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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.  The environmental impact 
assessment process is designed to be transparent and accountable, and includes specific points for 
public involvement, including opportunities for public review of environmental review documents.  
In releasing this document for public comment, the EPA advises that no decisions have been made 
to allow this proposal to be implemented. 

Image Resources (Image) is proposing to develop a mineral sands mine at Boonanarring.  The 
proposal involves conventional open cut dry mining of mineral sands and processing of material 
mined through primary and secondary concentration plants to produce a heavy mineral concentrate 
and potential further treatment of this concentrate through a relocatable dry mill to produce 
ilmenite, rutile, zircon and leucoxene.   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 five weeks 
from 8 January 2014 closing on 12 February 2014.  

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

Where to get copies of this document 

Printed copies of the PER may be obtained from Peter Davies of Image Resources at 4a, 5 Mumford 
Place, Balcatta or PO Box 1075, Balcatta WA 6914 at a cost of $10.  CD copies may also be obtained 
free of charge. 

The document/s may also be accessed through the proponent’s website at www.imageres.com.au. 

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 (FOI Act), 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 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 all the names of the participants. If your group is larger, please 
indicate how many people your submission represents.  

Developing a submission  

You may agree or disagree with, or comment on, the general issues discussed in the PER or the 
specific 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; and  

 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 12 February 2014. 

The EPA prefers submissions on PER documents to be made electronically on its consultation hub at: 
https://consultation.epa.wa.gov.au. 

Alternatively, submissions can be:  

 Posted to: Chairman, Environmental Protection Authority, Locked Bag 10, East Perth WA 
6892, Attention: (Leanne Zheng); or  

 Delivered to the Environmental Protection Authority, Level 4, The Atrium, 168 St Georges 
Terrace, Perth, Attention: (Leanne Zheng). 

If you have any questions on how to make a submission, please ring the EPA assessment officer, 
Leanne Zheng on (08) 6145 0824. 
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Executive Summary 
 
INTRODUCTION 

Image Resources NL (Image) is the proponent of a proposal to develop a mineral sands mine at 
Boonanarring.  This proposal was referred to the Environmental Protection Authority (EPA) on 12th 
October 2012 under Section 38 of the Environmental Protection (EP) Act 1986.  A Public 
Environmental Review (PER) level of assessment was set by the EPA on 7th November 2012, with a 
five week public review period (Assessment No. 1947).  The Environmental Scoping Document (ESD) 
for this assessment was released by the EPA on 11 April 2013.  This PER document has been 
prepared to meet the requirements of this assessment process. 

PROPOSAL OVERVIEW AND LOCATION 

The Boonanarring Mineral Sands Proposal (the proposal) involves conventional open cut dry mining 
of mineral sands and processing of material mined through primary and secondary concentration 
plants to produce a heavy minerals concentrate, and potentially further treatment of this 
concentrate through a relocatable dry mill to produce ilmenite, rutile, zircon and leucoxene.  The 
tailings material after processing the ore, along with the overburden and oversized material will be 
returned direct to the mining void as backfill behind the advancing mine face, with the objective of 
returning the site to its pre-mining condition.  In addition to the processing plant, mine 
infrastructure also includes offices, workshops, roads, temporary overburden placement areas, 
topsoil stockpile areas, and solar drying cells.  Modification of the intersection of Brand Highway and 
Wannamal Road West is required to facilitate safe transport of product to market. 

The mine pits will intersect the underlying groundwater table, and removal of water from the 
bottom of the pits will be required to facilitate dry mining.  This dewatering will be undertaken using 
a ‘passive’ system where water that naturally seeps into the pits will be collected via drains and 
sumps, and pumped out either for use in the production process, or will be returned, in whole or in 
part, to the Superficial Aquifer through especially designed and constructed re-infiltration trenches 
and/or pits.   A bore into the deep Yarragadee Aquifer will provide the majority or all of the water 
required for the production process.   

The direct disturbance footprint of the proposal will be contained within an area defined as the 
proposal development envelope which is located between approximately 12km and 24km North 
West of the Gingin Township and 90km from Perth (Refer Figure ES1.1).  

The majority of the land within the proposal development envelope is cleared of native vegetation 
and is used for agriculture (cropping and grazing).  The proposal development envelope also includes 
some unsuccessful non-native private plantations.  Figure ES1.2 shows the proposal development 
envelope and indicative proposal layout, and includes photos of the existing environment.   

The key characteristics of the proposal are defined in Table ES1.1 and illustrated in Figure ES1.3, in 
accordance with the requirements of EPA Environmental Assessment Guideline No. 1 (EPA, 2012).  
Further details on the proponent and the proposal are provided in Section 1 of the PER. 
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Table ES1.1 - Key Characteristics of the Proposal 

Proposal Title Boonanarring Mineral Sands Mine 

Proponent Name Image Resources NL 

Short description This proposal involves conventional open cut dry mining of mineral sands, temporary 
overburden stockpile areas, processing of material mined through primary and secondary 
concentration plants and a relocatable dry mill. It includes the construction and operation of 
associated mining infrastructure (offices, workshop, roads, solar drying cells, water bores) and a 
modification to the intersection of Brand Highway with Wannamal Road West to facilitate 
product transport. 

Element Location Proposed Extent 

Physical Elements 

Construction of mine 
and associated 
infrastructure 

Proposal development envelope (Figure 1.3) Up to 400ha disturbance within a 1205ha 
proposal development envelope (Figure 1.3) 

Native vegetation 
clearing 

Part disturbance area within proposal 
development envelope. 

Clearing of no more than 50ha of scattered 
degraded native vegetation within the 
400ha disturbance area in the 1205ha 
proposal development envelope. 

Operational Elements 

Overburden material 
management 

Mine area In pit and out of pit placement.  Pits will be 
backfilled. 
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Figure ES1.1 - Boonanarring Mineral Sands Mine Proposal Location  
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Figure ES1.2 - Boonanarring Mineral Sands Mine Proposal Development Envelope and Existing Environment  
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Figure ES1.3 - Boonanarring Mineral Sands Mine Proposal Development Envelope and Indicative Mine and Infrastructure 
Layout 
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STAKEHOLDER CONSULTATION 

Stakeholder consultation for the proposal commenced in March 2012.  Image engaged stakeholders 
early in the planning for this proposal, primarily in the interests of achieving a collaborative 
approach and to ensure that local knowledge is considered in the design and management of the 
proposal.  

In June 2012, Image established an office in Gingin which is normally open on two days per week to 
welcome enquiries from the public and to provide information on the proposal.  This office is staffed 
by a part time Community Liaison Officer, who is a local resident. 

To date consultation has included: 

 written communications including landholder notification of the scope and purpose of the 
technical studies, individual project briefings and meetings, land holder access arrangements 
for exploration, environmental investigations and eventual mining operation and 
notification of Image’s Section 38 Environmental Protection Act 1986 referral and the 
consequent EPA determination of the requirement for a PER assessment of the proposal; 

 meetings and project briefings delivered to various Members of Parliament; 

 Local Government consultation including staff and councillors at the Shire of Gingin; 

 telephone and email discussions with landholders generally regarding upcoming work 
programmes and access arrangements to facilitate field investigations; 

 media statements in local newspapers and ABC radio media interviews; 

 consultation with key State Government agencies including the Department of Water, 
Department of Parks and Wildlife, Department of Environmental Regulation, Department of 
Mines and Petroleum and Office of the Environmental Protection Authority; 

 consultation with local Non-Government Organisations (e.g. Gingin Water Group, Wannamal 
Community Group and Chittering Land Care Centre) with an interest in achieving 
environmental objectives; 

 engagement with indigenous stakeholders; and 

 community information sessions held at Image’s Gingin office on 14th and 15th June 2013. 

The broad outcomes of the stakeholder consultation activities associated with the proposal to date 
have included: 

 increased government and community awareness and understanding of the project; 

 involvement of regulatory authorities in shaping project activities; 

 identification of areas of concern to local residents, the wider community and other 
stakeholders; 

 provision of information by local stakeholders for use by Image in planning and 
investigations; 

 identification of potential business/employment opportunities for local stakeholders; and 

 opportunities for members of the local community to voice opinions and concerns. 

Matters raised during consultation primarily relate to potential impacts associated with surface and 
groundwater resources, possible amenity impacts to dwellings including dust, noise and visual 
concerns, and the need to develop an appropriate approach to management of any potential 
heritage issues in consultation with the Traditional Owners. 
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Section 2 of the PER summarises the stakeholder consultation that has occurred to date including 
specific topics of discussion, primary issues raised and Image’s responses to the issues raised.  

PRELIMINARY KEY ENVIRONMENTAL FACTORS – EXISTING ENVIRONMENT, IMPACT ASSESSMENT, 
MANAGEMENT AND OFFSETS 

The EPA identified preliminary key environmental factors for this proposal in consultation with other 
decision making authorities including the Department of Parks and Wildlife (DPaW), Department of 
Environmental Regulation (DER), Department of Water (DoW), and the Department of Mines and 
Petroleum (DMP).  These preliminary key environmental factors are: 

 Flora and vegetation 

 Terrestrial fauna and subterranean fauna 

 Hydrological processes and inland waters environmental quality 

 Offsets 

Table ES1.2 summarises relevant information on the existing environment, potential impacts and 
required management in relation to the preliminary key environmental factors identified by the EPA, 
as published in the ESD which it prepared for the PER (Refer Section 3 and Appendix 2).  

Section 4 of this PER describes studies undertaken to inform the PER, and EPA Guidance Statements 
relevant to this proposal.  Section 5 describes the existing environment, and Section 6 addresses the 
potential environmental impacts and the mitigation and management of these preliminary key 
environmental factors in relation to achieving the EPA’s Environmental Objectives. 

A number of other environmental matters were also identified by the EPA in the ESD as needing to 
be addressed in the PER, to the extent that it should be shown how these matters are to be 
mitigated and managed.  These other matters are considered to be likely to meet EPA objectives, or 
can be regulated through other statutory decision making processes and therefore are not likely to 
require consideration by the EPA in recommending environmental conditions of approval under Part 
IV of the EP Act.   As such, these matters are not included by the EPA in the ESD as Preliminary Key 
Environmental Factors to be addressed in this PER.  These matters include: 

 Dieback mapping and management 

 Amenity (dust) 

 Amenity (noise and vibration) 

There were also matters identified by Image during consultation with various stakeholders, 
additional to those identified by the EPA.  These matters include:  

 Visual amenity 

 Light 

 Indigenous heritage 

 Radiation 

 Closure and rehabilitation 

 Transport 

Section 7 and Table ES1.3 of the PER addresses the existing environment, potential environmental 
impacts and proposed mitigation and management of these other matters in relation to achieving 
the EPA’s Environmental Objectives. 
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Appendix 3 contains a full list of the Supporting Studies and investigations undertaken to inform this 
PER, the key elements of which are included in this PER document.  The individual reports for these 
studies and investigations are provided on a CD enclosed on the inside back cover of this PER 
document. 
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Table ES 1.2 - Summary of Preliminary Key Environmental Factors and Assessment Outcomes in Relation to EPA Objectives 

Preliminary Key 
Environmental 
Factor 

EPA Objective(S) Existing Environment  Potential Impact and Assessment of Significance Management and Mitigation 
Summary of How Proposal Meets EPA 
Objective(S)  

Flora and 
Vegetation 
 

To maintain 
representation, 
diversity, viability and 
ecological function at 
the species, 
population and 
assemblage level 

Flora and vegetation within the proposal development envelope: 

The majority of the proposal development envelope is cleared 
agricultural land used for cropping and grazing, including failed 
plantations of commercial species. 

Remnant native vegetation within the proposal development 
envelope occurs in isolated pockets, mostly along road verges and in 
a few small paddock areas, and totals approximately 12ha, with 
each individual remnant being small, with little diversity.  The 
proposal development envelope also contains a number of 
individual trees scattered throughout the paddock areas, mostly 
Corymbia calophylla (Marri) and Eucalyptus todtiana (Prickly Bark).  
The most intact vegetation within the proposal development 
envelope occurs in the Aurisch Road and Bartlett’s Well Nature 
Reserve access corridor.  The vegetation of the Wannamal Road 
West corridor is also relatively undisturbed but carries a significant 
weed burden.  Overall, the proposal development envelope exhibits 
low species richness and vegetation values. 

Six vegetation units were described from the bushland remnants in 
the proposal development envelope.  Two of the described units are 
Banksia spp. low woodland and Banksia spp. – E. todtiana low 
woodland.  Heaths with scattered Eucalyptus todtiana and C. 
calophylla make up two other units.  The remaining two units are a 
Leptospermum erubescens heath in a small seepage area and a 
‘Degraded’ Melaleuca preissiana low woodland in a farm paddock. 

No Threatened Ecological Communities or Priority Ecological 
Communities were recorded within the proposal development 
envelope. 
 
No Threatened flora species and only two Priority 3 species, (the 
grass Austrostipa sp. Cairn Hill (M.E. Trudgen 21176) and the rush 
Lepidobolus densus) were recorded in the proposal development 
envelope.   

(Refer PER Section 5.1 and Supporting Studies 1.1 and 1.2) 

 

Flora and vegetation within the proposal development 
envelope: 
 
The proposal development envelope comprises approximately 
900ha of cleared agricultural land.  If the entire proposal 
development envelope were to be utilised to implement the 
proposal, less than 21ha of native vegetation in good or better 
condition would be cleared.  The majority of this vegetation is 
within the road verges of Wannamal Road West and Aurisch 
Road and within the access track to Bartlett’s Well Nature 
Reserve. 
 
This conservatively (i.e. worst-case scenario based on clearing 
of the entire 1205ha proposal development envelope) 
estimated total loss and individual losses from the vegetation 
units is not considered to be significant in a local or regional 
context.  In reality, the total ground disturbance within the 
proposal development envelope is likely to be no greater than 
400ha (i.e. approximately 30% of the total envelope), of which 
the majority is cleared agricultural land, and disturbance of 
vegetation within the vegetated road verges will be limited to 
that required to provide access across the roads that intersect 
the mining tenement.  As such, the total area and percentage 
of impacts on vegetation in good or better condition will be 
considerably lower than the worst-case scenario estimate. 
 
On the basis of a conservative ‘worst case’ scenario, the direct 
impacts to flora values associated with the proposal 
development envelope are restricted to the potential loss of a 
number of individual plants representing two Priority species, 
the grass Austrostipa sp. Cairn Hill and the rush Lepidobolus 
densus, which are widely distributed species and therefore, 
the potential loss of these individuals cannot be considered a 
significant impact to either species either in terms of 
abundance or distribution.  It should be noted however, that 
neither of these species is within the proposed disturbance 
footprint. 
 
Indirect impacts to any remnant vegetation within the 
proposal development envelope as a result of groundwater 
drawdown are not expected given that the existing 
groundwater level of the Superficial Aquifer is mostly greater 
than 20m and therefore, it is highly unlikely that any of the 
vegetation within the proposal development envelope is 
groundwater dependent. 
 
(Refer PER Section 6.1 and Supporting Study 1.3) 
 

Flora and vegetation within the proposal 
development envelope: 
 
Potential impacts on native vegetation within the 
proposal development envelope will be managed 
through the following key measures: 
 

 limitation of clearing to only that required 
to implement the proposal (no greater 
than 50ha), and containing clearing within 
the proposal development envelope; 

 clearing will be undertaken on a 
progressive basis, as required; 

 topsoil, subsoil and vegetation will be 
recovered and stockpiled for use in 
rehabilitation activities; and 

 rehabilitation will be undertaken 
progressively over the life of the mine. 

 
These measures will be incorporated into 
construction, operational and environmental 
management plans. 
 

Flora and vegetation within the 
proposal development envelope: 
 
The proposal meets the EPA objective 
because the direct clearing of 
vegetation or potential indirect loss 
through groundwater drawdown 
within the proposal development 
envelope does not reduce the existing 
low flora and vegetation values further. 
 
The proposal will not reduce the 
representation, diversity, viability or 
ecological function of flora and 
vegetation at either the species, 
population or assemblage level. 
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Preliminary Key 
Environmental 
Factor 

EPA Objective(S) Existing Environment  Potential Impact and Assessment of Significance Management and Mitigation 
Summary of How Proposal Meets EPA 
Objective(S)  

Flora and 
Vegetation (cont) 

To maintain 
representation, 
diversity, viability and 
ecological function at 
the species, 
population and 
assemblage level. 

Flora and Vegetation in the Boonanarring and Bartlett’s Well Nature 
Reserves and other areas outside of the proposal development 
envelope: 
 
Eighteen vegetation types were identified in selected investigation 
and mapping areas in the adjacent nature reserves, to the east of 
the proposal development envelope.  Of the eighteen vegetation 
types, two were assessed as ‘potential Terrestrial GDV’ (Banksia 
attenuata, Banksia menziesii low woodland units) and six were 
assessed as ‘potential Wetland GDV’ (and transitional wetland 
units).  The potential wetland GDV were identified in a wetland area 
within Bartlett’s Well Nature Reserve associated with the perched 
Mirrabooka Aquifer. 

Dead Banksia trees were observed in both nature reserves during 
the survey.  These deaths are attributed to drought stress in recent 
years. 

Some remnant native vegetation comprising largely Banksia 
woodland of a similar nature to that mapped in the nature reserves 
and therefore considered potential terrestrial GDV, is located within 
the influence of predicted groundwater drawdown contours to the 
west of the proposal development envelope in privately owned 
land. 

(Refer PER Section 5.1 & Supporting Studies 1.1 and 1.2) 

 

Flora and Vegetation in the Boonanarring and Bartlett’s Well 
Nature Reserves and other areas outside of the proposal 
development envelope: 
 
The abstraction of groundwater from the Yarragadee Aquifer 
for production purposes, and the very limited risk of impact on 
the Leederville Aquifer associated with abstraction of 
groundwater from the Superficial Aquifer to facilitate mining   
(mine dewatering), will not have any impact on flora and 
vegetation due to the significant depth(greater than 50m 
below the nature reserves) of these aquifers below ground 
and therefore their unavailability as a water source to flora 
and vegetation. 
 
The majority of the Bartlett’s Well and Boonanarring Nature 
Reserves is underlain by the perched Mirrabooka Aquifer 
which is not impacted by dewatering.  Any potential 
groundwater dependent vegetation within these sections of 
the nature reserves, including the mapped wetland GDV in 
Bartlett’s Well Nature Reserve, will not be impacted by the 
proposal. 
 
The water table of the Superficial Aquifer under the nature 
reserves occurs at a minimum depth of approximately 50m 
below ground level.  As such, the vegetation in this area is 
highly unlikely to be utilising the groundwater in the 
Superficial Aquifer as a water source. 
 
An area of Banksia woodland west of the proposal 
development envelope and the nature reserves potentially 
affected by groundwater drawdown will range in size between 
approximately 6ha in the first year, to a maximum of 211ha 
(within the 0.2m groundwater drawdown contour).  The 
extent of the area within the predicted 1m groundwater 
drawdown contour is estimated at 45ha by 2019.  Given that 
observed seasonal variation in groundwater level is between 
0.5 – 0.6 m, and that the water table in the majority of this 
area is at least 10m below ground level, the risk to flora and 
vegetation in this area is not considered significant. The 
potential for impact on this vegetation is further reduced 
when it is considered that the groundwater drawdown 
predictions are a ‘worst case’ scenario that is likely to be over 
predicted.  Further analyses show that this potential impact 
could be far less. 
 
The potential for impact on vegetation associated with fugitive 
dust from the proposal, including in the nature reserves, is not 
considered to be significant, given that there are a range of 
routine management measures that can implemented, and 
due to the incorporation of a 50m buffer between the 
operating pits and the nature reserves. 
 
(Refer PER Section 6.2 & Supporting Studies 1.3 and 4.1, 4.1a 
and PER Section 7 (Dust) and Supporting Studies 7.1 and 7.2) 
 

Flora and Vegetation in the Boonanarring and 
Bartlett’s Well Nature Reserves and other areas 
outside of the proposal development envelope: 
 
The following management and mitigation 
measures will be implemented to ensure that 
there are no impacts (as predicted) on the 
adjacent nature reserves associated with 
groundwater drawdown within the proposal 
development envelope: 

 water required for the production process 
will be obtained from the deeper Yarragadee 
Aquifer so as to avoid impacting on the 
Superficial Aquifer and any potentially 
groundwater dependent ecosystems to the 
greatest extent practicable; 

 the amount of groundwater to be abstracted 
from the Superficial Aquifer to facilitate 
mining will be minimised by using only a 
‘passive’ dewatering system of removal of 
water that naturally infiltrates into the 
active mining pits through in-pit drains, 
sumps and pumps, by constraining the area 
for orebody dewatering to the area being 
actively mined, and by limiting the area 
actively open for mining to around 300 m in 
length; 

 mining will commence in an area away from 
the nature reserve, and groundwater table 
level changes will be monitored with results 
being used to confirm that the predictions of 
the hydrogeological modelling undertaken 
are correct, or to adjust management 
measures as needed; 

 groundwater quality and quantity 
monitoring, already implemented, will be 
enhanced with additional bores, and 
monitoring will continue throughout the life 
of the mine (will be mandated by the 
groundwater abstraction licences to be 
obtained under the RIWI Act 1914); 

 re-infiltration of groundwater if required, to 
minimise potential impacts on flora and 
vegetation within the influence of potential 
groundwater drawdown; 

 pits will be backfilled as mining progresses to 
prevent exposure of groundwater to 
evaporation; and 

 incorporating a 50m buffer between pit 
operations and the nearby nature reserves 
(refer Figure 6.3). 

 
A groundwater management plan will be 
developed incorporating the measures identified 
above.  This plan will be adapted in response to 
results of the ongoing groundwater monitoring 
programme and which will continue throughout 
the life of the mine.  The above measures will 
also be incorporated into construction and 
operational plans as relevant. 
 
A dust management plan will be implemented. 

Flora and Vegetation in the 
Boonanarring and Bartlett’s Well 
Nature Reserves and other areas 
outside of the proposal development 
envelope: 
 
The majority of the Boonanarring and 
Bartlett’s Well Nature Reserves are 
situated on the perched Mirrabooka 
Aquifer, which will not be impacted by 
the proposal.  The area of these 
reserves situated above the Superficial 
Aquifer has existing groundwater at a 
depth of greater than 50m below 
ground level, and therefore it is highly 
unlikely that this flora and vegetation is 
groundwater dependent.  
 
Groundwater drawdown in the 
Superficial Aquifer in the wider area 
(outside of the proposal development 
envelope) is predicted to be limited.   
 
Groundwater drawdown will be 
regulated, monitored and managed 
through the licensing provisions under 
Section 5C of the Rights in Water and 
Irrigation Act 1914. 
 
Dust will be managed, including 
regulation and monitoring through the 
licensing provisions under Part V of the 
Environmental Protection Act 1986. 
 
With appropriate management and 
monitoring to ensure effectiveness of 
the proposed management measures, 
there should be no significant impact 
on flora and vegetation within the 
Boonanarring and Bartlett’s Well 
Nature Reserves, or areas of remnant 
vegetation outside of the proposal 
envelope. 
   
The proposal will not reduce the 
representation, diversity, viability or 
ecological function of flora and 
vegetation at the species, population 
or assemblage level. 
 
The proposal will not reduce the 
environmental values of the nearby 
nature reserves. 
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Preliminary Key 
Environmental 
Factor 

EPA Objective(S) Existing Environment  Potential Impact and Assessment of Significance Management and Mitigation 
Summary of How Proposal Meets EPA 
Objective(S)  

Fauna 
 

To maintain 
representation, 
diversity, viability and 
ecological function at 
the species, 
population and 
assemblage level. 

The proposal development envelope is extensively cleared and 
utilised for agriculture, and has poor fauna and habitat values. 

The Level 1 vertebrate fauna field survey recorded 31 vertebrate 
fauna species representing 22 families. Bird species were the most 
abundant fauna recorded, with other groups represented only by 
individual animals.  

The proposal development envelope has little or no suitable habitat 
for fauna species of conservation significance, including matters of 
National Environmental Significance (NES).  This includes limited 
habitat suitable for foraging by Carnaby’s Black Cockatoos.  The 
proposal development envelope contains ten trees that meet 
SEWPaC criteria for potential Black Cockatoo nest trees.  Of these 
ten trees, three had hollows that might be suitable for nesting, 
although none of these hollows was being used at the time of 
survey. 

Several invertebrate fauna groups were identified as present within 
the Boonanarring proposal development envelope.  The most 
prolific species recorded was the introduced Portuguese millipede. 
The native fauna recorded are not likely to be SRE taxa.  One fauna 
group considered likely to be an SRE (a Bothriembryon land snail of 
undetermined species) was recorded (in Bartlett’s Well Nature 
Reserve).   

Troglofauna is unlikely to occur in the proposal development 
envelope due to the lack of suitable habitat. While there is a 
reasonable likelihood of stygofauna occurring in and around the 
vicinity of the proposal development envelope, they are likely to be 
few in number and are likely to occur across a much broader area. 

(Refer PER Section 5.2 & Supporting Studies 2.1, 2.2, 2.3, 2.7 and 
2.8) 

Potential impacts to invertebrate and vertebrate fauna species 
(including species of NES) and their habitats as a result of the 
proposal are considered to be insignificant given that: 
 

 the proposal development envelope is predominantly 
cleared, highly modified land, subject to frequent 
disturbance and contains little intact, high value habitat; 

 the majority of the habitat within the proposal 
development envelope of highest value to vertebrates is 
contained within the existing road verges, most of which 
will be retained;  

 the habitat values that do exist in the proposal 
development envelope are widely represented in the 
surrounding area including conservation estate 
managed by DPaW;  

 all potential existing and potential future Black Cockatoo 
nesting trees within the proposal development 
envelope will be retained and would not be affected by 
groundwater drawdown;  

 the loss of approximately 1ha of foraging habitat for 
black cockatoos within the proposal development 
envelope, which is not considered significant;  

 impacts from dewatering outside of the proposal 
development envelope would be limited to potential 
loss or decline in health of any individual deep rooted 
trees currently accessing the shallower parts of the 
Superficial Aquifer to the west of the proposal 
development envelope, that are unable to adapt to 
increased depth of the water table, rather than 
widespread loss of habitat; 

 the ‘worst case’ groundwater drawdown scenario could 
result in a decline and loss of 10% of a block of privately 
owned remnant vegetation to the immediate west of 
the proposal development envelope and north of 
Aurisch Road; and 

 potential dust impacts on habitats outside of the 
proposal development envelope will be limited. 

 
(Refer PER Section 6.1, 6.2 & Supporting Studies 2.4, 2.5, 2.6, 
2.9 and PER Section 7 (Dust) & Supporting Studies 7.1 and 7.2) 

Potential impacts on fauna and fauna habitat 
will be managed through the following key 
measures: 

 

 minimising clearing of any remnant native 
vegetation (and therefore fauna habitat) 
within the proposal development 
envelope; 

 retention of the majority of vegetation 
within the proposal development 
envelope on the verges of Wannamal Road 
West and Aurisch Road and within the 
Bartlett’s Well Access Track; 

 undertaking clearing on a progressive 
basis, as required; 

 retention of all ten identified potential and 
future potential Black Cockatoo nest trees 
within the proposal development 
envelope (refer Figure 6.4); 

 obtaining water required for the 
production process from the deeper 
Yarragadee Aquifer so as to avoid 
impacting on the Superficial Aquifer and 
any potentially groundwater dependent 
ecosystems to the greatest extent 
practicable; 

 minimising the amount of groundwater to 
be abstracted from the Superficial Aquifer 
to facilitate mining by the method used to 
dewater, by constraining the area for 
orebody dewatering to the area being 
actively mined, and by limiting the area 
actively open for mining to around 300m 
in length; 

 re-infiltration of groundwater if required, 
to minimise potential impacts on habitats 
within the influence of potential 
groundwater drawdown; 

 incorporation of a 50m buffer between pit 
operations and the nearby nature 
reserves; 

 dust management to minimise fugitive 
dust from the proposal development 
envelope; 

 incorporation of a 50m buffer between the 
operating pits and the nature reserves 
(refer Figure 6.3); and 

 progressive rehabilitation, including 
backfilling of mine pits, over the life of the 
mine. 

 
 

The proposal meets the EPA objective 
because the direct clearing of fauna 
habitat or indirect loss through 
groundwater drawdown within the 
proposal development envelope will 
not reduce the existing low fauna and 
fauna habitat values further.   Indirect 
loss of flora and vegetation, and 
therefore fauna habitat, outside of the 
proposal development envelope 
through groundwater drawdown is 
expected to be insignificant. 
 
Dust will be managed, including 
regulation and monitoring through the 
licensing provisions under Part V of the 
Environmental Protection Act 1986. 
 
The proposal will not reduce 
representation, diversity, viability and 
ecological function of fauna at the 
species, population or assemblage 
level. 
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Preliminary Key 
Environmental 
Factor 

EPA Objective(S) Existing Environment  Potential Impact and Assessment of Significance Management and Mitigation 
Summary of How Proposal Meets EPA 
Objective(S)  

Hydrological 
Processes and 
Inland Waters 
Environmental 
Quality 

To maintain the 
hydrological regimes 
of groundwater and 
surface water so that 
existing and potential 
uses, including 
ecosystem 
maintenance, are 
protected. 

To maintain the 
quality of 
groundwater and 
surface water, 
sediment and/or 
biota so that the 
environmental values, 
both ecological and 
social, are protected. 

The existing environment in relation to this preliminary key 
environmental factor is as discussed in the separate subsections 
below. 

Potential impacts and assessment of significance in relation to 
this preliminary key environmental factor is as discussed in the 
separate subsections below. 

Management and Mitigation in relation to this 
preliminary key environmental factor is as 
discussed in the separate subsections below. 

 

(Surface Water and 
Rivers) 

To maintain the 
quality of 
groundwater and 
surface water, 
sediment and/or 
biota so that the 
environmental values, 
both ecological and 
social, are protected. 

There is no significant surface drainage within the proposal 
development envelope.  The site is intersected by several minor 
ephemeral drainage lines (average length 3km) which originate from 
the western edge of the Dandaragan Plateau. The total catchment 
area upstream of the proposal development envelope, which forms 
part of the Beermullah Plain Watershed, is estimated at 27km

2
.  Half 

of the upstream catchment is cleared land supporting farming 
activities and the remainder is within Bartlett’s Well and 
Boonanarring Nature Reserves.  The existing sub-catchments and 
drainage lines within the proposal development envelope have been 
heavily modified by agriculture. 

(Refer PER Section 5.3 & Supporting Study 4.2 

Given the small catchment areas, surface water flow across 
the proposal development envelope is limited in volume and 
duration, occurring only in response to substantial rainfall 
events. Runoff will be readily diverted temporarily around the 
mine pit and infrastructure without material change to down 
gradient surface hydrology. 

 
(Refer PER Section 6.2 & Supporting Study 4.2) 

Drainage diversions have been designed to 
ensure that surface water does not flow into 
mine pits and to ensure disturbance to surface 
water flows downstream of the mine site are 
minimised. 

The potential impact to surface water 
is minimal and easily managed, and 
therefore is not significant. 
 
The proposal will meet the EPA’s 
objective to maintain the quality of 
groundwater and surface water, 
sediment and/or biota so that the 
environmental values, both ecological 
and social, are protected. 
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Preliminary Key 
Environmental 
Factor 

EPA Objective(S) Existing Environment  Potential Impact and Assessment of Significance Management and Mitigation 
Summary of How Proposal Meets EPA 
Objective(S)  

Hydrological 
Processes and 
Inland Waters 
Environmental 
Quality 
(Groundwater) 

To maintain the 
hydrological regimes 
of groundwater and 
surface water so that 
existing and potential 
uses, including 
ecosystem 
maintenance, are 
protected. 

 

To maintain the 
quality of 
groundwater and 
surface water, 
sediment and biota so 
that the 
environmental values, 
both ecological and 
social, are protected. 

The local hydrogeology of the proposal development envelope and 
surrounding area is characterised by four principal aquifers: 

 Mirrabooka Aquifer –perched surficial formations of the Red 
Gully Sub-area, beneath Dandaragan Plateau (to the east of 
the proposal development envelope); 

 Superficial Aquifer – unconfined superficial formations of sub-
areas Red Gully and Beermullah Plain, thus beneath the 
Gingin Scarp and Beermullah Plain (beneath the proposal 
development envelope);   

 Leederville Aquifer – beneath the surficial formations 
(Dandaragan Plateau) and superficial formations (Gingin Scarp 
and Beermullah Plain); 

 Yarragadee Aquifer – unconformably underlies the Leederville 
Aquifer in this area and separated by a clay layer. 

 
The Mirrabooka Aquifer is perched beneath the area to the 
immediate east of the proposal development envelope, including 
under the majority of the Bartlett’s Well and Boonanarring Nature 
Reserves.  The water table of the Superficial Aquifer is between 20 
and 30m below ground level in the proposal development envelope, 
and greater than 50m below ground level on the western margins of 
the Boonanarring and Bartlett’s Well Nature Reserves. The 
Leederville Aquifer is generally between 30 and 130m below ground 
level, and the Yarragadee Aquifer occurs around 170m below 
ground level at the proposed plant site. 

Water quality sampling and analyses, undertaken on a quarterly 
basis (July 2012, November 2012 and March 2013) show that results 
are mostly within the limits set by the Australian Drinking Water 
Quality Standards, and that there is a difference in salinity levels 
between the various aquifers underlying the proposal development 
envelope.   Beneath the proposal area, groundwater in the 
Superficial Aquifer is predominantly fresh, through to brackish, with 
Total Dissolved Solids (TDS) concentrations in the range 97 to 
1,563 mg/L and average 450 mg/L. Regional data show a salinity 
ranging up to about 1,800, 2,000 and 4,500 mg/L TDS near Gingin 
Brook.  The measured (February 2013) Leederville Aquifer salinity in 
the proposal area was approximately 700 mg/L TDS.  Analysis of 
samples from the Yarragadee Aquifer indicated groundwater salinity 
of 1,340 to 1,470 mg/L TDS beneath the proposal area.  

(Refer PER Section 5.3 & Supporting Study 4.1) 

A desktop risk assessment for acid sulphate soils (ASS) undertaken 
based on literature, topography and site drill log information 
concluded that the majority of the proposal development envelope 
is of low to moderate ASS risk, with some discrete areas considered 
to be of moderate to high ASS risk. 

(Refer PER Section 5.3.4 and Supporting Study 5.1)  

The Superficial Aquifer intersects the base of the mine pits.  
Water infiltrating into the mine pits from the aquifer will be 
removed by the use of drains, sumps and pumps to facilitate 
dry mining.  This would result in a predicted average 
abstraction of approximately 0.8 GL/annum, ranging between 
approximately 0.5 and 0.9 GL/a.   In a ‘worst case’ scenario 
prediction, if none of the removed water is replaced, it would 
result in a predicted groundwater drawdown of 0.25m and 
0.5m in the Superficial Aquifer at a bore on Blue Lake Farm 
(PB1).  This is not considered significant, or a likely 
impediment to existing supplies because it will have limited 
effect on the transmissivity of the aquifer.   It could also result 
in a predicted drawdown of around 2m at a bore on the Drew 
property (Drew01).  This may impact existing supplies from 
this bore during the dewatering operations.  
 
If none of the water infiltrating into the pits from the 
Superficial Aquifer is used in processing, up to 2GL/a will be 
abstracted from the Yarragadee Aquifer for supplementary 
production water. The reduction in potentiometric surface of 
0.2m to about 6.4km radially from the production bore 
(BNPB04) associated with this abstraction is not predicted to 
pose any risk of impact, as there are no other existing users 
and amenities within this predicted drawdown footprint. 
 
Solute transport modelling determined that the use of higher 
salinity water from the Yarragadee Aquifer and return of wet 
tailings to the pits would pose no risk to the water quality of 
the Superficial Aquifer. 
 
The preliminary risk assessment indicates that there may be 
some pockets of ASS in the mining areas.  If ASS is present, its 
disturbance by mining or dewatering associated with mining, 
could potentially affect groundwater quality in the vicinity of 
the mine site.  This is likely to be minor given that the mining 
and dewatering methods proposed there should be limited 
depression of groundwater beyond the boundaries of the 
mining void. 
 
The majority of the area within the predicted groundwater 
drawdown based on the ‘worst case’ scenario (and therefore 
at potential risk of ASS oxidization) is cleared agricultural land.  
Potential sensitive receptors downstream of this area include 
a number of existing production bores and the Collard 
Wetland to the immediate west of Brand Highway.  The 
degree of groundwater drawdown where these receptors are 
located is low, with simulated drawdown predicting a 
groundwater fall in the order of 0.2 to 0.5m at the majority of 
these locations.  Investigations of the Collard Wetland indicate 
that its water levels are likely to be governed by recharge to 
the Bassendean Sand dune immediately to the east of the 
wetland, and as such, any pit dewatering of the Superficial 
Aquifer upgradient is unlikely to impact the hydrology of the 
wetland.   
 
Overall, potential impacts associated with groundwater 
drawdown are considered likely to be minimal and 
manageable. 
 
(Refer PER Sections 1.3, 6.2 & Supporting Studies 3.3, 4.1, 4.1a 
and 5.1, and Appendix 4) 

The following measures will be implemented to 
ensure that potential impacts on other (non-
environmental) users associated with 
groundwater drawdown required to implement 
the proposal will be managed and mitigated: 
 

 water required for the production process 
will be obtained from the deeper Yarragadee 
Aquifer so as to avoid impacting on the 
Superficial Aquifer and any other users to 
the greatest extent practicable; 

 the amount of groundwater to be abstracted 
from the Superficial Aquifer to facilitate 
mining will be minimised by the method 
used to dewater, constraining the area for 
orebody dewatering to the area being 
actively mined, and by limiting the area 
actively open for mining to around 300m in 
length; 

 re-infiltration of groundwater if required, to 
minimise potential impacts on areas within 
the influence of potential groundwater 
drawdown 

 pits will be backfilled as mining progresses to 
prevent exposure of groundwater to 
evaporation; 

 groundwater quality and quantity 
monitoring, already implemented, will be 
enhanced with additional bores, and 
monitoring will continue throughout the life 
of the mine (will be mandated by the 
groundwater abstraction licences to be 
obtained under the RIWI Act 1914);  

 a groundwater management plan will be 
developed, with management measures to 
be adapted in response to results of the 
ongoing groundwater monitoring 
programme; and 

 arrangements will be entered to supply 
supplementary water to other users within 
the area predicted to be influenced by 
groundwater drawdown, if monitoring 
indicates that their supply is being affected 
by the proposal. 

 
Further screening for ASS within the proposal 
development envelope and within the predicted 
groundwater depression will be undertaken 
progressively in advance of mining in accordance 
with the plan outlined in Supporting Study 5.1.   
 
An ASS management plan will be prepared on 
the basis of the results of this screening and will 
be implemented to ensure that there are no 
impacts on sensitive environmental receptors or 
other groundwater users associated with the 
mine dewatering and potential ASS oxidation. 

Groundwater drawdown effects in the 
wider area (outside of the proposal 
development envelope) are predicted 
to be limited and with appropriate 
management and monitoring to ensure 
effectiveness of the proposed 
management measures, there should 
be no significant impact on other (non-
environmental) users, and EPA 
objectives will be met.   
 
Groundwater drawdown will be 
regulated, monitored and managed 
through the licensing provisions under 
Section 5C of the Rights in Water and 
Irrigation Act 1914. 
 
The risks associated with potential 
disturbance of ASS are considered to 
be manageable, and therefore not 
significant.   They will be specifically 
addressed through further 
investigation and management through 
the preparation of an ASS Management 
Plan and under approvals to be granted 
under the Mining Act 1978. 
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Preliminary Key 
Environmental 
Factor 

EPA Objective(S) Existing Environment  Potential Impact and Assessment of Significance Management and Mitigation 
Summary of How Proposal Meets EPA 
Objective(S)  

Hydrological 
Processes and 
Inland Waters 
Environmental 
Quality (Wetlands) 

To maintain the 
quality of 
groundwater and 
surface water, 
sediment and biota so 
that the 
environmental values, 
both ecological and 
social, are protected. 

 

There are no wetlands within the proposal development envelope. 
 
There is a small conservation category wetland within the adjacent 
Barlett’s Well Nature Reserve, 500m to the east of the proposal 
development envelope (refer Figure 5.12). 
 
There is a chain of wetlands to the west of Brand Highway, opposite 
the proposal development envelope, referred to as the Mindarra 
Northwest Wetlands, including Beermulah and White Lakes, Little 
and Big Bootine Swamps and Yurine Nature Reserve (conservation 
category wetlands) and a further unnamed conservation category 
wetland (immediately to the south of Drew Road on the western 
side of Brand Highway – colloquially referred to in this PER and its 
Supporting Studies as the ‘Collard’ Wetland (refer Figure 5.12)). 
 
(Refer PER Section 5.3 & Supporting Studies 3.1 and 3.3) 
 

There are no predicted impacts to the Conservation Category 
wetland in Bartlett’s Well Nature Reserve as this wetland is 
supported by the perched Mirrabooka Aquifer, which will not 
be impacted by any groundwater abstraction associated with 
the proposal. 
 
There are no predicted impacts on Conservation Category 
wetlands such as Beermullah Lake, White Lake, or Little and 
Big Boontine Swamps. 
 
The Collard Conservation Category Wetland on the Western 
side of Brand Highway is within an area predicted to 
experience a 0.2 to 0.5m drawdown of the water table of the 
Superficial Aquifer, based on the worse case scenarios 
modelled in Supporting Study 4.1, and assuming that it is 
hydraulically dependent on the Superficial Aquifer.  Sensitivity 
analyses and other modelling runs conducted in Supporting 
Study 4.1a show a lesser degree of potential impact if actual 
pits depths and recharge of water through wet tailings 
depositions into the pits is taken into account, even under an 
eight year mining scenario.  
 
Investigations undertaken for the Collard Wetland indicate 
that its water levels are likely to be governed by recharge to 
the Bassendean Sand dune immediately to the east of the 
wetland, more so than any leakage from the underlying 
Superficial Aquifer.  If this is the case, then mine pit 
dewatering of the Superficial Aquifer further upgradient and 
east of the wetland site is unlikely to impact the hydrology of 
the wetland. 
 
(Refer PER Section 6.2 & Supporting Studies 3.2, 3.3, 4.1 and 
4.1a) 
 

The following measures will be implemented to 
ensure that potential impacts on conservation 
category wetlands associated with groundwater 
drawdown required to implement the proposal 
will be managed and mitigated: 
 

 water required for the production process 
will be obtained from the deeper Yarragadee 
Aquifer so as to avoid impacting on the 
Superficial Aquifer and any of its 
groundwater dependent ecosystems to the 
greatest extent practicable; 

 the amount of groundwater to be abstracted 
from the Superficial Aquifer to facilitate 
mining will be minimised by the method of 
dewatering, by constraining the area for 
orebody dewatering to the area being 
actively mined, and by limiting the area 
actively open for mining to around 300m in 
length; 

 mining will commence in an area away from 
the conservation category wetland in the 
Bartlett’s Well Nature Reserve and 
groundwater table level changes will be 
monitored with results being used to 
confirm that the predictions of the 
hydrogeological modelling undertaken are 
correct or to adjust management measures 
as needed;  

 a groundwater management plan will be 
developed, with management measures to 
be adapted in response to results of the 
ongoing groundwater monitoring 
programme that has already been 
implemented, and which will continue 
throughout the life of the mine; and 

 pits will be backfilled as mining progresses to 
prevent exposure of groundwater to 
evaporation. 

 
In addition, although it has been predicted that 
potential impacts to the Collard Wetland are 
unlikely to occur, or are not likely to be 
significant, a contingency programme of 
groundwater recharge on the eastern side of the 
Brand Highway (within the proposal 
development envelope) has been investigated 
and can be implemented if required.   

Groundwater drawdown effects in the 
wider area (outside of the proposal 
development envelope) are predicted 
to be limited and with appropriate 
management and monitoring to ensure 
effectiveness of the proposed 
management measures, there should 
be no significant impact on any 
conservation categories wetlands in 
the vicinity of the proposal 
development envelope, including the 
conservation category wetland in 
Bartlett’s Well Nature Reserve or those 
to the immediate west of Brand 
Highway, opposite the proposal 
development envelope.   
 
Groundwater drawdown will be 
regulated, monitored and managed 
through the licensing provisions under 
Section 5C of the Rights in Water and 
Irrigation Act 1916. 
 
The proposal will not reduce the 
environmental values of any 
conservation category wetlands. 
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Table ES1.3 – Summary of Other Matters and Assessment Outcomes in Relation to EPA Objectives  

Matter EPA Objective Existing Environment 
Potential Impact and Assessment of 
Significance 

Management and Mitigation 
Relevant Statutory 
Decision Making 
Process 

Outcome  
 

Matters identified by EPA in ESD 

Dieback 
Mapping and 
Management 

There is no specific EPA 
objective for dieback 
management.  The EPA’s 
flora and vegetation 
objective is relevant. 
 
To maintain 
representation, diversity, 
viability and ecological 
function at the species, 
population and community 
level. 

Remnant vegetation within most of the 
proposal development envelope has been 
subject to farming related disturbance, and is 
considered compromised and ‘unprotectable’ 
in terms of dieback management.  Remnant 
vegetation within the Bartlett’s Well access 
track, the Wannamal Road West verge and the 
Aurisch Road verge is considered uninfested.  
 
(Refer Supporting Study 6.1) 

There is a potential for introduction of the 
Phytophthora cinnamomi pathogen to the 
uninfested road reserves through vehicle and 
machinery activity. 
 

The risk will be managed by: 
 

 ensuring that all vehicles and equipment brought to site are clean 
and free of soil or vegetative matter; 

 maintaining a minimum buffer distance of 50m between active 
operational areas and Bartlett’s Well and Boonanarring Nature 
Reserves; and 

 implementing controlled access points to manage crossings at 
Aurisch Road, Bartlett’s Well access track and Wannamal Road 
West. 

Not applicable. This matter does not present a potential 
for significant impact either within the 
proposal development envelope or the 
adjoining nature reserves. With 
appropriate management as proposed, 
the proposal will meet the relevant EPA 
objectives. 

Amenity (Dust) To ensure that impacts to 
amenity are reduced as 
low as reasonably 
practicable. 

A baseline survey of airborne dust in the 
vicinity of the proposal development envelope 
was undertaken over a three month period 
(January – April) in the summer of 2013.  This 
survey measured total suspended particulates 
(TSP), particulates with a particle size of less 
than 10 microns (PM10) and settled dust.  Dust 
emissions correlated with wind speed and 
direction and soil moisture. 
 
With no current mining, the PM10 level 
exceeded the relevant NEPM standard on three 
separate occasions in the three month survey.   
All monitoring sites showed TSP and settled 
dust levels exceeding the relevant criteria used 
for determining ‘acceptable levels’. The 
monitoring results indicate that there are many 
and varied significant sources of dust already 
existing in this area (Refer Supporting Study 
7.1).  

The main sources of dust emissions from the 
proposal will be: 
 

 the excavation of topsoil and overburden 

 vehicles on unpaved roads 

 replacement of overburden 

 dozing 
 
Most emissions associated with the proposal 
will alter existing background conditions and 
have the potential to contribute to nuisance at 
the nearest residences.  Sustained, heavy dust 
loads may affect vegetation. 
 
(Refer Supporting Study 7.2).  

The potential impacts will be managed and mitigated by: 
 

 incorporating a 50m buffer between the operating mine pits and 
the nearby nature reserves; 

 not disturbing areas until required; 

 minimising the area disturbed; 

 sealing of the access road from Wannamal Road West into the wet 
plant, HMC stockpile and office area; 

 regular watering and grading of unsealed internal roads; 

 using clay fines underflow, from the thickener, on 
topsoil/subsoil/overburden stockpiles and tailings backfill to 
stabilize the surface; 

 using biodegradable stabilising agents to minimise wind and rain 
erosion; 

 growing temporary crops to bind the soil and minimise wind 
erosion; and 

 progressive rehabilitation of the site as soon as possible after 
mining has been completed in a particular area. 

 

Works Approval and 
License for Category 8 
Premises under Part V 
EP Act 1986 

The assessment process under the Works 
Approval and License applications to be 
made under Part V of the EP Act will 
regulate management of this matter. 
 
This matter does not present a potential 
for significant impact.  With appropriate 
management as proposed and regulation 
under Part V of the EP Act, the proposal 
will meet the EPA objectives. 
 
 

Amenity 
(Noise and 
Vibration) 

To ensure that impacts to 
amenity are reduced as 
low as reasonably 
practicable. 

Background noise levels were measured at a 
range of potentially noise sensitive premises 
and sites over a 12 day period in January 2013.  
The noise levels ranged from 26 LA90 dB – 35 
LA90 dB during the day, 25 LA90 dB to 39 LA90 dB 
during the evening, and 25 LA90 dB  to 34 LA90 
dB at night.  The monitoring site closest to the 
proposal site (Logger location 4) recorded the 
highest background noise levels (34 LA90 dB day, 
39 LA90 dB Evening, and 34 LA90 dB night).  These 
noise levels are low and reflective of a rural 
environment. 
 
(Refer Supporting Study 8.1). 
 
 

Supporting Study 8.2 shows the location of 
noise sensitive premises in proximity to the 
mining operations. 
 
Noise modelling for the operations within the 
proposal development envelope was 
undertaken to predict noise levels for day and 
night shifts over the life-of-mine.  Depending 
on the location of the plant and the 
progression of mining, the noise received at 
some sensitive premises is likely to exceed the 
assigned levels prescribed by the 
Environmental Protection (Noise) Regulations 
1997 at time under certain weather conditions. 
(Supporting Study 8.2). 
 
There will be no blasting associated with the 
proposal, and therefore potential impacts 
associated with vibration will be negligible. 

The potential impacts will be reduced, managed and mitigated by: 
 

 engagement with residents to increase noise attenuation in houses 
that modelling has shown the proposal to potentially impact, or 
enter into lease, temporary relocation, or purchase arrangements; 

 noise attenuation of fixed plant and machinery by way of 
suppression barriers (e.g. enclosing the pump motors of the Wet 
Plant) and where practicable, the isolation or re-design of vibrating 
equipment; 

 muffling exhausts on earthmoving equipment; 

 using alternative (e.g. quacker) reversing beepers on mobile 
equipment; 

 restricting equipment movements and number, wherever 
practicable; 

 confining mining equipment, including excavators, trucks, dozers, 
scrapers and the Mining Field Unit to the pit and therefore below 
ground level, particularly on nightshift; and 

 restricting certain activities during adverse weather conditions. 

Works Approval and 
License for Category 8 
Premises under Part V 
EP Act 1986 

The assessment process under the Works 
Approval and License applications to be 
made under Part V of the EP Act, and 
compliance with the Environmental 
Protection (Noise) Regulations 1997, will 
regulate management of this matter. 
 
This matter does not present a potential 
for significant impact.  With appropriate 
stakeholder engagement and 
management as proposed and to be 
regulated under Part V of the EP Act, the 
proposal will meet the EPA objectives. 
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Matter EPA Objective Existing Environment 
Potential Impact and Assessment of 
Significance 

Management and Mitigation 
Relevant Statutory 
Decision Making 
Process 

Outcome  
 

Additional Community or DMA identified matters 

Light The EPA has no objective 
specific to light.  The 
objective for Amenity is 
considered relevant. 
To ensure that impacts to 
amenity are reduced as low 
as reasonably practicable. 

The existing environment is rural, and 
therefore has little ambient light at night, other 
than the nearby gas extraction and processing 
facilities that are lit at night. 

There will be increased ambient light in the 
active area of the mining operations and in and 
around the fixed Wet Plant and offices. 

Lighting at operational areas will be designed and installed to 
minimise light spill by implementing measures such as: 
 

 only lighting what needs to be lit; 

 use of LED lights where practicable; and 

 use of shrouding, directional lighting and sensor lighting. 

Not applicable. This matter does not present a potential 
for significant impact.  With appropriate 
management, the proposal will meet 
statutory requirements, acceptable 
standards and the EPA objectives. 

Visual 
Amenity 

To ensure that impacts to 
amenity are reduced as low 
as reasonably practicable. 
 

The visual amenity of the existing environment 
is generally consistent with a rural area utilised 
for cropping and grazing and occasional 
residences.  There are gas extraction and 
processing facilities, a composting facility and a 
piggery in proximity to the proposal 
development envelope.  The Brand Highway to 
the west of the proposal development 
envelope is a significant feature crossing the 
local landscape. 

Visual amenity may be temporarily altered as a 
result of the disturbance of the existing 
landscape and the presence of mining 
equipment and infrastructure. 
 
 

Potential impacts to visual amenity will be managed by: 
 

 designing and located infrastructure to minimise changes to visual 
amenity as far as possible (for example, the original siting of the 
wet plant was altered to achieve this); 

 maintaining the site in a neat and tidy condition;  

 use of visual barriers to minimise exposure; and 

 rehabilitating disturbed landforms as soon as practicable, so that 
they are consistent with the pre-mining landscape values. 

 

Not applicable. This matter does not present a potential 
for significant ongoing impact.  With 
appropriate management as proposed, 
the proposal will meet statutory 
requirements, acceptable standards and 
the EPA objectives. 

Indigenous 
Heritage 

To ensure that historical 
and cultural associations 
are not adversely affected. 

No Department of Aboriginal Affairs registered 
sites occur in the proposal development 
envelope. 

Potential impacts to indigenous cultural 
heritage from the implementation of the 
proposal could include direct impact to specific 
sites or to areas of significance to Traditional 
Owners.  Site avoidance surveys conducted 
from drilling of multiple piezometer bores 
within the proposal development envelope did 
not identify any sensitive areas. 
 
The proposal development envelope is highly 
modified.  One area of cultural significance 
(identified by the Traditional Owners in the 
proximity of a gas pipeline, will not be 
disturbed by the proposal. 

An appropriate approach to management of potential heritage risks 
will be developed in consultation with the Traditional Owners. 

Aboriginal Heritage 
Act 1972 

If it is necessary to disturb a heritage site, 
the assessment process under Section 18 
of the Aboriginal Heritage Act 1972 will 
regulate management. 
 
With appropriate management to be 
regulated by the Aboriginal Heritage Act, 
the proposal will meet the EPA 
objectives. 
 
 

Radiation To ensure that human 
health is not adversely 
affected. 

As is typical of mineral sands deposits in south 
west Western Australia, several minerals 
occurring in the Boonanarring orebodies 
contains the radioactive elements uranium and 
thorium. Monazite is the most significant 
radioactive mineral, containing around 
60,000ppm thorium and 3,000ppm uranium.  
The economic minerals, zircon (260ppm U and 
160ppm Th) and ilmenite (5ppm U and 140ppm 
Th) also contain radionuclides in substantially 
less concentrations. 
 
Through the removal of the majority of non-
economic material from the ore in the primary 
separation plant, the monazite concentration 
will increase around 15-fold to typically 
constitute around 0.4% of the HMC produced 
from the Boonanarring ore, with maximum 
concentrations to around 0.6%. 
 

The activity level of the HMC will range 
between 2 to 3.5 becquerels per gram (Bq/g).  
The risk to the public and the environment is 
posed by the mobilisation of the naturally 
occurring radioactive minerals in concentrated 
form, which is of very low probability. There is 
no process to create a concentrated stream of 
the radioactive minerals. 
 
The minerals exhibit high specific gravities and 
the primary separation to produce HMC is a 
wet process. The high moisture levels and 
dense grains limit the susceptibility of the 
minerals to wind borne transport. 
The downstream and offsite processing of 
HMC by third parties may result in a more 
concentrated monazite waste stream, which 
subject to commercial agreement, may be 
returned to the minesite for disposal by burial 
in the mine void. In this instance the transport 
of the monazite stream will be subject to the 
Radiation Safety Act 1975. The transport and 
disposal of the waste can be routinely 
managed to minimise radiation exposure as 
currently occurs in the mineral sands industry. 

Radiation safety is regulated under the Mines Safety and Inspection 
Act 1994.  The Boonanarring operation will be subject to control under 
Part 16 of the Mines Safety and Inspection Regulations 1995 as 
administered by the DMP, and managed in accordance with relevant 
guidelines and codes of practice published by the Australian Radiation 
Protection and Nuclear Safety Authority (ARPANSA).  The site will also 
be registered with the Radiological Council WA under Section 28 of 
the Radiation Safety Act 1975. 
 
Ambient radiation levels will be monitored prior to, during and post 
operations. The results of baseline monitoring will be forwarded to 
the DMP in accord with an approved monitoring programme. 
 
The occupational and public safety risk is low given the relatively low 
levels of radiation activity and the ability to manage exposure 
pathways.  A fundamental principle to be applied in the RMP is the 
‘ALARA’ principle – to structure and manage work practices to ensure 
exposure to radiation is as low as reasonably achievable. 
 
Procedures for dust suppression and drainage management will 
minimise offsite material transport. 
 

A Radiation 
Management Plan 
(RMP) will be 
developed and 
implemented for the 
site once approved by 
the DMP, in 
accordance with 
Regulation 16.7 of the 
Mines Safety and 
Inspection 
Regulations 1995.  
 

The radiation risk to the public and the 
environment associated with mining and 
processing the orebodies is low and 
exposure will be readily maintained 
within acceptable limits through the 
implementation of an approved 
Radiation Management Plan. 
 
The proposal will be meet the EPA 
objective. 
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Matter EPA Objective Existing Environment 
Potential Impact and Assessment of 
Significance 

Management and Mitigation 
Relevant Statutory 
Decision Making 
Process 

Outcome  
 

Closure and 
Rehabilitation 

To ensure that premises 
are closed, 
decommissioned and 
rehabilitated in an 
ecologically sustainable 
manner, consistent with 
agreed outcomes and land 
uses, and without 
unacceptable liability to the 
State. 

The majority of the land within the proposal 
development envelope is cleared and is used 
for agriculture (cropping and grazing).  
Baseline soil and overburden characterization 
has been undertaken to facilitate rehabilitation 
planning and implementation (Refer 
Supporting Study 9.1). 
 
ASS investigations will be undertaken 
progressively in advance of mining, in 
accordance with an ASS sampling and analysis 
programme as agreed with DER (Refer 
Supporting Study 5.1) 

The life of the mine is predicted to be 5.5 
years, during which time there will be 
progressive disturbance of a total of 
approximately 400ha within the proposal 
development envelope.  The mining will use 
conventional earth moving equipment to 
remove overburden prior to accessing the ore.  
The tailings material after processing of the 
ore, along with the overburden and oversized 
material will be returned direct to the mining 
void as backfill behind the advancing mine 
face.  (Refer PER Section 1.3 and Figure 1.5). 
 
Given the existing conditions within the 
proposal envelope, impacts are expected to be 
minimal, and the key objective of returning the 
site to its pre-mining condition is achievable. 

A Mine Closure Plan will be prepared.  This plan will address the key 
principles of: 
 

 progressive rehabilitation of the site as soon as possible after 
mining has been completed in a particular area; and 

 rehabilitation in a manner which returns the disturbed areas of 
the proposal development envelope to pre-mining landscape 
values. 

 

Assessment and 
approval of Mining 
Proposal and Mine 
Closure Plan under 
Mining Act 1978 

With appropriate management, the 
proposal will meet the EPA objective. 
 
The assessment process under Mining 
Act 1978 will regulate management of 
this matter. 

Additional Community or DMA identified matters 

Transport N/A The proposal development envelope is 
bounded by Brand Highway to the west, with 
access to the highway via Wannamal Road 
West. 
 
Vehicle movements on Brand Highway in the 
vicinity of Wannamal Road West are in the 
order of 1, 970 per day, of which approximately 
35% are heavy vehicles. 

HMC would be transported by road or road/rail 
combination from the proposal site.  This 
would involve in the order of eight pocket road 
trains (27.5m long) per day, six days per week, 
accessing/departing the site onto Wannamal 
Road West and then turning onto Brand 
Highway. 
 
The proposal will result in an increase in traffic 
of approximately 144 vehicles per day, which 
includes 32 heavy vehicle movements (pocket 
road trains). 
 
The increase in traffic associated with the 
proposal is not significant and well within the 
capacity of Brand Highway. It will have 
negligible operational impact on the local road 
network in the vicinity of the proposal.   
 
(Refer Supporting Study 10.1) 

The Brand Highway/Wannamal Road West intersection will be 
modified to include extra length/width turning lanes.  
 
(Refer Supporting Study 10.1) 

Main Roads WA 
approval for 
intersection works 
and access to Brand 
Highway, and RAV 
permits. 

Construction of an upgraded 
intersection, under the approval of Main 
Roads WA, will ensure that the traffic 
generated by the proposal can be safely 
accommodated into the existing and 
future capacity of the road network. 
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1. INTRODUCTION AND DESCRIPTION OF PROPOSAL 

1.1 Proposal Overview and Location 

The Boonanarring Mineral Sands Mine Proposal (the proposal) involves conventional open cut dry 
mining of mineral sands and processing of ore through primary and secondary concentration plants 
to produce a heavy minerals concentrate, and potentially further processing through a relocatable 
dry mill to produce zircon, rutile, leucoxene and ilmenite.  The disturbance footprint of the proposal 
will be contained within a defined proposal development envelope (note that not all of the land 
within this proposal development envelope will be used).  The proposal development envelope is 
located between approximately 12km and 24km North West of the Gingin Township and 90km from 
Perth (Refer Figure 1.1).  

The proposal development envelope is located on land that is zoned Rural under the Gingin Town 
Planning Scheme.  The majority of the land within it is already cleared of native vegetation and is 
used for agriculture (cropping and grazing, and also includes some unsuccessful non-native private 
plantations.  The land within the development envelope is privately owned.  Mining tenure for the 
proposal has been granted to Image Resources under Mining Leases M70/1194 and M70/1311, and 
for associated infrastructure through General Purpose Lease 70/250. 

Figure 1.2 shows the proposal development envelope and indicative proposal layout, and includes 
photos of the existing environment.  Figure 1.3 shows the proposal development envelope and 
indicative disturbance footprint within this envelope associated with pits, processing plant areas and 
infrastructure, in accordance with the requirements of EPA Environmental Assessment Guideline No. 
1 (EPA, 2012).  Figure 1.4 shows current land uses within the proposal development envelope. 

The proposal was referred to the Environmental Protection Authority (EPA) on 12 October 2012 
under Section 38 of the Environmental Protection (EP) Act 1986.  A Public Environmental Review 
(PER) level of assessment was set by the EPA on 7th November 2012, with a five week public review 
period (Assessment No. 1947). The Environmental Scoping Document (ESD) for this assessment was 
released by the EPA on 11th April 2013 (EPA, 2013).  This document, together with a number of 
technical Supporting Studies (PER Appendix 3) has been prepared to meet the requirements of this 
assessment process. 

1.2 Proposal Proponent 

The Proponent for the proposal is: 

Image Resources NL 
4a, 5 Mumford Place 
BALCATTA WA 6021 
ACN: 57 063 977 579 

The key contact for this proposal is: 

Mr Peter Davies 
Managing Director 
Image Resources NL 
4a, 5 Mumford Place 
BALCATTA WA 6021 
Ph. 08 9485 2410 
Email: pdavies@imageres.com.au 

The Image Resources (Image) Environment Policy is shown in Appendix 1. 
  

mailto:pdavies@imageres.com.au
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Figure 1.1 – Boonanarring Mineral Sands Mine Proposal Location 
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Figure 1.2 – Boonanarring Mineral Sands Mine Proposal Development Envelope, Indicative Proposal Layout and Existing 
Environment



 

Boonanarring Mineral Sands PER Rev 2, 2014 1-4 

 

Figure 1.3 - Boonanarring Mineral Sands Mine Proposal Development Envelope and Indicative Proposal Layout 
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Figure 1.4 - Boonanarring Mineral Sands Mine – Current Land Uses within the Proposal Development Envelope 
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1.3 Description of Proposal 

The proposal involves conventional open dry cut mining over a period of approximately five and a 
half years, to extract approximately 17.2 million tonnes of mineral sands from the deposit areas 
within the proposal development envelope.  Subject to approval, on-site construction activities are 
currently planned to commence in mid 2014, with mining commencing in December 2014 and 
extending through to mid 2020, with backfill completed by December 2029.  The life of the mining 
operation could be varied in response to market and operating conditions, but is highly unlikely to 
extend beyond eight years. 

The proposal development envelope encompasses an area of 1,205ha (approximately 13.7km long 
and 900m wide).  The mine pits area will total approximately 8km in length and are up to 430m 
wide.  Ground disturbance within the proposal development envelope for the mine pits, primary and 
secondary concentration plants, a relocatable dry mill, solar drying ponds, stockpiles, pipelines, 
roads and other associated infrastructure will not exceed 400ha.  The development envelope has 
increased in size since referral of the proposal to accommodate the works required to upgrade the 
intersection of the intersection of the Brand Highway with Wannamal Road West required to 
facilitate safe and effective road transport of product from the operation.  The indicative layout of 
the mine pits and infrastructure within the proposal development envelope is shown in Figure 1.3. 

The proposal will involve the use of conventional earthmoving equipment to remove overburden, 
prior to accessing the ore.  The ore will be delivered to a mining feed unit (MFU) within the active 
mining area and which will be relocated together with the advancing mine face.  At the MFU the ore 
is screened and water is added to the ore.  The screened slurry is pumped to the mobile primary 
concentration plant and then to the secondary concentration plant (collectively called the ‘wet 
plant’) for treatment to produce a heavy minerals concentrate (HMC).  The tailings material, along 
with the overburden and oversized material will be returned direct to the mining void as backfill 
behind the advancing mine face.  Initially there will be a requirement to stockpile overburden and 
tailings until the mining area is established.  Waste (fine clays) from the processing will be pumped 
to shallow solar drying ponds.  These will be initially located adjacent to the mine void and at later 
stages over the backfilled mine void.  After drying, the clays will be mixed with the coarse sand 
tailings and used as upper layers of the soil profile ready for rehabilitation and vegetation. 

In summary, the mining process will generally follow the following sequence: 

 vegetation is cleared, grubbed and stockpiled where necessary; 

 topsoil (nominal top 100mm) is stripped and stockpiled adjacent to the mine path; 

 subsoil (nominally next 300mm) is stripped and stockpiled adjacent to the mine path; 

 overburden is removed and initially stockpiled off the mining path, until sufficient void 
becomes available and direct deposition back in the mining void can occur;  

 ore is fed into the MFU where it is slurried with water.  Any +300mm trash material and 
+4mm oversize material is screened from the ore and returned to the void behind the mine 
face; 

 underflow from the MFU (-4mm) is pumped via polyethylene lines out of the pit to the wet 
plant by slurry feed underflow pumps and where required, a series of surface feed booster 
pumps are used to extend field pumping capability; 

 sand tailings from the wet plant are deposited in the mine void on top of overburden using 
tailings cyclone stackers; 

 clay fines from the thickener underflow is pumped to solar drying ponds constructed on 
sand tails within the mining disturbance area; 
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 once the clay fines are dried tailings are contoured to design; 

 subsoil is returned over profiled sand tailings; 

 topsoil is placed on top of contoured subsoil; and 

 surface drainage and re-vegetation works are undertaken. 

The HMC will either be stockpiled on site to drain for short periods prior to transport off site, with 
water drained from the stockpile being recycled for use in processing, or the HMC will be treated on 
site using a relocatable minerals separation plant (dry mill).  This dry mill would separate the HMC 
into ilmenite, zircon, rutile and leucoxene products.   The potential for onsite treatment of HMC was 
discussed in the original referral of the proposal as a future option (Stage 2) and is now being 
considered for development as part of the original proposal.  

The HMC and/or ilmenite, zircon, utile and leucoxene products would be transported by road or 
road/rail combination to Bunbury, or by road to Geraldton, for further treatment or for export.   

The various steps involved in mining and processing are illustrated in Figures 1.5 and 1.6. 

The mine pits will be generally between 35m and 55m deep below existing ground level.  As can be 
seen from Figures 1.7 and 1.8, the existing water table of the Superficial Aquifer intersects the base 
of the mine pits.  Water infiltrating into the mine pits from the aquifer will need to be drained to 
facilitate dry mining.  Whilst this is technically referred to as dewatering, it will be undertaken in a 
‘passive’ manner where water that naturally seeps into the pits will be collected via drains and 
sumps and pumped out.   

This removal of water from the bottom of the mining pits is likely to result in the abstraction of 
between 0.4GL/a and 0.92GL/a of groundwater from the Superficial Aquifer, with an average of 
0.76GL/a during mining.  This water could be used in processing (refer below), or it could be 
returned to the Superficial Aquifer in whole or in part.  The net water abstraction from the 
Superficial Aquifer through the passive mine dewatering would be offset by the return of an 
estimated 0.95GL/a of water to this aquifer through seepage of water from the wet sand tailings 
deposited into the mining void.  Any requirement to further reduce the net amount of water 
abstracted from the Superficial Aquifer through passive mine dewatering could be achieved by 
returning water collected in the drainage system directly to the environment via a managed 
recharge system. 

Up to 2GL/a of water will be required for processing which could be obtained either by: 

 using water obtained from recycling tailings dewatering and stockpile draining together with 
water obtained from the Yarragadee Aquifer;  or 

 using water obtained from recycling, the Yarragadee Aquifer and from the Superficial 
Aquifer as a result of mine dewatering.   

Water from the Yarragadee Aquifer would be obtained via a production bore located in the vicinity 
of the indicative area of the plant (within the proposal development envelope, just south of 
Wannamal Road West).   
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Figure 1.5 – Mining Method Schematic
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Figure 1.6 - Boonanarring Mineral Sands Mine Proposal – Mining and Processing Schematic
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Figure 1.7 - Mining Pits and Interpreted Water Table Long Section 
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Figure 1.8 - Mining Pits A and C and Interpreted Water Table Cross Section 
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The volume of process water required is derived from an overall site water balance, based on best 
practice water management principles, adopted to minimise the dependency and impact on the 
Superficial and Yarragadee Aquifers.  Table 1.1 summarises the high level water balance for the site 
based on steady state operation.  The water balance model will be refined based on actual site 
experience and seasonal conditions. 

Table 1.1 – Boonanarring Overall Water Balance 

WATER IN  WATER OUT  

ROM Feed 
Flocculent 
Attritioner Modifier 

0.37 GL/a Scrubber 0/S stockpile 
Trommel O/S stockpile 
Final HMC stockpile 
Coarse Tailings Water losses to Mining Void 
Solar Cells (Slimes) Evaporation and Drainage 
Solar Cells (Slimes) Final Moisture Content 
Process Water Pond Evaporation 
Site Dust Suppression 

1.74 GL/a 

Required Plant Make Up Water (from 
Yarragadee Production Bore and possibly 
mine dewatering water) 

1.37 GL/a   

TOTAL WATER IN 1.74 GL/a TOTAL WATER OUT 1.74 GL/a 

 

A schematic of water inputs and outputs, including options for obtaining process water is shown in 
Figure 1.9. 

Applications to take water from the Superficial Aquifer (for mine dewatering) and Yarragadee 
Aquifer (for production purposes) are being assessed by the Department of Water (DoW) under 
Section 5C of the Rights in Water and Irrigation Act 1914.  The DoW assessment of the applications 
will determine the likely impacts of taking this water on other users and on the environment. DoW 
will await the outcomes of the EPA assessment of the proposal and the Minister’s decision before 
making a determination as to the grant of licences to abstract groundwater. 

Electricity for the proposal will be obtained from the south-west grid reticulated by connection to a 
nearby Western Power transmission line.   

The proposal will require a workforce in the order of 160 people, sourced from the local region 
where possible.  There will be no requirement for on-site accommodation of the workforce. 

In addition to the approval from the Minister for the Environment (based on EPA assessment of this 
PER) and the grant of water abstraction licences from the DoW, the proposal requires Works 
Approval(s) and Licence(s) under Part V of the EP Act 1986 and approval by the Department of Mines 
and Petroleum of a Mining Proposal under the Mining Act 1978.  The issue of these approvals is 
subject to the grant of the primary Ministerial approval under Part IV of the EP Act 1986.  These 
additional assessments and approvals will address emissions matters, such as noise and dust and 
rehabilitation planning in detail. 
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Figure 1.9 - Yarragadee/Superficial Aquifers Water Balance Options 
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1.4 Proposal Rationale and Alternatives Considered 
The implementation of the proposal to dry mine and process high grade ore at the Boonanarring 
deposit will facilitate the production of high quality final products, including ilmenite, rutile and 
leucoxene which are used primarily as feedstock for titanium dioxide pigment production and to a 
lesser extent in the manufacture of welding rods. The other major product is zircon which is used in 
the manufacture of ceramic tiles and zircon chemicals. Most of the products will be exported to 
customers overseas. Demand for zircon in China has increased significantly in recent years due to 
increased urbanization in that country. 
The project will develop a new resource within a well established Western Australian mineral sands 
province, generating employment for approximately 160 people largely from the local project area, 
export earnings of over $700M, state royalties of approximately $35M and operating cost payments 
into the local economy of over $350M. 
Provision of stable employment and business opportunities to residents and small businesses in the 
Gingin area is expected to bring benefits, beyond just income, to the local and wider community. 

Alternatives to the proposal design and management were considered and, in some cases, adopted 
prior to referral and during the course of investigations undertaken in preparing this PER.  This 
applied particularly in relation to modifying plans or designs to minimise potential environmental 
impacts, or to address stakeholder concerns. Key alternatives considered and implemented include: 

 alteration of the proposed location of the wet plant to minimise potential visual amenity 
impacts to certain local residents; 

 alteration of potential pit and infrastructure design to ensure that a 50m buffer could be 
maintained between the proposal’s operational areas and the nearby nature reserves; 

 alteration of potential pit and infrastructure design to ensure that potential nest trees and 
potential future nest trees for Carnaby’s Black Cockatoos were not removed; 

 alteration of potential pit and infrastructure design to avoid or minimise to the greatest 
extent practicable, potential impacts on the vegetation within the road verges of Wannamal 
Road West and Aurisch Road and the access track to Bartlett’s Well Nature Reserve; 

 operation of the Mining Field Unit (ore treatment) inside the pit, rather than at surface, to 
reduce potential noise impacts;  

 enclosure of the pumps within the Wet Plant, to reduce potential noise impacts; 

 minimisation of net water abstraction from the Superficial Aquifer; 

 adoption of a mining sequence which delays to the maximum extent possible mining close 
to the two nature reserves; and 

 incorporation of groundwater recharge into the proposal design to mitigate potential 
impacts on wetlands to the west of Brand Highway. 

1.5 Proposal Key Characteristics 

The broad description provided in Section 1.3 of this PER provides the basis for the definition of the 
key proposal characteristics that capture all key features of the proposal relevant to the EP Act 1986.  
It is these key proposal characteristics that will be subject to environmental impact assessment and 
for which approval is being sought under Part IV of the EP Act 1986. 

The key characteristics of the proposal are defined in Table 1.2 and illustrated in Figure 1.3, in 
accordance with the requirements of EPA Environmental Assessment Guideline No. 1 (EPA, 2012). 
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Table 1.2 – Key Characteristics of the Proposal 

Proposal Title Boonanarring Mineral Sands Mine 

Proponent Name Image Resources NL 

Short Description 
This proposal involves conventional open cut dry mining of mineral sands, 
temporary overburden stockpile areas, processing of material mined through 
primary and secondary concentration plants and a relocatable dry mill.  It includes 
the construction and operation of associated mining infrastructure (offices, 
workshop, roads, solar drying cells, water bores) and a modification to the 
intersection of Brand Highway with Wannamal Road West to facilitate product 
transport. 
 

Element Location Proposed Extent 

Physical Elements 

Construction of mine and 
associated infrastructure. 

Proposal development envelope 
(Figure 1.3). 

Up to 400ha disturbance within a 1205ha 
proposal development envelope (Figure 
1.3). 

Native vegetation clearing. Part disturbance area within proposal 
development envelope (Figure 1.3). 

Clearing of no more than 50ha of 
scattered degraded native vegetation 
within the 400ha disturbance area in the 
1205ha proposal development envelope. 

Operational Elements 

Overburden materials 
management. 

Mine area. In pit and out of pit placement.  Pits will 
be backfilled. 

 

1.6 Scope of the PER and Assessment Process 

This PER document has been prepared in accordance with the Environmental Impact Assessment 
(Part IV Division) Administrative Procedures 2010 (EPA, 2010) and to fulfil the requirements of the 
Environmental Protection Act 1986 (Refer Section 3.2.1). 

The scope of the environmental investigations and impact assessment for the PER was defined by 
the ESD prepared by the EPA for this proposal (Refer Appendix 2). 

Section 4 and Appendix 3 contains a full list of the studies and investigations undertaken to inform 
this PER, the key elements of which are included in this PER document.  The individual reports for 
these studies and investigations are provided on a CD enclosed on the inside back cover of this PER 
document. 

The EPA’s assessment process for this PER is as illustrated in Figure 1.10. 
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Figure 1.10 - PER Assessment Process 
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2. STAKEHOLDER CONSULTATION 

2.1 Stakeholder Engagement Process 

Stakeholder consultation for the proposal commenced in March 2012. Image engaged stakeholders 
early in the planning for this proposal, primarily in the interests of achieving a collaborative 
approach and to ensure that local knowledge is considered in the design and management of the 
proposal.  

In June 2012 Image established an office in Gingin, which is normally open on two days per week, to 
welcome enquiries from the public and to provide information on the proposal.  This office is staffed 
by a part time Community Liaison Officer, who is a local resident. 

To date consultation has included: 

 written communications including landholder notification of the scope and purpose of the 
technical studies, individual project briefings and meetings, landholder access arrangements 
for exploration, environmental investigations and eventual mining operations and 
notification of Image’s Section 38 Environmental Protection Act 1986 referral and the 
consequent EPA determination of the requirement for a PER assessment of the proposal; 

 meetings and project briefings delivered to various Members of Parliament (both at State 
and Federal level); 

 Local Government consultation including staff and councillors at the Shire of Gingin; 

 telephone and email discussions with landholders generally regarding upcoming work 
programmes and access arrangements to facilitate field investigations; 

 media statements in local newspapers and ABC radio media interviews; 

 consultation with key State Government agencies including the Department of Water, 
Department of Environmental Regulation, Department of Parks and Wildlife and Office of 
the Environmental Protection Authority; 

 consultation with local Non-Government Organisations  (e.g. Gingin Water Group, 
Wannamal Community Group and Chittering Land Care Centre) with an interest in achieving 
environmental objectives; and 

 engagement with indigenous stakeholders. 

On 14th and 15th June 2013 Image held Community Information Sessions at its office in Gingin.  These 
sessions involved displaying material about the company, the proposal and associated 
environmental studies for community review and to provide the community with an opportunity to 
raise issues to be addressed in the preparation of the PER, and/or in the design and management of 
the proposal. 

The broad outcomes of the stakeholder consultation activities associated with the proposal to date 
have included: 

 increased government and community awareness and understanding of the project; 

 involvement of regulatory authorities in shaping project activities; 

 identification of areas of concern to local residents, the wider community and other 
stakeholders; 
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 provision of information by local stakeholders for use by Image in planning and 
investigations; 

 identification of potential business/employment opportunities for local stakeholders; and 

 opportunities for members of the local community to voice opinions and concerns. 

Matters raised during consultation primarily relate to potential impacts associated with surface and 
groundwater resources, possible amenity impacts to dwellings including dust, noise and visual 
concerns, and the need to develop an appropriate approach to management of any potential 
heritage issues in consultation with the Traditional Owners. 

2.2 Stakeholder Comments and Proponent Responses 

Table 2.1 summarises the stakeholder consultation that has occurred to date including specific 
topics of discussion, primary issues raised and responses.  It should be noted that the table generally 
excludes: 

 any communications which refer to financial arrangements regarding compensation for land 
access; 

 the various requests made over time for access to land to conduct studies and works 
associated with field investigations or interaction with landowners over the manner in which 
these activities would be or were carried out; and 

 discussions with landowners and other stakeholders which are not relevant to the PER 
process. 

 

Table 2.1 - Proposal Specific Consultation, Topics of Discussion, Issues Raised and Outcomes 

Stakeholder Date Topic/s Issues Raised Response 

General Community  

Community 
Information 
Sessions, Gingin 

14/6/13 
and 
15/6/13 

Project and 
environmental 
impact 
assessment 
process 

Most of those who attended the 
session were seeking general 
information on the project, with 
many asking about local 
employment and contracting 
opportunities.  The key 
environmental issues raised were 
potential groundwater impacts, 
management and mitigation and 
future opportunities for input to 
the environmental assessment 
process.  

Positive community 
response to this method of 
consultation. 
 
A number of additional 
nearby landowners were 
included in the baseline 
groundwater monitoring 
programme. 

Landowners     

Boonanarring 
Landowners (the 
same 
communication to 
all) 

3/10/12 Referral of 
Image’s 
proposal to the 
EPA 

Image notified the community in 
writing of the lodgement of the 
Section 38 referral under the 
Environmental Protection Act 
1986. 

Positive community 
response to pro-active 
notification. Some 
landowners took the 
opportunity to lodge a 
submission to the EPA on 
Image’s referral. 

 4/1/13 EPA decision on 
level of 
assessment 

Email advising landowners of EPA 
requirement for a Public 
Environmental Review (PER) to 
be undertaken. 

None required. 
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Stakeholder Date Topic/s Issues Raised Response 

Boonanarring 
Landowners (cont.) 

29/12/12 Mining Lease Advised landowners that an 
application for a Mining Lease 
had been lodged with the 
Department of Mines and 
Petroleum for the proposal. 

None required. 

 2/8/13 Water Licence 
applications 

Local Landowners advised of 
Image’s applications for 5C water 
licences for extraction from the 
Superficial and Yarragadee 
aquifers. 

None required. 

Contact on an 
individual basis, 
and at different 
times with the 
following 
landowners: 
G. Drew, P. Yukich, 
M. Winton, W. 
Fewster, J. Thurtell 
& J Blenkinsop, S. 
Calder & P. Barrett-
Lennard, A. & H. 
Dewar, C. & O. 
McKenzie; K. 
House, P. & B. 
Adamson, B. 
McCarthy, J. & D. 
Farrell, J. Giglia & 
Sons, S. Collard, 
and J. Hayes 

At various 
times 
between 
May 2012 
and 
October 
2013 

Project design 
and Project 
update briefings 
 

On various occasions Image 
provided briefings and 
information on the project design 
and responded to requests for 
proposal updates.  

Ongoing consultation 
maintained between Image 
and landowners on the 
proposal. 

Water 
management 

Potential hydrological impacts on 
surrounding properties 
(diminished water supply) and 
nearby environmental values of 
wetlands (e.g. Beermullah Lake, 
“Collard” Wetland) from mining 
and production activities. 
 
A landowner provided 
correspondence and a map 
advising of work undertaken on 
his property to control water 
runoff and the relationship of this 
work with Beermullah Lake. 
 

Information supplied by 
landowners used by Image 
to inform hydrology 
investigations. 
 
A network of piezometers 
was installed and these, 
together with existing local 
bores, have been 
monitored since May 2012 
to establish a baseline. 
Results of baseline 
monitoring have been 
provided to individual 
landowners as relevant to 
their property. 
 
Site visit was conducted 
with landowner of “Collard” 
Wetland. 
 
Potential hydrological 
impacts including on 
wetlands, have been 
assessed and management 
measures identified. 
 
(Refer Sections 5 and 6 of 
the PER).  
 
Undertakings by Image to 
individual landowners to 
ensure that the landowners 
have continuity of water 
supplies if these can be 
shown to have been 
affected by the proposed 
operations. 
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Stakeholder Date Topic/s Issues Raised Response 

Boonanarring 
Individual 
Landowners (cont.) 

 Dust and Noise Potential impacts of dust and 
noise from the proposal. 

Image installed a network 
of dust and noise monitors 
on various properties in the 
vicinity of the proposal to 
establish baseline levels. 
 
Assessment of potential 
dust and noise impacts was 
undertaken and 
management measures 
proposed. 
 
(Refer Section 7 of the 
PER). 

  Visual Amenity Potential amenity impacts on 
existing houses on nearby 
properties from the proposal in 
general. 
 
Potential amenity impacts 
including potential noise, light 
spill and steam emissions if a dry 
mill is included. 
 
Visual amenity concerns re 
‘smoke stacks’. 

Visual landscape and 
potential vegetative 
screening considered in 
location of the wet plant.  
The wet plant was re-
located further to the north 
in order to address visual 
amenity concerns of some 
residences. 
 
Landowners were advised 
that a dry separation plant 
is not proposed to be 
located on site at this stage 
and that ‘smoke stacks’ or 
steam emissions are not 
components of the 
proposal. 
 
Image supplied 
photomontage of proposed 
site facilities. 
 
(Refer Section 7 of the PER) 

Local Community Groups and Businesses 

Gingin Water 
Group Inc. 

14/2/12 Water 
resources 

Impact of the proposal on local 
water resources. 

Hydrological assessment 
undertaken. (Refer Sections 
5 and 6 of the PER). 

 6/3/13 Project update 
briefing 

Image was invited to attend the 
meeting to provide a project 
update. 
 
One landowner (S. Calder) 
requested an on-site meeting on 
her property. 

Gingin Water Group 
meeting attended and 
briefing provided. 
 
On-site meeting with 
landowner held 5/4/13. 

 2/8/13 Water Licence 
applications 

Gingin Water Group advised of 
Image’s applications for 5C water 
licences for extraction from the 
Superficial and Yarragadee 
Aquifers. 

None required. 

 19/9/13 GGWG AGM Image MD attended the GGWG 
AGM as a representative of 
Image as a member, and 
answered informal questions on 
the project. 

None required. 
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Stakeholder Date Topic/s Issues Raised Response 

Gingin Water 
Group Inc. (cont.) 

22/9/13 Hydrology Offer of a meeting to review the 
H3 hydrology report when made 
public.  Provided results of June 
quarterly baseline sampling of 
bores in the vicinity of the 
proposal. 

None required. 

Chittering Landcare 
Centre 

16/4/12 Project briefing Protection of biodiversity, water 
resources, local wetlands, 
environmentally sensitive areas, 
Red Gully and Moore River 
environs and Carnaby’s Cockatoo 
habitat. 

Assessment of potential 
impact on all of these 
issues, as relevant to the 
proposal, was undertaken. 
 
(Refer Sections 5 and 6 of 
the PER). 

Gingin Small 
Business Owners 

16/10/12 Project briefing Business opportunities for the 
local community. 

Local employment and 
business involvement 
strategies to be pursued by 
Image. 

Wannamal 
Community Group 

3/11/12 Project briefing Transportation routes to be used 
for product. 
 
Potential impacts on water 
resources. 

Proposal will utilise Brand 
Highway for transport. 
 
Hydrological investigations 
undertaken and 
management measures 
proposed. 
 
(Refer Sections 5 and 6 of 
the PER). 

Members of Parliament (at the time of consultation) 

Judi Moylan (MP) 19/3/12 Project briefing No issues raised. No response required. 

Grant Woodhams 
(MLA) 

19/3/12 Project briefing No issues raised. No response required. 

 16/5/12 Project update 
briefing 

No issues raised. No response required. 

Matt Benson (MLC) 20/03/12 Project update 
briefing 

No issues raised. No response required. 

Phil Gardiner (MLC) 20/03/12 Project update 
briefing 

No issues raised. No response required. 

Jim Chown (MLC) 29/05/12 Project update 
briefing 

No issues raised. No response required. 

Government Agencies 

Office of the 
Environmental 
Protection 
Authority (OEPA) 

13/6/12 Pre-referral 
project briefing 
to OEPA 

Discussion re. potential 
environmental impacts of the 
proposal on the environmental 
values of the proposal area and 
on nearby areas of 
environmental value (e.g. 
adjacent nature reserves).  OEPA 
advised that decision making 
authorities that should be 
consulted prior to referral include 
DPaW, DER, DoW and DMP. 

OEPA arranged a pre-
referral consultation 
meeting with DPaW, DER, 
DoW and DMP to discuss 
the proposal. Image 
supplied information on the 
proposal to be circulated 
prior to the meeting and for 
discussion at the meeting. 

 22/8/12 Pre-referral 
project briefing 
to decision 
making 
authorities 

Refer to issues as discussed 
under each separate agency 
below. 

Image referred the 
proposal to the EPA on 
12/10/12. 
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Stakeholder Date Topic/s Issues Raised Response 

OEPA (cont.) 12/10/12 Referral of 
proposal by 
Image to EPA 

Potential impacts on flora, 
vegetation, fauna and 
hydrological processes. 

EPA determined on 
17/11/12 that the proposal 
would be assessed at the 
level of PER and that it 
would prepared the 
Environmental Scoping 
Document (ESD). 

 21/2/13 Project briefing 
by Image to EPA 

Discussion on proposal, 
associated potential 
environmental issues, and the 
EPA prepared draft ESD for the 
PER. 

EPA issued final ESD on 
11/4/13. 

 27/2/13 & 
18/3/13 

PER Structure of PER document. Preliminary document 
structure agreed between 
Image and OEPA. 

 19/9/13 OEPA/DMA 
comments on 
draft PER 

Comments received from DMP, 
DER, DPaW, DoW and OEPA on 
draft PER discussed. 

Amendments made to the 
PER and relevant technical 
appendices in response to 
the comments received. 

 1/11/13 OEPA/DMA 
Comments on 
draft PER. 

Discussion on what work was 
undertaken to address comments 
on the draft PER and in the 
revision of the PER document. 

Revision of the PER to 
address comments on the 
draft. 

Department of 
Environment and 
Conservation (now 
split into 
Department of 
Environmental 
Regulation and 
Department of 
Parks and Wildlife) 

22/8/12 Pre-referral 
project briefing 
at OEPA 

Protection of Bartlett’s Well and 
Boonanarring Nature Reserves 
from proposal impacts. 

Field investigations 
undertaken of nature 
reserves as relevant to the 
project, and analysis of 
potential impacts as 
presented in this PER. 
 
(Refer Sections 5 and 6 of 
the PER). 

Department of 
Environmental 
Regulation 

3/10/13 
10/10/13 

Acid Sulphate 
Soils 

Discussion held re. potential risk 
of acid sulphate soils and 
proposed management in 
context of proposal.  Followed up 
by provision of proposed 
amendment to Supporting Study 
5.1 provided by email for review 
and response. 

Section 7 of the PER 
updated to reflect 
outcomes of consultation.  
Supporting Study 5.1 in 
Appendix 3 also updated. 

Main Roads WA 27/4/12 Transport route 
options 

Main Roads advised it had 
concerns about creating a new 
dedicated access from the 
proposal development envelope 
onto Brand Highway. 

Proposal design revised to 
create access onto proposal 
development envelope 
from Wannamal Road West 
instead of Brand Highway.  
Intersection of Wannamal 
Road West with Brand 
Highway will need to be 
upgraded.  Junction design 
is complete, to be 
submitted to MRWA for 
consideration.  

 19/12/12 Brand Highway 
and Wannamal 
Road West 
junction 
upgrade 

Potential impacts on traffic 
associated with the proposal.  
Main Roads requested 
preparation of a traffic impact 
statement. 

Traffic Impact Statement 
has been completed. 
 
(Refer Section 7 of the PER) 

Department of 
Mines and 
Petroleum (DMP) 

19/3/12 Project briefing. No issues raised. Ongoing consultation. 



 

Image Resources Boonanarring Mineral Sands PER Rev 2, 2014 2-7 

Stakeholder Date Topic/s Issues Raised Response 

DMP (cont.) 22/8/12 Pre-referral 
project briefing 
at OEPA. 

DMP confirmed tenure needs to 
be in place, and a Mining 
Proposal, Project Management 
Plan and Mine Closure Plan also 
need to be approved by DMP 
under the Mining Act before 
mining can commence. 

Mining Lease Application 
submitted and Mining 
Lease M70/1311 granted. 
 
Field investigations 
undertaken to support 
documentation required by 
DMP. 

 18/10/13 DMP comments 
on draft PER. 

ASS, Rehabilitation and closure, 
radiation management. 
 
Approval requirements under the 
Mining Act and Mine Safety 
Regulations. 

Section 3.2 and Table 7 
amended to address the 
comments. 

DMP Safety  28/10/13 Radiation 
management 

Appropriate timing for addressing 
radiation safety management 
issues. 

DMP agreed that this can 
be appropriately addressed 
at a later stage of the 
project when a radiation 
safety management plan is 
prepared.  Refer Table 7.1. 

Department of 
Water 

18/7/12 Water 
exploration 

Discussion on Image application 
of 26D licences to drill bore holes 
and existing aquifer allocations 
and level of assessment likely to 
be expected under RIWI Act. 

Image undertook 
comprehensive field and 
modelling investigations to 
assess potential impacts of 
the proposal on water 
quality and quantity and to 
determine management 
and monitoring required to 
demonstrate that water 
quality and quantity will 
not be adversely impacted.   
(Refer Sections 5 and 6 of 
the PER). 

 15/8/12  Project update 
briefing 

Existing aquifer allocations and 
potential impacts of proposal on 
other water users. 

 22/8/12 Pre-referral 
project briefing 
at OEPA 

Existing aquifer allocation and 
process for consideration of 
application to take water under 
Section 5C of the RIWI Act.  
Potential impact of the proposal 
on other users and on the 
environment to be considered. 

 5/9/12 Water license 
and proposed 
investigations 
to support 
applications. 

No additional issues raised. 

 29/4/13 Water license 
and ongoing 
investigations 
to support 
applications. 

Image discussed 5C RIWI Act 
license application, provided an 
update on the progress of 
hydrological investigations, 
stakeholder liaison to date and 
on the results of pump tests on 
site.   

DoW confirmed 
comprehensive 
investigations will be 
required (H3 level) to 
support the application 
under Section 5C RIWI Act 
for water license. 

 31/07/13 H3 Hydrological 
assessment 

Discussion of draft H3 report 
submitted.  Key issues discussed 
included confidence level of 
hydrological modelling; 
responsibility for environmental 
assessment and ESD context; 
wetland impacts. 

DoW confirmed that the 
approach being taken in 
hydrological investigations 
was acceptable. 

 22/10/13 DoW comments 
on draft PER 

Discussion on additional work 
being undertaken to address 
comments received on the draft 
PER and the H3 report.  DoW 
expressed particular concern 
about allocation of water from 
the Superficial Aquifer. 

Image commitment to 
investigate returning water 
that has infiltrated into the 
mining pits to the 
Superficial Aquifer rather 
than use it in processing. 
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Stakeholder Date Topic/s Issues Raised Response 

DoW (cont.) 7/11/13 Project water 
balance and 
licensing 
requirements, 

Update provided on additional 
work being undertaken.  
Discussion on options available 
for balancing the water licensing 
requirement from the Superficial 
Aquifer against that from the 
Yarragadee Aquifer. 

DoW advised that the 
operating strategy to be 
prepared for the licensing 
process could be used for 
exploring and deciding on 
the options available for 
minimising/balancing 
licence requirements from 
the Superficial and 
Yarragadee Aquifers, (Refer 
PER Section1.3 and Figure 
1.9. 

Department of the 
Environment 
(formerly SEWPaC). 

19/3/12 Project briefing General correspondence sent by 
Image regarding the proposal.  
SEWPaC responded by providing 
consultation details if further 
consultation is required. 

Ongoing consultation. 

Shire of Gingin July 2012 Project briefing 
to CEO 

Potential planning approval 
requirements discussed.  Image 
to meet with Council to formally 
discuss project. 

Image met with the Council 
formally on 16/10/12 and 
again on 5/3/13. 
 
The role of planning 
approvals will be further 
discussed prior to the 
commencement of the 
project. 
 
There is ongoing 
consultation with the Shire 
of Gingin and Main Roads 
WA regarding road 
planning and construction 
requirements. 
 
Image is committed to 
maintaining a focus on local 
employment opportunities. 

 16/10/12  Project briefing 
to Shire 
Councillors 

No issues raised. 

 5/3/13 Project update 
briefing to Shire 
Councillors 

Impact on local road system and 
intersection of access road with 
Brand Highway. 
 
Preference for local employment 
opportunities. 
 

 22/9/13 Hydrology Offer to meet with Shire to 
review H3 report when made 
public.  Provided copy of baseline 
June water quality sampling 
results. 

 

Indigenous Groups 

Yued Men’s Group 17/12/12 Heritage survey Avoidance survey for proposed 
installation of piezometers. No 
sites found. 

Permission granted for 
installation of piezometers. 

South West 
Aboriginal Land 
and Sea Council 

21/3/12 Project briefing Heritage survey requirements Agreed to undertake 
heritage surveys if 
required.  SWALSC raised 
preference for 
anthropological studies to 
be undertaken by a person 
who is ‘connected’ to the 
land. 
 
Ongoing consultation. 

3/5/12 Project update 
briefing 

No issues raised 

18/5/12 Heritage 
Protection 
Agreement for 
E70/3041 

Confirmation with SWALSC that 
heritage protection agreement 
originally signed in 2008 is still in 
place. 

9/10/12 Meeting 
arrangements 

Scope of heritage surveys. 

Non-government Agencies 

Wildflower Society 
of WA 

19/3/12 Project briefing No response received on 
information provided. 

None required. 

Conservation 
Council 

19/3/12 Project briefing No response received on 
information provided. 

None required. 
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2.3 Ongoing Consultation 

Consultation with stakeholders, including regulatory authorities, is ongoing and will continue 
throughout the approvals process, and (subject to approval) the construction and operations phase 
of the project. 

Image’s office in the town site of Gingin continues to provide for community engagement and face 
to face informal interaction with representatives of the company. 
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3. PRINCIPLES OF ENVIRONMENTAL PROTECTION, LEGISLATIVE 
FRAMEWORK AND ENVIRONMENTAL FACTORS 

3.1 Principles of Environmental Protection 

The principles of environmental protection identified by the Western Australian Environmental 
Protection Authority (EPA 2004) have been considered in designing and assessing the impacts of the 
proposal.  Image acknowledges these principles, accepts their relevance to the Boonanarring 
Mineral Sands Mine Proposal, and has addressed the principles in project design and planning (Refer 
Table 3.1). 

 

Table 3.1 - Boonanarring Mineral Sands Mine Proposal – Principles of Environmental Protection (EPA 2004) 

Principle Description 

Precautionary principle 
 

It is acknowledged that the precautionary principle as outlined in EPA Position 
Statement No.7 may have application to the proposed Project.  Risks of 
environmental impact have been identified; the necessary investigations to 
reduce scientific uncertainty regarding the potential for environmental impact 
have been undertaken; and measures developed to avoid serious or irreversible 
impact to the environment. 

The principle of intergenerational 
equity 

The company commits to managing those environmental factors within its 
control such that future adverse impacts are minimised and that, wherever 
possible, the quality of the environment is maintained or enhanced. 

Principle of the conservation of 
biological diversity and ecological 
integrity  

The effects of the proposed operations, both direct and indirect, on the 
biological environment have been adequately assessed and measures to 
protect biodiversity will be implemented. 

Principles relating to improved 
valuation, pricing and incentive 
mechanisms  
 

The need to provide sufficient capital and operating funds to ensure 
environmental management measures are implemented throughout the 
Project life is acknowledged. Provision has also been made for costs associated 
with closure and decommissioning and it is acknowledged that these costs form 
part of the cost of production. 

Principle of waste minimisation  All reasonable and practicable measures to minimise the generation of waste 
and its discharge to the environment will be taken. 

 
It is considered that the proposal satisfies these principles, and that this PER will demonstrate that 
the project is environmentally sound.  

3.2 Legislative Framework 

3.2.1 Principal Legislation 

The principal legislation in Western Australia governing the environmental assessment of the 
Proposal is the Environmental Protection Act 1986 (EP Act). 

Part IV of the EP Act requires the environmental impact assessment of proposals with the potential 
for significant impact on the environment, and provides for the Minister for Environment to 
authorise implementation of the Proposal.  It defines the approvals process of environmental impact 
assessment required for proposed development, and an outline of this process as it applies to the 
proposal has been given in Section 1.7 of this PER. 

Part V of this legislation prohibits unauthorised environmental harm and pollution, provides for the 
regulation of prescribed premises and prohibits the unauthorised clearing of native vegetation.  It 
establishes a range of statutory instruments to permit the assessment and management of 
environmental outcomes arising from emissions from the construction of prescribed premises that is 
likely to cause, increase, alter or result in a discharge of waste.  Schedule 1 of the Environmental 
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Protection Regulations 1987 defines 89 categories of prescribed premises (those requiring a works 
approval and licence), including the key category relevant to this proposal “Mineral sands mining or 
processing: premises on which mineral sands ore is mined, screened, separated or otherwise 
processed.” (Category 8). 

3.2.2 Other State Legislation 

Other state legislation and regulations that may be relevant to the proposal beyond the EP Act, 
particularly in relation to environmental matters, are outlined in Table 3.2.  Separate documents, 
such as licence applications under various Acts, will be prepared, as required, for submission to the 
departments that administer approvals under these Acts.  Other key approvals include: 

 Groundwater abstraction licences under the Rights in Water and Irrigation Act 1914; 

 Approval of the Mining Proposal, Mine Closure Plan and Project Management Plan under 
the Mining Act 1978 and the Mines Safety and Inspection Act 1994. 

 

Table 3.2 - State Legislation, other than the EP Act, Relevant to the Proposal 

Instrument Description of Relevance 
Decision Making Authority / 
Involved Agencies 

Aboriginal Heritage Act 1972 Provides automatic protection for all places and 
objects in Western Australia that are important to 
Aboriginal people, referred to as Aboriginal sites.  
Under the Act it is an offence for anyone to 
excavate, damage, destroy, conceal or in any way 
alter an Aboriginal site without consent being 
obtained under Section 18 of that Act. 

Minister for Aboriginal Affairs 

Department of Aboriginal Affairs 

Agriculture and Related 
Resources Protection Act 1976 

Management of declared weeds. Department of Agriculture 

Conservation and Land 
Management Act 1984 

Provides for management of conservation reserves 
and unallocated Crown land.  Relevant to the two 
nature reserves to the east of the proposal 
development envelope. 

Department of Parks and Wildlife 

Dangerous Goods Safety Act 
2003  

Outlines provisions and requirements for the safe 
storage, handling and transport of dangerous 
goods. 

Department of Mines and 
Petroleum 

Environmental Protection 
(NEPM-NP) Regulations 1998 

These regulations require certain acts to be done 
for the purpose of implementing the National 
Pollutant Inventory. 

Department of Environmental 
Regulation 

Environmental Protection 
(Noise Regulations) 1997 

Provides standards for maximum allowable noise 
levels at sensitive premises taking into 
consideration the existing surrounding land use of 
the receiver location. 

Department of Environmental 
Regulation 

Environmental Protection 
(Unauthorised Discharges) 
Regulations 2004 

Sets out requirements with respect to materials 
that must not be burnt of discharged into the 
environment. 

Department of Environmental 
Regulation 

Health Act 1911 Addresses disposal of wastewater (sewage). Department of Health 

Mines Safety and Inspection 
Act 1994 and Mines Safety and 
Inspection Regulations. 

Provides for management of safety issues through 
the requirement for preparation and assessment of 
a Project Management Plan, and provides for 
regulation of radiation safety under Part 16 of the 
Mines Safety and Inspection Regulations through 
the preparation and assessment of a Radiation 
Management Plan. 

Department of Mines and 
Petroleum 
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Instrument Description of Relevance 
Decision Making Authority / 
Involved Agencies 

Mining Act 1978 Tenure allowing the proposal is issued under this 
Act (Mining Lease, Miscellaneous Licence, General 
Purpose Lease). Provides for management of 
environmental issues through the preparation and 
assessment of a Mining Proposal and Mine Closure 
Plan. 

Minister for Mines and 
Petroleum 

Department of Mines and 
Petroleum 

Occupational Safety and 
Health act 1984 

Provides for the safety and health of persons in the 
workplace.  Assists in establishment of standards 
relating to noise, dust etc., which can indirectly 
management impacts on the existing environment. 

Worksafe, Department of 
Commerce 

Planning and Development Act 
2005 

Government approvals of buildings, including 
workshops, administrative building and other 
similar structures (taking into account matters such 
as flood, surface water controls and drainage, 
noise, fire and other health related matters), and 
includes procedures for the preparation and 
amendment of regional and local planning schemes 
(not required for this proposal). 

Shire of Gingin 

Radiation Safety Act 1975, The proposal site would be required to be 
registered under this Act.  

Transport of the heavy minerals concentrate may 
trigger the Radiation Safety Act 1975, whereby the 
carrier is required to comply with a Radiation 
Protection Programme. 

Radiological Council WA 

 

Rights in Water and Irrigation 
Act 1914. 

Approval is required for the abstraction of 
groundwater. 

Department of Water 

Wildlife Conservation Act 1950 Protects flora and fauna native to the state of 
Western Australia, particularly declared threatened 
flora and fauna. 

Department of Parks and Wildlife 

 

3.3 Environmental Factors 

3.3.1 Preliminary Environmental Factors Considered in Determining Level of Assessment 

In its referral under Section 38 of the EP Act, Image considered all environmental factors as 
identified in the Environmental Protection Authorities “Guide to EIA Environmental Principles, 
Factors and Objectives” (EPA, 2010) in identifying relevant preliminary environmental factors and 
also in considering whether its proposal was likely to have a significant impact on the environment. 

In making a determination on whether the proposal required assessment and the appropriate level 
of assessment, the EPA identified the preliminary environmental factors it considered could be 
relevant.  The preliminary environmental factors identified as relevant at this early ‘filtering’ stage of 
the assessment process were: 

 Flora and vegetation 

 Fauna and habitat 

 Groundwater 

 Surface water 

 Air quality 

 Noise 

 Light. 
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The EPA identified that the potential significant impacts associated with the proposal in relation to 
these factors could be: 

 groundwater drawdown impacts on the adjacent nature reserves (Bartlett’s Well and 
Boonanarring Nature Reserves); 

 potential for noise, dust and light to impact on nearby residents; and 

 potential impact to conservation category wetland (in Bartlett’s Well Nature Reserve). 

In making its determination that the proposal would require assessment at the level of Public 
Environmental Review (PER), the EPA stated that given the location of the proposed mine pits in 
relation to the adjacent nature reserves, Image would be required to provide evidence that it can 
manage groundwater drawdown so that there is no significant impact on the reserves or its 
conservation category wetland within the Bartlett’s Well Nature Reserve.  The EPA also noted that 
noise, dust and light impacts could potentially be managed (EPA weekly record of determination for 
development proposals, 7th November 2011). 

3.3.2 Preliminary Key Environmental Factors Identified in Environmental Scoping Document 

The EPA identified preliminary key environmental factors for this proposal in consultation with other 
decision making authorities including the Department of Environment and Conservation (DPaW) 
(now split into the Department of Environmental Regulation (DER) and the Department of Parks and 
Wildlife (DPaW)), Department of Water (DoW), and the Department of Mines and Petroleum (DMP).   

These preliminary key environmental factors are: 

 Flora and vegetation 

 Terrestrial fauna and subterranean fauna 

 Hydrological processes and inland waters environmental quality 

 Offsets. 

Table 3.3 summarises the preliminary key environmental factors identified by the EPA, proposal 
characteristics relevant to each, and the studies required in relation to these factors (refer Section 
4), as published in the ESD which it prepared for the PER (Refer Appendix 2).  Section 5 of this PER 
provides a description of the existing environment and Section 6 addresses the potential 
environmental impacts and the mitigation and management of these factors in relation to achieving 
the EPA’s Environmental Objectives.  Relevant Supporting Studies are included in Appendix 3. 

3.3.3 Other Matters  

A number of other environmental matters were identified by the EPA in the ESD as needing to be 
addressed in the PER, to the extent that it should be shown how these matters are to be mitigated 
and managed.  There were also matters identified by Image during consultation with various 
stakeholders, additional to those identified by the EPA. 

These matters are considered to be likely to meet EPA objectives, and/or can be regulated through 
other statutory decision making processes and therefore are not likely to require consideration by 
the EPA in recommending environmental conditions of approval under Part IV of the EP Act.  As 
such, these matters are not included by the EPA in the ESD as Preliminary Key Environmental Factors 
to be addressed in this PER. 
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The EPA identified other matters include: 

 Dieback mapping and management 

 Amenity (dust) 

 Amenity (noise and vibration). 

The additional matters identified during consultation with the community and government agencies 
include: 

 Visual amenity 

 Light 

 Indigenous heritage 

 Radiation 

 Closure and rehabilitation 

 Transport. 

Section 7 of the PER addresses the potential environmental impacts and mitigation and 
management of these matters in relation to achieving the EPA’s Environmental Objectives. 
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Table 3.3 - Preliminary Key Environmental Factors Identified in the ESD and Studies Required 

Preliminary Key 
Environmental Factor (as 
identified by EPA in the ESD) 

Proposal Characteristics relevant to environmental 
factor 

Study required by ESD Where addressed in the PER 

Flora and Vegetation The proposal involves clearing of up to 50ha of isolated 
pockets of degraded remnant native vegetation and 
scattered paddock trees. The dewatering of the pits 
may result in impacts to adjacent remnant vegetation.  

 Desktop study and Level 1 Survey in accordance with EPA 
Guidance Statement 51. 

 Level 2 Survey where it is predicted that indirect impacts 
extend into areas with conservation significant flora and 
vegetation. 
 

 Sections 5.1, 5.3, 6.1 and 6.2. 

 Supporting Studies 1.1, 1.2, 
1.3, 4.1, 4.1a and 4.2 in 
Appendix 3 

Terrestrial Fauna and 
Subterranean Fauna 

The required clearing of isolated pockets of remnant 
vegetation may impact on fauna and fauna habitat.  It 
also needs to be demonstrated whether the proposal 
development envelope represents subterranean fauna 
habitat. 

 Desktop study and Level 1 Survey in accordance with EPA 
Guidance Statement 56. 

 Reconnaissance survey for Short Range Endemic Fauna. 

 Desktop study for likelihood of subterranean fauna being 
present. 
 

 Sections 5.2, 5.3, 6.1 and 6.2. 

 Supporting Studies 2.1, 2.2, 
2.3, 2.4, 2.5, 2.6, 2.7, 2.8 and 
2.9 in Appendix 3 

Hydrological processes and 
inland waters environmental 
quality 

Dewatering and abstraction associated with the 
proposal may result in changes to groundwater levels 
and quality, which may result in impacts to flora and 
vegetation and fauna habitat in the adjacent nature 
reserves.  The conservation category wetlands within 
the surrounding areas may also be impacted.  
 

 Hydrogeological investigations and modelling and analysis 
including independent peer review of these studies. 

 Acid Sulphate Soil Risk Assessment. 

 Level 2 Survey where it is predicted that indirect impacts 
extend into areas with conservation significant flora and 
vegetation. 

 Sections 5.1, 5.3 and 6.2. 

 Supporting Studies 1.1, 1.3, 
2.6, 3.1, 3.2, 3.3, 4.1, 4.1a, 
4.2 and 5.1 in Appendix 3. 

Offsets If the proposal has any significant residual impacts or 
uncertainty on vegetation, flora and fauna species, 
they will need to be counterbalanced by offsets. 
 

 Examination of impacts and if required, development of a 
draft programme of environmental offsets. 

 Inclusion of Environmental Offsets Reporting Form in PER. 

 Sections 6 and 8 and 
Appendix 4. 
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4. SUPPORTING STUDIES AND SURVEY EFFORT 

Image has utilised environmental specialists to conduct the studies required to inform the 
environmental impact assessment and management of its proposal and to fulfil and, in some 
instances, exceed the requirements of the EPA as set out in the ESD.  Table 4.1 summarises the 
studies undertaken.  The study reports, referred to as Supporting Studies, are included in Appendix 3 
of the PER.  

Table 4.1 - Summary of Studies Undertaken for the PER 

Factor Consultant Survey Effort Report 

Preliminary Key Environmental Factor 

Flora and Vegetation 

 360 Environmental Level 2 2012 Boonanarring Mineral Sands Level 2 Flora 
and Vegetation and Groundwater 
Dependent Vegetation Survey 
(Supporting Study 1.1) 

 360 Environmental Level 1 2013 Boonanarring Mineral Sands Baseline Flora 
and Vegetation Survey Addendum 
(Supporting Study 1.2) 

 360 Environmental Impact Assessment Boonanarring Mineral Sands: Impact 
Assessment: Flora and Vegetation 
(Supporting Study 1.3) 

Fauna    

Terrestrial Fauna 360 Environmental Level 1 2012 Boonanarring Mineral Sands Level 1 
Vertebrate Fauna Survey 
(Supporting Study 2.1) 

Subterranean Fauna 360 Environmental Desktop Boonanarring Mineral Sands Subterranean 
Fauna Desktop Assessment 
(Supporting Study 2.2) 

Short Range Endemic 
Fauna 

360 Environmental Desktop and 
Reconnaissance 
survey 2013 

Boonanarring Mineral Sands Short Range 
Endemic (SRE) Fauna Assessment. 
(Supporting Study 2.3) 

Terrestrial Fauna 360 Environmental Impact Assessment Boonanarring Mineral Sands: Impact 
Assessment: Vertebrate Fauna 
(Supporting Study 2.4) 

Short Range Endemic 
Fauna 

360 Environmental Impact Assessment Boonanarring Mineral Sands: Impact 
Assessment: Invertebrate Fauna 
(Supporting Study 2.5) 

Subterranean Fauna 360 Environmental Impact Assessment Boonanarring Mineral Sands: Impact 
Assessment: Subterranean Fauna 
(Supporting Study 2.6) 

Black Cockatoos and 
matters of National 
Environmental 
Significance 

Bamford Consulting 
Ecologists 

Desktop and field 
survey in 
accordance with 
SEWPaC guidelines 

Black Cockatoo habitat study and other 
species of national environmental 
significance. 
(Supporting Study 2.7) 
and 
Examination of possible Black Cockatoo 
Nesting Trees 
(Supporting Study 2.8) 

 Bamford Consulting 
Ecologists 

Impact Assessment Image Resources Boonanarring Project Area; 
Assessment of potential impact upon Black 
Cockatoos. 
(Supporting Study 2.9) 

Hydrological Processes and Inland Waters Environmental Quality 

Wetlands 360 Environmental Desktop Mindarra Northwest Wetlands Assessment 
for the Boonanarring Mineral Sands 
Proposal. (Supporting Study 3.1) 
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Factor Consultant Survey Effort Report 

Wetlands (cont.) 360 Environmental Impact Assessment Boonanarring Mineral Sands Impact 
Assessment: Mindarra Northwest Wetlands. 
(Supporting Study 3.2) 

 Endemic Pty Ltd  Field review Wetland Investigation of Collard’s Wetland, 
Drew Road, Boonanarring. 
(Supporting Study 3.3) 

Hydrological 
processes 

URS and MWES H3 level 
hydrological 
assessment 

Boonanarring Project – H3 Hydrogeological 
Assessment 
(Supporting Study 4.1) 

 URS Additional H3 
hydrological 
modelling 

Boonanarring Project – Addendum to H3 
Hydrogeological Assessment 
(Supporting Study 4.1a). 

 URS and MWES Desktop and field Boonanarring Project Surface Water Studies 
(Supporting Study 4.2) 

Acid Sulphate soils Outback Ecology Desktop Risk 
Assessment and 
Sampling and 
Analysis Plan 

Image Resources NL Boonanarring Project: 
Desktop Acid Sulphate Soil (ASS) Risk 
Assessment. 
(Supporting Study 5.1) 

Other Matters 

Dieback mapping and 
management 

Glevan Consulting Database search 
and field survey, 
2013 

Boonanarring Mineral Sands Phytophthora 
cinnamomi occurrence assessment. 
(Supporting Study 6.1) 

Amenity (dust) Outback Ecology Baseline dust 
monitoring January 
– April 2013 

Boonanarring Baseline Air Quality 
Assessment. 
(Supporting Study 7.1) 

  Air quality impact 
assessment 

Boonanarring Mineral Sand Mine: Air Quality 
and Greenhouse Emissions Management. 
(Supporting Study 7.2) 

Amenity (noise) Lloyd George Acoustics 
Pty Ltd 

Baseline noise 
monitoring January 
2013 

Background Noise Measurement: Image 
Resources Boonanarring Project. 
(Supporting Study 8.1) 

  Noise impact 
assessment 

Environmental Noise Assessment: Proposed 
Boonanarring Sand Mine. 
(Supporting Study 8.2) 

Closure and 
Rehabilitation 

Outback Ecology Field investigation 
and laboratory 
assessment of soil 
and overburden. 

Boonanarring Project: Baseline Soil and 
Overburden Characterisation. 
(Supporting Study 9.1) 

Transport Shawmac Traffic analysis and 
intersection design 

Traffic Impact Assessment Boonanarring 
Mineral Sands, Brand Highway, 
Boonanarring, Western Australia. 
(Supporting Study 10.1) 

 

Table 4.2 lists the EPA Guideline and Guidance and Position Statements relevant to this proposal, 
and summarises how they were taken into account in the planning, design and assessment of the 
proposal and associated studies required for the PER. 
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Table 4.2 - Relevant EPA Guidelines and Guidance and Position Statements, and consideration given in the Proposal 

Guideline/Guidance 
Position Statement 
No.  

Guideline/Guidance/Position 
Statement Title 

How Addressed in the 
Proposal 

Outcome 

Environmental 
Assessment Guideline 
(EAG) 1 

Environmental Assessment 
Guideline for Defining the Key 
Characteristics of a Proposal, 
Environmental Protection Act 
1986 

Section 1.5 and Table 
1.2 

Proposal key characteristics 
defined consistent with 
guidelines. 

EAG 8  Environmental Assessment 
Guideline, Environmental Factors 
and Objectives, Environmental 
Protection Act 1986 

Sections 6 and 7, Tables 
ES1.2 and 1.3 

Environmental objectives 
identified consistent with EAG 
8. 

Environmental 
Position Statement 
(EPS) No. 7 

Principles of Environmental 
Protection 

Section 3.1 Principles addressed in proposal 
design and planning. 

Environmental 
Guidance Statement 
(GS) 3 

Separation Distances between 
Industrial and Sensitive Land Uses 

Site Selection for wet 
plant. 

Plant site altered and separated 
and screened from sensitive 
receptors as far as practicable.  

GS 6 Rehabilitation of Terrestrial 
Ecosystems 

Commitment to 
incorporate 
rehabilitation objectives 
into construction and 
decommissioning plans. 

Effective rehabilitation in 
accordance with auditable 
rehabilitation targets. 

GS 12 Minimising greenhouse gases Plant and mining 
efficiency to minimise 
fuel consumption. 

Minimisation of greenhouse gas 
emissions. 

GS 18 Prevention of Air Quality Impacts 
from Land Development Sites 

Dust baseline 
monitoring undertaken 
and management 
controls proposed. 

Management measures 
identified. 

GS 19, PS 9 Environmental Offsets Taken into account in 
consideration of 
whether offsets are 
required (refer Section 
8) 

Determined that there would 
be no significant residual 
impacts as a result of the 
proposal, and therefore that 
offsets would not be required. 

GS 20 Sampling of Short Range Endemic 
Invertebrate Fauna for 
Environmental Impact 
Assessment in Western Australia  

Applied in design and 
implementation of field 
studies. 

Adequate sampling undertaken 
to provide effective 
environmental impact 
assessment. 

GS 41 Assessment of Aboriginal Heritage Investigations 
undertaken in 
conjunction with 
Traditional Owners. 

Activity managed on an ongoing 
basis with the Traditional 
Owners. 

GS 51 Terrestrial vegetation and flora 
Surveys for Environmental Impact 
Assessment in Western Australia 

Applied in design and 
implementation of field 
studies. 

Survey results enable effective 
environmental impact 
assessment. 

GS 54 Sampling of subterranean fauna 
in groundwater and caves 

Applied in design and 
implementation of 
desktop study. 

Desktop study enables effective 
environmental impact 
assessment. 

GS 54a 
(draft) 

Sampling methods and survey 
considerations for subterranean 
fauna in Western Australia 

Applied in design and 
implementation of 
desktop study. 

Desktop study enables effective 
environmental impact 
assessment. 
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Guideline/Guidance 
Position Statement 
No.  

Guideline/Guidance/Position 
Statement Title 

How Addressed in the 
Proposal 

Outcome 

GS 55 Implementing best practice in 
proposals submitted to the 
environment impact assessment 
process 

Taken into account in 
engineering and 
environmental 
investigation 
programme. 

Proposal design to minimise 
impact to terrestrial 
environment. 

GS 56 Terrestrial Fauna Surveys for 
Environmental Impact 
Assessment in Western Australia 

Applied in design and 
implementation of field 
studies. 

Survey results enable effective 
environmental impact 
assessment. 
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5. EXISTING ENVIRONMENT – PRELIMINARY KEY ENVIRONMENTAL 
FACTORS 

5.1 Flora and Vegetation 

The majority of the proposal development envelope is cleared land used for cropping and grazing.   
Botanical surveys were undertaken to understand composition of the remnant native vegetation and 
to inform assessment of groundwater dependency in adjacent, undisturbed areas, particularly the 
adjacent nature reserves. 

A Level 2 Flora and Vegetation Survey was undertaken for the majority of the proposal development 
envelope and field surveys were conducted to map potential groundwater dependent vegetation in 
Bartlett’s Well Nature Reserve and in part of the Boonanarring Nature Reserve.  Desktop level 
information was prepared for the part of the proposal envelope required to accommodate the 
Wannamal Road West and Brand Highway intersection upgrade.  The outcomes of these 
investigations provide the technical information included in this section of the PER and are reported 
in the following Supporting Studies:   

 Supporting Study 1.1: Level 2 Flora and Vegetation and Groundwater Dependent Vegetation 
Survey  

360 Environmental 2013.  Boonanarring Mineral Sands Level 2 Flora and Vegetation and 
Groundwater Dependent Vegetation Survey.  Report prepared by 360 Environmental Pty Ltd 
for Image Resources NL, West Perth, Western Australia. 

 Supporting Study 1.2: Level 1 Flora and Vegetation Assessment Brand Highway 

360 Environmental 2013.  Boonanarring Mineral Sands Baseline Flora and Vegetation Survey 
Addendum. Report prepared by 360 Environmental Pty Ltd for Image Resources NL, West 
Perth, Western Australia. 

These supporting studies are included in Appendix 3 of this PER. 

5.1.1 Flora 

One hundred and fifty four (154) species of native flowering plants were recorded within the 
proposal development envelope.  The flowering plant families that are well represented by native 
species in the proposal development envelope are: 

 The Myrtaceae (eucalypt family) with twenty one (21) native species 

 The Proteaceae (Banksia family) with eighteen (18) native species 

 The Fabaceae (pea and Acacia family) with sixteen (16) native species  

 The Cyperaceae (sedge family) with sixteen (16) native species 

 The Poaceae (grass family) with twelve (12) native species 

 The Asparagaceae family with eight (8) native species. 

A list of species recorded in the proposal development envelope is presented in Appendix 4 of 
Supporting Study No. 1.1. 
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No Threatened Flora was recorded in the proposal development envelope.  Two Priority 3 species, 
the Spear Grass Austrostipa sp. Cairn Hill (M.E. Trudgen 21176) and the rush Lepidobolus densus, 
were recorded within the proposal development envelope (refer Figure 5.1).  The Spear grass was 
recorded at two locations in paddocks in the northern part of the survey area and was common in 
these pasture paddocks. The rush was recorded in the access track between Brand Highway and 
Bartlett’s Well Nature Reserve.  This record is at the southern extent of the principal range of 
Lepidobolus densus.   

The flora values for rareness in the proposal development envelope are considered low.   

A number of taxa recorded in the proposal development envelope are near the southern limit of 
their range, including Baeckea grandiflora, Pileanthus filifolius, Drosera citrina, Banksia 
shuttleworthiana and Hypocalymma xanthopetalum.  Thelymitra crinita and Amphipogon strictus 
were recorded at the northern end of their range. 

Thirty six (36) weed species were recorded from the survey area, none of which are listed as 
Declared Weeds (Agricultural Protection Board, 2011). Two species, Pinus pinaster and a Santalum 
species have been introduced to the survey area in plantations which have not proved viable.  The 
list of non-native species in the survey area is presented in Appendix 4 of Supporting Study 1.1.  This 
list is not exhaustive as given the ongoing activity, no attempt was made to record all non-native 
species occurring in the agricultural areas. 

Surveys of Bartlett’s Well Nature Reserve by Woodman Environmental Consulting PL in 2005 and 
2008 recorded 222 taxa (Empire Oil Company, 2012 in Supporting Study 1.1).  A diverse range of 
vegetation types occur in the Reserve.  A DPaW biological survey of Boonanarring Nature Reserve 
recorded 573 vascular plant taxa during the survey and mapped 10 vegetation associations 
(Burbidge et. al 1996 in Supporting Study 1.1).  

5.1.2 Vegetation  

The proposal development envelope lies in the Drummond Botanical Subdistrict (generally 
equivalent to the Swan Coastal Plain and part of the Dandaragan Plateau) of the Darling Botanical 
District of the South Western Botanical Province of Western Australia (Beard, 1980 in Supporting 
Study 1.1). 

The proposal development envelope is predominantly cleared agricultural land.  Pockets of relatively 
intact native vegetation occur along the road verges of Aurisch Road and Wannamal Road West and 
in the Bartlett’s Well Nature Reserve access track corridor and small remnants of disturbed 
vegetation, including isolated mature trees, are scattered across the paddocks. The area of each 
individual remnant is small, with little diversity.    

Six vegetation units were described in the bushland remnants within the proposal development 
envelope (Refer Table 5.1 and Figures 5.2a and 5.2b).  Two units are Banksia spp. low woodland and 
Banksia spp. – Eucalyptus todtiana low woodland. Heaths with scattered Eucalyptus todtiana and 
Corymbia calophylla make up two other units.  The remaining two units are a Leptospermum 
erubescens heath in a small seepage area and a ‘Degraded’ Melaleuca preissiana low woodland in a 
farm paddock. 

The Level 1 Survey of the vegetation of the Brand Highway/Wannamal Road West intersection 
(Supporting Study 1.2) identified vegetation similar to that in remnants in the wider proposal 
development envelope, including an upper strata dominated by Banksia species and Allocasuarina 
with infrequent E. Todtiana and X. preissei.  Sedges and weeds dominated the ground level flora. 
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Overall, the proposal development envelope, including the proportion required for the Brand 
Highway/Wannamal Road West intersection upgrade, exhibits low species richness and vegetation 
values. 

The most intact vegetation values occur in the Aurisch Road and Bartlett’s Well Nature Reserve 
access corridor.  The vegetation of the Wannamal Road West corridor is also relatively undisturbed 
though it carries a significant weed burden. 

The proposal development envelope lies just to the north of the northern boundary of the Gibson et 
al. Swan Coastal Plain (SCP) study area. The Priority Ecological Community (PEC) SCP23b (P3) 
‘northern Banksia attenuata- Banksia menziesii woodlands’ (the Gibson et al., floristic community 
type (FCT)23b), has been recorded in the broader locality. 
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Figure 5.1 - Conservation Significant Flora Recorded in the Survey Area (Source: Supporting Study 1.1, Figure 6)  
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Table 5.1 - Boonanarring Proposal Development Envelope Vegetation 

Vegetation Types 
Total Mapped 

Area (Ha) 
Mapped outside 

BPE (Ha) 

within BPE (Ha) 

Total 
≤ Degraded 

Condition (Ha) 
≥ Good Condition 

(Ha) 
Native Vegetation Units 

AhCqEp 1.98 0 1.98 - 1.98 

BaBm 6.97 4.49 2.48 0.53 1.95 

BaBmEt 121.27 116.87 4.39 0.43 3.97 

CcAhXp 34.86 32.92 1.94 0.36 1.58 

Le 1.19 0 1.19 - 1.19 

Mp 1.61 1.44 0.17 - 0.17 

Paddock-based Woodland 

C. calophylla (Marri) over E. todtiana low woodland 28.55 - 28.55 28.55 - 

C. calophylla (Marri) woodland 18.11 - 18.11 18.11 - 

E. todtiana low open woodland 8.86 - 8.86 8.86 - 

Planted Vegetation 

Pinus pinaster Plantation 50.12 - 50.12 50.12  

P. pinaster Plantation / native understorey regrowth 10.16 - 10.16 - 10.16 

Santalum sp. Plantation 10.58 - 10.58 10.58  

Mixed Planting 8.28 - 8.28 8.28  

Eucalyptus spp. (exotic) Plantation 7.91 - 7.91 7.91 - 

Farm Planting 4.16 - 4.16 4.16 - 

Other 

Not Surveyed 129.83 - 129.83 129.83 - 

Pasture Paddock 898.16 - 898.16 898.16 - 

Road 1.83 - 1.83 1.83 - 

Total 1,218.60 155.73 1,058.88 1,038.06 20.83 
 

#Where Vegetation Condition was assessed as being Good to Degraded, condition was listed as Good. 
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Figure 5.2a - Vegetation Units (Source: Supporting Study 1.1, Figure 7a)
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Figure 5.2b - Vegetation Units (Source: Supporting Study 1.1, Figure 7b)
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5.1.2.1 Potential Groundwater Dependent Vegetation 

As described in Section 1.3, the mine pits will be generally between 35 and 55m deep below existing 
ground level, and as such, the existing water table of the Superficial Aquifer intersects the base of 
the mine pits (Refer Figures 1.7 and 1.8).  Water infiltrating into the mine pits from the aquifer will 
need to be removed to facilitate dry mining.  Whilst this is technically referred to as dewatering, it 
will be undertaken in a ‘passive’ manner where water that naturally seeps into the pits from the 
Superficial Aquifer will be collected via drains and sumps, and pumped out.   

Accordingly, flora and vegetation could be indirectly impacted by the proposal as a result of 
drawdown of groundwater associated with the proposal, and therefore, the flora and vegetation 
surveys undertaken for the proposal also had the objective of identifying any potential groundwater 
dependent vegetation, particularly in the adjacent Bartlett’s Well and Boonanarring Nature 
Reserves, that could potentially be indirectly impacted by implementation of the proposal.   The 
entire area of Bartlett’s Well Nature Reserve was surveyed given its size and proximity to the 
proposal development envelope.   A select area of Boonanarring Nature Reserve was identified for 
survey based on the results of preliminary hydrological studies that identified it as potentially within 
the influence of potential groundwater drawdown and because of the nature of vegetation observed 
(Banskia woodland) (refer Supporting Study 1.1). Relatively large areas of Banksia spp. low 
woodland occurred in both Bartlett’s Well Nature Reserve and Boonanarring Nature Reserve 
(Figures 5.3a and 5.3b). Banskia species B. attenuata and B. menziesii are facultative phraetophytes.  
That is, these species use groundwater if it is available, and are particularly sensitive to groundwater 
drawdown where the depth to groundwater is less than 6m.    

Eighteen vegetation types were mapped in the survey of the nature reserves (Figures 5.3a and 5.3b).  
The vegetation type codes or names are shown in Table 5.2, along with a description of the 
vegetation and the releve or mapping note description sites. 

Of the eighteen vegetation types mapped, two were assessed during the survey as ‘potential 
Terrestrial GDV’ (Banksia attenuata, Banksia menziesii low woodland units ‘BaBmEt’ and ‘BaBm’) 
and six were assessed as ‘potential Wetland GDV’ (wetland units ‘Mp’ (Plate 1), ‘MpMl’ (Plate 2), 
‘Mv’ and transitional wetland units ‘Heath (f)’, ‘CcMpCa’ and ‘CcBgCa’) (Figure 5.3a, and 5.3b; Table 
5.2).   The wetland vegetation units were only recorded in Bartlett’s Well Nature Reserve (Plates 1 
and 2), and are associated with the perched Mirrabooka Aquifer with depths to groundwater of less 
than 6m (Refer Supporting Study 4.1). 

In Bartlett’s Well Nature Reserve Banksia woodland covered most of the central valley upslope of 
the main seasonal damp land area and between the laterite ridges.  The Banksia spp. in this area was 
healthy (Plate 3).  Banksia spp. deaths were recorded along the western and northern sides of 
Bartlett’s Well Nature Reserve.  In the north-west corner, there was a low rate of Banksia spp. 
deaths recorded, and upslope to the east, Banksia spp. deaths recorded were estimated at up to 
30% (Plate 4).   

Banksia spp. deaths were recorded throughout all the Banksia low woodland in Boonanarring 
Nature Reserve, with deaths estimated at more than 50% and up to 70% near the central northern 
Reserve boundary (Plate 5).   

Banksia mortality observed across both reserves is attributed to drought stress in recent years, 
coinciding with below average rainfall and inferred declining groundwater levels. While many of the 
Banksia spp. deaths in Bartlett’s Well Nature Reserve and Boonanarring Nature Reserve were ‘old 
deaths’ (no leaves left on the trees), recent deaths were also observed scattered in the areas during 
the potential GDV mapping study.  The Banksia spp. deaths in both reserves were scattered amongst 
’healthy’ live trees and did not present a pattern of intensive patch death that might be associated 
with Dieback (Phytophthora cinnamomi) infection. 
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The proposal development envelope is predominantly cleared and contains no groundwater 
dependent vegetation. 

Some remnant native vegetation comprising largely Banksia woodland of a similar nature to that 
mapped in the nature reserves and therefore considered potential terrestrial GDV, is located within 
the predicted groundwater drawdown contours to the immediate west of the proposal development 
envelope and north of Aurisch Road. 

Table 5.2 - Vegetation types mapped in the potential GDV investigation areas, their descriptions and recording sites 

Vegetation 
Type 

Vegetation Description 
Potential 
GDV* 

Recording Sites 
(detailed descriptions Appendix 8 of 
Supporting Study 1.1) 

   Bartlett’s 
Well NR 

Boonanarring NR 

BaBm Banksia menziesii, Banksia attenuata low 
open woodland 

T  BIR19 

BaBmEt Banksia attenuata, Banksia menziesii, 
Eucalyptus todtiana low woodland 

T BIR12, BIR14, 
BIM34 

BIR17, BIM38, BIM44 

CcBgCa Corymbia calophylla scattered trees over 
Cyathochaeta avenacea open sedgeland  

W BIM30  

CcMpCa Corymbia calophylla (Marri) scattered trees 
over Melaleuca preissiana scattered low 
trees over Cyathocaeta avenacea open 
sedgeland (transitional dampland) 

W BIM28  

CcX Corymbia calophylla (Marri) woodland over 
Xanthorrhoea sp. shrublands 

 BIM25, BIM26 BIR22, BIR24 

El Eucalyptus lane-poolei scattered low trees 
to low open woodland 

  BIM40, BIM42 

EmCc Eucalyptus marginata (Jarrah), Corymbia 
calophylla (Marri) woodlands 

 BIR15 BIR20, BIR26 

Et Eucalyptus todtiana low open woodland to 
low woodland 

 BIM32 BIR16 

Ew Eucalyptus wandoo woodland  BIR27 BIR25 

Heath Heaths on lower gentle sand slopes  BIM46 BIR21, BIM39 

Heath (Cc) Heaths on lower slope with Corymbia 
calophylla (Marri) scattered trees  

 BIR6  

Heath(f) Flowline heath including Hypocalymma 
angustifolium low shrubland over 
Cyathocaeta avenacea open sedgeland. 

W BIR11  

Heath (u) Heath of laterite ridge crests and upper 
slopes 

 BIR28  

Heath (u,Cc) Upland heaths with Corymbia calophylla 
(Marri) scattered trees to open woodland 

 BIR7, BIM29  

Mp Melaleuca preissiana, (Banksia littoralis) 
scattered low trees to low woodland 

W BIR9  

MpMl Melaleuca preissiana low woodland over 
Melaleuca lateritia open to closed scrub 

W BIM27  

Mu Melaleuca urceolaris closed heath   BIM43 

Mv Melaleuca viminea open scrub W BIR10  

* T:  Terrestial; W:  Wetland
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Figure 5.3a - Bartlett’s Well Potential Groundwater Dependent Vegetation (Source: Supporting Study 1.1, Figure 8a)  
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Figure 5.3b - Boonanarring Nature Reserve Potential Groundwater Dependent Vegetation (Source: Supporting Study 1.1, Figure 8b)
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Plate 5.1 - Vegetation type ‘Mp’ at site BIR9 in Bartlett’s Well Nature Reserve (Source: Supporting Study 1.1) 

  

 

Plate 5.2 - Vegetation type ‘MpMl’ at site BIM27 in Bartlett’s Well Nature Reserve (Source: Supporting Study 1.1) 

.  
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Plate 5.3 - Vegetation type ‘BaBmEt’ at site BIR14 in Bartlett’s Well Nature Reserve.  Banksia spp. trees were generally 
healthy in this area (Source: Supporting Study 1.1). 

 

Plate 5.4 - Vegetation type ‘BaBmEt’ upslope along the north-western boundary of Bartlett’s Well Nature Reserve.  
Banksia attenuata and B. menziesii tree deaths were estimated at more than 30% in this area, while down slope in the 
same stand (near north-west corner of the Reserve) deaths were fewer (Source: Supporting Study 1.1). 
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Plate 5.5 - Vegetation type ‘BaBmEt’ upslope of BIR17, near the northern boundary of the GDV mapping area in 
Boonanarring NR.  Banksia spp. deaths were estimated at more than 70% in this area (Source: Supporting Study 1.1). 

 

5.2 Fauna 

Desktop database searches and field surveys were undertaken to identify the fauna values of the 
proposal development envelope and nearby nature reserves.  The outcomes of these investigations 
and the technical information included in this section of the PER is reported in the following 
Supporting Studies: 

 Supporting Study 2.1: Level 1 Vertebrate Fauna Survey. 

360 Environmental 2013.  Boonanarring Mineral Sands Level 1 Vertebrate Fauna Survey.  
Report prepared by 360 Environmental Pty Ltd for Image Resources NL, West Perth, Western 
Australia. 

 Supporting Study 2.2: Subterranean Fauna Desktop Assessment. 

360 Environmental 2013.  Boonanarring Mineral Sands Subterranean Fauna Desktop 
Assessment.  Report prepared by 360 Environmental Pty Ltd for Image Resources NL, West 
Perth, Western Australia. 

 Supporting Study 2.3: Short Range Endemics Reconnaissance Survey. 

360 Environmental 2013.  Boonanarring Mineral Sands Short Range Endemics 
Reconnaissance Survey.   Report prepared by 360 Environmental Pty Ltd for Image Resources 
NL, West Perth, Western Australia. 
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 Supporting Study 2.7: Black Cockatoo habitat study and other species of national 
environmental significance. 

Bamford Consulting Ecologists 2012.  Boonanarring Black –Cockatoo Habitat Study and notes 
on other fauna species of National Environmental Significance.  Report prepared by K.J. & 
A.R. Bamford Consulting Ecologists for Image Resources NL, West Perth, Western Australia. 

 Supporting Study 2.8: Examination of possible Black Cockatoo Nesting Trees. 

Bamford Consulting Ecologists 2012.  Image Resources Boonanarring Project Area: 
Examination of possible Black –Cockatoo Habitat nest trees.  Report prepared by K.J. & A.R. 
Bamford Consulting Ecologists for Image Resources NL, West Perth, Western Australia 

These Supporting Studies are included in Appendix 3 of this PER. 

5.2.1 Vertebrate and Invertebrate Fauna 

A total of 120 vertebrate fauna species potentially occur in the area within 5km of the proposal 
development envelope based on searches of the DPaW’s Threatened and Priority Fauna Database, 
NatureMap and the EPBC Protected Matters Database search within a buffer of 5km of the proposal 
development envelope (Table 5.3). This included nine introduced species. The total comprised 
representatives of 50 families, of which six were represented by introduced species. 

Table 5.3 - Fauna Taxa with the Potential to Occur at the Site 

Fauna Group Number Of Families Number Of Species 

Avifauna* 
Native 36 88 

Introduced 3 5 

Mammals
*
 

Native 6 8 

Introduced 3 4 

Reptiles 5 12 

Amphibians 2 3 

Total 50 120 

*Note that three avifauna and two mammalian families are represented by both Native and exotic species. 

 
Seventeen conservation significant vertebrate fauna taxa protected under Federal and/or State 
legislation were identified as having the potential to occur in the area within 5km of the proposal 
development envelope on the basis of their known distributions (Table 7 of Supporting Study 2.1). 
These included ten avifauna species, five native mammal species and two reptile species. No 
amphibians of conservation significance were predicted to occur within the proposal development 
envelope. Two mammal species and one reptile are not protected by legislation at either level but 
are recognized by DPaW as having particular conservation value under the Priority fauna listings.  Of 
these, only four species were considered likely or possible to occur (Refer Table 5.4). 

Table 5.4 - Conservation Significant Fauna with the Potential to Occur at the Site 

Species Conservation Status Preferred Habitat 
Extent of Habitat in the 
Study Area and Region 

Likelihood of 
Occurrence 

Carnaby’’s Black 
Cockatoo 
(Calyptorhynchus 
latirostris) 
 

IUCN: Endangered 
EPBC: Endangered 
WCA: Schedule 1 
DPaW: Threatened 

Forrest, woodlands, 
heathlands, farms.  It feeds 
on Banksias, Hakeas, 
Dryandras (often on ground) 
and also exploits pine 
plantations (Moorcombe 
2003 in Supporting Study 
4.1). 

There are small areas of 
preferred feeding habitat 
scattered throughout the 
site.  The site is located 
within the species breeding 
and non-breeding range.  It is 
likely the species will be 
present. 

Observed 
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Species Conservation Status Preferred Habitat 
Extent of Habitat in the 
Study Area and Region 

Likelihood of 
Occurrence 

Rainbow Bee 
Eater (Merops 
ornatus) 
 

IUCN: Least concern 
EPBC: Migratory 
WCA: Schedule 3 
DPaW: International 
Agreement 

Occurs in open forests and 
woodlands, shrublands, 
sandridges, riverbanks and in 
various cleared or semi-
cleared habitats, including 
farmland and areas of human 
habitation (Higgins 1999 in 
Supporting Study 4.1).  Nests 
in burrows constructed in 
sandy substrates.   

The study area comprised 
sand-based habitats.  It is 
possible that the species will 
occur in the area periodically, 
and possible that the area 
may be used for nesting. 

Probable 

Chuditch 
(Dasyurus 
geoffroii) 
 

IUCN: Near 
Threatened 
EPBC: Vulnerable 
WCA: Schedule 1 
DPaW: Threatened 

Uses a variety of 
environments from dense 
eucalypt forests / open 
woodlands to sparse, semi-
arid and low-lying scrub (Van 
Dyck & Strahan 2008 in 
Supporting Study 4.1).  
Remaining habitat suitable 
for supporting Chuditch in 
numbers is through the 
cooler south west corner of 
the state, in areas with 
significant concentrations of 
prey and sufficient logs and 
hollows for nests (Van Dyck & 
Stahan 2008 in Supporting 
Study 4.1). 

The site contains very little to 
no habitat suitable for the 
species, however, the 
surrounding nature reserves 
contain habitat that may be 
suitable.  Therefore, it is 
possible the species may be 
present within the proposal 
development envelope while 
moving through the area. 

Possible 

Carpet Python 
(Morelia spilota 
subsp. imbricata) 
 

IUCN: Least concern 
WCA: Schedule 4 
DPaW: Specially 
protected 

Hollow trunks and limbs, 
disused burrows, caves, rock 
crevices and beneath 
boulders (Wilson and Swan 
2003 in Supporting Study 
4.1). 

Paddock trees and areas of 
degraded remnant bush may 
provide habitat. 

Possible 

 

The proposal development envelope has been extensively cleared for agriculture.  Given the high 
level of human activities over at least the past 30 years, natural habitat value is negligible. 

The Level 1 vertebrate fauna field survey recorded 31 vertebrate fauna species representing 22 
families (Table 5.5).  Bird species were the most abundant fauna recorded, whilst other groups were 
represented only by individual animals (Supporting Study 2.1). 

Table 5.5 - Number of Vertebrate Fauna Species recorded at the Site 

Fauna Group Number of Families Number of Species 

Birds 18 27 

Native Mammals 2 1 

Introduced Mammals 2 2 

Bats - - 

Reptiles 1 1 

Amphibians - - 

Total 22 31 

 
The proposal development envelope has limited habitat suitable for foraging by Carnaby’s Black 
Cockatoos and ten trees that meet the Department of Sustainability, Environment, Water, 
Population and Communities (SEWPaC) criteria for potential nest trees.  Of these ten trees, three 
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had hollows that might be suitable for nesting, although none of these hollows was being used at 
the time of survey (Supporting Studies 2.7 and 2.8). 

There is little or no suitable habitat for any species of National Environmental Significance (NES) in 
the proposal area (Table 5.4 and Supporting Study 2.7). 

Database and desktop research indicated that no insect species of conservation significance were 
recorded in the wider area or were predicted to occur within the proposal development envelope. 

The majority of the proposal development envelope is unsuitable for potential invertebrate short-
range endemic (SRE) fauna due to the high level of disturbance. Minor strips of remnant bush in 
roadside verges potentially constitute suitable SRE habitat.  The habitats in the road reserves adjoin 
significantly larger similar habitat in the neighbouring Bartlett’s Well and Boonanarring Nature 
Reserves. 

Several invertebrate fauna groups were identified within the proposal development envelope. These 
included the Lycosidae (Wolf Spiders), Urodacidae (Sand Scorpions), Formicidae (ants) Gastropoda 
(terrestrial snails) and Reduviidae (Assassin Bugs).  The most abundant species recorded was the 
introduced Portuguese millipede. The native fauna recorded are not likely to be SRE taxa. 

One fauna group considered likely to be an SRE (a Bothriembryon land snail of undetermined 
species) was recorded in Bartlett’s Well Nature Reserve (Supporting Study 2.3).  

5.2.2 Subterranean Fauna 

The potential subterranean fauna habitats identified appear to be limited to groundwater of the 
Superficial Aquifer. Such habitat on the Swan Coastal Plain is widespread and extensively 
interconnected. There are no known geological, hydrogeological or geochemical factors that would 
preclude stygofauna from occurring within, or in the vicinity of, the proposal development envelope.  

The occurrence of troglofauna in the proposal development envelope is unlikely because the 
geologies do not provide sufficient interconnected void space of suitable stable humidity. 

Stygofaunal assemblages of the Superficial Aquifer on the Swan Coastal Plain are very low in 
diversity and endemicity. Although there is a reasonable likelihood of stygofauna occurring within or 
in the vicinity of the proposal development envelope, they are likely to be few in number and are 
likely to occur across a much broader area (Supporting Study 2.2). 

5.3  Hydrological Processes and Inland Waters Environmental Quality 

Investigations undertaken to address this preliminary key environmental factor, and information in 
this section of the PER is taken from the following:  

 Supporting Study 3.1: Wetland Hydrological and Ecological Values 

360 Environmental 2013. Mindarra Northwest Wetlands Assessment for Boonanarring 
Mineral Sands Project. Report prepared by 360 Environmental Pty Ltd for Image Resources 
NL, West Perth, Western Australia. 

 Supporting Study 3.3: Collard Wetland Investigation 

Endemic Pty Ltd 2013.  Wetland Investigation of Collard’s Wetland, Drew Road, 
Boonanarring.  Letter report prepared by Endemic Pty Ltd for Image Resources, Balcatta, 
Western Australia. 

 Supporting Study 4.1:  Groundwater  

URS 2013. Boonanarring Project – H3 Hydrogeological Assessment. Report prepared by URS 
for Image Resources NL, West Perth, Western Australia 
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 Supporting Study 4.1a: Groundwater 

URS 2013a.  Boonanarring Project – H3 Hydrogeological Assessment Addendum.  Report 
prepared by URS for Image Resources NL, Balcatta, Western Australia. 

 Supporting Study 4.2: Surface water 

URS 2013. Boonanarring Project Surface Water Studies. Report prepared by URS for Image 
Resources NL, West Perth, Western Australia 

 Supporting Study 5.1: Acid Sulphate Soil Risk Assessment 

Outback Ecology 2013 Desktop acid Sulphate Soil (ASS) Risk Assessment.  Report prepared 
by Outback Ecology Pty Ltd for Image Resources NL, West Perth, Western Australia 

5.3.1 Surface Water 

The proposal development envelope is located midway between Gingin Brook and Moore River. 
Boonanarring Brook is south of the proposal development envelope and flows into Gingin Brook.  

There is no significant surface drainage within the proposal development envelope.  A number of 
minor ephemeral drainage lines (average 3km in length) which originate from the western edge of 
the Dandaragan Plateau traverse from east to west across the site. The catchment area upstream of 
the proposal development envelope, which forms part of the Beermullah Plain Watershed, is 
approximately 27km2.  Half of the upstream catchment is cleared land supporting farming activities, 
and the remainder falls in the Bartlett’s Well and Boonanarring Nature Reserves. The catchments 
and drainage lines within the proposal development envelope have been heavily modified by 
agriculture.  The largest sub-catchment (approximately 12ha in area) extends to the upper slopes of 
the Boonanarring Nature Reserve. The smaller sub-catchments are essentially grassed depressions, 
sometimes with a small, sandy low-flow channel. Catchments and surface drainage are shown in 
Figure 5.4. 

The drainage lines become less pronounced towards the west.  Any seasonal flows are considered to 
infiltrate in the lower slopes, recharging the Superficial Aquifer. The drainage lines are not well 
defined from the proposal development envelope to Brand Highway (represented by dashed lines in 
Figure 5.4). There are no hydraulic structures such as culverts or formal floodways along the Brand 
Highway, downstream of the proposal development envelope reflecting the low probability of any 
significant surface runoff at the highway and therefore west of the highway into the wetland chain 
on Beermullah Plain. A small dam exists on one of the drainage lines. 

The Superficial Aquifer does not discharge into the drainage lines.  The perched Mirrabooka Aquifer 
east of the proposed pits (including under the Bartlett’s Well Nature Reserve) sometimes discharges 
at the surface, giving rise to two small springs, one of which is located within the Bartlett’s Well 
Nature Reserve in the area associated with ‘wetland vegetation’ and the other approximately 500m 
north of Wannamal Road West to the east of the proposal development envelope (Figure 5.4). 
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Figure 5.4 - Surface drainage patterns in relation to the proposal development envelope and surrounds (Source: 
Supporting Study 4.2, Figure 3-2) 
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5.3.2 Groundwater  

The proposal development envelope lies within the Gingin Groundwater Area (GGA) which is a 
gazetted groundwater area under the RIWI Act 1914, subject to a range of management protocols 
overseen by the Department of Water (DoW). It is within the Red Gully Sub-area associated with the 
unconfined superficial formations and surficial resources and Sub-area 5 for the confined Leederville 
and Yarragadee Aquifers.  Adjoining the Red Gully Sub-area to the west is the Beermullah Plain Sub-
area. Within the superficial formations there is lateral groundwater flow from east to west from the 
Red Gully Sub-area to the Beermullah Plain Sub-area. Similarly, Sub-area 2 and Sub-area 3 occur to 
the west and down-gradient from Sub-area 5 with respect to groundwater flow within the 
Leederville and Yarragadee aquifer systems.  

A staged groundwater exploration programme was implemented to investigate the Superficial, 
Leederville and Yarragadee aquifers beneath the proposal area (Refer Supporting Study 4.1). The 
staged programme included: 

 quarterly groundwater monitoring and sampling of selected bores; 

 the drilling and installation of 42 piezometers (BNP01 to BNP27, inclusive) at 26 sites to 
characterise the Superficial Aquifer. Slug tests were subsequently conducted in a number of 
the piezometers to estimate hydraulic properties of the intercepted aquifer; 

 the drilling and construction of three Superficial Aquifer test bores (BNPB01 to BNPB03, 
inclusive), one Yarragadee Aquifer test bore (BNPB04) and seven monitoring bores. Three 
monitoring bores are screened in the Leederville and Yarragadee Aquifers and the Parmelia 
Formation. Aquifer tests were completed in two of the four test bores. Groundwater quality 
sampling has also been undertaken; and 

 research of public domain references and together with the site investigation data 
subsequent interpretation of the local and sub-regional hydrogeology. 

Figure 5.5 shows the locations of the groundwater exploration bores.  

Groundwater levels (or potentiometric surface) have exhibited a declining trend in recent years, 
which is attributed to a prolonged period of below average rainfall:   

 Superficial Aquifer - an overall water table decline beneath the Beermullah Plain west of the 
proposal development envelope of 0.13 m/annum since 2004;  

 Leederville Aquifer – overall decline up to 0.3 m/annum, particularly to the southwest 
towards Gingin Brook; and 

 Yarragadee Aquifer – declines of 0.15 to 0.47 m/annum in the period from 2008 to 2012. 

  



 
 

Image Resources Boonanarring Mineral Sands PER Rev 2, 2014 5-22 

 

 

Figure 5.5 - Bores used in Groundwater Investigations (Source: Supporting Study 4.1, Figure 5-1) 
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5.3.2.1 Hydrogeology 

The hydrogeology of the proposal development envelope and surrounding area is characterised by 
four principle aquifers (refer Supporting Study 4.1): 

 Mirrabooka Aquifer – perched, surficial formations of the Red Gully Sub-area, beneath 
Dandaragan Plateau; 

 Superficial Aquifer – superficial formations of sub-areas Red Gully and Beermullah Plain, thus 
beneath the Gingin Scarp and Beermullah Plain;   

 Leederville Aquifer – beneath the surficial formations (Dandaragan Plateau) and superficial 
formations (Gingin Scarp and Beermullah Plain); and    

 Yarragadee Aquifer – unconformably underlies the Leederville Aquifer in this area, and 
separated from the Leederville Aquifer by a clay layer. 

Figures 5.6 and 5.7 shows the stratigraphy and structure of the proposal area and surrounds. 

Mirrabooka Aquifer – Surficial Formations 

The Mirrabooka Aquifer is a perched aquifer on the Gingin Scarp and Dandaragan Plateau, 
comprising sandstones with interbedded siltstone and shale.  This aquifer is located to the east of 
the proposal development envelope, occurring at relatively higher elevations than the proposal 
development envelope. Recharge to the Mirrabooka Aquifer is provided by rainfall percolating 
through the Dandaragan Plateau.  

Both the Mirrabooka Aquifer and Kardinya Shale Member pinch-out towards the west and the 
Gingin Scarp. Intersections of the Kardinya Shale Member with the Gingin Scarp and incised 
watercourses provide potential for local discharge from the Mirrabooka Aquifer in the form of 
natural springs and seeps. Natural springs to the immediate east of the proposal development 
envelope, within and or adjoining the Bartlett’s Well Nature Reserve and incised watercourses on 
the escarpment are attributed to the Mirrabooka Aquifer.  

The water table elevations of this aquifer range from about 120m AHD to 175m AHD, reflecting 
depths to the water table of 75m to 130m, expressing at the surface on occasion as natural springs, 
including in Bartlett’s Well Nature Reserve (Refer Figure 5.8).  

Groundwater flow in the Mirrabooka Aquifer broadly conforms to the ground surface topography. 

Superficial Aquifer – Superficial Formations 

The Superficial Aquifer is an unconfined, uppermost aquifer occurring within the superficial 
formations beneath the Swan Coastal Plain, comprising of Bassendean Sands, Guildford Clay, 
Yoganup Formation and Ascot Formation.  The Superficial Aquifer has an eastern limit beneath the 
Gingin Scarp.   

There is potential for the Mirrabooka Aquifer, beneath the Gingin Scarp, to recharge the eastern 
limits of the Superficial Aquifer.  On the escarpment and Swan Coastal Plain, recharge to the 
Superficial Aquifer occurs from rainfall infiltration and in selected settings upward leakage from the 
Leederville Formation.  Net recharge to the proposal area from rainfall infiltration is estimated at 
less than five percent of annual average rainfall (DoW, September 2008 in Supporting Study 4.1). 

Water table elevations in the Superficial Aquifer beneath the proposal development envelope range 
from 65m AHD to 90m AHD, at depths approximately 20m to 30m below ground level.  The water 
table broadly follows the ground surface topography.  Groundwater flow is to the west-southwest 
and the Swan Coastal Plain. 

The highest water table elevations occur opposite the topographical ridges on the Gingin Scarp crest.  
In these areas, local mounding of the water table is apparent, reflecting recharge due to overflow of 
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groundwater from the adjoining perched Mirrabooka Aquifer.  The depth to the water table 
progressively decreases beneath the foot-slopes of the Gingin Scarp.  A shallow water table occurs at 
the toe of the escarpment.  In settings where Guildford Clay occurs at the toe of the escarpment, the 
water table may be locally expressed on the ground surface.  To the west, beneath the Beermullah 
Plain, the water table occurs at shallow depths.  Interpreted depths to the Superficial Aquifer water 
table for the proposal development envelope and surrounds are shown on Figure 5.9. 

Leederville Aquifer 

The Leederville Aquifer, a significant regional multi-layered groundwater flow system comprised of 
interbedded sandstones, siltstones and shale ranging in thickness up to 20m. 

In the east, under the Dandaragan Plateau, the Leederville Aquifer is interpreted to be confined by 
Kardinya Shale and Osborne Formation.  Further west, beneath the Gingin Scarp and the proposal 
area, the confining beds may include the Otorowiri Member, Parmelia Formation and/or upper shale 
beds of the Pinjar Member. Beneath the local Swan Coastal Plain and locally, the Leederville Aquifer 
is semi-confined, supporting the groundwater levels within the superficial formations with some 
upward leakage.  

Recharge to the Leederville Aquifer beneath the Dandaragan Plateau occurs when the sediments are 
exposed to watercourses and stream flow. Beneath the Swan Coastal Plain, recharge occurs via the 
overlying Superficial Aquifer.   

Local discharge from the Leederville Aquifer occurs where the superficial formations are fully incised 
by the Gingin Brook (DoW, January 2011 in Supporting Study 4.1). The reaches of the Gingin Brook 
that host these discharge zones occur where the Guildford Clay is absent and the Ascot Formation is 
overlain by Bassendean Sands. 

The transition of the Leederville Aquifer transition from confined to semi-confined conditions 
beneath the Swan Coastal Plain occurs to the west of the eastern-most Guildford Clay settings, 
approximately along the alignment of Whitfield Brook and Beermullah Lake (to the west of the 
proposal development envelope). The perennial nature of Beermullah Lake may reflect accentuated 
local recharge by upward leakage from the Leederville Aquifer.  

If the Leederville aquifer is assumed to be unconfined, the natural water level is likely to range from 
120m AHD (potentiometric surface beneath the northeast Dandaragan Plateau) to 35m AHD 
associated with discharge zones on reaches of Gingin Brook near its confluence with the Moore 
River.  Groundwater flow is from the northeast to the southwest, under steeper hydraulic gradients 
beneath the Dandaragan Plateau compared to the Beermullah Plain.  Potentiometric surface 
elevations beneath the proposal area vary between 65 to 75m AHD, as shown on Figure 5.10. 

Yarragadee Aquifer 

The Yarragadee Aquifer is a regional confined multi-layered groundwater flow system. Several 
studies have supported interpretations on the Yarragadee Aquifer in the area of the proposal 
development envelope.  These studies show that the local Yarragadee Aquifer successions have a 
thickness greater than 2,800m comprised of interbedded sandstones, siltstones and shales. The top 
of the Yarragadee Formation was estimated at minus 177m AHD. 

The potentiometric surface elevations of the Yarragadee Aquifer in the area of the proposal 
development envelope range from 40m AHD to 66m AHD in the vicinity of the Moore River to 
approximately 20km southwest of the proposal area, with flow being from a north to south direction 
from Moore River to Gingin Brook (Figure 5.10).  
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Figure 5.6 - Hydrogeological Cross Section Locations Map for Figure 5.7 (Source: Supporting Study 4.1, Figure 7-1) 
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Figure 5.7 - Conceptual Cross-Section and Aquifer Distributions (Source: Supporting Study 4.1, Figure 7-2) 
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Figure 5.8 - Mirrabooka Aquifer Setting and Interpreted Water Table Elevations (March 2013) (Source: Supporting Study 
4.1, Figure 6-13) 
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Figure 5.9 - Interpreted Superficial Aquifer Depth to Water Table (March 2013) (Source: Supporting Study 4.1, Figure 6-
15)  
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Figure 5.10 –  Leederville Aquifer – Potentiometric Surface (interpreted groundwater level) (May 2012) (Source: 
Supporting Study 4.1, Figure 6-17)  
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5.3.2.2 Groundwater Quality 

Baseline assessment of the local groundwater quality continues to be undertaken through quarterly 
sampling of existing bores within and around the proposal development envelope.  The sites were 
sampled in May 2012, July 2012, November 2012, March 2013 and June 2013. Groundwater 
sampling was also undertaken during the aquifer pump tests in the production test bores (April 
2013).   Regional groundwater sampling has also provided quality data for the Mirrabooka, 
Superficial, Leederville and Yarragadee aquifers.  

Laboratory analyses were undertaken of groundwater samples, with results compared to the 
National Water Quality Management Strategy: Australian Drinking Water Guidelines (ADWG) 6, 
2011, Vol. 1.  The majority of samples had results below laboratory or ADWG detection limits (MWES 
Consulting, 2013a & 2013b) for all parameters.  Salinity levels varied considerably between the 
different aquifers sampled (discussed separately as follows). 

Mirrabooka Aquifer 

Groundwater salinity data for the Mirrabooka Aquifer were derived from locally sampling in 
monitoring bores BNMB02, BNMB03, BNPO18S and BNPO18D and in wider context from 
groundwater investigations along Gingin Brook (DoW, January 2011 in Supporting Study 4.1). These 
data indicate groundwater salinity in the range 200 to 820 mg/L TDS (by calculation) and 150 to 
2,620 mg/L TDS, respectively.  

A natural spring on the Gingin Scarp, identified with nomenclature BSW3, was also sampled in July 
and November 2012. The natural spring, interpreted to represent discharge from the Mirrabooka 
Aquifer, had measured salinity in the range 760 to 950 mg/L TDS (by calculation). 

Superficial Aquifer 

Beneath the proposal area, groundwater in the Superficial Aquifer is predominantly fresh, through 
to brackish, with Total Dissolved Solids (TDS) concentrations in the range 97 to 1,563 mg/L and 
average 450 mg/L. Regional data show a salinity ranging up to about 1,800, 2,000 and 4,500 mg/L 
TDS nearby to the Gingin Brook (DoW, January 2011 in Supporting Study 4.1).  The interpreted 
salinity distribution within the Superficial Aquifer is illustrated on Figure 5.11.  

The salinity of the Superficial Aquifer appears to be influenced by a number of factors including: 

 Recharge sources 

 Stratigraphy and lithology 

 Depths to the water table. 

Potential recharge sources include the Mirrabooka Aquifer, direct rainfall infiltration and vertical 
upward fluxes from the Leederville Aquifer.  The recharge sources from the Mirrabooka Aquifer and 
Leederville Aquifer are constrained in their occurrence and consequently influence on the 
groundwater quality of the Superficial Aquifer.  

Influences from the Mirrabooka Aquifer occur locally adjacent to and downstream of settings where 
the perched aquifer interfaces with the Gingin Scarp. In these settings the groundwater salinity is 
comparatively high (ranging up to about 2,600 mg/L; DoW, January 2011 in Supporting Study 4.1), 
indicative of shallow depths to the perched water table and evaporation-concentration effects due 
to groundwater discharge. Increased salinity also occurs due to groundwater discharge from other 
shallow water table settings, such as the toe of the escarpment and in association the Guildford Clay 
outcrop on the Pinjarra Plain of the Swan Coastal Plain.  

Recharge from the local Leederville Aquifer may also influence the groundwater salinity within the 
Superficial Aquifer. These influences would be predominant in areas where there is vertically upward 
flow potentials and reasonably hydraulic connection indicated by the absence of confining beds. The 
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actual influences of the Leederville Aquifer on the Superficial Aquifer would be dependent on local 
water balances, with mixing of recharge from rainfall infiltration and that from the Leederville 
Aquifer. There may be lateral and vertical salinity stratification within the Superficial Aquifer due to 
differential recharge factors. 

Investigations along the Gingin Brook (DoW, January 2011 in Supporting Study 4.1) showed an 
alignment with groundwater quality and lithology. In this setting, fresh groundwater was 
predominantly hosted by the Bassendean Dune System and brackish sources commonly linked to the 
Guildford Clay.   

Leederville Aquifer 

The measured (February 2013) Leederville Aquifer salinity in the proposal area was approximately 
700 mg/L TDS in BNMB07. Sampling in the vicinity of Gingin Brook (DoW, January 2011 in Supporting 
Study 4.1) indicated the Leederville Aquifer hosts a sodium-chloride type groundwater with TDS in 
the range 570 and 910 mg/L.  

Yarragadee Aquifer 

Samples from BNPB04 and BNMB05 indicated groundwater salinity of 1,340 to 1,470 mg/L TDS 
beneath the proposal area. 
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Figure 5.11 - Superficial Aquifer – Interpreted Salinity (Source: Supporting Study 4.1, Figure 6-20) 
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5.3.3 Wetlands 

Wetlands in Western Australia are described by DPaW as areas that are ‘permanently, seasonally or 
intermittently waterlogged or inundated with water that may be fresh, saline, flowing or static’ (DEC 
2013 in Supporting Study 3.1).  All wetlands of the Swan Coastal Plain have had management 
categories assigned to them, to provide guidance on the nature of management and protection 
required for each individual wetland.  Some of these categorisations have been assigned on a 
‘desktop evaluation’ basis, whilst others have had their categorisation confirmed through field 
investigations.  The management categories include: 

 Conservation Category; for wetlands that support a high level of ecological attributes and 
function.  These are the most valuable wetlands, and the management objective for this 
category is to preserve their attributes and functions. 

 Resource Enhancement; for wetlands that may have been partially modified but which still 
support substantial ecological attributes and functions.  The ultimate objective is to manage, 
restore and protect these wetlands, improving their conservation value. 

 Multiple Use; for wetlands with few remaining important ecological attributes and functions.  
The management objective for these wetlands is to consider their use, development and 
management in the context of ecologically sustainable development and catchment 
planning and management. 

A number of specifically identified wetlands on the Swan Coastal Plain are protected under the 
Environmental Protection (Swan Coastal Plain Lakes) Policy, 1992 (Lakes EPP), which prohibits the 
filling, draining, excavating, polluting and clearing of these lakes unless authorised by the EPA. 

An investigation undertaken to determine whether wetlands are present within or in the vicinity of 
the proposal development envelope and to assess their values (Supporting Study 3.1) found: 

 there are no wetlands within the proposal development envelope; 

 there is a small Conservation Category wetland within the Bartlett’s Well Nature Reserve, to 
the east of the proposal development envelope; and 

 there is a chain of wetlands to the west of the proposal development envelope, separated 
by the Brand Highway, including Beermullah Lake, White Lake, Little and Big Bootine 
Swamps (all Conservation Category wetlands and EPP Lakes), Yurine Nature Reserve 
(Conservation Category) and several unnamed wetlands which are variously categorised as 
Conservation Category, Multiple Use or Resource Enhancement.  

The Wetlands of the Swan Coastal Plain map sheet on which these wetlands are depicted refers to 
them collectively as the Mindarra Northwest Wetlands.  Many of the wetlands are interconnected 
by seasonal damp lands (waterlogged basins), small creeks and palusplains (seasonally waterlogged 
flats).  The locations and categorisation of the wetlands in the vicinity of the proposal development 
envelope are identified in Figure 5.12.  

Of all of the wetlands in the Mindarra Northwest Wetlands chain, preliminary hydrological 
information indicated that only a Conservation Category Wetland immediately east of the Brand 
Highway and the proposal development envelope, and immediately south of Drew Road, could 
potentially be impacted by drawdown of the Superficial Aquifer (Supporting Study 4.1).   
Accordingly, further field investigations were conducted for this wetland, colloquially referred to in 
this PER as the Collard Wetland.  Based on the observed stratigraphy and groundwater levels, this 
study concluded that the Collard Wetland is most likely the result of localised rainfall and recharge 
on the Bassendean Sand dune immediately east of the wetland itself, that is, perched groundwater.  
A flora and vegetation survey and rare flora search of the wetland was conducted which resulted in 
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six vegetation units being described, and no rare flora being identified.  The outcomes of the 
investigations conducted of this wetland are reported in Supporting Study 3.3.  

5.3.4 Acid Sulphate Soils 

Acid Sulphate Soils (ASS) are naturally occurring soils, sediments and peats, containing iron sulphide 
minerals that predominantly occur as the mineral pyrite.  These minerals typically occur within 3m of 
the ground surface largely associated with wetlands and low-lying areas, but can also occur at a 
depth greater than 3m on coastal plains in Western Australia.   ASS has the potential to cause 
environmental problems because exposure of ASS to air and water through drainage, dewatering or 
excavation of soils can cause the production and release of sulphuric acid and soluble metals. 

The investigation of whether any potential or actual ASS could be associated with a project is 
undertaken in a staged approach, in accordance with relevant DER Guidelines (DEC 2009 and 2011), 
commencing with an ASS risk assessment. 

A risk assessment for ASS was undertaken for the proposal area (Supporting Study 5.1) based on a 
review of: 

 pre-existing information on the soils and groundwater within the study area; 

 generic soils maps, ASS risk maps, environmental geological maps, topographical maps, DoW 
data base bore data and any other local reports available to assess the likelihood of 
occurrence of ASS in the study area; 

 a site familiarisation visit; 

 analysis of existing site drill log results; and 

 extent and nature of the proposed disturbance, including the extent of groundwater 
drawdown. 

This information gained from this review was used to map the various levels of ASS risk across the 
study area and to develop a preliminary conceptual ASS model for the site. 

The majority of the proposal development envelope contains deep, predominantly well-drained 
sandy soils that are of low to moderate ASS risk.  Examination of drill logs indicates that there are 
some discrete areas that are of moderate to high ASS risk, based on the presence of darker, 
potential pyritic shale materials (Refer Figure 5.13).  This level of ASS risk will need to be confirmed 
during the next stage of investigations by undertaking sulphide screening tests or soils samples on a 
staged basis, in advance of the proposed mining operations (Refer Supporting Study 5.1).  
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Figure 5.12 - Wetlands in the vicinity of the proposal development envelope (Source: Supporting Study 3.2, Figure 2)  
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Figure 5.13 - Acid Sulphate Soil Risk Rating for the proposal development envelope and surrounds (Source: Supporting 
Study 5.1, Figure 7) 
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6. ENVIRONMENTAL IMPACT ASSESSMENT AND MANAGEMENT – 
KEY ENVIRONMENTAL FACTORS 

This section of the PER discusses propol activities that are relevant to the preliminary key 
environmental factors identified by the EPA in the ESD.  It addresses the assessment of potential 
impacts, mitigation and management required and predicted outcome in terms of residual impacts 
in relation to each factor.  It is divided into two key sections related to key proposal activities, that is, 
ground disturbance and its potential direct and indirect impacts on preliminary key environmental 
factors (Section 6.1), and potential indirect impacts on these same factors as a result of groundwater 
abstraction and/or alteration of surface water flows (Section 6.2). 

6.1 Ground Disturbance  

The majority of the proposal footprint is on cleared land within the proposal development envelope.  
Minor and isolated pockets of mostly degraded native vegetation or individual trees that remain 
within the cleared areas will be removed to establish mine pits, the wet plant, the dry mill and other 
operational infrastructure (as shown indicatively on Figure 1.3). 

Approximately 3.5ha of cleared agricultural land will be used to construct the wet plant and 
associated infrastructure at the commencement of the proposal.  The remainder of ground 
disturbance (in the order of 400ha), and therefore in some cases, clearing of remnant vegetation (no 
greater than 50ha), will be undertaken on an as needs basis as the out of pit overburden and solar 
drying areas are established and the mining front progresses. 

The relevant preliminary key environmental factors that may be impacted by this activity include: 

 Vegetation and Flora 

 Fauna. 

Potential impacts as a result of disturbance of ASS are discussed in Section 6.2. 

6.1.1 Key Statutory Requirements, Environmental Policy and Guidance 

The EPA’s objectives in relation to each of the potentially impacted environmental factors identified 
above are: 

To maintain representation, diversity, viability and ecological function at the species, population and 
community level; and 

To maintain representation, diversity, viability and ecological function at the species, population and 
assemblage level. 

The conservation of flora, vegetation and fauna is covered primarily by the following legislation: 

 Wildlife Conservation Act 1950 

 Conservation and Land Management Act 1984 

 Environmental Protection Act 1986. 
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6.1.2 Assessment of Potential Impact, Mitigation and Residual Impacts 

The information in this section of the PER is based on the following Supporting Studies (Appendix 3): 

 Supporting Study 1.3: Flora and Vegetation Impact Assessment 

360 Environmental 2013:  Boonanarring Mineral Sands: Impact Assessment: Flora and 
Vegetation.  Report prepared by 360 Environmental Pty Ltd for Image Resources NL, West 
Perth, Western Australia. 

 Supporting Study 2.4: Vertebrate Fauna Impact Assessment 

360 Environmental 2013.  Boonanarring Mineral Sands Impact Assessment: Vertebrate 
Fauna.   Report prepared by 360 Environmental Pty Ltd for Image Resources NL, West Perth, 
Western Australia. 

 Supporting Study 2.5: Invertebrate Fauna Impact Assessment 

360 Environmental 2013.  Boonanarring Mineral Sands Impact Assessment: Invertebrate 
Fauna.   Report prepared by 360 Environmental Pty Ltd for Image Resources NL, West Perth, 
Western Australia. 

 Supporting Study 2.6: Subterranean Fauna Impact Assessment 

360 Environmental 2013.  Boonanarring Mineral Sands Impact Assessment: Subterranean 
Fauna.   Report prepared by 360 Environmental Pty Ltd for Image Resources NL, West Perth, 
Western Australia. 

 Supporting Study 2.9: Black Cockatoo Impact Assessment 

Bamford Consulting Ecologists 2013.  Image Resources Boonanarring Project Area: 
Assessment of potential impact upon Black Cockatoos.  Report prepared by K.J. & A.R. 
Bamford Consulting Ecologists for Image Resources NL, West Perth, Western Australia. 

6.1.2.1 Vegetation and Flora 

Flora 

In a worst case scenario, that is, disturbance of the entire 1205ha area of the proposal development 
envelope, the direct impact to conservation significant flora within the proposal development 
envelope is restricted to the potential loss of a number of individual plants of the Priority 3 species, 
the grass Austrostipa sp. Cairn Hill and the rush Lepidobolus densus.  However, the two areas where 
Austrostipa sp. Cairn Hill were recorded are not within the planned disturbance footprint, and 
Lepidobolus densus was recorded in the access track corridor to the Bartlett’s Well Nature Reserve. 
Disturbance to vegetation within this access corridor will be avoided or minimised to only that 
required to provide a crossing. 

Austrostipa sp. Cairn Hill is broadly distributed across the Avon Wheatbelt, Geraldton Sandplains and 
Swan Coastal Plain Bioregions. L. densus is also broadly distributed, occurring in the Avon Wheatbelt, 
Esperance Plains, Gascoyne, Geraldton Sandplains Bioregions. This species has been recorded in 
Jarrah Forest and inland in semi-arid Yalgoo (DEC 2013).  

The potential loss of individuals of these species within the proposal development envelope would 
represent a negligible impact on the status of the species (Refer Table 6.1). 
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Table 6.1 - Conservation Significant Flora Impact Assessment 

Species Name 
Conservation 
Status 

Proposal Impacts Regional Population Regional Impacts 

Austrostipa sp. 
Cairn Hill (M.E. 
Trudgen 21176) 

Priority 3 The two areas where this 
species was recorded are 
not within the planned 
disturbance footprint. 

This species has been 
recorded in six other 
bioregions: Avon Wheatbelt, 
Geraldton Sandplains and 
Swan Coastal Plain. 

There will be no 
significant regional 
impacts. 

Lepidobolus 
densus 

Priority 3 No impact as the species 
was recorded in a 
roadside reserve that will 
not be cleared. 

This species has been 
recorded in six other 
bioregions: Avon Wheatbelt, 
Esperance Plains, Gascoyne, 
Geraldton Sandplains, Jarrah 
Forest and Yalgoo. 

There will be no 
significant regional 
impacts. 

 
Vegetation 

Approximately 1000ha of the proposal development envelope is classified as ‘Degraded’ in botanical 
terms, with 900ha of this being cleared agricultural land.  Of the native vegetation remaining, 
approximately 1.3ha is in ‘Degraded’ condition, 21ha is ‘Good’ condition vegetation (mostly in road 
verges) and the remainder is paddock-based open woodland with scattered trees, pasture grasses 
and introduced plantation species. As such, the majority of the proposal development envelope has 
little botanical value (Refer Figures 6.1 and 6.2). 

Adopting a conservative, that is worst-case, scenario for the purposes of impact assessment, the 
proposal could result in the loss of approximately: 

 21ha of native vegetation (Banksia woodland) in good or better condition within the verges 
of Wannamal Road West and Aurisch Road and within the access track to Bartlett’s Well 
Nature Reserve;    

 individual scattered trees and grazed degraded native understorey within paddocks; and 

 a limited area of fringing Banksia woodland vegetation with weeds in the understorey, in the 
Brand Highway road reserve. 

The estimated total loss and individual losses from the vegetation units would not result in any 
change to the conservation status of any ecological community, or any material change in ecological 
function in the local area.  The projected worst-case scenario impact on the vegetation is not 
significant in a local or regional context.   

Given that the total ground disturbance within the proposal development envelope is likely to be no 
greater than 400ha (i.e. approximately 30% of the total envelope) and that the disturbance of 
vegetation within the road verges will be limited to that required to provide access across the roads 
that bisect the mining tenement, the total area and percentage of impacts on vegetation in good or 
better condition will be considerably lower than that estimated and discussed above. 

There are no areas of conservation estate, Threatened Ecological Communities or Priority Ecological 
Communities within the proposal development envelope and therefore there will be no direct 
impacts on these environmental assets. 

The potential impact of fugitive dust generated from ground disturbance activities, particularly in 
relation to the vegetation in the adjacent nature reserves is manageable, and therefore not 
significant.  Management of this issue will be aided by the incorporation of a 50m buffer between 
the operating pits and the nature reserves (refer Figure 6.3). 
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6.1.2.2 Fauna 

Potential impacts to invertebrate and vertebrate fauna species (including species of NES) and their 
habitats as a result of the proposal will be limited, given that the proposal development envelope is 
predominantly cleared, highly modified land, subject to frequent disturbance and contains little 
intact, high value habitat.  Remnant habitat within the proposal development envelope is widely 
represented in the surrounding undisturbed areas including conservation estate managed by DPaW 
(Supporting Studies 2.4, 2.5 and 2.9). 

The only fauna habitat within the proposal development envelope of any potential habitat value is in 
the existing Wannamal Road West and Aurisch Road verges and the Bartlett’s Well Nature Reserve 
access track.  The only vegetation that would be cleared in these areas is that required to provide for 
movement of plant, equipment and vehicles across these tracks.  

The likelihood of troglofauna habitat occurring within, or in the vicinity of, the proposal 
development envelope is low given the nature of the soil profile and underlying geology.  Potential 
impacts to stygofauna are likely to be limited to localised and temporary reduction in habitat 
through dewatering and the modification of some habitat through mining and backfilling.  Records 
indicate that the stygofaunal assemblage of the Superficial Aquifer on the Swan Coastal Plain is 
characterised by low species richness, low phylogenetic diversity and low endemicity.  Impacts to 
subterranean fauna are therefore unlikely to be significant (Supporting Study 2.6). 

Impacts to Carnaby’s Black- Cockatoos from the proposal are anticipated to be low, primarily 
because little, if any, habitat of importance will be impacted.  There is limited foraging habitat for 
Black Cockatoos within the proposal development envelope, and of this, only approximately 1ha will 
be cleared for internal mine access roads across the thin road reserves of Wannamal Rd West, 
Aurisch Rd and Bartlett’s Well access track.  This is approximately 14% of Banksia woodland that 
occurs within the development envelope but only 0.25% of this habitat type between the 
development and the Brand Highway alone. In addition, the proposal design has provided for the 
retention of all ten potential existing and potential future nesting trees within the proposal 
development envelope (refer Figure 6.4).  As such, no significant impacts are expected to this 
species as a result of ground disturbance associated with the proposal.  Potential indirect impacts to 
the habitat of this species are also limited (Refer PER Section 6.2.2.4 and Supporting Study 2.9). 
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Figure 6.1 - Flora and Vegetation Values (Source: Supporting Study 1.3 Figure 4) 
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Figure 6.2 - Flora and Vegetation Condition (Supporting Study 1.3, Figure 5) 
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Figure 6.3 - Buffer (50m) between operating pits and nature reserves 
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Figure 6.4 - Location of Carnaby's Black Cockatoo Potential Future Nest Trees in relation to Boonanarring Proposal 
Elements 



 

Image Resources Boonanarring Mineral Sands PER Rev 2, 2014 6-9 

6.1.3 Key Management Actions 

Potential direct impacts on native vegetation and fauna associated with ground disturbance will be 
managed through the following key measures: 

 Limiting clearing of native vegetation to only that required to implement the proposal (no 
greater than 50ha), and containing clearing within the proposal development envelope; 

 retention of the majority of vegetation within the proposal development envelope on the 
verges of Wannamal Road West and Aurisch Road and within the Bartlett’s Well Access 
Track; 

 undertaking clearing only on a progressive basis, as required; 

 recovering and stockpiling topsoil, subsoil and vegetation for use in rehabilitation activities;  

 retention of all ten identified potential and future potential Black Cockatoo nest trees within 
the proposal development envelope (refer Figure 6.4); 

 incorporating a 50m buffer between the operating pits and the nearby nature reserves 
(refer Figure 6.3); 

 managing project operations to minimise fugitive dust; and 

 undertaking progressive rehabilitation, including backfilling of mine pits, over the life of the 
mine. 

These measures will be incorporated into the construction, operational and environmental 
management plans to be prepared for the proposal. 

6.1.4 Predicted Outcome 

Given the low flora, vegetation and fauna values associated with the proposal development 
envelope, the predicted impacts associated with ground disturbance are not significant. 

The EPA objectives of maintaining the representation, diversity, viability and ecological function of 
flora and fauna will be met. 

6.2 Abstraction of Groundwater and Alteration of Surface Water Flows 

The proposal involves the partial dewatering of the Superficial Aquifer to facilitate mining and the 
abstraction of groundwater from the Yarragadee Aquifer to provide water for ore processing, dust 
suppression and associated production purposes.  There is also a requirement to divert existing 
minor drainage lines and stormwater flows around key infrastructure and working areas.  These 
activities have potential to impact on the following preliminary key environmental factors: 

 Vegetation and Flora 

 Fauna 

 Hydrological processes and inland waters environmental quality 

6.2.1 Key Statutory Requirements, Environmental Policy and Guidance 

The objectives for vegetation and flora, and for fauna are as per Section 6.1.1. 

The EPA’s objectives relevant to wetlands, rivers, surface and groundwater are: 

 To maintain the hydrological regimes of groundwater and surface water so that existing and 
potential uses, including ecosystem maintenance, are protected; and 

 To maintain the quality of groundwater and surface water, sediment and biota so that the 
environmental values, both ecological and social, are protected. 
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Relevant legislation is: 

 Wildlife Conservation Act 1950 

 Conservation and Land Management Act 1984 

 Environmental Protection Act 1986 

 Rights in Water and Irrigation Act 1914. 

6.2.2 Assessment of Potential Impact, Mitigation and Residual Impacts 

The information in this section of the PER is based on the following Supporting Studies (Appendix 3): 

 Supporting Study 1.3: Impact Assessment: Flora and Vegetation. 

360 Environmental 2013.  Boonanarring Mineral Sands Impact Assessment: Flora and 
Vegetation.  Report prepared by 360 Environmental Pty Ltd for Image Resources NL,West 
Perth, Western Australia. 

 Supporting Study 2.4: Vertebrate Fauna Impact Assessment 

360 Environmental 2013.  Boonanarring Mineral Sands Impact Assessment: Vertebrate 
Fauna.   Report prepared by 360 Environmental Pty Ltd for Image Resources NL, West Perth, 
Western Australia. 

 Supporting Study 2.5: Invertebrate Fauna Impact Assessment 

360 Environmental 2013.  Boonanarring Mineral Sands Impact Assessment: Invertebrate 
Fauna.   Report prepared by 360 Environmental Pty Ltd for Image Resources NL, West Perth, 
Western Australia. 

 Supporting Study 2.6: Subterranean Fauna Impact Assessment 

360 Environmental 2013.  Boonanarring Mineral Sands Impact Assessment: Subterranean 
Fauna.   Report prepared by 360 Environmental Pty Ltd for Image Resources NL, West Perth, 
Western Australia. 

 Supporting Study 2.9: Black Cockatoo Impact Assessment 

Bamford Consulting Ecologists 2013.  Image Resources Boonanarring Project Area: 
Assessment of potential impact upon Black Cockatoos.  Report prepared by K.J & A.R. 
Bamford Consulting Ecologists for Image Resources NL, West Perth, Western Australia 

 Supporting Study 3.2: Wetlands Impact Assessment 

360 Environmental 2013.  Boonanarring Mineral Sands Impact Assessment: Mindarra 
Northwest Wetlands.   Report prepared by 360 Environmental Pty Ltd for Image Resources 
NL, West Perth, Western Australia. 

 Supporting Study 3.3: Collard Wetland Investigation 

Endemic Pty Ltd 2013.  Wetland Investigation of Collard’s Wetland, Drew Road, 
Boonanarring.  Letter report prepared by Endemic Pty Ltd for Image Resources, Balcatta, 
Western Australia. 

 Supporting Study 4.1:  Groundwater  

URS 2013. Boonanarring Project – H3 Hydrogeological Assessment. Report prepared by URS 
for Image Resources NL, West Perth, Western Australia. 
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 Supporting Study 4.1a: Groundwater 

URS 2013a. Boonanarring Project – H3 Hydrogeological Assessment Addendum. Report 
prepared by URS for Image Resources NL, West Perth, Western Australia. 

 Supporting Study 4.2: Surface water. 

URS 2013. Boonanarring Project Surface Water Studies. Report prepared by URS for Image 
Resources NL, West Perth, Western Australia. 

 Supporting Study 5.1: Acid Sulphate Soil Risk Assessment. 

Outback Ecology 2013 Desktop Acid Sulphate Soil (ASS) Risk Assessment.  Report prepared 
by Outback Ecology Pty Ltd for Image Resources NL, West Perth, Western Australia. 

6.2.2.1 Hydrological Processes and Inland Waters Environmental Quality 

6.2.2.1.1 Potential Impact on Surface Water 

Given the small catchment areas, surface water flow across the proposal development envelope is 
limited in volume and duration, occurring only in response to substantial rainfall events. Runoff will 
be readily diverted temporarily around the mine pit and infrastructure without material change to 
down gradient surface hydrology. 

6.2.2.1.2 Potential Impact on Groundwater Quality and Quantity 

Groundwater Quantity 

Proposed groundwater abstraction from the Superficial Aquifer and Yarragadee Aquifer would result 
in localised changes in these aquifers.  A number of investigations have been undertaken to establish 
baseline conditions (as discussed in Section 5.3.1 of the PER), and to form the basis of assessment of 
predicted changes as a result of the proposed abstraction. The principle work streams included: 

 interpretation of the local and sub-regional hydrogeology based on the proposal area data 
and supporting data derived from the public domain references. The references of particular 
importance included findings of site investigations along Gingin Brook (DoW, January 2011 in 
Supporting Study 4.1) and reporting on PRAMS (DoW, September 2008 in Supporting Study 
4.1); 

 conduct of a field groundwater investigation programme involving the installation of 42 
piezometers, 4 test bores and 7 monitoring bores (in addition to utilising existing bores) to 
provide groundwater level data and enable yield testing to define aquifer characteristics; 

 development and calibration of a groundwater flow model that provided reasonable 
representation of the interpreted proposal area hydrogeology and groundwater 
environments (Supporting Study 4.1);  

 adaptation of the calibrated model to incorporate proposal related stressors on the local 
groundwater environments to enable predictive assessments of likely changes resultant 
from the proposal (Supporting Study 4.1); and 

 Sensitivity simulations to add to the transparency and rigor in the predictive modelling of 
the project footprint on the groundwater environment, and simulation of six and eight year 
mining schedules (Supporting Study 4.1a). 

The proposal ‘stressors’ used in modelling (Supporting Study 4.1) assumed a ‘worst case’ mining 
sequence and rate of advance over a period of approximately four and a half years, which will have 
exaggerated likely groundwater drawdown requirements.  Based on this ‘worst case’ scenario 
groundwater levels in the vicinity of the orebody need to be lowered up to six metres in some areas 
to facilitate dry mining. In other areas, the orebody lies above the water table.  As described in 
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Section 1.3 of this PER, partial dewatering of the Superficial Aquifer would be undertaken using 
pumps to remove groundwater from drains and sumps constructed in the floor of the mine pit.  The 
overall average abstraction associated with this activity is estimated to be approximately 
0.8GL/annum. Predicted annual dewatering volumes are estimated to be: 

 2015 – 0.52GL 

 2016 – 0.92GL 

 2017 – 0.40GL 

 2018 – 0.84GL 

 2019 – 0.71GL. 

Given assumptions inherent in the groundwater model, the predicted volume of required 
dewatering from the Superficial Aquifer is considered to be an upper estimate. 

The predicted extent of drawdown in the Superficial Aquifer related to pit dewatering in the ‘worst 
case’ scenario is shown at different time intervals in Figures 6.5 to 6.8. 

These figures show that drawdown within the Superficial Aquifer of 0.2m or greater extends up to 
1.8km west of the mining disturbance towards the eastern fringe of the Beermullah Plain. Predicted 
drawdown of up to 1m, though predominantly 0.2m to 0.5m, extends beneath the Bartlett’s Well 
and Boonanarring Nature Reserves, up gradient and east of the proposal area. The water table in the 
Superficial Aquifer beneath the reserves occurs at depths that exceed 50m and the predicted 
reduction in groundwater levels is considered to pose negligible environmental risk.  Although 
minor, full recovery of the water table in the Superficial Aquifer is not predicted to occur for at least 
ten years after cessation of mining under this scenario due to the limited recharge from rainfall and 
through flow.  

Based on the operational water demand of 2.0GL/annum, and assuming that the water removed 
from the Superficial Aquifer in the passive dewatering is utilised in processing, the supplementary 
volume to be sourced from the Yarragadee Aquifer ranges from 1.1GL to 1.6GL/annum.   

The predicted drawdown (lowering of potentiometric surface) in the Yarragadee Aquifer due to 
abstraction of 2.0GL/annum propagates at a magnitude of 0.2m to about 6.4km radially from the 
production bore (BNPB04) (Refer Figure 6.9). Recovery after the cessation of abstraction was 
predicted to predominantly occur after five years. There are no identified existing users and 
amenities related to the Yarragadee Aquifer within the predicted drawdown footprint for that 
aquifer.  

The predicted drawdown at bores pumped by other users of the Superficial Aquifer (non-
environmental) under this scenario includes: 

 drawdown of 0.25m to 0.5m in the Superficial Aquifer at a bore on Blue Lake Farm (PB1), 
west of Brand Highway. This change in not considered significant or a likely impediment to 
existing supplies as it will have limited effect on the transmissivity of this aquifer in this bore; 
and 

 drawdown of 2m at a bore on the Drew Property (Drew 02) predicted.  This may impact on 
existing water supplies from this bore during dewatering operation. 

The predictive model was re-run with six and eight year mining schedules to assess the potential 
changes in the drawdown distributions due to longer term pit dewatering abstractions, using the 
same pit development sequence.  A range of sensitivity simulations were also conducted to provide 
further transparency and rigor in the predictive modelling of the project footprint on the 
groundwater environment (Supporting Study 4.1a).  This was in addition to the numerous attributes 
for the Superficial Aquifer included in original hydrogeological assessment predictive modelling 
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(Supporting Study 4.1) that enabled reasonable worst-case predictions with regard to drawdown 
footprints.  These included: 

 boundary conditions that reflect local declining water table trends (based on observed 
results of monitoring of groundwater bores in the area); 

 application of lower-bound annual average rainfall data and associated seasonal recharge 
(based on BoM data and lower-bound ranges than used for the PRAMS parameterisation); 

 a model layer form that provides upper-bound saturated thicknesses of the Superficial 
Aquifer (that is, the model over-estimates the available Superficial Aquifer drawdown in the 
settings of individual pits by 5m to 14m); 

 model hydraulic parameterisation that provides conservatively high transmissivity of the 
local Superficial Aquifer associated with the Yoganup Formation (again, a reasonable worst 
case scenario); and 

 recharge applied to the water table during sand tailing disposal into the mined voids during 
project operations was under-estimated in the initial prediction modelling to support 
reasonable worst-case predictions. 

These additional sensitivity simulations (Supporting Study 4.1a) were divided into two categories to 
explore influences of: 

 lower and higher Superficial Aquifer transmissivity on the predicted drawdown amplitudes 
and footprints; and 

 raised elevations of the simulated drains that provide pit dewater (to reflect the actual 
saturated thickness of the Superficial Aquifer in each pit) and refined sand tailings recharge 
rates (to reflect actual re-charge rates expected). 

The predictive findings of the dewatering drain elevation and sand tailings recharge sensitivity for 
the eight year mining schedule as shown for selected transient snapshots on Figure 6.10 (January 
2015, 2016 and 2019) and Figure 6.11 (January 2012 and January 2022). Collages of the predicted 
maximum drawdown footprints for these sensitivity scenarios are shown on Figure 6-12. 
Collectively, these figures show: 

 the predictive models are sensitive to the drain elevations and sand tailings recharge rates; 

 the predictive models are sensitive to the longevity of the mining schedule; and 

 the transient drawdown snapshots reflect variations in the annual project water balance. 

If all water for processing were to be abstracted from the Yarragadee Aquifer (that is, no net loss to 
the Superficial Aquifer from pit dewatering), the predictive simulations (Figure 6.13) show that 
groundwater drawdown footprints associated with this abstraction are confined to the Yarragadee 
Aquifer, that is, there is no predicted vertical upwards propagation of drawdown to the Leederville 
Aquifer or the water table in the Superficial Aquifer. 

Groundwater Quality 

Investigations identified that key potential impacts to groundwater quality that may result from the 
proposal would be in relation to infiltration of higher salinity level groundwater from the Yarragadee 
Aquifer into the Superficial Aquifer and potential disturbance of Acid Sulphate Soils (ASS). 

Solute transport modelling was undertaken to assist in predicting whether there would be any 
impacts to the salinity levels in the Superficial Aquifer (baseline 600 mg/L) as a result of the 
proposal’s use of supplementary production water with higher salinity levels, sourced from the 
Yarragadee Aquifer (baseline approximately 1,400 mg/L) and tailings management.  The predictions 
indicate that there will be steady, progressive mixing of residual salinity, such that the salinity plume 
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at its margins would be similar to the baseline salinity of the Superficial Aquifer (Refer Supporting 
Study 4.1). 

The preliminary investigations identified the potential presence of ASS in the mining path.  If ASS is 
present, there is a risk that mining or lowering of groundwater in the mine path (as described in 
Section 1.3 of the PER) may result in exposure of ASS.  This in turn could potentially affect 
groundwater quality in the vicinity of the mine site, with the impact of any changes in groundwater 
quality being dependent on the sensitivity of any potential receptor.  The majority of the area within 
the predicted groundwater drawdown (and therefore at potential risk of ASS oxidization) is cleared 
agricultural land.  Potential sensitive receptors include a number of existing production bores and 
possibly, although unlikely, the Collard Wetland to the immediate west of Brand Highway, assuming 
it is found to be dependent on the Superficial Aquifer rather than perched groundwater as currently 
thought (Supporting Study 3.3).  The degree of groundwater drawdown where these receptors are 
located, under the worst case scenario, is expected to be low and therefore potential impacts are 
considered likely to be minimal.   

The mining schedule and mine life will be continuously under review up until the commencement of 
mining activities and through the mine life.  It is therefore considered most practicable and effective 
to undertake detailed ASS investigations and prepare plans in advance of work to be undertaken, 
coordinated with grade control activities to be conducted ahead of the proposed mining.  This will 
enable areas and accurate volumes of ASS to be identified, treated and managed appropriately, in 
order to mitigate potential risks to the surrounding environment.  An approach to the assessment of 
ASS in this manner has been developed in consultation with the DER and is included in Supporting 
Study 5.1.  
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Figure 6.5 - Preliminary predicted pit dewatering drawdown Superficial Aquifer – snapshot January 2015 (mining 
commencing late 2014) (Source: Supporting Study 4.1, Figure 7-15)  



 

Image Resources Boonanarring Mineral Sands PER Rev 2, 2014 6-16 

 

Figure 6.6 - Preliminary Predicted Pit Dewatering Drawdown Superficial Aquifer – Snapshot October 2017 (mining 
commencing late 2014) (Source: Supporting Study 4.1, Figure 7-16)  
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Figure 6.7 - Preliminary Predicted Pit Dewatering Drawdown Superficial Aquifer – Snapshot April 2018 (mining 
commencing late 2014) (Source: Supporting Study 4.1, Figure 7-17)  
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Figure 6.8 - Preliminary Predicted Pit Dewatering Drawdown Superficial Aquifer – Snapshot January 2019 (mining 
commencing late 2014) (Source: Supporting Study 4.1, Figure 7-18)  
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Figure 6.9 - Preliminary Predicted Pit Drawdown Footprint Water Supply Bore Yarragadee Aquifer – Snapshot January 
2019 (mining commencing late 2014) (Source: Supporting Study 4.1, Figure 7-19)
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Figure 6.10 - Transient drawdown snapshots during 8 year mining schedule, with 80
th

 percentile parameterisation and representative drain elevations (January 2015, 2016 and 2019) 
(Source: Supporting Study 4.1a, Figure 6-6).
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Figure 6.11 - Transient drawdown snapshots during 8 year mining schedule, with 80
th

 percentile parameterisation and representative drain elevations (January 2020 and 2022) (Source: 
Supporting Study 4.1a, Figure 6-7) 
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Figure 6.12 - Maximum drawdown Collages 4.5 year and 8 year mining schedule, refined sand tailings recharge rates, 80
th

 percentile parameterisation and representative drain elevations 
(Source: Supporting Study 4.1a, Figure 6-8). 
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Figure 6.13 - Predicted drawdown if Yarragadee Aquifer abstraction only (January 2019) (Source: Supporting Study 4.1a, Figure 4-1)



 

Image Resources Boonanarring Mineral Sands PER Rev 2, 2014 6-24 

6.2.2.1.3 Potential Impact on Wetlands 

The risk of any effect of abstraction as a result of the proposal on the groundwater regime of the 
Conservation Category wetland in Bartlett’s Well Nature Reserve is negligible. This wetland is 
supported by the perched Mirrabooka Aquifer, which is not connected hydrologically to the 
Superficial Aquifer (Supporting Study 4.1). 

Predicted groundwater drawdown within the Superficial Aquifer shows a drawdown footprint with a 
magnitude of 0.2m extending approximately 1.8km west of the mining disturbance to the eastern 
fringe of the Mindarra North West Wetlands chain to the west of the Brand Highway.  Almost all of 
the Conservation Category wetlands within the Mindarra North West Wetlands chain, such as 
Beermullah Lake, White Lake and Little and Big Bootine Swamps are outside of the predicted area of 
influence associated with groundwater drawdown for the proposal, based on the ‘worst case’ 
groundwater drawdown scenario analysis (Supporting Studies 3.2 and 4.1).  

The only Conservation Category wetland in this chain that may potentially be impacted by 
groundwater drawdown associated with the proposal is the Collard Wetland adjacent to Drew Road.  
Based on the ‘worst case’ scenario predictions of Supporting Study 4.1, and assuming it is dependent 
upon the Superficial Aquifer, this wetland is located within a predicted area of groundwater 
drawdown ranging from 0.2m to 0.3m over an 18 month period from October 2017 to March 2019 
(Refer Figures 6.14 - 6.16).  However, additional modelling work undertaken in Supporting Study 
4.1a shows that the Collard Wetland is highly unlikely to be impacted at all when the most likely 
mine life, sand tailings recharge and representative drain elevations are taken into account in the 
modelling, even with an 80th percentile parameterisation of the model (Refer Figure 6-12). 

Investigations conducted as part of Supporting Study 3.3 have concluded that it is most likely that 
the Collard Wetland is in a discharge area for the Bassendean Sands directly east of the wetland, and 
that a clay layer beneath the wetland, and under the Bassendean Sands, is sufficient to retard 
vertical infiltration from the Superficial Aquifer. That is, it is considered that the Collard Wetland is 
most likely governed by recharge to the Bassendean Sand dune immediately to the east of the 
wetland, more so than any leakage from the underlying Superficial Aquifer.  As such, the risk of it 
being affected by any dewatering of the Superficial Aquifer during the mining process is negligible or 
very low, and the potential groundwater drawdown contours shown in Figure 6.14 – 6.16 are not 
likely to be relevant.  Accordingly, it is considered that the flora, vegetation and fauna dependent on 
the maintenance of appropriate water levels within the wetland will not be adversely affected by 
the implementation of the proposal.  This will be confirmed by monitoring prior to and during 
implementation of the proposal (Refer Section 6.3).  

If monitoring shows that, contrary to current expectations, the Collard Wetland or other wetlands 
on the Beermullah Plain are being adversely affected by the groundwater drawdown associated with 
the proposal, a system of reinfiltrating groundwater will be implemented as a risk mitigation 
scheme.  The initial investigations undertaken in Supporting Study 4.1 identified that infiltration of 
100 kL/day water along a 1.5km long drain would be successful in reducing the potential drawdown 
footprint within the Superficial Aquifer in the area of Collard Wetland to less than 0.1m in 
amplitude.  In Supporting Study 4.1a, the outcomes of this work were used to optimise the 
conceptual design of the drawdown risk mitigation scheme using a number of equally spaced 
individual infiltration pits to apply artificial recharge up-gradient of the Collard Wetland.  The likely 
success of this scheme in reducing potential impacts to the wetland is demonstrated in Figure 6-17.  
The final design of this scheme would be informed and supported by site investigations to be 
undertaken before mining commences. 
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Figure 6.14 - Predicted Groundwater Drawdown in the Superficial Aquifer as potentially relevant to nearby Wetlands – 
Snapshot 2015 (Source: Supporting Study 3.2, Figure 6)
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Figure 6.15 - Predicted groundwater drawdown in the Superficial Aquifer as potentially relevant to nearby wetlands – 
Snapshot 2018 (Source: Supporting Study 3.2, Figure 8)
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Figure 6.16 - Predicted groundwater drawdown in the Superficial Aquifer as potentially relevant to nearby wetlands – 
Snapshot 2019 (Source: Supporting Study 3.2, Figure 9).
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Figure 6.17 - Predicted drawdown risk mitigation scheme outcomes – infiltration pits east and west of Brand Highway 
(Source: Supporting Study 4.1a Figure 7-1).  
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6.2.2.2 Bartlett’s Well and Boonanarring Nature Reserves 

The proposal would result in the drawdown of the Superficial Aquifer in the area of the nature 
reserves of between 0.2m and 1m as a result of passive dewatering of the mine pits (refer Figures 
6.5 – 6.8).  However, the predicted drawdown of this aquifer has negligible risk of impacting on 
groundwater dependent ecosystems in the Bartlett’s Well and Boonanarring Nature Reserves as the 
majority of the area of these nature reserves is immediately underlain by the perched Mirrabooka 
Aquifer (refer Figure 5.8), which is hydraulically separate to the Superficial Aquifer.  This includes the 
Conservation Category wetland in Bartlett’s Well Nature Reserve which is supported by the perched 
Mirrabooka Aquifer (refer Figure 5.12). 

Further, the water table of the Superficial Aquifer under the western margin of the Gingin scarp and 
under the nature reserves occurs at least 50m below ground level (refer Figure 5.9). As such, it is 
very unlikely that vegetation in the portion of the nature reserves which are underlain by the 
Superficial rather than the perched Mirrabooka Aquifer is reliant on groundwater from the 
Superficial Aquifer at this depth, and therefore, any drawdown of this aquifer is not likely to be of 
consequence to the values of these reserves.  

As such, risks to the nature reserves associated with groundwater drawdown as a result of the 
proposal are negligible. 

6.2.2.3 Vegetation and Flora – Outside of the Nature Reserves 

The abstraction of groundwater from the Superficial Aquifer to facilitate mining (mine dewatering) 
and from the Yarragadee Aquifer for supplementary production water is not expected to have a 
significant impact on flora and vegetation on the eastern side of the Brand Highway due to the 
significant depth of these aquifers below ground level, particularly the Yarragadee Aquifer, and 
therefore their unavailability as a water source to flora and vegetation. 

The area of Banksia woodland located to the west of the proposal development envelope (including 
west of Brand Highway) potentially affected by groundwater drawdown will range between 
approximately 6ha in the first year, to a maximum of 211ha (within the 0.2m groundwater 
drawdown contour).  The extent of the area within the predicted 1m groundwater drawdown 
contour is estimated at 45ha by 2019 (refer Figures 6.5-6.8).  Given that observed seasonal variation 
in groundwater level is between 0.5m and 0.6m and that the water table in the majority of this area 
is at least 10m below ground level, the predicted potential impact to flora and vegetation in this 
area from mine dewatering in itself, is not considered significant.   It may make a minor contribution 
to the cumulative effects of declining rainfall and groundwater levels on this vegetation, although it 
should be noted that this remnant vegetation is within unprotected agricultural areas (refer 
Supporting Study 1.3). 

The potential for impact on this vegetation is further reduced when it is considered that the impact 
assessment is based on groundwater drawdown predictions that are a worst case scenario, and that 
further analyses undertaken as part of Supporting Study 4.1a shows that these potential impacts 
could be far less (refer Figure 6.12). 

6.2.2.4 Fauna 

Potential impacts to invertebrate and vertebrate fauna species (including species of NES) and their 
habitats as a result of groundwater drawdown associated with the proposal are considered to be 
insignificant given that: 

 Any drawdown of groundwater in the Superficial Aquifer as a result of passive dewatering of 
the proposed mine pits is highly unlikely to impact any of the ten potential future Carnaby’s 
Black Cockatoo nesting trees identified within the proposal development envelope as the 
existing depth of the water table of this aquifer is at least 40mbgl in the areas containing the 
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trees, and therefore they are not dependent on this groundwater for their survival (refer 
Figures 5.9 and 6.4); 

 impacts from dewatering would be limited to the potential loss of any individual deep 
rooted trees currently accessing the shallower parts of the Superficial Aquifer to the west of 
the proposal development envelope that are unable to adapt to increased depth of the 
water table, rather than widespread loss of habitat;  

 under a worst case groundwater drawdown scenario, there could be a decline and loss of 
approximately 10% of a block of privately owned remnant vegetation to the west of the 
proposal development envelope that could be considered to be Carnaby’s Black Cockatoo 
foraging habitat, and such effects would be expected to be temporary (refer Supporting 
Study 2.9); and 

 the proposal envelope contains limited habitat values and the habitat values that do exist in 
the proposal development envelope and outside of the direct disturbance footprint 
(including potential stygofauna habitat) are widely represented in the surrounding area 
including conservation estate managed by DPaW (refer Supporting Studies 2.4, 2.5 and 2.6). 

6.2.3 Key Management Actions 

The following key measures will be implemented to ensure that potential impacts on vegetation, 
fauna habits, conservation category wetlands and other users associated with any groundwater 
drawdown required to implement the proposal will be managed and mitigated: 

 water required for the production process will be obtained from the deeper Yarragadee 
Aquifer so as to avoid impacting on the Superficial Aquifer and any other users of this 
aquifer to the greatest extent practicable; 

 the amount of groundwater to be abstracted from the Superficial Aquifer to facilitate mining 
will be minimised by using only a ‘passive’ dewatering system of removal of water that 
naturally infiltrates into the active mining pits through in-pit drains and pumps, and 
constraining the area for orebody dewatering to the area being actively mined, generally in 
the order of 300m in length; 

 re-infiltration of groundwater if required, to minimise potential impacts on areas within the 
influence of potential groundwater drawdown; 

 mining will commence in an area away from the conservation category wetland in the 
Bartlett’s Well Nature Reserve even though the nature reserves are located on the 
Mirrabooka Aquifer, which will not be impacted by the proposal, and groundwater table 
level changes will be monitored with results being used to confirm that the predictions of 
the hydrogeological modelling undertaken are correct, or to adjust management measures 
as needed;  

 pits will be backfilled as mining progresses to prevent exposure of groundwater to 
evaporation; 

 groundwater quality and quantity monitoring, already implemented, will be enhanced with 
additional bores, and monitoring will continue throughout the life of the mine (will be 
mandated by the groundwater abstraction licenses to be obtained under the RIWI Act 1914); 

 a groundwater management plan will be developed, with trigger levels and management 
measures to be adapted in response to results of the ongoing groundwater monitoring 
programme; 
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 arrangements will be entered to supply supplementary water to other users within the area 
predicted to be influenced by groundwater drawdown, if monitoring indicates that  their 
supply is being affected by the proposal; 

 drainage diversions have been designed to ensure that surface water does not flow into 
mine pits and to ensure that disturbance to surface water flows downstream of the mine 
site are avoided or minimised; 

 Further screening for ASS within the proposal development envelope and within the 
predicted groundwater depression will be undertaken progressively in advance of mining 
(Refer Supporting Study 5.1); 

 an ASS management plan will be prepared on the basis of the results of this screening and 
implemented to ensure that there are no impacts on sensitive environmental receptors or 
other groundwater users associated with the mine dewatering and potential ASS oxidation; 
and 

 flocculants used in treatment will be biodegradable and contained in solar evaporation cells. 

The above measures will be incorporated into construction, operational and groundwater 
management plans to be prepared for the proposal. 

In addition to the proposed management and monitoring measures, a managed groundwater re-
infiltration contingency measure has been developed (Refer PER Section 6.2.2.1.1 and Supporting 
Study 4.1a) that will further mitigate any potential risks associated with groundwater drawdown, 
particularly in relation to groundwater dependent ecosystems in the vicinity of the proposal. 

6.2.4 Predicted Outcome 

Potential impacts to hydrological processes and inland waterways would largely be due to the 
effects of groundwater drawdown in the wider area (outside of the proposal development 
envelope).  These effects are within a highly modified environment and are predicted to be localised 
and limited in scale and duration.  With appropriate management and monitoring to ensure 
effectiveness of the proposed management measures, the risk of significant impact on any 
groundwater dependent ecosystems within the Boonanarring and Bartlett’s Well Nature Reserves or 
in the vicinity of the proposal development envelope, or on Conservation Category wetlands in the 
vicinity of the proposal development envelope is very low.   

The proposal will not reduce the representation, diversity, viability and ecological function of flora 
and vegetation, or fauna or reduce the environmental values of adjacent wetlands and conservation 
reserves. 

Groundwater drawdown will be regulated, monitored and managed, including potential impacts on 
other users, through the licensing provisions under Section 5C of the Rights in Water and Irrigation 
Act 1914 
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7. ENVIRONMENTAL IMPACT ASSESSMENT & MANAGEMENT – 
OTHER MATTERS 

The EPA identified other matters in the ESD, which it considers warrant attention as part of the 
environmental review of this proposal to the extent that the PER should succinctly describe how 
these matters will be mitigated.  The extent to which other statutory decision making processes can 
regulate potential impacts to meet the EPA’s objectives should also be discussed. These other 
matters are: 

 Dieback mapping and management 

 Amenity (dust) 

 Amenity (noise and vibration). 

In addition, the following matters were identified as relevant to stakeholders during consultation 
with the community and government agencies such as the Department of Mines and Petroleum and 
Main Roads WA: 

 Visual amenity 

 Light 

 Indigenous heritage 

 Radiation 

 Transport 

 Closure and rehabilitation. 

The existing environment, potential impacts and proposed management of these other matters are 
addressed in Table 7.1.  Relevant Supporting Studies prepared to address these other matters are 
(Refer Appendix 3): 

Dieback Mapping and Management 

 Supporting Study 6.1:  Dieback Mapping 

Glevan Consulting 2013.  Boonanarring Mineral Sands Mine Area: Phytophthora cinnamomi 
occurrence assessment.  Report prepared by Glevan Consulting for 360 Environmental Pty 
Ltd on behalf of Image Resources NL, West Perth, Western Australia.  

Amenity (dust) Investigations 

 Supporting Study 7.1: Baseline Dust Monitoring. 

Outback Ecology 2013. Baseline Air Quality Assessment.  Report prepared by Outback 
Ecology Pty Ltd for Image Resources NL, West Perth, Western Australia. 

 Supporting Study 7.2: Air Quality Impact Assessment. 

Outback Ecology 2013 Air Quality and Greenhouse Emissions Management.  Report 
prepared by Outback Ecology Pty Ltd for Image Resources NL, West Perth, Western 
Australia. 
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Amenity (noise) Investigations 

 Supporting Study 8.1: Baseline Noise Monitoring. 

Lloyd George Acoustics 2013 Background Noise Measurement, Image Resources 
Boonanarring Project.  Report prepared by Lloyd George Acoustics Pty Ltd for Image 
Resources NL, West Perth, Western Australia. 

 Supporting Study 8.2: Noise Impact Assessment. 

Lloyd George Acoustics 2013.  Environmental Noise Assessment Proposed Boonanarring 
Sand Mine.  Report prepared by Lloyd George Acoustics Pty Ltd for Image Resources NL, 
West Perth, Western Australia. 

Closure and Rehabilitation - Soil investigations 

 Supporting Study 9.1: Baseline Soil and Overburden Characterisation. 

Outback Ecology 2013. Image Resources NL Boonanarring Project: Baseline Soil and 
Overburden Characterisation.  Report prepared by Outback Ecology Pty Ltd for Image 
Resources NL, West Perth, Western Australia.  

Transport 

 Supporting Study 10.1: Traffic Impact Assessment. 

Shawmac 2013. Traffic Impact Assessment Boonanarring Mineral Sands, Brand Highway, 
Boonanarring, Western Australia. Report prepared by Shawmac for Image Resources NL, 
West Perth, Western Australia.  
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Table 7.1 - Summary of other matters and assessment outcomes in relation to EPA Objectives 

Matter EPA Objective Existing Environment 
Potential Impact and Assessment of 
Significance 

Management and Mitigation 
Relevant Statutory 
Decision Making 
Process 

Outcome  

Matters identified by EPA in ESD 

Dieback 
Mapping and 
Management 

There is no specific EPA 
objective for dieback 
management.  The EPA’s 
flora and vegetation 
objective is relevant. 
 
To maintain 
representation, diversity, 
viability and ecological 
function at the species, 
population and 
community level. 

Remnant vegetation within most of the 
proposal development envelope has been 
subject to farming related disturbance, and is 
considered compromised and ‘unprotectable’ 
in terms of dieback management. 
 
Remnant vegetation within the Bartlett’s Well 
access track, the Wannamal Road West verge 
and the Aurisch Road verge is considered 
uninfested.  
 
(Refer Supporting Study 6.1) 

There is a potential for introduction of the 
Phytophthora cinnamomi pathogen to the 
uninfested road reserves through vehicle and 
machinery activity. 
 

The risk will be managed by: 
 

 ensuring that all vehicles and equipment brought to site are 
clean and free of soil or vegetative matter; 

 maintaining a minimum buffer distance of 50m between active 
operational areas and Bartlett’s Well and Boonanarring Nature 
Reserves; and 

 implementing controlled access points to manage crossings at 
Aurisch Road, Bartlett’s Well access track and Wannamal Road 
West. 

Not applicable. This matter does not present a potential 
for significant impact either within the 
proposal development envelope or the 
adjoining nature reserves. With 
appropriate management as proposed, 
the proposal will meet the relevant EPA 
objectives. 

Amenity (dust) To ensure that impacts to 
amenity are reduced as 
low as reasonably 
practicable. 

A baseline survey of airborne dust in the 
vicinity of the proposal development envelope 
was undertaken over a three month period 
(January – April) in summer of 2013.  This 
survey measured total suspended particulates 
(TSP), particulates with a particle size of less 
than 10 microns (PM10) and settled dust.  Dust 
emissions correlated with wind speed and 
direction and soil moisture. 
 
With no current mining, the PM10 level 
exceeded the relevant NEPM standard on three 
separate occasions in the three month survey.   
All monitoring sites showed TSP and settled 
dust levels exceeding the relevant criteria used 
for determining ‘acceptable levels’. The 
monitoring results indicate that there are many 
and varied significant sources of dust already 
existing in this area (Refer Supporting Study 
7.1).  

The main sources of dust emissions from the 
proposal will be: 
 

 the excavation of topsoil and 
overburden 

 vehicles on unpaved roads 

 replacement of overburden 

 dozing. 
 
Most emissions associated with the proposal 
will alter existing background conditions and 
have the potential to contribute to nuisance at 
the nearest residences.  Sustained, heavy dust 
loads may affect vegetation. 
 
(Refer Supporting Study 7.2).  

The potential impacts will be managed and mitigated by: 
 

 maintenance of a 50m buffer between pit operations and the 
nearby nature reserves; 

 not disturbing areas until required; 

 minimising the area disturbed; 

 sealing of the access road from Wannamal Road West into the 
wet plant, HMC stockpile and office area; 

 regular watering and grading of unsealed internal roads; 

 using clay fines underflow, from the thickener, on 
topsoil/subsoil/overburden stockpiles and tailings backfill to 
stabilize the surface; 

 using biodegradable stabilising agents to minimise wind and 
rain erosion; 

 growing temporary crops to bind the soil and minimise wind 
erosion; and 

 progressive rehabilitation of the site as soon as possible after 
mining has been completed in a particular area. 

 

Works Approval and 
License for Category 8 
Premises under Part V 
EP Act 1986 

The assessment process under the Works 
Approval and License applications to be 
made under Part V of the EP Act will 
regulate management of this matter. 
 
This matter does not present a potential 
for significant impact.  With appropriate 
management as proposed and regulation 
under Part V of the EP Act, the proposal 
will meet the EPA objectives. 
 
 

Amenity (noise 
and vibration) 

To ensure that impacts to 
amenity are reduced as 
low as reasonably 
practicable. 
 

Background noise levels were measured at a 
range of potentially noise sensitive premises 
and sites over a 12 day period in January 2013.  
The noise levels ranged from 26 LA90 dB – 35 
LA90 dB during the day, 25 LA90 dB to 39 LA90 dB 
during the evening, and 25 LA90 dB  to 34 LA90 
dB at night.  The monitoring site closest to the 
proposal site (Logger location 4) recorded the 
highest background noise levels (34 LA90 dB day, 
39 LA90 dB Evening, and 34 LA90 dB night).  These 
noise levels are low and reflective of a rural 
environment. 
 
(Refer Supporting Study 8.1). 
 
 

Supporting Study 8.2 shows the location of 
noise sensitive premises in proximity to the 
mining operations. 
 
Noise modelling for the operations within the 
proposal development envelope was 
undertaken to predict noise levels for day and 
night shifts over the life-of-mine.  Depending 
on the location of the plant and the 
progression of mining, the noise received at 
some sensitive premises is likely to exceed the 
assigned levels prescribed by the 
Environmental Protection (Noise) Regulations 
1997 at time under certain weather conditions. 
(Supporting Study 8.2). 
 
There will be no blasting associated with the 
proposal, and therefore potential impacts 
associated with vibration will be negligible. 

The potential impacts will be reduced, managed and mitigated by: 

 engagement with residents to increase noise attenuation in 
houses that modelling has shown the proposal to potentially 
impact, or enter into lease, temporary relocation, or purchase 
arrangements; 

 noise attenuation of fixed plant and machinery by way of 
suppression barriers (e.g. enclosing the pump motors of the 
Wet Plant) and where practicable, the isolation or re-design of 
vibrating equipment; 

 muffling exhausts on earthmoving equipment; 

 using alternative (e.g. quacker) reversing beepers on mobile 
equipment; 

 restricting equipment movements and number, wherever 
practicable; 

 confining mining equipment, including excavators, trucks, 
dozers, scrapers and the Mining Field Unit to the pit and 
therefore below ground level, particularly on nightshift; and 

 restricting certain activities during adverse weather conditions. 

Works Approval and 
License for Category 8 
Premises under Part V 
EP Act 1986 

The assessment process under the Works 
Approval and License applications to be 
made under Part V of the EP Act, and 
compliance with the Environmental 
Protection (Noise) Regulations 1997, will 
regulate management of this matter. 
 
This matter does not present a potential 
for significant impact.  With appropriate 
stakeholder engagement and 
management as proposed and to be 
regulated under Part V of the EP Act, the 
proposal will meet the EPA objectives. 
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Matter EPA Objective Existing Environment 
Potential Impact and Assessment of 
Significance 

Management and Mitigation 
Relevant Statutory 
Decision Making 
Process 

Outcome  

Additional Community or DMA identified matters 

Light The EPA has no objective 
specific to light.  The 
objective for Amenity is 
considered relevant. 
 
To ensure that impacts to 
amenity are reduced as low 
as reasonably practicable. 

The existing environment is rural, and 
therefore has little ambient light at night, other 
than the nearby gas extraction and processing 
facilities that are lit at night. 

There will be increased ambient light in the 
active area of the mining operations and in and 
around the fixed Wet Plant and offices. 

Lighting at operational areas will be designed and installed to 
minimise light spill by implementing measures such as: 

 only lighting what needs to be lit; 

 use of LED lights where practicable; and 

 use of shrouding, directional lighting and sensor lighting. 

Not applicable. This matter does not present a potential 
for significant impact.  With appropriate 
management, the proposal will meet 
statutory requirements, acceptable 
standards and the EPA objectives. 

Visual 
amenity 

To ensure that impacts to 
amenity are reduced as low 
as reasonably practicable. 
 

The visual amenity of the existing environment 
is generally consistent with a rural area utilized 
for cropping and grazing and occasional 
residences.  There are gas extraction and 
processing facilities, a composting facility and a 
piggery in proximity to the proposal 
development envelope.  The Brand Highway to 
the west of proposal development envelope is 
a significant feature crossing the local 
landscape. 

Visual amenity may be temporarily altered as a 
result of the disturbance of the existing 
landscape and the presence of mining 
equipment and infrastructure. 
 
 

Potential impacts to visual amenity will be managed by: 

 designing and located infrastructure to minimise changes to 
visual amenity as far as possible (for example, the original siting 
of the wet plant was altered to achieve this); 

 maintaining the site in a neat and tidy condition;  

 use of visual barriers to minimise exposure; and 

 rehabilitating disturbed landforms as soon as practicable, so 
that they are consistent with the pre-mining landscape values. 

Not applicable. This matter does not present a potential 
for significant ongoing impact.  With 
appropriate management as proposed, 
the proposal will meet statutory 
requirements, acceptable standards and 
the EPA objectives. 

Indigenous 
heritage 

To ensure that historical 
and cultural associations 
are not adversely affected. 

No Department of Aboriginal Affairs registered 
sites occur in the proposal development 
envelope. 

Potential impacts to indigenous cultural 
heritage from the implementation of the 
proposal could include direct impact to specific 
sites or to areas of significance to Traditional 
Owners.  Site avoidance surveys conducted 
from drilling of multiple piezometer bores 
within the proposal development envelope did 
not identify any sensitive areas. 
 
The proposal development envelope is highly 
modified.  One area of cultural significance 
(identified by the Traditional Owners in the 
proximity of a gas pipeline, will not be 
disturbed by the proposal. 

An appropriate approach to management of potential heritage risks 
will be developed in consultation with the Traditional Owners. 

Aboriginal Heritage 
Act 1972 

If it is necessary to disturb a heritage site, 
the assessment process under Section 18 
of the Aboriginal Heritage Act 1972 will 
regulate management. 
 
With appropriate management to be 
regulated by the Aboriginal Heritage Act 
1972, the proposal will meet the EPA 
objectives. 
 
 

Radiation To ensure that human 
health is not adversely 
affected. 

As is typical of mineral sands deposits in south 
west Western Australia, several minerals 
occurring in the Boonanarring orebodies 
contain the radioactive elements uranium and 
thorium. Monazite is the most significant 
radioactive mineral, containing around 
60,000ppm thorium and 3,000ppm uranium.  
The economic minerals, zircon (260ppm U and 
160ppm Th) and ilmenite (5ppm U and 140ppm 
Th) also contain radionuclides in substantially 
less concentrations. 
 
Through the removal of the majority of non-
economic material from the ore in the primary 
separation plant, the monazite concentration 
will increase around 15-fold to typically 
constitute around 0.4% of the HMC produced 
from the Boonanarring ore, with maximum 
concentrations to around 0.6%. 
 

The activity level of the HMC will range 
between 2 to 3.5 becquerels per gram (Bq/g).  
The risk to the public and the environment is 
posed by the mobilisation of the naturally 
occurring radioactive minerals in concentrated 
form, which is of very low probability. There is 
no process to create a concentrated stream of 
the radioactive minerals. 
 
The minerals exhibit high specific gravities and 
the primary separation to produce HMC is a 
wet process. The high moisture levels and 
dense grains limit the susceptibility of the 
minerals to wind borne transport. 
The downstream and offsite processing of 
HMC by third parties may result in a more 
concentrated monazite waste stream, which 
subject to commercial agreement, may be 
returned to the minesite for disposal by burial 
in the mine void. In this instance the transport 
of the monazite stream will be subject to the 
Radiation Safety Act 1975. The transport and 
disposal of the waste can be routinely 
managed to minimise radiation exposure as 
currently occurs in the mineral sands industry. 
 

Radiation safety is regulated under the Mines Safety and Inspection 
Act 1994.  The Boonanarring operations will be subject to control 
under Part 16 of the Mines Safety and Inspection Regulations 1995 as 
administered by the DMP, and managed in accordance with relevant 
guidelines and codes of practice published by the Australian Radiation 
Protection and Nuclear Safety Authority (ARPANSA).  The site will also 
be registered with the Radiological Council WA under Section 28 of 
the Radiation Safety Act 1975. 
 
Ambient radiation levels will be monitored prior to, during and post 
operations. The results of baseline monitoring will be forwarded to 
the DMP in accord with an approved monitoring programme. 
 
The occupational and public safety risk is low given the relatively low 
levels of radiation activity and the ability to manage exposure 
pathways.  A fundamental principle to be applied in the RMP is the 
‘ALARA’ principle – to structure and manage work practices to ensure 
exposure to radiation is as low as reasonably achievable. 
Procedures for dust suppression and drainage management will 
minimise offsite material transport. 
 

A Radiation 
Management Plan 
(RMP) will be 
developed and 
implemented for the 
site once approved by 
the DMP, in 
accordance with 
Regulation 16.7 of the 
Mines Safety and 
Inspection 
Regulations 1995.  
 

The radiation risk to the public and the 
environment associated with mining and 
processing the orebodies is low and 
exposure will be readily maintained 
within acceptable limits through the 
implementation of an approved 
Radiation Management Plan. 
 
The proposal will be meet the EPA 
objective. 
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Matter EPA Objective Existing Environment 
Potential Impact and Assessment of 
Significance 

Management and Mitigation 
Relevant Statutory 
Decision Making 
Process 

Outcome  

Closure and 
rehabilitation 

To ensure that premises 
are closed, 
decommissioned and 
rehabilitated in an 
ecologically sustainable 
manner, consistent with 
agreed outcomes and land 
uses, and without 
unacceptable liability to 
the State. 

The majority of the land within the proposal 
development envelope is cleared and is used 
for agriculture (cropping and grazing).  
Baseline soil and overburden characterization 
has been undertaken to facilitate rehabilitation 
planning and implementation (Refer 
Supporting Study 9.1). 
 
ASS investigations will be undertaken 
progressively in advance of mining, in 
accordance with an ASS sampling and analysis 
programme as agreed with DER (Refer 
Supporting Study 5.1) 

The life of the mine is predicted to be 5.5 
years, during which time there will be 
progressive disturbance of a total of 
approximately 400ha within the proposal 
development envelope.  The mining will use 
conventional earth moving equipment to 
remove overburden prior to accessing the ore.  
The tailings material after processing of the 
ore, along with the overburden and oversized 
material will be returned direct to the mining 
void as backfill behind the advancing mine 
face.  (Refer PER Section 1.3 and Figure 1.5). 
 
Given the existing conditions within the 
proposal envelope, impacts are expected to be 
minimal, and the key objective of returning the 
site to its pre-mining condition is achievable. 

A Mine Closure Plan will be prepared.  This plan will address the key 
principles of: 
 

 progressive rehabilitation of the site as soon as possible after 
mining has been completed in a particular area; and 

 rehabilitation in a manner which returns the disturbed areas of 
the proposal development envelope to pre-mining landscape 
values. 

 

Assessment and 
approval of Mining 
Proposal and Mine 
Closure Plan under 
Mining Act 1978 

With appropriate management, the 
proposal will meet the EPA objective. 
 
The assessment process under Mining 
Act 1978 will regulate management of 
this matter. 

Additional Community or DMA identified matters 

Transport N/A The proposal development envelope is 
bounded by Brand Highway to the west, with 
access to the highway via Wannamal Road 
West. 
 
Vehicle movements on Brand Highway in the 
vicinity of Wannamal Road West are in the 
order of 1,970 per day, of which approximately 
35% are heavy vehicles. 

HMC would be transported by road or road/rail 
combination from the proposal site.  This 
would involve in the order of eight pocket road 
trains (27.5m long) per day, six days per week, 
accessing/departing the site onto Wannamal 
Road West and then turning onto Brand 
Highway. 
 
The proposal will result in an increase in traffic 
of approximately 144 vehicles per day, which 
includes 32 heavy vehicle movements (pocket 
road trains). 
 
The increase in traffic associated with the 
proposal is not significant and well within the 
capacity of Brand Highway. It will have 
negligible operational impact on the local road 
network in the vicinity of the proposal.   
 
(Refer Supporting Study 10.1) 

The Brand Highway/Wannamal Road West intersection will be 
modified to include extra length/width turning lanes  
 
(Refer Supporting Study 10.1) 

Main Roads WA 
approval for 
intersection works 
and access to Brand 
Highway, and RAV 
permits. 

Construction of an upgraded 
intersection, under the approval of Main 
Roads WA, will ensure that the traffic 
generated by the proposal can be safely 
accommodated into the existing and 
future capacity of the road network. 
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8. RESIDUAL IMPACTS AND OFFSETS 

A number of potential initial predicted impacts on key environmental factors associated with this 
proposal have been eliminated through a range of mitigation and management measures.  These 
include: 

 incorporation of a 50m buffer between the proposal’s operational areas and the nearby 
Bartlett’s Well and Boonanarring Nature Reserves;  

 alteration of potential pit and infrastructure design to ensure that identified potential nest 
trees and potential future nest trees for Carnaby’s Black Cockatoo are retained; and 

 obtaining all necessary production water from the Yarragadee Aquifer, therefore eliminating 
potential impacts associated with drawdown of aquifers supporting groundwater dependent 
ecosystem. 

Further potential impacts on key environmental factors would be minimised by the range of 
measures specified in Section 6 of this PER, including: 

 designing access points across Wannamal Road West, Aurisch Road and Bartlett’s Well 
Nature Reserve access track to minimise clearing of remnant native vegetation to the 
greatest extent practicable; 

 implementing dust management; and 

 managing and monitoring mine dewatering operations, including implementation of a 
contingency plan to avoid impacts to the Mindarra North West Wetlands chain if monitoring 
indicates that this is required. 

No significant, residual environmental impacts are expected and therefore, no environmental offsets 
are required in relation to this proposal.  The EPA’s required environmental offsets reporting form, 
completed in accordance with EPA Guidance Statement No. 19 Environmental offsets – biodiversity, 
is included in Appendix 4. 
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9. CONCLUSION  

The Boonanarring Mineral Sands Mine proposal involves the following key activities relevant to the 
assessment and management of potential environmental impacts: 

 ground disturbance to establish a mining and processing operation within cleared 
agricultural land; 

 temporary dewatering, averaging 0.8GL/a to lower groundwater levels in the Superficial 
Aquifer within the mining path; and 

 abstraction of 2GL/a of water from the Yarragadee Aquifer as a production water supply. 

Ground disturbance will take place predominantly within cleared agricultural land and therefore 
there is negligible risk to native vegetation, fauna and biodiversity associated with this activity. 

Dewatering of the Superficial Aquifer will be temporary and limited to areas required for active 
mining.  Under a ‘worst case’ scenario, it may result in a lowering of groundwater levels of up to 6m 
within the active mining area, with the margins of the lowered groundwater extending to the west 
of the proposal development envelope and under the eastern edges of the Bartlett’s Well and 
Boonanarring Nature Reserves.  The potential lowering of groundwater levels to the west of the 
proposal development envelope are small (0.2m), and are in the context of declining groundwater 
level trends due to climate.  Impacts to conservation category wetlands of the North West Mindarra 
Wetlands chain to the west of Brand Highway are not expected and the Collard Wetland is not likely 
to be affected by any drawdown of the Superficial Aquifer associated with the proposal.  The existing 
groundwater level under the nature reserve is 30m to 50m deep and therefore there is a very low 
risk of impact associated with groundwater drawdown in this area.  The remainder of the nature 
reserves, and potential groundwater dependent ecosystems within these reserves, is supported by 
the perched Mirrabooka Aquifer, which will not be affected by dewatering activities associated with 
the proposal. 

Monitoring and management of groundwater levels will be undertaken to ensure that impacts are 
limited as predicted.  A contingency plan for further reduction of potential risk of impact associated 
with groundwater drawdown to the wetland chain to the west of Brand Highway has been 
investigated and can be implemented if groundwater monitoring indicates that it is required. 

Abstraction from the Yarragadee Aquifer of 2GL/a is sustainable and is not predicted to have any 
environmental impact. 

The Boonanarring Mineral Sands Mine proposal can be implemented, with appropriate 
management, with low risk of compromising EPA objectives. 
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10. STUDY TEAM 

The following have contributed to the preparation of the PER and its Supporting Studies: 

 

 360 Environmental Pty Ltd 

 Endemic Pty Ltd 

 Glevan Consulting 

 Hydrosearch Pty Ltd 

 JASS (Aust) Pty Ltd 

 Lloyd George Acoustics Pty Ltd 

 MSP Engineering Pty Ltd 

 MWES Consulting 

 Outback Ecology Pty Ltd 

 Creative Mined Pty Ltd 

 Broad Reach Pty Ltd 

 Shawmac Pty Ltd 

 URS 

 Wyntak Pty Ltd 
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Australia. 
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12. ABBREVIATIONS 

 

AHD Australian Height Datum 

BoM Bureau of Meteorology 

DEC Department of Environment and Conservation 

DER Department of Environmental Regulation 

DIA Department of Indigenous Affairs  

DMP Department of Mines and Petroleum 

DoW Department of Water 

DPaW Department of Parks and Wildlife 

DRF Declared Rare Flora 

EP Act Environmental Protection Act 1986 (WA)  

EPA Environment Protection Authority 

EPBC Act Environmental Protection and Biodiversity Conservation Act 1999 (Cwth) 

GDV Groundwater Dependent Vegetation 

GL/a Gigalitres per annum 

Ha Hectare 

HMC Heavy Mineral Concentrate 

km Kilometre 

mgbl metres below ground level 

mg/L milligrams per litre 

Mt Millions of tonnes  

Mtpa Millions of tonnes per annum   

NES National Environmental Significance 

OEPA Office of the Environmental Protection Authority 

PEC Priority Ecological Community 

RIWI Rights in Water and Irrigation Act 1914 (WA)  

SEWPaC 
Federal Department of Sustainability, Environment, Water, Population and 
Communities  

SRE Short Range Endemic 

TDS Total Dissolved Solids 

TEC Threatened Ecological Community 

WA Western Australia 

WC Act Wildlife Conservation (1950) Act 
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ENVIRONMENTAL SCOPING DOCUMENT 

 

PROPOSAL: Boonanarring Mineral Sands Mine 
 (Assessment No. 1947) 

LOCATION: Gingin, Western Australia 

LOCALITY: Shire of Gingin 

PROPONENT: Image Resources NL  

LEVEL OF  
ASSESSMENT: Public Environmental Review with a 5 week public review 
 period 

This Environmental Scoping Document (ESD) is provided to define the requirements of the 
Public Environmental Review (PER) document to be prepared in accordance with the 
Western Australian Environmental Protection Act 1986 (EP Act). 

The preliminary key environmental factors to be addressed are identified in Section 2. The 
generic guidelines for the format of an environmental review document are provided in 
Attachment 1. 

The Public Environmental Review document must adequately address all elements of this 
scoping document prior to approval being given to commence the public review. 
 
 
1. Introduction 

The EP Act sets out that where a proposal is considered to be likely to have a 
significant environmental impact it will be subject to an assessment by the Environmental 
Protection Authority (EPA) under section 38 of the EP Act. This proposal is being 
assessed by way of a PER because it raises significant environmental factors. The EPA 
will, at the conclusion of its assessment, prepare a report on the outcome of its assessment 
of the proposal and give the assessment report to the Minister for Environment. In 
accordance with the requirements of the EP Act, the Minister for Environment will then 
decide whether or not the proposal may be implemented, and, if the proposal may be 
implemented, the conditions and procedures that implementation of the proposal should be 
subject. 

The procedure for a PER is described in the Western Australian EP Act Environmental Impact 
Assessment – Administrative Procedures 2010.  The proponent should have regard to the 
Administrative Procedures when preparing the PER. 

As this proposal is subject to a PER, the proponent is required to produce a PER document in 
accordance with an approved ESD. The purpose of the ESD is to: 

 develop proposal-specific guidelines to direct the proponent on the key environmental 
issues for the proposal that should be addressed in preparing the PER document; and 

 identify the necessary impact predictions required for an assessment of the proposal, 
and the information on the environmental setting required to carry out the assessment. 

The EPA has determined that it will prepare and issue the ESD outlining the scope and content 
of the PER in relation to this proposal. 
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The EPA, in its formulation of the ESD, undertakes consultation with the proponent 
regarding the details of the proposal, its environmental setting, the environmental surveys 
and investigations required and expected outcomes. In addition the EPA will consult with the 
relevant government agencies, including decision making authorities. The Office of the EPA 
(OEPA) provides services and facilities for the EPA. In many cases the OEPA will act for the 
EPA. 

ESDs prepared by the EPA are not subject to a public review period. The ESD will be 
available on the EPA website (www.epa.wa.gov.au) upon finalisation and will be included as 
an appendix in the PER document. 

The proponent will then be required to prepare a PER document in accordance with the ESD. 
When the EPA is satisfied that the PER document has adequately addressed all of the 
environmental factors and studies identified in the ESD, the proponent will be required to 
release the document for a public review period of 5 weeks. 

An important aspect of the environmental impact assessment process is the review by the 
public. The EPA allows public input into the possible environmental impacts of this proposal 
and its implementation. The EPA expects the proponent to fully consult with interested 
members of the public and relevant stakeholders, and to take due care in ensuring any 
other relevant environmental factors which may be of interest to the public and stakeholders 
are succinctly addressed. The PER should document the matters raised in consultation ideally 
in a table. 

The EPA considers that adequate consultation can be demonstrated when: 

 stakeholders are included in the consultation process and are able to make their 
concerns known; 

 are kept informed about the potential and actual environmental impacts; and 

 receive responses to the concerns raised that are relevant to the environmental 
factors identified by the EPA, identifying how the proposal has been modified 
and/or identifying management measures that will be implemented to address the 
concerns raised. 

To facilitate adequate public input, the PER should be made available as widely as possible 
and at a reasonable cost. 

2. Specific Guidelines for the Preparation of the Public Environmental Review 
Document 

2.1 The proposal 
The EPA has prepared Environmental Assessment Guideline for Defining the Key 
Characteristics of a Proposal (May 2012) (EAG 1). EAG 1 describes how to define the Key 
Proposal Characteristics for the purposes of assessing the proposal and subsequent 
incorporation in the Ministerial approval statement. It is expected that the Key Proposal 
Characteristics will be informed by the outcome of the work required for the environmental 
factors that are relevant to the proposal specified below (section 2.2). 

Image Resources NL proposes to develop the Boonanarring Mineral Sands Mine located 
approximately 15 kilometres (km) north of Gingin (Figure 1) and is adjacent to the Bartlett’s 
Well and Boonanarring Nature Reserves (Figures 2 and 3). The mine has approximately 
eight years of mine life and is proposed to be developed on land that has been predominantly 
cleared by farmers for agricultural activities, principally cropping and grazing. The mine will 
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result in disturbance of 350 ha, with approximately 50 ha being native vegetation. The 
proposal envelope and the indicative mine layout is shown in Figures 2 and 3. It is currently 
expected that the mining rate will be approximately 3.3 million tonnes per annum (Mtpa) of 
ore and 12 Mtpa of waste overburden. 

The summary of the proposal description and Key Proposal Characteristics are provided in 
Tables 1 and 2. 

This proposal will involve the removal of overburden together with ore for mining. The ore 
will be delivered to mobile feed bins that will be situated within the active mining area and 
which will relocate along with the advancing mine face. 

Water is added to the ore and the screened slurry is pumped to the mobile primary 
concentration plant and then to the secondary concentration plant for final treatment to 
produce heavy mineral concentrate (HMC). Between 1.6 and 2 gigalitres per annum 
(GL/a) of water will be required for processing. 

The HMC will be stockpiled on-site to drain moisture to collection ponds for short periods 
prior to being transported off-site. The transport options include by road and rail to Bunbury, or 
by road to Geraldton. 

The tailings material, along with the overburden and oversized material will be returned direct 
to the mining void as backfill behind the advancing mine face. Initially there will be a 
requirement for stockpiling of overburden and tailings. 

Waste (fine clays) from the processing will be pumped to shallow cells for drying by solar 
evaporation and will be typically located adjacent to the mine void or over the backfilled 
mine void.  After drying, the fine clays will be mixed with the coarse sand tailings and used 
as upper layers of the soil profile ready for rehabilitation and revegetation. 

At this stage, it is anticipated that the majority of the land will be returned to agricultural uses. 

Table 1 – Summary of the proposal 
Proposal Title Boonanarring Mineral Sands Mine 

Proponent Name Image Resources NL 

Short Description The proposal is to develop a mineral sands mine approximately 15 km 
north of Gingin and includes: 

 excavation by dry mining; 
 dewatering; 
 water extraction; 
 processing; 
 backfill; and 
 transport of HM concentrate by road and/or train. 

 
Table 2 – Location and extent of physical and operational elements 

Physical Element Location Proposed Extent 

Disturbance and 
clearing 

Figure 2 Disturbance of 350 ha of pasture with 
clearing of approximately 50 ha of 
native vegetation within the 1,145 ha 
proposal envelope. 

Operational Element Location Proposed Extent 
Dewatering Not specified To be determined 
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Water extraction To be determined. Possible 
options include temporary 
transfer of existing water rights or 
new allocation from the 
Yarragadee aquifer. 

Water use of 1.6 to 2 gigalitre GL/a 

Backfill All mine voids Mining overburden, tailings and oversized 
material. 

 
 

2.2 Environmental factors and policy documents relevant to this proposal 
The PER should give a detailed assessment of each of the preliminary environmental factors 
identified for this proposal. At this stage, the EPA has identified the preliminary relevant 
environmental factors, objectives and work required as detailed below (see Table 3). 

The EPA has identified a list of relevant policy documents (see Table 3) which set out how the 
EPA expects the environmental factors to be considered. The EPA expects that the treatment of 
environmental factors will be consistent with the approaches set out in these policy documents.  
The EPA also considers that the proponent should assess the proposal in a local and regional 
context and ensure that all cumulative impacts are addressed. 

The proponent should demonstrate in the PER that best available technology would be 
implemented to prevent, control and abate emissions to an acceptable level or explain any 
deviations from best available technology. 

The EPA considers that the following preliminary key environmental factors are relevant to the 
proposal: 

 Flora and Vegetation; 

 Terrestrial Fauna and Subterranean Fauna; 

 Hydrological Processes and Inland Waters; and  

 Offsets. 

Table 3:  Preliminary Key Environmental factors relevant to the proposal 
Flora and Vegetation 

EPA objective To maintain representation, diversity, viability and ecological function at the species, 
population and community level. 

Potential Impacts The proposal involves the clearing of up to 50 ha of native vegetation and the 
dewatering of the pits may result in impacts to the adjacent remnant vegetation. 

Work required Detailed description of clearing associated with the proposal and the potential indirect 
impacts of hydrological drawdown. 

Desktop study and discussion of flora and vegetation surveys conducted in areas 
that are likely to be directly or indirectly disturbed as a result of the proposal. Where 
previous survey information is not available, or is not of acceptable quality in 
accordance with Guidance Statement 51, a Level 1 survey is to be undertaken in 
accordance with Guidance Statement 51. This includes undertaking level 2 surveys 
where it is predicted that indirect impacts extend into areas with conservation 
significant flora and vegetation. 

Identification and mapping of vegetation communities including any important, rare or 
new flora species. 

Maps and Figure(s) showing the predicted extent of loss of vegetation and the extent of 
where vegetation is expected to recover, from both direct and potential indirect 
impacts. 
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Provide quantitative data and an analysis, such as but not limited to the percentage of 
impacts, of the extent of likely direct and indirect impacts to flora and vegetation 
including the conservation status of vegetation communities and/or flora species to 
assist in the determination of the significance of impacts. 

Discussion of potential for direct impacts to flora and vegetation as a result of the 
proposal to communities and species of conservation significance. 

Discussion of potential for indirect impacts to flora and vegetation including impacts to 
groundwater dependent vegetation as a result of increased dewatering activities or 
changes to ground and surface water flows. 

Discussion of proposed management, monitoring and mitigation methods to be 
implemented. 

There is a presumption that there shall be no significant impacts to the Bartlett’s Well 
and Boonanarring Nature Reserves. If necessary, identify where and how the 
proposal has been modified to demonstrate that there will be no significant impacts to 
the Bartlett’s Well and Boonanarring Nature Reserves. Describe monitoring and 
mitigation strategies to ensure there will be no significant impact on the nature 
reserves.  Level 2 flora and vegetation investigations are required in areas where 
there remains significant risk to the nature reserves. 

Relevant 
policy/guidance 
documents 

Position Statement 2 Environmental Protection of Native Vegetation in Western 
Australia; 

Position Statement 3 Terrestrial Biological Surveys as an Element of Biodiversity 
Protection; 

Guidance Statement No. 51 Terrestrial Flora and Vegetation Surveys for Environmental 
Impact Assessment in Western Australia June 2004; and 

Checklist for documents submitted for EIA on marine and terrestrial biodiversity. 

Terrestrial Fauna and Subterranean Fauna 

EPA objective To maintain representation, diversity, viability and ecological function at the species, 
population and assemblage level. 

Potential impacts Clearing of vegetation may result in loss or fragmentation of fauna habitat and 
consequential displacement of fauna. It has not been demonstrated whether the 
area likely to be impacted by mining operations represents subterranean fauna 
habitat. 
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Work required Desktop study of information available to provide a comprehensive listing of 
vertebrate fauna known or likely to occur in the habitat present, and identification of 
conservation significant fauna species likely to occur in the area. 

Where previous surveys are not available, or are not of acceptable quality in 
accordance with Guidance Statement 56, Level 1 survey and mapping of habitats 
within areas to be cleared or indirectly impacted should be conducted in accordance 
with Guidance Statement 56. 

Undertake a reconnaissance survey to describe habitats and determine that Short 
Range Endemic invertebrates are not are likely to occur because specialised habitats 
are not present. 

Undertake a desktop study to determine the likelihood of Subterranean Fauna being 
present by using geological or geomorphical features. The use of habitat mapping 
can be used to infer distributions. 

Identification and mapping of important, rare or unusual habitat types. 

Figure(s) showing the likely extent of loss of the habitat types and the extent of 
where vegetation is expected to recover, from both direct and indirect impacts. 

Analysis of likely loss of habitat, and where habitat types may be impacted but are 
expected to recover, including percentages of habitat types to be impacted, to assist 
in determination of significance of impacts to fauna. 

Where the desktop study and habitat analysis indicates that it is appropriate, conduct 
targeted Level 2 surveys for conservation significant species. 

Discussion of potential impacts to fauna as a result of the proposal and provision of 
quantitative data on impacts of the proposal to species of conservation significance. 
Demonstrate the extent to which areas are used for foraging and/or nesting. 

Discussion on measures required to ensure that the reserve will not be significantly 
impacted by increased access and/or amenity issues such as light and noise. 

Discussion of proposed management, monitoring and mitigation methods to be 
implemented. 

Relevant 
policy/guidance 
documents 

Guidance Statement No. 20 Sampling of Short Range Endemic Invertebrate Fauna for 
Environmental Impact Assessment in Western Australia May 2009. 

Guidance Statement No. 54 Consideration of subterranean fauna in groundwater and 
caves during Environmental Impact Assessment in Western Australia December 
2003. 

Guidance Statement No. 54a Sampling methods and survey considerations for 
subterranean fauna in Western Australia, August 2007. 

Guidance Statement No. 56 Terrestrial Fauna Surveys for Environmental Impact 
Assessment in Western Australia June 2004. 

Position Statement 3 Terrestrial Biological Surveys as an Element of Biodiversity 
Protection. 

Environmental Protection Authority and Department of Environment and Conservation 
Technical Guide - Terrestrial Vertebrate Fauna Surveys for Environmental Impact 
Assessment. 

Checklist for documents submitted for EIA on marine and terrestrial biodiversity. 

Hydrological Processes and Inland Waters 

EPA objective To maintain the hydrological regimes  of  groundwater  and surface water  so that 
existing and potential uses, including ecosystem maintenance, are protected. 

To maintain the quality of groundwater and surface water, sediment and/or biota so 
that the environmental values, both ecological and social, are protected. 
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Potential Impacts Changes in groundwater levels and quality from dewatering and abstraction may 
result in impacts to flora and vegetation, including fauna habitat in the adjacent nature 
reserves. The conservation category wetlands within the surrounding areas may also 
be impacted. 

Work required Hydrogeological investigations/modelling and analysis to provide baseline hydrology 
and predictions of change and impact as a result of altering surface water flows, 
dewatering and abstraction to flora and vegetation, fauna habitat, the conservation 
category wetlands in the surrounding area, and other users. 

Independent peer review of the hydrogeological investigations/modelling and analysis. 

Identify using maps and/or figures the extent of changes in hydrology as a result of 
dewatering and abstraction and identification of any values likely to be directly or 
indirectly impacted within these areas. 

Sensitivity analysis to changes in groundwater levels within the mapped extent of 
change to hydrology. 

There is a presumption that there shall be no significant no significant impacts to the 
Bartlett’s Well and Boonanarring Nature Reserves. If necessary, identify where and 
how the proposal has been modified to demonstrate that there will be no significant 
impacts to the Bartlett’s Well and Boonanarring Nature Reserves. Describe 
monitoring and mitigation strategies to ensure there will be no significant impact on 
the nature reserves. 

Discussion of the likely availability of water and the expected quality.  

Describe the risk of acid sulphate soils. 

Identification of potential impacts from extraction on overlying aquifers and 
neighbouring users. 

Provide a water balance for the mining operations. 

Discussion of proposed management, monitoring and mitigation methods to be 
implemented. 

Relevant 
policy/guidance 
documents 

ANZECC 2000. Australian and New Zealand Guidelines for Fresh and Marine Water 
Quality. 

Rights in Water and Irrigation Act 1914. 

Environmental Water Provisions Policy for Western Australia: State-wide Policy No. 5, 
Water and Rivers Commission (2000). 

Environmental Protection (Swan Coastal Plain Lakes) Policy 1992. 

Geomorphic Wetlands Swan Coastal Plain data set. 

Department of Water 2012 Western Australian Water in Mining Guideline: Draft for 
Public Comment. 

Offsets 

EPA objective To counterbalance any significant residual environmental impacts or uncertainty 
through the application of offsets. 

Potential impacts Potential impacts on vegetation, flora and fauna species. 

Work required Examination of residual impacts and, if required, development of a draft program of 
environmental offsets. 

Inclusion in the PER of completed Environmental Offsets Reporting Form and any 
offsets required and proposed. 

Relevant 
policy/guidance 
documents 

WA Environmental Offsets Policy, September 2011. 

Environmental  Protection  Bulletin  No  19  –  Environmental  offsets  –  Biodiversity 
September 2008. 

Position Statement 9 Environmental offsets. 

Offsets reporting Form. 
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These factors must be addressed within the environmental review document for the public to 
consider and make comment to the EPA. The EPA anticipates addressing these factors in its 
report to the Minister for Environment. All technical reports, modelling and referenced 
documents (not currently in the public domain) used in the preparation of the PER should be 
included as appendices to the document. 

2.3 Other Matters 
The EPA expects the proponent to take due care in ensuring other matters which may be 
of interest to the public are addressed succinctly and that management is described in the 
PER. 

The EPA has identified other matters which it considers warrant attention as part of the 
environmental review of this proposal to the extent that the PER should show how these 
matters will be mitigated and the extent to which other statutory decision making processes  
can regulate potential impacts to meet the EPA’s objectives. These include but are not limited 
to the following: 

 Dieback mapping and management 

Mining activities such as vehicle movement and site disturbance associated with the 
proposal may result in the spread of dieback within and outside the project area. The 
proponent shall provide baseline mapping of dieback affected areas in any area likely to 
be directly or indirectly impacted by the proposal, and propose management measures to 
address the potential risk of introducing or spreading dieback. 

 Dust 

The proponent should identify the locations of all sensitive receptors; sources of dust; 
and propose management measures. 

 Noise 

The  proponent  should  provide  details  of  an  environmental  noise  study including: 

o A map showing the locations of all noise sensitive premises adjacent to the mining 
operations or likely to be affected by the proposal. 

o Environmental noise monitoring at representative noise-sensitive premises, where 
access to the premises can be obtained through agreement with the landowners. 

o Noise predictions for proposed operations and proposed management measures. 

o Predictions for vibration impacts at residential areas and proposed 
management. 

The proponent will need to demonstrate that it can meet the requirements of the Noise 
Regulations. 

This list is provided to assist with the preparation of the PER document. If during the course of 
the preparation of the document other factors are identified, these factors should be 
discussed with the OEPA to determine whether they are to be addressed in the PER. 

2.4 Other Approvals 
The EPA notes that a number of other approvals will be required for the proposal. Where 
possible, the EPA advises that these approvals should be processed in parallel with the 
PER. 
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 Water Licensing and other approvals required by the Department of Water (DoW). The 
DoW provided advice during consultation on the ESD highlighting that there are 
currently groundwater allocation limits applying in the project area. 

The DoW noted the proponent has not applied for a 5C licence to take water and 
although proposing to trade entitlements with other users has also yet to make a 
formal application. The DoW advised of the need for the proponent to prepare a H3 
level hydrogeological assessment in accordance with Operational Policy 5.12 
Hydrogeological reporting associated with a groundwater well licence. 

 The Mine Proposal and Mine Closure Plans required by the Department of Mines and 
Petroleum (DMP). The DMP also raised the matter of addressing the potential for 
radioactivity of materials. 

 Works approval and licence requirements under Part V of the EP Act required by the 
Department of Environment and Conservation. 

The proponent is encouraged to consult with agencies responsible for other approvals as 
early as possible. Inclusion of information relating to these approvals as appendices to the 
PER document would be desirable and would eliminate some duplication of processes. 

2.5 Agreed Assessment Milestones 
EPA Environmental Assessment Guideline No. 6 “Timelines for EIA of Proposals” 
addresses the responsibilities proponents and EPA for achieving timely and effective 
assessment of proposals. 

This timeline (Table 4) is agreed between the EPA and proponent. The EPA and 
proponents are expected to meet the agreed proposal assessment timeline, and in doing 
so, provide adequate, quality information to inform the assessment. Proponents will need to 
allocate sufficient time to undertake the necessary studies to the appropriate standard and 
incorporate the outcomes of the studies into the PER. 

Where an agreed timeline is not being met by the proponent, or if adequate information is not 
submitted by the proponent, the timeline for subsequent steps will be re-established. Where 
the OEPA is unable to meet a date in the agreed timelines the proponent will be advised 
prior to the agreed delivery date and the timeline adjusted. 

The EPA will report to the Minister for Environment on whether the agreed proposal 
assessment timeline has been met. Where the timeline has not been met, the reasons 
for this will be identified in the report. 

Table 4:  Agreed Milestones for the proposal 
 

Key Stage of Proposal Agreed Milestone 

EPA approval of ESD Document April 2013 

Proponent submits first adequate draft of 
PER Document 

31 May 2013 

OEPA  provides  comment  on  first  draft 
PER Document 

6 weeks 

12 July 2013 

Proponent submits adequate revised draft 
PER Document 

2 weeks 

26 July 2013 
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EPA authorises release of PER Document 2 weeks 

9 August 2013 

Proponent releases approved PER Document 1 week 

16 August 2013 

Public Review of PER Document 5 weeks 

Ends:  20 September 2013 

EPA provides Summary of Submissions 3 weeks 

11 October 2013 

Proponent  provides  Response  to  Public 
Submissions 

4 weeks 

8 November 2013 

OEPA assesses proposal for consideration by 
EPA 

*7 weeks (+2 weeks for Christmas) 10 
January 2014 

Preparation and finalisation of EPA Report 
(including 2 weeks consultation on draft 
conditions with proponent and key 
Government agencies) 
 

5 weeks 
17 February 2014 

 
* Please note the timing of the EPA’s scheduled meetings and its consideration of 

the proposal will have regard to the Christmas and New Year period. 
 

Decision Making Authorities 

At this preliminary stage, the EPA has identified the following decision making authorities 
(DMAs) (see Table 5). These DMAs are constrained from making any decision that could 
have the effect of causing or allowing the revised proposal to be implemented. Throughout 
the assessment process further DMAs may be identified. 

Table 5: Nominated Decision Making Authorities 
 

Decision Making Authority Relevant Legislation 

Department of Environment and 
Conservation 

Part V of the Environmental Protection Act 
1986 

Minister for Water RiWI Act 1914 

Minister for Mines and Petroleum Mining Act 1978 

 
DMAs are not prevented from parallel processing, up to the point of their decision, so that 
their views can inform the ministerial consultation process. 

 
a. Preparation of the Public Environmental Review Document 

The recommended format for the PER document is enclosed as Attachment 1. 

When the EPA is satisfied with the standard of the PER document (see EAG 6 
Section 4.3) it will provide a written sign-off, giving approval to advertise the document for 
public review. The review document may not be advertised for release before written 
approval is received. 
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The proponent is responsible for advertising the release and availability of the PER in 
accordance with the guidelines which will be issued to the proponent by the OEPA. The 
EPA must be consulted on the timing and details for advertising the document. 



Final Environmental Scoping Document – April 2013 A607706 12 of 14 

ENVIRONMENTAL PROTECTION AUTHORITY 

 

 
Figure 1 - Location of Proposal 

 



Final Environmental Scoping Document – April 2013 A607706 13 of 14 

ENVIRONMENTAL PROTECTION AUTHORITY 
 

 

 
Figure 2 – Proposal Envelope and indicative mine layout 
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Figure 3 – Proposal Envelope and Indicative Mine Layout 
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SUPPORTING STUDIES  

The following studies have been undertaken to support the preparation of this PER.  The studies are 
contained on the CD inside the back cover of the PER. 

Vegetation and Flora Investigations 

 Supporting Study 1.1: Level 2 Flora and Vegetation and Groundwater Dependent Vegetation 
Survey. 

360 Environmental 2013.  Boonanarring Mineral Sands Level 2 Flora and Vegetation and 
Groundwater Dependent Vegetation Survey.  Report prepared by 360 Environmental Pty Ltd 
for Image Resources NL, West Perth, Western Australia. 

 Supporting Study 1.2: Level 1 Flora and Vegetation Assessment Brand Highway 

360 Environmental 2013.  Boonanarring Mineral Sands Baseline Flora and Vegetation Survey 
Addendum. Report prepared by 360 Environmental Pty Ltd for Image Resources NL, West 
Perth, Western Australia. 

 Supporting Study 1.3: Impact Assessment: Flora and Vegetation. 

360 Environmental 2013.  Boonanarring Mineral Sands Impact Assessment: Flora and 
Vegetation.  Report prepared by 360 Environmental Pty Ltd for Image Resources NL, West 
Perth, Western Australia. 

Fauna Investigations 

 Supporting Study 2.1: Level 1 Vertebrate Fauna Survey. 

360 Environmental 2013.  Boonanarring Mineral Sands Level 1 Vertebrate Fauna Survey.  
Report prepared by 360 Environmental Pty Ltd for Image Resources NL, West Perth, Western 
Australia. 

 Supporting Study 2.2: Subterranean Fauna Desktop Assessment. 

360 Environmental 2013.  Boonanarring Mineral Sands Subterranean Fauna Desktop 
Assessment.  Report prepared by 360 Environmental Pty Ltd for Image Resources NL, West 
Perth, Western Australia. 

 Supporting Study 2.3: Short Range Endemics Reconnaissance Survey. 

360 Environmental 2013.  Boonanarring Mineral Sands Short Range Endemics 
Reconnaissance Survey.   Report prepared by 360 Environmental Pty Ltd for Image 
Resources NL, West Perth, Western Australia. 

 Supporting Study 2.4: Vertebrate Fauna Impact Assessment 

360 Environmental 2013.  Boonanarring Mineral Sands Impact Assessment: Vertebrate 
Fauna.   Report prepared by 360 Environmental Pty Ltd for Image Resources NL, West Perth, 
Western Australia. 

 Supporting Study 2.5: Invertebrate Fauna Impact Assessment 

360 Environmental 2013.  Boonanarring Mineral Sands Impact Assessment: Invertebrate 
Fauna.  Report prepared by 360 Environmental Pty Ltd for Image Resources NL, West Perth, 
Western Australia. 
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 Supporting Study 2.6: Subterranean Fauna Impact Assessment 

360 Environmental 2013.  Boonanarring Mineral Sands Impact Assessment: Subterranean 
Fauna.  Report prepared by 360 Environmental Pty Ltd for Image Resources NL, West Perth, 
Western Australia. 

 Supporting Study 2.7: Black Cockatoo habitat study and other species of national 
environmental significance. 

Bamford Consulting Ecologists 2012.  Boonanarring Black –Cockatoo Habitat Study and notes 
on other fauna species of National Environmental Significance.  Report prepared by K.J. & 
A.R. Bamford Consulting Ecologists for Image Resources NL, West Perth, Western Australia. 

 Supporting Study 2.8: Examination of possible Black Cockatoo Nesting Trees. 

Bamford Consulting Ecologists 2012.  Image Resources Boonanarring Project Area: 
Examination of possible Black –Cockatoo Habitat nest trees.  Report prepared by K.J. & A.R. 
Bamford Consulting Ecologists for Image Resources NL, West Perth, Western Australia 

 Supporting Study 2.9: Black Cockatoo Impact Assessment 

Bamford Consulting Ecologists 2013.  Image Resources Boonanarring Project Area: 
Assessment of potential impact upon Black Cockatoos.  Report prepared by K.J. & A.R. 
Bamford Consulting Ecologists for Image Resources NL, West Perth, Western Australia 

Wetland Investigations 

 Supporting Study 3.1: Wetland Hydrological and Ecological Values. 

360 Environmental 2013. Boonanarring Mineral Sands: Mindarra Northwest Wetlands. 
Report prepared by 360 Environmental Pty Ltd for Image Resources NL, West Perth, Western 
Australia. 

 Supporting Study 3.2: Wetland Impact Assessment 

360 Environmental 2013. Boonanarring Mineral Sands Impact Assessment: Mindarra 
Northwest Wetlands. Report prepared by 360 Environmental Pty Ltd for Image Resources 
NL, West Perth, Western Australia. 

 Supporting Study 3.3: Collard Wetland Investigation 

Endemic Pty Ltd 2013.  Wetland Investigation of Collard’s Wetland, Drew Road, 
Boonanarring.  Letter report prepared by Endemic Pty Ltd for Image Resources, Balcatta, 
Western Australia. 

Hydrological Investigations 

 Supporting Study 4.1: Groundwater 

URS 2013. Boonanarring Project – H3 Hydrogeological Assessment. Report prepared by URS 
for Image Resources NL, West Perth, Western Australia. 

 Supporting Study 4.1a: Groundwater 

URS 2013. Boonanarring Project – H3 Hydrogeological Assessment Addendum. Report 
prepared by URS for Image Resources NL, Balcatta, Western Australia. 

 Supporting Study 4.2: Surface water. 

URS 2013. Boonanarring Project Surface Water Studies. Report prepared by URS for Image 
Resources NL, West Perth, Western Australia. 
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Acid Sulphate Soils investigations 

 Supporting Study 5.1: Acid Sulphate Soil Risk Assessment. 

Outback Ecology 2013 Desktop acid Sulphate Soil (ASS) Risk Assessment.  Report prepared 
by Outback Ecology Pty Ltd for Image Resources NL, West Perth, Western Australia. 

Dieback Mapping and Management 

 Supporting Study 6.1:  Dieback Mapping 

Glevan Consulting 2013.  Boonanarring Mineral Sands Mine Area: Phytophthora cinnamomi 
occurrence assessment.  Report prepared by Glevan Consulting for 360 Environmental Pty 
Ltd on behalf of Image Resources NL, West Perth, Western Australia.  

Amenity (dust) Investigations 

 Supporting Study 7.1: Baseline Dust Monitoring. 

Outback Ecology 2013. Baseline Air Quality Assessment.  Report prepared by Outback 
Ecology Pty Ltd for Image Resources NL, West Perth, Western Australia. 

 Supporting Study 7.2: Air Quality Impact Assessment. 

Outback Ecology 2013 Air Quality and Greenhouse Emissions Management.  Report 
prepared by Outback Ecology Pty Ltd for Image Resources NL, West Perth, Western 
Australia. 

Amenity (noise) Investigations 

 Supporting Study 8.1: Baseline Noise Monitoring. 

Lloyd George Acoustics 2013 Background Noise Measurement, Image Resources 
Boonanarring Project.  Report prepared by Lloyd George Acoustics Pty Ltd for Image 
Resources NL, West Perth, Western Australia. 

 Supporting Study 8.2: Noise Impact Assessment. 

Lloyd George Acoustics 2013.  Environmental Noise Assessment Proposed Boonanarring 
Sand Mine.  Report prepared by Lloyd George Acoustics Pty Ltd for Image Resources NL, 
West Perth, Western Australia. 

Closure and Rehabilitation - Soil investigations 

 Supporting Study 9.1: Baseline Soil and Overburden Characterisation. 

Outback Ecology 2013. Image Resources NL Boonanarring Project: Baseline Soil and 
Overburden Characterisation.  Report prepared by Outback Ecology Pty Ltd for Image 
Resources NL, West Perth, Western Australia.  

Transport 

 Supporting Study 10.1: Traffic Impact Assessment. 

Shawmac 2013. Traffic Impact Assessment Boonanarring Mineral Sands, Brand Highway, 
Boonanarring, Western Australia. Report prepared by Shawmac for Image Resources NL, 
West Perth, Western Australia. 
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Environmental offsets reporting form 
See EPA Guidance Statement No. 19: environmental offsets - biodiversity 
 

Section A: Administrative information 

1. Proposal or scheme name:  Boonanarring Mineral Sands Mine (the proposal). 

2. Summary of proposal or scheme: The Boonanarring Mineral Sands Proposal (the proposal) involves conventional open 
cut dry mining of mineral sands and processing of material mined through primary and secondary concentration plants to 
produce a heavy minerals concentrate.  The disturbance footprint of the proposal will be contained within an area defined 
as the proposal development envelope which is located between approximately 12 and 24km north west of the Gingin 
township and 90km from Perth  

Section B: Type of environmental asset (s) – State whether Critical or High Value, describe the environmental values and 
attributes 

The majority of the land within the proposal development envelope is cleared of native vegetation, and is used for 
agriculture (cropping and grazing).  The proposal development envelope also includes some unsuccessful non-native 
private plantations.  The proposal would not impact on any critical or high value environmental assets. 

Section C: Significant impacts (describe the significant adverse environmental impacts related to the proposal or scheme 
before mitigation measures are applied) 

While the proposal does have some possible adverse environmental impacts, these impacts are not considered to be 
significant.  The key environmental impacts can be summarised as follows: 

 Limited clearing of isolated pockets of remnant vegetation and scattered paddock trees. 

 Limited loss of poor quality fauna habitat associated with clearing. 

 Localised and minor impacts to groundwater quantity and quality associated with pit dewatering in order to 
maintain dry mining conditions in the active mining areas. 

Section D: Mitigation measures (describe all measures to Avoid, Minimise, Rectify and Reduce) 

The following mitigation measures will be implemented: 

 limitation of clearing of remnant native vegetation to only that required to implement the proposal (no greater than 
50ha), with clearing to be contained within the proposal development envelope; 

 clearing will be undertaken on a progressive basis, as required;  

 clearing of vegetation and habitat within the existing road verges will be avoided or minimised to the greatest extent 
practicable; 

 all the ten potential existing and potential future Black Cockatoo nesting trees within the proposal development 
envelope will be retained;  

 topsoil, subsoil and vegetation will be recovered and stockpiled for use in rehabilitation activities in a manner that 
will maximise the efficiency and success of rehabilitation (particularly in re-establishment of any impacted remnant 
vegetation areas);  

 rehabilitation, including backfilling of mine pits to the original ground profile, will be undertaken progressively over 
the life of the mine. 

 supplementary production water will be obtained from the Yarragadee Aquifer rather than the Leederville Aquifer 
to avoid impacting on existing other users; 

 the amount of groundwater to be abstracted from the Superficial Aquifer to facilitate mining will be minimised by 
constraining the area for orebody dewatering to the area being actively mined; 

 mining will commence in an area away from the conservation category wetland in the Bartlett’s Well Nature Reserve 
and groundwater table level changes will be monitored with results being used to confirm that the predictions of the 
hydrogeological modeling undertaken are correct or to adjust management measures as needed;  

 pits will be backfilled as mining progresses to prevent exposure of groundwater to evaporation; 

 groundwater quality and quantity monitoring, already implemented, will continue throughout the life of the mine 
(will be mandated by the groundwater abstraction licenses to be obtained under the RIWI Act 1914); 

 a groundwater management plan will be developed, with management measures to be adapted in response to 
results of the ongoing groundwater monitoring programme; 

 arrangements will be entered to supply supplementary water to other users within the area predicted to be 
influenced by groundwater drawdown, if monitoring indicates that their supply is being affected by the proposal; 

 drainage diversions have been designed to ensure that surface water does not flow into mine pits and to ensure that 
disturbance to surface water flows downstream of the mine site are avoided or minimised; 

 Further screening for ASS within the proposal development envelope and within the predicted groundwater 
depression will be undertaken progressively in advance of mining; and 

 an ASS management plan will be prepared on the basis of the results of this screening and implemented to ensure 
that there are no impacts on sensitive environmental receptors or other groundwater users associated with the 
mine dewatering and potential ASS oxidation. 
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Section E: Significant residual impacts (describe all the significant adverse residual impacts that remain after all mitigation 
attempts have been exhausted)  

The proposal will not result in any significant adverse residual environmental impacts primarily due to the current 
condition of the existing environment (primarily agricultural land) and due to the mitigation measures that will be 
implemented, as detailed in Section 10 of this form. 

Section F: Proposed offsets for each significant residual impact (identify direct and contributing offsets). Include a 
description of the land tenure and zoning / reservation status of the proposed offset site. Identify any encumbrances or 
other restrictions on the land that may impact the implementation of the proposed offset and provide evidence 
demonstrating how these issues have been resolved. 

No offset is required as there will be no adverse residual environmental impacts from the implementation of this proposal. 

Section G: Spatial data relating to offset site/s (see EPA Guidance Statement No. 19: environmental offsets- biodiversity, 
Appendix 4) 

Not Applicable. 

Section H: Relevant data sources and evidence of consultation (consultation with agencies, relevant stakeholders, 
community and references to sources of data / information). Include details of specific environmental, technical or other 
relevant advice and information obtained to assist in the formulation of the offset. 

Not applicable. 

 


