998) suggest that its distribution is 
more correlated with the Murchison River and floodplain to the north of the study area where its 
preferred habitat of Eucalypt woodlands occurs.  Nevertheless the species may occur intermittently but is 
unlikely to breed over the Barrambie Project area due to the lack of suitable large hollows in eucalypts.   

The Australian Bustard (Ardeotis australis) and Bush Stone-curlew (Burhinus grallarius) are ground-
nesting birds impacted from predation by Foxes.  DEC records exist from Sandstone in 1974 and Wiluna 
in 1982, approximately 170km to the northeast of the Barrambie study area.  Habitat preferences for 
both these species include lightly wooded grasslands and drainage areas (Habitats A, B, C and D), at 
least intermittently and more likely after a series years of above average rainfall.  The Australian Bustard 
may become locally present during locust swarms.  During the 2008 survey the Australian Bustard was 
recorded over the study area.  

The Rainbow Bee-eater (Merops ornatus) and Fork-tailed Swift (Apus pacificus) are Federally-listed 
migratory species likely and potentially to occur over the habitats within the study area.  The Rainbow 
Bee-eater occupies numerous habitats in Australia including open woodlands with sandy loam soil, sand 
ridges, sandpits, riverbanks, road cuttings, beaches, dunes, cliffs, mangroves and rainforests (Pizzey and 
Knight, 1998).  It is likely to utilise Habitats B, C and D over the study area in particular.  Due to the 
broad habitat requirements of this species, and being a common migrant in the bioregion, it is unlikely to 
be impacted by mining activities.  The Fork-tailed Swift is an aerial species that may overfly the study 
area without specifically utilising any of the habitats present. 

The Western Slender-billed Thornbill’s (Acanthiza iredalei iredalei) preferred habitat is treeless saltbush 
communities and samphire flats associated with lake systems.  It is known from the Lake Austin and Lake 
Barlee systems and may be present at the nearby Lake Mason.  Although the species could potentially 
occur in Habitat D over the study area, the habitat attributes required, that is treeless saltbush 
communities adjacent to salt lakes, are not well represented or developed.   

The Striated Grasswren (Amytornis striatus striatus) occurs on sandplain communities dominated by 
Spinifex.  The primary distribution of the sub-species Amytornis striatus striatus is north and east of 
Laverton and Leonora.  However, an apparently isolated population occurs between Meekatharra and 
Wiluna (Johnstone and Storr, 1998).  If the species were to occur, over the study area, it would be at the 
western edge of its primary range.  Suitable habitat does not occur over the proposed Barrambie Project 
area. 

Migratory wading and waterbirds gazetted under the EPBC Act such as the Oriental Plover (Charadrius 
veredus) have not been considered due to a lack of suitable habitat.  However, dependent upon the 
properties of any TSF constructed there may be the potential for these birds to be attracted to the site 
from relatively close salt lakes (Lake Mason, Lake Anneen and Lake Austin).  How this will be managed is 
discussed in Section 5.3.3. 

Mammals 

The Mulgara (Dasycercus cristicauda) inhabits sandplains dominated by Spinifex (Triodia sp), 
predominantly to the north and east of the study area where it burrows between low sand dunes 
(Maxwell et al. 1996).  The DEC database search revealed 10 recent records from Honeymoon Well 
located south of Wiluna and approximately 110km east of the Barrambie study area.  The species is also 
known from Mt Keith (Faunabase, 2007) and Wanjarri Nature Reserve, just south of Honeymoon Well. 
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The Mulgara is infrequently recorded in part due to boom-bust cycles, contracting to core habitat areas in 
lean times and expanding rapidly after favourable conditions prevail (Gibson and McKenzie, 2005).  The 
species is unlikely to occur over the Barrambie study area due to a lack of suitable habitat and the study 
area being on the edge, or just outside of, its primary distribution.   

The Long-tailed Dunnart (Sminthopsis longicaudata) occurs in rocky habitats of hills and ridges and rocky 
outcrops (Dyck & Strahan, 2008) that occur adjacent to the Barrambie study area (Habitat J).  The 
species has been collected intermittently in various locations primarily to the north and east of the 
Barrambie Project area, including Meekatharra, 100 km to the north-west, in 1981, and in the vicinity of 
Sandstone close to the Project area (Faunabase, 2007).  Along with rarity and disjunct distribution, 
infrequent records may also be associated with the difficulty in trapping this species in its preferred rocky 
habitat.  This species potentially occurs within the rocky slopes and outcrop habitat (Habitat J) of the 
Ballanhoe Peaks, adjacent to the Barrambie study area, but outside of the Project tenement area.   

The Greater Bilby (Macrotis lagotis) was identified by ANRA (2008) as occurring in the bioregion.  A 
historical record from 1854 of the Greater Bilby exists from nearby Windimurra.  In Western Australia it 
now only occurs in areas of the Gibson and Great Sandy Deserts south to Warburton, the Pilbara and 
Dampierland bioregions, as well as the Kimberley (Faunabase, 2007; Pavey, 2006).  It is unlikely that the 
Greater Bilby still survives in the Murchison bioregion and the species is therefore unlikely to be present 
over the study area.  

The Southern Marsupial Mole (Notoryctes typhlops) was identified by ANRA (2008) as occurring in the 
Murchison bioregion.  This species occupies arid areas to the east of the study area, living underground in 
sand dunes, inter-dunal flats and sandy soils along river flats.  This species is unlikely to occur over the 
study area due to the site being outside of its known distribution.  

Reptiles 

The Great Desert Skink (Egernia kintorei) was identified by ANRA (2008) as occurring in the Murchison 
bioregion.  However, it occurs predominantly on red sandplains and sand ridges supporting Spinifex 
(Triodia sp) to the north and east of the study area (Pearson et al. 2001).  This species has been 
collected in the past from Kathleen Valley (Faunabase, 2007), near Yakabindie, approximately 160km 
east of the study area, so it is unlikely that this species will be present within the study area.   

The Woma or Ramsay’s Python (Aspidites ramsayi) occurs throughout arid zones of Australia with a 
disjunct population southwest of an approximate line between Carnarvon and Esperance in Western 
Australia that is now rare, and may be taxonomically differentiated from the desert ‘form’.  The south-
west population appears to favour sandplain habitats (Storr et al. 2002), though few records exist.  
Although a WA Museum record exists from the search area, the study area is situated well outside of the 
current distribution and the species is unlikely to be present. 

Although the skink Lerista eupoda was identified from the DEC database search it is restricted to an area 
between Meekatharra and Cue, at Nannine, approximately 100km northwest of the study area.  Although 
the study area is outside the current known range of Lerista eupoda, given the regional records and 
uncertainty of distribution patterns, there is a possibility that this species may occur.  Preferred habitat 
appears to be open Mulga on loamy soils and if present the species may occur in Habitats B, and C. 

Conservation significance of species at the local scale is difficult to ascertain due to the lack of 
information regarding specific taxa occurring at the site level, and their distribution patterns.  However, 
the Spotted Mulga Snake also known as Butler’s or the Yellow-bellied Black Snake (Pseudechis butleri), is 
considered endemic to the bioregion (ANRA, 2008).  The study area is within the known distribution of 
this species and preferred habitat of Acacia shrubland on loamy soils is present.  This species is likely to 
occur over the study area in Habitats B and C. 

3.7.7 Significant Habitats 

State and National Significance 

Fauna that are regarded as rare and/or endangered or habitats which are site or type specific and 
possess high ecological value are of state significance.  Habitats which exhibit such a level of significance 
will contain either specific habitat dependent fauna or high biodiversity and are poorly represented 
elsewhere.  If a habitat is poorly represented in conservation reserves its conservation significance is 
increased.   

Habitat that is considered critical to the survival of a Federally-listed threatened species or threatened 
ecological community can be entered by the Australian Government Minister for Environment and Water 
Resources onto a register of critical habitat.  Habitat listed in the register in relation to a species or 
ecological community is critical habitat for the species or ecological community. 
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No critical habitat is located over the study area and no World Heritage Properties, Ramsar Wetland Sites 
or Nationally Important Wetland sites are in the vicinity.  However the Murchison bioregion includes many 
important salt lake wetlands such as the Lake Carnegie System, Lake Barlee, Lake Ballard and Lake 
Marmion that are listed on the directory of Nationally Important Wetlands.  In addition Wooleen Lake, 
Lake Barlee, and Anneen Lake also qualify as refugia in semi-arid Australia (Morton, et al. 1995).  
Recognised values of these wetlands include importance to waterbirds.  The closest wetland of 
significance to the study area is Lake Anneen, approximately 80km to the northwest of the Barrambie 
Project area.   

Local Significance 

All of the broad terrestrial fauna habitat types identified over the study area are well-represented 
elsewhere in the bioregion.  The landscape traversed by the water service corridor is subject to frequent 
burning, and inappropriate fire regimes have been recognised as a major threatening process to fauna in 
the Murchison bioregion (NLWRA, 2002).  Habitats that provide refuge against frequent fire are important 
for the maintenance of biodiversity in such a landscape.  

The rocky slope and outcrop habitat of the ‘Ballanhoe Peaks’ (Plate 3.9) is considered locally significant as 
it provides the physical properties of fissures, boulders and scree that offer a range of niches that are 
disjunct at the regional scale.  The structural formations also provide a fire refuge for fauna within a 
landscape subject to fire, and are considered more likely to provide the mesic attributes required for 
short-range endemic invertebrates when compared to other habitats present over the study area.  
However, the Ballanhoe Peaks area is located to the east of the Barrambie mining tenements, hence are 
outside of the Project area and will not be impacted by the Project. 

Riverine habitats in arid zones generally record greater species richness and abundances than other 
habitats and are also important due to their mesic qualities.  No such riverine habitats are present over 
the Barrambie study area. 

Individual Habitat Entities 

Individual habitat entities that provide the specific habitat requirements for a large number of species are 
also located within, or in close proximity to, the study area as shown in Plates 3.7 and 3.8.  These 
include: 

▼ Large hollow-bearing trees. 
▼ Rock piles / Breakaways, and 
▼ Termite mounds. 

Plates 3.7 and 3.8: Examples of individual habitat entities:  Large hollow-bearing trees (left) 
and natural rock piles (right) 

   

 

Tree hollows provide roost and nesting sites for reptiles, birds and mammals (bats), and termite mounds 
provide shelter and food for a range of reptiles and mammals.  Rock piles provide the substrates required 
for specific reptile and mammal species. 
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3.7.8 Short Range Endemic (SRE) Invertebrates 

Endemism refers to the restriction of a species to a particular area, whether it is at the continental, 
national or local scale (Allen et al. 2002).  Endemism is shaped by a range of factors such as climate 
variation, ecological specificity (e.g. habitat preference and physiology), life history attributes (e.g. 
reproductive strategies and dispersal capabilities), geological history and abiotic and biotic interactions 
(Ponder and Colgan, 2002; Main, 1982).  SRE species have restricted distributional ranges, usually less 
than 10,000km2 (Harvey, 2002). 

A number of invertebrate groups have been identified as containing SRE species, such as Mygalomorph 
Spiders (Mygalomorphae), Pseudoscorpions (Pseudoscorpionida), Scorpions (Scorpionida), Millipedes 
(Myriopods) and Terrestrial Molluscs (Pulmonata) (Harvey, 2002).  SRE species are generally 
characterised by poor dispersal, heavy reliance on discontinuous habitats, low growth rates, and low 
fecundity (Harvey, 2002). 

In Western Australia, it is postulated that many terrestrial SRE invertebrate species have Gondwana 
origins as they are relics of previously widespread species common to the southern hemisphere 
continents (Gondwanaland) during the Mesozoic and early Tertiary periods.  The fragmentation, drifting 
apart and aridification of the continents has resulted in many species having restricted ranges dependant 
upon particular habitat requirements (Harvey, 2002; Main, 1976; Main, 1999).  

The following broad habitats have been recognised as potentially harbouring terrestrial SRE invertebrate 
fauna: 

▼ Mountainous terrains/gorges - due to topographic relief providing refugial habitats that are absent 
from the surrounding landscape (EPA, 2004b; Harvey, 2002), the presence of sheltered 
environments and geographically-isolated habitats, and habitats receiving run-off water and plant 
nutrients which may produce relatively resource-rich areas (Morton et al., 1995). 

▼ Rainforest patches - providing refugial habitats that are absent from the surrounding landscape 
(Larson, 2001) (e.g. Kimberley region [Abbott, 1994]). 

▼ Freshwater habitats (e.g. rivers, pool and wetlands) – as species are restricted to the individual 
river systems or drainage basins. However, an ephemeral stream will probably never establish a 
differentiated population of aquatic invertebrates that lack a desiccation-resistant phase in their 
life-cycle (Ponder and Colgan; 2002). 

▼ Islands (e.g. Barrow Island) (Morton, et al., 1995). 

While species’ habitat preference varies, there are several common habitat factors favoured by the 
targeted SRE groups. Primarily, more mesic areas are preferred as they offer protection from heat, 
desiccation and predators, and provide a source of moisture.  Examples of such habitats on a fine scale 
include deep litter deposits that have accumulated under vegetation, under bark, rocky crevices, caves 
and fissures, and other areas that provide moisture in an arid environment.  At a broader scale, gorges, 
rocky ranges and ridges (particularly those that face south or south-east and/ or near water supplies), 
and rivers and creeklines are more likely to provide the habitat attributes required. 

Opportunistic evidence of invertebrate groups likely to be present over the Barrambie Project area was 
gathered by Outback Ecology (OES) during general site inspections and fauna reconnaissance in 2007 
(OES 2007a).  This included turning over rocks and logs, raking litter, and searching for the shells of 
terrestrial snails and the entrances to trapdoor spider burrows.  A further targeted fauna assessment was 
undertaken by OES in August 2008 which covered the proposed mining area and included three extended 
waste rock landform footprints and proposed accommodation village. 

The terrestrial SRE habitat within the proposed mine area (impact area) and adjacent surrounds (non 
impact area) were identified, assessed and described separately for complexity and the quality of habitat 
provided. The following were taken into consideration when assessing SRE habitat: aspect, topography, 
outcropping, soil type, vegetation, litter cover, existing disturbance and proximity to water sources.  
Habitats were assessed according to their condition and complexity in relation to SRE invertebrate groups 
that may be found in the area.  These include: 

▼ Mygalomorph spiders. 
▼ Land snails. 
▼ Scorpions. 
▼ Pseudoscorpions. 
▼ Myriapods, with a focus on millipedes. 

The 2008 assessment of SRE habitat undertaken by OES identified potential SRE habitat in an area 
known as the Ballanhoe Peaks adjacent to the Barrambie Project area and outside of the Mining Leases 
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(Plate 3.9).  The Ballanhoe Peaks area will not be disturbed through any activity associated with the 
Barrambie Project.  The hard rocky substrate of the Ballanhoe Peaks supports sparse vegetation and is 
generally unsuitable for burrowing fauna.  However, these rocky outcrops provide refuges such as small 
crevices which are suitable microhabitat for SRE fauna.  The presence of litter in this area may also 
provide suitable habitat favourable to detritivores such as millipedes and snails. 

Plate 3.9: Potential short-range endemic habitat of Ballanhoe Peaks 

 

 

Most habitats present appear to be common and widespread regionally without possessing the mesic 
(water retention) qualities or geographical features that contribute to SREs.  Nevertheless, particular 
species of all targeted invertebrate groups are likely to occur over the study area.  The disjunct habitat of 
rocky slope and outcrops of the Ballanhoe Peaks is more likely to possess attributes that support SRE 
species compared to other habitats present.  However, due to the slopes facing southwest, potential 
mesic attributes are inhibited by the effects of afternoon sunshine.  Furthermore, this habitat is not 
present over the mining lease and will not be directly impacted by the proposal.   

3.7.9 Troglofauna 

Troglofauna are communities of terrestrial subterranean animals that inhabit air chambers in 
underground caves or small, humid voids.  Within Western Australia, troglofauna have been recorded at a 
range of locations and geologies including karstic limestone systems, pisolitic mesa formations, Marra 
Mamba formations, banded iron stone formations and Aeolian sand systems (Whyte, 2008).  Excavation 
through mining could potentially impact on troglofauna, if present, although environmental assessment 
targeting troglofauna within mining leases in the Murchison region have failed to collect any specimens 
(OES, 2008).  

A desktop assessment was undertaken by Aquaterra to provide an evaluation of the risk to troglofauna 
due to development of the Barrambie Vanadium Project area and to determine whether a terrestrial 
subterranean fauna survey would be required as outlined in EPA Guidance Statement 54a.  The study 
considered geological, hydrogeological and other information as evidence that local habitat is unsuitable 
for terrestrial subterranean fauna in the Barrambie Project area, the regional extent of this habitat and 
the likely impacts of the proposal on troglofauna habitat. 

Habitat 

The regolith in the mining area consists of areas of laterites and highly weathered outcropping magnetite 
bands, two areas of breakaways and local patches of saprolite where the laterite profile has been stripped 
(Figure 3.15).  The laterites formed during a period of prolonged chemical weathering of the anorthositic 
magnetite-bearing gabbros of the Barrambie Igneous Complex (Section 3.3) and surrounding granitoids 
during the Tertiary.  These laterites consist of an indurated ferruginous zone, leached silica rich zone, 
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clay zone, saprolite and saprock over fresh rock.  Remnant laterite profiles form two low ridges in the 
area (Figure 3.15) as the indurated ferruginous zone is more resistant to erosion.  The indurated nature 
of these materials means primary porosity is low and water is difficult to penetrate. 

Weathering of the regolith in the mining area extends to depths of up to 70m, and is restricted to joints 
or foliations.  The structure of the parent rock is largely retained.  This is confirmed by estimates by 
Aquaterra (2008b) of aquifer permeability ranging from 0.1m/d to 0.95m/d, with an average permeability 
of 0.4m/d.  Drilling of nearly 1000 drill holes at Barrambie has indicated limited fracturing and cavities.  
In addition, hydraulic testing at a number of open RC drillholes returned insignificant flows or were dry at 
completion of drilling.  A number of faults (which have the potential to significantly increase porosity) 
pass through the Barrambie Igneous Complex.  However these faults have been subsequently filled by 
secondary quartz and iron oxides.  

Fresh, unweathered rock in the area is dense with limited primary porosity, and is therefore unlikely to 
contain any significant voids.  There may also be a thin cover of soil (less than 1m) or colluvium.  There 
are no substantial alluvial deposits or calcretes overlying the mining area. 

Photographs of typical oxidised core from diamond drill holes are shown in Figure 3.16 and show massive 
clays with no vughs (significant cavities).  Typical cross sections of the weathered profile at Barrambie 
are provided as Figure 3.17.  It can be seen from these cross sections that strong oxidation (to clays and 
iron oxides) extends down to depths of 30 to 50 metres. 

Humidity 

The lack of primary porosity in rocks and laterites at Barrambie and low estimated permeability, together 
with a low total annual rainfall (237.4mm per annum) and an annual evaporation rate approximately 10 
times greater, suggests that the moisture content of the regolith in the area is low.  Most rainfall in the 
region occurs during infrequent significant rainfall events (remnants of cyclones, thunderstorms); 
meaning recharge/ infiltration events (leading to increases in moisture content in the regolith) are 
inconsistent, resulting in unstable humidity levels unsuitable for the short-range requirements of 
troglofauna.  The depth to water in the Barrambie Project area is 35 to 50mbgl.  

Source of Oxygen 

The lack of primary porosity in rocks of the Barrambie area is likely to limit the presence of oxygen 
unsuitable for the short-range requirements of troglofauna. 

Food Source 

Vegetation in the area of impact (Mattiske, 2005, 2008a, 2008b) consists of arid zone shrub or scrubland 
dominated by Acacia species “mulga”, with few or no Eucalypt species or perennial grasses, and an 
understory dominated by shrubs such as Eremophila and Maireana species.  Vegetation is generally 
sparse with large amounts of bare ground.  Soil surveys (Outback Ecology, 2007b) indicate that the 
amount of nutrients held within the soils in the Project area is generally low.  Samples from many sites 
exhibited organic carbon percentages classed as extremely low (< 0.4 %) and hence is unlikely to 
support troglofauna. 

The volume of organic matter in the regolith at Barrambie will be restricted to joints or foliations in the 
parent rock and hence is unlikely to support troglofauna. 

Regional Extent of Subterranean Fauna Habitat 

The EPA Guidance Statement 54a suggests that the probability of troglofauna in the Murchison region is 
limited to calcrete, alluvium and banded ironstone.  Humphries (2008) considers the occurrence of high 
biodiversity in bedrock regions of Australia to be unusual. 

The Barrambie Igneous Complex consists of a layered sequence of anorthositic and magnetite-bearing 
gabbros and magnetite intruded into metasediments, banded iron formation (BIF), metabasalts and 
metamorphosed felsic volcanics of the Barrambie Greenstone Belt.  The Barrambie Greenstone Belt is 
bounded by banded gneiss and granitoids.  Aeromagnetic data and regional geological mapping indicates 
that the Barrambie Igneous Complex has a strike length of over 21km and is between 500 to 1700m wide 
(Baxter,1978 in Bryan Smith Geosciences, 2003).  The Barrambie Belt extends for a total strike length of 
approximately 60km to the north-west and south-east of the Barrambie mining area, covered in part by a 
lateritic cap (which developed during the Tertiary and since then only remnants remain) and surficial 
deposits (soils, colluvium, sheetwash, aeolian sands, alluvium, calcrete).  The potential impact zone will 
extend approximately 11km along this length. 

A thin layer of soil occurs in the mining area.  No significant calcrete, alluvium or BIFs occur in or near 
the area of impact and hence is unlikely to support troglofauna. 



M57/173M57/173

EN
VI

R
O

N
M

EN
TA

L 
D

R
AF

TI
N

G
 (0

8)
 9

48
6 

92
22

   
 P

:\w
or

k\
Aq

ua
te

rra
\7

67
C

3\
76

7-
C

3-
f3

-1
5.

dg
n

700 000mE700 000mE

6 980 000mN6 980 000mN

6 990 000mN6 990 000mN

710 000mE710 000mE

20

KILOMETRES (MGA zn50)

4 6 8 10

LEGEND

6 990 000mN6 990 000mN

6 980 000mN6 980 000mN

6 970 000mN6 970 000mN

6 960 000mN6 960 000mN

700 000mE700 000mE690 000mE690 000mE

L 57/30L 57/30

G 57/8G 57/8

G 57/5G 57/5
M57/173M57/173

G 57/7G 57/7

L 57/29L 57/29

G 57/6G 57/6

Figure 3.15

Road
Road

Sandstone

Sandstone

Meekatharra

Meekatharra

BARRAMBIE REGOLITH

Regolith Legend

SOURCE: Simplified from Churchland et.al (2003). Regolith Patterns of the Yilgarn Craton (1 : 1 000 000).
CRC for Landscape Environments and Mineral Exploration, Perth and Canberra.

One Tree HillOne Tree Hill

Barrambie project tenement

Possible Heritage Area - One Tree Hill

Road

Track

Fence

Watercourse

Waterbody

Project infrastructure

Thick, red sandy colluvial materials on slopes.

Pale saprolite with thin colluviums cover, slightly
undulating.

Rock outcrop and saprolite; slightly undulating
and flanked by colluvium.

Rock outcrop on hills and strike ridges.

Shallow sheet flow deposits on plains.

Thick clayey sheet flow deposits on plains and
lower slopes. Includes palaeochannels.

Salt lake deposits, usually saline, plains and valleys,
some calcrete.

Fluvial and lacustrine deposits along valleys adjacent
to salt lakes, calcrete common.

L 20/49L 20/49

L 20/55L 20/55



 
 

 
 
  Representative Core Samples – BDDH 27 – 0 – 7.3 metres 
 
 

 
 

   Representative Core Samples – BDDH 30 – 57.34 – 64.47 metres 
 
 
 
 
 
 
 
 

 
BARRAMBIE TYPICAL CORE, MINE SITE AREA 

Figure 3.16 
 
 
 



BARRAMBIE CROSS-SECTIONFIGURE 3.17
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The area of the Barrambie Project forms the east limb of a gently south plunging anticline (Bryan Smith 
Geosciences, 2003) with an outcrop of the same rock type outcropping at Virginia Hills 5km to the west 
of the Barrambie Project indicating the west limb of this fold.  Layered mafics are located approximately 
60km to the north-west at the Gabanintha deposit (12km strike length) and 75km to the south-east 
(8km strike length). 

Anorthositic gabbros and magnetites outcrop for approximately 26km within the Windimurra Intrusion 
approximately 125km to the south-west of Barrambie.  The impact of mining below the base of 
weathering was assessed and found that the magnetite hosting gabbro rock has extremely low primary 
porosity and permeability, with fractures or cavities absent.  Boulden (2008) concluded that the geology 
of the pit area at Windimurra is unlikely to provide habitat for troglofauna.  The geological characteristics 
at Barrambie are similar to those at Windimurra. 

A desktop review (OES, 2008) also determined that a suitable troglofauna habitat is unlikely in the 
Barrambie Borefield area, the proposed Project water source.  The calcretes of the aquifer at the 
Barrambie Borefield are mostly siliceous and highly porous and fissured in some areas however, the 
shallowness of the water table (approximately 5m below the surface) is likely to provide an unstable 
environment unlikely to be conducive to air-breathing troglofauna.  During times of flooding, this aquifer 
is easily recharged during rainfall events due to the porosity of the calcrete and subsurface air-breathing 
organisms (troglofauna) would be at a disadvantage (Lamoreux, 2004 in Outback Ecology, 2008). 

3.7.10  Stygofauna 

The term stygofauna is applied to fauna which inhabit subterranean waters.  These organisms can be 
further categorised according to their level of dependence on the subterranean environment.  Animals 
that enter groundwaters accidentally are referred to as stygoxenes while those which actively utilise 
resources in groundwater systems on a permanent or temporary basis are known as stygophiles.  
Organisms that are restricted to subterranean waters (obligate groundwater inhabitants) are termed 
stygobites.  These animals generally display characteristics typical of a subterranean existence which 
include: a reduction or absence of pigmentation, absence or reduction of eyes, and the presence of 
extended locomotory and sensory appendages (Gibert et al. 1994, Humphreys 2008). 

Stygofauna inhabit aquifers containing voids of suitable size for a species’ biology.  These habitats include 
voids in karst and pseudokarst, fractured rock, pisolites, alluvial and calcrete aquifers (Humphreys 2009). 
Distribution is primarily influenced by hydrological stability, groundwater quality, available energy 
sources, dispersal routes and habitat space (Strayer 1994).  

The proposed water supply for the Barrambie Project is targeted on a shallow calcrete aquifer located 
within the Cogla Down drainage system, approximately 30km north of the Project area on Yarrabubba 
Station (see Section 3.5.2).  The calcrete aquifers of the Murchison Region are commonly associated with 
abundant communities of stygofauna. 

Reed Resources Ltd commissioned Outback Ecology to undertake a stygofauna assessment with the aim 
to provide sufficient information to assess the potential risk to the stygofauna from the proposed 
groundwater abstraction from the Barrambie Borefield. 

Four stygofauna surveys (Phases I – IV) were conducted (January 2008, April 2008, November 2008, 
October 2009), with 15 sites (bores and pastoral wells) sampled during one or more of the phases 
resulting in 41 samples collected.  From the 40 taxa identified, 24 were identified as stygal or potentially 
stygal taxa.  A number of the taxa were classified as terrestrial or surface water forms including the 
Acarina (mites), Collembola (springtails) and Diptera (fly) larvae.  Stygofauna sampling points are 
indicated on Figure 3.18. 

A consolidated report on the findings from four phases of stygofauna surveys undertaken by Outback 
Ecology is provided as Appendix G.   

Some taxa were only collected from impact zone bores and their distribution therefore appears localised.  
Among these were potentially new taxa including Pseudectinosoma sp. 1 n. sp. (T. Karanovic), Halonsicus 
nr longiantennatus, Atopobathynella sp. OE1 (J. McRae), Atopobathynella nr sp. OE1, Atopobathynella sp. 
OES3 and Atopobathynella sp. OES4.  While it appears that these taxa may be at risk from the 
groundwater abstraction associated with the proposed Barrambie Borefield, there are a number of factors 
which mitigate the risk to these taxa.   

The distribution pattern of several groups in the Barrambie borefield indicates a level of connectivity 
through the aquifer.  This is further supported by the similarity in groundwater quality measured over 
four sampling phases.  The expected hydraulic connectivity between the calcrete aquifer and the alluvial 
sediments would also be likely to further improve the ability of the stygofauna to disperse, potentially 
lessening the risk to stygofauna.   
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The area of the calcrete which was modelled as the area of impact from predicted drawdown is only a 
portion of the wider calcrete aquifer.  The area of drawdown impact represents only 15% of the calcrete 
as shown in Figure 3.19. 

Phylum Arthropoda 

Class Maxillopoda 

The class Maxillopoda was represented by the orders Cyclopoida and Harpacticoida (Table 3.18).  Four 
cyclopoid species, Halicyclops eberhardi, Metacyclops laurentiisae and Goniocyclops uniarticulatus and the 
common surface water inhabitant, Apocyclops dengizicus, were identified.  These species are all known to 
occur outside the Barrambie project area and the majority are well distributed throughout the Murchison 
Region or beyond (Karanovic 2004).  ?Halicyclops eberhardi, recorded as a single specimen from impact 
bore B6M, was likely to be a juvenile Halicyclops eberhardi. 

Five harpacticoid species were identified in the borefield, four of which have been recorded from other 
localities within the Murchison (Karanovic 2004).  The only harpacticoid found to have a limited range in 
the Barrambie borefield was Pseudectinosoma sp. 1 n. sp. (T. Karanovic).  This potentially new taxon was 
recorded from impact sites only (B8P and B5M in Phase I and B14M in Phase III) and as yet has no 
known distribution outside the Barrambie borefield.   

Class Malacostraca 

Bathynellacea 

Bathynellacea and Isopoda were the two malacostracan orders recorded from the groundwaters of the 
Barrambie Borefield (Table 3.19).  The order Bathynellacea was represented by Bathynellidae and 
Parabathynellidae, two families which have been documented from groundwaters in the Pilbara and 
Yilgarn regions of Western Australia (Eberhard et al. 2004, Humphreys et al. 2009).  Bathynellids were 
identified from six impact bores over the sampling programme.  Taxonomic information on the Western 
Australian Bathynellidae is limited, and identification past family level is not possible. 

Parabathynellids were collected from nine sites, seven of which were in the impact zone.  The specimens 
were identified as Atopobathynella, a genus which has been recorded from numerous calcrete aquifers 
within the Yilgarn region (Cho et al. 2006).  The only parabathynellid that could not be further identified 
was a damaged specimen collected from the control site, Barlanga Well, during Phase I.  Given the 
prevalence of Atopobathynella in the groundwaters of the Barrambie Borefield, the Barlanga Well 
specimen is highly likely to be Atopobathynella. 

Atopobathynella gascoyneensis, a taxon first described from a bore at the Gascoyne River in Carnarvon 
(Cho et al. 2006), was present at six of the impact bores.  A potentially new taxon, Atopobathynella sp. 
OE1 (J. McRae), was recorded from seven of the impact bores and was found to be sympatric with 
Atopobathynella gascoyneensis in the Barrambie calcrete. 

A number of Atopobathynella specimens collected from the impact zone were juveniles.  They were often 
collected with mature Atopobathynella specimens and therefore it is likely that they belong to one of the 
taxa already identified.  A single juvenile Atopobathynella sp. was also recorded from the control site 
South Mill Well.  This indicates movement of these crustaceans throughout the aquifer and a level of 
connectivity.  

On examination of all the Atopobathynella specimens, slight variation of the setation of thoracopod VII 
and the number of spines along the inner margin of the uropodal sympods was noted amongst specimens 
of similar morphotype.  This was considered to be intra-specific variation, a process previously discussed 
by Schminke (1978) in relation to the parabathynellid Notobathynella longipes.  

Atopobathynella nr sp. OE1, Atopobathynella sp. OES3 and Atopobathynella sp. OES4.  Atopobathynella 
nr sp. OE1 specimens were separated from Atopobathynella sp. OE1 (J. McRae) on account of moderate 
variation in taxonomic features.  Atopobathynella sp. OES3 and Atopobathynella sp. OES4 were listed as 
Atopobathynella sp. in the previous report.  Upon further investigation of taxonomic characteristics, they 
have now been assigned individual morphospecies. 

Isopoda 

The order Isopoda was represented by a potentially new taxon; Halonsicus nr longiantennatus 
(Table 3.19).  Specimens were limited to the area of impact (B8P, B6M and B14M) and were considered 
to be similar to Halonsicus longiantennatus, a species recorded from subterranean waters near Lake Way 
(Taiti and Humphreys 2001). 
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Class Ostracoda 

A single juvenile ostracod of the genus Strandesia was collected from a pastoral well, Yilby Bore, located 
within the potential impact zone.  Strandesia is associated with surface waters, however the genus is 
known to contain a stygal element, Strandesia kimberleyi n. sp., recorded from Kimberley groundwaters 
(Karanovic 2005).  Given this was a singleton collected from a well suggests that it may be a surface 
water inhabitant, rather than stygal. 

The other two ostracod taxa identified from the Barrambie borefield, Candonocypris novaezelandiae and 
Sarscypridopsis ochracea, are known surface water inhabitants (I. Karanovic pers. comm. 2008) and not 
considered at risk. 

Class Insecta 

Coleopterans (beetles) from the family Dytiscidae (diving beetles) were the only stygal insects collected 
(Table 3.19).  A dytiscid larva (Tribe Bidessini) was recorded from the impact bore B10P during Phase II, 
however literature on the larval stages of stygal dytiscids is limited and higher level identification of the 
specimen was not possible.  Two adult beetles, also of the Tribe Bidessini, were collected from the impact 
bore B3M during Phase IV.  Both specimens were identified as Limbodessus microbubba.  This species 
was first recorded and described from the Yarrabubba Station calcrete aquifer (Watts and Humphreys 
2009) which is located within the Cogla Downs pastoral lease.  

Phylum Annelida 

Class Oligochaeta 

Tubificidae, Enchytraeidae and Phreodrilidae were the three oligochaete families recorded from the 
Barrambie borefield (Table 3.20).  Tubificidae and Enchytraeidae, two families known to occur in 
groundwaters of the Pilbara (Eberhard et al. 2004) and Yilgarn regions (Outback Ecology unpublished 
data) were present in control sites and are unlikely to be at risk from groundwater abstraction in the 
Borefield.   

Phreodrilidae was represented by two morphotypes; (specimens with and without dissimilar chaetae) 
both of which were collected from impact sites only.  

Class Aphanoneura 

Aeolosoma sp. 2 (PSS DEC) was the only aphanoneuran recorded during the stygofauna assessment.  
The taxon was present at the control bores Watson Well and Barlanga Well and has previously been 
identified from groundwaters of the Pilbara region (DEC unpublished data). 

Phylum Nematoda 

Nematodes, a ubiquitous group which inhabit interstitial spaces within terrestrial and aquatic 
environments (Ruppert and Barnes 1994), were also recorded from the groundwaters of the Barrambie 
borefield.  While the habitat preferences of this group are difficult to establish, their presence at a control 
site (Barlanga Well) suggests that they are unlikely to be at risk from proposed drawdown at the 
Barrambie Borefield. 

Tables 3.18, 3.19 and 3.20 provide a summary of the distribution of stygofauna collected from the 
Barrambie Borefield and surrounding areas. 

Sampling effort  

Taxon accumulation curves based on the lowest taxonomic classification were generated from the 
stygofauna data collated from the four sampling phases (Figure 3.20).  The observed number of stygal 
taxa (Sobs Mao Tau) over the four phases of sampling was 24 taxa.  According to the taxon richness 
estimators, Bootstrap (Bootstrap mean) and Jackknife (Jack 1 mean) between 75 % and 88 % of the 
expected taxa were collected.  In terms of sampling effort, according to the Guidance Statement 54A 
(EPA 2007) this was met, with 40 samples collected over four sampling phases. 
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Figure 3.20: Stygal “taxon” accumulation curve for Barrambie borefield sampling  
phases I – IV. 
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Table 3.18: Distribution of stygofauna (Arthropoda: Maxillopoda) 

Bore 
Phylum Class Order Lowest Identification 

Impact Control 
Distribution and comments 

Apocyclops dengizicus  Yilby Bore   
Widely distributed species which has been recorded from the 
Murchison region and surface waters of various countries. a 

Goniocyclops uniarticulatus   Barlanga Well 
Recorded in low numbers from several localities in the 
Murchison region. a 

Halicyclops eberhardi 
B8P, B10P, B3M, B5M, 
B6M, B7M, B14M,  

South Mill Well, Bedan 
Well, Five Mile Well 

Widely distributed in arid Western Australia with possible 
distribution throughout central Australia. Possible stygophile as 
opposed to a stygobiont. b 

?Halicyclops eberhardi* B6M   
Likely to be Halicyclops eberhardi however the immature state 
of the specimen prevents confirmation. b 

C
yc
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p
o
id

a 

Metacyclops laurentiisae   
South Mill Well, Five 
Mile Well 

This taxon has been recorded from numerous localities in the 
Murchison region. a 

Australocamptus hamondi    
Barlanga Well, South 
Mill Well, Five Mile 
Well 

Well distributed genus throughout Australia. A. hamondi has 
been collected from a number of sites in the Murchison. 
Potentially a stygophile rather than a stygobite. b 

Novanitocrella aboriginesi  
B8P, B10P, B5M, B6M, 
B7M,  

South Mill Well 
The species has previously been recorded from Cue water 
supply bores and the Austin Downs Borefield (Murchison). a 

Parastenocaris solitaria  
B8P, B10P, B3M, B7M, 
B14M,  

Bedan Well 
This species was first described from Depot Springs 
(Murchison). a 

Pseudectinosoma sp. 1 n. sp.  
(T. Karanovic) 

B5M, B14M, B8P   
This is only the second representative of the genus 
Pseudectinosoma in Australia.  The first was described from 
the Pilbara region.   Potentially new species b 
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Schizopera oldcuei  
B8P, B10P, B3M, B5M, 
B6M, B7M, B14M, 
Yilby Bore, 

 Barlanga Well, Bedan 
Well, South Mill Well 

This species was first described from the Old Cue water supply 
bore in the Murchison region.  The January 2008 collection 
represented the second record of the species and the first 
record of a male. Sampling in April and November 2008 
collected both males and females from various sites within the 
Barrambie borefield. b 

* indicates taxa which have been omitted from the final tally of stygal taxa 
a (Karanovic 2004),  b (T. Karanovic pers. comm.) 
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Table 3.19: Distribution of stygofauna (Insecta, Malacostraca and Ostracoda) 

Bore 
Phylum Class Order Lowest Identification 

Impact Control 
Distribution and comments 

Limbodessus microbubba  B3M   
First described from the Yarrabubba Station calcrete 
aquifer. c 

In
se

ct
a 

C
o
le

o
p
te

ra
 

Bidessini (larva)* B10P   
Bidessine species have been recorded from calcretes in 
the Yilgarn region of Western Australia and the Ngalia 
Basin in central Australia. c   

Is
o
p
o

d
a Haloniscus nr longiantennatus B8P, B6M, B14M   

Similar to Haloniscus longiantennatus, a species which 
has been collected from the Murchison region. 

Bathynellidae 
B8P, B10P, B3M, B5M, 
B7M, B14M 

  
Family previously recorded from groundwaters within the 
Pilbara and Yilgarn regions.  Taxonomic information is 
currently limited, restricting further identification. d,e  

Atopobathynella gascoyneensis 
B8P, B10P, B5M, B6M, 
B7M, B14M 

  
Previously recorded and described from a bore in the 
Gascoyne region. f 

Atopobathynella sp. OE1 (J. 
McRae) 

B8P, B10P, B3M, B5M, 
B6M, B7M, B14M 

  

The morpohology of this taxon differed from the 
Atopobathynella species previously described from the 
Murchison and Gascoyne regions of Western Australia.  
May represent a new species. g 

Atopobathynella sp. OES3 B3M   

Atopobathynella sp. OES4 B3M   

The morphological characteristics of these specimens 
differed from the other Atopobathynella specimens. 
Potentially new species. 

Atopobathynella nr sp. OE1  B8P, B10P, B3M, B5M   

These specimens were generally similar to 
Atopobathynella sp. OE1 described from other bores 
within the Barrambie Borefield. Differed slightly in 
morphological characteristics. 

Atopobathynella sp. (juvenile)* 
B10P, B3M, B5M, 
B14M 

 South Mill Well 
Likely to belong to one of the Atopobathynella species 
identified from adult specimens. 
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Parabathynellidae*    Barlanga Well 
Damaged specimen, missing key morphological features. 
Likely to belong to one of the Atopobathynella species 
identified from intact specimens. 
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Strandesia sp. Yilby Bore   

This genus mostly occurs in surface waters of the 
southern hemisphere.  One species has been described 
from subterranean waters in the Kimberley.  The 
specimen collected from the Barrambie borefield was a 
juvenile and could not be identified further. h, i 

* indicates taxa which have been omitted from the final tally of stygal taxa 
c (Watts and Humphreys 2009), d (Eberhard et al. 2004), e (Outback Ecology unpublished data), f (Cho et al. 2006), g (J. McRae pers. comm. 2009), h (Karanovic 2005), I (I. 
Karanovic pers. comm. 2008). 

 



EXISTING ENVIRONMENT 

 
 

Barrambie Vanadium Project: Public Environmental Review  Page 3-79 

Table 3.20: Distribution of stygofauna (Annelida and Nematoda) 

Bore 
Phylum Class Order Lowest Identification 

Impact Control 
Distribution and comments 

A
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  Aeolosoma sp. 2 (PSS DEC)   
Watson Well, Barlanga 

Well 
This taxon has previously been documented from 
subterranean waters in the Pilbara region. j 

Enchytraeidae   
Barlanga Well, South 
Mill Well, Watson Well 

Enchytraeids are known to occur in subterranean 
waters of the Pilbara and Yilgarn regions. d, e 

Phreodrilidae with similar chaetae B3M   

Phreodrilidae with dissimilar chaetae B14M   

The family Phreodrilidae has been previously been 
documented from the groundwaters in the Pilbara 
region. k 
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Tubificidae    Bedan Well 
Tubificids have been recorded from groundwaters in 
the Pilbara and Yilgarn regions. d, e 

N
em

at
o
d
a
 

    

Nematoda   Barlanga Well 
Nematodes are commonly represented in terrestrial 
and aquatic habitats l. Conservation status is difficult 
to establish. 

d (Eberhard et al. 2004), e (Outback Ecology unpublished data),  j (DEC unpublished data), k (Pinder 2008), I (Ruppert and Barnes 1994). 
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Priority Ecological Community 

The groundwater  assemblage of the Cogla Downs calcrete aquifer has been listed as a Priority Ecological 
Community (PEC) (Department of Environment and Conservation 2009).  The assemblage has been 
classified as Priority 1.  This category is assigned to assemblages that are considered to be of high 
priority for survey and/or definition of the community, and evaluation of conservation status.  
Assemblages that have been proposed as threatened ecological communities (TEC) by the Threatened 
Ecological Community Scientific Committee and are yet to be classified as “threatened” in Western 
Australia, are also listed as Priority 1 ecological communities (Department of Environment and 
Conservation 2009).   

The Cogla Downs calcrete aquifer groundwater community is not currently listed as a threatened 
ecological community under the EPBC Act list of threatened ecological communities.  The assessment of 
the Barrambie borefield has identified, and defined, the stygofauna community within a section of the 
calcrete. 

3.8 Land Use, Conservation and Heritage 

The proposed Barrambie Vanadium Project is located in the Murchison region, within the Shire of 
Sandstone and approximately 70km north of the town of Sandstone. Agriculture and mining are the 
dominant land uses. 

3.8.1 Pastoral Activities 

The Barrambie Project is located on the boundary between the Barrambie and Cogla Downs pastoral 
leases.  The proposed water supply borefield will be located on the Yarrabubba pastoral lease.  The main 
pastoral activity on these leases is grazing of stock, predominantly sheep and cattle. 

3.8.2 Mining   

Gold was first discovered at Sandstone in 1894 (Shire of Sandstone website). While numerous gold 
operations of various sizes have historically operated in the Barrambie/ Sandstone region, there are no 
significant projects within a 30km radius of the proposed Barrambie Vanadium Project which are currently 
in operation.  Mineral exploration activities are active throughout the region.  

Other notable operations in the region include: 

▼ Gidgee Gold Mine; located approximately 35km northeast of Barrambie.  Recently acquired by 
Apex Minerals NL, the Gidgee Mine has been on care and maintenance for several years.   

▼ Windimurra Vanadium Project; located approximately 110km to the southwest of Barrambie.  
Windimurra is currently being re-developed with production scheduled to re-commence in 2010.  

Due to the distance between the proposed Barrambie Project and any other foreseeable mine 
developments it is unlikely that there would be any cumulative environmental impacts as a result of the 
Project development.  

3.8.3 Conservation  

The DEC has been acquiring pastoral leases for the purpose of inclusion in the State’s conservation 
estate.  Fifty four pastoral leases throughout WA have been purchased since 1989.  In 2001 the 
149,317ha Black Range and Lake Mason Pastoral Leases were purchased for conservation purposes, 
funded jointly by the Federal Government's National Reserve System Program, under the Natural 
Heritage Trust, and by the State as part of the WA Gascoyne Murchison Rangelands Strategy.  The Black 
Range and Lake Mason pastoral leases are located approximately 10km to the south and 40km to the 
east of the Barrambie Project area.  The Barrambie Project area does not impinge on any boundaries of 
the DEC pastoral leases (Lake Mason – Black Range, Figure 2.1).   

3.8.4 Other Reserves  

The Barrambie Project area will impinge in Water Reserve 5312 associated with the Barrambie Well 
(Government Well) which is now collapsed and has not been used in recent times. 

The Project will also impinge on the Rabbit Proof Fence Reserve 29839.  Discussions have been held with 
the Murchison Regional Vermin Council about relocating the fence. 

A condition applies to the Mining Lease M57/173 under the Mining Act that mining cannot occur within 
these reserve areas without the prior written permission of the Minister for Mines who will consult with 
the respective agencies in which the reserves are vested. 
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3.8.5 Heritage 

European Heritage 

There are no areas of significance for European heritage in the proposed Project area.  Some scattered 
remnants of the old Barrambie townsite are located at the southern end of the proposed mining area. 

Aboriginal Heritage 

According to spatial data publicly available from the National Native Title Tribunal (NNTT) in August 2009, 
almost the whole of the Project Area falls within the NNTT registered Yugunga-Nya (WC99/46) Native 
Title claim.  Only minor portions of the Project area appear to fall within the NNTT registered Wutha 
(WC99/10) Native Title claim (i.e. borefield and water pipeline leases – L20/55 and L57/30). 

Ethnographic surveys on Mining Lease 57/173 of the Project area were initially conducted by 
anthropologist Wayne Glendenning in May 2005 with representatives of the Yugunga-Nya Native Title 
claimants and representatives of the (then) Ngalia Native Title claimants.  A further ethnographic 
heritage survey was conducted by J Gleason with representatives of the Wutha Native Title claimants 
over L20/55 and a portion of the water pipeline (L57/30) in 2008.  An ethnographic consultation about 
the entire Project area was conducted with representatives of the Yugunga-Nya NT claim by 
anthropologist Wayne Glendenning in April and June 2008.   

More extensive ethnographic and archaeological surveys were conducted by John Gleason in August 
2009, covering the mine area and additional areas of the Barrambie Project area including the proposed 
borefield on Yarrabubba Station.  A search of the Department of Indigenous Affairs (DIA) heritage 
register was also undertaken against all tenements comprising the Project area in August 2009.  The 
search revealed that there are no registered ethnographic or archaeological heritage sites in the Project 
area or the immediate vicinity of the Project area.   

Ethnographic Sites 

Most of the Project Area is clear of vegetation and ground visibility was good throughout – ranging from 
70% to 90%.  There are short, sparse mulga and acacia trees throughout with low shrubbery which is 
denser along the margins of the occasional creek lines.  The ground throughout the Project area 
comprises generally flat and featureless, sandy floodplain.  The landscape is gently undulating in 
southern portions of M57/173 and there is a general sloping from east (where a principal ridgeline occurs 
outside of the Project area) to west.  Ironstone scree is apparent across the mining areas closer to the 
ridgeline which occurs to the east of central southern parts of M57/173. 

Little good quality flaking stone was apparent within the Project area during the field inspection including 
along the beds and margins of significant creeks.  There may be knapping quality stone associated with 
the ridgeline along eastern margins of the Project area.  No source of dependable fresh water was 
apparent anywhere within the Project area.  There may be small gullies associated with the ridgeline to 
the east of the Project area where ephemeral fresh water accumulates following rare heavy rains.  
Potable water might be available in pools along the banks of the more significant drainage lines for a few 
weeks following occasional and seasonal rains. 

The author of the 2009 Heritage survey report indicated that he was not aware of any contemporary 
indigenous use of the land within the vicinity of the Project area and it is likely that the land comprising 
the Project area was of only marginal traditional domestic interest because of the lack of reliable 
resources.  Traditional indigenous exploitation of the area was probably a function of the availability of 
water and probably occurred relatively rarely and by small extended family groups. 

Two places of potential heritage significance were identified during the surveys.  One (the Ballanhoe 
Peaks ridgeline to the east the Project area) is outside of the Project area and does not occur on 
Barrambie Project tenure.  Accordingly, there is no recommendation to be made about this place other 
than for Reed to note its existence and inform its employees and contractors and adopt reasonable 
measures to restrict access from the Project area.   

The second place is ‘One Tree Hill’ which was identified by the Yugunga-Nya NT claim representatives as 
a local named place.  However, the status of ‘One Tree Hill’ as a heritage site has not been confirmed in 
consultation with a necessary and sufficient portion of the Yugunga-Nya community.  ‘One Tree Hill’ has 
been recorded as a potential ethnographic site on Reed’s spatial files and quarantined from disturbance 
as an interim measure until the final status of the place is determined in consultation with the Yugunga-
Nya NT claimants as a group.The location of One Tree Hill is indicated on Figure 3.21. 
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Archaeological Sites 

Site types or features that often occur in the Goldfields region include: 

▼ Artefact scatters - contain flaked or ground artefacts (flakes and cores) and sometimes manuports.  
Artefact scatters may occur as surface scatters, as stratified deposits where there have been 
repeated occupations, or as knapping floors (see below).  Sometimes referred to as ‘camping 
places’, artefact scatters do not necessarily mean that people actually camped there - only that 
some type of tool making or using activity occurred.  Knapping Floors are scatters where there is 
evidence of actual tool making sometimes including the original block of stone that was flaked. 

▼ Stone Quarries - a site where stone for flaked artefacts has been sourced from an outcropping of 
rock that is suitable for flaking.  Sources of rock with high quality flaking characteristics were 
valued and people travelled out of their way to quarry good stone. 

▼ Stone Arrangements - can range from simple lines, piles, standing stones and cairns to more 
complex arrangements.   Some stone arrangements may have been used in ceremonial activities 
and can represent sacred or totemic sites.  Claypan stone arrangements are common and may 
represent water ‘Dreaming’ snake ancestors - when claypans are full of water and with a strong 
breeze, the stone arrangement creates an effect not unlike the action of a snake swimming.  Other 
stone arrangements may be route and resource markers or direction indicators, or serve as seed 
collectors or to augment water holding capacity. 

▼ Rock Shelters/Caves – can contain stone artefacts, hearths, paintings. 
▼ Rock Art sites - include rock art, engravings and stencils; and 
▼ Scarred Trees. 

The most common archaeological material that could be expected to be identified within the Project area 
is isolated flaked stone artefacts.  The identification of artefacts in the subject field survey was based on 
the presence of conventional archaeological characteristics of stone knapping.  Other artefacts and 
implement types that have been identified in the region include grindstones, characterised by a worn and 
abraded concave or convex surface and hammerstones which show abrasion, pitting and edge fracturing 
with some negative scarring. 

The mining areas of the Goldfields region of Western Australia are some of the most intensively 
researched, assessed and surveyed areas in the state’s archaeological record.  As a result of this, a 
predictive model for the occurrence of archaeological material has been developed for environments 
within this region.  The simple model considers the availability of stone flaking material, potable water 
and suitable camping areas as determinant factors.   The model is as relevant to the region of the Project 
area as it is to the more documented areas of the Goldfields. 

The archaeological record and model of the region supports a view that most traditional domestic activity 
occurred in certain environments and in proximity to certain landscape features such as along the banks 
of creeks and nearby floodplain.  The Project area occurs within generally featureless and flat floodplain 
in the northern half and along flat and gently undulating ground at the base of a ridgeline in southern 
portions. 

The vicinity of the Project area is arid with only occasional and seasonal rains occurring in the region.  No 
suitable camping areas were identified in the Project area or the immediate vicinity of the Project area 
during the field assessment.  Good quality flaking material was not apparent within the Project area 
during the field assessment but there is likely to be knapping quality stone within the ridgeline and 
breakaway country that forms the eastern boundary of, and falls outside of, the southern portion of the 
Project area.   

Within the arid Project area environment and especially away from the ridgelines in the eastern vicinity of 
(but outside of) southern portions of the Project area, it is likely that significant archaeological 
assemblages will be rare according to the simple (‘sand, stone and water’) predictive model.  Artefact 
material that does occur (if any) will more likely be found occasionally along the margins of creeks and 
on nearby floodplain as ‘creek line scatters’.  Accordingly, the current archaeological field inspection 
included areas within the proposed mine (M57/173) where significant creeks flow east to west off the 
ridgeline to the east of the Project area in southern portions.  As well, a portion of the infrastructure 
tenure generally west of the mining area (proposed airport and accommodation on L57/29) that coincides 
with a significant creek was also inspected for artefacts.   

No concentration of stone tools and no stone flaking areas, quarries or knapping floors were identified 
during the archaeological field assessment and inspections.  No stone arrangements, no scarred trees nor 
any evidence of significant indigenous traditional activity were identified anywhere within the Project area 
or the vicinity of the Project area.   
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One artefact ‘core’ stone artefact comprising of a dark chert resembling jasparite was identified during 
the creek line survey within L57/29.  It occurred above the apparent banks of a creek within nearby 
floodplain.  This single occurrence of archaeological material is of little scientific or cultural significance. 

As an outcome of archaeological assessments undertaken during the Wutha survey (Gleason 2008) of 
portions of the proposed water pipeline route (L57/30) and water bore area (L20/55), and the field 
inspection of the main part of the Project Area in August 2009, it was concluded that there are few 
environments within the Project area where artefact material is likely to occur and no significant artefacts 
were identified.  

Due to matters relating to cultural sensitivity the Aboriginal Heritage survey reports have not been 
included in the appendices of this PER.  However, copies of the reports have been provided to the DIA. 

A Native Title Deed has been signed between the Yugunga-Nya Native Title Claimants and Reed 
Resources covering mining tenements associated with the Barrambie Vanadium Project. 
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4. ENVIRONMENTAL FACTORS AND PRINCIPLES 

4.1 Key Environmental Factors 

Environmental factors relevant to the Barrambie proposal have been identified by risk assessment.  This 
process enabled key environmental factors, and those of low significance given existing or proposed 
environmental management and remoteness of the location, to be identified.  

Potential environmental factors associated with the Barrambie proposal are summarised below: 

▼ Biophysical: 
- Flora. 
- Vegetation – terrestrial vegetation communities. 
- Land – landform. 
- Fauna – terrestrial vertebrates. 
- Fauna – stygofauna. 
- Watercourses – ephemeral streams. 
- Water – groundwater. 

▼ Pollution Management: 
- Air quality – particulates and dust. 
- Air quality – gaseous emissions. 
- Groundwater quality. 
- Surface water quality. 
- Greenhouse gases. 

▼ Social Surroundings: 
- Social surroundings - public health and safety. 

▼ Other: 
- Decommissioning. 

Potential environmental impacts, their significance and management responses, from the environmental 
factors and principles relevant to this proposal are provided in Table ES-2.   

4.2 Principles of Sustainability and Environmental Protection 

The following Principles of Sustainability and Environmental Protection (as per Environmental Protection 
Act 1986) have been addressed:  

▼ The precautionary principle. 
▼ The principle of intergenerational equity. 
▼ The principle of the conservation of biological diversity and ecological integrity. 
▼ Principles relating to improved valuation, pricing and incentive mechanisms. 
▼ The principle of waste minimisation. 

The above principles are outlined in Table 4.1.   

The management objective, applicable standards and guidelines, potential impacts and management 
strategies for each environmental factor are discussed in the following sections. 
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Table 4.1: Principles of environmental protection in relation to the Barrambie Vanadium Project 

Principle 
Relevant to 
Project 

Consideration in the Project 
Section in this 
Document 

An environmental risk matrix was produced during the project scoping phase to 
identify key aspects of the proposed project and develop a strategy for managing 
potential impacts.  This matrix was included in the Environmental Scoping 
Document.  The key environmental factors made evident by this process are given 
in Section 4.1 of this PER.  The risk matrix is not included as part of this PER. 

Section 4 

 

Management actions will be implemented with the objective of preventing 
environmental degradation even though there is little or no likelihood of significant 
impact. 

Section 3 

Various environmental investigations and studies conducted (flora, fauna, soil, 
groundwater) provide baseline information on which to develop measures to avoid 
or reduce potential impacts.  Stakeholder consultation has also been undertaken to 
assist with developing adequate management measures. 

Section 5 

Section 8 

1. The precautionary principle 

Where there are threats of serious or irreversible 
damage, lack of full scientific certainty should not be 
used as a reason for postponing measures to prevent 
environmental degradation. 

In the application of the precautionary principle, 
decisions should be guided by -  

a) careful evaluation to avoid, where practicable, 
serious or irreversible damage to the environment; 
and 

b) an assessment of the risk-weighted consequences 
of various options. 

Yes 

Studies completed to date have been incorporated into the project design and 
location of infrastructure to avoid areas which have been identified as potentially 
environmentally sensitive (i.e. Ballanhoe Peaks). 

Section 5.2 

Reed Resources recognises the importance of sustainable development, adopting the 
following position in their Environmental Policy: “…will minimise our impact on the 
environment and communities and as a minimum, will ensure that our mining and 
exploration activities are conducted in compliance with all applicable environmental 
legislation, regulations and licences.”  A copy of the complete Environmental Policy 
for Reed Resources is presented in Figure 7.2. 

Section 7 

Waste materials from the Project will be reduced, re-used recycled or disposed in 
manner which will not present a risk of soil or water contamination as a liability for 
future generations.  Mine closure and rehabilitation will be aimed at developing post-
mining landforms which are safe and stable and do not cause pollution. 

Section 5.8 

Section 6 

2. The principle of intergenerational equity 

The present generation should ensure that the health, 
diversity and productivity of the environment is 
maintained or enhanced for the benefit of future 
generations. 

Yes 

An Environmental Management System will be developed and implemented 
throughout the life of the operations to encourage continual improvement, ensuring 
the health, diversity and productivity of the environment is maintained or enhanced 

Section 7 

3. The principle of the conservation of biological 
diversity and ecological integrity 

Conservation of biological diversity and ecological 
integrity should be a fundamental consideration. 

Yes Baseline studies conducted have contributed to the understanding of the regional 
environment and allowed management strategies to be developed to conserve the 
biological diversity and ecological integrity. 

Studies completed to date have been incorporated into the project design and 
location of infrastructure to avoid areas which have been identified as potentially 
environmentally sensitive (i.e. Ballanhoe Peaks). 

Section 3 

 

Section 5.2 

…continued 
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Table 4.1 (continued) 

Principle 
Relevant to 
Project 

Consideration in the Project 
Section in this 
Document 

Environmental factors have been assessed within the matrix developed for the 
Project and evaluated with respect to design considerations.  The operational mine 
closure plan will include closure cost estimates and provisions for closure.    

Section 6 

Pollution impacts have been considered and minimisation techniques proposed 
through; containment of materials with the potential to pollute or contaminate, 
lining of evaporation ponds, recycle of sodium sulphate, among other waste 
minimisation techniques.  

Section 2.2.3 

Section 5.5.3 

The primary use of vanadium is for producing hardened steel alloys.  Another 
emerging use for vanadium is in vanadium redox flow batteries (VRB) which are 
becoming an important part of storing electricity for renewable energy sources. 

Section 1.6.1 

Environmental management measures have been incorporated into the overall 
design and engineering from an early stage of Project planning through the ongoing 
involvement of environmental specialists and applying the outcomes of baseline 
environmental studies. 

Section 2, 5 & 7 

4. Principles relating to improved valuation, 
pricing and incentive mechanisms 

1. Environmental factors should be included in the 
valuation of assets and services. 

2. The polluter pays principle – those who generate 
pollution and waste should bear the cost of 
containment, avoidance or abatement. 

3. The users of goods and services should pay prices 
based on the full life cycle costs of providing goods 
and services, including the use of natural resources 
and assets and the ultimate disposal of any wastes. 

4. Environmental goals, having been established, 
should be pursued in the most cost effective way, 
by establishing incentive structures, including 
market mechanisms, which enable those best 
placed to maximise benefits and/ or minimise costs 
to develop their own solutions and responses to 
environmental problems. 

Yes 

As the most significant operating cost, aside from the workforce, relates to energy 
consumption for both mining and processing, there are strong incentives to 
minimise the use of diesel fuel and gas.  Maximising the recycle of sodium sulphate 
also provides significant cost benefits while minimising waste storage requirements.   

Section 1.7 

5. The principle of waste minimisation 

All reasonable and practicable measures should be 
taken to minimise the generation of waste and its 
discharge into the environment. 

Yes All reasonable and practicable measures will be taken to reduce, re-use or recycle 
materials in manner which minimises the generation of waste.  Waste management 
will be addressed in relevant construction and operational management plans. 

Section 5.8 
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5. ENVIRONMENTAL OBJECTIVES, IMPACTS, MANAGEMENT AND OUTCOMES 

5.1 Terrestrial Vegetation and Flora 

5.1.1 Management Objective and Applicable Standards and Guidelines 

The EPA objective for management of terrestrial flora and vegetation communities is to maintain the 
abundance, diversity, geographic distribution and productivity of flora at species and ecosystem levels 
through the avoidance or management of adverse impacts and improvement in knowledge. 

Applicable guidelines include:  

▼ EPA Position Statement No. 2: Environmental Protection of Native Vegetation in Western Australia. 
▼ EPA Position Statement No. 3: Terrestrial Biological Surveys as an Element of Biodiversity 

Protection.   
▼ EPA Position Statement No. 9: Environmental Offsets. 
▼ EPA Draft Guidance Statement No 19: Environmental Offsets. 
▼ EPA Guidance Statement No. 51: Terrestrial Flora and Vegetation Surveys for Environmental 

Impact Assessment in Western Australia.  
▼ EPA Guidance Statement No. 6: Rehabilitation of Terrestrial Ecosystems. 
▼ ANZECC/ MCA: Strategic Framework for Mine Closure. 
▼ Dept of Industry Tourism and Resources – Leading Practice Sustainable Development Program for 

the Mining Industry Mine Closure and Completion and Mine Rehabilitation. 

5.1.2 Potential Impacts 

Approximately 1522ha of native vegetation will be cleared or directly impacted by the Barrambie Project 
as summarised in Table 5.1.  Direct disturbance of vegetation and flora will occur through clearing 
required for open pit mining, haul roads, waste rock landforms, processing plant site, tailings storage 
facilities and for establishment of infrastructure such as the water supply pipeline, administration 
buildings, workshops and lay-down areas, accommodation village, aerodrome and access roads.   

No Declared Rare Flora (DRF) or Priority flora species have been recorded within the Project area and will 
not be disturbed by the Project in any way.  Similarly, there are no Threatened Ecological Communities 
(TEC) or Environmentally Sensitive Areas (ESA) in or nearby the Project area. 

Table 5.1: Vegetation Clearing Impacts 

Project Area/ Activity Area of Disturbance 
(ha) 

Potential Impact 

South Open Pit 143 The mine voids are proposed to remain open to allow future 
access to deeper ore reserves.  Mining of deeper ore reserves 
may be a future activity that is not addressed within the scope of 
this PER. 

Southern Waste 
Landforms @ 15° 

309 Direct disturbance through vegetation and topsoil clearing.  
Construction of waste rock dump will create new landform to be 
rehabilitated with local native vegetation species. 

North Open Pit/s 142 The mine voids are proposed to remain open to allow future 
access to deeper ore reserves.  Mining of deeper ore reserves 
may be a future activity that is not addressed within the scope of 
this PER. 

…continued 
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Table 5.1 (continued) 

Project Area/ Activity Area of Disturbance 
(ha) 

Potential Impact 

Northern Waste 
Landforms @ 15° 

569 Direct disturbance through vegetation and topsoil clearing.  
Construction of waste rock dump will create new landform to be 
rehabilitated with local native vegetation species. 

Haul Roads 90 Interruption of drainage and/ or sheet-flows by haul roads can 
cause degradation of downstream vegetation (shadowing). 

Movement of vehicles, and people, could potentially introduce 
and/ or spread weed species. 

Excessive dust can impact on plants by clogging their stomata 
and inhibiting photosynthesis.  Vehicle movements on unsealed 
roads are the most likely source of dust impact on roadside 
vegetation. 

Restore drainage and contours, and rehabilitate at completion of 
project. 

Topsoil Storages 68 Progressive removal of vegetation from stockpile areas.  
Temporary storage of topsoil. 

Progressive removal stockpiled topsoil harvested for use in 
rehabilitation. 

Processing Plant 22 Direct disturbance through vegetation and topsoil clearing.  
Establishment of process plant and associated infrastructure. 

Processing plant and associated infrastructure will be removed 
and area rehabilitated 

Tailings Storage 
Facilities 

86 Direct disturbance through vegetation and topsoil clearing.  
Construction of TSFs will create new landforms to be 
rehabilitated with local native vegetation species. 

Aerodrome 40 Direct disturbance through vegetation and topsoil clearing.  
Construction of all-weather airstrip, apron, terminal building and 
parking facilities.  Infrastructure may remain post-mining if 
required as local pastoral station asset. 

Accommodation Village 5 Direct disturbance through vegetation and topsoil clearing.  
Establishment of accommodation village and associated 
infrastructure. 

Accommodation village and associated infrastructure will be 
removed and area rehabilitated 

Access Roads 35 Interruption of drainage and/ or sheet-flows by access roads can 
cause degradation of downstream vegetation (shadowing). 

Movement of vehicles, and people, could potentially introduce 
and/ or spread weed species. 

Excessive dust can impact on plants by clogging their stomata 
and inhibiting photosynthesis.  Vehicle movements on unsealed 
roads are the most likely source of dust impact on roadside 
vegetation. 

Restore drainage and contours, and rehabilitate at completion of 
project. 

Water Pipelines 13 Direct disturbance of vegetation for pipeline trench. 

The water supply pipeline from the Barrambie Borefield to the 
processing plant will be located adjacent to the Sandstone 
Meekatharra Road easement over a distance of approximately 
22km.  The pipeline will be buried for over 80% of the proposed 
alignment, particularly in areas where significant creeks and flow 
paths are intersected, which will minimise disruption of surface 
water flow and avoid shadowing impacts on vegetation.  
Similarly, the interconnecting borefield flowlines (16.6km) and 
Accommodation Village water supply line (6km) will similarly be 
buried for most of their alignment, as practicable. 

Total 1522  
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Potentially Groundwater Dependent Vegetation 

Abstraction of groundwater from the proposed Barrambie Borefield is predicted to lower the groundwater 
table by up to 3m over the life of the Project within the immediate area of drawdown.  Several of the 
defined communities; A12, M1, M2 and E1 have been identified as potentially being impacted by the 
Borefield (see Section 3.6.7 and Figures 5.2 & 5.3).  These communities contain a range of tree and tall 
shrub species that may be dependent on groundwater, such as Acacia aneura, Melaleuca stereophloia, 
Melaleuca xerophila and Eucalyptus victrix.   

These communities typically occur on the waterways and floodplains that are infrequently subjected to 
rainfall events.   In other periods the communities are subjected to periods of exended, below-average 
rainfall levels.  Consequently, the list of species above is considered to be a conservative list of potential 
communities that may be influenced by water extraction.  As the floodplain is dominated by clay and clay 
loams soils the potential impacts of the ground water may be minimised as the communities may be 
more dependent on the rainfall events as compared to the groundwater levels.  Therefore water 
extraction impacts should have limited impacts. 

Fire 

Altered fire regimes can result in damaged and reduced vegetation, and subsequent loss of fauna habitat.  
Frequent fire has the potential to change the composition of communities and structure of vegetation in 
an area; impacting on significant flora and vegetation communities, as well as rehabilitation areas. 

Common causes of fire are a result of lightning strikes, and deliberate or unintentional ignition by 
humans.  Examples of unintentional causes may be from burning refuse, hot exhaust pipes contact on 
dry grass, or through work activities, such as hot work (e.g. welding) during construction. 

Site Closure 

Project closure activities will have a positive impact on vegetation and flora through the revegetation of 
post-mining landforms and other areas of disturbance using local native vegetation species.  Weeds may 
also have the potential to infest disturbed areas. 

5.1.3 Management 

During construction and operation of the Barrambie Project, clearing will be minimised to that which is 
absolutely necessary for the Project development.  Existing disturbed areas such as established roads and 
tracks will be utilised where possible.  Care will be taken to minimise disruption to water flow patterns 
through the construction of tracks and other infrastructure.  Clearing authorisation procedures will be in 
place and monitoring and management plans will be developed as appropriate to various development 
phases of the Project. 

Infrastructure such as the pit operation, processing plant, waste rock landforms, water service corridor, 
roads and access tracks will be constructed so there is minimal disruption to surface water flow to 
prevent potential shadowing impacts on vegetation.  While most of the proposed mining areas and the 
processing plant site are located in areas where there are not significant flow paths as illustrated by 
Figure 3.8, minor diversion works will be constructed as required during the progressive development of 
the Project.  Access and haul roads constructed for the Project will include culverts and floodways at 
drainage lines to minimise disruption of existing flow regimes.  Pipelines will be buried over most of their 
alignments, which also minimises disruption of surface water flow and avoid shadowing impacts on 
vegetation.  

A Ground Disturbance and Topsoil Management Plan and Weed Management Plan will be developed for 
implementation prior to the construction and operations phases of the Project.  

Ground Disturbance and Topsoil Management Plan 

The Ground Disturbance and Topsoil Management Plan (GDTMP) will define the processes to be 
undertaken before, during and after ground disturbance activities and will provide procedures for the 
management of vegetation clearing, topsoil removal, storage and recovery associated with the Project.  
The aim of the GDTMP will be to ensure that environmental risks are controlled and relevant statutory 
and regulatory requirements are met.  It will apply to all employees and contractors undertaking 
activities that may change or disturb the ground surface as part of the Project. 

The GDTMP will be structured as follows: 

▼ Introduction. 
▼ Environmental Management Framework. 
▼ Ground Disturbance Procedure. 
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▼ Vegetation Clearing Procedure. 
▼ Topsoil Management Procedure. 

Details of management measures with regard to ground disturbance and weed control which will be 
included in the GDTMP are provided in the following sections.  Further details of management measures 
relating to topsoil management are provided in the following section on Landform and Soils 
(Section 5.2.3). 

Ground Disturbance and Vegetation Clearing 

Where clearing is unavoidable, it will be undertaken in accordance with ground disturbance and 
vegetation clearing procedures to be included in the GDTMP. 

Specific objectives for vegetation, overburden and topsoil management will be to: 

▼ Minimise vegetation disturbance. 
▼ Prevent disturbance of vegetation adjacent to areas of activity. 
▼ Control erosion and sedimentation within disturbed areas. 
▼ Progressively restore/ rehabilitate areas which are no longer active. 
▼ Monitor the effectiveness of vegetation, overburden and topsoil management measures. 
▼ Adaptively respond to results of the monitoring. 

Reed Resources will implement a minimum clearing policy on site such that:  

▼ Any clearing for temporary activities will be scheduled to minimise the time between initial clearing 
and rehabilitation, and will be staged to allow for the local migration of mobile fauna species. 

▼ Areas will be cleared only when required and where necessary. 
▼ A Ground Disturbance Permit shall be completed and authorised by the relevant manager prior to 

any ground disturbance. 
▼ Clearing shall be completed in a manner that maximises the salvage and retention of topsoil and 

organic matter. 

Table 5.2 provides a summary of detail to be included in the GDTMP and indicates the stage of 
development during which actions for vegetation protection will be implemented and the responsible 
person(s) for ensuring operational compliance with the management actions. 

Table 5.2: Management Actions for Vegetation Protection 

Item # Action Timing Responsibility 

1 Induction procedures shall emphasise the need to 
minimise the disturbance of vegetation. 

Prior to 
commencement of 
clearing 

Site Manager 

Site Environmental 
Advisor 

2 Inspect areas planned for clearing for construction 
purposes as part of clearing demarcation. 

Prior to 
commencement of 
clearing 

Site Manager 

Site Environmental 
Advisor 

3 Control weed infestation (Weed Management Plan). Prior to 
commencement of 
clearing 

Site Manager 

Site Environmental 
Advisor 

4 Delineate areas to be cleared on Project drawings and 
peg/flag in the field. 

Inspect and approve pegged clearing limits before 
clearing to ensure they comply with design 
specifications, and complete Ground Disturbance Permit. 

Prior to 
commencement of 
clearing 

Site Manager 

Project Engineer 

Site Environmental 
Advisor 

5 Vehicles and machinery shall only use designated tracks 
and roads, and shall be parked only in designated 
locations unless otherwise authorised by the Site 
Manager. 

Ongoing All Personnel 

6 Keep road widths to the minimum consistent with their 
proposed function. 

Pre-construction and 
Construction Phase 

Site Manager 

Project Engineer 

Contractors 

…continued 
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Table 5.2 (continued) 

Item # Action Timing Responsibility 

7 Store rehabilitation materials within areas authorised to 
be approved by the Site Manager. 

Ongoing All Personnel 

8 Rehabilitate progressively any temporarily disturbed 
areas in accordance with the site rehabilitation 
procedure. 

Commence rehabilitation as soon as cleared areas are 
no longer required. 

Construction Phase 

Ongoing 

Project Engineer 

Site Environmental 
Advisor 

9 Rehabilitate disturbed areas to vegetation types and 
fauna habitats that reflect the pre-existing ecosystem. 

Ongoing Site Manager 

Project Engineer 

Site Environmental 
Advisor, Contractor 

 

Weed Management 

As discussed in Section 3.6.4, two weed species were recorded in the survey area, neither of which are 
declared weeds pursuant to Section 37 of the Agriculture and Related Resources Act, 1976 (WA).  A 
Weed Management Plan will be developed and will outline the weed control procedures to minimise the 
environmental impacts due to the potential spread of weeds during the development of the Project.  This 
will be developed in conjunction with local pastoralists, familiar with the area.   

The Weed Management Plan will be structured as follows: 

▼ Introduction. 
▼ Environmental Management Framework. 
▼ Construction Phase Weed Management. 
▼ Weed Management Procedure. 
▼ Mobile Equipment Weed Control Procedure. 

Inappropriate control of weeds can result from lack of recognition of the need to prevent the introduction 
and spread of weeds, vehicle movement other than on designated roads or tracks, stock movement 
without sufficient control, and movement of soils or vegetation from one site to another.  

Specific objectives for weed control during the construction phase of the development will be to: 

▼ Ensure that construction and operational activities do not introduce new weeds or exacerbate the 
spread of weeds. 

▼ Ensure that weeds are not transferred into weed-free areas. 
▼ Monitor the effectiveness of weed control measures. 
▼ Adaptively respond to results of the monitoring programme. 

The following management actions will be implemented to reduce the potential for construction and 
operational activities to exacerbate the spread of weeds and minimise the establishment of weeds within 
cleared areas of the development.  Table 5.3 indicates the stage of development during which actions for 
weed control will be implemented and the responsible person(s) for ensuring compliance with the 
management actions.  

Construction areas will be subject to inspections prior to and monthly (or as otherwise required by Reed 
Resources) during the earthworks and construction.  Contingency actions will be initiated if monitoring 
indicates that significant weed infestations have established in previously weed-free areas. 

Reed Resources or its contractors will notify and consult relevant authorities in the event that 
inappropriate management of weeds causes a potentially significant environmental deterioration.  If 
necessary, Reed Resources will seek advice on proper environmental remediation procedures from the 
relevant authorities.  Control measures will be based on best-practice as advised by the DEC or 
Department of Agriculture and Food WA.  
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Table 5.3: Management Actions for Weed Control 

Item  # Action Timing Responsibility 

1 Clearly mark the boundary of the areas to be cleared. 

Restrict all earthworks and movements of machinery and 
vehicles to within the marked boundary. 

Prior to 
construction 

Ongoing 

Site Environmental 
Advisor 

Project Engineer 

2 Inspect the site for the presence of weeds prior to any 
machinery being moved to a site. 

Record the results of these inspections. 

Prior to mobilisation 
of machinery 

Site Environmental 
Advisor 

3 Inform all site personnel of the boundaries defined in action 
1 as part of their inductions. 

During construction 

Ongoing 

Site Environmental 
Advisor 

Contractors 

4 All machinery, vehicles and tools shall be randomly 
inspected to enforce the policy that they arrive clean of 
mud or soil that may contain weed seed from other sites 
before entering the Project area. 

During construction 

Ongoing 

Project Engineer 

Contractors 

5 Any machinery, vehicles or tools not arriving clean shall be 
turned away. 

Ongoing Site Manager 

6 Source topsoil for landscaping from areas of lowest weed 
infestation where possible. 

During construction Site Environmental 
Advisor 

Project Engineer 

Contractors 

8 Utilise only indigenous native species in amenity gardens 
established by Reed Resources. 

During  
construction 

Ongoing 

Site Environmental 
Advisor 

Contractors 

 

Potentially Groundwater Dependent Vegetation Management 

Due to the variability of groundwater use by potentially groundwater dependent vegetation species, the 
response of a groundwater dependent ecosystem (GDE) to groundwater drawdown will not be uniform.  
Hence determining the ecological water requirements (EWRs) and the subsequent statutory ecological 
water provisions (EWPs) according to the Environmental Protection Act 1986 [WA] and the Rights in 
Water and Irrigation Act 1914 [WA], necessary for the maintenance of the structure and function of GDEs 
is complex (Mattiske 2009).  

Monitoring ecosystems over long-term periods is necessary to determine the impacts of lowering 
groundwater availability, prior to and during pumping.  Monitoring can indicate if GDEs are more resilient 
than predicted or determine if the ecosystem condition falls below acceptable levels, and then EWPs can 
be adjusted where required.  However, ecosystems may respond proportionally or show a threshold 
response to declining water availability.  Often ecosystems do not respond immediately and the “lag” 
effects on ecosystem health may result in exponentially declining condition.  Changes in understorey 
species and an increase in introduced (exotic) species may indicate disturbances in the short-term within 
GDEs.  Whilst overstorey species tend to be more resilient to changes in groundwater levels and are good 
long-term indicators of GDEs. 

To assess the impacts of altered groundwater levels as a result of EWPs set in Water Allocation Plans, a 
monitoring programme will be established for the Barrambie Borefield which will include an assessment 
of:  

▼ Species diversity. 
▼ Species cover and abundance. 
▼ “Weediness”. 
▼ Density of indicator species. 
▼ Community distribution (change in aerial extent). 
▼ Canopy health. 
▼ Water quality. 
▼ Soil moisture. 
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Where monitoring indicates significant deterioration of the vegetation due groundwater abstraction, the 
pumping regime will be reviewed and altered as appropriate.  This may include the development of 
alternative supplementary water supplies (see section 5.5.3.). 

Fire Management 

Fire management will form a part of the environmental education provided to all employees and 
contractors.  Management procedures for fire will be undertaken through consultation with local 
pastoralists and FESA, who coordinate volunteer bush fire brigades.   

Standard approaches taking will include the provision of a permanent fire truck on site, correct 
procedures/ permits for hot work (for example, welding), and education on the importance of fast action 
in response to a fire breaking out.   

Surface Water Drainage Management 

Management of Surface Water Drainage is outlined in Section 5.4.3.  Strategies to minimise the impacts 
on vegetation due to alteration of the surface water drainage regime will include: 

▼ The positioning of Project facilities to avoid disturbance to local flow paths where practicable. 
▼ Site drainage works will be designed and constructed to direct diverted water to re-enter the 

natural drainage system clear of the developed areas. 
▼ Construction of bunds and other flood protection works to reduce the risk of erosion.  
▼ Construction of sediment traps to intercept sediment from disturbed areas. 
▼ The water supply pipelines will be buried at creeklines and drainage lines to minimise disruption of 

surface drainage patterns. 

Dust Management 

In the arid area of the mid west, dust is likely to be formed during movement of vehicles, disturbance of 
the ground during mining, and of concern for stockpiles.  The creation of dust by the majority of these 
activities can be minimised via dust suppression; water carts on haul roads, and dampening of stockpiles. 

Effects on vegetation, local residents, accommodation village is addressed in Section 5.6.4 and will be 
limited.    

5.1.4 Site Closure and Rehabilitation 

A Conceptual Closure Plan has been developed and is presented in Section 6.  A detailed Closure and 
Rehabilitation Plan will be progressively developed and refined throughout the life of the Barrambie 
Project consistent with the ANZECC/ MCA Strategic Framework for Mine Closure and EPA Guidance 
Statement No. 6 – Rehabilitation of Terrestrial Ecosystems. 

5.1.5 Outcomes 

The EPA objective for vegetation and flora will be achieved as vegetation and flora surveys conducted 
over areas to be disturbed by the Project indicate that: 

▼ No Declared Rare Flora (DRF) species, pursuant to subsection (2) of section 23F of the Wildlife 
Conservation Act, 1950 (WA) and as listed by the (DEC 2008a, 2008d) were located during the 
survey. 

▼ No plant taxa pursuant to section 179 of the Environment Protection Biodiversity Conservation Act, 
1999 (Commonwealth) were located in the survey area. 

▼ One Priority flora species (Baeckea sp. Melita Station (P3)) as defined by the DEC (2008a, 2008d) 
was located at a nearby site during the survey, however this location is not within Reed Resources 
mining tenements and will not be affected by the Project. 

▼ Two introduced (weed) species have been recorded within the survey area, however, none of these 
weeds are defined as Declared Weeds pursuant to Section 37 of the Agriculture and Related 
Resources Act, 1976 (WA). 

▼ No Threatened Ecological Communities (TEC’s) or Priority Ecological Communities (PEC’s) were 
observed in the survey area. 

The EPA objective for vegetation and flora will also be achieved through: 

▼ Limiting areas to be disturbed by the Project to no more than required for safe operation of the 
mine, processing and support facilities. 

▼ Implementing a Ground Disturbance and Topsoil Management Plan (GDTMP) which will define the 
processes to be undertaken before, during and after ground disturbance activities and provide 
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procedures for the management of vegetation clearing, topsoil removal, storage and recovery 
associated with the Project.  The aim of the GDTMP is to ensure that environmental risks are 
controlled and relevant statutory and regulatory requirements are met. 

▼ Progressively developing effective rehabilitation techniques through conducting rehabilitation trials 
which will be during the early years of operations.  Appropriate closure criteria will be developed 
and refined based on the results of the trials and applied to progressive rehabilitation. 

▼ Undertaking progressive rehabilitation of all areas disturbed throughout the Project with the 
exception of the pit voids. 

5.2 Landform and Soils 

5.2.1 Management Objective and Applicable Standards and Guidelines 

The EPA objective for the management of land (terrestrial) is to maintain the integrity, ecological 
functions and environmental values of the soil and landform. 

The EPA objective for soil quality is to ensure that rehabilitation achieves an acceptable standard 
compatible with the intended land use, and consistent with appropriate criteria. 

Applicable guidelines include: 

▼ EPA Guidance Statement No. 6: Rehabilitation of Terrestrial Ecosystems. 
▼ ANZECC/ MCA: Strategic Framework for Mine Closure. 
▼ Dept of Industry Tourism and Resources – Leading Practice Sustainable Development Program for 

the Mining Industry Mine Closure and Completion and Mine Rehabilitation.  

5.2.2 Potential Impacts 

The potential impacts to the existing landforms and topography at the Barrambie Project include 
temporary and permanent physical changes in the vicinity of the mining area including the development 
of open pits, waste rock landforms, tailings storage facilities and the establishment of infrastructure 
including the vanadium processing plant, accommodation village, airstrip, roads and service corridors.  
The total area disturbed by mining activities is estimated to be 1522ha. 

Land systems directly affected by the Barrambie mine site include greenstone ridges and hills 
(Gabaninitha), gabbroic hills and slopes (Naluthanna), breakaways and alluvial plains (Hootaanui), 
undulating plains (Violet), ironstone wash plains (Jundee) and alluvial plains (Steer).  The water pipeline 
corridor traverses gabbroic hills and slopes (Naluthanna), breakaways and alluvial plains (Hootaanui), 
sandy undulating plains (Kalli) and alluvial plains (Steer).  No Banded Ironstone Formations will be 
disturbed. 

Clearing and establishment of infrastructures will result in direct disturbance to the soil profile at the 
impacted location.  Soils that are disturbed and brought to the surface can behave differently than in 
their natural setting.  A baseline survey of soils at Barrambie conducted by Outback Ecology (2007b) 
identified the proposed accommodation village, plant area and low hill and slope areas to be vulnerable to 
structural degradation when disturbed due to their dispersive properties (see Section 5.2.3 for topsoil 
management measures). 

The mine voids are proposed to remain open to allow future access to deeper ore reserves that is not 
addressed within the scope of this PER.  Out-of-pit waste rock landforms and tailings storage facilities will 
remain as rehabilitated post-mining landforms. 

Material characterisation (Section 3.3.3) indicates that the acid producing potential of the oxidised 
Barrambie ore is negligible and the storage of waste rock and beneficiated and calcine leach in the 
combined tailings storage facility at Barrambie is not expected to generate acid.  Any future proposal to 
mine below the oxidised ore zone will be referred to EPA for assessment. 

The potential for contamination of soils with hazardous substances that will be stored and used at the 
Barrambie Project is discussed in Section 5.8.2. 

5.2.3 Management 

Management measures applied for landforms and soils will be essentially the same as those applied for 
vegetation and flora as detailed in Section 5.1.3. 

During construction and operation of the Barrambie Project, clearing will be minimised to that which is 
absolutely necessary for the development.  Existing disturbed areas such as established roads and tracks 
will be utilised where possible.  Infrastructure such as the pit operation, processing plant, waste rock 
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landforms, water service corridor, roads and access tracks will be constructed so there is minimal 
disruption to soils and landforms. 

Strategies proposed to minimise the impacts on landforms and soils at the Barrambie Project include: 

▼ Limiting the area of disturbance. 
▼ Implementing strict clearing controls. 
▼ Removal and storage of cleared vegetation and topsoil for use during rehabilitation. 
▼ Construction of mined landforms to blend with surrounding natural topography. 
▼ Progressive rehabilitation of disturbed areas, where practicable. 
▼ Implementation of rehabilitation trials to develop appropriate rehabilitation methods and criteria for 

closure. 
▼ Stabilisation and rehabilitation of post-mining landforms to meet appropriate criteria (Section 6) 

following completion of mining operations. 
▼ Restoring natural contours and drainage patterns at the completion of operation. 
▼ Utilising Ecosystem Function Analysis (EFA) to monitor erosion and rehabilitation progress. 

The management of hazardous materials that will be stored and used at the Barrambie Project is 
discussed in Section 5.8.3. 

A Ground Disturbance and Topsoil Management Plan (GDTMP) will be developed to define the processes 
to be undertaken before, during and after ground disturbance activities and provide procedures for the 
management of vegetation clearing, topsoil removal, storage and recovery associated with the Project.  
The following topsoil management measures will be included in the GDTMP. 

Topsoil Management 

Where topsoil removal is unavoidable, it will be undertaken in accordance with the Topsoil Management 
Procedure, which will be detailed in the GDTMP. 

Topsoil is the most important factor in rehabilitating disturbed areas as it contains the majority of seeds 
and other plant propagules (rhizomes, lignotubers and roots), soil micro-organisms and organic matter.  
Cleared topsoil will be stored for later use during rehabilitation. 

The differences in soil properties and profile characteristics between different land types and systems will 
be considered during topsoil management.  Topsoil and subsoil will be collected and stockpiled separately 
to preserve the seed store and the chemical, physical and biological attributes of the soil profiles.  Topsoil 
will be stored in stockpiles of no more than 2m vertical height to reduce the loss of seed viability and 
biotic activity.  Stockpiles will be located away from drainage lines.  The exposed surface of each 
stockpile will be scarified where required.   

Potentially dispersive soils which may be disturbed at the proposed accommodation village, plant area 
and low hill and slope areas will be mainly stabilised through drainage control measures and by sealing 
trafficable surfaces.  Where low hill and slope areas are prone to erosion, stabilisation measures will 
include retaining structures and/ or sheeting with suitable rock material (rip rap), as required. 

Effective rehabilitation techniques will incorporate the use of cleared vegetation as a source of seed, as 
mulch to protect soil from erosion or as fauna habitat.  Cleared vegetation and topsoil will be stored for 
later use in rehabilitation, with the preference for direct return to rehabilitation areas.  Rehabilitation 
trials will be undertaken during the early years of operations to determine the optimum use of various 
types of topsoil including; selective placement according to topsoil characteristics, replacement depth and 
deep ripping requirements.  Appropriate closure criteria will be developed based on the results of the 
trials and applied to progressive rehabilitation. 

Table 5.4 indicates the stage of development during which actions will be implemented and the 
responsible person(s) for ensuring operational compliance with the management actions. 
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Table 5.4: Management Actions for Topsoil 

Item # Action Timing Responsibility 

1 Direct return of vegetation material to revegetation areas where 
practicable or stockpile cleared vegetation for later use in 
rehabilitation. 

Construction 
Phase 

Ongoing 

Project Engineer 

Contractor 

2 Identify locations and timing where short-term erosion and 
sediment control measures are likely to be required to ensure 
that excess sediment is not washed into undisturbed areas 
adjacent to the works. 

Pre-construction 
and Construction 
Phase 

Site Manager 

Project Engineer 

Contractors 

3 Construct erosion control berms near cleared areas to regulate 
surface water run-off. 

Construct erosion control berms to follow land contours and with 
gradients to ensure low velocity discharge disperses away from 
disturbed soils. 

Construction 
Phase 

Ongoing 

Project Engineer 

Contractor 

4 Clearly mark topsoil stockpiles and identify them on a site plan 
including their volume. 

Ongoing Project Engineer 

Contractor 

5 Regularly inspect disturbed areas and erosion control measures. 

Maintain a record of inspections. 

Ongoing Site 
Environmental 
Advisor 

 

5.2.4 Site Closure 

A conceptual Closure Plan has also been developed and is presented in Section 6.  A detailed Closure and 
Rehabilitation Plan will be progressively developed and refined throughout the life of the Barrambie 
Project consistent with the ANZECC/ MCA Strategic Framework for Mine Closure and EPA Guidance 
Statement No. 6 – Rehabilitation of Terrestrial Ecosystems. 

Table 5.5 provides an indication of areas to be rehabilitated relative to overall clearing for the Barrambie 
Project. 

Table 5.5: Indicative Project Footprint vs. Area of Rehabilitation 

ID Area of Disturbance (ha) Area of Rehabilitation (ha) 

South Open Pit 143 0 

Southern Waste Rock Landform @ 15° 309 309 

North Open Pits 
(North pit 1 & North pit 2 combined) 

142 0 

Northern Waste Rock Landform @ 15° 569 569 

Haul Roads 90 90 

Topsoil Storages 68 68 

Processing Plant 22 22 

Tailings Storage Facilities 86 86 

Aerodrome 40 0 

Accommodation Village 5 5 

Access Roads 35 35 

Water Pipeline 13 13 

Total 1522 1197 

Note: Approximately 79% of the disturbed area is to be rehabilitated. 

Waste rock landforms will be designed to blend in with the surrounding natural topography, not be higher 
than surrounding hills (i.e. 30 metres) and have final batter angles less than 15° overall.  Each landform 
will be designed to minimise runoff from the surface by having a concave upper surface and low 
perimeter bund set back from crest, 5m wide back-sloping berms with 10m vertical intervals and less 
than 2° fall along each berm with low cross bunding, and deep ripping to a maximum depth of 1m along 
the contour.  
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A toe drain or bund will be constructed at the base of each landform to collect sediment.  The drainage 
adjacent to each waste landform will be reinstated with the incorporation of drainage and sediment 
control measures. 

Topsoil will be utilised during rehabilitation as a growth medium for the external faces of the waste rock 
landforms and will be spread over the surface to a depth of 100mm (Figure 5.1).   

Stored cleared vegetation material will be respread where available over each waste rock landform during 
rehabilitation, and each landform will be seeded with local native species where required. 

The combined beneficiated tails and calcine leach tails storage facility will be designed to be water 
shedding.    To prevent erosion of walls from surface runoff, the overall slope angle of the outer walls will 
be less than 20° and will be covered with competent waste material. 

The calcine leach and barren solution storage facilities will be capped with a layer of impermeable 
material (>10-9cm/s) overlain by >1m of waste rock material to prevent leaching of sodium and 
ammonium salts and V2O5 stored within.  The decant and return systems will be decommissioned to 
prevent discharge of sodium and ammonium salts and V2O5.  

Topsoil will be utilised during rehabilitation as a growth medium for the external faces of the combined 
tails storage facility and will be spread over the surface to a depth of 100mm and cleared vegetation 
material will be respread where available over the facility during rehabilitation.  The facility will be deep 
ripped along the contour and seeded with local native species where required. 

All equipment and associated infrastructure will be removed, and natural contours and drainage patterns 
within the footprint area will be restored.  Topsoil will be spread over the surface to a depth of 100mm, 
cleared vegetation material will be respread where required and the area deep-ripped to encourage 
natural re-growth of native plant species. 

5.2.5 Outcomes 

The EPA objective for the management of soil and landforms will be met by meeting statutory 
requirements, through meeting and exceeding applicable standards and guidelines and establishing 
completion criteria. 

Upon completion of all mining, rehabilitation and site closure activities at Barrambie will achieve the 
following: 

▼ Post-mining landforms will remain in a safe, stable, sustainable and non-polluting condition and be 
aesthetically compatible with the surrounding landscape. 

▼ The site will be relinquished in a condition that minimises risk to human health or safety or to the 
natural environment. 

▼ Sustainable vegetation communities consistent with the agreed post-closure land use and suitable 
for native fauna, grazing animals and people to conduct normal activities will be established. 

No ongoing contaminated site management will be required beyond five years post-closure. 

5.3 Fauna 

5.3.1 Management Objective and Applicable Standards, Guidelines and Legislation 

The EPA objective for management of terrestrial fauna is to maintain the abundance, diversity, 
geographic distribution and productivity of fauna at species and ecosystem levels through the avoidance 
or management of adverse impacts and improvement in knowledge.  

Applicable guidelines and standards include: 

▼ EPA Position Statement No. 9: Environmental Offsets. 
▼ EPA Guidance Statement No. 56: Terrestrial fauna surveys for environmental impact assessment in 

Western Australia. 
▼ EPA Guidance Statement No 54: Sampling of subterranean fauna in groundwater and caves. 
▼ EPA Draft Guidance Statement No 54a: Sampling methods and survey considerations for 

subterranean fauna in Western Australia. 
▼ Environmental Protection (Rural Landfill) Regulations 2002. 
▼ Wildlife Conservation Act 1950. 
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5.3.2 Potential Impacts 

Vertebrate Fauna and Short Range Endemics (SRE) 

Vertebrate fauna may be disturbed through the following activities: 

▼ Vegetation clearing resulting in direct habitat disturbance. 
▼ Vehicle movement. 
▼ Excavations/ trenching associated with water pipeline construction. 
▼ Attraction of wading/ migratory birds to process water ponds and tailings storage facility. 
▼ Attraction of mammals and reptiles (including feral species) to grassed areas in accommodation 

camp and food waste disposal facilities, ponded water in mining areas, process plant and tailings 
storage facilities.  

The Australian Bustard (Ardeotis australis) is recorded as occurring in the Barrambie area and its habitat 
of lightly wooded grasslands and drainage areas will be impacted by the Project.  However, this habitat is 
widely represented throughout the Murchison region and the Bustard’s range is similarly extensive 
(records from Sandstone and Wiluna).   

Disturbance of SRE species, where present, and habitats may also occur through clearing activities 
associated with the development of the mine and construction of the process plant, water service corridor 
and other Project infrastructure.  However, most habitats present appear to be common and widespread 
regionally without possessing the mesic qualities or geographical features that contribute to the presence 
of SREs.  Nevertheless, particular species of all targeted invertebrate groups are likely to occur over the 
Project area.  The disjunct habitat of rocky slope and outcrops of the Ballanhoe Peaks, located adjacent 
to the Project area is more likely to possess attributes that support SRE species compared to other 
habitats present.  However, due to the slopes facing southwest, potential mesic attributes are inhibited 
by the effects of afternoon sunshine.  The Ballanhoe Peaks area is outside of the Mining leases and will 
not be disturbed by any activity associated with the Barrambie Project. 

Clearing footprints for the proposal are unlikely to have long-term impact to terrestrial fauna populations, 
including SREs as all broad habitats affected are widespread in the region. 

Feral Predators 

Feral animals are an existing pest across the Mid West region, with Goats, Rabbits, Red Foxes and Cats 
the most predominant.  These animals will be attracted to areas such as the grassed areas near the 
accommodation village and offices, ponded water and tailings, as well as waste food disposal areas.  Feral 
animals may also cause damage to revegetated land, hampering the success rate of new shoots.  Reed 
Resources will actively work with the local land holder, local shire and other authorities to control and 
reduce feral predators as addressed in Section 5.3.3. 

Stygofauna 

Potential impacts on stygofauna from mining and mineral processing activities are typically associated 
with the diminution or loss of habitat through aquifer drawdown or dewatering. 

Groundwater drawdown associated with the development and continued use of a water supply borefield 
has the potential to impact on stygofauna. 

A high portion of the stygal, or potentially stygal, taxa collected from the Barrambie Borefield were from 
the impact zone.  Ten of the 15 sites sampled, however, were from the impact zone.  Of these groups, 
the Apocyclops dengizicus and Limbodessus microbubba have known distributions outside the Barrambie 
borefield and are not at risk from proposed groundwater drawdown from the Barrambie Project. 

New species were found to occur only within the impact zone.  Pseudectinosoma sp. 1 n. sp.  
(T. Karanovic), Halonsicus nr longiantennatus, Atopobathynella sp. OE1 (J. McRae), Atopobathynella nr 
sp. OE1, Atopobathynella sp. OES3 and Atopobathynella sp. OES4.  While there appears to be limited 
distribution of these new species their distribution is limited due to sampling efficiency. 

A lack of accessible control bores outside the area of impact necessitated the use of pastoral wells as 
control sites.  Wells, which have previously been noted as poor sites for stygofauna sampling (Humphreys 
2008), represent a more open environment than bores.  This is supported by the differences in 
community structure between the control and impact sites with a low number of stygal taxa collected 
from Yilby Bore, the only pastoral well classified as an impact site. 

Secondly, the presence of various taxa in both impact and control sites suggests that there may be 
movement throughout the aquifer, potentially lessening the threat to stygofauna posed by the drawdown 
in the area of impact.  Examples include the frequent overlap of harpacticoid copepod species between 
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the impact and control sites and the Atopobathynella juveniles recorded from control sites despite the 
apparent restriction of adult specimens to impact bores.  Similarities in water quality across some sites 
may also indicate that there is a level of connectivity within the calcrete aquifer. 

Moreover, the movement may not be restricted to the calcrete aquifer, with a hydraulic connection 
expected between the calcrete and the surrounding alluvial sediments (Aquaterra 2009).  While research 
on various stygal groups inhabiting Yilgarn calcretes suggest that most species are restricted to a single 
calcrete (Cooper et al. 2007, Cooper et al. 2002, Guzik et al. 2008), the potential for stygofauna to move 
between calcrete aquifers via interstitial spaces in alluvia cannot be ruled out (Cooper et al. 2007).  For 
example, work by Watts and Humphreys has identified a small number dytiscid beetle species which 
occur in more than one calcrete aquifer (Watts and Humphreys 2009).  This is supported by the collection 
of the dytiscid Limbodessus microbubba from the groundwaters of the Barrambie borefield (Cogla 
Downs), a species first described from the nearby Yarrabubba Station calcrete aquifer. 

The apparent dispersion of stygofauna across the aquifer, as well as the uniformity of the groundwater 
quality, indicates there is a high level of connectivity within the aquifer and so there appears to be 
sufficient habitat retained for stygofauna, mitigating the high risk.  The area of the calcrete which was 
modelled as the area of impact from predicted drawdown is only a portion of the wider calcrete aquifer.  
The area of drawdown impact represents only 15% of the calcrete as shown in Figure 3.19. 

Mine dewatering typically impacts upon stygofauna habitats where they occur.  Some dewatering will be 
required at Barrambie as mining will extend approximately 25-30m below the local groundwater table.  
The groundwater table is currently about 35 to 50 metres below ground level in the mine area.  However, 
analytical groundwater modelling (Aquaterra, 2008b) predicts low volumes of water to enter the 
proposed Barrambie south and north pits as the background permeabilites of the basement rocks are low 
and therefore are unlikely to be suitable stygofauna habitats. 

A number of faults (which have the potential to significantly increase porosity) pass through the 
Barrambie Igneous Complex.  However these faults have been subsequently filled by secondary quartz 
and iron oxides.  Fresh, unweathered rock in the area is dense with limited primary porosity, and is 
therefore unlikely to contain any significant voids.  Mineral resource drilling of nearly 1000 drill holes at 
Barrambie has indicated limited fracturing and cavities.  In addition hydraulic testing at a number of open 
RC drillholes returned insignificant flows or were dry at completion of drilling. 

The limited aquifer permeability in the vicinity of the processing plant also means it is unlikely that 
contamination of the regolith and groundwater will occur.  Groundwater management is discussed in 
Section 5.5.3, and hazardous materials management and waste management (Section 5.8.3). 

Troglofauna 

As discussed in Section 3.7.9, the potential for any significant populations of troglofauna at Barrambie is 
very small for the following reasons: 

▼ The typical weathered profile at Barrambie commonly extends down to 60 metres depth and 
consists of very tight clays having been derived from the oxidation of leuco gabbros dominated by 
anorthositic feldspars that weather to kaolinite.  The magnetite bands are oxidized to martite and 
powdery hematite.  There are very few cavities in the weathered profile.  

▼ The water table is at about 35 metres below the surface.  Therefore, any areas of fracturing within 
25m of the surface are dry. 

▼ Permeability measurements have been made as part of the study of de-watering requirements for 
the open cut mining operation that may extend down to depths of 75 metres below surface as part 
of the Definitive Feasibility Study.  As expected from the observations of the weathering profiles 
from numerous (over 800) drill holes the permeabilities were found to be very low (0.1 m/d to 0.95 
m/d with and average permeability of 0.4 m/d). 

▼ Typical cross sections of the weathered profile at Barrambie are provided in Figures 3.17.  It can be 
seen from these cross sections that strong oxidation (to clays and iron oxides) extends down to 
depths of 30 to 50 metres. 

5.3.3 Management 

Vertebrate Fauna 

Vertebrate fauna issues at Barrambie will be addressed by the following management actions: 

▼ Vegetation clearing will be kept to the minimum necessary for safe construction and operation. 
▼ Waste landfill actively managed with waste disposal facilities to be fenced and exposure of food 

scraps to foraging animals obstructed. 
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▼ Discourage the establishment of artificial water supplies or fence to prevent access to feral animals. 
▼ All drill holes will be capped. 
▼ Progressively rehabilitating disturbed areas that are no longer required. 
▼ Raising awareness of workforce about conservation issues through the inductions. 
▼ No pets or firearms will be allowed on site. 
▼ Fence hazardous areas to exclude stock.  

The proposed water supply pipelines to the Barrambie Borefield and accommodation village will be buried 
for over 80% of the proposed alignment to minimise restrictions to fauna movement.  Management plans 
for water pipeline construction involving trenching will include: 

▼ Trapped fauna within open trenches will be cleared and recorded by a suitably trained fauna-
clearing person no later than three hours after sunrise.  The clearing and recording will be repeated 
before sunset. 

▼ Open trenches will not exceed a length capable of being inspected and cleared by the fauna-
clearing person. 

▼ Fauna refuges and/or ingress ramps will be placed in the trench at intervals not exceeding 50m. 
▼ A report on fauna management will be produced including: details of all fauna interactions; the 

number of fauna cleared from trenches; fauna interactions; fauna mortalities; and all action taken. 

Birds 

The exposed surface area of water at each of the active beneficiated and calcined tails facilities will be 
kept to a minimum by decanting and returning to the process all free water released from the pumped 
slurry.  No significant body of water will be allowed to accumulate at either facility.    

Water quality into the beneficiated tails storage will not be toxic to birdlife.  Calcined tails water run-off 
will contain low levels of ammonium sulphate which will make any free water bitter to the taste and 
therefore unattractive to birdlife. 

Barren liquor will be stored as a liquid for much of the year but will contain very high concentrations of 
sodium sulphate along with other soluble sodium and ammonium salts.  Although non-toxic this liquor will 
not have an attractive taste and is not expected to retain a bird population.  The relatively small area of 
this pond will permit control measures to be implemented if bird fatalities are observed.   

Feral Predators 

The control of feral animals across the region would require a collaborative approach across Shires and 
pastoralists in the vicinity to significantly reduce numbers.  However, measures can be taken across the 
Project area to control populations.    

Associated with the Project, Reed Resources will contribute to the control of feral animals through the 
following measures: 

▼ Contribution to the maintenance of the Vermin Proof Fence (and other vermin control measures) in 
conjunction with the Murchison Regional Vermin Council (MRVC) and local pastoralists. 

▼ Culling programme as performed by licenced contractor, in consultation with local pastoralists and 
Shires. 

▼ Adequate fencing of waste disposal areas and other areas of palatable vegetation (such as 
rehabilitation areas) to deter the presence of feral animals. 

Stygofauna 

Stygofauna management will form an integral part of the borefield management strategy.  A network of 
monitoring bores will be established for ongoing groundwater and stygofauna monitoring. 

As further discussed in Section 5.5.3 on groundwater management, Reed Resources will develop and 
adopt appropriate groundwater level and quality action and cut-off triggers for representative monitoring 
and production bores.  The trigger levels, comprising intermediate (early warning - Action) and severe 
(Cut-off) will serve as an early warning system to ensure the effective management and mitigation of 
potential impacts on the environment (e.g. stygofauna). 

It is proposed that during the first 5 years of operation of the Barrambie Borefield, that 75% of the 
saturated thickness across the aquifer be retained as a low-risk strategy for maintaining stygofauna 
habitat.  A stygofauna management plan will be prepared to the satisfaction of DEC which will include the 
75% - 5 year maximum drawdown and total 50% drawndown over the life of the Project.  The trigger 
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levels agreed to by DEC will be incorporated into the groundwater operating strategy to be submitted to 
DoW in support of a 5C groundwater licence application. 

However, it should also be noted that 75% of the saturated thickness retention relates to aquifer water 
levels across the predicted area of impact and not pumping water levels as measured in production 
bores. 

The groundwater management strategy for the Barrambie Borefield (Section 5.5.3) also provides for a 
contingency plan to be developed prior to the approval of the Section 5C groundwater licence that will 
commit to actions required if groundwater levels or quality reach action trigger levels.  If monitoring 
indicates that the Cogla Downs aquifer system is responding adversely to abstraction and this is shown 
through exceedence of intermediate trigger levels than contingency action, as defined, will be 
implemented.  The contingency actions will comprise a range of alternative, supplementary water supply 
options that can be investigated and commissioned prior to cut-off trigger levels being reached. 

An annual stygofauna monitoring programme will be undertaken for at least the first five years.  This 
measure will provide information on the stygal communities and assist in management efforts to ensure 
stygal populations are not adversely affected.   Additional monitoring bores will be added to the ongoing 
stygofauna sampling programme as further investigation of potential groundwater contingency water 
supply options are undertaken.  Bores currently utilised for stygofauna sampling are shown in Figure 
3.18. 

5.3.4 Outcomes 

The EPA objective for terrestrial fauna will be achieved as fauna surveys conducted over areas to be 
disturbed by the Project indicate that no critical habitat is located over the study area, and all of the 
broad terrestrial fauna habitat types identified over the study area are well-represented elsewhere in the 
bioregion. 

The management practices described above for protecting vegetation and flora through the 
implementation of the Ground Disturbance and Topsoil Management Plan (GDTMP) will also be important 
to protecting fauna habitat. 

Short Range Endemics (SRE) were included in the fauna surveys and it was concluded that while some 
suitable habitat is likely to occur within areas to be disturbed by the Project development, most habitats 
present appear to be common and widespread regionally without possessing the moisture retention 
qualities or geographical features that contribute to the presence of SREs.  More suitable SRE habitat has 
been identified immediately adjacent to the proposed Project in an area known as the Ballanhoe Peaks.  
The Ballanhoe Peaks are outside the Mining Leases and will not be disturbed by the Project in any way. 

A desktop assessment was undertaken to provide an evaluation of the risk to troglofauna due to 
development of the Project based geological, hydrogeological and other information for the Barrambie 
and regional area consistent with EPA Guidance Statement 54a.  This assessment provides evidence that 
local habitat is generally unsuitable for subterranean fauna and concludes that if any potential habit 
occurs it is well represented regionally. 

Four rounds of stygofauna surveys have been conducted in the vicinity of the proposed Barrambie 
Borefield area, with 15 sites (bores and pastoral wells) sampled, resulting in 41 samples collected.  From 
the 40 taxa identified, 24 were identified as stygal or potentially stygal taxa.  The taxon accumulation 
curve, generated using the data collated from the four phases, suggested that a reasonable proportion of 
the expected taxa (75 % - 88 %) have been collected.  

Some taxa were only collected from impact zone bores and their distribution therefore appears localised.  
Among these were potentially new taxa that may be at risk from the groundwater abstraction associated 
with the proposed Barrambie borefield.  However, there are a number of factors which mitigate the risk 
to these taxa. 

The distribution pattern of several groups in the Barrambie borefield indicates a level of connectivity 
through the borefield.  This is further supported by the similarity in groundwater quality measured over 
four sampling phases.  The expected hydraulic connectivity between the calcrete aquifer and the alluvial 
sediments would also be likely to further improve the ability of the stygofauna to disperse, potentially 
lessening the risk to stygofauna.  It should also be noted that the area of the calcrete which was 
modelled as the area of impact from predicted drawdown is only a portion (approx 15%) of the wider 
Cogla Downs calcrete aquifer system.   

It is proposed that during the first 5 years of operation of the Barrambie Borefield, that 75% of the 
saturated thickness across the aquifer be retained as a low-risk strategy for maintaining stygofauna 
habitat.  A stygofauna management plan will be prepared to the satisfaction of DEC which will include the 
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75% - 5 year maximum drawdown and total 50% drawndown over the life of the Project.  It should also 
be noted, however, that 75% of the saturated thickness retention relates to aquifer water levels across 
the area of impact and not pumping water levels as measured in production bores. 

The trigger levels agreed to by DEC will be incorporated into the groundwater operating strategy to be 
submitted to DoW in support of a 5C groundwater licence application. 

Stygofauna will not be significantly impacted by groundwater abstraction from the Barrambie Borefield as 
sufficient aquifer habitat will be preserved.   

5.4 Surface Water and Drainage 

5.4.1 Management Objective and Applicable Standards, Guidelines and Legislation 

The EPA objective for the management of watercourses is to maintain the integrity, ecological functions 
and environmental values of watercourses and sheet flow.   

The EPA objective for the management of surface water is to maintain the quantity of water so that 
existing and potential environmental values, including ecosystem maintenance, are protected. 

The EPA objective for surface water quality is to ensure that emissions do not adversely affect 
environment values or the health, welfare and amenity of people and land uses by meeting statutory 
requirements and acceptable standards. 

Applicable Standards, Guidelines and Legislation are: 

▼ EPA Draft Guidance Statement No. 26, Management of Surface Run-off from Industrial and 
Commercial Sites (EPA, 1999a).   

▼ ANZECC/ARMCANZ Australian and New Zealand Guidelines for Fresh and Marine Water Quality 
(ANZECC and ARMCAZ, 2000). 

▼ Water and Rivers Commission, Environmental Water Provisions Policy for Western Australia: 
Statewide Policy No. 5. (Water and Rivers Commission, 2000). 

▼ Department of Industry, Tourism and Resources - Leading Practice Sustainable Development 
Program for the Mining Industry - Managing Acid and Metalliferous Drainage (2007). 

▼ Contaminated Sites Management Series - Bioremediation of hydrocarbon-contaminated soils in 
Western Australia (DEC, 2004). 

▼ Australian Standard for the Storage and Handling of Flammable and Combustible Liquids (AS 1940-
2004). 

▼ Environmental Protection (Rural Landfill) Regulations 2002. 
▼ Environmental Protection (Unauthorised Discharges) Regulations 2004. 
▼ Mines Safety and Inspection Regulations 1995. 
▼ Dangerous Goods Regulations 1992. 
▼ Dangerous Goods Safety (Storage and Handling of Non-explosives) Regulations 2007. 
▼ Part V Environmental Protection Act 1986. 

5.4.2 Potential Impacts 

Surface Water Flow 

The following aspects of the Project may have an impact on surface water flow: 

▼ The development of mine pits, stockpiles, waste rock landforms, the processing plant, transport 
corridors and other infrastructure may interrupt natural drainage paths of some small ephemeral 
streams and alter sheet flow within the Barrambie Project area.  Interference with natural drainage 
patterns may result in localised “shadowing” effects on some vegetation which may be reliant on 
intermittent flows downstream from these developments.  

▼ Development of infrastructure may cause erosion.  However, surface water flow in the vicinity of 
the proposed mine operations area is likely to be slow low yielding and non-erosive.  Due to the 
typically flat topography construction of substantial diversion bunds will be required to prevent 
surface water flow into the pits during flood events.  Some minor surface water diversion works will 
be required to manage water from significant rainfall events and redirect sheet flow.  

▼ Rainfall in the region is very low, averaging around 240mm per annum.  Surface water runoff in 
the area is directed by sheet flow and shallow ephemeral streams.  

Surface Water Quality 

The following aspects of the Project may have an impact on surface water quality: 



ENVIRONMENTAL OBJECTIVES, IMPACTS, MANAGEMENT & OUTCOMES 

 
 

Barrambie Vanadium Project: Public Environmental Review  Page 5-18 

▼ Runoff water from unconsolidated surfaces such as waste landforms, stockpiles, embankment faces 
and unsealed roads may contain increased sediment load.  Sediment transport following significant 
rainfall events may lead to some silting in natural drainage paths. 

▼ Discharge of hydrocarbons and other hazardous substances from the processing plant area, 
washdown facility and workshop due to incorrect storage, spillage or incorrect disposal.  Significant 
hazardous substances that will be stored and used at the Barrambie Project include process 
reagents, hydrocarbons (fuel and lubricants) and explosives.  The reagents to be stored in 
significant quantities on site include sodium carbonate, sulphuric acid, ammonium sulphate, 
aluminium sulphate and water treatment chemicals. 

5.4.3 Management 

Strategies to minimise the impacts on surface water flow and quality at the Barrambie Project include: 

▼ The positioning of Project facilities to avoid disturbance to local flow paths where practicable.   
▼ Construction of flood diversion drains to protect mine development areas, facilities and 

infrastructure where drainage lines are interrupted by the development.  Detailed analysis will be 
undertaken as part of the final mine design to confirm bund heights.  Site drainage works will be 
designed and constructed to direct diverted water to re-enter the natural drainage system clear of 
the developed areas. 

▼ Construction of bunds and other flood protection works to reduce the risk of erosion.  
▼ Drainage sited to avoid ponding against waste rock landforms and other Project facilities.  
▼ Construction of sediment traps to intercept sediment from disturbed areas.  Sediment traps will be 

constructed at surface water discharge points on waste rock landforms and other unconsolidated 
surfaces. 

▼ The water supply pipelines will be buried at creeklines and drainage lines to minimise disruption of 
surface drainage patterns. 

▼ Vulnerable facilities such as hazardous material stores, workshops, processing plant and fuel 
storages will be constructed above areas prone to flooding during intensive rainfall events or on 
raised pads.   

▼ The construction of bunds around areas where potential spills of hazardous substances may occur 
(i.e. process water ponds, reagent and fuel storages), to contain spills and to collect internal 
runoff. 

Waste management is discussed in Section 5.8.3. 

5.4.4 Outcomes 

Consistent with the above EPA objectives for surface water, mine development areas, facilities and 
infrastructure are expected to cause little interruption to sheet flow and surface water flow in drainage 
lines within the Project area and further downstream. 

The quantity of surface water will be maintained and existing and potential environmental values will be 
protected by appropriate positioning of project facilities and drainage works. 

Surface water quality is expected to be maintained through containment of potential contaminants, 
regular monitoring and complying with statutory requirements and accepted industry standards and 
codes of practice. 

No reagents, hydrocarbons, explosives or other hazardous substances from the Barrambie operations will 
be discharged to the surface or groundwater. 

All hydrocarbon wastes including waste oil, hydrocarbon contaminated wastes generated by maintenance 
and machinery workshops and oils collected from the vehicle washdown treatment facility will be 
removed from site and disposed of at an appropriate facility.  All general putrescible waste and non-
recyclable solid waste will be placed in a landfill facility.  Treated wastewater released to the environment 
will comply with local Shire standards.   
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5.5 Groundwater 

5.5.1 Management Objectives, Applicable Standards, Guidelines and Legislation 

The EPA objective for the management of groundwater is to maintain the quantity of water so that 
existing and potential environmental values, including ecosystem maintenance, are protected. 

The EPA objective for the management of groundwater quality is to ensure that emissions do not 
adversely affect environmental values or the health, welfare and amenity of people and land uses by 
meeting statutory requirements and acceptable standards. 

Applicable Standards and Guidelines and Legislation are: 

▼ Water and Rivers Commission, Environmental Water Provisions Policy for Western Australia: 
Statewide Policy No. 5 (WRC, 2000). 

▼ Water and Rivers Commission, Use of Operating Strategies in the Water Licensing Process: 
Statewide Policy No. 10 (WRC, 2004). 

▼ ANZECC/ARMCANZ Australian and New Zealand Guidelines for Fresh and Marine Water Quality 
(ANZECC and ARMCAZ, 2000). 

▼ Department of Industry, Tourism and Resources - Leading Practice Sustainable Development 
Program for the Mining Industry - Managing Acid and Metalliferous Drainage (2007). 

▼ Department of Mines and Petroleum Guidelines on the Development of an Operating Manual for 
Tailings Storage (1998). 

▼ Environmental Protection (Unauthorised Discharges) Regulations 2004. 
▼ Mines Safety and Inspection Regulations 1995. 
▼ Dangerous Goods Regulations 1992. 
▼ Dangerous Goods Safety (Storage and Handling of Non-explosives) Regulations 2007. 
▼ Occupational Safety and Health Regulations 1996. 
▼ Australian Standard for the Storage and Handling of Flammable and Combustible Liquids (AS 1940-

1993). 
▼ Environmental Protection (Rural Landfill) Regulations 2002. 
▼ Rights in Water and Irrigation Act – Section 26D (bore construction or modification) licensing 

requirements and Section 5C (taking water) licensing requirements. 
▼ Part V Environmental Protection Act.  

5.5.2 Potential Impacts 

Mine Dewatering 

To effectively mine the proposed open pits at Barrambie, dewatering is required.  Current plans indicate 
that mining will occur to 460mRL, which is approximately 25-30m below the local water table.  The water 
table is currently about 35 to 50 metres below ground level (mbgl).  Dewatering will be achieved through 
sumps established within the pits.  Dewatering bores may also be installed if higher yielding fractures are 
encountered during mining.  All water extracted for mine dewatering, through in pit sumps or dewatering 
bores, will be pumped to the process water circuit or recycled for dust suppression.  

Analytical modelling (Aquaterra, 2008b) predicts low volumes of water to enter the proposed Barrambie 
south and north pits as the background permeabilites of the basement rocks are low.  Estimated 
permeabilities range from 0.1m/d to 0.95m/d, with an average permeability of 0.4m/d. 

The predicted inflow will increase from around 950kL/d (11L/s) at the first stage of mining to 2,400kL/d 
(28L/s) toward the end of mining.  Higher inflows are expected if large fracture networks or higher 
permeability horizons are encountered during mining. 

The main impact of dewatering of the Barrambie mine will be lowering of the water table.  The water 
table is expected to be lowered in the vicinity of the pits, with the maximum level of drawdown at the 
base of the pit (60 to 80mbgl) and a steep “drawdown cone”.  The Barrambie Bore, located 
approximately less than 1km to the southwest of the proposed southern pit, is within gabbro, so 
potentially could be affected by mine dewatering.  Preliminary estimates suggest that water levels in this 
aquifer may be lowered up to 2km away, however the water level drawdown is likely to be less than 2m 
at a distance of 1km from the mine.  In practice, water level drawdown will be focused along local 
fracture and joint planes rather than extending equally in all directions.  In the unlikely event that mine 
dewatering adversely affects Barrambie Bore, the mine will provide alternative water for the pastoralist. 
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Due to distance from the mining area and location in granite aquifers, Sugarstone Well, Freds Bore, 
Spexer Bore, Spexers Bore, Nelsons Well, White Bore, White Well and Ballanhoe Bore are unlikely to be 
affected by dewatering.  Mine dewatering will not have an effect on the calcrete aquifers at Cogla Downs.   

Pumping from the fresh bedrock aquifer during dewatering may induce downward leakage from overlying 
alluvium and colluvium aquifers, however due to distance of the mining area from the pastoral bores, this 
is unlikely to be an issue. 

Vegetation communities near the Barrambie mining area include Acacia woodlands and Chenopod 
shrublands.  The current groundwater level is approximately greater than 35m, so groundwater 
dependent vegetation is unlikely to be affected by mine dewatering. 

Following the completion of mining, groundwater and direct rainfall will gradually fill each pit void to form 
a permanent lake.  The water level in the pit will rise until equilibrium between total pit inflows and 
evaporative losses from the pit lake surface has occurred.  Modelling (Aquaterra, 2008b) predicts that it 
will take 5 years for pit lake levels will reach equilibrium at approximately 475mRL (approximately 15m 
below the pre-mining water level).  As long-term pit water levels will remain below pre-mining and 
regional water levels, the Barrambie pits will act as a groundwater sink, with groundwater flow toward 
the pit, and evaporative losses greater than inflows and incident rainfall.  The groundwater within the pit 
lake will gradually become more saline in the long-term through evapo-concentration, however the saline 
water is not expected to migrate from the pit due to the groundwater sink influence. 

The complete Barrambie Mine Dewatering Investigation report (Aquaterra 2008b) is included in 
Appendix D. 

Barrambie Borefield Water Supply Drawdown 

Operation of the Barrambie Project requires 2.5GL/a (6,850kL/d) of water for processing of vanadium 
ore, dust suppression and at the accommodation village.  The Barrambie Borefield is proposed to be 
installed into the Cogla Downs shallow calcrete aquifer, located on Yarrabubba Station.  Groundwater 
investigations and modelling indicate that the Cogla Downs calcrete aquifer contains sufficient resources 
to meet this water supply requirement over the proposed 12 year mine life.  As only a small amount of 
water is expected to be produced through mine dewatering, it is assumed that the total Project water 
supply will be produced from the Barrambie Borefield. 

The impact of groundwater abstraction from the Barrambie Borefield has been predicted using a 
numerical groundwater flow model.  Barrambie Borefield modelling used a conservative approach, 
whereby recharge from rainfall was not included.  It is likely that significant recharge to the aquifer will 
occur after significant rainfall events, which would reduce drawdown impacts and enhance the capacity of 
the Borefield.  The complete Barrambie Water Supply Investigations report (Aquaterra 2009) including 
groundwater modelling is included as Appendix C. 

Under Base Case aquifer parameters, groundwater modelling predicts that a water supply demand of 
2.5GL/a (6,850kL/d) can be met for a 12 year duration from a borefield comprising 7 to 10 production 
bores (each pumping at 7-12L/s) installed within the calcrete aquifer.   

Groundwater modelling suggests that, under base case aquifer parameters, a borefield comprising 7 
production bores (each pumping at around 11-12L/s for a duration of 12 years) will result in 58% 
retained saturated thickness (at Yilby Bore and Bore 3 (Obs A)) to 85% (at Bedan Well).  Whilst a 
borefield comprising 10 production bores (each pumping at around 7-8L/s for a duration of 12 years) will 
result in a retained saturated thickness of 55% (at Yilby Bore) to 85% (at Bedan Well). 

The number of bores required will depend on the actual sustainable yield achieved from each bore.  The 
lateral and vertical extent of water level drawdown across the borefield will be dependent on the quantity 
of water abstracted, the duration of abstraction, the nature and extent of the aquifer, and the degree of 
interference between adjacent bores.  The modelling suggests that there is limited difference in the 
extent of overall water level drawdown between the two borefield configurations evaluated. 

However, if the aquifer conditions are found to be more representative of the “worst case” parameters, a 
sustained groundwater abstraction rate of 11-12L/s from each production bore may not be achievable at 
some production bore locations (such as Bore 2 and Bore 3 where less than 40% and 20% saturated 
thickness was retained, respectively), due to localised water level drawdown.  However, a borefield 
comprising 7-10 bores is likely to be operated on a rotational basis, using standby production bores, 
allowing localised groundwater levels to recover whilst non-operational.   
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The numerical model maintains a conservative approach as: 

▼ It does not take into account recharge from rainfall, which is thought to contribute a significant 
portion of the recharge to the aquifer. 

▼ The results of the predicted model water balance show that groundwater abstraction is sourced 
mainly from groundwater storage and had minimal groundwater inflow from the model boundaries.  
However, it is expected that groundwater throughflow will contribute to the calcrete aquifer 
resource (although this has not been allowed for in the model), in which case, it would reduce the 
volume of water abstracted from storage in the real system. 

▼ The modelled calcrete does not take into account the eastern branch of the Cogla Downs drainage 
system, which would substantially increase the volume of groundwater available in storage (Figure 
3.19).   

▼ The inflow to the calcrete aquifer from adjacent alluvial sediments has not been included in this 
model.  These surrounding alluvial sediments are expected to be in hydraulic connection with the 
calcrete aquifer. 

Predicted base case maximum water level drawdowns are shown on Table 5.6.  Predicted water level 
drawdown contours within the calcrete aquifer after 5 and 12 years of abstraction from ten bores is 
presented in Figure 5.2 and Figure 5.3.  Cumulative drawdown for each bore over the 12 year period is 
shown in Table 5.7.  The management of groundwater abstraction impacts, including trigger levels, is 
discussed in Section 5.5.3.  

Figure 3.19 shows the modelled segment of the aquifer, and the greater extent of the aquifer beyond the 
zone considered for modelling purposes.  This shows calcrete extent to both the east and the south of the 
Borefield area, expected to be in hydraulic connection with the surrounding alluvial sediments.   
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Extent of modelled calcrete1 0 1 2

Production Bore(

Note: Base case model uses
         10 active production bores.

Tall Shrubland of Acacia teragonophylla,
Acacia aneura var. aneura and Hakea preissii
over Rhagodia eremaea, Atriplex vesicaria and
other Chenopods on orange sand
Scrub of Melaleuca xerophilla over Chenopods on Clay

Open scrub of Melaleuca stereophiola over
Maireana tomentosa subsp. tomentosa with
Scaevolla spinescens on red clay loan with
coarse sand
Low open woodland of Eucalyptus victrix over Eremophila
glabra subsp. glabra, Acacia aneura var. aneura,
Acacia burkiktii and Melaleuca xerophila on orange clay
and sand loam
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Table 5.6: Summary of Predicted Base Case Water Level Drawdowns after 5 and 12 Years, Barrambie Borefield 

Run 2 Base Case 5 Year Levels Run 2 Base Case 12 Year Levels Bore Status During Model 
Run 

Calcrete Saturated 
Thickness (m) 

5 Year 
Drawdown  
(m) 

5 Year RL  
(m) 

Remaining 
Sat 
Thickness 

% Sat 
thickness 
remaining 

12 Year 
Drawdown  
(m) 

12 Year RL 
(m) 

Remaining 
Sat 
Thickness 

% Sat 
thickness 
remaining 

Bore 1 Pumping bore 14.3 1.85 463.15 12.45 87 3.8 461.2 10.5 73 

Bore 2 Pumping bore 10 1.91 463.09 8.09 81 3.8 461.2 6.2 62 

Bore 3 Pumping bore 10 1.84 463.16 8.16 82 3.8 461.2 6.2 62 

Bore 4 Pumping bore 15 1.92 463.08 13.08 87 3.8 461.2 11.2 75 

Bore 5 Pumping bore 15 1.86 463.14 13.14 88 3.8 461.2 11.2 75 

Bore 6 Pumping bore 10.3 1.82 463.18 8.48 82 3.7 461.3 6.6 64 

B8P Active (Pumping) Bore 15 1.95 463.05 13.05 87 3.9 461.1 11.1 74 

B10P Active (Pumping) Bore 9.3 1.61 463.39 7.69 83 3.4 461.6 5.9 63 

B15P Active (Pumping) Bore 13 1.94 463.06 11.06 85 3.9 461.1 9.1 70 

Limestone Active (Pumping) Bore 15 1.7 463.3 13.3 89 3.5 461.5 11.5 77 

OB A Active (Pumping) Bore 10 1.84 463.16 8.16 82 3.8 461.2 6.2 62 

OB B Inactive – observation 
point only 

5 0.47 464.53 4.53 91 1.5 463.5 3.5 70 

OB C Inactive – observation 
point only 

15 1.6 463.4 13.4 89 3.5 461.5 11.5 77 

OB D (Nickyloo 
Bore) 

Inactive – observation 
point only 

14 1.6 463.4 12.4 89 3.5 461.5 10.5 75 

Barlanga Existing User 12 1.3 463.7 10.7 89 2.9 462.1 9.1 76 

Yilby Existing User 5 0.77 464.23 4.23 85 2.2 462.8 2.8 56 

South Existing User 15 0.43 464.57 14.57 97 1.4 463.6 13.6 91 

Bedan Well Existing User 5 0.16 464.84 4.84 97 0.85 464.15 4.15 83 
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Table 5.7: Cumulative Drawdown for Barrambie Borefield Bores over 12 Years 

Cumulative Drawdown 

Year 
Cumulative 
Abstraction  
(GL/a) Bore 1 Bore 2 

Bore 3  
(Obs 
A) 

Bore 4 Bore 5 Bore 6 B8P B10P B15P 
Lime-
stone 
Bore 

ObsB ObsC ObsD 
Barlan
-ga 
Well 

Yilby 
Bore 

South 
Mill 
Well 

Bedan 
Well 

1 2.5 0.59 0.73 0.63 0.64 0.57 0.68 0.64 0.67 0.66 0.56 0.03 0.35 0.34 0.29 0.08 0.02 0 

2 5 0.92 1.04 0.94 0.99 0.92 0.98 1 0.9 1 0.87 0.11 0.69 0.68 0.56 0.23 0.09 0.01 

3 7.5 1.25 1.33 1.24 1.32 1.25 1.27 1.33 1.14 1.33 1.16 0.21 1.01 0.99 0.82 0.41 0.19 0.04 

4 10 1.55 1.62 1.55 1.63 1.56 1.55 1.65 1.38 1.64 1.44 0.34 1.31 1.3 1.07 0.59 0.3 0.09 

5 12.5 1.85 1.91 1.84 1.92 1.86 1.82 1.95 1.62 1.94 1.71 0.47 1.61 1.59 1.31 0.77 0.43 0.16 

6 15 2.15 2.19 2.13 2.21 2.15 2.1 2.25 1.86 2.23 1.98 0.61 1.89 1.88 1.55 0.96 0.56 0.24 

7 17.5 2.43 2.47 2.42 2.5 2.43 2.37 2.54 2.11 2.51 2.24 0.76 2.17 2.16 1.78 1.16 0.69 0.33 

8 20 2.71 2.75 2.7 2.77 2.71 2.64 2.82 2.36 2.8 2.5 0.92 2.44 2.43 2.01 1.36 0.83 0.42 

9 22.5 2.99 3.02 2.98 3.05 2.99 2.9 3.1 2.61 3.08 2.75 1.07 2.71 2.7 2.24 1.55 0.97 0.53 

10 25 3.26 3.3 3.26 3.32 3.26 3.17 3.37 2.86 3.35 3 1.23 2.98 2.97 2.47 1.75 1.12 0.63 

11 27.5 3.53 3.58 3.54 3.58 3.53 3.44 3.64 3.12 3.63 3.25 1.39 3.24 3.23 2.7 1.95 1.26 0.74 

12 30 3.79 3.85 3.81 3.85 3.8 3.71 3.92 3.38 3.9 3.5 1.55 3.51 3.49 2.93 2.15 1.4 0.85 
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Prior to applying for a 5C Licence to take groundwater and once further information is available (including 
new drilling and testing results, recharge assessments, groundwater monitoring, etc), additional 
numerical modelling be undertaken to reassess sustainable yield from the calcrete aquifer and the 
potential impact on water levels within the aquifer and regionally. 

Other Users 

Other groundwater users in the borefield area include pastoral bores (Figure 3.9): South Mill Well, Monty 
Bore, Yilby Bore, Nickyloo Bore, Bedan Well, Limestone Well and Barlanga Well.  Of these bores, South 
Mill Well, Bedan Well, Yilby Bore and Barlanga Well were included in the numerical model as observation 
points to assess the potential impact from operation of the proposed Borefield.   

In addition to the above listed pastoral bores, there are other bores outside the calcrete outcrop area, 
and include Bruce Bore (No.361 Bore) located 4-5km to the north, Pera Well located 3-4km to the south, 
Nanadie Well located approximately 2km to the east and Five Mile Well located approximately 10km east 
of the Borefield area.  

Numerical modelling results predicted water level drawdowns up to 2.9m at Barlanga Well on the edge of 
the calcrete outcrop.  Pastoral bore Nickyloo Bore is located within close proximity to production bore 
B15P, in the middle of the Borefield area and the greatest area of impact.  The remaining pastoral bores, 
such as Bruce Bore, Pera Well and Five Mile Well are unlikely to be impacted by the proposed abstraction 
due to their distance from the proposed Borefield.  

Groundwater Dependent Ecosystems 

Vegetation 

As discussed in Section 5.1.2, Mattiske Consulting Pty Ltd (Mattiske) conducted flora and vegetation 
surveys in the larger Project area (Mattiske, 2009).  The results of this survey found that a few 
potentially groundwater dependent vegetation communities, such as tall shrubland of Acacia species, 
Melaleuca Shrublands and Eucalypt woodland, occur within the proposed Borefield area.  These 
communities contain a range of tree and tall shrub species that may be dependent on groundwater, such 
as Acacia aneura, Melaleuca stereophloia, Melaleuca xerophila and Eucalyptus victrix.  These communities 
occur along waterways and floodplains that are infrequently subjected to rainfall events (Mattiske, 2009). 

The list above is a conservative list of potential communities that may be impacted by water level 
drawdown resulting from abstraction.  As the floodplain is dominated by clay and clay loam solids, the 
potential impacts from groundwater abstraction may be reduced as the communities may be more 
dependent on the rainfall events rather than groundwater levels.  Therefore, water abstraction impacts 
should have limited impacts (Mattiske, 2009). 

Stygofauna 

Outback Ecology were commissioned by Reed Resources to undertake a stygofauna sampling programme 
to determine the presence of stygofauna species and assess the potential risk to identified stygofauna 
from groundwater abstraction at the proposed Barrambie Borefield (Outback Ecology, 2009).  

Sampling of the calcrete aquifer at the proposed Barrambie borefield identified a diverse stygofauna 
community.  The majority of the stygofauna collected have known distributions outside the Barrambie 
borefield.  However, potentially new taxa were identified during the surveys and as yet their distribution 
is limited to bores located within the Barrambie Borefield area.  Therefore there is a potential risk to 
these potentially new stygofauna from water level drawdown associated with groundwater abstraction at 
the Barrambie borefield (Outback Ecology, 2009).  As discussed in previous sections, this level of 
drawdown varies across the aquifer.  Therefore, the proposed borefield will be managed to maintain a 
high level of saturated thickness to ensure sufficient habitat area.  Furthermore, the area of the calcrete 
which was modelled as the area of impact from predicted drawdown is only a portion of the wider calcrete 
aquifer.  The area of drawdown impact represents only 15% of the calcrete as shown in Figure 3.19. 

Lowered groundwater levels have the potential to impact stygofauna habitat.  The potential impact on 
stygofauna habitat is discussed in Section 5.3.2. 

5.5.3 Management 

Pre-production Groundwater Investigations and Borefield Development 

Prior to applying for a licence to take groundwater under Section 5C of the Rights in Water and Irrigation 
Act, Reed Resources propose to conduct the following work in order to confirm the sustainable yield of 
the calcrete aquifer and develop a better understanding of local recharge processes.   

 



ENVIRONMENTAL OBJECTIVES, IMPACTS, MANAGEMENT & OUTCOMES 

 
 

Barrambie Vanadium Project: Public Environmental Review  Page 5-27 

The proposed investigations and programme of works will be developed in close consultation with the 
Department of Water (DoW) and will include: 

▼ The accurate designation of the palaeochannel system, by gravity survey. 
▼ Additional deep-drilling to define the base of the palaeochannel sequence with targets chosen 

following the assessment the assessment of the gravity survey. 
▼ Extended pump testing in relation to appropriately designed monitoring bores. 
▼ Design and construction of an agreed monitoring bore network and the development of trigger 

levels and contingency measures. 

It is recognised that the approval of the Section 5C groundwater licence will depend upon the results of 
this work and further data analysis to confirm the sustainable supply available from the Colga Downs 
aquifer system.  The ability to provide appropriate evidence that the intended abstraction  over the life of 
the Project will not result in an unacceptable impact upon the Colga Downs aquifer system and potential 
groundwater dependent ecosystems, such as the stygofauna populations, will be an important element in 
the decision making process associated with the 5C groundwater licence approval from the DoW. 

Production Bore Installation 

It is proposed that the existing four production bores (B8P, B10P, B15P and Limestone Bore) be 
augmented by the installation of up to an additional six new production bores.  The actual number and 
location of the new production bores, within the calcrete aquifer, will depend on the results of exploratory 
drilling (identifying available saturated thickness and substantiating the conceptual model for the aquifer 
system) and subsequent bore/aquifer testing including extended pump testing. 

Further investigative drilling will be undertaken in the eastern area toward Errolls bore at the same time 
as the above production bore drilling programme in order to assess the extent and saturated thickness of 
the calcrete aquifer in the east-west trending branch of the Cogla Downs drainage system.  Additional 
gravity survey work will also be undertaken for more accurate designation of the deeper palaeochannel 
system followed by deep-drilling to define the base of the deeper palaeochannel sequence. 

Both the eastern calcrete extension (Errolls) and the deeper palaeochannel system have been identified 
as potential contingent, supplementary water supplies if unfavourable aquifer conditions are encountered 
during the drilling and installation of the proposed production bores, or if operation of the borefield 
results in drawdowns within the aquifer in excess of agreed trigger levels (see section below on Water 
Supply Contingencies). 

All production bores will be equipped with flowmeters for monitoring abstraction rates, will be designed to 
allow for measurement of groundwater levels, and will include access valves for obtaining groundwater 
samples for water quality measurements. 

The development of appropriate trigger levels and water supply contingency options are discussed below. 

Monitoring Bore Development, Programme and Schedule 

Prior to applying for a licence to take groundwater under Section 5C of the Rights in Water and Irrigation 
Act, Reed Resources propose to develop (in consultation with DoW) and initiate a comprehensive 
groundwater monitoring programme. 

Reed Resources propose develop a monitoring bore network within the proposed borefield area, together 
with regional monitoring bores within the calcrete further to the north and south, as well as outside of the 
main calcrete aquifer. 

The design of the monitoring bore network will be determined by the location of the additional production 
bores and with regard to areas identified through biological surveys and DEC as being significant in terms 
of potential groundwater dependent ecosystems (i.e. stygofauna and vegetation).  The number and 
placement of the monitoring bore network will be developed in consultation with DoW to provide the best 
coverage to monitor potential drawdown impacts associated with groundwater production. 

The monitoring programme will include an Operating Strategy that will form a condition of the Section 5C 
groundwater licence.  This strategy will define the groundwater monitoring methodology, frequency of 
groundwater monitoring and reporting of results of the groundwater monitoring programme.  The 
monitoring programme and schedule will be developed in consultation with DoW.  The monitoring 
programme will include data on groundwater production from the individual production bores in the form 
of kL/week.  Digital data loggers will also be used as part of the monitoring programme strategy. 
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Recharge Mechanisms 

Reed Resources recognise that understanding the recharge mechanisms to the calcrete aquifer is 
important in assessing the appropriate long-term sustainable yield of the Cogla Downs aquifer system.  
In order to enhance the current understanding of the recharge mechanisms, the following work is 
proposed prior to applying for a 5C licence to take groundwater: 

▼ Install data loggers in selected production and monitoring bores within the area of investigation in 
order to regularly monitor groundwater levels and groundwater level responses to periodic heavy 
rainfall events. 

▼ Install an automatic rain gauge in the vicinity of the proposed Barrambie Borefield on Yarrabubba 
Station to assess rainfall intensity and local patterns. 

▼ Undertake a regular groundwater level monitoring programme on bores within the area of 
investigation and the surrounding stock\pastoral bores.  This programme will be defined in the 
groundwater monitoring programme and schedule. 

▼ Undertake age-dating of groundwater stored in the Cogla Downs calcrete aquifer system.  This will 
involve sampling and analyses for environmental tracers, such as CFCs, and tritium.  It is 
envisaged that the age-dating sampling will involve a one-off analyses of age indicators in 
conjunction with water quality monitoring. 

▼ Undertake daily rainfall monitoring from the weather station, which was installed at the mine site in 
August 2008 together with the automatic rain gauge in the Borefield area. 

▼ Review water level and rainfall data with a view to further understanding and quantifying recharge 
in the area. 

Once collected, this data will be submitted to DoW as evidence to support sustainable abstraction of 
2.5GL/annum from the Cogla Downs calcrete aquifer system over the life of the Project. 

Additional Numerical Modelling 

In consultation with the DoW, it is proposed that additional numerical modelling will be conducted to 
reassess groundwater drawdown and appropriate yield from the Cogla Downs calcrete aquifer system.  
This modelling will incorporate an updated conceptual model of the Cogla Downs aquifer system based 
upon assessment of drilling results.  The model will be used to develop predicted groundwater drawdown 
impacts on groundwater levels within the Cogla Downs aquifer system and regional areas.  The additional 
numerical model will be redesigned through the input of new data on aquifer characteristics derived from 
the drilling, installation and testing of the proposed additional production and monitoring bores, the 
review of recharge to the calcrete aquifer and establishment of a more comprehensive baseline data set 
from the groundwater monitoring programme. 

Trigger Levels  

Reed Resources will develop, in consultation with DoW, and adopt appropriate groundwater level and 
quality action and cut-off triggers for representative monitoring and production bores.  The trigger levels, 
comprising intermediate (early warning - Action) and severe (Cut-off) will be set as a means to evaluate 
the robustness of the groundwater model and to serve as an early warning system to ensure the effective 
management and mitigation of potential impacts on other groundwater users and the environment  
(e.g. stygofauna).  These trigger levels will be set through a review of groundwater and climatic data in 
consultation with DoW prior to applying for a 5C licence to take groundwater.  The trigger levels will be 
regularly reviewed as new data becomes available, and if appropriate, some adjustments may be 
considered with the agreement of DoW. 

It is proposed that during the first 5 years of operation of the Barrambie Borefield, that 75% of the 
saturated thickness across the aquifer be retained as a low-risk strategy for maintaining stygofauna 
habitat.  A stygofauna management plan will be prepared to the satisfaction of DEC which will include the 
75% - 5 year maximum drawdown and total 50% drawdown over the life of the Project.  The trigger 
levels agreed to by DEC will also be incorporated into the groundwater operating strategy to be submitted 
to DoW in support of a 5C groundwater licence application. 

However, it should also be noted that 75% of the saturated thickness retention relates to aquifer water 
levels across the area of investigations and not pumping water levels as measured in production bores.  
If appropriate through agreement with DEC, the proposed Barrambie Borefield will be managed to ensure 
that the saturated thickness of the calcrete aquifer across the area of impact does not fall below 50% 
during the life of the Project. 

In this context, it should also be noted that the apparent dispersion of stygofauna across the aquifer, as 
well as the uniformity of the groundwater quality, indicates there is a high level of connectivity within the 
aquifer and so there appears to be sufficient habitat retained for stygofauna, mitigating the high risk.  



ENVIRONMENTAL OBJECTIVES, IMPACTS, MANAGEMENT & OUTCOMES 

 
 

Barrambie Vanadium Project: Public Environmental Review  Page 5-29 

The area of the calcrete which was modelled as the area of impact from predicted drawdown is only a 
portion of the wider calcrete aquifer.  The area of drawdown impact represents only 15% of the calcrete 
as shown in Figure 3.19. 

A contingency plan will be developed prior to the approval of the Section 5C groundwater licence that will 
identify actions required if groundwater levels or quality reach action trigger levels.  If monitoring 
indicates that the Cogla Downs aquifer system is responding adversely to abstraction and this is shown 
through exceedence of intermediate trigger levels than contingency action, as defined, will be 
implemented.  The contingency actions will comprise a range of alternative water supply options that can 
be investigated such that alternative options can be commissioned prior to cut-off trigger levels being 
reached.  Should trigger levels be met, water supply contingencies will also be incorporated in the 
Operating Strategy.  The potential alternative water supply options (contingencies) are further discussed 
below.  

In the event that abstraction from the Barrambie Borefield reduces the capacity of existing pastoral 
bores, Reed Resources will supplement the required water supply for the pastoralist.  Reed Resources 
understands that any water sourced from the Cogla Downs aquifer system to supplement a pastoral 
water supply, if required, will form part of the allocation under the Section 5C groundwater licence and 
will need to be included in the operating strategy to be approved by DoW.  Discussions have already 
taken place between Reed Resources and surrounding pastoralists regarding potential impacts and 
reductions in their water supply.  Reed Resources will also provide DoW with a list of pastoralists, their 
bores and trigger levels that will be included in the any monitoring programme. 

Water Supply Contingencies 

In the event that the groundwater abstraction has resulted in the unpredicted (numerical groundwater 
model) declines in the groundwater levels across the Cogla Downs aquifer system as identified by 
reaching or exceeding intermediate (early warning) groundwater trigger levels, Reed Resources will 
immediately commission an investigation into an alternative water supply options. 

Alternative water supply options include the following: 

▼ Disused open pits at the Gidgee Gold Mine. 
▼ The calcrete aquifer associated with the eastern tributary of the Cogla Downs drainage system 

towards Errolls Bore. 
▼ The calcrete aquifers within the Cogla Downs drainage system further north and south. 
▼ The inferred Cogla Downs drainage deeper palaeochannel system.  

The location of potential, supplementary water supply options within an approximate 35km radius of the 
Project area are shown on on Figure 5.4.  

Gidgee Gold Project Disused Pits 

The Gidgee Gold Project is located approximately 40km northeast of Barrambie and is currently 100% 
owned by Apex Minerals NL.  Previously mined open cuts on Mining Act tenements M57/33 and M57/19 
contain substantial quantities of relatively fresh to brackish water (i.e. Swan Bitter pit). 

The Gidgee Gold Project has been on care and maintenance for a number of years and Apex are currently 
investigating the potential for ongoing development. 

Reed Resources has requested Apex Minerals permission to access and abstract process water from the 
Gidgee pits at sometime in the future as a contingency, supplementary water supply for the Barrambie 
Vanadium Project. 

Apex Minerals has agreed in writing to allow Reed Resources access to the Gidgee pits for water 
abstraction, if required provided that such abstraction does not interfere with future Apex operations 
and/or compromise Apex own water requirements.  A copy of the Apex Minerals letter is provided as 
Appendix H. 

Reed acknowledges that any proposal to abstract water from the Gidgee pits would require a separate 
licence Section 5C licence.  Reed will also apply for a Miscellaneous Licence under the Mining Act to 
secure tenure for the pipeline corridor, should this supplementary contingency water supply be required.  
It is envisaged that the lead time for the development of a supplementary water supply from disused 
mining pits at the Gidgee Gold Mine would be around twelve months to allow for negotiations with the 
mine owners, approvals to be granted for the pipeline alignment and the establishment of infrastructure.  
The pipeline would be buried for most of the alignment. 
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Errolls Tributary 

The calcrete sediments associated with the eastern tributary of the Cogla Downs drainage system 
towards Errolls bore are thought to have similar hydraulic properties to the Barrambie Borefield area.  
This area represents the most likely contingency as a supplementary water supply if unfavourable aquifer 
conditions are encountered during the drilling and installation of the proposed production bores, or if 
operation of the Borefield results in drawdowns within the aquifer in excess of agreed trigger levels. 

The potential yield of the Errolls calcrete aquifer is estimated to be approximately 45L/s (1.5GL/annum) 
for a period of 15 years.  This estimated supply potential was calculated based on the aquifer extent 
corresponding with the calcrete outcrop presented on the 1:250,000 GSWA Geology Map and by 
assessing the volume of water that could be removed by dropping the groundwater level by 2m over the 
aquifer, assuming a specific yield of 20%, and not taking account of any aquifer recharge.  Preliminary 
calculations of potential yields from Errolls tributary will need to be confirmed by exploration drilling and 
aquifer testing. 

Investigative drilling will be undertaken in the eastern area toward Errolls bore at the same time as the 
above production bore drilling programme in order to assess the extent and saturated thickness of the 
calcrete aquifer in the east-west trending branch of the Cogla Downs drainage system. 

As the groundwater investigations for Errolls tributary as a contingent water supply, including the drilling 
of several potential production bores, will be undertaken prior to the commencement of production from 
the proposed Barrambie Borefield, and given to near proximity to the main water supply pipeline, this 
supplementary resource could be developed within six months.  The development of the Errolls tributary 
will require an additional Section 5C licence.  The evaluation of this licence will take into consideration the 
performance of the original Borefield in assessing abstraction limits. 

Data from this evaluation will be provided to the DoW for evaluation and consideration for an additional 
Section 5C licence. The Errolls tributary will be included in the groundwater monitoring programme, to be 
monitored as part of the monitoring programme and schedule. 

Cogla Downs Calcrete 

The proposed Barrambie borefield is restricted to a relatively small area of calcrete within the Cogla 
Downs drainage system.  Previous investigations by Geotechnics (1972) identified the presence of a 
calcrete aquifer in the Scotties Well area to the south.  In addition, the GSWA 1:250,000 Geological map 
also suggests that there are calcrete aquifers located further to the northwest of the proposed Barrambie 
borefield (Figure 5.4). 

The combined potential yield of these calcrete aquifers was estimated to be approximately 130L/s 
(4GL/annum) for a 15 year period.  This estimated supply potential was calculated based on the aquifer 
extent corresponding with the calcrete outcrop presented on the 1:250,000 Geology Map and by 
assessing the volume of water that could be removed by dropping the groundwater level by 2m over the 
aquifer, assuming a specific yield of 20%.  Preliminary calculations of potential yields from the Cogla 
Downs calcrete in the vicinity of Scotties Well would need to be confirmed by exploration drilling and 
aquifer testing. 

It is envisaged that the lead time for the development of a supplementary water supply within the Cogla 
Downs calcrete aquifer in the vicinity of Scotties Well would be between 12 and 18 months depending 
upon response time and access groundwater investigations to be undertaken, approvals to be granted 
and infrastructure to be established. 

The development of an extended area of the Colga Downs aquifer system will require an additional 
Section 5C groundwater licence.  The evaluation of this licence will take into consideration the 
performance of the original Borefield in assessing abstraction limits. 

Data from this evaluation will be provided to DoW for evaluation and consideration for a Section 5C 
licence. Extension into the northern or southern portion of the Colga Downs aquifer system will require 
consideration of impact upon the groundwater dependent ecosystems and development of a monitoring 
bore programme and schedule. 

Cogla Downs Palaeochannel 

Exploration drilling conducted by Geotechnics in 1972 and Aquaterra in 2007 attempted to assess the 
location, extent and saturated thickness of the inferred palaeochannel sediments associated with the 
Cogla Downs drainage system.   
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The exploration drilling programme conducted by Geotechnics (1972) confirmed the presence of a sandy 
aquifer underlying the calcrete aquifer in the Project area, however the supply potential was not 
assessed.   

The exploration drilling programme conducted by Aquaterra in September\October 2007 attempted to 
assess the supply potential of the inferred palaeochannel sediments, however, this aquifer (where 
intercepted) could not be assessed due to drilling difficulties and difficulties casing out the overlying 
calcrete aquifer.  

Palaeochannel aquifers have highly variable yields depending on numerous factors, including the aquifer 
thickness (particularly the basal sand/ gravel unit) and the nature of the material (percentage permeable 
sands/ gravels).  

The development of the deeper palaeochannel aquifer will require an evaluation of the interconnectivity 
of the Colga Downs aquifer system.  A new Section 5C licence will be required from the Department of 
Water prior to commencement of pumping. 

It is envisaged that the lead time for the development of a supplementary water supply within the Cogla 
Downs palaeochannel system would be between 12 and 24 months to allow for groundwater 
investigations to be undertaken, approvals to be granted and infrastructure to be established. 

It is recognised that any development in the Colga Downs aquifer system, comprising the eastern, 
northern or southern portion of the drainage system and including the deeper palaeo-drainage system 
will require consideration of groundwater dependent ecosystems, together with an evaluation of aquifer 
characteristics including interference / connectivity to the active Borefield.  Additional development of the 
extended Colga Downs aquifer system as detailed above, may increase the stress on the Colga Downs 
aquifer systems and may then present only a temporary solution or supplementary resource.  If the 
proposed abstraction has impacted upon the Colga Downs aquifer system, to an extent indicating that 
predictions based upon the initial aquifer evaluation and numerical aquifer modelling are inaccurate, 
additional research including new numerical modelling will be undertaken. 

Water Abstraction Licencing and Groundwater Operating Strategy 

Groundwater abstraction will be managed in accordance with groundwater licence conditions applied 
under Section 5C of the Rights in Water and Irrigation Act.  Abstraction limits for mine dewatering and 
the Barrambie Borefield will be set by the DoW. 

The development of a detailed Operating Strategy will be required prior to a 5C licence take groundwater 
being approved.  The Operating Strategy will assist to efficiently and effectively monitor and manage 
borefield operation and groundwater monitoring. 

Mine Dewatering 

Specific strategies will be put in place to ensure that the impacts of mine dewatering are managed. 

DoW approval will be obtained prior to commencing dewatering, through an application for a Licence to 
Take Water (S5C application).  

Monitoring bores will be installed around the perimeter of each pit to monitor the impact of dewatering on 
groundwater levels and quality in accordance with the DoW licence.  Should dewatering of the Barrambie 
open pits result in lowering of the groundwater at the Barrambie Bore, Reed Resources will provide an 
alternative water supply. The alternative water supply, if required would be in the form of drilling new 
pastoral bores or running an off-take from the water supply pipeline network. 

Groundwater Quality Management (Seepage) 

Three types of tailings will be produced from the ore extraction process: 

▼ Beneficiation circuit tailings. 
▼ Calcine leach tailings. 
▼ Process purge water from the crystallisation circuit, cooling tower, and steam generators. 

Tailings from the calcine leach circuit and process purge water have the potential to affect groundwater 
quality in the vicinity of the Barrambie Project if not stored and managed correctly. 

The beneficiated tailings contain the non-magnetics from the beneficiation circuit and have not undergone 
any chemical changes and are therefore considered to be relatively low risk in terms of potential 
contamination of the underlying groundwater. 
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Leaching tests based on AS4439.3; 1997 (which is similar to USGS and USEPA Method 1311 (TCLP)) 
were carried out by SGS on tailings materials that were produced during process testwork undertaken for 
the Definitive Feasibility Study.  The composite samples used for the tailings leach testwork were 
considered to be representative of tailings from an operating mine and included material from the two 
different oxidation levels, strongly oxidised (SOX) and weakly oxidised (WOX), identified within the 
deposit.  The detailed report on the tailings leach testwork is provided as Appendix I (SKM 2010). 

The leaching testwork results are summarised in Table 5.8 in comparison to relevant guideline levels 
available for potential contaminants contained in the leach liquors.  The leach test results show very low 
levels of mobilised major metals and metalloids within the leach liquors which are significantly below the 
guideline levels. 

Table 5.8: Tailings Leach Test Results 

Livestock Drinking 
Water  
(mg/L) 

Short-term 
Irrigation Water 
(mg/L) 

Domestic Non-
Potable 
Groundwater 
Use 
(mg/L) 

Analyte Southern 
Strongly 
Oxidised 
Tailings 
Composite 
(mg/L) 

Southern 
Weakly 
Oxidised 
Tailings 
Composite 
(mg/L) 

ANZECC & ARMCANZ (2000)* DoH (2006)* 

Aluminium, Al 0.22 0.78 5.0 20.0 2.0 

Antimony, Sb <0.05 <0.05 - - - 

Arsenic, As <0.02 <0.02 0.5 2.0 0.07 

Boron, B <0.2 <0.2 5.0 0.5 (sensitive crops) 40.0 

Barium, Ba 0.1 0.21 - - 7.0 

Beryllium, Be <0.01 <0.01 - 0.5 - 

Cadmium, Cd <0.005 <0.005 0.01 0.05 0.02 

Calcium, Ca 5. 6 2.3 - - - 

Chromium, Cr <0.05 <0.05 1.0 1.0 - 

Cobalt, Co <0.05 <0.05 1.0 0.1 - 

Copper, Cu <0.05 <0.05 0.4 (sheep) 
1.0 (cattle) 

5.0 20.0 

Iron, Fe 0.11 0.39 Not sufficiently toxic 10.0 3.0 

Lead, Pb <0.04 <0.04 0.1 5.0 0.1 

Nickel, Ni <0.05 <0.05 1.0 2.0 0.2 

Magnesium, Mg 2.6 1.7 - - - 

Manganese, Mn <0.05 <0.05 Not sufficiently 
toxic- 

10.0 5.0 

Mercury, Hg <0.0005 <0.0005 0.002 0.002 0.01 

Molybdenum, Mo <0.1 <0.1 0.15 0.05 0.5 

Potassium, K 1 0.6 - - - 

Selenium, Se <0.1 <0.1 0.02 0.05 0.1 

Silver, Ag <0.01 <0.01 - - 1.0 

Sodium, Na 9.8 9.1 - - - 

Thorium, Th <0.001 <0.001 - - - 

Tin, Sn <0.5 <0.5 - - - 

Titanium, Ti 0.008 0.049 - - - 

Vanadium, V 0.04 <0.02 - 0.5 0.2 

…continued 
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Table 5.8 (continued) 

Livestock Drinking 
Water  
(mg/L) 

Short-term 
Irrigation Water 
(mg/L) 

Domestic Non-
Potable 
Groundwater 
Use 
(mg/L) 

Analyte Southern 
Strongly 
Oxidised 
Tailings 
Composite 
(mg/L) 

Southern 
Weakly 
Oxidised 
Tailings 
Composite 
(mg/L) 

ANZECC & ARMCANZ (2000)* DoH (2006)* 

Zinc, Zn <0.05 <0.05 20.0 5.0 30.0 

Phosphorus, P 0.07 <0.05 - -  

Total Cyanide <0.01 <0.01 - - 0.8 

Chloride, Cl 8 8 - - 2500 

Soluble Silica, SiO2 6.8 6 - - - 

* As referenced in Department of Environment and Conservation (2010).   

This beneficiated tailings material is proposed to be stored in an unlined bunded storage facility 
constructed to contain six separate cells.  The beneficiated tailings will be thickened prior to discharge to 
the tailings facility to maximise the recycle of process water and reduce potential seepage. 

The calcine leach tailings facility will be located immediately adjacent to the beneficiated tails cells and 
share a common dividing bund.  The facility will be sealed with a 1.5mm HDPE liner due to sodium and 
ammonium salts and solubilised vanadium contained in the calcine tailings.  The facility will contain three 
impoundment cells.  A return water decant tower will be installed in each cell to recover water for re-use 
in the processing plant or for dust control over the drying tails area.  The tailings material has a relatively 
coarse grind size which will enhance drainage and enable recovery of significant volumes of water. 

Decant water will be returned for reuse in the processing plant as it is expected to contain dissolved 
sodium and ammonium salts and leached V2O5.  The solubilised vanadium in the calcine leach tails can be 
mobilised by exposure to air and mildly acidic conditions.  The calcine tailings beach will be wet with 
irrigation sprays to mitigate windborne dust emissions.   

Runoff or rainfall events will be also recovered by the decant return.  Decant water from the calcine leach 
cells will be returned in a separate pipeline from the beneficiation return pipeline to enable any remaining 
soluble vanadium to be retained in the system and eventually recovered.  

Water from purging the crystallisation circuit, cooling tower and steam generators will contain sodium 
and ammonium sulphates contaminated with low levels of chlorides and will be stored in a lined 
evaporation pond.  The average combined flows from sulphate crystalliser, cooling tower blowdown, 
boiler blowdown and miscellaneous excess liquor to the evaporation pond is estimated to be around 
3.8m3/hr.  This equates to approximately 125m3 of crystallised solids/ evaporite per year.  The build up 
of crystallised solids will be approximately 12.5mm per annum in a proposed 2mm HDPE lined pond 
measuring 100m x 100m X 4m high walls.  Based on the above parameters, the pond is designed to last 
the life-of-mine with accumulated build-up of solids while leaving adequate free-board (minimum 0.5m) 
to accept the volume of water in the liquor plus rainfall of up to 100mm (all of which are expected to 
evaporate over the course of the year) under average evaporation figures for the Barrambie 
(Meekatharra) area.  

The solution in the evaporation pond should be slightly alkaline with a pH of around 8 to 8.5.  It is not 
expected that any heavy metals will occur in the mg/litre range.  Table 5.9 provides indicative 
concentrations of various analytes in the evaporation pond solution. 

The evaporation pond facility may also be used as an emergency dump for electrostatic precipitator dust 
which is not expected to amount to a significant volume.  

The combined TSF and purged water evaporation pond will be managed in accordance with the DEC 
Operating Licence.  A Tailings Operating Manual will also be developed in accordance with the (current) 
Department of Mines and Petroleum Guidelines on the Development of an Operating Manual for Tailings 
Storage prior to commissioning.  Further details on the tailings storages facilities are provided in 
Section 2.2.3. 

Prior to the discharge of tailings, a network of groundwater monitoring bores will be established around 
the perimeter of each TSF and adjacent to the processing plant to establish background levels and detect 
potential seepage.  Water levels in all monitoring bores will be recorded monthly.  Salinity (EC) and pH 
will also be measured on a monthly basis.  Water samples for hydro-chemical analysis will be collected 



ENVIRONMENTAL OBJECTIVES, IMPACTS, MANAGEMENT & OUTCOMES 

 
 

Barrambie Vanadium Project: Public Environmental Review  Page 5-35 

every 6 months and analyses will include: pH, EC, TDS, Na, Ca, Mg, K, Cl, SO4, HCO3, NO3, Pb, Cu, Mn, 
Zn and Fe. 

If significant seepage is detected which has the potential to impact on any groundwater that may be 
present, remedial measures will be implemented (e.g. interceptor bores). 

The tailings storage cells will be covered with suitable mine waste when full to seal the surface and 
minimise generation of dust.  The evaporation pond facility will be designed to eventually encapsulate the 
evaporite with an impermeable material (i.e. clay) to prevent ongoing leaching of the residual salts post-
closure. 

Table 5.9: Indicative Evaporation Pond Solution Analyses 

Combined Evaporator Pond Infeed 

Concentration Ion 

mg/litre 

NH4 51 

Na 464 

Fe 81 

Al 35 

Ca 67 

Mg 64 

V 50 

K 66 

Cl 183 

SO4 1181 

CO3 261 

NO3 104 

 

Acid Rock Drainage 

The storage of waste rock and beneficiated and calcine leach in the combined TSF at Barrambie is not 
expected to generate acid (Section 3.3.3) and no special management strategies of waste material will be 
undertaken. 

Groundwater Monitoring and Reporting 

Reed Resources will implement a Groundwater Monitoring Programme throughout the life of the Project 
to monitor the impacts of mine dewatering and abstraction from the Barrambie Borefield, anticipate 
future impacts and refine the groundwater models.  A Groundwater Operating Strategy for the mine 
dewatering and the Barrambie Borefield will be submitted to comply with DoW licence conditions.  Water 
levels and quality in existing pastoral bores and wells will also be monitored. 

A proposed monitoring programme is presented in Table 5.10. 
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Table 5.10: Proposed Barrambie Borefield and Barrambie Dewatering Monitoring Schedule 

Parameter Units Cogla Downs Borefield Barrambie Mine Frequency 

Abstraction kL Production bore 
flowmeters 

Sump flowmeters Monthly 

Production bores Survey of pit water level Monthly 

Observation bores Monitoring/Observation 
Bores 

Monthly 

Water Levels mAHD 

Pastoral bores Pastoral bores Monthly 

Salinity, EC and pH Production bores In pit sumps Monthly Water Quality 

Total Quality Analysis Production bores In pit sumps Annually 

Stygofauna Species presence/ 
distribution 

Stygofauna monitoring 
bores 

N/A Annually 

Vegetation Health Locations to be defined  N/A Six monthly 

Climate Data Rainfall Rain gauge Rain gauge Continuous 

 

5.5.4 Outcomes 

The EPA objectives for the management of groundwater quantity and quality will be met by meeting 
statutory requirements and through establishing conservative Project objectives. 

Within the first 5 years of abstraction from the Barrambie Borefield, 75% of the storage capacity of the 
aquifer will be retained within the area of impact. 

In the event that the modelled base case predicted 5 year water level is reached before 5 years, 
alternative water supply options will be investigated and developed. 

Reed Resources, in consultation with DoW, will develop and adopt appropriate groundwater level and 
quality intermediate (Action) and severe Cut-off triggers for representative monitoring bores as a means 
to evaluate the robustness of the groundwater model and to serve as an early warning system to ensure 
the effective management and mitigation of potential impacts on other groundwater users and the 
environment (e.g. stygofauna).   

These trigger levels will be set prior to applying for a 5C licence to take groundwater and will be reviewed 
regularly as new data becomes available. 

However, it should be noted that this 75% saturated thickness retention relates to aquifer water levels 
across the area of investigations and not pumping water levels as measured in individual production 
bores. 

A plan will be developed whereby if groundwater levels or quality reach intermediate (Action) trigger 
levels, alternative water supply options will be investigated such that alternative options can be 
commissioned prior to cut-off trigger levels being reached. 

Where monitoring indicates significant deterioration of the vegetation due groundwater abstraction, the 
pumping regime will be reviewed and altered as appropriate.  This may include the development of 
alternative supplementary water supplies. 

In the event that water levels in monitoring bores 2km from the Barrambie pits decline 2m before 5 years 
due to the effect of dewatering, an alternative pumping regime and/ or supplementary water supplies for 
pastoral activities will be investigated and developed. 

No significant changes to groundwater levels in the vicinity of the combined tailings facility and purge 
water evaporation pond will occur.  The combined tailings facility and purge water evaporation pond will 
not have a significant impact on ground or surface water quality in the vicinity.  

Should groundwater levels and quality in the vicinity of the tailings and purge water storage facilities 
approach trigger limits of 10% above background values, an action plan will be initiated to investigate 
the cause.  Remedial action such as a seepage recovery plan will be developed and initiated dependant 
on results.  Any exceedences of DEC Operating Licence limits will be reported as per licence conditions. 

No reagents, hydrocarbons, explosives or other hazardous substances from the Barrambie operations will 
be discharged to the surface or groundwater. 
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All hydrocarbon wastes including waste oil, hydrocarbon contaminated wastes generated by maintenance 
and machinery workshops and oils collected from the vehicle washdown water treatment facility will be 
removed from site and disposed of at an appropriate facility. 

5.6 Air Quality and Greenhouse Gases 

5.6.1 Management Objectives and Applicable Standards, Guidelines and Legislation 

The EPA objective for the management of air quality is to ensure that emissions do not adversely affect 
environmental values or the health, welfare and amenity of people and land uses by meeting statutory 
requirements and acceptable standards. 

The EPA objective for greenhouse gases is to minimise emissions to levels as low as practicable on an on-
going basis and consider offsets to further reduce cumulative emissions. 

Applicable Standards, Guidelines and Legislation include: 

▼ EPA Guidance Statement No. 12: Guidance Statement for Minimising Greenhouse Gas Emissions 
(EPA, 2002). 

▼ EPA Guidance Statement No. 15: Emissions of Oxides of Nitrogen from Gas Turbines. 
▼ EPA Guidance Statement No. 18: Prevention of Air Quality Impacts from Land Development Sites. 
▼ Draft - A guideline for the development and implementation of a dust management programme 

(DEC 2008). 
▼ DEC Air Quality Modelling Guidance Notes (March 2006). 
▼ National Environmental Protection (Ambient Air Quality) Measure (Ambient Air Quality NEPM) 

(NEPC, 2003). 
▼ Worksafe Australia exposure standards (NOHSC, 1995). 
▼ World Health Organisation (2000) criteria. 
▼ Mines Safety and Inspection Act 1994 and Mines Safety and Inspection 1995. 
▼ Part V Environmental Protection Act Licence. 
▼ National Greenhouse and Energy Reporting Act 2007. 
▼ National Greenhouse and Energy Reporting Regulations 2008 (NGER Regulations). 

5.6.2 Potential Impacts 

During construction of the Barrambie project vegetation clearing, excavation, loading and storage of 
material and vehicle movement, may cause intermittent, low volumes of dust emissions.  Potential key 
sources of air emissions during the operations phase include mining (drilling, blasting), ore transfer 
points (loading, stockpiling and crushing), power generation, roasting, de-ammoniation, and calcining of 
the vanadium ore.   

The key air emissions of concern from the proposed vanadium processing facility include: 

▼ Ammonia (NH3). 
▼ Oxides of nitrogen (NOX). 
▼ Particulate matter (PM10). 
▼ Sulphur dioxide (SO2). 
▼ Vanadium pentoxide (V2O5). 

While the impacts are considered to be negligible, if the relevant air quality criterion is exceeded, a 
number of effects are possible on humans.   

Nitrogen dioxide (NO2) is a pungent, brown, acidic, highly corrosive gas and can have detrimental effects 
on human health.  At levels of concentration exceeding prescribed thresholds it can cause irritation to 
human respiratory tracts, leading to increased susceptibility to asthma and respiratory infections. 

Sulphur dioxide (SO2) is a colourless gas with an irritating odour that can contribute to or exacerbate 
respiratory illnesses (such as asthma or bronchitis), especially in elderly or young people when inhaled at 
levels in excess of safe thresholds.  Sulphur dioxide has also been linked with the aggravation of existing 
heart and lung diseases (USEPA, 2007).  SO2 can attach itself to small ambient particulates, which if 
inhaled deep into the lungs can intensify the adverse effects of the gas. 

Sinclair Knight Mertz (SKM) used atmospheric dispersion modelling to assess the predicted ground level 
air quality of pollutants from the construction and operation of the Barrambie vanadium processing plant 
and operations (Hickson and Bell, 2008) (provided as Appendix J).   
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Either sodium carbonate or a mixture of sodium carbonate and sodium sulphate will be used as the 
source of sodium and flux in the rotary kiln during the roasting process.  As the mix of concentrate and 
salt travels towards the burner, the sodium salt melts with the elements bound to the sodium, carbon or 
sulphur, volatising and oxidising.  The gas formed travels out with the products of combustion and exits 
via the exhaust stack.  

Recent test results indicate that the best recoveries are achieved using sodium carbonate.  However, a 
sodium sulphate recovery/ recycle process has been recommended for inclusion as an option for both 
economic and environmental reasons.  The use of recycled sodium sulphate in the roasting process would 
offset the consumption of externally sourced sodium carbonate and would substantially reduce the 
amount of sodium and ammonium salts to be deposited in a storage facility.  This mixed sodium 
carbonate/ sodium sulphate option will however, result in the production of SO2 as a by-product being 
discharged via the main stack. 

SO2 emissions from the rotary kiln stack are at levels that are in direct proportions to the amount of 
sodium sulphate being fed into the kiln as a roasting flux.  The sodium sulphate is fed under continuous 
and steady controlled conditions using a weigh feeder and has a residence time within the kiln (before all 
SO2 has been released from that salt), of 2 hours.  Changes to operating conditions within the kiln are 
dampened by its large thermal mass and under these conditions there are believed to be effectively no 
opportunities to create upset conditions or spikes in concentration with respect to SO2 emissions.   

If excess levels of SO2 are detected at any time it is intended that levels of sodium sulphate will be 
immediately reduced (and replaced with sodium carbonate) and that the effects of this reduction in SO2 
emissions will be evidenced within 2 hours.   

A “worst case” scenario was considered for modelling SO2 emissions which assumed that a 50:50 mix of 
sodium carbonate and recycled sodium sulphate would primarily be used for the roasting process 
resulting in the production of SO2 as a by-product being discharged via the main stack.  However, recent 
test results indicate that the best recoveries are likely to be achieved using either 100 percent sodium 
carbonate or a mix with considerably reduced levels of recycled sodium sulphate.  The process and 
economic viability of including a sodium salt/ recovery/ recycle process are undergoing further detailed 
investigation.   

Since the sodium salt recovery/ recycle process is still included as an option in this PER for both economic 
and environmental reasons the following modelling results reflect the worst case.  Any reduction in the 
percentage of sodium sulphate in the salt mix will produce less SO2 than indicated by the modelling 
results in proportion to the reduction in sodium sulphate used. 

The “worst case” modelling predicted that uncontrolled SO2 emissions from the kiln stack could result in 
unacceptable air quality impacts at the accommodation village.  In inland locations characterised by flat, 
open terrain, where the Barrambie Project is located, “morning fumigation” (Hickson and Bell, 2008) or 
temperature inversion can occur as radiation from the sun heats the ground, which in turn heats the 
lower layer of air.  The heated air has a lower stability and a higher turbulence, which results in mixing of 
the cooler air with the heated air.  When pollutants are released from a stack, this heated air layer 
gradually increases in thickness until it reaches the plume height.  These conditions cause the plume to 
reach the ground, causing high ground-level concentrations of the pollutant.  Complex dispersive 
behaviour is also caused by “limited mixing” and strong convective conditions (Hickson and Bell, 2008).  
Unacceptably high SO2 concentrations are due to morning fumigation and limited mixing events with a 
mixing depth of 500m or less.   

The accommodation village for the Project will be located approximately five kilometres south of the 
proposed processing plant.  The modelling focused on potential impacts on the proposed accommodation 
village as the most likely receptor in close proximity to the processing plant.  However, it is recognised 
that both the Barrambie Station homestead (approximately 12km south-east) and the Cogla Downs 
Station homestead (approximately 18km west) of the proposed operation could potentially be affected by 
SO2 emissions under the “worst case” scenario using primarily recycled sodium sulphate and under 
particular weather conditions. 

Acid deposition on vegetation occurs when SO2 and NOX react with water, oxygen and other oxidants in 
the atmosphere to form acidic compounds.  These acid compounds precipitate in rain, snow and fog as 
atmospheric depositions or in dry form as gases and particles. 

The SO2 and NOX gases and their particulate matter derivatives, sulphate and nitrate aerosols, may 
contribute to air quality impacts, for example, by the acidification of lakes and streams, damage to forest 
ecosystems and acceleration of the decay of building materials (USEPA, 2007).  In terms of atmospheric 
deposition, deposition of nitrogen and changes in soil acidity are difficult to model.  However, in this 
assessment, due to the dry climate of the region, the atmospheric deposition effects are considered 
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minor, so only dry deposition on vegetation will be considered, measured against WHO criteria (Hickson 
and Bell, 2008).  

WHO (2000) provides critical loads for dry depositions for the assessment of nitrogen and acid equivalent 
impacts on vegetation (Table 5.11). Critical load is an estimate of exposure in the form of deposition, 
below which significant harmful effects on specified sensitive elements of the environment do not occur to 
the best present knowledge (WHO 2000).  Modelling indicates that the maximum dry deposition 
concentrations of SO2 across the model grid on vegetation are around 27% of the WHO criteria. 

Elevated concentrations of PM10 from the ROM hopper, primary crusher stockpiles and waste facilities and 
elevated concentrations of V2O5 are potentially significant factors to the impacts on human health within 
the processing facility footprint (Hickson and Bell, 2008) (provided as Appendix J).  The facility footprint 
is considered to be an industrial zone where the ambient assessment criteria do not apply.  The ground-
level concentration for PM10 at the accommodation village is 6.3 μg/m3 and 12.6% of the assessment 
criteria.  This indicates that potential impacts on human health from PM10 emissions should be minimal.  
Vanadium dust will only be present within the confines of the processing facility footprint as the fused 
V2O5 product will be packed in directly into bulka-bags or drums at the plant.  The bulka-bags and/ or 
drums will then be packed into sea containers at the plant and will not require further handling until 
reaching their overseas end user, in line with best practice for the transport of bulk materials. 

The V2O5 will be shipped in the form of a stable fused flake (not a powder).  Fused flake inherently has 
very limited potential to create a dust nuisance should a circumstance arise where a bag were punctured 
in the open environment unless the material is actively disturbed. 

The FeV(80) is a +3mm non-toxic metal granule which also poses a minimal dust problem if exposed to 
the environment.  The metal granules will also be packed in sealed bags (or drums) and contained within 
sea-containers.  The potential for creating fugitive dust in the event of any spillage will therefore be 
minimal. 

The human health and vegetation impacts from SO2 and NH3, PM10, V2O5 and NOX at the accommodation 
village and in the general vicinity are not expected to be significant (Hickson and Bell, 2008).   

The modelled ground-level concentrations of key air emissions at sensitive receptors are compared with 
the relevant assessment criteria in Table 5.11.  The full report is included in Appendix J.  Results are 
compared to the relevant assessment criteria, and concentrations above 70% of the relevant assessment 
criteria are shaded. 

5.6.3 Greenhouse Gas Emissions 

Gaseous emissions that contribute to the greenhouse effect can be given a global warming potential 
factor, which enables each gas to be expressed as a carbon dioxide equivalent (CO2-e).  This allows each 
gas that the Barrambie Project emits to be quantified, establishing their overall greenhouse effect. 

Sources of greenhouse gas will be direct fossil fuel consumption and indirect fossil fuel consumption.  
Table 5.12 provides annual estimates of the greenhouse gas emissions and energy consumption from the 
main fuel/ process sources during the operational phase, as applicable to the production of either the 
ferrovanadium (FeV) product or the fused flake V2O5 product. 

By way of comparison with other Western Australian industry, the Barrambie Project will produce in the 
order of 10% of the CO2 emissions produced by the BHP Billiton Worsley Alumina Refinery (BHP Billiton 
2008). 

The guidance paper used to estimate GHG emissions was National Greenhouse and Energy Reporting 
(NGER) System – Technical Guidelines for the Estimation of Greenhouse Emissions and Energy at Facility-
Level: Energy, Industrial Process and Waste Sectors in Australia – Overview paper (Department of 
Climate Change, December 2007).  The calculated GHG emissions and energy consumption figures in 
Table 5.12 were derived using the Department of Climate Change NGERS Calculator consistent with the 
National Greenhouse and Energy Reporting Act 2007 (NGER Act), including estimations of emissions from 
both direct (Scope 1) and indirect (Scope 2) fuel/ process sources, as defined in the NGA Factors 
workbook and summarised in above guidance paper.  As detailed in Table 5.12, natural gas used in 
electric power production, in kiln and other heating uses is considered Scope 2 emissions and diesel used 
for generators/ process plant mobile equipment and mining fleet vehicles/ mobile equipment is 
considered Scope 1.  Reed Resources will breakdown and calculate the Project fuel/ process emission and 
energy consumption sources accurately upon the commencement of operation and report initial figures 
under the NGER Act at end of the first financial year of operation.   
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Table 5.11: Air Quality Assessment Criteria Comparison of Modelled Results against 
Assessment Criteria 

Pollutant Criteria 
Category 

Averaging 
Period 

Assessment 
Criteria 
(µg/m3) 

Receptor Maximum 
Concentration 
(µg/m3) 

% Criteria 

Accommodation Village 1058 185% 1-hour 571 

Max on Grid 2,988  

24-hour 228  180 79% 

Human Health 
Sensitive 
Receptors 

Annual 57  8 14% 

TWA1 5,200   <57% Human Health 
Occupational 

STEL2 1,300   >230% 

SO2 

Vegetation Annual 30 Max on Grid 8 27% 

Accommodation Village 23 9% 1-hour 246 

Max on Grid 48 19% 

Accommodation Village 0.2 0.4% 

Human Health 
Sensitive 
Receptors 

Annual 62 

Max on Grid 5.8 9% 

15-minute 9,400 Max at Mine Site 57 0.60% 

NO2 

Human Health 
Occupational 

8-hour 5,600 Max at Mine Site 38 0.67% 

Accommodation Village 16 3% Human Health 
Sensitive 
Receptors 

3-minute 600 

Max on Grid 157 26% 

15-minute 24,000 Max at Mine Site 143 0.6% Human Health 
Occupational 

8-hour 17,000 Max at Mine Site 41 0.2% 

24-hour 270 Max on grid outside 
Mine Site 

12.9 5% 

NH3 

Vegetation 

Annual 8 Max on grid outside 
Mine Site 

2 25% 

Accommodation Village 6.3 12.6% PM10 Human Health 
Sensitive 
Receptors 

24-hour 50 

Max on grid 583 1,166% 

V2O5 Human Health 
Occupational 

8-hour 50 Max at Mine Site 37 74% 

24-hour 75 Max on grid outside 
Mine Site 

44.3 59% NOX Vegetation 

Annual 30 Max on grid outside 
Mine Site 

5.2 17% 

Note: 1) Time Weighted Average (TWA) – applied for 8 hour work day, 5 day work week and should not be exceeded any time during 
the day. 
Note: 2) Short Term Exposure Limit (STEL) – 15 minute averaging time. There should be at least 60 minutes between successive 
exposures at STEL and should not be repeated more than four times per day. 
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Table 5.12: Estimated Greenhouse Gas Emissions and Energy Consumption 

Fuel/Process Source Annual Quantity 
(relevant unit) 

Total Annual 
Emissions 
(kt CO2-e) 

Annual Energy 
Consumption 
(TJ) 

Natural gas used in electric power production 
(28MW for fused flake (V2O5 )option) 

1,523,762,000 MJ 78.17 1523.76 

Natural gas used in electric power production 
(35MW for Ferrovanadium option) 

1,657,400,000 MJ 85.02  1657.40 

Natural gas used in kiln and other heating uses 1,965,492,000 MJ 100.83 1965.49 

Diesel used for process plant mobile equipment 
and remote gen sets 

700 kL 1.90 27.02 

Diesel used for the mining fleet vehicles and 
mobile equipment 

6,000 kL 16.19 231.60 

Diesel used for transport of product and 
consumables 

3714 kL 10.02 143.36 

Total for fused flake (V2O5 )option - 207.29 3,891.23 

Total for Ferrovanadium option - 231.96 4,024.87 

 

5.6.4 Management 

Emissions from the roasting process are proposed to be released through a 90m high stack.  Construction 
of a stack will aid in minimising the impact of concentrated emissions in the vicinity. 

Based on the recommendations from the air quality impact assessment undertaken by SKM in May 2008, 
an Adaptive Emissions Management Strategy will be developed and implemented prior to commissioning 
of the Barrambie ore processing facility.  The principle objective of the Adaptive Emissions Management 
Strategy will be to ensure that air quality criteria will not be exceeded during the operation of the plant.  
The critical parameter addressed in the strategy will be SO2 emissions from the kiln stack, and the 
impacts at the accommodation village and nearby station homesteads. 

The detailed Adaptive Emissions Management Strategy cannot be developed at this stage of the Project 
design as this will depend on the following: 

▼ Results of further process testwork to confirm the optimum use of sodium carbonate and/ or 
recycled sodium sulphate salts in the roasting process. 

▼ Materials mass balance to provide a more accurate estimate of emissions from the detailed process 
plant design under a range of operating conditions. 

▼ Collection of at least 18 months local meteorological data from weather station established at 
Barrambie in September 2008. 

▼ Further atmospheric dispersion modelling using emissions data from detailed process plant design 
to assess the predicted ground level air quality of pollutants. 

Reed Resources has consulted with the DEC Air Quality Management Branch on the proposed 
development of the Adaptive Emissions Management Strategy and will incorporate Best Practice 
modelling and control measures based on international experience in the operation of rotary kilns for 
roasting vanadium ores.  Reed Resources also recognise that Works Approval and Licencing are required 
under Part V of the Environmental Protection Act and that the DEC Licencing Branch, with advice from Air 
Quality Management Branch, will need to be satisfied that emissions can be controlled within statutory 
limits.  A detailed Adaptive Emissions Management Plan will be submitted to DEC in support of a Works 
Approval application.  

Atmospheric emissions will also be reported to the National Pollution Inventory (NPI) where any 
substances exceed the reporting thresholds. 
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Adaptive Emissions Management Strategy Concept 

To ensure that air quality criteria are not exceeded during operation, an Adaptive Emissions Management 
Strategy will be developed and implemented prior to commissioning of the Barrambie ore processing 
facility.  This will involve actively managing and reducing SO2 emissions from the kiln stack, and 
monitoring the impacts at the accommodation village and nearby station homesteads using a predictive 
management scheme.  The Adaptive Emissions Management Strategy will be continually reviewed and 
revised throughout the life of the Project as experience is gained through operation of the kiln and local 
weather conditions are better understood. 

The Adaptive SO2 Emissions Management Strategy will be based on the ability of the process to control 
SO2 emissions from zero to the maximum figures modelled in the PER by adjusting the level of sodium 
sulphate addition into the kiln in response to forecasts of up-coming weather patterns.  Response times 
within 2 hours can be anticipated from the known dynamics of the kiln operation.  As the process allows 
the re-cycled sodium sulphate to be replaced with externally sourced sodium carbonate, such a 
substitution can be effected without detriment to kiln throughput or overall plant production rate.  
Recycled sodium sulphate is mainly used in the roasting process to offset the consumption of externally 
sourced sodium carbonate and substantially reduce the amount of sodium and ammonium salts to be 
deposited in a storage facility. 

It should be noted that the modelling included with the PER (Appendix J) is based on “worst case” levels 
of total salt addition (sodium sulphate + sodium carbonate in a 40:60 mix) equivalent to 10.5% of overall 
kiln feed.  These figures were based on small scale laboratory and pilot plant testwork.  The levels of salt 
addition required in full scale operation at other similar plants operating with a similar concentrate 
(generally in South Africa) is much lower and there is a high possibility therefore that the levels of 
sodium sulphate addition will be reduced in operation reducing proportionately the level of SO2 emissions.  
Further testwork to demonstrate this is ongoing. 

The Adaptive Emission Management Strategy will use predictive weather modelling to model ground-level 
SO2 concentrations at this fixed location and adjust levels of sodium sulphate addition in advance to 
ensure nominated maximum ground level concentrations at the village are not exceeded.   

The wind speed and direction profile for the generated meteorology indicates that winds blow from the 
arc 345 degrees to 35 degrees (toward the accommodation village) for approximately 9% of the time.  To 
allow for variability in winds, emissions reduction measures may be required up to 15% of the time.  To 
provide a realistic estimate for the requirement of emissions management, a combination of local 
meteorological data and predictive forecasts of daily dispersion conditions from dispersion modelling will 
be used.  

All modelling to date has been based on meteorological data from the Meekatharra weather station 
located approximately 100km north of the site.   An automated weather station has been set up at the 
Barrambie site with data available from mid 2008 (Figure 2.1).  More accurate modelling of plume 
behaviour will be possible as more local data is collected from this station over a number of years. 

An ambient monitoring programme will also be implemented to confirm satisfactory performance of the 
emissions management strategy, and to provide feedback to the management scheme.  Real-time SO2 
monitoring points will be established at the plant site and at the accommodation village with a telemetry 
link directly to the plant operator to ensure that the balance between the sodium sulphate and the 
sodium carbonate is not resulting in exceedence of air quality assessment criteria.  The monitoring of 
local meteorological parameters at the plant site and at a background location (such as the airfield) will 
also be conducted.  This monitoring will feed into the predictive model, facilitating the identification of 
those days/ times likely to contribute to poor dispersion, and in turn assisting decision making on the 
operating parameters for the process. 

A viable methodology and basis for an Adaptive Emissions Management Strategy covering the full range 
of anticipated weather and process conditions therefore exists.  It is not however considered possible to 
accurately define the exact details of such a strategy until more reliable meteorological and process data 
is available.  However, it is expected to have the Adaptive Emissions Management Strategy in place 
before the commencement of operations. 

Dust 

Measures to reduce dust emissions during the construction phase will include retaining as much 
vegetation as possible by clearing in stages, protecting existing vegetation and conducting earthworks 
under favourable wind conditions.  Water or other suitable dust suppressants will be applied to haul roads 
and other unsealed areas to reduce dust generation from the active mining area.    
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The major potential sources of dust will be at the beneficiation circuit of the ore treatment plant 
(Figure 2.2), which includes crushing, screening, milling and a multi stage magnetic separation circuit.  
Dust at the crusher will be minimised by using dust suppression fogging sprays at the discharge and 
transition points.  A bunded concrete floor slab will allow for washdown into a drive-in sump.  Material 
transfer stations handling dry product between the ROM bin dumping operation and scrubber will be fitted 
with dust enclosures and fogging sprayers.  Return belt wash sprayers will be installed where handling 
dry material.    

Fogging nozzles will be located at the ROM bin, apron feeder, primary crusher, the loading zone of 
scrubber feed conveyor and the crushing screen.  A fog will be generated by driving water and 
compressed air through sonic nozzles.  The dense fog and dust particles then collide to reduce fugitive 
dust emissions.  A filtration skid consisting of a dual bag type water filter and coalescing air filter will 
condition the water and air supplies to the fogging nozzles.  Local control panels will be used to regulate 
the water and air supplies.  The ROM bin sprays will be activated by the presence of the front end loader 
and electronic timers will control ‘start’ and ‘stop’ times for each system. 

Conveyer belts transferring wet material will be uncovered.  Dust suppression of the fine ore stockpile will 
be required as the fine ore is expected to have a moisture content of 5% and a particle size down to 
1mm.  Milling will be in a closed circuit with a cluster of cyclones.  The addition of water during milling 
will enable dust emissions to be controlled.  

Fines material stockpiles will be protected by the use of enclosures. 

The magnetic separation and regrind circuit (magnetic separation machines, cyclone banks, regrind mill, 
slurry hoppers and pumps) will be housed in a 60m by 30m three level steel enclosure.  The building will 
be partially enclosed, with external cladding except between the ground and first levels.  Ore entering the 
circuit will be in the form of a slurry.  Water will also be injected to the milled ore as it passes through the 
circuit to ease material flow and to cool the magnetic separation machines, so dust emissions will be 
minimal.  Beneficiated concentrate from the magnetic separation circuit will be in the form of diluted 
slurry.   

The concentrate filter will be installed in an externally clad three level structure 35m long by 15m wide 
with 2.75m high concrete retaining walls around the periphery and through the centre.  Roof cladding will 
be omitted as necessary to allow ore flow from the stacker into the building.  The beneficiated 
concentrate will be dewatered and stored in stockpiles within an enclosed storage facility to prevent 
losses through the effects of wind.  Water mist sprays will be installed to the enclosure to dampen down 
the stockpile surface if required and at vehicle access openings to limit fugitive dust generated from 
vehicle movements.  A supplementary external stockpile adjacent to the magnetic concentrate building 
will be available for use during beneficiation plant maintenance, mine delays or other disruptions to 
supply.  A wind-break of 6m long fabric sections supported by 8m steel posts anchored in concrete blocks 
will be constructed.  Water sprayers will be installed to allow water addition to the surface of the 
stockpiles to minimise dust emissions.  Process water will be available for use with portable external 
sprays or water cannons to control dust as required.   

The discharge conveyer at the end of the roasting cooler will be hooded to contain dust.  Appropriate 
levels of dust control and operator protection will be implemented in this area. 

Calcine will be stored in an enclosed shed of steel and concrete construction with three metre high 
retaining walls on three sides.  Water sprayers will be installed at the magnetite concentrate storage, ball 
mill feed and ROM ore stockpiles. 

Water will be added to the calcine in the leach mill.  The generation of dust is not expected during 
leaching or desilication.  All leach and desilication filters will be housed in an enclosed building.  

The AMV cyclone cluster and filters are located in the de-ammoniation building.  All tanks and thickeners 
used during AMV precipitation are enclosed to prevent contamination and/ or dilution of the liquor.  

The recovered sodium sulphate stockpile will be housed in a storage shed to be used as feed into the 
roasting kiln. 

Small volumes of dust will be produced in the refinery section of the plant which will contain a dust 
extraction system.  Any dust present in the gases produced by the deammoniation kiln will be removed 
by a cyclone and wet scrubber and the discharge returned to the AMV thickener.  Traces of V2O5 dust in 
combustion gas from the operating fusion furnace will be collected by a baghouse and returned to the 
furnace where levels are detected to be high enough by the sampler.  The cleaned gases will be expelled 
to the atmosphere via a 20m stack.  Hoods will be installed over the feed and discharge sections of the 
flaking wheel to collect any fugitive dust.  Any dust collected will be directed to a bag house, along with 
any dust generated during the transfer of the fused V2O5 product into drums or bags.  Dust that is not 
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determined by the sampler to have a high enough vanadium concentration to recycle through the kiln is 
converted to a slurry and directed to the evaporation pond. 

Typical Analysis for the Chemical Composition of the baghouse dust derived during process testwork is 
provided in Table 5.13.   

Table 5.13: Chemical Composition of Baghouse Dust 

Polysius Kiln Trial 
Baghouse Filter Dust 

Species Detection Limit Units 

A B 

Au 1 ppb NR NR 

Pt 5 ppb NR NR 

Pd 5 ppb NR NR 

Cu 5 ppm 75 80 

Zn 5 ppm 400 420 

Co 5 ppm 155 165 

Ni 5 ppm 300 310 

As 1 ppm 2 2 

B 20 ppm <20 20 

Ag 0.5 ppm <0.5 <0.5 

Cr 50 ppm 1900 1850 

Ba 1 ppm 20 21 

Be 0.1 ppm 0.1 0.1 

Bi 0.1 ppm 0.2 0.3 

Cd 0.5 ppm <0.5 <0.5 

Ga 0.2 ppm 28.0 29.8 

Ge 20 ppm <20 <20 

Li 0.5 ppm 3.0 2.5 

Mn 2 Ppm 1480 1500 

Mo 0.5 ppm 0.5 1.0 

P 50 ppm 100 150 

Pb 1 ppm 29 30 

Sb 0.2 ppm <0.2 0.2 

Sc 1 ppm 17 17 

Sn 10 ppm 20 20 

Sr 0.5 ppm 13.5 13.5 

V 50 ppm 9900 9700 

W 0.5 ppm 1.0 1.5 

Ta 0.1 ppm 32.5 35.5 

Y 1 ppm 5.2 5.4 

Hf 2 ppm <2 <2 

Zr 10 ppm 400 420 

Nb 0.5 ppm 10 10 

La 0.1 ppm 2.0 2.1 

Ce 0.1 ppm 4.0 4.1 

Pr 0.02 ppm 0.70 0.72 
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Continued 
Table 5.13 (continued) 

Polysius Kiln Trial 
Baghouse Filter Dust 

Species Detection Limit Units 

A B 

Nd 0.05 ppm 3.20 3.25 

Sm 0.05 ppm 0.90 0.85 

Eu 0.05 ppm 0.45 0.50 

Gd 0.2 ppm 1.0 1.2 

Tb 0.02 ppm 0.16 0.16 

Dy 0.05 ppm 1.05 1.05 

Ho 0.02 ppm 0.22 0.22 

Er 0.05 ppm 0.65 0.60 

Tm 0.02 ppm 0.08 0.08 

Yb 0.05 ppm 0.50 0.50 

Lu 0.02 ppm 0.08 0.08 

Th 0.1 ppm 0.4 0.3 

U 0.1 ppm 0.3 0.4 

Se 5 ppm <5 <5 

Rb 0.2 ppm 2.0 1.8 

In 0.02 ppm 0.06 0.06 

Te 0.2 ppm <0.2 <0.2 

Cs 0.1 ppm 0.9 0.9 

Re 0.1 ppm <0.1 <0.1 

Tl 0.1 ppm 5.8 5.9 

Si 0.01 % 1.26 1.24 

Fe 0.01 % 50.7 50.9 

Al 0.01 % 1.28 1.27 

Ca 0.01 % 0.11 0.11 

Mg 0.01 % 0.29 0.28 

Ti 0.01 % 10.8 10.3 

Na 0.01 % 4.25 4.21 

K 0.01 % 0.02 0.02 

S 50 ppm 12300 12400 

F 0.01 % 0.03 0.02 

Cl 0.01 % 0.25 0.25 

Hg 10 ppb <10 <10 

 

The V2O5 will be shipped in the form of a stable fused flake (not a powder).  Fused flake inherently has 
very limited potential to create a dust nuisance should a circumstance arise where a bag were punctured 
in the open environment unless the material is actively disturbed.  The FeV (80) is a 3+ mm non toxic 
metal granule which also poses a minimal dust problem if exposed to the environment.   

It is proposed that either sealed bulka-bags or drums may be used in the packaging for transport of both 
fused V2O5 and FeV (80) dependent on end-user material handling requirements.  In each instance it is 
intended that the bulka bags or drums will be packed at the plant into sea containers and will not require 
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further handling until reaching their overseas end user.  Packaging will be completed using an automated 
feed conveyer and weigh hopper.  Each drum will be sealed against the filling chute before filling begins 
to minimise the generation of vanadium dust.   

The facility will be housed in an enclosed shed adjacent to the de-ammoniation building.  The dust 
extraction system will also be available to the packaging shed.   

The beneficiated tails contain the non-magnetics from the beneficiation circuit and have undergone no 
chemical change so do not contain potentially soluble vanadium or other contaminants.  The calcine 
tailings beach will be wet with irrigation sprays to mitigate windborne dust emissions.  Cells will be 
covered with a layer of compacted mine waste once filled and dried to control dust. 

Vanadium dust exposure to onsite personnel will be managed within occupational health requirements in 
accordance with the Mines Safety and Inspection Act and Regulations.   

An ambient particulate monitoring network will be established to provide data and warning for potential 
adverse human health impacts from dust and other air pollutants.  Particular points of significance are 
the accommodation village and the mine site locality. 

The remote location of the Barrambie Vanadium Project and proximity of nearby residents is not likely to 
result in dust being an off-site issue.  

Greenhouse Gas Emissions 

Greenhouse gas emission minimisation will be incorporated into mine planning in accordance with the 
EPA Guidance Statement for Minimising Greenhouse Gas Emissions (2002), including selecting energy 
efficient technology where practicable and considering energy consumption when selecting equipment. 

Through smart design with regard to best practice management, significant effort has been expended 
during the design process to reduce fuel consumption from each of the major greenhouse gas emission 
sources listed in Table 5.12.  Design features that demonstrate these reductions include: 

▼ Kiln Stack - preheating cyclones have been added to the kiln feed circuit to recover the maximum 
amount of heat that can be safely recovered from the kiln waste gas stream before the gas is 
expelled to atmosphere. 

▼ Recovery of Waste Heat from the Powerhouse - there is insufficient waste heat generated from the 
power house to drive a multi-effect evaporator for the sodium sulphate crystalliser plant. The 
crystalliser plant has nevertheless been located adjacent to the powerhouse with a view to using 
waste heat to dry the salt crystal in lieu of 16TJ/annum (500kW) of fuel gas.  The viability of this 
option is still being examined. 

▼ Construction of Local Aerodrome - a local purpose built aerodrome is proposed in lieu of using 
existing facilities at Meekatharra or Sandstone.  This has reduced the distance that the workforce 
will need to be transported between aerodrome and the accommodation village from approx 130km 
or 80km to 1km. 

In addition, modern equipment (purchased new) will be utilised.  Also from an economic point of view, 
efficient use of fleets will be encouraged such as carpooling, and bus services to and from site from the 
accommodation village.  

By way of comparison with other Western Australian industry, the Barrambie Project will produce in the 
order of 10% of the CO2 emissions produced by the BHP Billiton Worsley Alumina Refinery. 

Monitoring and reporting of gaseous emissions will be undertaken as required under the National 
Greenhouse and Energy Reporting Act 2007 (NGER Act).  Under the NGER Act, corporations are required 
to register and report at the end of each financial year if: 

▼ They control a facility that emits 25 kilotonnes or more of greenhouse gases (CO2-e), or produce or 
consume 100 terajoules or more of energy. 

▼ Their corporate group emits 125 kilotonnes or more greenhouse gases (CO2-e), or produces or 
consume 500 terajoules or more of energy.  Lower thresholds for corporate groups are phased in 
during the third reporting year.  The final thresholds will be 50 kilotonnes of greenhouse gases 
(CO2-e) or 200 terajoules of energy. 

Following the commencement of operations, Reed Resources will commit to registering and reporting 
their greenhouse gas emissions and energy production or consumption, at the end of each financial year, 
to the Greenhouse and Energy Data Officer (GEDO) from the Department of Climate Change (DCC). 
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5.6.5 Outcomes 

The EPA objective for the management of air quality will be met by meeting statutory requirements and 
acceptable standards.   

During operation of the Barrambie Vanadium Project, the Emissions Management Strategy will be 
implemented to ensure that the concentration of SO2 at the operation and accommodation village and 
other potentially affected premises will not exceed concentrations above 100% of the human health 
assessment criteria.  The human health and vegetation impacts from SO2, NO2 and NH3, PM10, V2O5 and 
NOX at the operation and accommodation village are not expected to be significant, and as a result will 
not exceed concentrations above 100% of the human health assessment, human health occupational 
assessment or vegetation assessment criteria. 

To ensure that air quality criteria are not exceeded during operation, an Adaptive Emissions Management 
Strategy will be developed and implemented prior to commissioning of the Barrambie ore processing 
facility.  This will involve actively managing and reducing SO2 emissions from the kiln stack, and 
monitoring the impacts at the accommodation village and nearby station homesteads using a predictive 
management scheme.  The Adaptive Emissions Management Strategy will be continually reviewed and 
revised throughout the life of the Project as experience is gained through operation of the kiln and local 
weather conditions are better understood. 

The Adaptive SO2 Emissions Management Strategy will be based on the ability of the process to control 
SO2 emissions from zero to the maximum figures modelled in the PER by adjusting the level of sodium 
sulphate addition into the kiln in response to forecasts of up-coming weather patterns.  Response times 
within 2 hours can be anticipated from the known dynamics of the kiln operation.  As the process allows 
the re-cycled sodium sulphate to be replaced with externally sourced sodium carbonate, such a 
substitution can be effected without detriment to kiln throughput or overall plant production rate.  
Recycled sodium sulphate is mainly used in the roasting process to offset the consumption of externally 
sourced sodium carbonate and substantially reduce the amount of sodium and ammonium salts to be 
deposited in a storage facility. 

An ambient particulate monitoring network will be established to provide data and warning for potential 
adverse human health impacts from dust and other air pollutants.  The remote location of the Barrambie 
Vanadium Project and proximity of nearby residents is not likely to result in dust being an off-site issue.  

Atmospheric emissions will be reported to the National Pollution Inventory (NPI) if any substances exceed 
the reporting thresholds, and to the Greenhouse and Energy Data Officer (GEDO) for greenhouse gas 
emissions and energy consumption during the operational phase.   

5.7 Public Health, Safety, Noise and Amenity 

5.7.1 Management Objectives and Applicable Standards and Guidelines 

The EPA objective for management of public health and safety is to ensure that risk from the proposal is 
as low as reasonably achievable and complies with acceptable standards and EPA criteria.  

Applicable Standards, Guidelines and Legislation include: 

▼ Australian Code for the Transport of Dangerous Goods by Road and Rail (7th edition). 
▼ DOCEP Guidance Note T106: Road Transport of Dangerous Goods in Packages. 
▼ DOCEP Guidance Note T107: Road Transport of Dangerous Goods in Bulk. 
▼ Dangerous Goods Safety Act 2004. 
▼ Chironomid midge and mosquito risk assessment guide for constructed water bodies (DoH, 2007). 

The EPA objective for noise is to protect the amenity of nearby residents from noise impacts resulting 
from activities associated with the proposal by ensuring the noise levels meet statutory requirements and 
acceptable standards. 

Applicable Standards, Guidelines and Legislation include: 

▼ EPA Draft Guidance No. 8: Guidance for Environmental Noise (EPA, 2007). 
▼ Environmental Protection (Noise) Regulations 1997. 
▼ EPA Guidance Statement No. 40: Management of Mosquitoes by Land Developers (EPA, 2000). 

The EPA objective for visual amenity is to ensure that aesthetic values are considered and measures are 
adopted to reduce visual impacts on the landscape as low as reasonably practicable. 
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5.7.2 Potential Impacts 

Transport Corridors 

Potential impacts of the Barrambie Project relating to public health and safety are largely associated with 
the movement of process materials and product along transport and service corridors.  The movement of 
reagents and hazardous materials, and handling of the product at the port may be perceived to have 
potential impact on nearby residents, and creates a hazard if not properly managed.  In the event of a 
traffic accident involving heavy vehicles travelling on a public road near the site potential exposure to 
hazardous material may occur.  

Heavy vehicle movements along public roads, particularly during the construction phase, may cause road 
traffic hazards.  Increased traffic movement along existing roads, and construction of the water pipeline 
along existing roads can potentially interrupt normal traffic movement.  There is the potential for some 
increase in road degradation. 

Traffic hazards may also be associated with the establishment of: 

▼ 4-way traffic intersection for access to the process plant, tailings storage facility and mine access 
from the Sandstone Meekatharra road. 

▼ 3-way intersection for access to the airstrip and accommodation village on the Sandstone 
Meekatharra road.  

It is anticipated that the road transport of consumable goods for the Barrambie Project, including fuel and 
process reagents, will be from the south and will access the site leaving sealed arterial roads at 
Sandstone and travel north along the unsealed Meekatharra Sandstone Road for a distance of 
approximately 70km (see Section 2.3.7).  The total heavy vehicle movements to and from site equates to 
approximately 5 trucks per day. 

Similarly approximately 3 – 4 trucks per week (60t shipments) of fused V2O5 and/ or FeV (80) product 
will be transported from Barrambie in the reverse direction along the Meekatharra Sandstone road and 
then on sealed arterial roads from Sandstone to the port (most likely Fremantle).  Export port options are 
limited to existing ports which are equipped to handle containers.  The product will be packed in sealed 
drums or bulka bags which will be loaded into a sea container at the process facility. 

In its current condition the road is subject to closure following rainfall and would not support anticipated 
increased traffic associated with the Project.  Discussions are underway with the Shire of Sandstone 
regarding road upgrade and maintenance arrangements. 

It is likely that there will be some dust emissions as a result of heavy vehicle movement to and from site.  
This is considered negligible, and not likely to impact on the minimal amount of traffic and nearby 
residents, the closest of which is over 20km away. 

As the fused vanadium pentoxide and/or ferro vanadium product will be packed in sealed drums or bulka 
bags and loaded into a sea container at the process facility, no V2O5 dust will occur along the transport 
route or at the port. 

Mosquitoes 

Areas of stagnant surface water have the potential to provide habitat for mosquitoes to breed.  This is 
due to mosquitoes requiring an aquatic environment to breed during their larval stage.  Due to the 
climate in the region, natural areas of ponding water are only likely to occur following heavy rainfall 
events.  Off-site bodies of water pose the greatest risk for mosquito populations to increase rapidly 
following rain.  The on-site creation of water bodies may also provide a habitat for mosquitoes to breed, 
however these areas are more easily controlled.   

Artificial water bodies on-site include tailings storage facilities (TSF), sewage water and stormwater 
containment infrastructure.  While possible, the TSF is unlikely to provide an ideal breeding environment 
as the pond size will be kept to a minimum as water is drawn-off and returned to process water circuit.  
Sewage water provides an opportune breeding medium for mosquitoes, however, this will be limited 
through the use of a closed treatment facility to limit larval establishment.  As a result mosquitoes in on-
site areas will present minimal risk to worker health.  Management of mosquito populations and 
protection of worker health is discussed in 5.7.3. 

Noise 

The proposed Barrambie Vanadium Project will result in increased ambient noise levels within or 
immediately adjacent to the project area.  Increased noise levels will be mainly attributable to the 
operation of mining plant and equipment, and crushing and screening of the ore.  Blasting will also be 
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required, given the nature of the ore and waste material, resulting in localised increased airblast levels.  
Most of the blasting will be conducted below ground level as the pits are developed.  Noise from these 
sources may cause temporary and localised disruption to wildlife movements within the immediate 
vicinity of the project.  The impact of noise on the human inhabitants of the region will be almost entirely 
restricted to the Project workforce.  There are no nearby neighbours within the range of noise from the 
project, the nearest being Barrambie Station Homestead (12km to the southeast) and Cogla Downs 
Homestead 18km to the west of the Project. 

Visual Amenity 

The Project site may also have an impact on passers-by through the visibility of the accommodation 
village, airport, process plant, open pit mine, TSF and waste landforms from the Sandstone Meekatharra 
Road.  This will be especially prominent at night when the processing plant, open pit mine, waste 
landform and tailings storage facility will be illuminated by artificial light to allow safe operation.  

5.7.3 Management 

Management of public health and safety will be achieved through adherence to safe operating procedures 
and management plans.  Transport and handling of product will be in accordance with applicable 
guidelines.  This includes transport of product from the proposed Barrambie Project to the port in sealed 
containers.  

An emergency response plan for the clean up of spills resulting from any traffic accident with 
transportation vehicles travelling to and from the Barrambie Project will be developed.  

Vehicle movements on the Sandstone Meekatharra road are currently very infrequent.  It is unlikely that 
the proposed operations will result in any significant disruption of traffic.  Traffic intersections at the two 
public road access points will be designed to the relevant standards.  An increased maintenance regime 
will be arranged for roads where traffic is likely to become more frequent, and for unsealed roads 
accessing the project site.   

While the aesthetic impact is considered to be negligible, management of the general and visual amenity 
of the project area will occur through the development and application of appropriate operating 
procedures and lighting design for the accommodation village, process plant, TSF and open pit so as to 
not interfere with night visibility on Meekatharra Sandstone road.  The waste rock landform and tailings 
storage facilities will also be rehabilitated appropriately to maintain visual amenity. 

Mosquitoes 

The Barrambie Project area is in an arid environment, not typically supportive of sustaining mosquito 
populations where surface water does not pond for a significant period of time.  Surface water seeps 
underground and evaporates very quickly following rainfall events.  Artificial areas of stagnant surface 
water such as sewage and process waters will be minimised.  Even where areas of process water facilities 
provide surface water bodies (as TSFs), mosquito breeding is unlikely to occur due to constant agitation, 
or turnover, of the water.  Also, in the case of tailings storage facilities, the lack of nutrients to support 
such a population further minimises the likelihood of mosquito occurrence. 

Mosquito populations off-site are outside of the control of Reed Resources, however are still a potential 
risk to worker health.  A Mosquito Management Plan will be developed that will employ the following 
mechanisms of control: 

▼ Monitoring of larval mosquitoes to warn of imminent outbreaks after rain. 
▼ Chemical and physical control of larval mosquitoes in both man made areas as well as natural 

breeding sites in close proximity to workers. 
▼ Chemical control for adult mosquitoes. 
▼ Source reduction, through design, location and maintenance of potential breeding sites. 
▼ Education and signage, seasonal warnings to prevent incidence of bites. 
▼ Provision of insect repellent, nets, and other protective measures. 

Wastewater from site amenities at the mining and ore processing operations and accommodation village 
will be treated using BioMax treatment and recycling systems.  All wastewater treatment facilities will be 
installed and operated to comply with the Shire of Sandstone, and manufacturers’ standards.  Treated 
effluent will be directed to either sub-soil irrigation of landscaped areas (preferred) or into the tailings 
thickener, limiting the provision of adequate breeding areas for mosquitoes. 

The Biomax system, while a closed system, is known to facilitate the breeding of mosquitoes by providing 
a suitable habitat.  Management of this is enabled during the regular servicing of the Biomax system, at a 
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minimum of every 3 months, and would most likely involve chemical treatment, killing adult and larval 
mosquitoes.   

Management of mosquitoes will be in accordance with EPA Guidance Statement No 40 requirements, as 
determined through consultation.  This would likely involve the employment of physical and/ or chemical 
control methods to prevent breeding, and monitoring to ascertain the effectiveness of these.   

5.7.4 Outcomes 

The Barrambie Vanadium Project will be managed to meet the EPA objectives Public Health and Safety, 
Noise and Visual Amenity. 

5.8 Hazardous Materials and Non-mineral Waste Management 

5.8.1 Management Objectives and Applicable Standards and Guidelines 

Several EPA management objectives are relevant to hazardous materials and non-mineral waste 
management which largely relate to the protection of environmental factors addressed in previous 
sections.  These factors include: 

▼ Fauna – terrestrial vertebrates (Section 5.3). 
▼ Land – landform (Section 5.2). 
▼ Soil quality (Section 5.2). 
▼ Groundwater quality (Section 5.5). 
▼ Surface water quality (Section 5.4). 
▼ Social surroundings - public health and safety (Section 5.7). 

Applicable Standards, Guidelines and Legislation for hazardous materials and non-mineral waste include: 

▼ Australian Standard for Storage and Handling of Flammable and Combustible Liquids (AS 
1940 1993). 

▼ DEC Contaminated Sites Management Series - Bioremediation of hydrocarbon-contaminated soils in 
Western Australia. 

▼ Environmental Protection (Rural Landfill) Regulations 2002. 
▼ Explosives and Dangerous Goods Act 1961. 
▼ Explosives and Dangerous Goods (Explosives) Regulations 1963. 
▼ Dangerous Goods (Transport) Act 1998. 
▼ Dangerous Goods Safety Act 2004. 
▼ Dangerous Goods Regulations 1992. 
▼ Health Act and Regulations 1911. 
▼ Mine Safety and Inspection Act 1994. 
▼ Occupational Safety and Health Act 1984. 

5.8.2 Potential Impacts 

Incorrect storage and disposal of waste and hazardous substances has the potential to result in 
contamination of groundwater, surface water and/ or soil, impacts to flora and fauna, increased disposal 
costs, poor visual amenity, and health and safety issues.  

Significant hazardous substances that will be stored and used by the Barrambie Project include: 

▼ Process reagents (sodium carbonate, sulphuric acid, ammonium sulphate, aluminium sulphate, 
flocculent and water treatment chemicals). 

▼ Hydrocarbons (fuel and lubricants). 
▼ Explosives.  
▼ General waste to be generated by the Barrambie Project will include: 

- Construction wastes. 
- Maintenance wastes (e.g. hydrocarbon and chemical waste, batteries, tyres, scrap metals). 
- Miscellaneous wastes (e.g. putrescible wastes, old equipment). 
- Sewage and greywater from site amenities and on-site accommodation facilities. 
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5.8.3 Management 

The supply, transportation, storage and handling of hazardous materials at the Barrambie Project will be 
in accordance with current versions of Government Acts and Regulations and accepted industry practice 
including Australian Standards and other relevant Codes of Practice.  

Containment facilities for hazardous materials will be installed with appropriate fencing and signage to 
unload and store bulk deliveries of reagents.  A minimum storage reserve equivalent to 7 days 
consumption will be held on site.   

All employees and contractors will be required to complete a general induction outlining waste 
management requirements.  In the event of release of hazardous material to the environment, the site 
environmental incident procedure will be initiated and appropriate remedial action implemented. 

Hydrocarbon Storage 

All fuels and oils will be stored in accordance with the Australian Standard for Storage and Handling of 
Flammable and Combustible Liquids (AS 1940-1993).  All hydrocarbon storage facilities will conform to 
DEP Pollution Prevention Licence requirements. 

Diesel fuel will be delivered by road trains and stored in above ground storage facilities at the main 
process plant and the mine workshop.  Lubrication and hydraulic oils will be stored at the mine workshop.  
The amount of fuel stored on site will be adequate for a number of days during normal operation.  
Storage facilities will include double-skinned (self-bunded) vessels or bunds.  Spill capturing platforms 
will be constructed at transfer stations where required.  Machinery workshops and other hydrocarbon 
storage areas will be isolated from stormwater runoff and other watercourses.  

Hydrocarbon Wastes 

Hydrocarbon wastes will be managed in compliance with DEC Operating Licence requirements.  Waste oil 
and hydrocarbon contaminated wastes generated by maintenance and machinery workshops be collected 
in appropriately labelled waste containers.  Hydrocarbon contaminated wastes will be removed from site 
by a contractor for reprocessing or disposal at an appropriate facility.   

Washdown from hardstand areas (e.g. workshop floors and the heavy and light vehicle washdown pads) 
will be directed to an Ultraspin water treatment facility to separate the sludge, oil and water.  This system 
consists of a pumping system, centrifugal separator and settling sump.  The treated water will be used 
for dust suppression on haul roads.  Collected sludge will be removed from the settling sump and treated 
in a bioremediation facility.  Collected oils will be collected by a contractor for reprocessing or disposal at 
an appropriate facility. 

Hydrocarbon spills will be removed by absorbent material and/ or excavation and removal of 
contaminated soil.  Hydrocarbon contaminated soil will be treated in a designated bioremediation area or 
other appropriate treatment in accordance with the DEC Contaminated Sites Management Series - 
Bioremediation of hydrocarbon-contaminated soils in Western Australia guideline.  Hydrocarbon 
contaminated absorbent material will be placed in designated hydrocarbon waste containers for collection 
by a licensed waste contractor. 

Explosives 

Explosives will be stored, transported and handled in compliance with the Explosives and Dangerous 
Goods (Explosives) Regulations 1963.  A purpose built explosives magazine will be constructed remote 
from the mine, processing plant and workshops. 

General Waste Materials 

A registered landfill facility will be developed onsite, either in a waste rock landform or other suitable 
area, to store all general putrescible waste and non-recyclable solid waste.  All non-recyclable waste will 
be placed in designated bins and transported to the landfill.  This facility will be constructed and managed 
in accordance with the DEC Operating Licence and the Environmental Protection (Rural Landfill) 
Regulations 2002.  

Waste minimisation strategies will include: 

▼ Avoiding products with excessive packaging and bulk purchasing. 
▼ Reusing waste materials where possible. 
▼ Maximising the use of reusable containers for messing. 
▼ Recycling of batteries, chemical containers, metal products, steel drums, paper and cardboard.   
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Wherever practicable, recyclable solid waste materials will be collected for recycling.  Recyclable waste 
will be removed from site by a contractor. 

Wastewater from site amenities at the mining and ore processing operations and accommodation village 
will be treated using BioMax treatment and recycling systems.  All wastewater treatment facilities will be 
installed and operated to comply with the Shire of Sandstone standards.  Treated effluent will be directed 
to either sub-soil irrigation of landscaped areas or into the tailings thickener.   

5.8.4 Outcomes 

The Barrambie Vanadium Project will manage waste materials in an appropriate manner to avoid 
potential contamination of soil, surface water and groundwater.  No adverse impacts to soil, surface 
water or groundwater quality are expected. 

5.9 Aboriginal Heritage Management 

5.9.1 Management Objectives and Applicable Standards and Guidelines 

The EPA objective for the management of Aboriginal heritage is to ensure that changes to the biophysical 
environment do not adversely affect historical and cultural associations and comply with relevant heritage 
legislation. 

Applicable Standards, Guidelines and Legislation for heritage management include: 

▼ Aboriginal Heritage Act 1972. 
▼ DIA – Aboriginal Heritage Survey Reports - Guidelines for Preparing Reports for Applications to the 

Aboriginal Cultural materials Committee under Section 18 of the Aboriginal Heritage Act 1972. 
▼ DIA – Aboriginal Heritage Act 1972 – Section 18 Notice of Application for Minister’s Consent to Use 

Land – Notes and Guidelines for Applicants. 
▼ EPA Guidance Statement No. 41: Assessment of Aboriginal Heritage (EPA, 2004). 

5.9.2 Potential Impacts 

Several ethnographic and archaeological surveys have been over the entire Barrambie Project area 
including the proposed borefield on Yarrabubba Station, as detailed in Section 3.8.5.  A search of the 
Department of Indigenous Affairs (DIA) heritage register was also undertaken against all tenements 
comprising the Project area in August 2009.  The search revealed that there are no registered 
ethnographic or archaeological heritage sites in the Project area or the immediate vicinity of the Project 
area.  

Two places of potential heritage significance were identified during the surveys as follows: 

▼ The Ballanhoe Peaks ridgeline located to the east the Project area is wholly outside of the Project 
area and therefore will not be directly impacted by the proposed Project. 

▼ ‘One Tree Hill’ which was identified by the Yugunga-Nya NT claim representatives as a local named 
place.  Reed Resources has recorded this feature on its spatial files as a ‘no-go’ area with a 10m 
radius buffer zone.  However, the status of ‘One Tree Hill’ as a heritage site has not been confirmed 
in consultation with a necessary and sufficient portion of the Yugunga-Nya community.  Mining is 
proposed to occur up to 100m from One Tree Hill.  However, no features have been identified on 
One Tree Hill which are likely to be sensitive to ground vibration form mining activities.  A survey 
trigg point also exists on the hill with an established path to the summit.  It is therefore unlikely 
that limited visitation will further disturb this potential site. 

No concentration of stone tools and no stone flaking areas, quarries or knapping floors were identified 
during the archaeological field assessment and inspections.  No stone arrangements, no scarred trees nor 
any evidence of significant indigenous traditional activity were identified anywhere within the Project area 
or the vicinity of the Project area.  One artefact ‘core’ stone artefact comprising of a dark chert 
resembling jasparite was identified during the creek line survey within L57/29.  It occurred above the 
apparent banks of a creek within nearby floodplain.  This single occurrence of archaeological material is 
of little scientific or cultural significance. 

As an outcome of archaeological assessments it was concluded that there are few environments within 
the Project area where artefact material is likely to occur and no significant artefacts were identified.  
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5.9.3 Management 

Reed Resources will adopt reasonable management measures to prevent disturbance of any potential 
Aboriginal ethnographic or archaeological heritage site sites.  These measures will include: 

▼ Restriction of access from the Barrambie Project area to the area known as the Ballanhoe Peaks 
through the placement of the mine safety bund wall and fencing, including the relocation of a 
portion of the Rabbit Proof Fence to the south east of the proposed mining operations. 

▼ Advise all employees and contractors of the restrictions on access to the Ballanhoe Peaks area and 
One Tree Hill through inductions and information materials. 

▼ Include information on archaeological items which could be found within the Project area in 
inductions so that employees and contractors are able to identify, report the location and avoid 
disturbance to such items. 

▼ Record One Tree Hill as a potential ethnographic site on Reed’s spatial files and quarantine from 
any disturbance as an interim measure until the final status of the place is determined in 
consultation with the Yugunga-Nya NT claimants as a group. 

▼ Reed will delineate a buffer zone boundary of at least 10 metres around One Tree Hill by either 
flagging or fencing, as deemed appropriate.  

5.9.4 Outcomes 

The Barrambie Vanadium Project will not result in adverse impacts to Aboriginal heritage values. 
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6. CLOSURE, DECOMMISSIONING AND REHABILITATION 

6.1 Management Objective and Applicable Standards and Guidelines 

The EPA objective for rehabilitation and decommissioning is to ensure, as far as practicable, that 
rehabilitation achieves a stable and functioning landform which is consistent with the surrounding 
landscape and other environmental values. 

Applicable guidelines include:  

▼ EPA Draft Guidance Statement No. 6, Rehabilitation of Terrestrial Ecosystems (EPA, 2006). 
▼ Strategic Framework for Mine Closure (ANZMEC and MCA, 2000). 
▼ DMP Bond Policy (Department of Mines and Petroleum, 2008). 
▼ Mine Closure and Completion (Dept of Industry, Tourism and Resources, 2006a). 
▼ Mine Rehabilitation (Dept of Industry, Tourism and Resources, 2006b). 
▼ Mining Environmental Management Guidelines (DoIR, 2006). 
▼ Best Practice Mine Environmental Management in Mining – Mine Decommissioning (Commonwealth 

of Australia, 2002).  

6.2 Progressive Mine Closure Planning 

Mine closure is an ongoing process undertaken throughout the life of a mining operation aimed at 
restoring the physical, chemical and biological quality or potential of air, land and water regimes 
disturbed by mining to a state acceptable to the regulators and post-mining land users.  Important 
activities during the mine closure process are consultation with stakeholders, planning integral with the 
life of mine plan, allocation of resources and funds, and establishment of indicators to measure success 
(ANZMEC and MCA, 2000). 

The experience of many who have worked on mining projects from inception to closure will attest that 
most projects at the end of the mine life are somewhat different from what was originally proposed.  
Similarly, while waste materials characterisation may have been undertaken based on using limited drill 
samples, this does not always provide an accurate indication of how these materials will behave in a 
constructed waste rock landform.  It is therefore essential that any mine closure criteria that are set at 
the pre-development phase are flexible enough to allow for adaptive management during the project life 
(Koontz 2009). 

Mine closure planning commences during the feasibility and design phase with the development of a 
Conceptual Closure Plan, which identifies key objectives for development and design of the project, post 
mining land use objectives and indicative costs (ANZMEC and MCA, 2000).  During construction and 
operation of the Project, the Conceptual Closure Plan is refined and updated to reflect changes in mine 
development and operational planning, and environmental conditions becoming a Closure Plan (ANZMEC 
and MCA, 2000). 

The first one to two years of a mining operation represent a learning curve for the project operators.  It is 
therefore important to work within the broad closure objectives applying the conceptual closure design 
criteria.  Consistent with the Strategic Framework for Mine Closure (ANZMEC and MCA, 2000) a 
preliminary closure plan should be developed during this time with several subsidiary plans including: 
rehabilitation plan; decommissioning plan; and a maintenance and monitoring plan. 

The preliminary closure plan needs to provide detailed completion criteria specifying required outcomes 
for all areas disturbed and waste landforms constructed to date based on the information gained through 
operational experience.  In some cases, this may include revising previous design criteria.  For example, 
if signs of significant erosion are evident on waste landform batters which have been constructed to 15° 
as per initial design criteria, a lower slope angle should be considered for the landforms. Conversely, if 
the material proves to be more competent than previously determined a case may be made to increase 
the slope angles (Koontz 2009). 

The concept of adaptive management must also be applied to setting completion criteria throughout the 
mine life.  “Adaptive management” is defined by the Leading Practice Sustainable Development Program 
for the Mining Industry – Mine Closure and Completion booklet (DITR, 2006) as: “A systematic process 
for continually improving management policies and practices by learning from the outcomes of 
operational programs”. 

The (ICMM, 2006) Good Practice Guidance on Mining and Biodiversity refers to adaptive management as: 
“do-monitor-evaluate-revise” 
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It is also important to commence progressive rehabilitation and rehabilitation trials as early as possible 
during the project mine life to determine what vegetation species are most appropriate and functional for 
achieving closure outcomes.  It may be many years (e.g. 5–10) into the mine life before it is possible to 
assess the success of rehabilitation in achieving the most practicable criteria in terms of ecosystem 
function and/or landform stability.  The highest level of completion criteria such as vegetation species 
distribution and density can only be based on actual monitoring of trials or other local experience with 
similar materials and climatic conditions (Koontz 2009). 

6.2.1 Closure Performance Objectives, Criteria and Constraints 

Closure planning requires the establishment of a performance framework and identifying key 
performance indicators (DITR, 2006a). 

Closure objectives, design criteria and constraints and conceptual closure activities for the Barrambie 
Project are presented in Table 6.1 at the end of this section. 

As the Project progresses, the Closure Plan will be developed to include standards, completion criteria, 
environmental performance indicators and strategic research (ANZMEC and MCA, 2000) along with final 
land use, decommissioning requirements, community objectives and criteria, consent criteria, standards 
and issues related to whole-of-life considerations, financial costing and provisioning, legal requirements, 
environmental and social management requirements and safety considerations (DITR, 2006a). 

6.3 Regional Rehabilitation Experience 

Considerable rehabilitation experience has been gained over the past 20 years or so through a large 
number of mining operations in the Meekatharra/ Sandstone area and more widely throughout the 
Murchison district.  Varying levels of success have been achieved ranging from unstable, sparsely 
vegetated waste landforms to highly stable waste landforms which demonstrate a high level of restored 
ecosystem function. 

The success of rehabilitation in this area has been largely a factor of developing and implementing site 
specific approaches based on local experience and expertise.   

One example of successful rehabilitation undertaken in the Meekatharra area was published as a case 
study in the Commonwealth Government’s Best Practice Environmental Management in Mining series 
booklet on Mine Decommissioning (Environment Australia 2002).  The subject of the case study was the 
Paddy's Flat Gold Mine operated by Homestake Gold of Australia.  Rehabilitation commenced in 1987, and 
continued via a progressive process until the Paddy's Flat Mill was decommissioned and removed in 1995 
(Lacy, 1997). 

By mid 1996 the disturbed areas of approximately 1,300ha (waste landforms, pits, bunds, lay down 
areas, roads, plant sites and tailings storage areas), was, in the most part, rehabilitated by Dominion 
Mining. Remaining at the site were workshops, processing areas and plant, approximately 260 hectares 
of tailings storages and other areas of disturbance.  The programme and closure works completed over 
these 5 mines was of such a high standard that Homestake was presented with a Golden Gecko award for 
a Systematic Approach to Mine Closure by the WA State Government in 2001.  

The Paddy’s Flat case study looks specifically at a waste landform at Meekatharra known as the "Halcyon" 
landform (Environment Australia 2002).  This large 40 metre high landform (approx 100ha) to the east of 
Meekatharra had been developed and rehabilitated over 8 years. 

Homestake's Ecological Function Analysis (EFA) monitoring found that rehabilitation success was evident 
on the Halcyon landform as it was at many of the Meekatharra waste landforms, whereby all measured 
values were high in comparison to the analogue sites reflecting excellent ecosystem development.  

6.4 Barrambie Progressive Rehabilitation and Trials 

The three Barrambie open pits will be mined in sequence as a series of stages which will allow the 
properties of the ore and waste rock types to be managed and scheduled with greater accuracy as 
described in Section 2.2.1.  During the course of mining the strongly oxidised and weakly oxidised waste 
rock materials can be mined and trucked separately and selectively placed within the out-of-pit waste 
rock landforms which will be designed to blend with existing topography.  The waste rock landforms will 
be located outside the zone of instability created by the open pits in accordance with geotechnical 
requirements. 

The waste rock lithologies to be mined at Barrambie comprises 75% strongly oxidised anorthositic gabbro 
(light brown in colour) and 22% of weakly oxidised anorthositic gabbro (red brown in colour) with the 
balance of up to 3% of fresher gabbro material.  The scheduling of the waste mining and waste rock 
landform construction has enabled the core of the waste rock landforms to be built with the strongly 
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oxidised lighter colour more weathered material encapsulated by the weakly oxidised more resistant less 
weathered rock type.  The fresh waste will be buried within the strongly oxidised core of the waste rock 
landforms as required. 

Rehabilitation of the waste rock landforms will be progressive.  Strongly oxidised waste on the perimeter 
of the landform can be battered down to 15° before the weakly oxidised waste rock is mined and trucked 
to the waste rock landform where it is placed over the top of the strongly oxidised waste forming a layer 
1.5 to 2.0m thick thus encapsulating the strongly oxidised and highly visible kaolinitic material (see 
Figure 5.1). 

The waste rock landforms will cover an area of 878ha and will be designed and constructed to maximise 
infiltration of rainwater with a final undulating crest with a height of less than 30m.  Crestal bunds and 
sub berms will be established on batters of less than 15° to limit runoff and minimise erosion (see 
Figure 5.1).  Toe bunds will be constructed to prevent loss of clays to surrounding vegetation.  The 
shaped waste rock landform will be covered in topsoil and timber mulched using available timber 
harvested and stockpiled during initial clearing. 

The crest and slopes of the waste rock landforms will be deep ripped on the contour to a depth of 60cm 
and seeded with local catchment provenance framework species.  It is proposed to undertake 
revegetation trials once mining commences to determine fertiliser requirements and confirm seeding 
levels. 

The sequence of staged mining and progressive waste rock landform building is then continued 
throughout the life of mining so that by the end of the mines life the majority of the waste rock landforms 
are rehabilitated. 

Table 6.1 provides an indicative summary of ore and waste material movement during the life of the 
mine. 

Table 6.1: Indicative Mine Schedule Yearly Summary 

Year -1 1 2 2 4 5 6 7 8 9 10 11 12 

Ore movement from 
pit to plant (Mt) 

0.0 2.1  3.2  3.2  2.9  3.2  3.2  3.2  3.2  1.7  2.3  3.0 2.2 

Ore movement from 
pit to stockpile (Mt) 

0.2 1.4  0.4  0.3  0.0  0.6  0.8  0.8  1.1  0.0  0.0  0.0  0.0  

Waste movement from 
pit waste rock 
landforms (Mt) 

1.5  14.1  17.4  17.3  18.7  16.6  17.0  16.0  15.7  8.3  11.5  7.7  9.5  

Total movement from 
pit (Mt) 

1.7  17.6  21.0  20.8  21.9  20.4  20.9  20.0  20.0  10.0  13.9  10.7  11.7  

 

6.4.1 Financial Provisioning 

Environmental Performance Bonds are applied to all mining operations in Western Australia under the 
Mining Act 1978.  The purpose of environmental Performance Bonds is to ensure that the State is not 
exposed to unacceptable cost should mine operators fail to meet the rehabilitation requirements on their 
tenements (DMP, 2008).  Bonds are initially calculated based on estimates of ground disturbance through 
various mining and associated activities identified in a Mining Proposal submitted to the DMP.  Bonds 
must be lodged prior to the commencement of the approved activities.  The Bond amount is reviewed and 
adjusted throughout the life of the Project based on clearing and rehabilitation undertaken during an 
annual period reported in Annual Environmental Reports (AER) that are required to be submitted to DMP. 

In addition to Environmental Performance Bonds, Reed Resources will include the cost for mine 
rehabilitation and closure as a liability in the Company’s balance sheet as required by the Australian 
Accounting Standards Board 137: Provisions, Contingent Liabilities and Contingent Assets.  This Standard 
requires a company to provide for the costs of closing a mine, based on actual disturbance at the 
reporting date (DITR, 2006a). 

6.4.2 Outcomes 

The closure objectives, design criteria and constraints, and conceptual closure activities presented in the 
Conceptual Mine Closure Plan for the Barrambie Project is appropriate at the design and approvals phase 
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of the Project and provides a sound basis for the progressive development of more detailed rehabilitation 
and decommissioning plans throughout the life of the operations.  Environmental Performance Bonds 
required under the Mining Act, and financial provisioning practices required by the Australian Accounting 
Standards Board will ensure that adequate funding is available for closure at any stage during the 
Barrambie Vanadium Project to a standard which meets the EPA’S objective for rehabilitation and 
decommissioning. 

Table 6.2 provides an indication of areas to be rehabilitated relative to overall clearing for the Barrambie 
Project. 

Table 6.2: Indicative Project Footprint vs. Area of Rehabilitation 

ID Area of Disturbance (ha) Area of Rehabilitation (ha) 

South Open Pit 143 0 

Southern Waste Rock Landform @ 15° 309 309 

North Open Pits 
(North pit 1 & North pit 2 combined) 

142 0 

Northern Waste Waste Rock Landforms @ 15° 569 569 

Haul Roads 90 90 

Topsoil Storages 68 68 

Processing Plant 22 22 

Tailings Storage Facilities 86 86 

Aerodrome 40 0 

Accommodation Village 5 5 

Access Roads 35 35 

Water Pipeline 13 13 

Total 1522 1197 

Note: Approximately 79% of the disturbed area is to be rehabilitated. 
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Table 6.3: Summary of Closure Objectives, Design Criteria and Activities Relating to the Barrambie Vanadium Operation 

Project 
Feature 

Closure Objective/s Closure Design Criteria and Constraints Conceptual Closure Activities 

Mine Pit and 
Surrounds 

EPA Objectives 

• Rehabilitation and Decommissioning - Ensure, as 
far as practicable, that rehabilitation achieves a 
stable and functioning landform which is 
consistent with the surrounding landscape and 
other environmental values. 

General Objectives 

• Establish post-mining landforms that will remain 
in a safe, stable, sustainable and non-polluting 
condition and are aesthetically compatible with 
the surrounding landscape. 

• Relinquish the site in a condition that minimises 
risks to human health or safety or to the natural 
environment. 

• No ongoing contaminated site management is 
required beyond five years post-closure. 

• Discourage public access to pit void 

• Pits will remain open to avoid sterilisation of 
future vanadium resources associated with the 
magnetite bands occurring within the deeper, 
unweathered primary zone 

• Establish an abandonment bund around the 
perimeter of an open void in accordance with 
DoIR Guidelines for Safety Bund Walls around 
Abandoned Open Pits. 

• Clear vegetation and topsoil from all disturbed 
areas and directly return to areas available for 
rehabilitation.  Surplus topsoil to be stored in low 
(i.e. 2m) stockpiles for later use in rehabilitation 

• Progressively construct abandonment bund 
outside of the zone of instability using suitably 
competent waste rock material produced 
through mining (>2m height, >5m base) (zone 
of instability to be determined by qualified 
geotechnical engineer) 

• Leave pit ramps in place so that local fauna can 
access the water that will collect in bottom of pit 

• Rip compacted areas within the abandonment 
bund to encourage natural re-growth of native 
plant species 

• Remove all infrastructure and scrap material 
from pit area and surrounds 

• Erect signs at appropriate location around 
abandonment bund wall stating public risk and 
prohibiting public access 

• Plant local native trees and shrubs at outside 
edge of bund wall 

..continued 
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Table 6.3 (continued) 

Project 
Feature 

Closure Objective/s Closure Design Criteria and Constraints Conceptual Closure Activities 

Waste Rock 
Landforms / 
Stockpiles/ 
ROM Pad 

EPA Objectives 

• Rehabilitation and Decommissioning - Ensure, 
as far as practicable, that rehabilitation 
achieves a stable and functioning landform 
which is consistent with the surrounding 
landscape and other environmental values. 

• Management of watercourses - Maintain the 
integrity, ecological functions and 
environmental values of watercourses and sheet 
flow. 

General Objectives 

• Establish post-mining landforms that will remain 
in a safe, stable, sustainable and non-polluting 
condition and are aesthetically compatible with 
the surrounding landscape. 

• Relinquish the site in a condition that minimises 
risks to human health or safety or to the natural 
environment. 

• Establishment of sustainable vegetation 
communities consistent with the agreed post 
closure land use. 

• Minimise erosion and sediment release to the 
surrounding environment 

• Minimise the release of dust from the waste 
landforms.  

• Construct to blend surrounding natural 
topography 

• Waste rock landforms and stockpiles not to be 
higher than surrounding hills (i.e. 30 metres) 

• Minimise runoff from the upper surface and 
outslopes of the waste landform by maximising 
infiltration. 

• Concave upper surface with low crestal bund set 
back from crest 

• Final batters <15° overall 

• 5m wide back-sloping berms @ 10m vertical 
intervals 

• <2° fall along berm with low cross bunding 

• Avoid use of vertical drains and drop structures 

• Toe drain/ bund at base of waste landform to 
collect sediment 

• Reinstate drainage adjacent to the waste 
landform with the incorporation of site specific 
drainage/ sediment control measures. 

• Clear vegetation and topsoil from all disturbed 
areas and directly return to areas available for 
rehabilitation.  Surplus topsoil to be stored in low 
(i.e. 2m) stockpiles for later use in rehabilitation 

• Progressively batter waste landform and shape 
to meet design criteria 

• Topsoil to be spread over all disturbed areas to 
an optimum depth of 100mm 

• Re-spread stockpiled vegetation material 

• Deep rip (maximum 1m depth) along contour 

• Seed with local native species 

• Develop appropriate completion criteria 

• Monitor erosion and progress of rehabilitation to 
ensure completion criteria are met. 

..continued 
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Table 6.3 (continued) 

Project 
Feature 

Closure Objective/s Closure Design Criteria and Constraints Conceptual Closure Activities 

Mine Access 
and Haul 
Roads 

EPA Objectives 

• Rehabilitation and Decommissioning - Ensure, as 
far as practicable, that rehabilitation achieves a 
stable and functioning landform which is 
consistent with the surrounding landscape and 
other environmental values. 

• Management of watercourses - Maintain the 
integrity, ecological functions and environmental 
values of watercourses and sheet flow. 

General Objectives 

• Establish post-mining landforms that will remain 
in a safe, stable, sustainable and non-polluting 
condition and are aesthetically compatible with 
the surrounding landscape. 

• Relinquish the site in a condition that minimises 
risks to human health or safety or to the natural 
environment. 

• Establishment of sustainable vegetation 
communities consistent with the agreed post 
closure land use. 

• Minimise sediment release to the surrounding 
environment 

• Restore natural contours and drainage patterns 
over haul road alignment 

• Rehabilitate haul road alignment using local 
native species 

• Stakeholder consultation to determine future 
post-operational use for roads and tracks 
constructed by Reed 

• Remove built-up sections of road formation 

• Reinstate drainage with the incorporation of site-
specific drainage/ sediment control measures 

• Remove any hydrocarbon contaminated soils for 
remediation 

• Topsoil will be spread over all disturbed areas to 
an optimum depth of around 100mm. 

• Deep rip (maximum 1m depth) along length of 
road 

• Seed with local native species 

• Develop appropriate completion criteria 

• Monitor erosion and progress of rehabilitation to 
ensure completion criteria are met 

…continued 
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Table 6.3 (continued) 

Project 
Feature 

Closure Objective/s Closure Design Criteria and Constraints Conceptual Closure Activities 

Processing 
Facilities 

EPA Objectives 

• Rehabilitation and Decommissioning - Ensure, as 
far as practicable, that rehabilitation achieves a 
stable and functioning landform which is 
consistent with the surrounding landscape and 
other environmental values. 

General Objectives 

• Relinquish the site in a condition that minimises 
risks to human health or safety or to the natural 
environment. 

• Establishment of sustainable vegetation 
communities consistent with the agreed post 
closure land use. 

• No ongoing contaminated site management is 
required beyond five years post-closure. 

• No processing facilities or associated 
infrastructure to remain at Barrambie 

• All waste materials/ rubbish and equipment to be 
removed 

• Restore natural contours and drainage patterns 
over processing area footprint 

• Rehabilitate disturbed areas using local native 
species 

• Minimise sediment release to the surrounding 
environment 

• Remove processing facilities and associated 
infrastructure 

• Concrete slabs and foundations/ footings will be 
broken up and removed and buried with >1m of 
suitable cover material for rehabilitation. 

• Loose debris, litter and other non-hazardous 
materials will be collected, removed and 
disposed of to the landfill or off-site as 
appropriate. 

• Reinstate drainage with the incorporation of site 
specific drainage/ sediment control measures 

• Topsoil will be spread over previously stripped 
areas to an optimum depth of around 100mm. 

• Rip all compacted areas to encourage natural re-
growth of native plant species 

• Seed with local native species 

• Develop appropriate completion criteria 

• Monitor erosion and progress of rehabilitation to 
ensure completion criteria are met 

…continued 
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Table 6.3 (continued) 

Project 
Feature 

Closure Objective/s Closure Design Criteria and Constraints Conceptual Closure Activities 

Tailings/ 
Process Waste 
Storage 
Facilities 

 

 

 

 

 

 

 

 

 

Barren 
Solution 
Storage 
Facility 

EPA Objectives 

• Rehabilitation and Decommissioning – Ensure, as 
far as practicable, that rehabilitation achieves a 
stable and functioning landform which is 
consistent with the surrounding landscape and 
other environmental values. 

General Objectives 

• Relinquish the site in a condition that minimises 
risks to human health or safety or to the natural 
environment. 

• Establishment of sustainable vegetation 
communities consistent with the agreed post 
closure land use. 

• No ongoing contaminated site management is 
required beyond five years post-closure. 

• Capping system to prevent leaching of sodium 
salts and/or other potential contaminants stored 
within facility 

• Water shedding structure 

• Prevent erosion of walls from surface runoff 

• Clear vegetation and topsoil from all disturbed 
areas and directly return to areas available for 
rehabilitation.  Surplus topsoil to be stored in low 
(i.e. 2m) stockpiles for later use in rehabilitation 

• Final capping  

• Butress outer walls of storage facility with 
competent waste material to achieve overall 
slope angle of less than 20° 

• Decommission and plug decant structure to 
prevent discharge of sodium salts and /or other 
potential contaminants 

• Topsoil to be spread over upper surface and 
walls to an optimum depth of 100mm 

• Re-spread stockpiled vegetation material 

• Rip along contour 

• Seed with local native species 

• Develop appropriate completion criteria 

• Monitor erosion and progress of rehabilitation to 
ensure completion criteria are met 

• Capping with layer of impermeable material 
(>10-9cm/s) overlain by >1m of waste rock 
material 

…continued 
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Table 6.3 (continued) 

Project 
Feature 

Closure Objective/s Closure Design Criteria and Constraints Conceptual Closure Activities 

Borefield and 
Water Transfer 
System 

EPA Objectives 

• Rehabilitation and Decommissioning – Ensure, as 
far as practicable, that rehabilitation achieves a 
stable and functioning landform which is 
consistent with the surrounding landscape and 
other environmental values 

• Management of Groundwater – Maintain the 
quantity of water so that existing and potential 
environmental values, including ecosystem 
maintenance, are protected 

General Objectives 

• Establish post-mining landforms that will remain 
in a safe, stable, sustainable and non-polluting 
condition and are aesthetically compatible with 
the surrounding landscape 

• Relinquish the site in a condition that minimises 
risks to human health or safety or to the natural 
environment 

• Prevent contamination of groundwater 

• Protect and retain groundwater resources for 
other users 

• Allow natural return of vegetation communities 
and fauna habitats following disturbance of 
ground surface 

• Rehabilitate area disturbed through pipeline 
construction to allow natural return of native 
plant species 

• Stakeholder consultation to determine future 
post-operational use for bores and pipelines 
established by Reed 

• Remove headworks and pumps from bores and 
secure with locking caps 

• Cut-off above ground sections of unused pipeline 
and scour valves to below ground surface 

• Remove transfer storage tanks 

• Remove liners from transfer system ponds and 
fill to natural ground surface 

• Rehabilitate disturbed areas to allow natural 
return of native plant species 

…continued 
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Table 6.3 (continued) 

Project Feature Closure Objective/s Closure Design Criteria and Constraints Conceptual Closure Activities 

Infrastructure and 
Support Facilities 
including: 

• Buildings 

• Power Station 

• Fuel Storage 

• Workshops and 
Laydown 

• Vehicle Washdown 

• Accommodation 

• Sewage Treatment 
Facility 

 

EPA Objectives  

• Rehabilitation and Decommissioning - 
Ensure, as far as practicable, that 
rehabilitation achieves a stable and 
functioning landform which is consistent 
with the surrounding landscape and other 
environmental values. 

General Objectives 

• Relinquish the site in a condition that 
minimises risks to human health or safety or 
to the natural environment. 

• Establishment of sustainable vegetation 
communities consistent with the agreed post 
closure land use. 

• No ongoing contaminated site management 
is required beyond five years post-closure. 

 

• No infrastructure, buildings or support 
facilities to remain at Barrambie site 

• All waste materials/ rubbish and equipment 
to be removed 

• No contaminated sites to remain 

• Restore natural contours and drainage 
patterns over disturbed areas 

• Minimise sediment release to the 
surrounding environment 

 

• Remove all buildings, support facilities and 
associated infrastructure 

• Concrete slabs and foundations/ footings will be 
broken up and removed and buried with >1m of 
suitable cover material for rehabilitation 

• Loose debris, litter and other non-hazardous 
materials will be collected, removed and 
disposed of to the landfill or off-site as 
appropriate. 

• Establish and maintain a register of 
contaminated soil sites during operations 

• Investigate for soil contamination during removal 
of hydrocarbon and chemical storage facilities 

• Maximise  remediation of contaminated sites on 
an ongoing basis to limit the extent of impacts at 
closure. 

• Reinstate drainage with the incorporation of site 
specific drainage/ sediment control measures 

• Topsoil will be spread over previously stripped 
areas to an optimum depth of around 100mm 

• Rip all compacted areas to encourage natural re-
growth of native plant species 

• Seed with local native species 

• Develop appropriate completion criteria 

• Monitor erosion and progress of rehabilitation to 
ensure completion criteria are met 

…continued 
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Table 6.3 (continued) 

Project 
Feature 

Closure Objective/s Closure Design Criteria and Constraints Conceptual Closure Activities 

Construction 
Worksite and 
Areas of 
General 
Disturbance 

EPA Objectives 

• Rehabilitation and Decommissioning - Ensure, as 
far as practicable, that rehabilitation achieves a 
stable and functioning landform which is 
consistent with the surrounding landscape and 
other environmental values. 

General Objectives 

• Relinquish the site in a condition that minimises 
risks to human health or safety or to the natural 
environment 

• Establishment of sustainable vegetation 
communities consistent with the agreed post 
closure land use 

• No ongoing contaminated site management is 
required beyond five years post-closure. 

• All waste materials/ rubbish and equipment to be 
removed 

• No contaminated sites to remain 

• Restore natural contours and drainage patterns 
over disturbed areas 

• Minimise sediment release to the surrounding 
environment 

• Loose debris, litter and other non-hazardous 
materials will be collected, removed and 
disposed of to the landfill or off-site as 
appropriate. 

• Establish and maintain a register of 
contaminated soil sites during operations 

• Investigate for soil contamination during 
removal of hydrocarbon and chemical storage 
facilities 

• Maximise  remediation of contaminated sites on 
an ongoing basis to limit the extent of impacts at 
closure. 

• Reinstate drainage with the incorporation of site 
specific drainage/ sediment control measures 

• Topsoil will be spread over previously stripped 
areas to an optimum depth of around 100mm. 

• Rip all compacted areas to encourage natural re-
growth of native plant species 

• Seed with local native species 

• Develop appropriate completion criteria 

• Monitor erosion and progress of rehabilitation to 
ensure completion criteria are met 

…continued 
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Table 6.3 (continued) 

Project 
Feature 

Closure Objective/s Closure Design Criteria and Constraints Conceptual Closure Activities 

Landfill EPA Objectives 

• Rehabilitation and Decommissioning - Ensure, as 
far as practicable, that rehabilitation achieves a 
stable and functioning landform which is 
consistent with the surrounding landscape and 
other environmental values. 

General Objectives 

• Relinquish the site in a condition that minimises 
risks to human health or safety or to the natural 
environment. 

• No ongoing contaminated site management is 
required beyond five years post-closure. 

• No contaminated sites to remain 

• Ensure that contamination of groundwater does 
not occur through leachates from landfill area 
after closure. 

• Cap the landfill facility with at least 1m of inert 
waste rock material 

• Include the landfill site on a register of waste 
disposal sites 

• Reinstate drainage with the incorporation of site 
specific drainage/ sediment control measures 

• Topsoil will be spread over all disturbed areas to 
an optimum depth of around 100mm 

• Rip along contour 

• Seed with local native species 

• Develop appropriate completion criteria 

• Monitor erosion and progress of rehabilitation to 
ensure completion criteria are met.  Seed with 
mechanical spreader using local native species 

• Design and implement an appropriate monitoring 
programme to ensure that contamination of 
groundwater does not occur through leachates 
from landfill area after closure.   
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7. ENVIRONMENTAL MANAGEMENT SYSTEM 

7.1 Introduction 

An Environmental Management System (EMS) will be developed and implemented at the Barrambie 
Operations which identifies key environmental issues and effective strategies to be undertaken to 
manage them.  The EMS will be designed to meet the following objectives:  

▼ Comply with regulatory requirements (all applicable environmental legislation, regulations, 
licenses, guidelines and standards). 

▼ Provide a framework for environmental management. 
▼ Ensure that effective and appropriate procedures are implemented.  

Reed Resources recognise that a key component of the EMS is the full support of environmental issues at 
corporate level, which will enable successful implementation of the EMS, effective environmental 
management and minimal impact to the environment. 

The framework of the EMS will provide a structured approach to management of environmental issues 
and impacts.  The Barrambie EMS will be developed along the lines of a typical EMS structure as shown in 
Figure 7.1. 

The plan will be distributed to site management team members and all Project personnel will be trained 
in environmental procedures that are relevant to their work area. 

7.2 Environmental Policy 

The Reed Resources Environmental Policy is an essential component of the Barrambie Project.  Reed 
Resources is aware of its responsibilities towards the environment and is committed to achieving a high 
level of environmental performance and ensuring that the integrity of the environment is maintained and 
complying with legislation, regulations and applicable standards and guidelines. 

The Environmental Policy is provided in Figure 7.2. 

7.3 Aspects and Impacts Register 

The Aspects and Impacts Register is the core component of the EMS and will be based on aspects and 
impacts matrix which was initially developed for the Barrambie Project Environmental Scoping Study.  
The existing aspects and impacts matrix will be reviewed, updated and risked-assessed following Project 
approval and prior to the commencement of construction. 

7.4 Implementation 

7.4.1 Environmental Management Plans 

Environmental Management Plans (EMP) are a key tool during Project implementation.  Management 
Plans will be provided for key environmental issues based on the risk-assessed Aspects and Impacts 
register.  EMPs will be designed to be brief so that they are easily referenced and understood by 
operational personnel.  The management measures in the EMPs will be integrated into Standard 
Operating Procedures applying to all aspects of the Barrambie operations. 



 

FRAMEWORK FOR ENVIRONMENTAL MANAGEMENT SYSTEM
 Figure 7.1
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ENVIRONMENTAL POLICY 
 
Reed Resources is aware of its responsibilities towards the environment and is 
committed to achieving a high level of environmental performance and ensuring that 
the integrity of the environment is maintained. 

The Company also recognises that our performance is judged by the actions of our 
employees and contractors and will seek to promote environmentally responsible 
behaviour by ourselves and others who work on our team. 

The Company will minimise our impact on the environment and communities and as 
a minimum, will ensure that our mining and exploration activities are conducted in 
compliance with all applicable environmental legislation, regulations and licenses.  
Over and above compliance we will minimise our impact on the environment and 
communities through: 

• Integrating environmental, social and economic considerations into all activities, 
from project planning, exploration, construction, mining and processing to 
eventual closure of our operations; 

• Identifying environmental risks associated with exploration and mining activities 
and developing appropriate controls and strategies to monitor and manage 
potential impacts; 

• Developing and implementing effective work standards and procedures; 

• Preventing pollution of water, land and air through application of appropriate 
engineering design to our operations and ensuring that operational activities are 
monitored and controlled to meet appropriate performance standards; 

• Seeking continuous improvement in environmental performance, production 
processes, waste management and the use of resources; 

• Promoting environmental awareness and responsibility by providing appropriate 
training programs and information on environmental management and 
stewardship for all employees and contractors; 

• Ensuring that all contractors adhere to the Company's Environmental Policy and 
procedures;  

• Implementing a system for incident reporting and reviewing to prevent 
reoccurrences; 

• Rehabilitating disturbed areas to a safe, stable and non-polluting condition which 
is compatible with the surrounding environment; 

• Communicating openly with stakeholders, government and shareholders about 
environmental matters and expectations, and contributing to the development of 
laws and regulations which may affect our business. 

 
 Signed by 
Managing Director 
24th March 2009. 

REED RESOURCES 
ENVIRONMENTAL POLICY 

Figure 7.2 
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The respective EMPs will include the following content: 

▼ Context. 
▼ Objectives. 
▼ Responsibilities. 
▼ Procedures/ Management Measures. 
▼ Performance Criteria.  

7.4.2 Responsibilities 

All personnel managing or working on construction and operation of the Project will be responsible for 
environmental management and continuous improvement in performance, and be required to comply 
with all applicable environmental legislation, regulations and codes of practice, as well as Project 
standards, procedures and work instructions. 

Specific responsibilities for managing various aspects of Project construction and operations will be 
assigned through the EMPs in line with the overall organistational structures to be developed for the 
construction and operational phases of the Project. 

A Site Environmental Advisor or equivalent will be appointed to undertake monitoring, inspection and 
reporting of environmental aspects during the construction and operational phases of the Project. The 
Environmental Adviser will also be required to provide environmental training, develop environmental 
awareness materials and liaise with government agencies, as required. 

7.4.3 Training 

All personnel associated with the Project will undergo basic environmental management training as part 
of the initial safety and environmental induction to inform them of their responsibilities. 

The general induction will outline: 

▼ Fundamentals of the Barrambie EMS, including the Environmental Policy. 
▼ Key site environmental issues (aspects, impacts and controls). 
▼ Site environmental objectives and targets. 
▼ Regulatory requirements and responsibilities/ legal obligations. 
▼ Ground disturbance and topsoil management, mined landform management, hazardous materials 

management, waste management and weed management plans. 
▼ Potential consequences of departure from procedures. 
▼ Emergency procedures and responses. 

Additional training will be provided for personnel performing tasks that may cause significant 
environmental impacts or employed in specific work areas including the processing plant and TSF, mining 
operations and exploration. 

7.4.4 Procedures 

Standard Operating Procedures will be developed for all aspects of the Barrambie Project.  Management 
measures in the EMPs will be integrated into these Standard Operating Procedures as far as possible so 
that they apply as part of day-to-day practices rather than residing in separate documentation. 

7.4.5 Monitoring 

Monitoring schedules will be prepared for both the construction and operations phases of the Project to 
ensure that all performance criteria specified in the EMPs are being achieved.  Routine environmental 
monitoring will include: 

▼ Air quality (SO2 continuous). 
▼ Weather (wind direction and speed, temperature (2m and 10m), solar radiation, evaporation, 

relative humidity). 
▼ TSF and evaporation pond seepage (monitoring bores water levels and quality). 
▼ Mine dewatering rate and local water levels. 
▼ Borefield groundwater abstraction (individual production bores and cumulative). 
▼ Borefield drawdown (monitoring bores and pastoral bores). 
▼ Borefield water quality.  
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Construction and operations areas will be subject to periodic inspections to be conducted by the Site 
Environmental Advisor.  Relevant documentation to be inspected will include any Environmental Incident 
Reports and previous inspection sheets to check whether problems or non-conformances with 
management procedures have been rectified. 

7.4.6 Environmental Incidents 

Environmental Incidents are defined as being any breaches or non-adherences to objectives and 
procedures, and may be a breach of statutory conditions. 

Environmental incidents will be assigned a level of severity, as defined below: 

▼ Level 1: Minor non-adherence to procedure and minor environmental impact that requires little 
management to be rectified.  

▼ Level 2: Moderate breach of procedure and/ or an environmental impact that requires 
management/ mitigation to be rectified.  

▼ Level 3: (Serious incident) Extreme breach of procedure and/ or environmental impact that could 
lead to a breach of environmental approval conditions. 

An environmental incident procedure will be developed which will outline immediate corrective actions 
and reporting and notification, both internally and to the regulatory authorities.  The DEC will be notified 
immediately should a Level 3 incident occur.  Following an incident, the causes and effects and remedial 
and preventative actions will be reviewed.  Any recommendations will be implemented as soon as 
practicable, including the issue or revision of procedures. 

Environmental Incidents will be reported to the relevant Superintendent or the Site Environmental 
Advisor by the person responsible for the incident or the first person at the site of an incident, and the 
Site Manager notified.  All complaints relating to environmental factors from the general public to Reed 
Resources or contractors will be treated as Environmental Incidents.  

7.5 EMS Auditing, Review and Continuous Improvement 

The EMS will be audited on an annual basis to assess its effectiveness for managing environmental 
aspects of the operation. 
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8. STAKEHOLDER CONSULTATION  

8.1 Key Stakeholders 

During the initial scoping exercise the key stakeholders of the Barrambie Vanadium Project were 
identified.  These included the following: 

▼ Department of Industry and Resources (now DMP). 
▼ Department of Environment and Conservation. 
▼ Office of Development Approvals Coordination. 
▼ Department of Water. 
▼ Department of Indigenous Affairs. 
▼ Department of Consumer and Employment Protection. 
▼ Fremantle Port Authority. 
▼ Local Government (Shires of Sandstone, Meekatharra, Mt Magnet). 
▼ Main Roads Western Australia. 
▼ Pastoral Lease Holders. 
▼ Non-Government Organisations. 
▼ Indigenous Groups. 
▼ Shareholders. 
▼ Suppliers of Goods and Services.   

8.2 Consultation 

The stakeholder consultation process has continued throughout the Feasibility Study.  To date the 
consultation has involved local government, namely the Shires of Sandstone and Meekatharra, and 
Station pastoralists.  This consultation has been ongoing and has revealed only minor issues and 
concerns from those potentially affected.  Further consultation with all relevant stakeholders will continue 
throughout the project development and approvals process.  

Government Departments were also approached in 2007 and 2008, namely the DEC, DoIR and DoW.  
Consultation with the relevant government departments has not revealed any issues or concerns to date.   

It is envisaged that the public review period will allow further consultation to those parties not already 
identified as having an interest in the proposed project.  There will also continue to be communication 
with local shires and Main Roads Western Australia.   

Details of stakeholder consultation undertaken to date is summarised in the Table 8.1 outlining the 
relevant stakeholders and issues or topics discussed, as well as the relevant section within this PER.   
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Table 8.1: Stakeholder Consultation 

Who Date Topics Covered Issues Raised Relevant 
Section in 
PER 

WA/ Local Government Agencies 

Doug Davey (Meekatharra Shire) 
contacted Paul Francis (SKM) 

18 July 2007 Road quality 

Upgrade considerations 

Current inability to sustain predicted traffic 
movements 

Cost of upgrade and maintenance 

2.3.7 

5.7.3 

Paul Francis (SKM) contacted Sandstone 
Shire; 

Bill Lyons 

Bill Atkinson 

8 August 2007 Proposed Barrambie Vanadium 
mine 

Sandstone airstrip 

Barrambie to Sandstone road 

Road upgrade/ maintenance responsibility 1.1 

2.3.6 

5.7.3 

Peter McConnell 

CEO Mt Magnet Shire 

22 October 2007 Gas Pipeline construction (lay/ 
bury) along Rabbit Proof Fence 

Maintenance/ inspections of fence line affected 

Shifting a section of fence line 

2.3.2 

Department of Industry and Resources; 

Mike Freeman 

Simon Vito 

Andrew Bartleet 

Damien Montague 

30 November 
2007 

Overview presentation of 
proposed project 

Importance of definitive waste characterisation results 

Water management issues need to be discussed with 
DoW early on. 

Mine Plan with rehabilitation in mind is necessary from 
an early stage 

3.3.3 

4.5.3 

6 

Department of Environment and 
Conservation; 

Ray Claudius 

Ben Miles 

3 December 
2007 

Overview of Project Key 
Characteristics 

Key Issues 

Environmental Management 
aspects 

Regulatory Controls 

EPA Referral 

Impacts of groundwater abstraction for project water 
supply on pastoralists and stygofauna 

Waste characterisation with regard to potential acid 
producing materials 

Use of appropriate guidelines for stygofauna 
assessments and waste characterisation 

Timing of EPA referral 

5.5.2 

 

3.3.3 

3.7.9 & 
3.3.3 

2.4 

..continued 
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Table 8.1 (continured) 

Who Date Topics Covered Issues Raised Relevant 
Section in 
PER 

Meeting with the Chief Executive Officer 
Shire of Sandstone, Bill Atkinson  

8.00am Tuesday 
11th December 
2007 

Development of Project 

Shire’s welcome of 
development 

Permission requested to run 
water pipeline along 
Meekatharra/ Sandstone Road 
Easement 

Discussion on running gas 
pipeline along barrier fence 

 

Assistance with road maintenance would be 
appreciated 

No foreseen issues with this 

 

 

Preference by locals to encourage residence of mine 
workers within town of Sandstone. 

5.7.3 

 

2.3.1 

 

2.3.2 

Roy McClymont Chief Executive Officer 
Shire of Meekatharra 

11.00am 
Tuesday 11th 
December 2007 

Development of Project 

Shire’s welcome of 
development 

Permission requested to run 
water pipeline along 
Meekatharra/ Sandstone Road 
Easement 

 

Assistance with road maintenance would be 
appreciated 

 

No foreseen issues with this 

2.3.1 

Department of Water 

Tasnim Sandooyea 

Natural Resource Management Officer 

20 December 
2007 

Project overview 

Status of water supply 
investigations 

Hydrogeological report to be 
submitted in January 2008 

No mine dewatering required 

Approvals/ Licences required 
for abstraction 

Appears to be no significant issues if DoW assessment 
of hydrogeological report confirms the predicted 
capacity of the calcrete aquifer to support Project 
water demands and pastoralists’ requirements 

Operating Strategy will need to be prepared for 
approval by DoW prior to licence for abstraction being 
granted.  This should be in conjunction with overall 
environmental impact assessment and approvals 
process 

2.1 

 

3.5 & 5.5.2 

 

5.5.3 

Norm Caporn 

Adrian Pinder 

Sandra Thomas 

7 February 2008 Stygofauna sampling and 
monitoring programme 

Progress of initial sampling already conducted in 
project area 

Requirement of 40 representative samples from within 
and around project area 

Presence of Priority Flora along gas pipeline corridor 

 

3.7.10 

 

3.6.2 

..continued 
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Table 8.1 (continured) 

Who Date Topics Covered Issues Raised Relevant 
Section in 
PER 

Department of Environment and 
Conservation 

Murray Baker 

21 September 
2009 

Stygofauna 

Troglofauna 

• Stygofauna surveys and extent of habitat 

• Troglofauna habitat and minesite lithology 

3.7.10 

3.7.9 

Department of Environment and 
Conservation 

Air Quality Management Branch 

Adrian Blockley 

21 October 2009 SO2  Emissions • Management strategies for control of SO2  
Emissions 

• Process not prone to upset conditions 

5.6.4 

Department of Water 

Lazarus Leonhard 

26 August & 28 
October 

2009 

Water supply borefield • Reliability of model to determine water supply for 
12 years, etc, etc, 

5.5 

Fremantle Ports – Glenn Stephens 
Commercial Manager 

13/10/09 RDR Barrambie Project 
Transport of V2O5 through 
Fremantle Port    

Volume 
Start date 
Inner/outer harbour 

Material Classification 

2.3.7  

Fremantle Ports – Emma McCauley 
Environmental Manager 

26/10/09 Environmental requirements V2O5 Hazardous classification 2.3.7 

Fremantle Ports – Glen Stephens 30/10/09 Transport of V2O5 through 
Fremantle Port    

Hazardous classification 

Logistics 

 

2.3.7 

Fremantle Ports – Doug Brindal – 
Manager Logistics 

30/10/09 Logistics Rail versus road Doug provided rail contacts 2.3.7 

..continued 



STAKEHOLDER CONSULTATION 

 
 

Barrambie Vanadium Project: Public Environmental Review  Page 8-5 

Table 8.1 (continured) 

Who Date Topics Covered Issues Raised Relevant 
Section in 
PER 

Pastoralists     

Hill View Pastoral Station 

Geoff Lacy 

19 June 2007 Proposed water supply 
investigations 

• concern about the ultimate effects on pastoral 
station water supplies of the draw down of the 
water table in the calcrete channel by the 
extraction of process water 

• advise when the drill rig will be on their property 

• requested holes to be drilled alongside two existing 
bores near the drill sites for use during wind 
droughts 

5.5.3 

Yarrabubba Pastoral Station 

Colin Howden 

Ross Howden 

19 June 2007 Proposed water supply 
investigations 

• concern about the ultimate effects on pastoral 
station water supplies of the draw down of the 
water table in the calcrete channel by the 
extraction of process water 

• advise when the drill rig will be on their property 

• is it possible to obtain remote sensing imagery over 
Murchison Downs Station (R. Howden) 

5.5.3 

Cogla Downs Pastoral Station 

Ron Bradfield (Yullela Aboriginal 
Corporation) 

Shay (Manager) 

19 June 2007 Proposed water supply 
investigations 

• concern about the ultimate effects on pastoral 
station water supplies of the draw down of the 
water table in the calcrete channel by the 
extraction of process water 

• advise when the drill rig will be on property 

• notify in advance If drilling to be carried out on the 
Cogla Downs calcrete channel 

5.5.3 

Geoff Lacy July 2007 Proposed bore holes impact of water extraction from the calcrete channel 
on their stock water supplies 

5.5.2 

Ron Bradfield, Manager Yullela Aboriginal 
Corporation and leaseholder of Cogla 
Downs Pastoral Lease in Meekatharra 

Mid August 2007 Location of proposed bore holes impact of water extraction from the calcrete channel 
on their stock water supplies 

5.5.2 

…continued 
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Table 8.1 (continued) 

Who Date Topics Covered Issues Raised Relevant 
Section in 
PER 

Colin Howden, leaseholder Yarrabubba 
Station 

19 September 
2007 

Location of proposed bore holes Impact of continuous water extraction on stock bores 

Quality of discharge water from pump testing 

5.5.2 

Colin Howden 5 October 2007 Drilling and Pumping testwork 
programme, reasoning behind 
the programme. 

Liaison with Bryan Smith and 
replacement bores at Monty 
Bore 

Potential long term effects of drawing on aquifer. 

Impact on pastoral (stock) bores 

5.5.2 

Ron Bradfield who manages Yullela 
Holdings the Aboriginal Corporation 
owner of Cogla Downs, 

18 October 2007 Availability of water for stock 

Station returning to commercial 
business 

Negotiate use of land for camp, 
plant, tailings, etc 

They would not like us to drain the aquifer but 
understand that mining and pastoral operations can 
operate together 

5.5.3 

Manager Cogla Downs Station 

Chez (Manager), Mark, Scott 

7 February 2008 Infrastructure proposed for 
Barrambie Project 

Soil testing of airfield/ plant 
sites 

Rehabilitation for 50km of fencing and re-
establishment of watering holes proposed in order to 
progressively bring stock onto property. 

Adequate fencing to prevent stock access to tailings/ 
dam areas 

Chez considers Vermin Proof Fence to be moved south 
of proposed mining operations 

2.3 

 
 
 
 
 
 
…continued 
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Table 8.1 (continued) 

Who Date Topics Covered Issues Raised Relevant 
Section in 
PER 

Manager Cogla Downs Chez, and 
assistant Mark, visitor John 

(met at old Barrambie airstrip) 

2 April 2008 Discussed progress with 
Barrambie Project and intention 
to carry out another drilling 
programme of about 22,000 
metres.  

Chez finishing up as Manager 
on about 12th. April to take up a 
job at the Windimurra 
Vanadium Project, 2 weeks on 
2 weeks, and will continue to 
patrol the rabbit proof fence on 
the present 4 days a month 
schedule.   

The new Manager at Cogla 
Downs is David Bruce and he 
will start on about 26th. April. 

Manager had no objections. 

 

 

 

 

 

 

Chez raised an issue of the proximity of the planned 
airfield to a natural stock water source about 150 
metres south of the airfield in a low lying area. 

N/A 

Bryan Smith met with Dave and Kylie 
Bruce, new managers Cogla Downs 
Station 

20 May 2008 Overview of Barrambie Project 

Drilling Programme starting 27 
May 08 

Re-alignment of vermin proof 
fence 

 

Dave and Kylie asked about possible contracting 
possibilities 

No concerns regarding borefield for water supply 

Dave and Kylie to carry out considerable fencing 
before stocking with sheep 

Dogs an issue on station 

5.5.3 

…continued 
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Table 8.1 (continued) 

Who Date Topics Covered Issues Raised Relevant 
Section in 
PER 

Bryan Smith met David Bruce and 
partner Kylie at Cogla Downs 

9 June 2008 Description of current activities 
for Barrambie tenement and 
proposed outline for operation/ 
plant 

General plan layout, timelines and fencing 
requirements were discussed, with interest from David 
and Kylie regarding fencing contract. 

Need for construction of 100m high stack for 
discharge of SO2 was discussed with no adverse 
response. 

Water requirements were discussed and likely minimal 
effect on water table levels in calcrete channel.  David 
requested the installation of two water bores, due to 
last two being aborted due to access issues. 

 

 

 

2 

 

5.6.4 

 

5.5.3 

 

Native Title Claimants 

Ngalia Kutjungkatja native title claimant 
group (WC00/14) and Yugunga-Nya 
native title group (WC99/46) 

22nd and 23rd of 
May 2005 

The ethnographic survey of 
tenement M57/173 was 
undertaken 

Both the Ngalia and Yugunga-Nya representatives 
consider that the low range Ballanhoe Peaks, at the 
eastern edge of the tenement has significance in 
ethnographic terms.  The Ngalia know the 
ethnographic site as Palana.  Both claimant groups 
requested that the proponent avoids the ethnographic 
site Palana to a distance of 100 metres. 

3.8.5 & 
5.9.3 

Murchison Regional Vermin Council 
(MRVC) 

(David Burton, Damian Morrissey, Darryl 
Grey, Kerry Seivwright, Michael Clinch, 
David Jones, Greg Scott, Harvey Nichols) 

5 May 2008 Bill Crossley met with the MRVC 
and gave a presentation 
indicating proposed site 
location, proposed lease layout 
and borefield location for the 
project 

With vermin proof fence running through Barrambie 
lease, will fence be re-aligned around or through the 
lease? 

Use of the vermin fence easement to install (bury) a 
gas pipeline, also water pipeline to Gidgee. 

Reed assistance in clearing bush along fence from Mt 
Magnet-Sandstone road to Barrambie 

Consideration of Access Agreement between Reed 
Resources and MRVC – CEO should be approached 
regarding arrangement of such an agreement. 

2.3 
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8.3 Further Consultation Proposed 

Reed Resources is committed to maintaining a transparent process of communication with relevant 
stakeholders, the majority of which have already been contacted. 

The EPA has determined that this PER will be subject to a four week public review period.  During this 
period the proposed Project will be further analysed by stakeholders and regulators, and Reed Resources 
intend to continue consultation to ensure due consideration of all alternatives/ concerns. 

Reed will continue to consult with key stakeholders throughout the life of the operation particularly with 
regard to mine closure planning and ongoing landuse options. 
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9. PEER REVIEW 

In accordance with the EPA letter of 30 November 2009 providing comments on the draft Barrambie 
Vanadium Project Public Environmental Report, Reed Resources commissioned a high-level peer review of 
the draft PER document.  The scope for this high-level peer review was for a recognised consultant with 
recent experience in preparing PER documents to determine if the level of technical detail provided in the 
draft PER was adequate for addressing various factors. 

The peer review was conducted by Noel Davies, Principal Environmental Consultant at Coffey 
Environments. 

The findings of the peer review were discussed with the reviewer and have been incorporated into the 
final PER document, as appropriate. 

Final proof-reading of the PER document has been undertaken by internally by Reed Resources and 
Aqauterra. 

 



GLOSSARY AND ABBREVIATIONS 

 
 

Barrambie Vanadium Project: Public Environmental Review  Page 10-1 

10. GLOSSARY AND ABBREVIATIONS 

10.1 Glossary 

adamellite Another name for quartz monzonite, an intermediate intrusive igneous rock that has an 
approximately equal proportion of orthoclase and plagioclase feldspars. 

aeromagnetic 
anomaly 

A zone where airborne surveys show that the magnitude and orientation of the earth's magnetic 
field differs from adjacent areas. 

airlift testing a method of performing a water well yield test by pumping air through an inlet pipe to force 
water up and out of a well. 

alluvial Material deposited by streams or rivers, commonly sands and gravels. 

annual An event that happens once a year. 

anomaly An unusual value or occurrence. 

anorthosite A coarse-grained rock. 

aquatic Plants, animals or ecosystems located in a body of water. 

aquifer A zone of water bearing rock, sediment or soil. 

arc furnace A vessel that heats material by means of a current flowing through a gas-filled space between 
two conductive electrodes. 

Archaean A geologic time period greater than 2.5 billion years ago. 

attrition The loss of participants during an experiment or study. 

basalt Volcanic rock of mafic composition. 

basement Older rocks (usually Archaean granites and greenstones in Western Australia) overlain by 
sediments or surficial deposits. 

beneficiation A process where extracted ore is separated into mineral for further processing and waste. 

biophysical The relationship between physical science and biological systems. Biological organisation, from 
the molecular scale to whole organisms and ecosystems. 

bioregion A land area defined through physical and environmental features.  A bioregion is characterised by 
landscape-scale natural features and environmental processes that influence the functions of 
entire ecosystems. These patterns in the landscape are linked to fauna and flora assemblages 
and processes at the ecosystem scale, thus providing a useful means for simplifying and 
reporting on more complex patterns of biodiversity. 

calcining A process in which ore is are subjected to high temperatures to bring about a thermal 
decomposition, phase transition, or removal of a volatile fraction. The calcination process 
normally takes place at temperatures below the melting point of the product materials.  

calcrete Cemented carbonate bodies formed in arid climates as a result of capillary action and prolonged 
evaporation.  Calcite is precipitated due to the evaporation of groundwater at the ground surface. 

catchment An extent of land where water from precipitation drains downhill into a body of water, such as a 
river, lake, reservoir, estuary, wetland, sea or ocean. It includes the streams and rivers and the 
land surfaces and is separated from an adjacent catchments by a drainage divide.[ 

chenopod A shrub with the common name Saltbush, which is salt tolerant and able to resist drought. 

colluvial Weathered material transported by gravity. 

crushing The reduction of large ore pieces to a smaller size. 

cryptogam A plant which reproduces by spores.  Includes algae, mosses, lichens and ferns. 

deammoniation the ammonium metavanadate filter cake (NH4VO3) is reduced to vanadium pentoxide (V205)  

decant A method to recover water from a tailings storage facility 

deformation Features in a rock such as folding, faulting which occur after deposition or formation. 

desilication Removal of silica from rock. 

desliming A metallurgical process where fines are removed. 

dewatering Removal of water from a mine shaft by pumping or drainage.  

dispersive Soils that are structurally unstable due to excess sodium. When water is added, the sodium 
attaches to the clay and forces the clay particles apart. The fine clay particles clog up the small 
pores in the soil and degrade soil structure as well as restricting root growth and water 

http://en.wikipedia.org/wiki/Biology
http://en.wikipedia.org/wiki/Water
http://en.wikipedia.org/wiki/River
http://en.wikipedia.org/wiki/Lake
http://en.wikipedia.org/wiki/Reservoir
http://en.wikipedia.org/wiki/Estuary
http://en.wikipedia.org/wiki/Wetland
http://en.wikipedia.org/wiki/Sea
http://en.wikipedia.org/wiki/Ocean
http://en.wikipedia.org/wiki/Drainage_divide
http://en.wikipedia.org/wiki/Drainage_basin#cite_note-0#cite_note-0
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movement.  Dispersive soils tend to be highly erosive and present problems for successfully 
managing earthworks.   

disseminated Spread over a large area, separated. 

dolerite A medium-grained mafic rock. 

 

duplex soil A soil with a sharp texture contrast between the A and B horizons, typically a sandy or loamy 
surface horizon with a sharp to clear boundary with a clay subsoil. 

ephemeral Something that exists only for a short period, such as a stream or waterbody that exists after 
only after rainfall.   Biologically, the term refers to plants that exist as seeds before conditions 
are right for a brief period of growth and reproduction.  

family A low-level taxonomic rank or category, between order and genus. 

felsic Rocks which are light in colour rich in quartz and felspar and contain more than 65% silica. The 
term combines the words "feldspar" and "silica." 

filter cake Particulate matter retained in or on a filter. 

flocculent A chemical which causes suspended particles in liquids to aggregate by neutralising their 
electrostatic charges, which normally cause the particles  to repel each other. 

fossorial Living beneath the ground. 

fusion furnace A heating chamber which changes a substance from a solid to a liquid. 

gabbro A coarse-grained mafic rock. 

gangue The part of an ore deposit from which a metal is not extracted, waste rock or other impurities. 

genus A low-level taxonomic rank or category, between family and species. 

genera Plural of genus. 

granite, granitoid An intrusive, medium to coarse grained felsic igneous rock, consisting mainly of quartz, feldspars 
and mica. 

greenstone A general term for mafic rocks. 

groundwater table See water table. 

habitat The natural environment in which an organism lives, or the physical environment that influences 
and is utilized by a species population. 

hardpan A layer of strongly cemented material in unconsolidated sediments. 

hematite An iron ore mineral (Fe2O3), found as an accessory mineral in igneous rocks. 

hopper A chute with an outlet at the base and a wider top to provide space for entry and storage of 
material(s).  The outlet at the base typically has a mechanism to regulate the release of 
materials. 

horizon A well defined layer of rock with specific characteristics. 

hydraulic conductivity A coefficient to describe the rate which water can move through a permeable medium. 

hydrothermal A process associated with igneous activity which involves heated water and other fluids. 

igneous Rock formed by magma (molten rock) which has cooled and become solid . The cooling may 
occur below the surface (intrusive or plutonic) or at the surface (extrusive or volcanic). 

ilmenite A mineral found in maftic rocks. 

intermediate Rocks which contain 55 to 65% silica. 

intrusive Igneous rock formed from molten rock below the surface of the earth. 

lacustrine Of a lake. 

land systems A mapping system integrating rainfall, geology, topography, soils and indigenous vegetation. 
Patterns occur, governed by climate, geology and landform which interact over time to influence 
the distribution of soils and vegetation. A Land System is therefore a complex mapping unit that 
contains a pattern of land components each of which has little variation in climate, lithology (rock 
type), landform, soil and indigenous vegetation. The land component can therefore be regarded 
as a unit of management for broad-scale uses such as dryland farming or forestry. 

laterite Residual deposits of hydrated iron or aluminium oxides, which form in tropical climates. 

leaching An extractive technique whereby metals are converted into soluble salts in a liquid. 
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leakage Groundwater flow from one hydrogeologic unit to another. For example, an aquifer that gains or 
loses water through an adjacent semi-permeable confining unit. 

liquor A processing solution 

mafic A dark coloured rock rich in magnesium and iron (ferromagnesian minerals) and containing 45 to 
55% silica.  The term combines the words "magnesium" and "ferric".  

magnetite An iron oxide mineral with chemical formula Fe3O4, with the distinguishing feature of being he 
most magnetic naturally occurring mineral. 

martite A form of hematite which has the same crystal structure as magnetite.  

mesic Characterised by moderately moist conditions; neither too moist nor to dry.  

meta A prefix which may be applied to rock which have undergone metamorphism. 

metamorphism Mineral, structural and textural changes to rocks, resulting from changing conditions imposed on 
them. 

migratory Annual, seasonal bird movements in response to changes in food availability, habitat or weather. 

monitoring bore A small diameter bore used to monitor groundwater levels and quality. 

outcrop An exposure of rock at the surface. 

palaeochannel Sediments deposited in ancient river or stream channel systems.  Usually of Tertiary age and 
preserved on top of the Archaean basement in the Yilgarn Craton of Western Australia. 

palaeodrainage An old drainage system, which often includes palaeochannels. 

perennial A herbaceous plant that lives for more than two years.  

plant community The associated plant species existing in a particular environment. 

porphyritic A rock with some minerals larger than the other minerals.  

Production bore A large diameter bore used to extract groundwater. 

pyrite A common iron sulphide mineral with the chemical formula FeS2. 

pyrrhotite An iron sulfide mineral with a variable iron content: Fe(1-x)S (x = 0 to 0.2).  It looks similar to 
pyrite and is weakly magnetic. 

reagent A substance or compound consumed during a chemical reaction. 

recharge The movement of water downward from the surface to groundwater. 

regolith Material deposited on unweathered rock. 

refugia Locations of isolated or relict populations of a once widespread species. 

roasting Heating ore in the presence of a catalyst to extract 

rotary kiln A vessel used to raise materials to a high temperature (calcination) in a continuous process.  The 
kiln is cylindrical and inclined slightly to the horizontal and is rotated slowly about its axis.  As the 
kiln rotates, material gradually moves down towards the lower end.  

scrubbing The injection of water or other liquids to remove particulates or gases from an exhaust stream.  
Removal of the washable fines content during ore processing, primarily of clays and other fine 
gangue materials which have the potential to create materials handling blockages through the 
downstream crushing circuit.  

sedimentary Formed by deposition of sediments such as gravel, sand, silt and clay. 

slurry Fine milled ore and water. 

species The lowest unit of biological classification or taxonomic rank consisting of a separately evolving 
lineage that forms a single gene pool and, a group of organisms capable of interbreeding and 
producing fertile offspring. 

storativity The volume of water an aquifer releases from or takes into storage per unit surface area of the 
aquifer per unit change in head. 

strike The direction on surface of an outcropping rock unit or structure. 

stygofauna Small, aquatic invertebrates which live in freshwater aquifers and caves or within the pore space 
of limestone, calcrete or laterite. 

sulphide A mineral containing sulphur.  Sulphide minerals are common metal ores. 

sulphur dioxide A chemical compound consisting of sulphur and oxygen. 

http://en.wikipedia.org/wiki/Mineral
http://en.wikipedia.org/wiki/Iron
http://en.wikipedia.org/wiki/Oxygen
http://en.wikipedia.org/wiki/Magnetic
http://en.wikipedia.org/wiki/Plant
http://en.wikipedia.org/wiki/Relict
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tailings, tails Bi-product of the metal extraction process consisting of solids (crushed rock from which minerals 
have been extracted) and liquid (water, which may contain process chemical residues);  the 
discarded portion of the ore. 

taxa Populations or groups of populations of organisms which have characteristics in common. 

taxonomy The practice and science of classification of organisms. 

terrestrial Living or growing on land. 

Tertiary A geologic time period 65 million to 1.8 million years ago. 

topography Features of the surface of the earth, landforms. 

transect An ecological tool used to observe vegetation and soil characteristics along a defined line. 

trommel A screened cylinder used to separate materials by size 

ultramafic A general term for rocks containing ferromagnesian minerals and less than 45% silica. 

vanadate A compound containing vanadium in its highest oxidation state of +5. 

vascular A plant with lignified tissues for conducting water, minerals and other nutrients. 

vertebrate An organism with a backbone or spine. 

volcanic Extruded from a volcano. 

water table The upper surface of groundwater or the top of the saturated zone, where ground water pressure 
is equal to atmospheric pressure. 

Yilgarn Craton A stable mass of large blocks of continental crust (mainly granites and greenstones), which 
formed between 3.2 and 2.8 billion years ago. 

 

10.2 Abbreviations 

AHD Australian Height Datum 

AMV Ammonium metavanadate  

ANZECC Australian and New Zealand Environment and Conservation Council 

BIF Banded Iron Formation 

BoM Bureau of Meteorology 

CSIRO Commonwealth Scientific and Industrial Research Organisation 

DAF Department of Agriculture and Food 

DEC Department of Environment and Conservation 

DIA Department of Indigenous Affairs 

DMA Decision Making Authority 

DoCEP Department of Consumer and Employment Protection 

DoH Department of Health 

DoIR Department of Industry and Resources 

DoW Department of Water 

DRF Declared Rare Flora 

EIA Environmental Impact Assessment 

EMP Environmental Management Plan 

EMS Environmental Management System 

EPA Environmental Protection Authority 

EPBC Act Environment Protection and Biodiversity Conservation Act, 1999 

ESA Environmentally Sensitive Area 

FIFO Fly-in Fly-out 

g/t grams per tonne 

GIS Geographic Information System, a system devised to present spatial data in a series of 
compatible and interactive layers. 

http://en.wikipedia.org/wiki/Vanadium
http://en.wikipedia.org/wiki/Oxidation_state
http://en.wikipedia.org/wiki/Lignin
http://en.wikipedia.org/wiki/Tissue_(biology)
http://en.wikipedia.org/wiki/Water
http://en.wikipedia.org/wiki/Backbone
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HDPE High-density polyethylene 

IBRA Interim Biogeographic Regionalisation of Australia 

Ma Million years ago 

mbgl Metres below ground level 

mg/L Milligrams per litre 

NAPP Nett Acid Production Potential  

NEPM National Environment Protection Measure 

NOX A generic term to describe mono-nitrogen oxides (NO and NO2), which are produced during high 
temperature combustion. 

PAF Potentially Acid Forming 

PER Public Environmental Review 

pH A measure of acidity or basicity of a solution and ranges from 0 (acidic) through 7 (neutral) to 14 
(basic).  pH is defined as minus the decimal logarithm of hydrogen ion activity in an aqueous 
solution. 

PM10 Particulates of 10 micrometers or less. 

PPE Personal Protective Equipment 

ROM Run of Mine 

SO2 Sulphur dioxide 

SPOCAS Suspension Peroxide Oxidation Combined Acidity and Sulphur 

SRE Short Range Endemics 

TAPM A three-dimensional air pollution model designed by CSIRO that can be used to predict 
meteorological and air pollution parameters on an hourly basis.  

TDS Total Dissolved Solids 

TEC Threatened Ecological Community 

TSF Tailings Storage Facility 

V205 Vanadium Pentoxide 
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APPENDICES 

The following Appendices are provided in electronic PDF format on the enclosed CD: 

▼ Appendix A - Baseline Soil and Landform Survey. 
▼ Appendix B - SPOCAS Testing Laboratory Reports. 
▼ Appendix C - Barrambie Water Supply Investigations (October 2009). 
▼ Appendix D - Barrambie Mine Dewatering Investigations (October 2008). 
▼ Appendix E - Flora and Vegetation on the Barrambie Survey, Borefields and Water Pipeline 

Corridor. 
▼ Appendix F - Targeted Fauna Assessment Barrambie Vanadium Project (October 2009). 
▼ Appendix G - Barrambie Borefield, Stygofauna Assessment. 
▼ Appendix H - Apex Letter for Gidgee Contingency Water Supply Option. 
▼ Appendix I - Tailings Leach Testwork Report. 
▼ Appendix J - Barrambie Vanadium Project Air Quality Assessment. 
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