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Revised Proposal 

Disclaimer  

This report has been prepared by South32 specifically for the Worsley Mine Expansion. Neither the 

report nor its contents may be referred to without the express approval of South32 until the report 

has been released for referral and assessment.  

This report may contain forward-looking statements, including statements about plans, strategies 

and objectives of management; and anticipated productive lives of projects, mines and facilities. 

These forward-looking statements reflect reasonable expectations at the date of this document, 

however they are not guarantees or predictions of future performance. 

Information in this report that relates to Ore Reserve and/or Mineral Resource estimates was 

declared as part of South32’s annual Resource and Reserve declaration in the FY21 Annual Report 

(www.south32.net) issued on 4 September 2021 and prepared by P Soodi Shoar (MAusIMM) and 

G Burnham (MAusIMM) in accordance with the requirements of the JORC Code. South32 confirms 

that it is not aware of any new information or data that materially affects the information included in 

the original announcements. All material assumptions and technical parameters underpinning the 

estimates in the relevant market announcement continue to apply and have not materially changed. 

South32 confirms that the form and context in which the Competent Person’s findings are presented 

have not been materially modified from the original market announcement. 

The information in this report that relates to the production target is based on Proved and Probable 

Ore Reserves (21%), Measured (31%) and Indicated (34%) Mineral Resources for Worsley Alumina. 

Mineral Resources and Ore Reserve estimates for Worsley Alumina was declared as part of 

South32's Annual Resource and Reserve declaration in the Annual Report 2021 (www.south32.net) 

issued on 3 September 2021 and prepared by P Soodi Shoar (MAusIMM) and G Burnham 

(MAusIMM) in accordance with the requirements of the JORC Code. South32 confirms that it is not 

aware of any new information or data that materially affects the information included in the original 

announcement. All material assumptions and technical parameters underpinning the estimates in 

the relevant market announcement continue to apply and have not materially changed. South32 

confirms that the form and context in which the Competent Person’s findings are presented have not 

been materially modified from the original market announcement. Payable nickel is calculated using 

long term consensus metal prices and relative metallurgical recoveries. 
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INVITATION TO MAKE A SUBMISSION 

The Environmental Protection Authority (EPA) invites people to make a submission on the 

environmental review for this Revised Proposal. 

South32 Worsley Alumina Pty Ltd (the Proponent) is proposing the development of the Worsley Mine 

Expansion Revised Proposal (the Revised Proposal). The existing operations include bauxite mining 

and crushing at the Boddington Bauxite Mine (BBM), with crushed ore transported by overland 

conveyor to the Refinery in Collie. The Revised Proposal would comprise the continuation of existing 

operations, development of expanded mining areas and a bauxite transport corridor at the BBM, a 

contingency mining area and maintenance work at the Refinery as well as associated supporting 

infrastructure. This Revised Proposal involves disturbance of up to 4,399 ha of native vegetation 

clearing required, occurring progressively over the extended mine life. 

The Environmental Review Document (ERD) has been prepared in accordance with the EPA’s 

Administrative Procedures (Part IV Divisions 1 and 2). The ERD is the report by the Proponent on 

its environmental review, which describes this Revised Proposal and its likely effects on the 

environment. 

The ERD is available for a public review period of eight weeks from 20 June 2022, closing on 

15 August 2022. 

Information on the Revised Proposal from the public may assist the EPA to prepare an assessment 

report in which it will make recommendations on the Proposal to the Minister for the Environment.  

The proposal (EPBC 2019/8437) has also been determined to be a controlled action under the 

Environment Protection and Biodiversity Conservation Act 1999 and will be assessed by an 

accredited assessment under the Environmental Protection Act 1986. 

Why write a submission? 

The EPA seeks information that will inform its consideration of the likely effects of the Revised 

Proposal, if implemented, on the environment. This may include relevant new information that is not 

in the ERD, such as alternative courses of action or approaches. 

In preparing its assessment report for the Minister for Environment, the EPA will consider the 

information in submissions, the Proponent’s responses and other relevant information. 

Submissions will be treated as public documents unless provided and received in confidence, 

subject to the requirements of the Freedom of Information Act 1992. 

Why not join a group? 

It may be worthwhile joining a group or other groups interested in making a submission on similar 

issues. Joint submissions may help to reduce the workload for an individual or group. If you form a 

small group (up to 10 people), please indicate the names of all participants. If your group is larger, 

please indicate how many people your submission represents. 
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Developing a submission 

You may agree or disagree with, or comment on, information in the ERD. When making comments 

on specific elements of the ERD: 

• Clearly state your point of view and give reasons for your conclusions; 

• Reference the source of your information, where applicable; and 

• Suggest alternatives to improve the outcomes on the environment. 

What to include in your submission 

Include the following in your submission to make it easier for the EPA to consider your submission: 

• Your contact details – name and address; 

• Date of your submission; 

• Whether you want your contact details to be confidential; 

• Summary of your submission, if your submission is long; 

• List points preferably by environmental factor so that issues raised are clear; 

• Refer each point to the page, Section and, if possible, paragraph of the ERD; and 

• Attach any reference material, if applicable, making sure your information is accurate. 

The closing date for public submissions is 15 August 2022. 

The EPA prefers submissions to be made electronically via the EPA’s Consultation Hub at 

https://consultation.epa.wa.gov.au. 

Alternatively, submissions can be: 

• Posted to: Chairman, Environmental Protection Authority, Locked Bag 10, Joondalup DC, 
Joondalup WA 6919; or 

• Delivered to: Environmental Protection Authority, 8 Davidson Terrace, Joondalup WA 6027. 

If you have any questions on how to make a submission, please contact EPA Services at the 

Department of Water and Environmental Regulation on (08) 6364 7000. 

https://consultation.epa.wa.gov.au/
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SCOPING CHECKLIST 

This Section includes a table outlining the scoping checklist in accordance with the Environmental 

Scoping Document (ESD), developed and approved by the EPA. The table also includes a cross-

reference to sections of the Environmental Review Document (ERD) that address each task. 

A checklist setting out how matters are required to be addressed under Schedule 4 of the EPBC 

Regulations is included at Appendix D. 

Task 
No. 

Required Work Section in ERD 

Flora and Vegetation 

1 

Identify and characterise flora and vegetation 
in the Primary Assessment Area (WMDE, 
BTC and CBME) in accordance with the 
requirements of EPA guidance. Survey should 
include all areas that are likely to be directly or 
indirectly impacted (including by changes to 
groundwater, or surface water flow) as a 
result of the proposal. In areas where land is 
not accessible and surveys have not been 
undertaken, describe actions to avoid direct 
and indirect impact to these areas.  

Section 5.2.3 (p 122) 

2 

Demonstrate how surveys are relevant, 
representative and demonstrate consistency 
with current EPA guidance. Ensure database 
searches and taxonomic identifications are 
up-to-date. If multiple surveys have been 
undertaken to support the assessment, a 
consolidated report should be provided 
including the integrated results of the surveys. 
All surveys may be appended to the 
environmental review documentation.  

Section 5.2.3 (p 122)  
Appendix F  

3 
Reports provided should be accompanied by 
IBSA Data Packages prepared following EPA 
Guidance.  

IBSA data is provided separate to this ERD 

4 
Undertake baseline weed mapping in areas 
likely to be directly or indirectly impacted by 
the proposal. 

Section 5.2.3.3.3, (p 139) 
 Figure 5-6 (p 171)  
Figure 5-7 (p 172) 

5 

Provide a map of the survey effort applied in 
relation to the Primary Assessment Area, 
identifying the direct and indirect impact 
areas. 

Figure 5-2 (p 134) 

6 

Determine whether any flora species recorded 
are significant, and provide an analysis of 
local and regional context, (refer to 
Environmental Factor Guideline – Flora and 
Vegetation for definition of significant flora). 

Section 5.2.3.3.2 (p 139) 

7 
Undertake targeted searches for conservation 
significant flora in accordance with EPA and 
Commonwealth guidance (EPBC Act). Include 

Section 5.2.3.3.2 (p 139) 
Appendix F 
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Task 
No. 

Required Work Section in ERD 

an assessment of all MNES within a 5 km 
radius surrounding the proposal area. 

8 

Determine whether any vegetation identified is 
significant, including old growth areas, and 
provide an analysis of local and regional 
context (refer to Environmental Factor 
Guideline – Flora and Vegetation for definition 
of significant vegetation). 

Section 5.2.3.4 (p 173) 

9 

Provide figures of the proposed clearing and 
predicted indirect impact to vegetation and 
significant flora species including but not 
limited to Threatened/Priority Ecological 
Communities, Threatened/Priority flora, old 
growth forest areas, and significant flora and 
significant vegetation as defined by EPA 
guidance. 

Section 5.2.4.1, (p 173) 
Figure 5-4 (p 154), 
Figure 5-5 (p 168)  
Figure 5-10 (p 191) 

10 

Provide a quantitative assessment of impact 
for:  

a. significant flora, including;  
i. number of individuals and 

populations in a local and regional 
context;  

ii. numbers and proportions of 
individuals and populations 
directly or potentially indirectly 
impacted; and 

iii. numbers/proportions/populations 
currently protected within the 
conservation estate (where 
known).  

b. vegetation units (noting Threatened 
and Priority Ecological Communities 
and significant vegetation) including; 

i. area (in hectares) and proportions 
directly or potentially indirectly 
impacted; and 

ii. proportions/hectares of the 
vegetation unit currently protected 
within conservation estate (where 
known). 

Section 5.2.4.1 (p 173),  
Table 5-13 (p 201),  
Table 5-14 (p 203)  
Table 5-15 (p 210) 

11 

Analyse the direct and indirect impacts from 
the proposed mining, and discuss the 
significance of the direct and indirect impacts 
to flora and vegetation at a local and regional 
level. This may include reference to 
Scheduled species in other approved areas 
(MS 719). 

Section 5.2.4 (p 195) 

12 

Assess the impact(s) of increased water 
consumption for operations and dust 
suppression on flora and vegetation, including 
the ecological values it supports. 

Section 5.2.4.4 (p 224) (dust)  
Section 5.5.4.1.4 (p 509) (water use) 
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Task 
No. 

Required Work Section in ERD 

13 

Analyse risk of Phythophthora cinnamomi and 
Armillaria luteobubalina within the 
development envelope, undertake surveys (if 
relevant) and describe management actions 
to prevent introduction to protectable areas 
within the proposal area and to adjacent 
conservation areas. 

Section 5.2.3.5 (p 197), 
Section 5.2.4.3 (p 223)  
Section 5.2.5 (p 237) 

14 

Demonstrate that the proposal has been 
designed to avoid and minimise impacts 
regarding placement of access roads and 
infrastructure within vegetated areas, and that 
placement has had regard to utilising existing 
areas of disturbance. 

Section 5.2.4.1 (p 173),  
Section 5.2.5 (p 237)  
Figure 5-13 (p 239) 

15 

Discuss proposed management, monitoring 
and mitigation methods to be implemented 
demonstrating that the proposal has 
addressed the mitigation hierarchy, and 
ensure residual impacts (direct and indirect) 
are not greater than predicted. 

Section 5.2.5 (p 237) 

16 

Discuss the regional and cumulative impacts 
of other existing or reasonably foreseeable 
development in the vicinity of the proposal 
with the potential to impact the flora and 
vegetation values, particularly the Jarrah 
Forest. These may include rehabilitation, fire, 
mining, timber harvesting, disease, weed 
invasion, impacts to biodiversity, recreation 
and water management. 

Section 5.2.4.8 (p 225) 

17 

Determine and quantify any significant 
residual impacts by considering the Residual 
Impact Significance Model (page 11) and WA 
Offset Template (Appendix 1) in the WA 
Environmental Offsets Policy and Guidelines 
(2014) and include reference to the 
Commonwealth Assessment Guide for any 
MNES. 

Not applicable – no significant residual impacts 
related to flora and vegetation are expected as 

a result of the Revised Proposal 
 

18 

Where significant residual impacts remain, 
propose an appropriate offsets package that 
is consistent with the WA Environmental 
Offsets Policy and Guidelines. Spatial data 
defining the area of significant residual 
impacts should also be provided. 

19 

Describe the proposed rehabilitation 
methodology, using current practice, evidence 
and demonstrated outcomes, including but not 
limited to:  

a. physical and chemical characteristics 
of soil and soil profile; 

b. topsoil management; 
c. retention or reuse of vegetative 

material; 

Section 1.3.1.6 (p 21) 
Section 4.5 (p 101) 

Section 5.4.5.5 (p 459) 
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Task 
No. 

Required Work Section in ERD 

d. return of species and communities 
consistent with the pre-existing 
composition of the affected area; and 

e. timeframes for rehabilitation, including 
sequencing of excavation and 
progressive rehabilitation. 

20 

Prepare a Rehabilitation and Closure Plan 
consistent with the DMP and EPA (2015) 
Guidelines for Preparing Mine Closure Plans. 
The Plan should include but not be limited to: 

a. closure objectives and completion 
criteria (quantitative or qualitative) 
addressing post mining landforms and 
soil profile reconstruction, native 
vegetation and habitat for 
conservation significant flora and 
fauna; and 

b. establish and where possible 
measure, vegetation and fauna 
reference and analogue sites, to 
inform completion criteria. 

Appendix E5  
Appendix E4 

21 
Demonstrate and document in the ERD how 
the EPA’s objective for this factor can be met. 

Section 5.2.5.1 (p 245) 

Terrestrial Fauna 

22 

Conduct a desktop study, including a literature 
review, in accordance with EPA guidance. 
The desktop study should identify knowledge 
gaps and identify fauna, including aquatic 
fauna and short-range endemic (SRE) 
invertebrate fauna, recorded in the Primary 
Assessment Area (WMDE, BTC and CBME), 
in the context of the fauna habitat and 
approved areas (MS 719). 

Section 5.3.3.2 (p 264) 
Appendix G  
Appendix I3 

23 

Based on the outcomes of the desktop study, 
identify areas in the Primary Assessment Area 
where fauna surveys have not been 
previously undertaken, or surveys are not 
recent and/or do not meet the requirements of 
EPA guidance, and undertake the appropriate 
surveys in these areas in accordance with 
EPA guidance. The consolidated data from 
historical and new surveys should be 
sufficient to place the impacts of the proposal 
into local and regional contexts. 

Section 5.3.3.2 (p 264) 
Appendix G 

24 
Undertake a fauna habitat assessment to 
identify the types and quality of fauna habitats 
and map the extent. 

Section 5.3.3.1 (p 255) 

25 
Undertake targeted surveys for conservation 
significant fauna species, including but not 
limited to those listed below, in accordance 

Section 5.3.3.2 (p 264), 
Appendix G  

Section 5.5.3 (p 465) 
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Task 
No. 

Required Work Section in ERD 

with EPA and Commonwealth guidance 
(EPBC Act): 

a. Forest Red-tailed Black Cockatoo 
(Calyptorhynchus banksii naso); 

b. Baudin’s Black Cockatoo 
(Calyptorhynchus baudinii); 

c. Carnaby’s Black Cockatoo 
(Calyptorhynchus latirostris); 

d. Peregrine Falcon (Falco peregrinus); 
e. Woylie (Bettongia penicillata ogilbyi); 
f. Chuditch (Dasyurus geoffroii); 
g. Red-tailed Phascogale (Phascogale 

calura); 
h. Western Ringtail Possum 

(Pseudocheirus occidentalis); 
i. Quokka (Setonix brachyurus); 
j. Carter’s Freshwater Mussel 

(Westralunio carteri). 

26 

Provide figures and maps illustrating the 
locations of all relevant survey sites, including 
those identified in the desktop study, in 
relation to the proposal areas and fauna 
habitats. 

Figure 5-20 (p 278)  
Figure 5-24 (p 300) 

27 

Based on the outcomes of the desktop study 
and field surveys, list and evaluate the 
likelihood of occurrence of all other significant 
vertebrates and SRE invertebrates potentially 
occurring in the Primary Assessment Area 
and conduct additional targeted surveys for 
significant species, as appropriate. Map the 
known locations of significant species, with 
reference to their occurrence in the Primary 
Assessment Area and in relation to the fauna 
habitat. 

Section 5.3.3.2 (p 264) 
Table 5-27 (p 304) 
Figure 5-18 (p 262) 
Figure 5-19 (p 263) 
Figure 5-25 (p 309) 
Figure 5-26 (p 310) 

Section 5.3.3.4 (p 327) 
Table 5-32 (p 334) 
Figure 5-28 (p 329) 

28 

Justify that the desktop study, field surveys 
and habitat assessment have addressed all 
baseline knowledge gaps; are representative 
of the current conditions in the Primary 
Assessment Area; provide current information 
on populations and locations of significant 
fauna; and have been carried out using 
methods consistent with EPA guidance. 

Section 5.3.3.2 (p 264) 
Appendix G 

29 

Quantify, map and discuss the cumulative 
impacts of past, current and approved 
exploration and mining activities in all 
approved areas (MS 719), with respect to 
significant habitats, significant fauna, and 
fauna that are known or likely to occupy 
restricted habitats (including SRE), based on 
data from relevant, contemporary local and 
regional surveys. 

Section 5.3.4.5 (p 369) 
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Task 
No. 

Required Work Section in ERD 

30 

Describe and assess the direct and indirect 
impacts of implementation of the proposal to 
fauna, significant fauna including SREs and 
matters of national environmental significance 
(MNES) (include an assessment of all MNES 
within a 5 km radius surrounding the proposal 
area), and fauna habitats. Provide figures 
illustrating the likely extent of loss of habitat 
types and the extent of habitat areas 
predicted to recover from both direct and 
indirect impacts. Quantify the extent of direct, 
indirect and cumulative impacts, including 
percentages of habitat types to be disturbed 
or otherwise impacted. 

Section 5.3.4 (p.336), 
Table 5-33 (p 340) 
Table 5-34 (p 341) 
Table 5-37 (p 359) 
Table 5-41 (p 381) 

Section 5.3.4.5 (p 369)  
Section 8.4 (p 657) 

31 

Determine the likelihoods of the fauna 
habitats to supporting SRE invertebrate 
species. Provide figures identifying the 
locations of known, likely and potential SRE 
species in relation to the fauna habitat and 
predicted areas of impact clearly showing 
impacts to SREs. 

Section 5.3.4.1.2 (p ) 
Table 5-37 (p ) 
Table 5-38 (p ) 
Figure 5-28 (p ) 

32 

Demonstrate that the proposal has been 
designed to avoid and minimise impacts to 
fauna and significant fauna habitat, including 
the placement of any access roads and 
infrastructure, within fauna habitat areas and 
that placement has had regard to utilising 
existing areas of disturbance. 

Section 5.3.5 (p 383) 
Figure 5-13 (p 239) 

33 

Describe the proposed management, 
monitoring and mitigation methods to be 
implemented to address direct and indirect 
impact on fauna, including actions to prevent 
fauna death, injury and displacement as a 
result of the proposal. 

Section 5.3.5 (p 383) 

34 

Demonstrate that the proposed management, 
monitoring and mitigation methods to be 
implemented address the mitigation hierarchy, 
and ensure residual impacts (direct and 
indirect) are not greater than predicted. 

Section 5.3.5 (p 383) 

35 

Determine and quantify any significant 
residual impacts by considering the Residual 
Impact Significance Model (page 11) and WA 
Offset Template (Appendix 1) in the WA 
Environmental Offsets Guidelines (2014) and 
include reference to the Commonwealth 
Assessment Guide for any MNES. 

Section 7 (p 625) 
Appendix L 

36 

Where significant residual impacts remain, 
propose an appropriate offsets package that 
is consistent with the WA Environmental 
Offsets Policy and Guidelines. Spatial data 

Section 7 (p 625) 
 Appendix L 
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Task 
No. 

Required Work Section in ERD 

defining the area of significant residual 
impacts should also be provided. 

37 
Demonstrate and document in the ERD how 
the EPA’s objective for these factors can be 
met. 

Section 5.3.5.1.1 (p 390) 

Terrestrial Environmental Quality 

38 
Present a baseline soil quality assessment of 
the Primary Assessment Area (WMDE, BTC 
and CBME), with reference to the soil quality. 

Section 5.4.3 (p 426) 
Appendix H 

39 
Include in the ERD, figures of the mapped soil 
units and soil profile. 

Figure 5-37 (p 435  
Figure 5-38 (p 439) 
Figure 5-39 (p 442) 

40 

Described the proposed management, 
monitoring and mitigation methods to be 
implemented to address direct and indirect 
impact on soils/lands/receiving environment. 
This description is to include soil handling 
methods to mitigate erosion, compaction, 
contamination, and salinization of soils. 

Section 5.4.5 (p 452) 

41 
Outline the outcomes/objectives, trigger and 
contingency actions to ensure impacts (direct 
and indirect) are not greater than predicted. 

Section 5.4.5 (p 452) 

42 

Demonstrate that the proposal has been 
designed to avoid and minimise impacts 
including the placement of any access roads 
and infrastructure within fauna habitat areas 
and that placement has had regard to utilising 
existing areas of disturbance. 

Section 5.4.5 (p 452) 
Figure 5-13 (p 239) 

 

43 

Demonstrate that the proposed management, 
monitoring and mitigation methods to be 
implemented addressed the mitigation 
hierarchy, and ensure residual impacts (direct 
and indirect) are not greater than predicted. 

Section 5.4.5 (p 452) 

44 
Demonstrate and document in the ERD how 
the EPA’s objective for these factors can be 
met. 

Section 10 (p 712) 

Inland Waters 

45 

Characterise the surface water and 
groundwater systems in a local and regional 
context and describe recharge and discharge 
mechanisms, aquifer connectivity, surface 
water/groundwater interaction and water 
chemistry. This should include identifying and 
mapping groundwater and surface water 
dependent ecosystems. 

Section 5.5.3 (p 465) 

46 
Undertake surveys to establish water and 
sediment quality, the biological data collected, 
and the environmental values identified. 

Section 5.5.3 (p 465) 
Table 5-61 (p 466) 
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Task 
No. 

Required Work Section in ERD 

47 

Characterise the hydrology of the Hotham 
River and describe the impacts from this 
proposal on the water and sediment quality of 
the Hotham River (and other relevant 
tributaries). This is to include a detailed 
description of the development of river 
crossings for access/haul roads. 

Section 5.5.3.1.3 (p 474) 
Figure 5-46 (p 475) 
Figure 5-47 (p 476) 

Section 5.5.3.1.4 (p 479) 
Section 5.5.4.1.2 (p 501) 
Section 5.5.4.2 (p 517) 

48 

Analyse, describe and assess surface water 
and groundwater impacts, including direct and 
indirect impacts, from the project. This should 
include, but not limited to: 

a. changes to groundwater levels and 
surface water flows associated with 
the proposal; 

b. changes to water quality; 
c. the nature, extent and duration of 

impacts; and 
d. impacts on environmental values of 

ground and surface water dependent 
ecosystems. 

Section 5.5.4 (p 498) 

49 

Undertake appropriate investigations into the 
presence of acid forming materials in the 
Primary Assessment Area (WMDE, BTC and 
CBME), such as soils or rocks, in accordance 
with contemporary guidance. 

Section 5.5.4.3.3 (p 521) 

50 

Discuss the proposed management, 
monitoring and mitigation to ensure impacts 
on inland water quality and ecological values 
are not greater than predicted as a result of 
implementing the proposal. This is to include, 
but not be limited to, consideration of 
management buffers between mining and 
related activities to protect waterways and 
wetland areas. 

Section 5.5.5 (p 522) 

51 

Determine and quantify any significant 
residual impacts by applying the Residual 
Impact Significance Model (page 11) and WA 
Offset Template (Appendix 1) in the WA 
Environmental Offsets Guidelines (2014) and 
include reference to the Commonwealth 
Assessment Guide for any MNES. 

Not applicable – no significant residual impacts 
related to this key environmental factor are 

expected as a result of the Revised Proposal 
 

52 

Where significant residual impacts remain, 
propose an appropriate offsets package that 
is consistent with the WA Environmental 
Offsets Policy and Guidelines. Spatial data 
defining the area of significant residual 
impacts should also be provided. 

53 

Demonstrate how the mitigation hierarchy of 
avoid, minimise, mitigate has been applied 
during the mine planning and design stages of 
the Project. 

Section 5.5.5 (p 522) 
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Task 
No. 

Required Work Section in ERD 

54 
Demonstrate and document in the ERD how 
the EPA’s objective for this factor can be met. 

Section 5.5.6 (p. 531) 
Section 5.5.7 (p 532) 

Section 10 (p 712) 

Social Surroundings 

55 

Characterise the surrounding land use and 
amenity values in, and adjacent to the Primary 
Assessment Area (WMDE, BTC and CBME), 
with a focus on the sensitive receptors and 
important areas for human use that could be 
affected by noise and dust emissions, visual 
amenity issues, and alterations to the land 
from mining. Include relevant maps to show 
the locations of the sensitive receptors likely 
to be affected by the proposal. 

Section 5.7.3.1 (p559 ) 
Section 5.7.3.3 (p 561) 

56 

Characterise noise impacts on sensitive 
receptors via a noise assessment in 
accordance with EPA and contemporary 
guidance. Demonstrate that noise can be 
managed such that it complies the 
Environmental Protection (Noise) Regulations 
1997 at sensitive receptor locations. 

Section 5.7.3.2 (p 559) 
Section 5.7.4.1 (p 580) 
Section 5.7.5 (p 598) 

Appendix K4  
Appendix K5 

 
 

57 
Characterise impacts on sensitive receptors 
from ground vibration due to activities 
including but not limited to blasting. 

Section 5.7.4.1 (p 580) 

58 
Characterise the environment by providing 
baseline data of dust emissions and identify 
diffuse sources of dust. 

Section 5.6.3 (p 534) 

59 

Characterise the environment by providing a 
description and associated maps/figures of 
the visual landscape character and scenic 
quality values. This is to include, but not be 
limited to: landforms; vegetation; waterways 
(including wetlands) and can be undertaken 
by way of 3-dimensional modelling and/or 
photographs. 

Section 5.7.3.3 (p 561) 
Table 5-77 (p 563) 
Figure 5-62 (p 565) 

60 

Discuss the impacts of noise, dust, alteration 
to landforms and alteration of waterways from 
the proposal, on sensitive receptors, native 
vegetation, agricultural crops and important 
areas for human use. This is to include, but 
not be limited to, a visual impact assessment 
(VIA) for before, during and after the proposed 
excavation activities, to assess the impacts of 
the proposal on visual amenity in accordance 
with the Western Australian Planning 
Commission (2007) Visual Landscape 
Planning in Western Australia: a manual for 
evaluation, assessment, siting and design, 
and in consultation with the Department of 
Biodiversity, Conservation and Attractions. 

Section 5.6.3.1 (p 535) (dust) 
Section 5.7.4.1 (p 580) (noise) 

Section 5.7.4.2 (p 590) (visual amenity) 
Appendix K1 



 Worsley Mine Expansion Environmental Review Document  xiii 
 

Task 
No. 

Required Work Section in ERD 

61 

For the VIA described in work item 60, it is to 
identify and describe the aspects of the 
proposal which may potentially affect the 
visual landscape character and scenic quality 
values, both temporarily and permanently, 
using agreed (by EPA, in consultation with the 
Department of Biodiversity, Conservation and 
Attractions) reference and vantage points of 
surrounding areas including: travel routes and 
use area's viewer positions and perceptions. 

Section 5.7.3.3 (p 561) 
Section 5.7.4.2 (p 590) 

Appendix K1 
Appendix K6 

 

62 

Identify the types and sizes of trucks, the road 
upgrades required to accommodate 
operations and ensure the safety of other road 
users. Demonstrate how the road will be 
maintained to provide for the ongoing safety 
of road users. 

Section 5.7.3.1 (p 559) 
Section 5.7.5 (p 598) 

Table 5-84 (p 602) 

63 

Provide a detailed description of the 
cumulative impacts associated with this 
proposal on heritage, recreation and other 
important areas for human use in all approved 
areas in MS 719. 

Section 5.7.4.1 (p 580) 
Section 5.7.4.2 (p 590) 

 

64 

Predict the residual amenity impacts from the 
proposal on the sensitive receptors and 
important areas for human use after 
considering and applying avoidance and 
minimisation measures. Impact predictions 
are to include, but not be limited to: 

a. The likely extent, severity and 
duration of the impacts from noise, 
dust, light-spill, and alterations to the 
landscape, landform and to amenity; 
and 

b. Simulations/modelling of the predicted 
residual impacts from the proposal, 
including changes to the landscape 
from the agreed reference and 
vantage points. 

Section 5.7.4 (p 580 - 597) 
Section 5.7.6 (p 608) 

 

65 

Identify management and mitigation measures 
for the proposal including closure and 
rehabilitation outcomes to ensure residual 
impacts are not greater than predicted. The 
ERD is to include: 

a. A description of the management and 
mitigation measures; 

b. Management zones and strategies for 
managing visual landscape character 
relative to each stage of the proposed 
operation; and 

c. Environmental management plans 
outlining the environmental 
outcomes/objectives, other key 
regulatory requirements; management 

Section 5.7.5 (p 598) 
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Task 
No. 

Required Work Section in ERD 

actions, monitoring (including 
methodology, frequency, location and 
rational), trigger criteria, contingency 
actions, review, reporting and 
consultation. 

66 
Demonstrate and document how the EPA’s 
objective for this factor can be met. 

Section 5.7.6 (p 608) 
Section 5.7.7 (p 609) 

Section 10 (p 712) 

Air Quality 

67 
Compare predicted emissions and ground 
level concentrations with appropriate 
standards. 

Section 5.6.3 (p 534) (dust emissions) 
Section 6.2 (p 613) (greenhouse gas emissions) 

68 
Describe how the chosen technology meets 
industry standards and compares to best 
practice. 

Section 6.2 (p 613) (greenhouse gas emissions) 

69 

Characterise greenhouse gas emission 
sources from the proposal and estimate the 
expected Scope 1 (direct) and Scope 2 
(energy indirect) greenhouse gas emissions, 
in accordance with the National Greenhouse 
and Energy Reporting Act 2007. 

Section 6.2 (p 613) (greenhouse gas emissions) 

70 

Analyse greenhouse gas intensity (i.e. 
quantity of carbon dioxide equivalent - CO2-e 
generated per tonne of product produced) and 
compare with published current benchmarked 
world’s best practice for bauxite mines, 
equipment and operations. Develop a 
Greenhouse Gas Management Plan and 
detail the management and mitigation 
measures that will be used to reduce 
greenhouse gas emissions and improve 
operational efficiency using the mitigation 
hierarchy, including the management and 
mitigation measures that can be implemented 
over time to achieve a long-term reduction in 
greenhouse gas emissions. Identify and justify 
the contemporary best practice management 
and mitigation measures that will be 
implemented. 

Section 6.2 (p 613) 
Appendix E9 
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EXECUTIVE SUMMARY 

Introduction 

South32 Worsley Alumina Pty Ltd (Worsley Alumina) operates the Worsley Bauxite-Alumina Project 

(the Project) at the Boddington Bauxite Mine (BBM), the Worsley Refinery (the Refinery) and the 

Port Facility at Bunbury, located 130 km southeast of Perth, 20 km north-west of Collie and at the 

Port of Bunbury, in the South West region of Western Australia (WA) (Figure ES1). Alumina product 

is transported by rail to the Bunbury Port for exportation to aluminium smelters around the world. 

Worsley Alumina is the manager of the operations on behalf of the Worsley Joint Venture (WJV) – 

Bauxite Alumina Operations.  

Worsley Alumina (the Proponent) proposes to continue Project operations by expanding the existing 

operational activities with the next phase of bauxite mining, providing access to future bauxite 

reserves and resources to sustain production at the Worsley Alumina Refinery near Collie. This 

expansion is referred to as the Worsley Alumina Mine Expansion Revised Proposal (the Revised 

Proposal) and includes three main components: 

• The Worsley Mining Development Envelope (WMDE), within which the next phase of mining is 
proposed to take place, within existing areas as well as expansion areas to the west and north of 
current operations. Worsley Alumina would continue to utilise existing crushing and conveying 
infrastructure; 

• The Bauxite Transport Corridor (BTC), which would link current mining areas to new and future 
mining areas; and 

• The Contingency Bauxite Mining Envelope (CBME), which would provide for an emergency 
supply of bauxite close to the refinery should it be required. 

The Revised Proposal incorporates these works, as well as the continuation of all other aspects of 

existing Worsley Alumina operations as approved under existing operating approvals and the 

continuation of minor works. It will allow long-term development of the Project by sustaining the 

currently approved mining rate (up to 18.8 Million tonnes per annum [Mtpa] dry) and Refinery 

production rate (4.7 Mtpa), whilst maintaining significant economic benefits and stable employment 

opportunities for the people and businesses in the South West region of WA. Consequently, the 

Revised Proposal is a key enabler for Worsley Alumina to continue to deliver benefits to the Peel 

and South West regions, and WA more broadly, for many years to come. 

Overview of the Revised Proposal 

Worsley Alumina proposes to continue Project operations by: 

• Continuation of existing operations at the BBM, overland bauxite conveyor (OBC) and Refinery; 

• Expansion of the BBM within and adjacent to existing mining areas; 

• Development of a bauxite transport corridor at the BBM, with optionality for roads or a conveyor; 

• Development of a contingency mining area and maintenance work at the Refinery, including the 
changes to the CBME boundary to accommodate BRDA activities;  

• Development of associated mine/support infrastructure;  

• Construct and operate BRDA4E; 

• Increase the height of the bauxite residue disposal areas; and 

• Ongoing continuation of minor infrastructure activities. 
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The Revised Proposal primarily focuses on expansion activities being undertaken in three different 

development envelopes, namely the WMDE, BTC and CBME. The three development envelopes 

are collectively referred to as the Primary Assessment Area (PAA). 

A summary and the Proposal description and content elements of the Revised Proposal are provided 

in Table 1-3 and Table 1-4, respectively. The overall size of the three development envelopes is 

29,357 ha, with a proposed maximum native vegetation disturbance allowance within these 

envelopes of up to 9,622 ha comprised of 5,263 ha of previously approved clearing and 4,399 ha of 

additional clearing. This will be progressively cleared during mining operations, with the majority of 

the area progressively rehabilitated under existing operational procedures. 

It is important to note there are existing project elements associated with the Project that are fully 

operational, including the Refinery and OBC. These operation elements will not undergo any 

changes as a result of the Revised Proposal, but form part of the assessment of temporal impacts 

at a holistic Project level, and to support the development of future approval conditions. Through the 

assessment process, Worsley Alumina seeks a contemporised and consolidated Ministerial 

Statement for continuing operations and future mining activities. Existing Project activities which are 

the subject of existing approvals and/or an EPBC Act exemption, will continue in the meantime up 

to the date of any approval for this Revised Proposal. 

The location and key characteristics of the Revised Proposal are presented in Figure ES1, Figure 

ES2 and Figure ES3, along with the areas that have been incorporated into the Protected Areas 

Plan as being the Worsley Alumina Protection Commitment Areas Figure ES4. 
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Environmental Impact Assessment 

The EPA identified the following key environmental factors relevant to the assessment of the Revised 

Proposal: 

• Flora and Vegetation; 

• Terrestrial Fauna; 

• Terrestrial Environmental Quality; 

• Inland Waters; 

• Air Quality; and 

• Social Surroundings. 

One other environmental factor was identified during development of this ERD, namely Greenhouse 

Gas (GHG) Emissions. The ‘GHG Emissions’ environmental factor guideline was released by the 

EPA during the development of this ERD and applies to the Revised Proposal. This factor has also 

been assessed in this ERD. 

Table ES3 summarises the potential impacts to these environmental factors as a result of the 

Revised Proposal activities, together with the proposed mitigation and the predicted residual 

environmental outcome.  

The key environmental features within and surrounding the PAA are its native vegetation and the 

Hotham River and associated tributaries. These features provide shelter and foraging opportunities 

for fauna (including matters of national environmental significance (MNES) fauna) and include areas 

with Aboriginal and European heritage and visual amenity values. The Hotham River will be directly 

impacted by the construction of river crossings, which are discrete and localised. Native vegetation 

within the PAA will be impacted directly from mining and associated activities as described in this 

Revised Proposal.  

Continued operations associated with this Revised Proposal will also result in a change in social 

surroundings and amenity values in some locations, including incremental contribution of dust and 

noise, and changes in visual amenity, relative to the current operations. However, in the context of 

the pre-existing land use of the ongoing mining area and surroundings over the previous 35 years, 

the incremental contribution does not represent a significant cumulative impact. Overall, the majority 

of the potential impacts identified through the assessment of the Revised Proposal can be managed 

effectively through avoidance, management and mitigation measures. Many of these measures are 

well-established and considered effective in managing existing operations.  

Following the application of the mitigation hierarchy, including progressive rehabilitation of 

approximately 80% of disturbed areas to reduce the clearing deficit to <35% over a 10 year period, 

a significant residual impact associated with the Revised Proposal has been identified. This deficit 

relates to the loss of habitat for the MNES species of Black Cockatoos (Forest Red-tailed, Carnaby’s 

and Baudin’s), Woylie, Chuditch, Red-tailed Phascogale, Western Ringtail Possum and Quokka. 

Worsley Alumina has proposed a Biodiversity Offsets Plan (BOP) consistent with the contemporary 

expectation that the majority (notionally 90%) of the total offsets is delivered via direct offsets. Direct 

offsets will be achieved primarily through providing land parcels for land protection (3,377 ha), 

ecological restoration (5,651 ha) and on-ground land management including installation of artificial 

hollows, in addition to the implementation of priority on-ground actions for MNES and specific Black 
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Cockatoo breeding habitat. Indirect offsets are proposed as funding to support targeted MNES 

research programs. The offsets will be implemented consistent with the broader strategic objectives 

of a Worsley Alumina Biodiversity Offsets Strategy, which aims to deliver ecological, community and 

economic resilience across the region. 

GHG emissions associated with the continuation of Worsley Alumina operations are currently, and 

will continue to be, regulated under the National Greenhouse and Energy Reporting Act 2007 (NGER 

Act) and the Safeguard Mechanism. In alignment with South32’s Corporate framework and EPA 

environmental factor guidance, Worsley Alumina is currently taking action to ratchet GHG emissions 

down to meet interim targets and the long-term goal of net zero emissions by 2050. In alignment 

with the mitigation hierarchy, carbon offsets are viewed as a complementary mechanism to support 

decarbonisation of residual and ‘hard to abate’ emissions, as required to ensure compliance with 

regulatory requirements and supporting emissions reduction targets and goals. Specifically, core 

provisions of the GHG management commitments include: 

• Commitment to specific Worsley Alumina interim emissions reduction targets that aligns with 
South32’s existing 2050 net zero goal. This will set the trajectory to achieve reductions of 8% of 
GHG emissions by end of Financial Year (FY)26, 20% by FY31, and 40% by FY36; and 

• The interim targets will continually be reviewed and evaluated on a minimum five-yearly basis 
and aligned with South32’s medium- and long-term emission reduction targets and goals. This 
will be a firm commitment through five-yearly review and regular reporting of implementation of 
the GHG Management Plan, as a condition of Ministerial Statement. 

After the mitigation hierarchy has been applied, which includes avoidance, minimisation and 

rehabilitation of impacts to key environmental factors and the proposed offsets, Worsley Alumina 

considers that the Revised Proposal is in accordance with the EP Act Environmental Principles and 

can be managed to meet the EPA’s objective for all environmental factors through a revised and 

consolidated set of Ministerial Conditions. 

Current activities will continue to operate in accordance with existing approvals and Part V EP Act 

operational licences throughout the EPA and Commonwealth assessment process. Subject to the 

approval of this Revised Proposal, continuation of the existing activities is proposed to be part of the 

Revised Proposal. This will ensure that Worsley Alumina can be subject to a whole of operations, 

consolidated environmental approval to ensure effective and efficient environmental management 

of the operations. 
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Table ES3: Summary of Potential Impacts, Proposed Mitigation, Residual Impacts, Outcomes and Offsets  

Flora and Vegetation 

EPA Objective 
To protect flora and vegetation so that biological diversity and ecological integrity are 
maintained. 

Policy and 
Guidance 

EPA Policy and Guidance 

• Environmental Factor Guideline – Flora and Vegetation (EPA, 2016a); 

• Technical Guidance – Flora and Vegetation Surveys for Environmental Impact 
Assessment (EPA, 2016e);  

• Guidance Statement No. 6 – Rehabilitation of Terrestrial Ecosystems (EPA, 2006); 

• Guidelines for Preparing Mine Closure Plans (DMP and EPA, 2015); 

• Instructions on how to prepare an Environmental Review Document (EPA, 2021b); and 

• Instructions on how to prepare Environmental Protection Act 1986 Part IV 
Environmental Management Plans (EPA, 2021c).  

Commonwealth Policies and Guidance 

• Threat abatement plan for disease in natural ecosystems caused by Phytophthora 
cinnamomi (DoEE, 2018); and 

• Environment Protection and Biodiversity Conservation Act 1999 Environmental Offsets 
Policy (DSEWPAC, 2012a). 

Other Policy and Guidance 

• Statutory Guidelines for Mine Closure Plans in Western Australia (DMIRS, 2020); 

• Guidance – How to Prepare a Mine Closure Plan in accordance with Part 1 of 
Guidelines for Mine Closure Plans in Western Australia (draft) (DMIRS, 2019); 

• WA Environmental Offsets Policy (GoWA, 2011a);  

• WA Environmental Offsets Guidelines (GoWA 2014); 

• Forest Management Plan 2014-2023 (Conservation Commission of Western Australia 
2013a);  

• Biodiversity and Forest Management Plan – MS 719 Management Plan (Worsley 
2021c);  

• Managing Phytophthora Dieback in Bushland (Dieback Working Group 2015); and 

• Management of Phytophthora Dieback in Extractive Industries (Dieback Working 
Group 2004). 

Potential 
Impacts 

Direct Impacts 

• Loss of up to 4,399 ha of native vegetation; and 

• Loss of some locally significant vegetation communities, riparian vegetation and 
Priority flora taxa. 

Indirect Impacts 

• Further fragmentation of vegetation in the local area through partial or complete 
clearing of isolated remnant bands or patches. Fragmentation of vegetation at a 
regional scale is not anticipated; 

• Increased competition or degradation of quality of vegetation from invasive species 
(weeds) through the introduction and/or spread into adjacent areas of vegetation; 

• Vegetation death from invasive pathogens through the introduction and/or spread of 
dieback and/or Australian honey fungus; 

• Reduced vegetation health associated with dust generated during vehicle movements, 
mining activity and continued operations; 



   
 

 Worsley Mine Expansion Environmental Review Document  xxiv 
 

Flora and Vegetation 

• Potential impacts on ecological and social values of forests, including within public 
reserves, through increased water use for operations and dust suppression; 

• Changes to vegetation structure and floristic composition through altered surface water 
drainage patterns and flows;  

• Changes to vegetation structure due to groundwater level rise (i.e. mounding), causing 
localised flooding and waterlogging of vegetation; and 

• Cumulative impacts in relation to the direct loss of suitable habitat. 

Mitigation 

Avoid 

• Identification and protection of Protected Areas in accordance with the Protected 
Areas Plan. Protected Areas are areas with high biodiversity conservation values that 
are provided formal protection through legislation or agreements (e.g. State 
Agreement), such as Threatened flora (e.g. Caladenia hopperiana), PECs (e.g. Mount 
Saddleback Heath Communities Priority 1 PEC), and old growth forest (areas that 
meet the old growth forest criteria and as agreed with DBCA); 

• Protection of the Protection Commitment Areas in accordance with the Protected 
Areas Plan (Worsley 2021g). These areas provide for: 

• An additional approximately 82 ha of TECs, PECs and affiliated PEC heath 
habitats within the PAA (Plan P), in addition to that already protected through the 
Protected Areas Plan. These areas will be protected for the life of operations; 
and 

• Worsley Alumina will not clear more than 298 ha of the 1,228 ha of high quality 
Wandoo habitat identified within the PAA (Plan W 2.0). Clearing of these 
Wandoo areas will be for any operational activities within the PAA.  

• Avoidance of areas of potential high conservation value, utilising the Biodiversity and 
Forest Management Plan. Areas of potential high conservation value include Priority 1 
and Priority 2 flora and specific vegetation communities of conservation value;  

• Map and avoid the location of populations of Threatened flora species Caladenia 
hopperiana with the application of a buffer zone to prevent indirect impacts; 

• Disturbance to the Priority 1 PEC – Mount Saddleback Heath Communities will be 
avoided;  

• Targeted ground truthing assessments within areas of remnant native vegetation 
mapped as having the high and medium to high potential old growth forest will be 
undertaken prior to disturbance of these areas to verify the mapping and allocate 
protection under the Protected Areas Plan to areas that meet criteria to be considered 
confirmed old growth forest; 

• Continued development of the 10 Year Mine Plan on an annual basis; 

• Weed inspections completed regularly and prior to commencement of development 
activities to inform weed management and detection; and 

• Implementation and compliance with the Worsley Forest Hygiene Management 
Procedure, which sets out procedures for the management of forest diseases, 
including dieback and Australian honey fungus. 

Minimise  

• Minimise clearing of native vegetation within the design phase to reduce the footprint 
of mine pits, mine haul and truck roads, bauxite corridor road haulage and conveyor 
routes, and construction infrastructure support areas, wherever practicable; 

• Access roads and infrastructure will be preferentially located over ore in existing 
cleared, or disturbed and rehabilitated areas, to minimise clearing of remnant 
vegetation where practicable; 

• Continued implementation and compliance with internal procedures and standards, 
including the Native Vegetation Clearing Planning Procedure, Mine Clearing 
Procedure, Mine Clearing Standard and Flora and Fauna Conservation Procedure; 
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• Minimise the direct and indirect impacts to the Priority flora species, in particular the 
Priority 1 species Gastrolobium sp. Prostrate Boddington as the species is 
geographically restricted to the Boddington area;  

• The design and planning for the haul road within the BTC will consider the known 
locations of Gastrolobium sp. Prostrate Boddington (Priority 1) with the clearing 
footprint to be constrained to reduce the number of individuals directly impacted;  

• Areas infested with dieback or Australian honey fungus, labelled uninterpretable for 
dieback and Disease Risk Areas are marked on clearing and exploration maps; 

• Topsoil and gravel from dieback infested areas will be stockpiled separately within the 
footprint of the infested area and returned post-mining following typical rehabilitation 
practices, under the guidance of an area specific Soil Hygiene Management Plan; 

• Signs are placed to indicate uninfested areas within the RLA; and 

• Routine field monitoring (3 yearly) of uninfested areas in the RLA is conducted to 
detect changes to infested areas. 

Rehabilitate 

• Progressive rehabilitation of cleared areas where mining activities are complete, and 
areas are not occupied by utility corridors, buildings or fire-breaks; 

• The progressive rehabilitation of State Forest on completion of mining activities is 
undertaken in accordance with the Rehabilitation Prescription, which details the 
application of rehabilitation objectives, methodology, and completion criteria, and the 
DBCA/Worsley Working Arrangements; 

• Implementation of the Boddington Bauxite Mine Closure Plan (Worsley 2021e), which 
includes closure objectives addressing post mining native vegetation and habitat for 
conservation significant flora; and 

• The current rehabilitation deficit will be reduced from approximately 45% to <35% 
over a 10-year period (2033) and then maintained below 35%, with a two year 
excursion allowance. 

Residual 
Impacts 

No significant residual impacts are anticipated due to the implementation of the Revised 
Proposal. With the exception of vegetation clearing, residual impacts to flora and 
vegetation are equivalent to those under existing operating conditions. Current operations 
will be maintained in support of the continuation and expansion of the Worsley Alumina 
Project and will be managed under existing approvals, processes and procedures. 

Offsets 

The assessment determined that the implementation of the Revised Proposal will not 
have a significant residual impact on flora and vegetation values.  
Through the application of avoidance measures, there will be no direct impact to 
conservation significant flora associated with clearing for the Revised Proposal. Targeted 
threatened flora surveys conducted as per State and Commonwealth guidelines identified 
the presence of populations of Caladenia hopperiana (Quindanning Spider Orchid) 
(Endangered EPBC Act and Critically Endangered BC Act) within and external to the PAA 
(Mattiske, 2021a). Application of the Worsley Alumina Protected Areas Plan and 
associated avoidance of listed threatened flora species, threatened ecological 
communities (TECs), and priority ecological communities (PECs) ensures that there will 
be no SRI applicable to any threatened flora species. 

Outcomes 

After the mitigation hierarchy has been applied, including avoidance and minimisation 
impacts to key flora and vegetation values and progressive rehabilitation, Worsley 
Alumina considers that the Revised Proposal can be managed to meet the EPA’s 
objective for Flora and Vegetation. The proposed loss of flora and vegetation associated 
with the Revised Proposal is not expected to cause a loss of biological diversity at the 
local or regional scale and the ecological integrity of the surrounding area is expected to 
be maintained.  
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The following outcomes are predicted: 

• No loss of any Threatened Ecological Community or Priority Ecological Community 
(PEC), specifically the Priority 1 PEC – Mount Saddleback Heath Communities; 

• No loss of any Threatened flora, specifically the Caladenia hopperiana; 

• There will be some loss of regionally and locally significant vegetation, with 
disturbance equating to approximately 40% of the remaining remnant vegetation within 
the PAA, when taking into account Pre-existing Approval Area. However, all vegetation 
complexes and site-vegetation types will continue to be represented within the 
Southwest Forest extent. The remnant vegetation cleared will also be progressively 
rehabilitated; 

• While some individuals of Priority flora will be cleared, individuals and populations are 
known to occur more widely in the broader PAA and/or surrounds and the conservation 
status of the species at a regional level is unlikely to change; 

• No significant risk of an increase in weeds; and 

• No significant spread of dieback. 

 

Terrestrial Fauna 

EPA Objective 
To protect terrestrial fauna so that biological diversity and ecological integrity are 
maintained. 

Policy and 
Guidance 

EPA Policy and Guidance 

• Environmental Factor Guideline – Terrestrial Fauna (EPA, 2016d); 

• Technical Guidance – Terrestrial vertebrate fauna surveys for environmental impact 
assessment (EPA, 2020d); and 

• Technical Guidance – Sampling of short range endemic invertebrate fauna (EPA, 
2016f).  

Commonwealth Policies and Guidance 

• Survey guidelines for Australia's Threatened mammals (DSEWPAC, 2011a); 

• Survey guidelines for Australia's Threatened birds (DEWHA, 2010); 

• Survey guidelines for Australia’s Threatened reptiles (DSEWPAC, 2011b); 

• Carnaby’s Cockatoo (Calyptorhynchus latirostris) Recovery Plan: Western Australian 
Wildlife Management Program No. 52 (DPaW, 2013); 

• Forest Black Cockatoo (Baudin’s Cockatoo Calyptorhynchus baudinii and Forest Red-
tailed Black Cockatoo Calyptorhynchus banksii naso) Recovery Plan (DEC, 2008); 

• Chuditch (Dasyurus geoffroii) National Recovery Plan: Wildlife Management Program 
No. 54 (DEC, 2012a); 

• National Recovery Plan for the Woylie (Bettongia penicillata ogilbyi): Wildlife 
Management Program No. 51 (DEC, 2012e); 

• Western Ringtail Possum (Pseudocheirus occidentalis) Recovery Plan (DPAW, 
2017c); 

• Quokka (Setonix brachyurus) Recovery Plan (DEC, 2013a); 

• Threat abatement plan for predation by feral cats (DoE, 2015); 

• Threat abatement plan for competition and land degradation by rabbits (DoEE, 2016); 

• Threat abatement plan for predation by the European red fox (DEWHA, 2008); 

• Threat abatement plan for predation, habitat degradation, competition and disease 
transmission by feral pigs (Sus scrofa) (DoEE, 2017c); and 

• Environment Protection and Biodiversity Conservation Act 1999 Environmental Offsets 
Policy (DSEWPAC, 2012a). 
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Other Policy and Guidance 

• DWER WA Environmental offsets calculator (DWER 2021a); 

• Guideline Environmental offsets metric: Quantifying environmental offsets in Western 
Australia (DWER, 2021b); 

• WA Environmental Offsets Policy (GoWA, 2011a); and 

• WA Environmental Offsets Guidelines (GoWA, 2014). 

Potential 
Impacts 

Direct Impacts 

• Habitat loss through vegetation clearing. The proposal will result in the direct loss of 
native, plantation and rehabilitated vegetation, and hence fauna habitat, through 
clearing associated with mine operations and supporting infrastructure. 

Indirect Impacts 

• Further fragmentation of habitat in the local area through partial or complete clearing 
and associated habitat loss of isolated remnant bands or patches; 

• Injury, mortality or displacement of fauna from construction and operations (including 
vehicle strikes);  

• Indirect impacts from dust, noise and vibration during construction and operations;  

• Increased competition or predation by introduced (feral) species; and 

• Cumulative impacts in relation to the direct loss and fragmentation of habitat for fauna. 

Mitigation 

Avoid  

• Avoidance of areas of potential high conservation value wherever practicable utilising 
the Biodiversity and Forest Management Plan. Areas of potential high conservation 
value include specific vegetation communities of conservation value, high quality 
vegetation with potential to provide significant habitat for Threatened species and 
identified fauna corridors and ecological linkages;  

• Protection of the Protection Commitment Areas in accordance with the Protected 
Areas Plan. These areas provide protection for: 

• Conservation reserves and parks;  

• Worsley Alumina will not clear more than 298 ha of the 1,228 ha of high quality 
Wandoo habitat identified within the PAA (Plan W 2.0). Clearing of these Wandoo 
areas will be for any operational activities within the PAA  

• Listed State or Federal conservation significant flora (Threatened) and/or 
communities; and 

• Old growth forests as defined by the DBCA.  

• Continued development of the 10 Year Mine Plan on an annual basis;  

• Worsley will not clear more than 2,631 ha of the 4,385 ha of Woylie habitat identified 
within the PAA as outlined in the Protected Areas Plan (Appendix E4); 

• Worsley will not clear more than 449 ha of the 690.9 ha of Red-Tailed Phascogale 
habitat identified within the PAA as outlined in the Protected Areas Plan; and 

• Confirmed Peregrine Falcon nesting sites will be avoided, as per the Biodiversity and 
Forest Management Plan.  

Minimise  

• The design and planning for the final layout of the mining and supporting infrastructure 
disturbance footprints will take into account known potential Black Cockatoo breeding 
tree locations, which will be maintained in a spatial database. Where practicable, 
detailed mine designs and locations for supporting infrastructure (and subsequently 
disturbance footprints) may be modified to avoid removal of identified potential 
breeding trees with suitable hollows; 
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• Artificial hollows will be established for Black Cockatoos, with locations selected 
based on previous survey effort, habitat considerations and available mine planning 
data; 

• Continued implementation and compliance with internal procedures and standards, 
including the Native Vegetation Clearing Planning Procedure, Mine Clearing 
Procedure, Mine Clearing Standard and Flora and Fauna Conservation Procedure; 

• Disturbance to vegetation (representing fauna habitat) will be minimised through 
appropriate location and design of the mining and supporting infrastructure footprints; 

• Detailed mapping of Black Cockatoo breeding, roosting and foraging habitat, in 
accordance with the Threatened Fauna Pre-clearance Survey and Management 
Procedure, will be undertaken for the proposed disturbance footprints prior to the 
commencement of clearing to inform planning and design considerations;  

• Mine planning will preferentially avoid clearing within areas identified as having high 
breeding habitat value during the primary peak breeding period for Carnaby’s and 
Forest Red-tailed Black Cockatoos, and where potential habitat trees have been 
flagged, wherever practicable; 

• Worsley will consult with DBCA on proposed management measures to minimise 
potential impacts to conservation significant fauna, including potential translocation of 
individuals; 

• Implementation of the Threatened Fauna Pre- clearance Survey and Management 
Procedure to facilitate the management of nesting, roosting, denning and breeding 
habitat for Threatened fauna species prior to development activity and minimise the 
likelihood of disturbance from clearing operations; 

• Worsley Alumina will seek to partner with organisations to investigate the distribution 
of SREs in the Northern Jarrah Forest region. This may include the potential re-
colonisation of rehabilitated areas by SREs; 

• Targeted SRE surveys have been undertaken, within and outside the PAA, to further 
define the taxa and their distribution in the Northern Jarrah Forest region; 

• Localised ecological linkages/corridors will be identified within the PAA and 
communicated through the EMLG (as part of the 10 year mine planning process) and 
managed in accordance with the BFMP and Flora and Fauna Conservation 
Procedure; and 

• Development and implementation of appropriate fauna linkage structures promoting 
habitat connectivity. 

Rehabilitate 

• Stumps, hollow logs and available debris stockpiled during clearing will be used in 
fauna habitat construction activities in rehabilitation areas (being returned to native 
vegetation in State Forest or WJV owned land), in accordance with the Fauna Habitat 
Construction Standard, to encourage native fauna to return early to the area; 

• Rehabilitation is planned to support local ecological linkages; and 

• The time between mining and rehabilitation will be minimised as far as practicable to 
ensure that rehabilitation is progressive and allows fauna habitats to regenerate. 
 

Residual 
Impacts 

The Revised Proposal will have significant residual impacts on the following conservation 
significant species: Black Cockatoos (Forest Red-tailed, Baudin’s and Carnaby’s), Woylie, 
Chuditch, Red-tailed Phascogale, Western Ringtail Possum and Quokka. 

Offset 

Environmental offsets will be provided to address the SRI as a result of implementation of 
the proposal on conservation significant species that cannot be avoided, minimised or 
mitigated through rehabilitation. Environmental offsets have been designed to maintain 
the value and viability of habitat for impacted conservation significant species over the 
long-term, achieve no net loss of biodiversity (at a minimum), and meet Commonwealth 
and Western Australian government requirements. 
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Biodiversity offsets will be provided to mitigate the significant residual impacts to Black 
Cockatoos (Forest Red-tailed, Baudin’s and Carnaby’s), Woylie, Chuditch, Red-tailed 
Phascogale, Western Ringtail Possum and Quokka. 

Outcomes 

The following outcomes are predicted: 

• While there will be a loss of fauna habitat, all fauna habitat types will continue to be 
represented within the PAA and broader region, including the neighbouring State 
Forest;  

• Approximately 762 ha of SRE habitat rated as having a high potential will be lost as a 
result of the Revised Proposal. The clearing of high values SRE habitat associated 
with the Revised Proposal will be reduced to 4% of the current extent remaining for all 
SRE habitats in the wider mapped area. Therefore, a significant portion of this habitat 
will continue to be represented within the region; 

• Of the 97 taxa recorded in the PAA from surveys and database records, six taxa were 
found to be at high risk from the Revised Proposal based on their local restriction of 
recorded occurrence;  

• Significant residual impacts are expected to the MNES species of Black Cockatoos 
(Forest Red-tailed, Carnaby’s and Baudin’s), Woylie, Chuditch, Red-tailed Phascogale, 
Western Ringtail Possum and Quokka; and 

• Environmental offsets will be provided to address the SRI associated with the 
implementation of the proposal on conservation significant species, and to maintain the 
value and viability of habitat for these species over the long-term, thus achieving no 
net loss of biodiversity. 
 

After the mitigation hierarchy has been applied, including avoidance and minimisation of 
direct impacts to key fauna and fauna habitat values, progressive rehabilitation and 
offsets, Worsley Alumina considers that the Revised Proposal can be managed to meet 
the EPA’s objective for Terrestrial Fauna. The proposed loss of fauna habitat associated 
with the Revised Proposal is not expected to cause a loss of biological diversity at the 
local or regional scale and the ecological integrity of the surrounding area is expected to 
be maintained.  

 

Terrestrial Environmental Quality 

EPA Objective To maintain quality of land and soils so that environmental values are protected. 

Policy and 
Guidance 

EPA Policy and Guidance 

• Environmental Factor Guideline – Terrestrial Environmental Quality (EPA, 2016c). 

Other Policy and Guidance 

• Contaminated Sites Regulations 2006 (GoWA, 2006); 

• Australian Standards for fuel storage AS1940-2017 – The Storage and Handling of 
Flammable and Combustible Liquids; 

• National Acid Sulfate Soils Guidance: National Acid sulfate soils sampling and 
identification methods manual (DAWE, 2018b); 

• Identification and investigation of acid sulfate soils and acidic landscapes (GoWA, 
2015a); 

• Treatment and management of soils and water in acid sulfate soil landscapes (GoWA, 
2015b); 

• WA Environmental Offsets Policy (GoWA, 2011a); and 

• WA Environmental Offsets Guidelines (GoWA, 2014). 
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Potential 
Impacts 

Direct Impacts 

• Erosion leading to loss of topsoil, poor soil structure, reduced water infiltration and loss 
of general soil health from clearing and excavation activities; 

• Salinisation of soils (dryland salinity) leading to vegetation death and decreased quality 
of water resources; 

• Contamination of land and soils from fuel and chemical storage leaks, waste products 
being released into the receiving environment; and  

• Disturbance of acid sulfate soils (ASS), as a result of disturbance for river crossings, 
leading to contamination of land and soils. 

Mitigation 

Avoid 

• Excavation and removal of clay rich soils from bauxite mine pits will be avoided, the 
placement of such materials (if excavated) at the surface of constructed landforms is 
unlikely to occur; 

• Mine infrastructure and haul designs will utilise existing cleared areas and future 
mining locations wherever practical in the first instance to avoid excessive clearing of 
native vegetation and disturbance of soils; 

• Mining footprint to avoid low-lying topographical areas in the vicinity of rivers and 
creeks. Management buffers around streams and riparian zones in accordance with 
the Protected Areas Plan (with the exception of essential infrastructure crossings to 
access new mining areas); and 

• Avoid storage of chemical and hydrocarbons in the P1 and P2 Public Drinking Water 
Source Area (PDWSA) of the South Dandalup Dam Catchment Area where 
practicable. 

Minimise  

• Evaluations of new mining areas to determine salinity risks. Additional salt storage 
investigations of high-risk areas if determined by the evaluation outputs; 

• Assessment of the river crossing locations and designs will take into account bank 
stability and hydraulic studies to ensure bridge designs avoid excessive erosion and 
scouring; 

• Detailed bridge designs will ensure flood relief culverts under the bridges and erosion 
protection measures on the riverbanks are adequate to deal with modelled 
predictions; 

• Installation and maintenance of water management infrastructure (sumps, drainage 
lines etc.) for all operational areas including haul roads in accordance with the existing 
site standards; 

• A Construction Environmental Management Plan will be developed with an associated 
Acid Sulfate Soils Management Plan to outline the identification, sampling and 
management of any ASS expected to be encountered for the construction of the river 
crossings; 

• Chemicals, hydrocarbons and other environmentally hazardous materials will be 
stored and handled in accordance with Dangerous Goods Safety Act 2004 and 
associated regulations, including use of a bunded and sealed assembly area for 
hazardous chemicals (containerised); and 

• Collection and management of potentially contaminated stormwater run-off from 
workshops and hydrocarbon storage areas. 

Rehabilitate 

• Continued implementation of the Rehabilitation Earthworks Procedure  which 
stipulates maximum rehabilitated slope angles, minimum requirements for drainage 
and surface water management; and 

• Progressive rehabilitation of disturbed land in accordance with Worsley Alumina’s 
robust rehabilitation practices that have been refined over 30 plus years. 
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Residual 
Impacts 

Significant residual impacts to land and soils are not expected as a result of the 
implementation of the Revised Proposal.  

Offsets 
No offsets are required in relation to Terrestrial Environmental Quality as a result of the 
implementation of the Revised Proposal. 

Outcomes 

Progressive mining and clearing activities associated with the Revised Proposal will result 
in the temporary loss of soil structure and increase in landscape erosion/sedimentation 
potential. These impacts will be managed under existing robust closure and rehabilitation 
processes, with rehabilitated areas expected to support native flora and fauna. 

The risk of encountering ASS through mining activities is considered low. The proposed 
infrastructure development in low-lying areas for the river crossings has the potential to 
disturb and excavate ASS, however disturbance within these areas will be limited and 
relatively localised. 

It is considered that on-site management measures associated with ASS, sedimentation 
and erosion during construction of river crossings will minimise both ecological impacts 
and impacts to visual amenity and cultural heritage values. 

Existing practices employed for chemical and hydrocarbon management will continue to 
be implemented along with Worsley Alumina’s spill management procedures to ensure 
impacts related to contamination of soils are adequately managed. 

Potential impacts associated with the Revised Proposal to the quality of land and soils, 
and the environmental values they support, will be adequately managed through the 
implementation of avoidance, management and monitoring measures, including 
rehabilitation practices. Worsley Alumina considers that the Revised Proposal can be 
managed to meet the EPA’s objectives for Terrestrial Environmental Quality. 

 

Inland Waters 

EPA Objective 
To maintain the hydrological regimes and quality of groundwater and surface water so that 
environmental values are protected. 

Policy and 
Guidance 

EPA Policy and Guidance 

• Environmental Factor Guideline – Inland Waters (EPA, 2018). 

Other Policy and Guidance 

• Preventing acid and metalliferous drainage – Leading practice sustainable 
development program for the mining industry (DIIS, 2016); 

• Western Australian water in mining guidelines (DoW, 2013); 

• Water Quality Protection Note 15 - Basic raw materials extraction (DWER, 2019b); 

• Water Quality Protection Note 44 - Roads near sensitive water resources (DoW, 2006); 

• Water Quality Protection Note 52 - Stormwater management at industrial sites (DoW, 
2010); 

• Water Quality Protection Note 81 - Tracks and trails near sensitive water resources 
(DoW, 2015); 

• Water Quality Protection Note 83 - Infrastructure corridors near sensitive water 
resources (DoW, 2007); 

• WA Environmental Offsets Policy (GoWA, 2011a); and 

• WA Environmental Offsets Guidelines (GoWA, 2014). 

Potential 
Impacts 

Direct impacts 

• Potential impacts on surface water and groundwater values through increased water 
use;  
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• Decline of aquatic fauna from changes in flow regime and water quality, potentially 
leading to impediment of upstream pre-spawning migrations of freshwater fishes; 

• Riverbank erosion, sedimentation, scouring of streams or release of excessively turbid 
water as a result of clearing riparian vegetation and alteration of surface water 
drainage patterns;  

• Contamination of groundwater and/or surface water from PASS material and 
contaminants during removal of soils and sediment at river crossings;  

• Contamination of surface water as a result of spills or stormwater run-off; and 

• Contamination of groundwater as a result of seepage of incorrectly stored chemicals. 

Indirect Impacts 

• Changes to groundwater levels in the shallow aquifer as a result of clearing of native 
vegetation, disturbance to soil profile and rehabilitation; 

• Deterioration or change in background water quality such as salinity due to indirect 
impact of mining activities; and 

• Changes to vegetation structure in groundwater dependent ecosystems as a result of 
groundwater level rise. 

Mitigation 

Avoid 

• Mining footprint to avoid low-lying topographical areas in the vicinity of rivers and 
creeks. Management buffers around streams and riparian zones in accordance with 
the Protected Areas Plan (with the exception of essential infrastructure crossings to 
access new mining areas); 

• Avoid storage of chemical and hydrocarbons in the P1 and P2 PDWSA of the South 
Dandalup Dam Catchment Area where practicable;  

• Construction of bridge works will be limited as much as practicable, to the drier 
months to avoid interference with surface flow and increased stream flow. Where not 
practicable, appropriate mitigation methods will be employed to limit potential impact; 
and 

• No ground disturbance shall be undertaken within that portion of the PAA that 
intersects the PDWSA until working arrangements are developed and agreed upon 
with regulators and the Water Corporation. 

Minimise  

• Assessment of the river crossing locations and designs will take into account bank 
stability and hydraulic studies to ensure bridge designs avoid excessive erosion and 
scouring; 

• Detailed bridge designs will ensure flood relief culverts under the bridges and erosion 
protection measures on the riverbanks are adequate to deal with modelled 
predictions; 

• Monitoring of groundwater levels and quality as per the Worsley Alumina Water 
Management Plan and development of investigation trigger levels for the protection of 
sensitive receptors reliant on groundwater and surface water interactions; 

• Detailed evaluations of new mining areas to determine site specific groundwater 
mounding risks; 

• Continuation of existing monitoring programs (physical, chemical and biological) to 
determine and identify any impacts to aquatic fauna ecosystems; 

• Installation and maintenance of water management infrastructure (sumps, drainage 
lines etc.) for all operational areas including haul roads in accordance with the existing 
site standards; 

• Triennial aquifer reviews to identify local aquifer responses to mining and abstraction 
activities; 

• A Construction Environmental Management Plan will be developed with an associated 
Acid Sulfate Soils Management Plan to outline the identification, sampling and 
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management of any ASS expected to be encountered for the construction of the river 
crossings; 

• Chemicals, hydrocarbons and other environmentally hazardous materials will continue 
be stored and handled in accordance with Dangerous Goods Safety Act 2004 and 
associated regulations, including use of a bunded and sealed assembly area for 
hazardous chemicals (containerised); 

• Collection and management of potentially contaminated stormwater run-off from 
workshops and hydrocarbon storage areas; and 

• Develop agreed “working arrangements” with regulators for activities occurring within 
or adjacent to the South Dandalup PDWSA.   

Residual 
Impacts 

Significant residual impacts to Inland Waters are not expected as a result of the 
implementation of the Revised Proposal. Carter’s Freshwater Mussel has been identified 
in the Freshwater Lake (an artificial water catchment storage used to support existing 
operations) at the CBME and in the Augustus River, downstream of the CBME. Given the 
nature of the activities proposed in the CBME and the existing and proposed mitigation 
measures outlined in the ERD associated with the Revised Proposal, no SRI was 
identified for this species. 

Offsets 
No offsets are required in relation to Inland Waters as a result of the implementation of the 
Revised Proposal. 

Outcomes 

Vegetation clearing and development of mine pits has the potential to cause temporary 
and localised groundwater mounding resulting in minor alterations to stream flow 
characteristics at the BBM and the Refinery. These groundwater conditions are expected 
to stabilise following establishment of post-mining rehabilitation. 

The construction of river crossings will disturb the banks of the Hotham River and 
tributaries; however this will be managed in accordance with the CEMP. It is considered 
that on-site management measures associated with ASS, sedimentation and erosion 
during construction of river crossings will be sufficient to minimise both ecological impacts 
and impacts to amenity and cultural heritage values as far as practicable. River conditions 
are expected to stabilise soon after construction. 

Aquatic fauna values are not considered to be at elevated risks due to the Revised 

Proposal. The Carter’s Freshwater Mussel has been identified in the Freshwater Lake 

(located at the Refinery). However, no significant impacts are expected to this species as 

a result of the Revised Proposal given the nature of the activities proposed in the CBME 

and the existing and proposed mitigation measures. Therefore, this species is not carried 

further into biodiversity offset considerations.   

Potential groundwater mounding influence on groundwater dependent ecosystems 

vegetation structures have been identified during the assessment for this approval as a 

result of additional mining activities in the WMDE and CBME. Worsley Alumina’s adaptive 

Water Management Plan (Worsley 2021j) will continue to be implemented to ensure 

TARP management is proactive and responses are practical to protecting sensitive 

vegetation from indirect impacts.   

Impacts to receptors that rely on water table depths from the proposed increased 

groundwater abstraction are considered minimal, with minor adjustments to the Hotham 

River contributions which mitigate clearing impacts and overall reducing mounding effects 

localised to the proposed abstraction bores. The proposed Nullaga abstraction bores 

intersects a small proportion of a potential groundwater dependant ecosystem with minor 

drawdown levels predicted. 
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Existing practices employed for chemical and hydrocarbon management will continue to 
be implemented along with Worsley Alumina’s spill management procedures to ensure 
impacts related to contamination of groundwater and surface water are adequately 
managed. 

With the implementation of avoidance, management and monitoring measures, no 
significant residual impact to environmental values supported by hydrological processes 
or water quality (groundwater and surface water) are expected. Therefore, Worsley 
Alumina considers that the Revised Proposal can be managed to meet the EPA’s 
objectives for Inland Waters. 

 

Air Quality 

EPA objective 
To maintain air quality and minimise emissions so that environmental values are 
protected. 

Policy and 
Guidance 

EPA Policy and Guidance  

• Environmental Factor Guideline – Air Quality (EPA, 2020b); and  

• Guidance Statement No. 3 – Separation Distance Between Industrial and Sensitive 
Land Uses (EPA, 2005). 

Other Policy and Guidance 

• National Environment Protection (Ambient Air Quality) Measure (NEPC, 2016); 

• Air Quality Modelling Guidance Notes (DoE, 2006);  

• Guideline – Air Emissions, draft for external consultation (DWER, 2019a);  

•  A guideline for managing the impacts of dust and associated contaminants from land 
development sites, contaminated sites remediation and other related activities (DEC, 
2011); and  

• Approved methods for the modelling and assessment of air pollutants in New South 
Wales, Sydney (NSW EPA, 2017). 

Potential 
Impacts 

Direct Impacts 

• Generation of particulates from mining activities, including material handling, vehicle 
movement and wind erosion to the local airsheds and sensitive receptors; and 

• Emissions of combustion products associated primarily with earthmoving and blasting 
activities. 

Mitigation 

Avoid 
Dust Generation 

• Manage activities in accordance with the relevant legislation and licence 
requirements; and 

• Flexible planning to take into account proactive response to meteorological 
conditions, as per the Air Quality and Dust Management Plan.  

Emissions of Combustion Products 

• Avoidance measures are not practicable for this Revised Proposal; and 
Refinery air emissions are not expected to change due to this Revised Proposal and 
will continue to be managed under existing approvals. 

Minimise  
Dust Generation 

• Implementation of the Air Quality and Dust Management Plan, including: 

• Dust modelling prior to commencement of mining in new areas; 

• Mine planning to minimise time between clearing and rehabilitation; 
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• Dust suppression activities, including on-site management and engineering 
controls; 

• Operation and maintenance of a dust monitoring network;  

• Corrective actions, investigation and reporting of licence condition exceedances 
and community complaints; 

• Inform the EMLG on matters relating to dust, regarding current performance and 
future mine plans; and 

• Where dust emissions are expected to be severe, additional management 
activities such as relocation agreements and/or temporary road closures or traffic 
control points will be implemented. 

• Review and assessment of the effectiveness of the Air Quality and Dust Management 
Plan through revision of and reporting against community complaints and monitoring 
data; 

• Dust mitigation for the Refinery in accordance with the Air Quality and Dust 
Management Plan, including: 

• Daily management of BRDAs including ploughing/amphirolling/water carts/dust 
suppressant products and monitoring against Air NEPM criteria; and 

• Maintaining dust monitors and store monitoring data to allow assessment of 
compliance. 

• Dust management and awareness training for identified personnel. 

Emissions of Combustion Products 

• Optimise mine plans to ensure haulage routes provide the most efficient means of 
delivery of bauxite to the crushing hubs; 

• Maintain efficiency of the mining fleet through implementation of a robust scheduled 
maintenance program and reducing idling and waiting times where feasible; and 

• Continued use of OBC’s as an alternative to truck haulage, which generates 
emissions of combustion products through the exhaust. 

Residual 
Impact 

Significant residual impacts on Air Quality are not expected as a result of the 
implementation of the Revised Proposal.  

Offsets 
No offsets are required in relation to Air Quality as a result of the implementation of the 
Revised Proposal. 

Outcomes 

Emissions of dust (primarily) and combustion products (including NOX, SO2 and CO) 
associated with continuation of mining operations will contribute to the surrounding local 
and regional airsheds. However, the primary emissions are dust. 
 
The potential for health and amenity related air quality impacts from dust emissions at the 
BBM is low to minimal, in terms of risk that the criterion may be exceeded. Residents that 
were identified through modelling to be at high risk of exceeding the relevant dust criteria 
will be sufficiently managed through implementation of the full suite of management 
measures as outlined in the  Air Quality and Dust Management Plan for the BBM. Dust 
and combustion emissions associated with Refinery operations and BRDAs will remain 
consistent with existing operations. 
 
Following the implementation of the mitigation hierarchy, Worsley Alumina considers that 
the Revised Proposal can be managed to meet the EPA’s objectives for Air Quality. 

Social Surroundings 

EPA Objective To protect social surroundings from significant harm. 

Policy and 
Guidance 

EPA Policy and Guidance 

• Environmental Factor Guideline – Social Surroundings (EPA, 2016b);  

• Guidance Statement No. 3 – Separation Distance Between Industrial and Sensitive 
Land Uses (EPA, 2005); and 
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• Instructions on how to prepare Environmental Protection Act 1986 Part IV 
Environmental Management Plans (EPA, 2021c). 

Other Policy and Guidance 

• Environmental Protection (Noise) Regulations 1997 (Noise Regulations); 

• Aboriginal Heritage Act 1972;  

• Conservation and Land Management Act 1984 (CALM Act); 

• Visual Landscape Planning in Western Australia: A manual for evaluation, assessment, 
siting and design (Western Australian Planning Commission 2007); 

• WA Environmental Offsets Policy (GoWA, 2011a); and 

• WA Environmental Offsets Guidelines (GoWA, 2014). 

Potential 
Impacts 

Direct Impacts 

• Noise and vibration emissions from construction and operational activities; 

• Disturbance to heritage and tourism areas;  

• Reduced visual amenity from proposed mining activities and infrastructure, in addition 
to existing operations and infrastructure; and 

• Changes to land use.  

Mitigation 

Avoid 
Noise and Vibration Emissions 

• Manage activities in accordance with the relevant legislation and licence 
requirements; and 

• Consider noise-generating potential of mobile equipment during purchase or 
contracting for mining use. 

Disturbance to Heritage and Tourism Areas 

• Manage activities in accordance with the Cultural Heritage Management Plan, 
existing Aboriginal heritage agreements, approvals and consents obtained under the 
AHA. This includes ongoing consultation with GKB traditional owners;  

• Maintain a buffer of at least 100 m to the Bibbulmun Track and mining activities; and 

• Following mining design in the area, increase the buffer to 200 m consistent with the 
DBCA’s Forest Management Plan. 

Reduced Visual Amenity 

• Avoid developing mine pits in areas that are highly visible to the public. 

Changes to Land Use 

• Landholder agreements for land uses that intersect or are in close proximity to the 
WMDE and BTC; and 

• Relocation of nearby sensitive receptors (i.e. residents). 

Minimise  
Noise and Vibration Emissions 

• Implementation of the Noise Management Plan – Mining and Blasting, including: 

• Noise modelling as part of mine planning, and for day-to-day decision-making 
(flexible mine planning); 

• Operation and maintenance of a noise monitoring network; 

• Airblast over-pressure noise and vibration monitoring and design modifications for 
all blasts; 

• Noise suppression activities/specifications, including on-site management and 
engineering controls; and 

• Corrective actions, investigation and reporting of licence condition exceedances 
and community complaints. 
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• Compliance with the Noise Regulations (Regulation 13) during construction of 
infrastructure, including a CEMP if required; 

• Compliance with the State Agreement during the construction of the overland 
conveyor; 

• Noise management and awareness training for relevant personnel; 

• Inform the EMLG and Community Liaison Committee on matters relating to noise, 
regarding current performance and future mine plans; 

• Implementation of a Traffic Management Plan for public road closures, if required; 
and 

• Where practicable measures are insufficient to ensure compliance with noise 
regulations, Worsley Alumina may enter into a compensatory agreement with parties 
who may be affected by mining noise.  

Disturbance to Heritage and Tourism Areas 

• Implementation of the Cultural Heritage Management Plan and associated heritage 
management procedures, including ongoing consultation with the GKB Traditional 
Owners, and obtaining relevant government approvals where disturbance is required; 

• Traditional Owners monitoring excavation work during the initial ground disturbance 
(where it has been deemed appropriate for monitors to be present) have a ‘stop work’ 
procedure in place if heritage artefacts are uncovered; 

• Facilitate programmes to increase Worsley Alumina personnel and South32 
corporate staff awareness of cultural values as managed under the CALM Act;  

• There will be no disturbance to the Bibbulmun Track, with a 100 m buffer applied to 
protect visual amenity; 

• Where possible, following mining design in the area, increase the buffer to 200 m 
consistent with the DBCA’s Forest Management Plan; 

• Consultation with the local community and key stakeholders regarding European 
heritage values and tourism areas; and 

• Minimise physical impacts to known Aboriginal and European heritage locations.  

Reduced Visual Amenity 

• Minimise vegetation clearing associated with mine pits and haul roads; 

• Maintain and plant vegetation buffers/screening where mining activities or 
infrastructure are noticeable and permanently visible to the public (including native 
species, where practicable); 

• Progressively rehabilitate disturbed areas as per the BFMP and Rehabilitation 
Standard (STA-021) (Worsley 2013e); 

• Integrate mine landforms with the surrounding landscape, in accordance with the 
Mine Closure Plan (Worsley 2021e); 

• Select the design and colour of buildings and other infrastructure to provide a 
cohesive appearance with the surrounding landscape; and 

• Access roads will be aligned to avoid a direct view of operations, where possible. 

Changes to Land Use 

• Compliance with the land use and management requirements as stated in the Mine 
Closure Plan (Worsley 2021e); 

• Final land uses of other forested areas are expected to be consistent with the BFMP; 

• Rehabilitate all WJV-owned private land for re-sale or re-integration into the State 
Conservation Estate in accordance with offset arrangements; and 

• Implementation of the BBM Traffic Management Plan and ensure compliance with 
State and National controls for road going vehicle management, where required.  

Residual 
Impacts 

Significant residual impacts on the Social Surroundings of the WMDE, BTC and CBME 
are not expected as a result of the implementation of the Revised Proposal.  
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GHG Emissions 

EPA Objective 
To reduce net greenhouse gas emissions in order to minimise the risk of environmental 
harm associated with climate change. 

Policy and 
Guidance 

EPA Policy and Guidance 

• Environmental Factor Guideline – Greenhouse Gas Emissions (EPA, 2020c); 
Instructions on how to prepare EP Act Part IV Environmental Management Plans 
(EPA, 2021c); and  

• Content of a Greenhouse Gas Management Plan (EPA, 2020a).  
 
Other Policy and Guidance 

• National Greenhouse and Energy Reporting Act 2007 (NGER Act); 

• National Greenhouse and Energy Reporting (Safeguard Mechanism) Rule 2015; 

Offsets 
No offsets are required in relation to the Social Surroundings of the WMDE, BTC and 
CBME as a result of the implementation of the Revised Proposal. 

Outcomes 

Noise emissions associated with continuation of operations are likely to be managed 
within the applicable criteria for the majority of residences. The residences that were 
identified to be at risk of exceeding the criteria will be managed appropriately through the 
well-established noise management practices at the BBM. Vibration is not expected to 
impact on sensitive receptors at either the BBM or CBME. 

Disturbance to Aboriginal heritage sites cannot be avoided within two ‘Registered’ sites 
(‘Mount Saddleback’ [Site ID 17214] and ‘Hotham River’ [Site ID 27935]) due to the 
proposed river crossings. Following substantial consultation with the Gnaala Karla Booja 
Noongar People Traditional Owners about location and design of the crossing. 
Applications for consent to disturb these sites, and any additional ‘Registered’ sites 
impacted through mining activities, will be made under Section 18 of the AHA or the 
Aboriginal Cultural Heritage Act 2021, once the relevant provisions commence. The 
preparation and submission of any statutory approvals related to Aboriginal heritage will 
be undertaken in close consultation with the Traditional Owners. In addition to the 
approved or authorised cultural heritage management plan under the Aboriginal Cultural 
Heritage Act 2021 (WA), once the relevant provisions commence.No impacts to aoccur 
without appropriate consultation and statutory approvals under either the AHA or the 
Aboriginal Cultural Heritage Act 2021 once it commences. 

A 1.1 km section of the Bibbulmun Track may be indirectly impacted in the long term 
(more than 10 years). It is considered that through relevant consultation and planning, 
including the implementation of a buffer of at least 100 m, any potential impacts to the 
Bibbulmun Track can be adequately managed to maintain the values of the track. 

Mining will unavoidably remain a dominant feature of the landscape, but visual changes 
associated with the Revised Proposal are unlikely to be visually discernible from the 
existing visual impacts due to the implementation are measures for permanent, 
noticeable changes, and the continuation of progressive rehabilitation. 

Changes to land use will occur during mining activities, but will be mitigated in the long-
term through progressive rehabilitation. 

Following the implementation of the mitigation hierarchy and with ongoing consultation 
with key stakeholders regarding the Revised Proposal, including the Gnaala Karla Booja 
Noongar People, and obligations under approved or authorised cultural heritage 
management plan under the Aboriginal Cultural Heritage Act 2021 (WA), once the 
relevant provisions commence. Worsley Alumina considers that the Revised Proposal 
can be managed to meet the EPA’s objective for Social Surroundings. 
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GHG Emissions 

• National Greenhouse and Energy Reporting Regulations 2008; 

• Emissions Reduction Fund and associated Carbon Credits (Carbon Farming Initiative) 
Rule 2015; 

• Greenhouse Gas Emissions Policy for Major Projects (GoWA, 2019b); 

• Western Australian Climate Policy (GoWA, 2020k); 

• WA Environmental Offsets Policy (GoWA, 2011a); and 

• WA Environmental Offsets Guidelines (GoWA, 2014). 

Potential 
Impacts 

Direct Impacts 

• GHG emissions will continue to be released to the atmosphere as part of the ongoing 
operations, continuing Worsley Alumina’s contribution to GHG emissions and climate 
change. 

Mitigation 

Minimise  

• Implementation of the GHG Management Plan for Worsley Alumina operations, 
including the following management actions: 

• MA1 – Interim Emission Reduction Targets: Establish interim reduction targets 
over five yearly increments to drive performance over the life of the Revised 
Proposal; 

• MA2 –  Mitigation Measures. Build on existing studies and emission reduction 
activities to develop and implement where reasonably practicable a pipeline of 
projects that support the delivery of the interim targets in accordance with the 
mitigation hierarchy 

• MA3 – Adaptive Management, Monitoring and Review: Use an adaptive 
management approach to optimise the delivery of the proposed and future 
management actions, and commitment to annual and five yearly reviews to 
monitor and review effectiveness of emission reduction measures;  

• MA4 – Participation in Just Transition planning in collaboration with multiple 
stakeholders to support a responsible and fair energy transition; and 

• MA5 – Addressing Value Chain Emissions. Working with suppliers, customers 
and industry partners to address value chain emissions. 

Residual 
Impacts 

The Revised Proposal is not expected to have a significant additional impact on the 

generation of greenhouse gases. Through the implementation of the Greenhouse Gas 

Management Plan, Worsley Alumina is committed to the reduction of net GHG emissions 

over the life of the operations.  

Offsets Biodiversity offsets are not applicable. 

Outcomes 

With the implementation of the GHG Management Plan, Worsley Alumina considers that 

the GHG emissions associated with the Revised Proposal will “ reduce net greenhouse gas 

emissions in order to minimise the risk of environmental harm associated with climate 

change” and support the Western Australian Government’s and South32’s goal of net zero 

emissions by 2050.  

Specifically, Worsley Alumina commit to and anticipate the following commitments to 
become outcome based conditions: 

• Reduction of emissions on a five yearly basis in line with the targets specified in 
Table 6 3 (Section 6); and 

• Implementation of  the GHG Management Plan  
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1 PROPOSAL 

South32 Worsley Alumina Pty Ltd (Worsley Alumina) operates the Worsley Bauxite-Alumina Project 

(the Project) at the Boddington Bauxite Mine (BBM) and the Worsley Refinery (the Refinery), located 

130 km southeast of Perth and 20 km north-west of Collie, respectively, in the South West region of 

Western Australia (WA) (Figure 1-1). The Project involves mining and crushing of bauxite ore at the 

BBM, the transportation of crushed ore from the BBM to the Refinery by overland conveyor, 

processing and refining of ore to produce alumina at the Refinery, and the transportation of alumina 

via rail to the Bunbury Port where it is exported to aluminium smelters around the world. Worsley 

Alumina is the manager of the operations on behalf of the Worsley Joint Venture (WJV) – Bauxite 

Alumina Operations. 

1.1 PROPONENT 

The Proponent for the Revised Proposal is: 

South32 Worsley Alumina Pty Ltd (‘Worsley Alumina’) 

PO Box 344 

Collie WA 6225  

Telephone: +61 8 9734 8311 

ACN: 008 905 115  

Website: https://www.south32.net  

Worsley Alumina is the manager of the Worsley Joint Venture (WJV) – Bauxite Alumina Operations. 

Liability. Responsibility for the WJV is in accordance with the following schedule of participating 

interests: 

• South32 Aluminium (RAA) Pty Ltd (56%); 

• South32 Aluminium (Worsley) Pty Ltd (30%); 

• Japan Alumina Associates (Australia) Pty Ltd (10%); and 

• Sojitz Alumina Pty Ltd (4%). 

The Worsley Alumina operations are located in the Peel and South West regions of WA, specifically 

in the Shires of Boddington, Collie and Harvey and the City of Bunbury. Worsley Alumina provides 

significant employment and other benefits to these communities, including injecting more than $1 

million per day into the local economy through salaries, procurement of local business services and 

community investment. 

Contact details for the Proponent are outlined in Table 1-1.  

Table 1-1 Proponent Contact Details 

Name Company Role Contact Details 

Erwin 
Schaufler 

South32 Worsley 
Alumina Pty Ltd 

Vice President 
Operations 

P: +61 8 9734 8311 
E: worsleycommunity@south32.net   
A: PO Box 344, Collie WA 6225 

 

https://www.south32.net/
mailto:worsleycommunity@south32.net
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1.2 BACKGROUND 

1.2.1 History of the Worsley Alumina Operations 

The Project is one of the largest bauxite mining and alumina refining operations in the world, 

comprising the BBM, an existing conveyor, the Refinery near Collie and port operations at Bunbury 

Port. Worsley began production in 1984 and has since produced more than 71 million tonnes (Mt) 

of alumina.  

The BBM is located 5 km away from the town of Boddington, approximately 130 km south-east of 

Perth. Situated primarily on a mining lease granted under the Alumina Refinery (Worsley) Agreement 

Act 1973 (Worsley State Agreement), M258SA stretches from the Shire of Brookton in the north to 

the Shire of Collie in the south. The Refinery is located approximately 21 km north-west of Collie, on 

Crown Lease L150306. The Refinery is currently authorised under Part IV of the Environmental 

Protection Act 1986 (WA) (EP Act) to produce up to 4.7 Million tonnes per annum (Mtpa) of alumina.  

The mining of bauxite by Worsley at BBM is a continuous process of mining and rehabilitation. 

Bauxite ore mined at BBM is transported to crushing facilities and crushed ore is then transported 

via conveyors to the Refinery. The process of refining ore into alumina comprises a four stage Bayer 

Process involving digestion, clarification, precipitation and calcination. Alumina produced at the 

Refinery is then transported by train to Bunbury Port, where it is shipped to aluminium smelters 

around the world.  

The Project is a long-term operation with a current expected ore reserve life of 15 years as at 

30 June 2021 based on a total ore reserve of 236 Mt. The Project has a mineral resource of 1,170 Mt 

from which additional ore reserves may be estimated beyond the current ore reserves. Two existing 

primary EP Act approvals and Environment Protection and Biodiversity Conservation Act 1999 

(EPBC Act) approvals and exemptions relate to BBM mining activities within Saddleback, 

Marradong, Hotham North and Extended Mining Areas, although operational mining currently occurs 

only within the Saddleback and Marradong mining areas. Additional bauxite resources have been 

confirmed in the region since existing primary approvals were granted, therefore consolidated EP 

Act and EPBC Act Project approvals are being sought to expand the BBM mining operation and 

enable access to additional resource areas, inside and adjacent to, current operational mining areas.  

Existing Project elements will be used for the Project expansions and revisions/amendments from 

the date of any approval of the Revised Proposal/Proposed Action. The Revised Proposal therefore 

includes the ongoing use of the following existing Project activities but only from the date, if and 

when, the expansions and revisions/amendments are approved:  

• Mining activities in the Pre-existing Approval Area up to the extent of existing approvals and 
exemptions. This includes the clearing of up to 942 ha of native vegetation and mining activities 
on already disturbed land;  

• Alumina refining activities up to 4.7 Mtpa (the current approved licence capacity under the EP 
Act) and ongoing related Refinery activities and maintenance;  

• Ore transport activities and use of existing transport infrastructure, including operation of the 
existing conveyor;  

• Alumina transport activities to the Port of Bunbury;  

• Exploration activities identified in the Annual Plan of Bauxite Mining Operations (10 Year Mine 
Plan); and  

• Construction and operation of other minor infrastructure activities, such as fencing, access of 
tracks, firebreaks, bores and associated water infrastructure, that are required for the Project. 
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The Revised Proposal does not make any modifications to the above existing Project activities, which 

are already primarily subject to MS 719, EPBC Act exemption or EPBC Act approval 2004/1566.  

However, the Revised Proposal is required to include ongoing use of existing activities as part of the 

ongoing operations, but from the date of any approval of that Revised Proposal/Proposed Action 

(only), because:  

• If expansion and revision/amendment activities are approved, all existing Project facilities will be 
utilised, expanded and revised etc. as approved, and will no longer be practical or possible to 
differentiate between existing and expansion activities, impacts, management practices, 
monitoring results, etc;  

• The expansion/revision activities with (post approval only) ongoing use of existing activities will 
ensure appropriate cumulative impact assessment is carried out of whole of operations impacts;  

• It will ensure that the overall Project can be subject to a whole of operations environmental 
approval to ensure effective and efficient environmental management;  

• Under the EPBC Act, if the Project expansion and amendment/revision activities are approved, 
the EPBC Act exemption which many existing Project activities are currently subject to, will lapse 
due to the scope and nature of the changes made by the Revised Proposal. New EPBC Act 
referral and decision making for any post approval ongoing use of these existing activities is 
therefore required; and  

• Including post approval, ongoing use of existing activities for expansion and amendment activities 
is necessary for consistency with the EP Act Revised Proposal mechanism.  

Existing Project activities, which are the subject of existing approvals and/or an EPBC Act exemption, 

will however continue in the meantime up to the date of any approval for the Worsley Mining 

Expansion and are not within the scope of the Revised Proposal. 

1.2.2 History of this Revised Proposal 

A proposal to continue and expand existing operations was originally considered by Worsley Alumina 

in 2016. In April 2017, Worsley Alumina referred the “Hotham Mining Extension and Refinery 

Production Increase” to the Environmental Protection Authority (EPA) for assessment under 

Section 38 of the EP Act and to the Department of the Environment and Energy (DoEE) (now 

Department of Agriculture, Water and the Environment (DAWE)) for assessment under the EPBC 

Act. In June 2017, the EPA determined the level of assessment as a Public Environmental Review 

(PER) with a public review period of six weeks. In August 2017, the DAWE enabled the EPA to 

undertake an impact assessment of the Revised Proposal, through an accredited assessment 

process under the EP Act, at a PER level with a six-week public review period.  

During the development of the “Hotham Mining Extension and Refinery Production Increase” 

Environmental Review Document (ERD), Worsley Alumina identified a requirement for significant 

changes to components of the referral and as a result, requested termination of the EP Act and 

EPBC Act referrals which became effective on 28 November 2018 and 6 December 2018, 

respectively.  

This Revised Proposal (the subject of this ERD) details a new and significantly modified scope from 

the original 2017 referral for the proposed expansion, as described in Section 1.3. This Revised 

Proposal was referred to the EPA for assessment under Section 38 of the EP Act and to the DAWE 

for assessment under the EPBC Act in April 2019. The subsequent assessments determined the 

Revised Proposal as a PER (eight-week public review period) and a Controlled Action, respectively. 

In October 2019, the Commonwealth Minister for the Environment again determined that the Revised 

Proposal will be assessed through the accredited assessment process under the EP Act.  
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1.2.3 Changes Since Referral 

Following submission of the referral under Section 38 or the EP Act and EPBC Act referrals, the 

Revised Proposal design was further refined and optimised. Consequently, Worsley Alumina has 

made four applications to the EPA for a ‘Request to Change Proposal’ under Section 43A of the EP 

Act, as follows: 

• On 11 December 2019 Worsley Alumina made a Request to Change the Proposal During 
Assessment. This request included: 

• A five hectare (ha) decrease in the Primary Assessment Area (PAA);  

• Revision of native vegetation clearing requirements, resulting in a decrease from 7,119.5 ha 
to 5,841 ha. The changes to clearing requirements included:  

• a reduction in native vegetation clearing in the Worsley Mine Development Envelope 
(WMDE) from 5,925 ha to 5,375 ha;  

• a reduction in native vegetation clearing in the Bauxite Transport Corridor (BTC) from 
940 ha to 210 ha;  

• an increase in native vegetation clearing in the Contingency Bauxite Mining Envelope 
(CBME) from 250 ha to 251 ha; and  

• an increase in native vegetation clearing for maintenance in the Refinery Lease Area 
from 4.5 ha to 5 ha. 

The EPA approved the change on 6 January 2020. 

• On 12 June 2020, a second Request to Change the Proposal During Assessment under 
Section 43A was made. This request included confirmation that the regional exploration 
component had not changed.  

The EPA responded advising that the Department did not consider that the request represented a 

change to the proposal, and no further action was taken (20 August 2020). However, it remained 

unclear as to the status of regional exploration in the proposal. 

• On 25 June 2021 Worsley made a third Request to Change the Proposal During Assessment 
under Section 43A involving: 

• The addition of a Bauxite Residue Disposal Area (BRDA) within the Contingency Bauxite 
Mining Envelope (CBME);  

• A change to the boundary of the CBME to accommodate the BRDA; and  

• A change to the Bauxite Residue Disposal deposition classification from 18.5 million tonnes 
per annum (Mtpa) wet to 18.5 Mtpa dry. 

The EPA approved the change on 20 September 2021. 

• On 14 January 2022 Worsley Alumina made a fourth Request to Change the Proposal During 
Assessment under Section 43A involving: 

• Further reduction of native vegetation clearing from 5,841 ha to 4,399 ha; and 

• A change to the boundary of the WMDE to accommodate a land bridge to adjoin the 
Quindanning Extended Mining Area. 

The EPA approved the change on 14 March 2022. 

Applications were also submitted to the DAWE to ‘Request to Vary a Proposal’ under Section 156A 

of the EPBC Act Division 5.4 of the Environment Protection and Biodiversity Conservation 

Regulations 2000, comprising: 

• The first application on 12 December 2019, which was approved on 16 January 2020;  

• The second application on 12 June 2020, which was approved on 17 July 2020;  
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• The third application on 25 June 2021, which was approved on 28 July 2021; and  

• The fourth application on 14 January 2022, which was approved on 24 February 2022. 

The proposed changes have now been incorporated into the current Revised Proposal, including a 

decrease in the native vegetation clearing requirement from 7,119.5 ha to 4,399 ha (a 2,720.5 ha or 

38% decrease), and a decrease in the overall PAA by 5 ha. The proposed changes also included 

the removal of a legacy isolated mining area (the ‘Release Area’) from the scope of the assessment. 

A summary of the changes since the Referral were submitted in April 2019 is provided in Table 1-2.  

Table 1-2 Summary of Changes Since Referral of the Revised Proposal 

Revised Proposal Element 
Referrals 

(EP Act, EPBC Act) 
Change 

Proposed Native Vegetation Clearing 

Worsley Mining Development 
Envelope 

5,925 ha 4,020 ha (1,905 ha decrease) 

Bauxite Transport Corridor 940 ha 130 ha (810 ha decrease) 

Contingency Bauxite Mining 
Envelope (Mining) 

250 ha 244 ha (6 ha decrease) 

Contingency Bauxite Mining 
Envelope (Maintenance) 

4.5 ha 5 ha (0.5 ha increase) 

Total Proposed Native 
Vegetation Clearing 

7,119.5 ha 4,399* ha (2,720.5 ha decrease) 

* Rounding each element to the nearest ha, but when considered in total a more accurate vegetation clearing number 
is provided. 

1.3  PROPOSAL CONTENT 

Worsley Alumina proposes to continue the existing operations at the BBM, Refinery and Overland 

Bauxite Conveyor (OBC) as approved under existing operating approvals and make the following 

significant amendments (Revised Proposal): 

• Expansion of the BBM within and adjacent to existing mining areas (Worsley Mine Development 
Envelope (WMDE); 

• Development of a bauxite transport corridor (BTC) at the BBM, with optionality for roads or a 
conveyor; 

• Development of a Contingency Bauxite Mining Envelope (CBME) and maintenance work at the 
Refinery, including the changes to the CBME boundary to accommodate BRDA activities;  

• Development of associated mine/support infrastructure;  

• Construct and operate BRDA4E; 

• Increase the height of the bauxite residue disposal areas; 

• Ongoing continuation of minor infrastructure activities; and  

• Ongoing continuation of regional exploration programs. 

The Revised Proposal primarily focuses on expansion activities being undertaken in three different 

development envelopes, namely the WMDE, BTC and CBME. The three development envelopes 

are collectively referred to as the Primary Assessment Area (PAA). The PAA includes previous and 

current mining areas (i.e. the current approval area, previously referred to as the Primary Bauxite 

Area), but does not include the Extended Mining Areas as currently approved in Part B of MS 719. 

Other defined terms introduced in this section are described in Appendix B. 
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It is important to note that there are existing project elements associated with the Worsley Alumina 

Project that are fully operational, including the Refinery and overland conveyor system, that will not 

undergo any changes as a result of the Revised Proposal, but are still included to provide full context. 

Consistent with the Referral, existing Project activities which are the subject of existing approvals 

and/or an EPBC Act exemption, will continue to operate during the assessment of this Revised 

Proposal up to the date of any approval, until such time when approval is granted for the Revised 

Proposal. These activities will then become subject to the Revised Proposal approval conditions to 

ensure a holistic environmental approval. 

The proposed activities within each development envelope are summarised in Table 1-3, which 

presents the key characteristics for the Revised Proposal. The key characteristics for the Revised 

Proposal have been defined in accordance with the Instructions on how to define the key 

characteristics of a Proposal (EPA, 2021b). Further details on the proposed activities within each 

development envelope are provided in Section 1.3.1 to Section 1.3.3. 

Table 1-3 General Proposal Content Description  

Proposal 
Title 

Worsley Mine Expansion (Revised Proposal) 

Proponent 
name 

South32 Worsley Alumina Pty Ltd 

Short 
description 

The Revised Proposal includes the continued operations and expansion of the 
existing mining area and the development of a bauxite transport corridor at the 
BBM, as well as contingency mining and maintenance activities at the Refinery. 
The BBM is located 130 km southeast of Perth, WA, and the Refinery is located 
20 km north-west of Collie, WA.  

Table 1-4 Proposal Content Elements 
 

Element Location 
Existing 

Authorised 
Extent 

Proposed Change  
(This Proposal) 

Proposed Authorised 
Extent 

(Revised Proposal) 

Bauxite Alumina Project 

Alumina 
Production 

N/A 4.7 Mtpa No change 4.7 Mtpa 

Greenhouse 
Gases 

N/A 
3.75 Mtpa of 

CO2-e 
No change 3.75 Mtpa of CO2-e1 

Bauxite Mining 

Mining 
Development 
Envelope 
(WMDE) 

Refer to 
Figure 1-2 

Mining 
Development 
Envelope 
(previously 
referred to as 
the Primary 
Bauxite Area 
(PBA); 
22,102 ha as 
per the 2005 

Expansion of the Mining 
Development Envelope 
to 27,796 ha 

27,796 ha, including the 
PBA 

 
 
1 Current authorised extent is 3.75 Mtpa of CO2-e. Implementation of the GHG Management Plan, and related reduction 
targets, will reduce net emissions over the Revised Proposal as condition of new Ministerial Statement. 
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Element Location 
Existing 

Authorised 
Extent 

Proposed Change  
(This Proposal) 

Proposed Authorised 
Extent 

(Revised Proposal) 

ERMP [MS 
719])  

Extended 
mining areas 
(74,918 ha) 

No change 
Extended Mining Areas 
(74,918 ha) 

Clearing of 
Native 
Vegetation 

N/A 

Up to 5,263 
ha clearing of 
native 
vegetation 
(4,321 ha of 
which has 
been cleared 
at the time of 
the referral) 

Up to 4,020 ha of 
additional clearing of 
native vegetation 

Up to 9,283 ha clearing 
of native vegetation  
 

N/A 

Up to 8,400 
ha of clearing 
of native 
vegetation in 
Extended 
Mining Areas 

No change 

Up to 8,400 ha of 
clearing of native 
vegetation in Extended 
Mining Areas 

Mining Rate N/A 
Up to 18.8 
Mtpa (dry) 

No change Up to 18.8 Mtpa (dry) 

Crushing 
Facilities 

N/A 

4 primary 
crushing 
facilities 
2 secondary 
crushing 
facilities 

No change (Emissions 
regulated under Part V of 
the EP Act) 

4 primary crushing 
facilities 
2 secondary crushing 
facilities 

Water Use N/A 500 ML/a 400 ML/a increase  900 ML/a 

Water Source N/A 

Groundwater 
and surface 
water in the 
vicinity of 
mining areas 

No change 
Groundwater and 
surface water in the 
vicinity of mining areas 

Bauxite Transport 

Existing 
Overland 
Bauxite 
Conveyor 
(Mine to 
Refinery) 

Figure 2-1  No change2 Figure 2-1a 

Bauxite 
Transport 

Figure 1-2 N/A 
Conventional idler type 
conveyors and/or truck 

Conventional idler type 
conveyors and/or truck 

 
 
2 Overland Bauxite Conveyor is existing infrastructure that is currently approved and will continue to operate as part of 
this Revised Proposal.   
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Element Location 
Existing 

Authorised 
Extent 

Proposed Change  
(This Proposal) 

Proposed Authorised 
Extent 

(Revised Proposal) 

Corridor 
(BTC)  
 
Connecting 
mining areas 
in the BBM 

transport within the BTC 
(within a 4,146 ha 
corridor, of which 3,332 
ha overlaps the WMDE)  

transport within the BTC 
(within a 4,146 ha 
corridor, of which 3,332 
ha overlaps the WMDE) 

Bauxite 
Transport to 
Service 
Extended 
Mining Areas 

N/A 

Conventional 
idler-type 
conveyors 
and/or truck 
transport 

No change 
Conventional idler-type 
conveyors and/or truck 
transport 

Clearing of 
Native 
Vegetation 

N/A N/A 
Up to 130 ha clearing of 
native vegetation within 
the BTC 

130 ha clearing of native 
vegetation within the 
BTC 

Water Source N/A N/A 
Local groundwater 
sources 

Local groundwater 
sources 

Refinery 

Refinery 
Lease Area 
(RLA) 

Figure 1-3 2,500 ha No change 2,500 ha 

Contingency 
Bauxite 
Mining 
Envelope 
(CBME) 

Figure 1-3 N/A 

Up to 244 ha3 of native 
vegetation clearing for 
the purpose of 
contingency bauxite 
mining including residue 
storage within the 747 ha 
Development envelope). 

Up to 244 ha4 of native 
vegetation clearing for 
the purpose of 
contingency bauxite 
mining including residue 
storage within the 747 
ha Development 
envelope). 

Clearing 
within 
Wellington 
National Park 

 Clearing of 
up to 8 ha for 
Wellington 
Dam Pipeline 

No change Clearing of up to 8 ha 
for Wellington Dam 
Pipeline 

Clearing for 
Maintenance 

N/A 

66.6 ha 
native 
vegetation 
clearing 
approved 
(available for 
maintenance 
activities 
within the 
RLA) 

An additional 5 ha of 
disturbance (for a water 
containment dam and 
access track), all of which 
is native vegetation 
clearing  

71.6 ha disturbance and 
native vegetation 
clearing for maintenance 

 
 
3 Incorporating the change to proposal under Section 43A of the EP Act, endorsed by the EPA on 6 January 2020 
4 Incorporating the change to proposal under Section 43A of the EP Act, endorsed by the EPA on 6 January 2020 
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Element Location 
Existing 

Authorised 
Extent 

Proposed Change  
(This Proposal) 

Proposed Authorised 
Extent 

(Revised Proposal) 

Water Use N/A 
Surface water 
allocation for 
the RLA 

No significant water 
requirement 

Surface water allocation 
for the RLA 

Water Source N/A 

Freshwater 
Lake and 
approved 
third party 
sources 

No change 
Freshwater Lake and 
approved third party 
sources 

Bauxite 
stockpiles 

 
1.92 Mt 
approximately  

No change  1.92 Mt approximately  

Deposition 
rate, footprint 
and location 

 

18.5 Mtpa 
(wet) (no 
change to 
footprint of 
BRDA)  

18.5 Mtpa (dry) (no 
change to process of 
BRDA) 

18.5 Mtpa (dry) (no 
change to process of 
BRDA) 

Digestion 
process area 
emissions 
control 

N/A 
Regenerative 
thermal 
oxidiser 

No change 
Regenerative thermal 
oxidiser 

Calciners – 
fuel 
Particulate 
emissions 
control 

N/A 

Natural gas 
Electrostatic 
precipitators 
on five 
calciners, 
baghouse 
system on 
one calciner 

No change 

Natural gas Electrostatic 
precipitators on five 
calciners, baghouse 
system on one calciner 

Liquor burner 
Emission 
control 

N/A 

Baghouse, 
regenerative 
thermal 
oxidiser and 
wet scrubber 

No change 
Baghouse, regenerative 
thermal oxidiser and wet 
scrubber 

Power and Steam Raising Facilities 

Gas fired 
cogeneration 
– capacity 

N/A 120 MW No change5 120 MW 

Gas fired 
cogeneration 
(alternative) – 
capacity 

N/A 120 MW No change5 120 MW 

Coal fired 
facility – 

N/A 
110 MW 
(electrical) 

No change 
110 MW (electrical) 
Electrostatic 

 
 
5 The gas fired cogeneration plant has been recently upgraded, with two new D type gas fired Package Boilers as 
replacement to the two, now decommissioned, Nebraska Package A type Boilers. This has the same modular footprint 
and output capacity of steam, no material net change in profile. This is noted for cross-alignment with the contemporary 
DWER licence (L4504/1981/17) authorising use of the new boilers. 
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Element Location 
Existing 

Authorised 
Extent 

Proposed Change  
(This Proposal) 

Proposed Authorised 
Extent 

(Revised Proposal) 

capacity 
Particulate 
emission 
control 

Electrostatic 
precipitators 
on three 
boilers 

precipitators on three 
boilers 

Coal fired 
boiler – 
normal 
capacity 
Emission 
control 

N/A 

Two 
circulating 
fluidized bed 
multifuel co-
generation 
boilers 
100 MW 
(electrical) 
400 MW 
(thermal) 
Limestone 
injection and 
baghouse 
filters 

No change 

Two circulating fluidized 
bed multifuel co-
generation boilers 
100 MW (electrical) 
400 MW (thermal) 
Limestone injection and 
baghouse filters 

Air Emissions  

Sulphur 
dioxide (SO2) 
from coal 
fired facilities 

N/A 

Up to 13,370 
tpa from 
combustion, 
liquor burner 
and calciner 
sources 

Proposed to remain part of the proposal but be 
solely regulated under Part V of the EP Act 

Nitrogen 
oxides (NOx) 
from 
combustion, 
liquor burner 
and calciner 
sources 

N/A 
Up to 6,890 
tpa 

Proposed to remain part of the proposal but be 
solely regulated under Part V of the EP Act 

Particulates 
(PM10) from 
combustion, 
liquor burner 
and calciner 
sources 

N/A Up to 520 tpa 
Proposed to remain part of the proposal but be 
solely regulated under Part V of the EP Act 

Carbon 
monoxide 
(CO) from 
combustion, 
liquor burner 
and calciner 
sources 

N/A 
Up to 1,350 
tpa 

Proposed to remain part of the proposal but be 
solely regulated under Part V of the EP Act 

Total volatile 
organic 
compounds 

N/A Up to 300 tpa 
Proposed to remain part of the proposal but be 
solely regulated under Part V of the EP Act 
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Element Location 
Existing 

Authorised 
Extent 

Proposed Change  
(This Proposal) 

Proposed Authorised 
Extent 

(Revised Proposal) 

(VOCs) from 
all sources 

Construction and Support Facilities 

Temporary construction 
facilities including mobile 
offices and ablutions, 
laydown areas and field 
maintenance facilities 

N/A 

Clearing of up to 20 ha of 
native vegetation 
(included within the 
indicative WMDE mining 
footprint) for temporary 
construction and support 
facilities located within 
the WMDE. 
 
Facilities will be located 
on pre-disturbed areas 
where possible. 

Clearing of up to 20 ha 
of native vegetation 
(included within the 
indicative WMDE mining 
footprint) for temporary 
construction and support 
facilities located within 
the WMDE. 
 
Facilities will be located 
on pre-disturbed areas 
where possible. 

Water Use Unrestricted  N/A 

Temporary water supply 
of approximately  
580 ML/annum from local 
water sources for the 
duration of the 
construction period.6 

Temporary water supply 
of approximately 
580 ML/annum from 
local water sources for 
the duration of the 
construction period.  

Worsley Alumina may also implement minor and preliminary works up until the date of approval 

(subject to the usual legal and approval requirements for those works). If and when Ministerial 

approval is granted for the Revised Proposal, any subsequent minor and preliminary works will then 

become subject to the Revised Proposal approval conditions to ensure a holistic environmental 

approval. 

  

 
 
6 This relates to 580 ML/a during the construction period in the Environmental Scoping Document (ESD). 
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1.3.1 Bauxite Mining 

Continuation of bauxite mining is proposed within the WMDE. The WMDE is located at the BBM, 

approximately 5 km west of Boddington and 130 km southeast of Perth, WA. The WMDE covers an 

area of 27,796 ha, which includes the pre-existing approval areas as well as proposed expanded 

mining areas. Total disturbance proposed within the WMDE (additional from time of referral) including 

existing approvals is approximately 7,530 ha comprised of 942 ha of currently approved native 

vegetation clearing, up to 4,020 ha of additional clearing of native vegetation, 85.5 ha of plantations 

and 2,482 ha of previously cleared (e.g. cleared for agriculture or rehabilitation) areas.  

The proposed mining within the WMDE will occur within the Hotham North, Nullaga, Marradong, 
Saddleback and Hotham West development areas. The WMDE is shown in Figure 1-2. Ore mining 
associated with this Revised Proposal in the WMDE requires construction of a truck haulage route 
that will provide access to the Nullaga mining area (see Section 1.3.2.1), and progress of 
development activities to enable the ore to be accessed (including, but not limited to, timber 
harvesting, clearing and blasting activities) occurring prior to this time.  

Mining within the WMDE will be undertaken in accordance with existing procedures and processes, 
which are described in Section 1.3.1.1 to Section 1.3.1.9. 

The Project is a long-term operation with a current expected ore reserve life of 15 years as of 30 June 

2021 based on a total ore reserve of 236 Mt. 

1.3.1.1 Mine Planning – Plan of Bauxite Mining Operations (10 Year Mine Plan)  

In accordance with clause 16(10) of the Worsley State Agreement Act, Worsley Alumina annually 

updates and submits to the Government (via the Environmental Management Liaison Group [EMLG]) 

a Plan of Bauxite Operations (10 Year Mine Plan) which outlines the rolling 10 year plan (10YP) for 

mining and ancillary operations. The agencies comprising the EMLG are listed in Section 3.1. The 

‘10 Year Mine Plan’ provides a review of the preceding 12 months of operations, and details 

exploration, clearing and mining plans. The Indicative Disturbance Footprint (IDF) within the WMDE 

will continue to be refined as a part of the mine planning process and refined locations of clearing, up 

to the approved clearing allocation, will be presented as a part of the 10 Year Mine Plan to the EMLG 

on an annual basis.   

The annual rolling 10 Year Mine Plan is developed in a consultative manner with relevant Government 

agencies and is tabled for acceptance at meetings of the EMLG. The plan provides an opportunity for 

agencies to contribute to the long-term planning of mining operations on an annual basis and also 

provides agencies with forward advice to build into their planning process. Figure 1-4 provides an 

overview of how Worsley Alumina currently gives effect to the requirements of the MS 719 and the 

Environmental Review and Management Programme (ERMP) through the existing 10YP and Annual 

Review processes and indicates how those processes integrate with the mine planning processes 

and associated impact management plans proposed under the Revised Proposal. It also details the 

existing and proposed stakeholder groups involved with the review of mine environmental 

management and rehabilitation performance, and the review, approval or endorsement of mine 

planning and associated management plans, including the Biodiversity and Forest Management Plan, 

the Biodiversity Offset Plan and the Protected Areas Plan, as discussed in more detail in Sections 

4.5 and 7.   

If the Worsley Mine Expansion (this Revised Proposal) is approved, mine planning will be undertaken 

in accordance with the Worsley State Agreement Act and involve the following steps: 

• Wide spaced drilling grid (approximately 50 m-200 m spacing) to improve resource confidence; 

• Scheduling of the ore bodies to meet grade blends will occur and development of a 10-year plan; 
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• Closer spaced drilling will be undertaken prior to mining (based on 10 Year Mine Plan) for short-
term mine planning; and 

• Development of a detailed mining plan to provide required grade control and establish mine 
infrastructure requirements. 

 

 

Figure 1-4 The Mine Planning and Stakeholder Approval process 
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1.3.1.2 Regional Exploration 

Regional exploration is required to define bauxite resources, is conducted in accordance with existing 

approvals and tenement conditions and will continue with the Revised Proposal. Exploration is 

currently approved and regulated as part of the proposals approved under Part IV of the EP Act and 

is subject to the Worsley State Agreement. Regional exploration typically involves remote sensing, 

field mapping and the taking of geological samples (such as surface samples and drill cuttings). It is 

typically non ground disturbing and does not require clearing of native vegetation other than minor 

pruning with access through the use of rubber tyred vehicles.  

Regional exploration is not restricted to the WMDE, but rather occurs at various locations across 

current (and future) tenure held or leased by Worsley Alumina.  It occurs across the Worsley Alumina 

State Agreement lease M258SA area, the Sub leased M1SA area and on Mining Act tenements. 

Where exploration occurs on Mining Act tenements, separate Programmes of Work (POW’s) 

administered by the Department of Mines, Industry Regulation and Safety (DMIRS) are obtained.   

Regional exploration is included in this ERD because it is part of the existing approved proposal and 

will continue.  The nature and impact of regional exploration activities need to be considered in the 

assessment to ensure there is no bifurcation, to ensure an adequate cumulative impact assessment 

(as required by item 29 of the Environmental Scoping document), to ensure the assessment of the 

Revised Proposal (being a significant amendment of an already approved proposal) has regard to the 

combined effect that the implementation of the approved proposal and the significant amendment 

might have on the environment (as required by section 40AA of the EP Act) and because this ERD is 

proposed to become the ERMP for the purposes of meeting the requirements of the State Agreement. 

The Exploration Environmental Management Plan (Appendix E11) includes a more detailed 

description of these regional exploration activities and the measures Worsley applies to ensure they 

are implemented with minimal impact to the environment. 

Worsley submits the proposed exploration drilling areas annually in the 10 Year Mine Plan to the 

EMLG. Previous assessments have considered this exploration as having a low impact on the 

environment and the existing Ministerial Approvals that apply to exploration drilling (MS751) have 

recognised exploration drilling as being non-ground disturbing  for the purposes of applying the 

Ministerial Conditions.  

Regional exploration does not include the activity of grade control drilling. This is part of Worsley’s 

mining operations and will restricted to occur within the approved WMDE and the existing approved 

EMAs. 

Exploration is currently managed in alignment with the conditions of MS719.   

Exploration will continue to be conducted in accordance with the Worsley Alumina – Geological Drill 
Hole Planning Procedure (Worsley 2017b), an internal procedure which stipulates the process for: 

• Integration with the 10 Year Mine Plan; 

• Ensuring underlying tenure is in place (Mining Act tenure, State Agreement tenure, and/or 
subleased Mining Act or State Agreement tenure); 

• Identifying the requirements for additional surveys, such as: 

• Anthropologist/archaeologist considerations; 

• Weed and forest disease status and management; and 



 

 Worsley Mine Expansion Environmental Review Document 18 
 

• Specific requirements relating to conservation and protection of fauna, flora, water and 
heritage values.  

• Internal circulation of drill plans within the WAPL planning, land management and environment 
departments for approval; 

• Identify and implement the requirements for land access permits and other approval instruments 
in accordance with relevant legislation, tenure conditions and land access agreements, including 
but not limited to: 

• Programme of Works to DMIRS for Mining Act tenure; 

• Private land notifications and access agreements; 

• Development Applications to the shire on Minerals to Owner titles (if required);  

• Notifications to Worsley Joint Venture lease holders; 

• Obligations under the WAPL procedure – Working Arrangements – DBCA and WAPL for 
exploration in State Forest areas; and  

• Notifications to DWER for exploration in water catchment areas.  

• External consultation with the relevant indigenous groups, shire and community, private 
landholders, third party tenure ownership and state regulators; and  

• Auditing and reporting requirements.  

Exploration activities within forested areas are undertaken in accordance with Working 
Arrangements with Department of Biodiversity, Conservation and Attractions (DBCA), which 
determine appropriate management procedures to cover matters such as forest clearing (where 
required), occasional clearing of rehabilitated areas, weed control, forest disease, vegetation and 
flora, fire control, erosion control and site rehabilitation. Prior to commencement of exploration in any 
catchments declared Public Drinking Water Supply Areas (PDWSA), Worsley Alumina will engage 
DWER and jointly develop working arrangements for these activities. On private land, exploration is 
undertaken by agreement with the landholder. 

Worsley will implement the Exploration Environmental Management Plan (Appendix E11) that will 
ensure environmental impacts from exploration are minimised, that relevant decision-making 
authorities are consulted, and that the existing processes which have been part of the successful 
environmental management of exploration to date are utilised consistently. It is based on a number 
of considerations including: 

• Drilling types and associated commitments; 

• Appropriate understanding of baseline biological values in proposed exploration areas; 

• Heritage understanding and approval; 

• Commitment to avoiding environmentally sensitive areas and/or areas identified under the 
Protected Areas Plan; 

• Forest hygiene requirements; 

• Water catchment area considerations and working arrangements with DWER and Water 
Corporation; and 

• Ensuring levels of predicted impacts are negligible to conservation significant flora and fauna 
values. 

 

1.3.1.3 Mining Process 

The mining of bauxite is a well-established process that involves the key activities outlined below:  

• Pre-clearing surveys as per Worsley Alumina’s internal procedures; 

• Hygiene assessments: Prior to clearing, forest disease assessments are undertaken by qualified 
personnel. If disease is not found, clearing operations may proceed. In areas where disease is 
found a disease management plan for the area is initiated. Clearing (or any other activity) must not 
proceed until the disease management plan for the area is approved and implemented; 
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• Salvage of forest products: This is managed by the Forest Products Commission in State Forest 
and requires notification at least six months before clearing. The salvage operation involves 
harvesting of merchantable timber, fencing timber and firewood. On private land, timber salvage is 
arranged, if required, by the landholder which has a pre-agreed notice and removal period;  

• Clearing of vegetation: After timber salvage, the remaining vegetation is cleared and suitable hollow 
logs, stumps and other large residues are salvaged for future use as fauna habitat. Remaining 
forest residue may be burned (weather permitting), used as biomass to reduce carbon emissions 
or used in rehabilitation research trials; 

• Topsoil stripping and overburden removal: Topsoil and gravel are removed using the most 
appropriate equipment. This process is typically completed with scrapers, bulldozers, front-end 
loaders or excavators and trucks. Overburden is then directly replaced on nearby mine pits 
undergoing rehabilitation, or stockpiled for future use in rehabilitation; 

• Impurities removal; Typically, this process occurs during either secondary overburden removal or 
layer stripping during blast preparation;  

• Breaking caprock: The exposed caprock is broken by mechanical means or blasting; 

• Mining and transport of bauxite ore: Mining is conducted using the most appropriate equipment. 
This process is typically completed by either front-end loaders or excavators and trucks. The 
excavated bauxite is transported by trucks to the Run-of-Mine stockpiles or the primary crusher; 

• Haul roads and trunk roads: Construction and operation of haul routes is a key activity associated 
with the mining process; and 

• Bauxite crushing and transport: This process involves bauxite being tipped directly to a primary 
crusher (or mobile crusher) where the particle size is reduced. Bauxite is then transported to 
secondary crushers, to further reduce the bauxite size. The crushed bauxite is transported by a 
conveyor system to the Refinery.  

The existing and proposed bauxite transport infrastructure and crushing facilities are shown in Figure 

1-5. 

1.3.1.4 Bauxite Stockpiles 

Worsley Alumina builds and reclaims Run Of Mine stockpiles as part of the mining process. These 

stockpiles are usually very short-term in nature, but may be longer term to allow for variation in the 

mining and access schedule.  

Much of the Hotham North mining area within the WMDE is subject to Mining Act tenements, with all 

minerals rights subleased to Newmont Boddington Gold Pty Ltd (NBG) for operations associated with 

the Newmont Boddington Gold Mine (BGM). Bauxite rights are retained by Worsley Alumina, and 

there is a current commercial agreement between NBG and Worsley Alumina, known as the Restated 

Cross Operational Agreement, that ensures bauxite alumina operations are given priority and bauxite 

is preserved and stockpiled by Newmont where it may be affected by the gold mining operations so 

that it can be accessed and utilised by Worsley Alumina. NBG has approval to undertake gold mining 

and bauxite stockpiling activities under MS 971 and EPBC Referral No. 2012/6370.  

Worsley Alumina is proposing to access and reclaim the bauxite preserved and stockpiled by NBG 

concurrently during mining operations in the Nullaga and Hotham North mining areas. This activity 

requires the construction of haul roads and the use of trucks as per the existing mining processes. 

Clearing associated with the haul roads is included in the WMDE clearing estimation. Transport by 

public road may also be considered for the existing stockpiles, following consultation with the 

community and required authorities.  
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1.3.1.5 Water Supply and Usage 

It is estimated that the development within the WMDE and BTC will require an additional 400 Mega 

litres per annum (ML/a) of water. This will increase the current water limit from 500 ML/a (as approved 

under MS 719) to up to 900 ML/a. The water usage will be primarily for dust suppression within the 

active mining areas (primarily haul road dust suppression), as well as operational requirements such 

as equipment washdown, in crushing facilities and for potable supplies.  

Water is currently supplied from bores within the Saddleback and Marradong Timber Reserves and 

in adjacent private land, which are currently located across five separate borefields (South East, 

Karafil, Tunnell Road, Fawcett and Marradong). Water is also supplemented from surface supplies, 

collected from rainfall and stored in dams. The current water supply capacity is at the limit of what it 

can supply at the critical periods (i.e. the hot and dry summer months). To address this, and to service 

the revised geographic extent of the mining areas, Worsley Alumina is in the process of establishing 

up to 12 new bores over the next 12-24 months in adjacent private land (inside and outside the 

WMDE). As mining progresses further from existing bores, new bores will be required. Bores will 

typically target 100 ML/a, which will provide a conservative water supply for the WMDE activities.  

While the final locations of the bores are yet to be confirmed, they are proposed to be located within 

the WMDE disturbance footprint. The construction and use of the bores will occur in line with RIWI 

Act licensing requirements. A water extraction licence is not required for the additional bores as they 

do not occur within groundwater areas as proclaimed under the RIWI Act.  

No dewatering is required for the mining activities within the WMDE, but minor dewatering activities 

may be required for bridge construction (described further in Section 1.3.1.7).  

1.3.1.6 Mine Rehabilitation  

Rehabilitation of State Forest areas disturbed by mining is carried out through a rehabilitation program 

(to meet the obligations under the Worsley State Agreement) currently guided by the Rehabilitation 

Prescription, the DBCA/Worsley Working Arrangements and Worsley Alumina’s internal procedures 

and standards. The broad objective of rehabilitation on State Forest land (forested areas) is to 

regenerate a stable forest ecosystem with flora characteristics compatible with the eastern Jarrah 

Forest. Planning for rehabilitation is provided to the EMLG through the 10 Year Mine Plan. 

Rehabilitation is progressive and commences as soon as practicable after completion of mining 

operations and involves the following key steps: 

• Deep ripping of mine floors to relieve induced compaction; 

• Landscaping and re-contouring of mined areas; 

• Re-spreading of overburden materials and topsoil (often directly returned from nearby new mining 
areas); 

• Return of salvaged timber, hollow logs and rocks as fauna habitat; 

• Scarifying of topsoil;  

• Revegetation with local provenance species; and 

• Ongoing monitoring and implementation of a remediation plan where required. 

Rehabilitation of agricultural land is guided by the mutually agreed Restoration Agreements which are 

approved by the Minister for State Development, Jobs and Trade in accordance with the State 

Agreement. Factors considered for agricultural land rehabilitation include landholder requirements, 

pre-mining surveys, and opportunities for enhanced ecological connectivity and/or restoration of 

degraded remnant vegetation. Agricultural land areas may be rehabilitated back to pasture, remnant 

bush or woodland pasture. The minimum requirement for these areas is that the bushland 

rehabilitation area is equivalent to that which existed prior to mining. 
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Planning for rehabilitation is integrated into the mine planning process. Rehabilitation is planned to be 

completed progressively and follows as soon as practicable after mining (including full extraction of 

ore profiles). Mine planning factors are considered when planning for disturbed land that will be 

available for rehabilitation, including that ore has been fully extracted, consideration of likely future 

mine access requirements, as well as optimising rehabilitation outcomes including topsoil sourcing. 

Current operations and mine sequencing at the BBM indicate approximately 70%-80% of land is 

rehabilitated within the short to medium term, typically within a 10 year timeframe post clearing.  

Timeframes between clearing and final rehabilitation of mining areas needs to allow for mine pit 

development, full extraction of ore based on mine sequencing and ore blending requirements, access 

to adjacent mining areas and post mining earthworks and landform shaping. Subsequently the time 

taken for the full lifecycle of individual pits will vary dependent on factors such as blending 

requirements, ore thickness and location. Approximately 20%-30% of land that is disturbed is required 

to remain open for longer periods of time and is associated with long term infrastructure (including 

batters surrounding plant), long term haul roads and conveyors, mine stockpiles or other long term 

access requirements.  

As Worsley Alumina progresses into new mining envelopes, the clearing demand will proportionally 

increase to account for the additional infrastructure associated with establishing new (multiple) mining 

hubs, advance development of mine pits and an increasing haulage network further from mining hubs. 

Periodically, mining sectors may be fully depleted, and at this time the proportion of rehabilitation 

compared to clearing demand may increase. However, Worsley Alumina are committed to increasing 

the short- and long-term focus on making land available for progressive rehabilitation as well as 

executing rehabilitation as soon as practicable following the completion of mining. To achieve this, 

Worsley Alumina have undertaken a detailed review of the mine planning approach to identify 

opportunities to reduce, where practicable, the disturbed areas that remain open for longer 

timeframes. As an outcome of this review, Worsley Alumina have committed to reduce the current 

rehabilitation deficit from approximately 45% to < 35% over a 10-year period (2033) and then 

maintaining the deficit below 35%, with a short-term allowance in the event of exceptional 

circumstances (commitment to return to below 35% within a two-year timeframe). This will be achieved 

through a range of mine planning mechanisms, and where possible, the complete mining of remnant 

(previously mined) areas to allow the rehabilitation of larger mine areas. 

Short term annual disturbance and rehabilitation plans, inclusive of the additional rehabilitation 

commitments discussed above, are outlined and communicated via the rolling Plan of Bauxite Mining 

Operations (10 Year Mine Plan) for the review by the EMLG on an annual basis. Rehabilitation is also 

reported annually within the Annual Environmental Report (AER). 

The scope of continued activities, subject of this Revised Proposal, does not trigger any alterations to 

Worsley Alumina’s existing rehabilitation strategy given that the production rate will remain the same. 

Worsley Alumina has a demonstrated track record in rehabilitation success that will remain the core 

approach, which is further described in Section 4.5. New information or changes as a result of 

research, monitoring results or improvements in industry best practice are continually incorporated 

into Worsley Alumina’s documentation in consultation with DBCA and other regulatory agencies. 
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Figure 1-6 Reduction of Rehabilitation Deficit  

1.3.1.7 Supporting Infrastructure 

The development of the Hotham North area of the WMDE will require the construction of further 

infrastructure to support the mining, crushing and transport systems of the BBM. Over time, this will 

include similar infrastructure as the current Saddleback and Marradong Mine Sites, including: 

• Offices, training and supporting structures (i.e. warehousing, storage and fencing); 

• Maintenance facilities; 

• Environmental and bio-remediation facilities; 

• Fuel facilities; 

• Explosive storage facilities; 

• Security, parking and safety facilities; and 

• Water, electrical and communications facilities.  

The development of the WMDE haul road network and bauxite transport systems will require crossing 

numerous public roads, ranging from bush tracks to sealed roads. The appropriate crossing 

infrastructure (or alternative, i.e. temporary or permanent closure) will be approved by the relevant 

authorities and in consultation with the community. The road crossing will either be a level, underpass, 

overpass or bridge.  

It is anticipated that up to two haul road crossings (bridges) over the Hotham River will be required for 

the development within the WMDE (Figure 1-5), as well as several culvert crossings of minor 

tributaries and improvement of an existing overflow crossing.  

The haul roads will cross the Hotham River and tributaries in order to access the Nullaga and Hotham 

West mining areas, and bridges or culvert crossings are required to be constructed at these crossing 

locations. The bridges over the Hotham River are proposed to have a single span of approximately 

35 m and require pylons to be piled in excess of 40 m deep. The pylons will be installed adjacent to 

the riverbanks. No pylons to be installed within the normal flow course of the river. Excavations will be 

required to construct reinforced concrete bridge abutments behind the pylons and dewatering may be 

required.  

Bridge pipe culverts will be installed to enable water flow and the abutments backfilled with fill material 

to stabilise the structure. The bridges over the Hotham River will be designed with culverts on one or 

both riverbanks, whereas the culvert crossings over the tributaries will be lower-level crossings with 
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box culverts placed directly in the stream path. Rock material will also be installed on the riverbed, 

embankments and at the ends of the culverts to provide scour protection. Bridges will be constructed 

during summer months if practicable.  

Temporary support facilities and other minor infrastructure activities associated with construction and 

mining will also be required to support the development within the WMDE. These include offices, 

ablution blocks, water infrastructure (bores, storage and distribution), heavy vehicle park up, crib areas 

and fencing.  

In line with the current approval of four primary crushing facilities, a new primary crushing facility may 

be constructed in the Hotham North mining area, which (if constructed) will operate in addition to the 

two existing primary crushing facilities (Saddleback and Marradong). The new primary crushing facility 

will be comparable to the existing primary crushing facilities in terms of dust and air emissions.  

Clearing for infrastructure is included in this Revised Proposal and, where appropriate, infrastructure 

will be situated in bauxite resource areas where clearing is already planned. Minor maintenance 

clearing associated with supporting infrastructure including clearing for fencing, access tracks or 

firebreaks may be required for the Revised Proposal. The procedural framework for addressing minor 

works and infrastructure is detailed in Section 4.4.2. 

1.3.1.8 Waste Management 

Waste will be generated during construction and operational phases from clearing, disposal of 

chemical storage containers, plastic, paper, wood, scrap metal, tyres, rubber, batteries and domestic 

solid putrescible wastes. No new waste streams will be produced as a result of the development within 

the WMDE, and waste will be disposed in accordance with the existing Worsley Waste Management 

Plan.  

The continuation of tailings storage operations at the Refinery will be conducted in accordance with 

existing operating practices. With the proposed increase of mining in the WMDE, there will be a 

requirement to increase tailings storage capacity. For the current BRDAs, Worsley Alumina is seeking 

a 29 m height  increase, from RL 316 m AHD to RL 345 m AHD, and the Northern Valley BRDA will 

be extended into the CBME to provide additional storage capacity (refer to Figure 1-3). Any additional 

storage requirements beyond those proposed with in this document are outside the scope of this 

Revised Proposal, and Worsley Alumina will manage these through a separate approval, if required. 

1.3.1.9 Traffic Management 

There will be no changes to existing truck volumes and/or truck routes on public roads as a result of 

bauxite mining activities within the WMDE. Access will be controlled on any public roads or sections 

of road that are required for use during bauxite mining activities. 

The Shire of Boddington has been notified of planned long-term public road closures associated with 

the Revised Proposal. Some public roads that are currently closed will be re-opened as the Revised 

Proposal commences.  

1.3.2 Bauxite Transport 

The proposed BTC comprises a corridor for the construction of long-term infrastructure to transport 

bauxite and overburden to Marradong from Nullaga and Hotham North mining areas and provides a 

link to the extended mining areas. The BTC covers an area of 4,146 ha, of which 3,332 ha overlaps 

with the WMDE (Figure 1-2). Transport methods within the BTC will include truck haulage routes and 

a conveyor system. The estimated disturbance footprint of the truck haulage route and conveyor 
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system is 388 ha (189 ha for the truck haulage route and 199 ha for the conveyor system) with 

approximately 130 ha of proposed native vegetation clearing. If constructed, the conveyor 

infrastructure will be stationary, and the truck haul roads may be adjusted over time. It is likely that 

the majority of the haulage routes will utilise existing mine haul roads within the WMDE. 

Existing bauxite conveyor infrastructure consists of the OBC, which transverses from the BBM to the 

Refinery (as shown in Figure 1-5), and a bauxite conveyor at the BBM that extends between the 

Marradong and Saddleback mining areas (as shown in Figure 1-5). The OBC is approximately 52 km 

in length and has a single transfer point. The OBC is typically 40 m-50 m in width but is wider (up to 

approximately 90 m) in some locations to allow for cut/fill locations and culverts for water management. 

Both of these existing conveyors are proposed to remain in operation as part of the Revised Proposal 

to link new mining areas to existing processing infrastructure.  

There will be no significant changes to existing truck volumes and/or truck routes on public roads as 

a result of proposed activities within the BTC. Any public road closures resulting from the BTC 

construction are addressed within the WMDE scope (refer to Section 1.3.1.9). 

Waste management will also occur as per the WMDE (refer to Section 1.3.1.8). 

1.3.2.1 Truck Haulage 

The haulage of material by trucks (including bauxite ore, waste material, fuels, equipment etc.) is an 

integral part of bauxite mining. The existing haul and trunk road network will be expanded over time 

using similar construction and water management procedures as are currently in place. The haulage 

networks will be located within the BTC and WMDE.  

The haulage road in the BTC will provide access to the Nullaga and Hotham North mining areas, as 

outlined in Section 1.3.1.7. The haulage road will require a river crossing (Hotham River) and a minor 

tributary crossing (Thirty-Four Mile Brook), and it is proposed to construct the haul road using local 

materials within the BTC.  

1.3.2.2 Conveyor System 

The construction of a bauxite conveying system within the BTC is planned subject to further 

investigation, as part of the future mine plan, and a route has yet to be defined. The proposed conveyor 

route/s will be constructed to a total length of approximately 20 km. It is anticipated that the proposed 

conveyor route will cross the Hotham River or associated tributaries at up to two locations, which are 

yet to be determined.  

While a conveyor is currently the preferred option, it is possible that an alternate transport option will 

be selected following further investigation.  

1.3.2.3 Water Supply 

Construction of infrastructure supporting bauxite transport for this Revised Proposal will require a 

water supply of approximately 580 ML/a. This includes the construction of the conveyor system and 

the haul roads within the BTC, but also the haul roads within the WMDE.  

Local water sources will be used for the duration of the BTC construction periods. The water 

requirement and supply during operations of the haul roads and conveyor system are included in the 

total estimate for the WMDE (see Section 1.3.1.5). 

Water abstraction and usage will be managed in accordance with the Worsley Alumina Water 

Management Plan which is further described in Section 5.5. 
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It is anticipated that no dewatering will be required for construction within the BTC, except for potential 

minor dewatering activities associated with construction of the bridges.  

1.3.3 Refinery 

1.3.3.1 Overview 

The proposed CBME is located at the Refinery, approximately 20 km north-west of Collie and 175 km 

south of Perth. The CBME covers 747 ha and is a bauxite resource located entirely within the 

Freshwater Lake catchment, located within the Refinery Lease Area (RLA) (M258SA) as shown in 

Figure 1-3. Water supply for activities within the CBME will come from the Freshwater Lake and will 

occur within existing surface water limits for the Refinery. There will be no disturbance within or on 

the boundary of the Freshwater Lake. Proposed clearing in the CBME includes clearing of up to 249 

ha of native vegetation. The RLA comprises an area of 2,480.7 ha with the existing disturbance 

footprint (at the end of the 2019 Financial Year) of 1,791.3 ha.  

There will be no significant changes to existing truck volumes and/or truck routes on public roads as 

a result of proposed activities within the CBME. 

Similarly, the Refinery is an existing operation, fully licensed and managed under existing 

environmental authorisations. There are no changes to the Refinery as a result of the scope of this 

Revised Proposal, with throughput remaining as currently licensed. 

1.3.3.2 Mining and Stockpiling 

Contingency bauxite mining and stockpiling may be required in the CBME in the event that bauxite 

supply to the Refinery is disrupted by unplanned events, such as catastrophic failure (e.g. bushfire, 

mechanical faults), or other impacts that result in a low bauxite stockpile inventory at the Refinery.  

Bauxite mining within the CBME will involve salvaging of forest products, clearing of native vegetation, 

topsoil stripping and overburden removal, caprock blasting or surface mining, excavation of bauxite 

and rehabilitation as per existing processes and procedures at the BBM (see Section 1.3.1). Bauxite 

will be crushed and screened on-site using mobile plant and equipment.  

Bauxite may also be stockpiled on site anywhere within the RLA, with optionality to include bauxite 

sourced from resources external to the CBME (i.e. BBM or third-party sources).  Stockpiled bauxite is 

typically stored within disturbed areas within the RLA, including in the product stockyards under 

existing approvals.  

The estimated maximum disturbance footprint for mining and stockpiling activities within the CBME is 

244 ha, which includes the construction of truck haulage routes and stockpile areas. The intent is to 

maintain a small inventory of ‘mine-ready’ bauxite in case the initial stockpiled supply is reduced due 

to an emergency. Detailed plans will be included in the Worsley Project Plan of Bauxite Mining 

Operations (10 Year Mine Plan) provided annually to the EMLG. 

It is possible that an emergency supply and development beyond the initial ‘mine ready inventory’ may 

not be required and therefore mining of the CBME will be incorporated into long-term planning for the 

area.  

1.3.3.3 Maintenance 

Maintenance activities which are associated with the Refinery and are required within the CBME 

include: 
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• The construction of a water containment dam (‘turkey nest’) to manage silt and erosion within the 
Freshwater Lake catchment area; and 

• The construction of access tracks to provide maintenance to the Freshwater Lake water quality 
management systems.  

The disturbance footprint for the maintenance activities is approximately 5 ha, all of which is native 

vegetation to be cleared.  

1.3.3.4 Bauxite Residue Disposal Areas 

The BRDAs are located within the RLA and contain bauxite ore mineral processing residues. The 

BRDAs are currently permitted for the deposition of 18.5 Mtpa (wet) residue in accordance with 

existing approvals. As part of this Revised Proposal, Worsley Alumina is seeking approval to change 

the classification of the deposition rate from 18.5 Mtpa wet residue to 8.5 Mtpa dry residue. This 

request to change the classification of the disposition rate will not change the method of deposition, 

which will still be in the form of slurry impoundment with water recovery but will provide more accuracy 

in the measurement of solid residue deposition volumes to the BRDA. An extension of the Northern 

Valley BRDA into the CBME, and a 29 m increase in height from RL 316 m AHD to RL 345 m AHD, 

of the Northern and Southern Valley BRDA’s is required to accommodate the additional waste that 

will result from the increased mining and processing rates. The average rate of elevation rise of the 

BRDAs under existing operations is estimated at approximately 1.8 m per annum. Future approvals 

related to the safe operation of the BRDAs may be reviewed to ensure ongoing management of the 

Refinery. Engagement through the existing EMLG and relevant regulatory bodies will be undertaken 

if required. 

Construction of the northern BRDA extension (BRDA4E) will be undertaken in accordance with current 

practices and potential impacts will be comparable to the current operations. Risks associated with 

storage of residue, including leachate and surface run-off, are managed through the operation of a 

closed water circuit with all production water directed to a central storage area (Refinery Catchment 

Lake). Fresh water including rainwater and uncontaminated run-off is directed to a separate water 

storage area (the Freshwater Lake). The BRDAs have low permeability clay liners with underdrainage 

systems to protect underlying groundwater from seepage from the residue areas via a network of 

underflow collection pipes. The underdrainage systems provide a defence against seepage to the 

groundwater by substantially lowering the hydraulic head at the base of the BRDAs deposit. 

Groundwater monitoring is currently undertaken, including below the BRDAs to detect changes in 

water quality in accordance with Ministerial Conditions in MS 719 and will be extended to incorporate 

the proposed extension.  Monitoring to date (reported in the AER) has not shown any impacts to 

groundwater from the BRDA operations. Waste processing and containment infrastructure for the 

BRDAs are managed in accordance with Worsley Alumina’s Part V Environmental Licence under the 

EP Act which will continue to be administered during the Revised Proposal. Dust generation from the 

surfaces of the BRDAs is currently managed in accordance with Ministerial Conditions in MS 719 and 

under the Environmental Licence held for the RLA which will continue to operate under the Revised 

Proposal. 

Changes in the BRDAs as a result of continued operations associated with the Revised Proposal will 

include an extension to the existing Northern Valley BRDA (as shown in Figure 1-3). Potential impacts 

of continued operations are comparable to those of existing operations and therefore are expected to 

be successfully managed under the current management and mitigation practices. These 

management and mitigation practices are stipulated by Ministerial Conditions under MS 719 and 

Environmental Licence conditions under Part V of the EP Act.  
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1.4 JUSTIFICATION 

This section details the rationale and benefits of the Revised Proposal and summarises the alternative 

options considered by Worsley Alumina. 

1.4.1 Rationale and Benefits 

Worsley Alumina has been operating since 1984 and celebrated its 35th anniversary in 2019. The 

proposed Worsley Mine Expansion (Revised Proposal) is a key enabler for Worsley Alumina to 

continue to deliver benefits to the Peel and South West regions, and WA more broadly, for many years 

to come. 

1.4.1.1 Economic Benefits  

Worsley Alumina is a key contributor to the WA economy, injecting more than $1 million per day into 

the economy through salaries, procurement of local business services and community investment. In 

the 2019 financial year, Worsley Alumina’s economic contribution included: 

• Approximately $240 million in direct payroll costs to around 1,600 employees; 

• Approximately $582 million spent with WA businesses; 

• Approximately $37 million in State royalties; and 

• Approximately $19 million in State taxes and charges. 

1.4.1.2 Training and Employment Outcomes  

Worsley Alumina is one of the largest private sector employers in the Peel and South West regions, 

with approximately 1,600 permanent employees and more than 500 contractors. 

Worsley Alumina requires a wide range of skill sets to run its operation, from tertiary qualified 

professionals to highly skilled tradespeople, semi-skilled workers and entry level roles. Consequently, 

Worsley Alumina invests heavily in developing a pipeline of talent for the future. At any given time, the 

operation typically employs around 60 apprentices and trainees. It also has an annual intake of 

university graduates and provides vacation employment opportunities for university students every 

summer. 

For many years, Worsley Alumina has initiated and hosted the ‘Work Inspirations’ program, a site 

based, week-long program for high school students that provides first-hand exposure to the many and 

varied career opportunities available not only with Worsley Alumina, but in the resources industry 

more broadly. An explanation of Work Inspirations is provided in Table 1-5 below.  

If the Revised Proposal is approved, it will sustain the employment of the existing workforce, and 

create approximately 150 additional jobs during construction  Examples of how Worsley Alumina 

provide benefits to local and aboriginal employment and inclusion in the workforce are provided in 

Table 1-5 below. 
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Table 1-5 Worsley Alumina Employment Case Studies 

Aboriginal Employment  

In early 2018 Worsley Alumina, in partnership with the Wirrpanda Foundation started discussing 
initiation of a 24-month Indigenous Traineeship Program based at the Boddington mine site. 
 
Through the course of 2018 numerous conversations, discussion and proposals were held with 
Wirrpanda, in order to create a training program that was sustainable and able to engage the 
Indigenous people in the surrounding areas of the mine.  By the end of 2018 two traineeship 
positions were created within the Drill and Blast team, with Worsley Alumina providing the training 
and the Wirrpanda Foundation aiding with the mentoring of not only the trainees but also the 
existing team members in Drill and Blast to create sustainable successful long-term positive 
outcomes for all. The traineeship positions were advertised within the surrounding areas of the 
mine with a view to recruit locally.  An innovative recruitment processes was initiated to ensure 
candidates had a clear understanding of the roles and could build initial relationships with key 
members of the team including leadership, operators and human resources – with the intent of 
building understanding of the role but also allowing candidates to feel the dynamics of our 
business before committing to a traineeship.  
 
The traineeship programme at BBM provides a unique opportunity to combine on and off the job 
competency-based training while working in a challenging, high-tech environment. Currently, the 
traineeship resides within the Drill and Blast team. The training and work-based learning within this 
team will culminate in the attainment of a nationally recognised qualification of Certificate II in 
Drilling Operations.  
 
In March of 2019 the operations welcomed two new trainees to the Worsley Alumina family and by 
March 2020 both had obtained their formal training and received Certificate II in Drilling. 

Inclusion in Employment  

Forrest Personnel 
 
Worsley Alumina has worked closely with Forrest Personnel to enhance the pursuit for an inclusive 
workplace in the past few years, placing several employees at the Worsley Alumina Refinery 
during this time.  Forrest Personnel provide and support meaningful employment opportunities for 
people with disabilities, injuries or health conditions.  Contractors from Forrest Personnel are 
generally on site assisting in housekeeping, administrative and gardening roles with many 
employees interested in pursuing more opportunities with Worsley Alumina. 
 
Forrest Personnel also assisted with recruitment of a Trainee Pit Controller at our BBM which has 
been a very successful partnership resulting in a permanent placement in the mine Fixed Plant 
team (Control Room Operator). Demonstrating that the mining industry can offer employment 
opportunities to all within our community. 

Work Inspirations 
 
Worsley Alumina, in conjunction with the West Australia Department of Education, have run 
several Work Inspirations programs over the past few years.  Works Inspirations is an initiative to 
open local student’s eyes to career possibilities in mining.   
 
Historically, the program has targeted female students to encourage them to explore career 
options in the mining industry. In consultation with local schools, parents and employees and 
following the successful transition of past female Work Inspirations participants into not only 
Worsley’s workforce but other local industries, the program has now evolved to a mixed gender 
career advisory opportunity.  
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Students participate in seven vocational activities from emergency response to technology and 
engineering activities, as well as hands on laboratory, operator and trade experiences. The 
program also helps students to learn more about themselves through personality preference 
exercises and career talks.  During the program Worsley employees volunteer in the program to 
guide and mentor the students and share their experience first-hand. 
 
Schools that have been involved during the running of the program include Australind Senior High 
School, Bunbury Catholic College, Bunbury Senior High School, Collie Senior High School, 
Newton Moore High, Harvey Senior High School, Dalyellup College, Grace Christian School and 
Boddington Senior High School. 

 

1.4.1.3 Procurement Opportunities  

Worsley Alumina creates significant contracting and procurement opportunities for WA businesses, 

including businesses based in the Peel and South West regions. Worsley Alumina is committed to 

local procurement, two examples of focus for encouraging local procurement are outlined in Table 1-6 

below.  

In the 2019 financial year, Worsley Alumina spent approximately $582 million with WA businesses, 

including approximately $162 million with local businesses in the vicinity of the BBM and Worsley 

Refinery. 

Under the Alumina Refinery (Worsley) Agreement Act 1973, the business is required to submit a Local 

Content Report to the WA Government on an annual basis. 

Table 1-6 Worsley Alumina Local Procurement Case Studies  

Local Procurement  

Bauxite Bin’s 
 
A recent example (2019) includes Worsley Alumina teams working with Bunbury based LGM 
Industries to replace a 1500 tonne bauxite storage bin at the refinery, one of four bins used in the 
first stage of the bauxite grinding process. 
 
The ore is transported to the bins by conveyors where it is utilised at a rate of 450 to 500 tonnes 
per hour. The bin then discharges to a mill feed conveyor, ready for grinding. 
 
The project was the culmination of nine months collaboration between Worsley and the LGM team.  
LGM is a leader in the structural, mechanical and piping services field and aligns with our vision of 
running a safe and sustainable alumina business.   
 
With approximately 200 tonnes of specialised steel required for the project in a difficult geometrical 
format, the bin was designed in-house, procured, prefabricated and preassembled locally at LGM’s 
Picton yard, prior to installation at the refinery.   
 
Worsley Alumina Projects Specialist, Rob Dewar, said “The LGM team supported by Worsley 
Alumina personnel went above and beyond to deliver this important piece of equipment. Over 
30,000 man hours were worked with no recordable injuries, something both companies should be 
very proud of.”  
 
Worsley Alumina Vice President Operations, Noel Pillay, said “We have been operating since 1984 
and this year we are celebrating our 35th anniversary. As a long-term business in the South West, 
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Local Procurement  

we look forward to continuing to work with local businesses and the community more broadly for 
generations to come.” 

Local Contractors 
 
Worsley Alumina focuses on using as many local contractors as possible for works at its Mine, 
Refinery and Port facilities. Local contractors provide excellent on time provision of service, 
continue to contribute to our local economies and being local often have strong experience with 
our business.  
 
Allanbrae Ag Pty Ltd has been contracting to Worsley Alumina for many years and undertakes a 
variety of tasks for our Environmental, Land Management and Facilities Teams including a range 
of agricultural services such as fencing, agricultural rehabilitation programs, firebreak maintenance 
and other land management tasks. Allanbrae Ag Pty Ltd are based in Quindanning and undertake 
work locally in the Boddington and Williams area. 

 

1.4.1.4 Community Investment 

Worsley Alumina is a long-term partner in the local community. 

The Boddington, Collie, Harvey and Bunbury communities host our operations and are home to the 

vast majority of our employees. 

Over the last five years, Worsley Alumina have spent more than $2 million on local community 

investment. The primary focus areas for strategic community investment are: 

• Education and training opportunities, to increase the employability of local community members; 

• Environmental projects, to encourage greater awareness and appreciation of the natural 
environment; and 

• Projects that encourage economic diversification, with a particular focus on tourism products that 
attract visitors to town, consistent with the Shires of Boddington and Collie’s desire to diversify 
their economies beyond mining and to grow their tourism potential. 

Examples for these focus areas are summarised in Table 1-7. 

Table 1-7 Worsley Alumina Strategic Community Investment Case Studies  

Education and Training   

Boddington District High School 
 
In 2019 Worsley Alumina entered into a three-year community investment agreement with 
Boddington District High School for an Aboriginal Student Engagement and Achievement Strategy. 
 
The funding will be utilised by the school to help increase the attendance of Aboriginal students 
and their performance in all NAPLAN areas. 
 
The school is also planning to move from Cultural Understanding to Cultural Competence in all five 
areas of the Aboriginal Cultural Standards Framework Continuum. 
 
The program will ensure Aboriginal students have equal access to and can participate in all 
aspects of school life, will engage students in activities that develop life skills, and provide teaching 
and learning experiences that target the academic needs of every student. 
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Closing the performance gap between Aboriginal and non-Aboriginal students is a national priority 
that this partnership will help achieve in Boddington. 

Investing in Our Youth 
 
Investing in Our Youth is a not-for-profit community-based organisation that promotes the healthy 
development of young children and people in the South West region. 
 
In 2017 Worsley Alumina entered into a three-year community investment agreement with 
Investing in Our Youth to support the delivery of the Incredible Years Parenting Program in Collie 
and Bunbury. 
 
The Incredible Years Parenting Program is an evidence-based program that targets parents with 
children three to eight years old. It aims to decrease the percentage of children who are identified 
as being developmentally vulnerable as measured through the Australian Early Development 
Census to enhance education outcomes in primary school and beyond. 
 
Based on the success of the first three years of the program, in 2020, Worsley Alumina entered 
into a new community investment agreement with Investing in Our Youth to extend the program for 
a further three years. 
 

Environmental Projects 

Peel Harvey Catchment Council 
 
In 2016, Worsley Alumina entered into a three-year community investment agreement with Peel 
Harvey Catchment Council to fund Stages 1 and 2 of the ‘Returning the Mussels to Tunbridge 
Gully’ project. 
 
Tunbridge Gully was once a freshwater stream flowing into the Hotham River at Boddington. It was 
a thriving ecosystem providing habitat and food for native aquatic and terrestrial species, including 
the freshwater mussel, however the area has become infested with invasive weeds. The aim of the 
project is to eradicate the weeds and rehabilitate the area with native species. 
 
The project has provided a great platform for the community to come together, with planting days 
including community volunteers and students from Boddington District High School. Worsley 
Alumina employees have also volunteered their time to assist in the planting effort. 
 
The project is ongoing and in 2018 Worsley Alumina entered into a new three-year community 
investment agreement with Peel Harvey Catchment Council to fund Stages 3 and 4 of the 
Tunbridge Gully Restoration Project.  
Collie River Restoration Project 
 
In 2018, Worsley Alumina entered into a three-year community investment agreement with the 
Shire of Collie for the Collie River Restoration Project. 
 
The project aims to enhance the ecological and social values of the Collie River through weed 
eradication, native seedling planting and community participation. 
 
The Shire of Collie is planting 60,000 seedlings on the banks of the Collie River, targeted to areas 
of the river which have suffered environmental degradation and been overtaken by weeds, to 
restore a pristine river environment. The targeted areas are within the Collie CBD and are 
prominent locations on walking and cycling routes which receive significant local and recreational 
traffic. 
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The project uses community volunteers to undertake the planting, in conjunction with the Rotary 
Club of Collie and the Friends of the River group. Worsley Alumina employees have also 
volunteered their time to assist in the planting effort. 

Economic Diversification  

Boddington Foreshore Development  
 
Worsley Alumina is a founding partner in the Boddington Foreshore Development being led by the 
Shire of Boddington. 
 
In 2019, Worsley Alumina made a three-year, six figure commitment to fund the Pump Track 
component of the overall project, which will also include other features such as a nature 
playground, skate park, multi-court area and terracing. 
 
The Boddington Foreshore Development is an important project for the town and once completed, 
will help diversify the economy through the attraction of visitors and events to Boddington. 
 
The project was completed in late 2020. 
Collie Adventure Race 
 
In 2018, Worsley Alumina signed a three-year community investment agreement to become the 
naming rights partner of the Collie Adventure Race. 
 
The annual South32 Worsley Alumina Collie Adventure Race is held in the Collie River Valley, 
helping build the region’s reputation as an outdoor adventure destination. 
 
The event attracts competitors and visitors to the region, showcases the scenic waterways and 
bushland in and around the Collie and provides an economic injection into the town. 
 
The race is hosted by the Rotary Club of Collie and all profits from the event are invested back into 
the community. 

In addition to strategic community investments, Worsley Alumina also provides support for smaller, 

grass roots initiatives within our communities of interest. In the 2020 financial year, funding was 

provided to approximately 30 projects in communities including Boddington, Wandering, Dwellingup, 

Williams, Quindanning, Collie, Bunbury, Brunswick, Dardanup and Eaton. 

In-kind donations of goods and equipment are also made to community organisations. 

1.4.1.5 Overarching Benefits  

The implementation of the Revised Proposal will enable Worsley Alumina to access valuable 

resources, securing long-term continuation of operations and the delivery of associated benefits for 

local communities for many years to come. The Revised Proposal is in an established mining location, 

is part of a well-established and communicated mine path (with an existing long-term company in the 

region), with readily available access to infrastructure, workforce and suppliers. 

In addition to the economic and social benefits, the Revised Proposal represents an opportunity to 

improve the environmental value of mined areas within the operations as part of the broader BBM 

Mine Closure Plan and through activities and research associated with biodiversity offsets. These 

benefits will continue to be realised through the continuation of the Worsley Alumina operations into 

the future. 



 

 Worsley Mine Expansion Environmental Review Document 34 
 

1.4.2 Proposal Alternative Options Considered 

1.4.2.1 Bauxite Mining 

The potential for alternatives to the proposed location and mining activities within the WMDE and 

CBME are constrained due to the: 

• Location of the bauxite reserves across adjacent tenure (based on current knowledge); 

• Locations of existing substantial infrastructure used for the Worsley Alumina Mine operations; and 

• Lack of viable alternative methods to existing approaches to bauxite mining. 

The general approach is consistent with existing operations; where Worsley Alumina undertakes an 

iterative planning process (10 Year Mine Plan, see Section 1.3.1.1) which retains a focus on reducing 

environmental impacts from mining activities as far as reasonably practicable. For example, previously 

disturbed areas will be selected for the development of new mining infrastructure (e.g. primary 

crusher), where practicable. Further exploration drilling and geotechnical investigations will be 

undertaken to inform the planning process for this Revised Proposal.  

This Revised Proposal identifies some initiatives that can improve environmental management 

outcomes, which are included as commitments in this document (Section 4.5).  

1.4.2.2 Bauxite Residue Disposal Area 

At the current rate of production, and without the option for an additional disposal area for the bauxite 

residue, Worsley Alumina will be required to cease operations prematurely, and forego access to 

geologically reviewed, viable bauxite resources. The addition of the BRDA extension area (within the 

CBME) will allow the processing of ore that will become available from the approval of the Revised 

Proposal. 

The location of the BRDA extension lies wholly within the Worsley Alumina RLA and, therefore within 

the Worsley Alumina Pre-existing Approval Area, covered under MS 719 and Part V Licence 

L4504/1981. The construction and operation of BRDAs are existing activities that has been 

successfully managed by Worsley Alumina. The existing, well-established procedures and mitigation 

measures, including those discussed throughout the Revised Proposal will continue to be 

implemented for the BRDA extension and are considered effective to mitigate and manage any 

potential impacts. The extension of the Northern valley BRDA will not alter the current operations 

undertaken at the Refinery. 

1.4.2.3 Bauxite Transport 

The Revised Proposal will continue to make use of Worsley Alumina’s existing transport infrastructure; 

including existing conveyors and road networks, as far as practicable. Where new infrastructure is 

required, multiple design options will be considered in order to minimise environmental and social 

impact while maintaining design standards and cost efficiencies.  

An example of where environmental impacts are minimised through design is provided below. It 

should be noted that this example deals with a number of environmental and engineering constraints 

that may not be applicable to all haul road designs, therefore the process outlined below is for example 

purposes only, to demonstrate the key evaluation criteria typically assessed by Worsley Alumina, if 

applicable.  



 

 Worsley Mine Expansion Environmental Review Document 35 
 

1.4.2.3.1 BTC Haul Road 

The haul road within the BTC is required to connect two sections of the mine within the pre-existing 

approved area. Worsley Alumina has considered a range of alternative routes and construction 

methods in the scoping and planning stages of the Revised Proposal. The assessment of alternative 

haul road options and decision-making process was informed by an evaluation against a range of 

criteria across environmental, cultural, social, safety, engineering (technical feasibility), tenure and 

commercial disciplines.  

Early alignment definition undertaken by Worsley Alumina resulted in a number of potential alignment 

options being identified within the BTC corridor. From a haul road economics perspective, the basic 

design criterion for a haul road is to retain gradients below 5.5%. As the terrain within the BTC is 

undulating hillside, the haul road options were limited. Other engineering criteria that were considered 

include: 

• Avoid deep cuts to minimise disturbance and rehabilitation/closure complexities; 

• Minimise the need to source materials externally (and for stockpiling) by balancing cut/fill 
requirements; 

• Balance cut/fill requirements between boundaries where materials cannot cross (i.e. State Forest 
to privately owned land) for rehabilitation and soil hygiene requirements; 

• Minimise fill requirements to reduce water consumption (for layer compaction);  

• Drainage design to contain potentially contaminated run-off from haul roads; and 

• Avoid road cresting at elevated points (keep to valleys and side of hills where possible) to minimise 
noise emissions.  

Through the further evaluation, two haul road alternatives were considered feasible for the transport 

of ore to the existing Marradong crushing facility across the Hotham River from the Nullaga and 

Hotham North mining areas: 

• A1 – western route; and 

• A2 – eastern route. 

The Nullaga haul road options are shown in Figure 1-7.  

After strategic consideration of these alternatives, the development of the western option (A1) was 

selected as the preferred alternative by Worsley Alumina. Although both haul road options required 

the crossing of the Hotham River, the western option (A1) has a relatively ‘flat’ approach on both sides 

of the river crossing, which enables the design to divert drainage away from the Hotham River to 

minimise environmental impact. The eastern option (A2) was less preferable due to a higher 

vegetation clearing requirement and the presence of the Tullis Bridge (approximately 160 m to the 

north-east), which is a valuable European heritage site for the Shire of Boddington. 

Targeted Threatened flora surveys in November 2019 identified additional locations of Gastrolobium 

sp. Prostrate Boddington (M. Hislop 2130) (listed as Threatened under the Biodiversity Conservation 

Act 2016 (BC Act)) within the A1 corridor that were previously unknown (Mattiske, 2021a). 

Gastrolobium are prominent in disturbed areas. Further information on the Gastrolobium population 

within the BBM is provided in Section 5.2.  

The option to re-align the selected A1 route to avoid impacts to Gastrolobium was assessed. The re-

alignment of the selected route was found to result in engineering complications. Impacts to 

Gastrolobium were subsequently minimised by constraining the development boundary as far as 

practicable (i.e. to the current design, without any workspace outside of the cut/fill toe), which reduced 
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the number of directly impacted Gastrolobium plants by 60%. Further information on minimising 

environmental impacts to Threatened and Priority flora is provided in Section 5.2.5. 

1.4.2.3.2 Conveyor 

The construction of a future conveyor may not be required, until after 2025, at which time the 

environmental and social constraints within the BTC may have changed. As such, the final alignment 

of the conveyor route will be selected closer to the construction timeframe and communicated through 

the 10 Year Mine Plan to include consultation with the EMLG. Worsley Alumina commits to 

undertaking a detailed assessment of alternative options, which will take into consideration key 

evaluation factors such as the criteria relevant in the section above (BTC haul road) and will aim to 

minimise any identified environmental and social impacts. The refined conveyor options will also be 

subject to targeted surveys, if required, before the route is finalised.  

Worsley Alumina also commits to minimising environmental impacts as far as practicable through 

engineering design. From a design perspective, the key considerations for an overland conveyor are 

valley angles and restrictions on the radius (i.e. curve of the conveyor). Steeper gradients require 

higher power consumption while valleys can result in the conveyor lifting off the rollers, resulting in a 

requirement to construct bridges.  

1.4.2.4  ‘No Development’ Alternative 

Worsley Alumina has considered various alternatives to the Revised Proposal including the option not 

to proceed. It should be noted that the accessible bauxite reserves are currently limited with the need 

for several river crossings which are covered by this approval and remaining approved clearing 

allocation, Worsley Alumina is anticipating to only be able to operate at the BBM for another estimated 

three years.  

Without further development of the BBM, including construction of the Hotham River crossings to 

facilitate access to the north and accessing the bauxite reserves west as well as further approved 

clearing allocation, generally the existing mining operations could not be maintained, and the social 

and economic benefits outlined in Section 1.4.1 would not continue.  

Without the development of a contingency ‘mine-ready’ area within the CBME, Worsley Alumina’s 

operations are at risk of disruption or severe production curtailment and eventual shutdown (unlikely). 

Severe production curtailment puts at risk continued operation for the Project and return on the 

significant invested capital. Potential shutdown of operations would result in unemployment and a loss 

of taxation and mining royalties for both the State and Commonwealth governments.  
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1.5 LOCAL AND REGIONAL CONTEXT 

1.5.1 Physical Environment 

1.5.1.1 Climate and Meteorology 

The Project is located in the southwest of WA and experiences a Mediterranean climate with a 

predominance of winter rainfall (Mattiske, 2021a). The average maximum and minimum 

temperatures generally follows seasonal patterns of cold winters and hot summers (Mattiske, 

2021a). The average temperature during the summer months ranges from 12°C to 32°C and during 

the winter months ranges between 4°C to 17°C. 

The mean monthly rainfall is low in the summer months and increases during the winter months, 

with rain days varying from six days in December to 21 days in July (ETA, 2020a). The maximum 

monthly rainfall is recorded in July and August. Average rainfall records reflected higher rainfalls in 

the Refinery when compared to the BBM, which is located further to the east (Mattiske, 2021a). 

Historical rainfall data for the region suggest a drying climate is experienced (see Section 5.5.3.1.2). 

Prevailing winds are from the east-south-east to south-south-east during summer, and from the west-

south-west to west-north-west during the winter months (ETA, 2020a). Wind speeds are typically 

calmer during winter and increase during summer. Average wind speeds generally remained below 

10 metres per second (m/s) during both winter and summer, with minimal occurrences of wind 

speeds exceeding 10 m/s.  

1.5.1.2 Geology, Landforms and Soils 

The Project is located on the Darling Plateau, which developed on the Archean crystalline rocks of 

the Yilgarn Craton. The Craton is a stable shield area, comprising linear belts of metamorphosed 

sedimentary and volcanic rocks that have been intruded with granitic rocks (granitoid formation).  

The Project also occurs in the Avon Province, with the BBM and Refinery spanning the Eastern and 

Western Darling Range soil-landscape zones (as described by Schoknecht et al. (2004), 

respectively. The Western Darling Range Zone is described as moderately dissected lateritic plateau 

on granite with deeply incised valleys. Soils are formed in laterite, lateritic colluvium, granite 

weathered in-situ and gneiss. The Eastern Darling Range Zone is described as moderately to 

strongly dissected lateritic plateau on granite with eastward-flowing streams in broad shallow valleys, 

some surficial Eocene sediments. Soils are formed in laterite colluvium or granite weathered in-situ 

(Schoknecht et al., 2004). 

1.5.1.3 Hydrology and Hydrogeology 

Three main aquifers have been identified within the vicinity of the Project. These have formed as a 

result of in-situ weathering of basement rocks and include a shallow aquifer (shallow weathered 

zone), a lower saprolite aquifer (deep weathered zone) and a fractured bedrock aquifer. Topography 

influences groundwater levels in all aquifers, with depths ranging from 1-3 m in low-lying areas to 

15-40 m in higher areas. Further detail is provided in Section 5.5.3.3. 

Several major watercourses and associated tributaries originating from the east dissect the Darling 

Plateau. Water quality varies from fresh to saline due to intermittent drainage. The BBM occurs within 

the greater Peel Estuary-Murray River Catchment, within the Hotham and Williams River 

catchments. The CBME is located within the Brunswick River Catchment.  
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1.5.2 Biological Environment 

The Project is located within the Jarrah Forest bioregion and Northern Jarrah Forest subregion as 

described by the Interim Biogeographic Regionalisation for Australia (IBRA) (Figure 1-8 ). The 

Northern Jarrah Forest subregion is characterised by Jarrah-Marri forest on laterite gravels, and in 

the eastern part, by woodlands of Wandoo-Marri on clayey soils (Williams and Mitchell, 2001). The 

two areas of the Project, the BBM and the Refinery, occur in different components of the Northern 

Jarrah Forest subregion. The Refinery is located in the more mesic southwestern portion in State 

Forest, with the BBM located to the central east of the subregion in the drier zone within the highly 

disturbed agricultural region.  

Areas within the BBM are moderately diverse, containing Threatened and Priority flora species (such 

as Caladenia hopperiana and Gastrolobium sp. Prostrate Boddington), Priority Ecological 

Communities (PECs), areas of old growth forest and fauna assemblages, including (but not limited 

to) Threatened fauna species such as Black Cockatoos (Carnaby’s, Baudin’s and Forest Red-tailed), 

Chuditch, Red-tailed Phascogale and Woylie (BIOSTAT, 2021a; Mattiske, 2021b). The much smaller 

Refinery has a similar diversity in terms of Threatened fauna species, such as Western Ringtail 

Possum and Quokka, but contains a less diverse range of Priority flora species and vegetation.  

1.5.3 Social Environment 

The PAA is located within the Shires of Boddington, Collie and Harvey. The key socio-economic 

characteristics of these Shires are outlined below. 

1.5.3.1 Boddington 

The WMDE and BTC are located within the Shire of Boddington, with the municipal centre of 

Boddington located approximately 130 km southeast of Perth. The population of the Shire as at the 

2016 Australian Bureau of Statistics (ABS) census was 1,844 (ABS, 2016a). In 2018, 76 workers or 

5% of the Worsley Alumina workforce resided in the Shire. 

At the time of the 2016 ABS Census, the main industries of employment in the Shire of Boddington 

were gold mining (33.8%), bauxite mining (7.6%), secondary education (3.6%) and local government 

administration (2.7%). The unemployment rate in the Shire at that time was 6.9%, which was below 

the WA figure of 7.8%. 

The Shire of Boddington’s social infrastructure includes education, health and transport services, as 

described in Table 1-8. 

Table 1-8 Boddington Social Infrastructure  

Aspect Infrastructure 

Education • Boddington District High School.  

Health • Boddington District Hospital; 

• Boddington Medical Centre; 

• Home and Community Care Services; 

• St John Ambulance sub-centre; and 

• Boddington Health Service.  

Transport • Limited public transport services. 

The Shire of Boddington has developed a Strategic Community Plan for the period 2019 – 2029 

(Shire of Boddington 2019). In this plan, two strategic objectives have been identified as relevant to 
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Worsley Alumina. These are Objective 1.2 “Work with local employers, especially mining, to 

encourage employees to live locally” and Objective 2.11 “Advocate for local mining operators to 

employ locals, particularly local young people”.  

1.5.3.2 Collie  

The CBME is partially located in the Shire of Collie with approximately 50% of the RLA located in 

this Shire and the remaining 50% in the Shire of Harvey. The Shire of Collie had a population of 

8,798 at the time of the 2016 census (ABS, 2016b) with its municipal centre being the town of Collie 

which is located approximately 160 km south of Perth and approximately 20 km northwest from the 

Worsley Alumina Refinery. In 2018, 134 workers or 8.8% of the Worsley Alumina workforce resided 

in the Shire of Collie. At the 2016 ABS Census, the main industry of employment in the Shire of 

Collie was coal mining (14.2%). The unemployment rate in the Shire was at 11.0%, which was above 

the WA figure of 7.8% in 2016. 

The Shire of Collie’s social infrastructure includes education, health and transport services, as 

described in Table 1-9. 

Table 1-9 Collie Social Infrastructure  

Aspect Infrastructure 

Education • Four public primary schools; 

• One private primary school; 

• One senior high school; and 

• One Technical and Further Education (TAFE) campus. 

Health • Collie Hospital; 

• Community health services, including Silver Chain and Meals on Wheels; 

• General practitioners in two practices; 

• Two dental practices; 

• A school-based dental therapy unit; 

• Allied health services. Services include a physiotherapist, chiropractor, 
podiatrist and psychologist; and 

• ValleyView Residence (aged care facility). 

Transport • Limited public transport services. 

The Shire of Collie has developed a Strategic Community Plan for the period 2017 – 2027 (Shire of 

Collie 2017). A long-term strategic priority (10 years) identified in this plan is “Improve the 

attractiveness of Collie to families and expand the youth population”. The medium-term focus for this 

priority is “Explore potential for TAFE and University educational opportunities within the Shire of 

Collie (particularly where linked to local industry and employment)”.  

1.5.3.3 Harvey 

The CBME is predominantly located in the Shire of Harvey with BRDA 2-4 and approximately 50% 

of the RLA also located in this Shire. At the time of the 2016 census, the Shire of Harvey had a 

population of 26,553 (ABS, 2016c) with its municipal centre being the town of Harvey, which is 

located approximately 20 km southeast from the Worsley Alumina Refinery. In 2018, 423 workers or 

27.6% of the Worsley Alumina workforce resided in the Shire of Harvey. At the 2016 ABS Census, 

the main industries of employment in the Shire of Harvey were primary production (3.8%), meat 

processing (3.2%) and alumina production (3.2%). The unemployment rate in the Shire was at 7.7%, 

which was nearly equal to the WA figure of 7.8% in 2016. 
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The Shire of Harvey has developed a Strategic Community Plan for the period 2017 – 2027 (Shire 

of Harvey 2017). In this plan, Objective 1 “To be a diverse and innovative economy supporting a 

range of employment opportunities” has Outcome 1.3.1 “Lobby state government, industry and 

education providers to maintain and enhance education and training services and facilities” and 

Outcome 1.3.2 “Continue to support traineeships and workplace training opportunities within the 

Shire”.  

The Shire of Harvey’s social infrastructure includes education, health and transport services, as 

described in Table 1-10. 

Table 1-10 Harvey Social Infrastructure  

Aspect Infrastructure 

Education • Seven childcare centres.; 

• Twelve primary schools; 

• Four high schools; and 

• Two TAFE campuses. 

Health • Harvey Hospital; 

• Harvey Medical Group; and 

• Wellington Medical Centre. 

Transport • Limited public transport services including rail and coach services. 
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2 LEGISLATIVE CONTEXT 

2.1 ENVIRONMENTAL IMPACT ASSESSMENT PROCESS 

The Revised Proposal is subject to both State and Commonwealth Assessment Processes, as 

described in the sections below. 

2.1.1 State Assessment Process 

The Western Australian EP Act is the governing legislation administered by the EPA, which grants 

protection to environmental values in WA and provides the legal framework for impact assessment 

of proposals. There are two parts of the EP Act under which environmental approvals may be 

required: Part IV and V. This Environmental Review Document (ERD) has been prepared to seek 

environmental approval under Part IV of the EP Act, which provides for the referral and 

environmental impact assessment of significant and strategic proposals.  

A Referral Form and Supporting Document describing the Revised Proposal and its potential 

environmental impacts were referred to the EPA in April 2019 for Assessment (under Section 38 of 

the EP Act (Assessment No. 2216). The EPA released the referral documentation for public 

comment in July 2019.  

On review of the referral information, the EPA considered the Revised Proposal was ‘significant’, as 

defined within Section 37B(1) as “…a proposal likely, if implemented, to have a significant effect on 

the environment”. The ‘environment’, in the context of Part IV of the EP Act, includes segments of 

the environment that the EPA considers for environmental assessment, as defined in the EPA’s 

Statement of Principles, Factors and Objectives - updated October 2021 (EPA, 2021d) and 

discussed in relation to this Revised Proposal in Section 5.1. The EPA determined the required level 

of assessment for the Revised Proposal to be a Public Environmental Review (PER) with an eight-

week public review period.  

The ERD (this document) has been prepared in accordance with the Instructions on how to prepare 

an Environmental Review Document (EPA, 2021b) and the Environmental Impact Assessment (Part 

IV Divisions 1 and 2) Administrative Procedures 2021 (Government Gazette Western Australia 

(GoWA) 2021) to meet the requirements of Section 40(2)(b) of the EP Act. This ERD is preceded by 

an Environmental Scoping Document (ESD), which specifies the form, content, timing and procedure 

of the environmental review. The ESD was prepared by the EPA for this Revised Proposal and was 

finalised in February 2020 (refer to Appendix A). Worsley Alumina, as the Proponent, is required to 

provide all information relating to the environmental impacts (or potential impacts) of the Revised 

Proposal as identified in the ESD. All additional information requested by the EPA throughout the 

assessment process has been included in this ERD. 

Following the EPA’s review of this ERD to determine if all requirements outlined in the ESD have 

been addressed, this ERD (including any supporting information submitted during the assessment 

process) will be made publicly available for the eight-week review period. Worsley Alumina is 

required to respond to all public submissions received during the public review period. The EPA will 

review Worsley Alumina’s response to the public submissions, which will be published on the EPA’s 

website once acceptable. A draft assessment report containing the EPA’s findings and 

recommendations will be prepared by the EPA and submitted to the WA Minister for the Environment 

(the Minister). The Minister considers the EPA’s recommendations and may seek input from other 

Ministers and Decision-Making Authorities (DMA’s) on the implementation of the proposal and 
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relevant conditions. When complete and approval is granted, the Minister releases a Statement 

pursuant to Section 45 of the EP Act and the Revised Proposal may be implemented in accordance 

with any conditions contained within the statement. 

This Public Environmental Review (PER) process is not the first Part IV assessment applied to the 

Project. The Project has been the subject of, and approved as a result of, two prior assessments (in 

1995 and 2005).  Refer to Section 1.2.1 for further information and Figure 1-4 for an overview of 

how Worsley Alumina currently gives effect to the requirements of the 2005 ERMP (and approval 

under Ministerial Statement 719 (MS 719) through the existing Ten Year Plan (10YP) and Annual 

Review processes, and indicates how those processes integrate with the mine planning processes 

and associated impact management plans proposed under the Revised Proposal. 

2.1.2 Commonwealth Assessment Process 

The Revised Proposal requires assessment in accordance with the Commonwealth EPBC Act, 

which is the governing legislation administered by the Commonwealth Government Department of 

Agriculture, Water and the Environment (DAWE) (formerly the Department of the Environment and 

Energy [DoEE]). The EPBC Act grants protection to biodiversity and heritage values in Australia. 

The EPBC Act encompasses the legal framework for assessing the level of impact on Matters of 

National Environmental Significance (MNES) as a result of a proposal being implemented. Actions 

that have, or are likely to have, a significant impact on a MNES require approval from the 

Commonwealth Minister for the Environment. For these projects, referral to the DAWE is required. 

The Revised Proposal was referred to the DAWE under Section 68 of the EPBC Act in April 2019, 

to assess the level of impact on MNES. The Revised Proposal received a Controlled Action decision, 

meaning that formal assessment under the EPBC Act is required (EPBC 2019/8437).  

The Revised Proposal will be assessed by the WA EPA on behalf of the Commonwealth through an 

accredited assessment process. This permits the EPA to assess proposals which are likely to have 

a significant impact on WA environmental values as well as MNES. The assessment process will 

take into account Commonwealth guidelines, policies and plans. The EPA will prepare an 

assessment report. This assessment report will be submitted to the Commonwealth Minister for the 

Environment, along with additional information, for a final decision to approve (or not approve) the 

implementation of the Revised Proposal. The DAWE is not required to undertake a separate 

assessment for this proposal. 

It is noted that this Project has been the subject of, and approved as a result of, two prior 

assessments (in 1995 and 2005). Refer to Section 2.2 for further information. 

2.1.3 State Agreement 

A State Agreement is a legal contract between the WA Government and a Proponent of a major 

project within WA authorised by and talking effect through legislation. Under such agreements, 

Proponents take or share responsibility with the State for developing infrastructure specific to the 

project.   

Worsley Alumina currently operates under the Alumina Refinery (Worsley) Agreement Act 1973 

(Worsley State Agreement). The Revised Proposal will be subject to the existing State Agreement. 

This agreement includes provisions for a range of activities/facilities including the following: 

• Obligations for the Joint Venture; 

• Facilities for transport of bauxite and coal; 
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• Ancillary facilities; 

• Disposal of waste; 

• Drainage; 

• Housing; 

• Use of local labour; 

• Royalties; 

• Construction and maintenance of roads/railways; 

• Water/coal/electricity/access to forests; and 

• Environmental protection. 

2.2 OTHER APPROVALS AND REGULATIONS 

2.2.1 Worsley State Agreement (WSA) Act 

The Worsley State Agreement provided the initial basis for the Project to proceed. Clause 5A of the 

Agreement under the Act required the Worsley Alumina Joint Venturers (WJVs) to submit a detailed 

Environmental Review and Management Programme (ERMP) for assessment and approval in order 

for project operations to begin.  

This initial ERMP was submitted in July 1978 and released for public comment by the Western 

Australian (WA) Department of Conservation and Environment and the Commonwealth Department 

of Environment, Housing and Community Development. The final ERMP for the Project was 

submitted in October 1979. In 1980, the WJVs received environmental approval to proceed with the 

Project to a capacity of 2 Mtpa alumina production. Approval to commence the Worsley Bauxite-

Alumina Project was granted following assessment of the ERMP in 1980. The mining and Refinery 

operation commenced in 1984 with the Refinery granted a nominal production capacity of 2 Mtpa.  

Reporting against the relevant Sections (c5A(3) & c16(10)) of the WSA is undertaken annually 

through submission of the Worsley 10YP and Annual Review process. The reports submitted under 

clause 5A(3) (Annual Environmental Report and c16(10) (Plan of Bauxite Mining Operations (10Year 

Plan)) are provided to the Worsley EMLG for review (see Section 1.3.1.1).  The EMLG has been in 

place to review the Worsley Project since the 1995 approval (MS423) and has been further confirmed 

and described in procedure 6 of MS719, which amongst other reviews, describes the EMLG as 

having the following function: 

• Review of the 10 year rolling mine plans prepared by the proponent pursuant to clause 16(10) of 
the Alumina Refinery (Worsley) Agreement Act 1973, and provide reports on is findings to the 
Minister for State Development and the Minister for the Environment and: 

• Review the proponent’s environmental performance annually against its Bauxite mining Plan(s) 
and Rehabilitation Plan. 

2.2.2 Environment Protection Act - Part IV  

Since the implementation of the ERMP and commencement of operations, the Project has been the 

subject of the following assessments under Part IV of the EP Act. and received the following primary 

approvals relating to significant expansions:  

• In 1995, Worsley Alumina referred a proposal under Part IV of the EP Act to increase production 
at the alumina refinery from 2.0 Mtpa to 3.5 Mtpa and associated bauxite mining activities at BBM. 
The proposal was assessed at a level of assessment of Consultative Environmental Review. EPA 
Bulletin 823 was published on 14 June 1996, and Ministerial Statement 423 (MS 423) was issued 
on 2 July 1996; 

• In June 2004, Worsley Alumina referred a proposal to increase the production rate at the alumina 
refinery from 3.5 Mtpa to 4.4 Mtpa (“Worsley Alumina Efficiency and Growth”), which included five 
additional mining areas: East Quindanning, Morgan’s, Hotham North Extension, Central and 
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Brookton.  This proposal was subject to an Environmental Review and Management Programme 
(2005 ERMP) and assessed under the EPBC Act through the Bilateral Agreement. EPA Bulletin 
1209 was published on 28 November 2005 and MS 719 (which consolidated MS 423) was issued 
on 13 April 2006. MS 719 replaced MS 423 and, in doing so, it continued to provide approval for 
the proposal originally subject to MS 423, as well as provide new approval for the proposal 
described in the 2005 ERMP; 

• Ministerial Statement 719 was divided into 2 parts, Part A and Part B. Part A provided approval 
for operations at the refinery and mining operations within the Primary Bauxite Area (PBA) as 
defined in Schedule 1, Figure 1 of MS 719; and  

• Part B of MS 719 relate to the Extended Mining Areas (Schedule 1, Figure 1 of MS 719) and 
require the completion of certain conditions, e.g. Biodiversity Investigations, prior to 
commencement of mining. To date, mining has not commenced in the Extended Mining Areas 
and the conditions relating to these areas have not yet been applied.  

Note: Several non-substantial changes were approved for the proposal in accordance with the 

provisions of condition 2 of MS 423. Changes which did not have a significant impact on the 

environment were also made to the proposal that is the subject of MS 719 pursuant to Section 

45C of the EP Act. Some MS 719 conditions were also amended by MS 751, issued on 

24 September 2007.  

Subject to the approval of this Revised Proposal, continuation of the existing activities is proposed 

to be considered part of the Revised Proposal. This will ensure that Worsley Alumina can be subject 

to a whole of operations, consolidated environmental approval to ensure effective and efficient 

environmental management of the operations. 

To achieve this objective of a streamlined, effective environmental management outcome, Worsley 

Alumina intends to seek a consolidated assessment and approval through a consolidated Ministerial 

Statement, consistent with the Section 38 referral: 

‘This will also enable the issuance of a single whole of operations EP Act approval for the 

expansion/revision combined with continuation of existing operational activities currently the 

subject of Ministerial Statement 719 (MS 719) (as amended). This will ensure effective and 

efficient environmental management of the Project as a whole.’ 

Worsley Alumina will work with the EPA to achieve this consolidated Ministerial Approval and 

recognises some elements of the prior Ministerial Statement will require contemporisation, to ensure 

the most effective environmental management of the Worsley Alumina activities into the future. 

2.2.2.1 Refinery 

The Worsley refinery operations were assessed in 2005 within the Worsley Alumina Efficiency and 

Growth application which was subsequently approved by Ministerial Statement 719 (and several 

subsequent Section 45C applications and approvals. The Worsley Refinery has an approved 

production rate of 4.7Mtpa.  Schedule 1 of MS 719 includes management limits for SO2, NOx, 

Particulates and VOC’s.  These air emissions and associated targets and reporting are also currently 

regulated through the Environmental Protection Licence (L4504/1981/17) issued under Part V of the 

EP Act.   

This represents a duplication of regulation and Worsley Alumina considers it appropriate that through 

this Revised Proposal, that elements associated with air quality currently included in Ministerial 

Statements, be removed from future approvals under Part IV of the EP act as they can be 

appropriately regulated under Part V of the EP Act. 



 

 Worsley Mine Expansion Environmental Review Document 47 
 

The Bauxite Residue Disposal Areas are located within Crown Lease Agreement L154246.  This 

Referral includes application to increase the height of the BRDA walls and increase the footprint of 

BRDA4. Assessment against these proposed actions is provided within this ERD. 

2.2.2.2 Overland Bauxite Conveyor 

The Overland Bauxite Conveyor (OBC) is located within Crown Lease Agreement N104197 and was 

approved under the original 1979 ERMP and is subject to an EPBC Act exemption as it was 

approved prior to the EPBC Act coming into force.  Continued operation of the OBC was included in 

the 1995 CER and 2005 ERMP and has been incorporated within the approval of MS 719.   

Conveyor noise is regulated under clause 12(c) of the WSA as opposed to the EP Act Noise 

Regulations.  In addition, this clause has been extended to the extension to the OBC as part of the 

Worsley Efficiency and Growth Project (Saddleback to Marradong existing conveyor). 

This referral includes the ongoing use of the ore transport activities and use of existing transport 

infrastructure, including operation of the existing conveyor and does not make any modification to 

the existing ore transport activities. 

2.2.2.3 Primary Bauxite Area (PBA) 

The 1995 Consultative Environmental Review (CER) described the clearing of up to 35% of native 

vegetation within the area then referred as the Primary Bauxite Area (PBA). This represents 5,263 

ha of native vegetation that has already been approved/subject to exemption to be cleared for 

existing mining activities at BBM.  Ministerial Statement 423 was issued to approve the 1995 

Application and represents the last time the PBA area was formally assessed.   Ministerial Statement 

719 was issued in 2006 following application for the Worsley Efficiency and Growth Project, and 

proponent commitments were included in the approval that apply to the PBA, including: 

• Preparation and implementation of a Water Resource Management Plan – Mining; 

• Preparation and implementation of a Dust Management Plan; 

• Preparation and implementation of a Noise and Vibration Management Plan – Mining; 

• Preparation and implementation of a Noise Management Plan – Bauxite Transport; and 

• Preparation and implementation of a Biodiversity and Forest Management Plan – PBA. 

2.2.2.4 Extended Mining Areas  

The Extended Mining Areas were approved as part of the 2005 referral and are subject to Part B 

conditions of MS 719. It should be noted that mining and transport corridor activities have not 

commenced in the (Part B) Extended Mining Areas (Figure 2-1a). These activities are already 

approved under EPBC Act Approval 2004/1566 (subject to conditions 1 and 2 of that approval) and 

Part B conditions of State Approval MS 719. The mining of these areas is not expected for some 

time. Although mining in these areas forms part of the overall Project, no changes are currently 

proposed to activities in these areas as part of this Revised Proposal. 

It is proposed that, if this Revised Proposal is approved, a single EP Act approval be issued for all 

operations including the Extended Mining Areas. The Extended Mining Areas will however continue 

to be subject to conditions in the form of the current Part B conditions (issued under that single new 

EP Act approval).  

2.2.2.5 Exploration 

Exploration was considered part of the original proposal subject to the ERMP approved in 1979. 

Section 2.0 or the 1979 ERMP specifically identifies “…detailed ore development drilling phase 
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which will be part of the ongoing mining operations”.  Clause 7 of the State Agreement Act also 

recognises “prospecting” i.e. drilling, as a component of mining operations. 

Regional exploration is currently approved and regulated as part of the proposals approved under 

Part IV of the EP Act. It is also authorised via a range of mining tenements and is often subject to 

the Alumina Refinery (Worsley) Agreement Act 1973 (WA) (State Agreement). Regional exploration 

is covered by Worsley’s previous Ministerial Statements. In particular:  

• Ministerial Statement 423: MS 423 was supported by the 1995 Consultative Environmental 

Review (CER). The 1995 CER included the assessment of environmental impacts and identified 

management measures for exploration. EPA Bulletin 823 (EPA, 1996), the assessment report for 

MS 423, recognises exploration as an associated activity to bauxite mining; 

• Ministerial Statement 719: MS 719 continued to approve Worsley operations originally subject to 

MS 423, as well as providing new approval for the proposal, which includes exploration, described 

in the 2005 ERMP. In Bulletin 1209, the EPA again acknowledged that exploration was a part of 

the proposal (Schedule 1 of the draft Ministerial Statement in Bulletin 1209 and elsewhere in the 

document) and that the ten year mine plan was used to provide detail of exploration plans. 

Exploration was included in Schedule 1 of MS 719; and 

• Ministerial Statement 751: MS 751 was issued to amend some of the conditions contained in MS 

719 and clearly contemplates the inclusion of exploration in the proposal, because Note 4 

specifically excluded exploration from the definition of “ground-disturbing activities” in the 

application of some conditions. 

As per the EPA guidance for significant amendments (How to prepare an Environmental Review 

Document. Instructions, EPA 2021c) development of this proposal has considered all currently 

approved elements, and consideration of existing implementation conditions. As noted above, the 

regional exploration program has historically been recognised under existing conditions. Therefore, 

exploration activities have been included in the ERD assessment to ensure the exploration program 

is considered holistically (as intended by the State Agreement) and its cumulative impacts are 

properly assessed and approved with consistently high standards of management measures, under 

both the EP Act and the EPBC Act. This process will allow for the inquiry into the existing 

implementation conditions, as well as the contemporisation of conditions. To ensure this regional 

exploration program is managed appropriately Worsley has included with the assessment a binding 

Exploration Environmental Management Plan which outlines the low impact nature of the activity.  

2.2.3 EPBC Act   

Operations included in the original proposal and the subsequent amendment in 1995 to increase 

production at the alumina Refinery from 2.0 Mtpa to 3.5 Mtpa and associated bauxite mining activities 

at BBM are subject to an exemption from the EPBC Act as they were approved prior to the EPBC 

Act being implemented.  

In June 2004, Worsley Alumina’s proposal to increase the production rate at the alumina refinery 

from 3.5 Mtpa to 4.4 Mtpa (“Worsley Alumina Efficiency and Growth”), which included five additional 

mining areas: East Quindanning, Morgan’s, Hotham North Extension, Central and Brookton, was 

assessed under the EPBC Act through the Bilateral Agreement between the Commonwealth and 

the State of Western Australia. EPBC Act approval 2004/1566 was issued for the “Worsley Alumina 

Efficiency and Growth aspects of the Project on 6 June 2007. 

The Extended Mining Areas will remain regulated by the EPBC approval 2004/1566.  
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2.2.4 Part V of the Environmental Protection Act   

Both the Refinery and BBM operate under an Environmental Protection Licence issued under Part V 

of the EP Act. Environmental Protection licences are intended to regulate emissions and discharges 

from prescribed premisses. 

Environmental Licence L5960/1983/11 covers operations at BBM and regulates the mining of up to 
18.8 Mtpa of bauxite.  The licence includes conditions relating to infrastructure and equipment, 
emissions (air and water), monitoring (waste water, ambient air quality, groundwater, noise) and 
reporting.  Worsley Alumina intends to apply to extend the current licence to include all relevant 
aspects of the Revised Proposal. 
 
Environmental Licence L4504/1981/17 covers operations at the Refinery and permits the production 
of up to 4.7 Mtpa of alumina, electric power generation, fly ash disposal, sewerage facility, liquid 
waste facility and landfill operations. The Licences contains conditions related to construction and 
operation of waste processing facilities, containment infrastructure, construction requirements, point 
source emissions to air (monitoring and targets), and reporting and auditing.  The Revised Proposal 
does not require any amendments to the operations at the refinery and Worsley Alumina considers 
that current and future operations can be appropriately regulated through the implementation of the 
environmental Licence issued under Part V of the EP Act.  

2.2.5 Rights in Water and Irrigation (RIWI) Act 1914   

Operations at the Refinery are subject to a Surface Water Licence SWL 68041(4) issued under the 

RIWI Act.  This licence regulates the discharge from the Fresh Water Lake to the Augustus River.  

The licence regulates the volume and timing of discharge to meet ecological demands as well as 

monitoring requirements for water quality to ensure downstream users are not adversely impacted. 

Worsley Alumina does not propose to change any requirements related to the Surface Water Licence 

and considers that the discharge from the Fresh Water Lake can be appropriately regulated through 

continued implementation of SWL68041(4). 

2.2.6 Land Tenure 

The Worsley Bauxite-Alumina mining operations primarily occur on Mining Lease M258SA, which 

was granted to the WJVs under the Alumina Refinery (Worsley) Agreement Act 1973. The WJVs 

also hold additional mining leases granted pursuant to the Mining Act 1978 (Mining Act). These 

include Mining Act tenements granted pursuant to Section 7B of the Worsley State Agreement where 

‘all minerals’ rights are subleased to Newmont Goldcorp Boddington Pty Ltd, with the bauxite rights 

retained by Worsley Alumina. Worsley Alumina intends to jointly operate within these tenements. In 

addition, the WJVs have current agreements with Alcoa of Australia Limited (Alcoa) to sublease 

three (3) sections of Mineral Lease ML1SA. These sublease arrangements provide access and 

mining rights to the WJVs, pursuant to the Alumina Refinery Agreement Act 1961, which were 

approved by the then Minister for State Development, Jobs and Trade.  

Worsley Alumina manages all mining tenure held by the WJVs, which includes most land within the 

WMDE and BTC. A summary of the Worsley Alumina Pty Ltd (WAPL) mining tenure is provided in 

Table 2-1. 
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Table 2-1 Summary of WAPL Tenure Agreements 

Tenure/ 
Agreement 

Type 
Tenement/Agreement Granted Expiry 

Mining Act 
Tenure 

M70/21-25 9 April 1986 8 April 2028 

M70/26 28 November 2014 27 November 2035 

M70/110-116 3 February 1989 2 February 2031 

M70/554 6 April 2004 5 April 2025 

M70/564 27 April 1990 26 April 2032 

M70/799 21 September 1993 20 September 2035 

L70/211 12 March 2020 11 March 2041 

L70/210 27 July 2021 26 July 2042 

L70/233 8 April 2021 07 April 2042 

G70/183-189 1 September 1998 31 August 2040 

E70/33027 30 November 2016 29 November 2021 

E70/3304 27 July 2016 26 July 2026 

E70/3305 27 July 2016 26 July 2026 

E70/3306 27 April 2021 4 February 2026 

E70/3307 11 July 2016 10 July 2026 

E70/3456 9 August 2016 8 August 2026 

E70/3457 12 July 2016 11 July 2026 

State 
Agreement 
Tenure 

M258SA 16 August 1983 15 August 2025 

ML1SA Sublease (Saddleback)8 14 February 2001 24 September 2024 

ML1SA Sublease (Southern) 8 31 August 2001 24 September 2024 

ML1SA Sublease (Western 
Marradong) 8 

13 September 2016 24 September 2024 

Crown 
Lease 
Agreements  

Refinery Crown Lease Agreement 
I150306 in respect of 1 Crown 
Land Title 

10 February 1981 15 August 2025 

Bauxite Residue Disposal Areas 
(BRDAs) Crown Lease Agreement 
I154246 in respect of 3 Crown 
Land Titles 

22 March 1982 15 August 2025 

Overland Bauxite Conveyor (OBC) 
Crown Lease Agreement 
N104197 in respect of 10 Crown 
Land Titles9 

22 March 1982 15 August 2025 

Note: this only covers crown land along the OBC route, the OBC also traverses eight 
Freehold Titles owned by WJV Partners which are not listed. 

 
 
7 Extension/Renewal of Term 636153 Lodged: 19 November 2021 and is yet to be determined by DMIRS. The 

proposed expansion areas do not include these tenement locations. 
8 Worsley subleases from of Alcoa of Australia Limited portions the state agreement tenement ML1SA. 
9 This OBC Crown Lease relates to only crown land traversed by the OBC route, the OBC also intersects eight (8) 
Freehold Titles owned by WJV Partners which are not listed. 
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Tenure/ 
Agreement 

Type 
Tenement/Agreement Granted Expiry 

Port tenure 
Sublease of Port Area from Bunbury Port Authority, which has never been 
registered against the port crown land title as an encumbrance, therefore no 
sublease number registered  

The Worsley Refinery is located within one Crown Land Title and governed by Crown Lease 

Agreement I150306. The existing Bauxite Residue Disposal Areas (BRDAs) are located within three 

Crown Land Titles and are governed under a single Crown Lease Agreement I154246 which 

effectively cover three separate areas inside the Refinery Lease. The western portion of the Refinery 

Lease is overlaid by part of Mining Lease M258SA, thus permitting mining activity within the 

overlapping zone. The CBME intercepts with this overlapping zone.  

The OBC that extends from the BBM to the Refinery traverses multiple land parcels comprising eight 

WJV owned freehold or private properties and ten (10) Crown Land Titles. These Crown Land Titles 

are collectively managed under the Crown Lease Agreement N104197. 

The expanded mining areas included in this Revised Proposal are primarily located within existing 

Worsley Alumina tenure, on land for which access is already permitted. For areas not currently 

included in existing tenure or access agreements the WJVs, prior to implementing the Revised 

Proposal, will secure land access, mining tenure, landholder agreements or relevant legislative 

approvals for any areas within the WMDE and BTC that have not been previously secured by the 

WJV. A summary of Worsley Alumina’s overall tenure arrangements is presented in Figure 2-1a to 

Figure 2-1c. 

The Revised Proposal is also located within and/or directly adjacent to the Harris River and 

Dwellingup State forests and three unnamed Timber Reserves (147/25, 148/25 and 171/25), lands 

vested in the Conservation and Parks Commission and Department of Biodiversity, Conservation 

and Attractions (DBCA) managed lands, in accordance with the Conservation and Land 

Management Act 1984. The management of these lands under the Conservation and Land 

Management Act 1984 occurs in a manner that includes but is not limited to, the protection of the 

flora and fauna values, recreation and water catchment protection, and to protect and conserve the 

value of the land to the culture and heritage of Aboriginal persons. 
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2.2.7 Native Title and Aboriginal Heritage 

The Revised Proposal occurs within the South West Native Title Settlement Area, which is governed 

by an overarching Native Title Agreement between the South West Aboriginal Land and Sea Council 

(SWALSC) and the Government of WA and is referred to as the South West Native Title Settlement 

(the Settlement). More specifically, the Revised Proposal is located within the Gnaala Karla Booja 

(GKB) Agreement Area (Department of Premier and Cabinet 2020).  

Six Indigenous Land Use Agreements (ILUAs) were officially registered in October 2018. These were 

established between six Noongar Agreement Groups during the negotiation of the Settlement. The 

Settlement is anticipated to generate substantial opportunity for sustainable social, economic and 

cultural outcomes for the Noongar people, the WA Government and relevant stakeholders. Further 

information on engagement and collaboration with Traditional Owners for the Project is provided in 

Section 3.3.3. 

The Aboriginal Cultural Heritage Act 2021 (WA) (ACH Act) was enacted in December 2021. Before 

the ACH Act comes into operation there will be a transitional period of at least 12 months, during 

which time the Aboriginal Heritage Act 1972 (WA) will remain in force and the various regulations, 

standards and guidelines are developed. During this transitional period, Worsley Alumina’s current 

activity will be managed under the AHA, and will include an application under Section 18 of the AHA 

to use identified land for river crossings in a manner that will disturb Aboriginal heritage and which 

cannot be avoided. This work has been progressed with substantial consultation with the GKB to 

minimise impact to Aboriginal heritage and their cultural values.  

Worsley Alumina will continue to review its approach to managing the potential impact of its activities 

on Aboriginal cultural heritage to align with the new standards in the ACH Act. This includes  adapting 

its internal processes and practices and continuing collaboration and consultation with Traditional 

Owners. Worsley Alumina will also continue working with the GKB to review its existing Cultural 

Heritage Management Plan to reach an approved or authorised Aboriginal Cultural Heritage 

Management Plan under the ACH Act, once the substantive provisions of that legislation commence.  

Further information on engagement and collaboration with Traditional Owners for the Project is 

provided in Section 3.3.3. 

2.2.8 Other Approvals and Regulations 

Other approvals and regulations applicable to the Revised Proposal are detailed in Table 2-2. 

Preparation of secondary approvals will coincide with this assessment process. However, 

assessment and issue of all secondary approval applications is conditional to prior approval of the 

Revised Proposal under the EP Act. 

Worsley Alumina manages its shipping operations at the Bunbury Port under an EP Act Certificate 

of Registration (Registration No. 1859). 
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Table 2-2 Other Approvals 

Decision making 
authority 

Legislation or 
Agreement 
regulating 

activity 

Approval 
required / 
Existing 
Approval 

Proposal 
element Whether/how statutory decision-making process can mitigate 

impacts on the environment?  

Minister for Mines 
and Petroleum 

Mining Act 1978 Mining Proposal 
and Mine Closure 
Plans 

Mining 
activities 

Yes, the Mining Proposal and attendant Mine Closure Plan(s) provide 
detail of impact management actions that will be implemented to address 
each of the environmental impacts identified in this ERD. Under the 
requirements of the Statutory Guidelines for Mining Proposals (DMIRS, 
2020) environmental outcomes, performance criteria and monitoring 
requirements are to be specified in relation to each of the environmental 
risks identified as a part of an environmental risk assessment. The 
achievement of these outcomes in accordance with the identified 
performance criteria is managed and continually improved via the 
operation of a mandatory environmental management system (EMS). 

• Flora and vegetation: The objective “to protect flora and 
vegetation so that biological diversity and ecological integrity will 
be maintained” will be achieved via the implementation of the 
management plans referenced in this ERD within the framework 
of the Mining Proposal and EMS. The mine rehabilitation 
commitments included in this ERD and its associated 
documentation will be incorporated in and executed under the 
Mine Closure Plan; 

• Terrestrial Fauna: The objective to “protect terrestrial fauna so 
that biological diversity and ecological integrity are maintained” 
will be achieved via the implementation of the management plans 
referenced in this ERD within the framework of the Mining 
Proposal and EMS. The implementation of the mine rehabilitation 
commitments included in this ERD under the Mine Closure Plans 
will contribute to the protection of fauna by mitigating the SRI 
associated with the Revised Proposal; 

• Terrestrial Environmental Quality: The objective to “maintain the 
quality of land and soils so that environmental values are 
protected” will be achieved via the implementation of the 
management plans referenced in this ERD within the framework 
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of the Mining Proposal and EMS. The implementation of land and 
soil restoration techniques specified in this ERD and associated 
management plans will be implemented under the Mine Closure 
Plans and will contribute to the maintenance of the quality of land 
and soils; 

• Inland Waters: The objective “to maintain the hydrological 
regimes and quality of groundwater and surface water so that 
environmental values are protected” will be achieved via the 
implementation of the management plans referenced in this ERD 
within the framework of the Mining Proposal, the Mine Closure 
Plans and EMS. Management measures under these documents 
include measures to protect the quality of groundwater from 
accidental pollution, the avoidance of impacts on surface water 
features such as streams and impoundments, and the re-
instatement of surface water and groundwater flow regimes 
during rehabilitation activities; 

• Air Quality: The objective “to maintain air quality and minimise 
emissions so that environmental values are protected” will be 
achieved via the implementation of the management plans 
referenced in this ERD within the framework of the Mining 
Proposal, the Mine Closure Plans and EMS. These plans address 
the prevention of dust emissions and the minimisation of the 
emission of combustion products; 

• Social Surroundings: The objective to “protect social surroundings 
from significant harm” will be achieved via the implementation of 
the management plans referenced in this ERD, within the 
framework of the Mining Proposal, the Mine Closure Plans and 
EMS. These actions include measures to avoid noise and 
vibration emissions, the avoidance of disturbance to heritage and 
tourism areas and the management of land use changes; and 
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• GHG Emissions: The objective “to reduce net greenhouse gas 
emissions in order to minimise the risk of environmental harm 
associated with climate change” is not specifically addressed by 
the Mining Proposal or Mine Closure Plan.  

Minister for Mines 
and Petroleum 

Mining Act 1978 Programme of 
Works  

Exploration 
activities  

Yes, the Programme(s) of Work (PoWs) for exploration activities provide 
detail of impact management actions that will be implemented to address 
environmental impacts identified in this ERD in areas not covered under 
the State Agreement. Where they are required, PoWs will contribute to 
the mitigation of impacts on the environment by mandating environmental 
management measures minimise disturbance, prevent pollution and 
implement appropriate rehabilitation practices.  

• Flora and vegetation: The objective to “protect flora and 
vegetation so that biological diversity and ecological integrity will 
be maintained” will be achieved via the specification of measures 
in the PoW to avoid or minimise the disturbance of vegetation, 
prevent the spread of weeds and plant pathogens and maximise 
the effectiveness of rehabilitation; 

• Terrestrial Fauna: The objective to “protect terrestrial fauna so 
that biological diversity and ecological integrity are maintained” 
will be achieved via the specification of measures in the PoW to 
avoid or minimise harm to fauna and fauna habitat; 

• Terrestrial Environmental Quality: The objective to “maintain the 
quality of land and soils so that environmental values are 
protected” will be achieved via the specification of measures in 
the PoW to minimise the disturbance and loss of soils through 
erosion and optimize the restoration of terrestrial environmental 
quality through the implementation of rehabilitation measures; 

• Inland Waters: The objective to “maintain the hydrological 
regimes and quality of groundwater and surface water so that 
environmental values are protected” will be achieved via the 



 

 Worsley Mine Expansion Environmental Review Document 59 
 

Decision making 
authority 

Legislation or 
Agreement 
regulating 

activity 

Approval 
required / 
Existing 
Approval 

Proposal 
element Whether/how statutory decision-making process can mitigate 

impacts on the environment?  

specification of measures in the PoW to protect the quality of 
surface water and groundwater from accidental pollution, the 
avoidance of impacts on surface water features such as streams 
and impoundments, and the re-instatement of surface water and 
groundwater flow regimes during rehabilitation activities; 

• Air Quality: Where required, PoWs contribute to the achievement 
of the objective to “maintain air quality and minimise emissions so 
that environmental values are protected” via the implementation 
of dust management measures appropriate to the location and 
the proximity of sensitive receptors;  

• Social Surroundings: Where required, PoWs contribute to the 
achievement of the objective to “protect social surroundings from 
significant harm” by implementing management measures 
appropriate to the protection of social values, including the 
avoidance and minimisation of impacts on heritage values, the 
avoidance and management of noise, vibration and light spill 
impacts and the protection of tourism values; and 

• GHG Emissions: The objective to “ reduce net greenhouse gas 
emissions in order to minimise the risk of environmental harm 
associated with climate change” is not specifically addressed 
PoWs.  

Department of 
Water and 
Environmental 
Regulation 
(DWER) 

Environmental 
Protection Act 
1986 – Part V 

Licence – 
L5960/1983/11 

Processing 
(BBM) 

Yes, the existing licence, and future amendments of the licence, impose 
conditions relating to the prescribed premises (Category 5) for the 
processing or beneficiation of metallic and non-metallic ore, including 
crushing, grinding, milling and processing, and the discharge of tailings to 
a tailings storage facility.  

• Flora and vegetation: The Licence does not impose any 
conditions directly relevant to the EPA objective “to protect flora 
and vegetation so that biological diversity and ecological integrity 
will be maintained”. Conditions relating to the management of 
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emissions to air and water indirectly contribute to the protection of 
flora and vegetation; 

• Terrestrial Fauna: The Licence does not impose any conditions 
directly relevant to the EPA objective to “protect terrestrial fauna 
so that biological diversity and ecological integrity are 
maintained”.  Conditions relating to the management of emissions 
to air and water, and noise emissions indirectly contribute to the 
protection of fauna and fauna habitat; 

• Terrestrial Environmental Quality: The Licence does not impose 
any conditions directly relevant to the EPA objective to “maintain 
the quality of land and soils so that environmental values are 
protected”. Conditions relating to the management emissions to 
air and water indirectly contribute to the protection of land and 
soils; 

• Inland Waters: The Licence contributes to the achievement of the 
objective to “maintain the hydrological regimes and quality of 
groundwater and surface water so that environmental values are 
protected” by mandating measures to effectively contain treated 
wastewater and groundwater, and requirements to monitor and 
report on groundwater quality; 

• Air Quality: The Licence contributes to the achievement of the 
objective to “maintain air quality and minimise emissions so that 
environmental values are protected” by mandating measures to 
manage and monitor releases to atmosphere (specifically in 
relation to PM10); 

• Social Surroundings: The Licence contributes to the achievement 
of the objective to “protect social surroundings from significant 
harm” by mandating management and monitoring measures 
relevant to the management of dust pollution and blasting noise 
impacts; and 
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• GHG Emissions: The objective to “reduce net greenhouse gas 
emissions in order to minimise the risk of environmental harm 
associated with climate change” is not specifically addressed by 
the licence. 

Department of 
Water and 
Environmental 
Regulation 
(DWER) 

Environmental 
Protection Act 
1986 – Part V 

Licence – 
L4504/1981/17 

Processing 
(Refinery) 

Yes, the existing licence, and future amendments of the licence, impose 
conditions  relating to the following prescribed premises: 

• Category 46 – Bauxite refining; 

• Category 52 – Electric Power Generation; 

• Category 53 – Fly ash disposal; 

• Category 54 – Sewage facility; 

• Category 61 – Liquid waste facility; 

• Category 63 – Class 1 inert landfill site; and 

• Category 89 – Putrescible landfill site. 
 
The licence addresses the environmental impact categories as follows:  

• Flora and vegetation: The Licence does not impose any 
conditions directly relevant to the EPA objective “to protect flora 
and vegetation so that biological diversity and ecological integrity 
will be maintained”. Conditions relating to the management of 
emissions to air and water and the management of various 
wastes indirectly contribute to the protection of flora and 
vegetation;  

• Terrestrial Fauna: The Licence does not impose any conditions 
directly relevant to the EPA objective “ to protect terrestrial fauna 
so that biological diversity and ecological integrity are 
maintained”.  Conditions relating to the management of emissions 
to air and water and the management of various wastes indirectly 
contribute to the protection of fauna and fauna habitat; 

• Terrestrial Environmental Quality: The Licence does not impose 
any conditions directly relevant to the EPA objective to “maintain 
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the quality of land and soils so that environmental values are 
protected”. Conditions relating to the management of emissions to 
air and water and the management of various wastes indirectly 
contribute to the protection of land and soils; 

• Inland Waters: The Licence contributes to the achievement of the 
objective to “maintain the hydrological regimes and quality of 
groundwater and surface water so that environmental values are 
protected” by mandating extensive measures to effectively 
contain bauxite refining and associated liquid and solid wastes, 
including controlling infrastructure construction, monitoring 
management and reporting measures; 

 

• Air Quality: The Licence contributes to the achievement of the 
objective “to maintain air quality and minimise emissions so that 
environmental values are protected” by mandating extensive 
measures to effectively monitor, manage and report on emissions 
to air; 

• Social Surroundings: The Licence contributes to the achievement 
of the objective to “protect social surroundings from significant 
harm” by mandating management measures relevant to the 
management of air pollution and noise impacts; and  

• GHG Emissions: The objective “to reduce net greenhouse gas 
emissions in order to minimise the risk of environmental harm 
associated with climate change” is not specifically addressed by 
the licence. The management measures mandated for the 
management of emissions to air do however assist to maintain 
GHG emissions at current levels.  

Minister for Water Rights in Water 
and Irrigation Act 
1914 (RIWI Act) 

Surface Water 
Licence – 
SWL68041(4) 

Processing 
(Refinery) 

Yes, the existing licence, and future amendments of the licence, impose 
conditions relating to the prescribed premise (Category 5) for the 
processing or beneficiation of metallic and non-metallic ore, including 
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crushing, grinding, milling and processing, and the discharge of tailings to 
a tailings storage facility.  

• Flora and vegetation: The Licence does not impose any 
conditions directly relevant to the EPA objective to “protect flora 
and vegetation so that biological diversity and ecological integrity 
will be maintained”. Conditions relating to the abstraction, release 
and quality management of water indirectly influence the 
protection of flora and vegetation; 

• Terrestrial Fauna: The Licence does not impose any conditions 
directly relevant to the EPA objective to “protect terrestrial fauna 
so that biological diversity and ecological integrity are 
maintained”.  Conditions relating to the abstraction, release and 
quality management of water indirectly contribute to the protection 
of fauna and fauna habitat;  

• Terrestrial Environmental Quality: The Licence does not impose 
any conditions directly relevant to the EPA objective to “maintain 
the quality of land and soils so that environmental values are 
protected”. Conditions relating to the abstraction, release and 
quality management of water indirectly contribute to the protection 
of land and soils; 

• Inland Waters: The Licence contributes to the achievement of the 
objective to “maintain the hydrological regimes and quality of 
groundwater and surface water so that environmental values are 
protected” by mandating measures to maintain stream flows and 
water quality; 

• Air Quality: The Licence does not contribute to the achievement 
of the objective to “maintain air quality and minimise emissions so 
that environmental values are protected”;  

• Social Surroundings: The Licence contributes to the achievement 
of the objective to “protect social surroundings from significant 
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harm” by mandating measures to maintain stream flows and 
water quality; and 

• GHG Emissions: The Licence does not contribute to the 
achievement of the objective “to reduce net greenhouse gas 
emissions in order to minimise the risk of environmental harm 
associated with climate change”. 

Department of 
Mines, Industry 
Regulation and 
Safety (DMIRS) 

Dangerous 
Goods Safety 
Act 2004 

Dangerous Goods 
Licence 

Storage, 
handling and 
transport of 
dangerous 
goods 

Yes, the statutory decision-making processes relevant to the storage, 
handling and transport of dangerous goods contribute to the mitigation of 
impacts on the environment that may result from the Revised Proposal. 

• Flora and vegetation: Dangerous Goods Licences do not impose 
any conditions directly relevant to the EPA objective to “protect 
flora and vegetation so that biological diversity and ecological 
integrity will be maintained”. Conditions relating to the safe 
storage, transport and handling of dangerous goods indirectly 
contribute to the protection of flora and vegetation; 

• Terrestrial Fauna: Dangerous Goods Licences do not impose any 
conditions directly relevant to the EPA objective to “protect 
terrestrial fauna so that biological diversity and ecological integrity 
are maintained”.  Conditions relating to the safe storage, transport 
and handling of dangerous goods indirectly contribute to the 
protection of flora and vegetation; 

• Terrestrial Environmental Quality: Dangerous Goods Licences do 
not impose any conditions directly relevant to the EPA objective 
to “maintain the quality of land and soils so that environmental 
values are protected”. Conditions relating to the safe storage, 
transport and handling of dangerous goods indirectly contribute to 
the protection of land and soils; 

• Inland Waters: Dangerous Goods Licences do not impose any 
conditions directly relevant to the EPA objective to “maintain the 
hydrological regimes and quality of groundwater and surface 
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water so that environmental values are protected” by mandating 
measures to maintain stream flows and water quality. Conditions 
relating to the safe storage, transport and handling of dangerous 
goods indirectly contribute to the protection if values associated 
with inland waters; 

• Air Quality: Dangerous Goods Licences do not impose any 
conditions directly relevant to the EPA objective to “maintain air 
quality and minimise emissions so that environmental values are 
protected”. Conditions relating to the safe storage, transport and 
handling of dangerous goods indirectly contribute to the 
protection of values associated with air quality through the 
prevention of fires and accidental releases, including volatile 
compounds, that may have an impact on air quality; 

• Social Surroundings: Dangerous Goods Licences contribute to 
the achievement of the objective to “protect social surroundings 
from significant harm” by mandating measures to prevent the 
accidental release of dangerous goods and fires that may have 
an effect on the health and safety of the community; and 

• GHG Emissions: Dangerous Goods Licences do not impose any 
conditions directly relevant to the EPA objective “to reduce net 
greenhouse gas emissions in order to minimise the risk of 
environmental harm associated with climate change”. Conditions 
relating to the safe storage, transport and handling of dangerous 
goods indirectly contribute to the reduction of GHG emissions 
through the prevention of fires and the release of substances 
(including gases and VOCs) that contribute to climate change.  

 
 

Department of 
Mines, Industry 

Dangerous 
Goods 
(Explosives) 

Explosives 
Licence 

Blasting Yes, the statutory decision-making processes relevant to blasting 
activities and the storage, handling and transport of explosives contribute 
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Regulation and 
Safety (DMIRS) 

Regulations 
2007 

to the mitigation of impacts on the environment that may result from the 
Revised Proposal. 

• Flora and vegetation: Explosives Licences do not impose any 
conditions directly relevant to the EPA objective to “protect flora 
and vegetation so that biological diversity and ecological integrity 
will be maintained”. Conditions relating to the safe use, storage, 
transport and handling of explosives indirectly contribute to the 
protection of flora and vegetation by preventing fires and 
environmental contamination; 

• Terrestrial Fauna: Explosives Licences do not impose any 
conditions directly relevant to the EPA objective to “protect 
terrestrial fauna so that biological diversity and ecological integrity 
are maintained”.  Conditions relating to the safe use, storage, 
transport and handling of explosives indirectly contribute to the 
protection of fauna by preventing fires and environmental 
contamination; 

• Terrestrial Environmental Quality: Explosives Licences do not 
impose any conditions directly relevant to the EPA objective to 
“maintain the quality of land and soils so that environmental 
values are protected”. Conditions relating to the safe use, 
storage, transport and handling of explosives indirectly contribute 
to the protection of terrestrial environmental quality by preventing 
soil contamination; 

• Inland Waters: Explosives Licences do not impose any conditions 
directly relevant to the EPA objective “to maintain the hydrological 
regimes and quality of groundwater and surface water so that 
environmental values are protected” by mandating measures to 
maintain stream flows and water quality. Conditions relating to the 
safe use, storage, transport and handling of explosives indirectly 
contribute to the protection of inland waters by preventing the 
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contamination of water by explosives and explosive residues 
(particularly nitrates); 

• Air Quality: Explosives Licences do not impose any conditions 
directly relevant to the EPA objective “to maintain air quality and 
minimise emissions so that environmental values are protected”. 
Conditions relating to the safe use, storage, transport and 
handling of explosives indirectly contribute to the protection of 
values associated with air quality through the prevention of fires 
and accidental releases  may have an impact on air quality; 

• Social Surroundings: Explosives Licences contribute to the 
achievement of the objective to “protect social surroundings from 
significant harm” by mandating measures to ensure the safe use 
of explosives in a manner that protects the health and safety of 
the community; and 

• GHG Emissions: Explosives Licences do not impose any 
conditions directly relevant to the EPA objective “to reduce net 
greenhouse gas emissions in order to minimise the risk of 
environmental harm associated with climate change”. Conditions 
relating to the safe use, storage, transport and handling of 
explosives indirectly contribute to the reduction of GHG emissions 
through the prevention of fires and the release of substances 
(including gases and VOCs) that contribute to climate change.  

Minister for Water RIWI Act Bed and Banks 
Permit 

Disturbance 
to bed and 
banks of 
Hotham River 
and tributaries 

Yes, the statutory decision-making processes relevant to a Bed and 
Banks Permit under the provisions of the RIWI Act, contribute to the 
mitigation of impacts on the environment that may result from the 
Revised Proposal. 

• Flora and vegetation: The Bed and Banks permit process 
contributes directly to achievement of the objective “to protect 
flora and vegetation so that biological diversity and ecological 
integrity will be maintained”. Conditions relating to the avoidance 
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of riparian zone vegetation contribute directly to the protection of 
flora and vegetation; 

• Terrestrial Fauna: The Bed and Banks permit process contributes 
directly to achievement of the objective “to protect terrestrial 
fauna so that biological diversity and ecological integrity are 
maintained”.  Conditions relating to the avoidance of the riparian 
zone and riparian zone vegetation contribute directly to the 
protection of fauna and fauna habitat; 

• Terrestrial Environmental Quality: The Bed and Banks permit 
process contributes directly to achievement of the objective “to 
maintain the quality of land and soils so that environmental values 
are protected”. Conditions relating to the avoidance of the riparian 
zone and the protection of stream beds contribute directly to the 
avoidance of erosion and the loss of soil through stream scour; 

• Inland Waters: The Bed and Banks permit process contributes 
directly to achievement of the objective “to maintain the 
hydrological regimes and quality of groundwater and surface 
water so that environmental values are protected” by mandating 
measures to maintain stream flows and water quality. Conditions 
relating to the avoidance of the riparian zone and the protection of 
stream beds contribute directly to the avoidance of water quality 
impacts as a result of erosion and stream scour; 

• Air Quality: The Bed and Banks permit process does not impose 
any conditions directly relevant to the EPA objective “to maintain 
air quality and minimise emissions so that environmental values 
are protected”; 

• Social Surroundings: The Bed and Banks permit process 
contributes directly to achievement of the objective to “protect 
social surroundings from significant harm” by mandating 
measures appropriate to the protection of watercourse-related 
social values, including the avoidance and minimisation of 



 

 Worsley Mine Expansion Environmental Review Document 69 
 

Decision making 
authority 

Legislation or 
Agreement 
regulating 

activity 

Approval 
required / 
Existing 
Approval 

Proposal 
element Whether/how statutory decision-making process can mitigate 

impacts on the environment?  

impacts on heritage values, and the protection of tourism values; 
and 

• GHG Emissions: The Bed and Banks permit process does not 
impose any conditions relevant to the EPA objective “to reduce 
net greenhouse gas emissions in order to minimise the risk of 
environmental harm associated with climate change”.  

Minister for 
Aboriginal Affairs 

Aboriginal 
Heritage Act 
1972 (AHA) 

Section 18 Notice Disturbance 
to a 
registered 
Aboriginal 
heritage site 

Yes, the statutory decision-making processes relevant to Section 18 
under the provisions of the AHA Act, contributes to the mitigation of 
impacts on the environment that may result from the Revised Proposal. 

• Flora and vegetation: The Section 18 Notice(s) that may be 
required for the disturbance of two Aboriginal heritage sites 
associated with proposed river crossings is/are unlikely to impose 
any conditions directly relevant to the EPA objective “to protect 
flora and vegetation so that biological diversity and ecological 
integrity will be maintained”; 

• Terrestrial Fauna: The Section 18 Notice(s) that may be required 
for the disturbance of two Aboriginal heritage sites associated 
with proposed river crossings is/are unlikely to impose any 
conditions directly relevant to the EPA objective “to fauna so that 
biological diversity and ecological integrity will be maintained”; 

• Terrestrial Environmental Quality: The Section 18 Notice(s) that 
may be required for the disturbance of two Aboriginal heritage 
sites associated with proposed river crossings is/are unlikely to 
impose any conditions directly relevant to the EPA objective to 
“maintain the quality of land and soils so that environmental 
values are protected”; 

• Inland Waters: The Section 18 Notice(s) that may be required for 
the disturbance of two Aboriginal heritage sites associated with 
proposed river crossings may impose conditions relevant to the 
EPA objective “to maintain the hydrological regimes and quality of 
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groundwater and surface water so that environmental values are 
protected” by mandating measures to maintain stream flows and 
water quality; 

• Air Quality: The Section 18 Notice(s) that may be required for the 
disturbance of two Aboriginal heritage sites associated with 
proposed river crossings is/are unlikely to impose any conditions 
directly relevant to the EPA objective “to maintain air quality and 
minimise emissions so that environmental values are protected”; 

• Social Surroundings: Worsley Alumina has developed the work 
described in the Section 18 notices and the Section 18 notices 
themselves with the relevant Traditional Owners to ensure harm 
to Aboriginal heritage and cultural values is minimised. As a 
result, any approval granted under Section 18 of the AHA will be 
limited to ensure Worsley Alumina implements the Revised 
Proposal as described in the ection 18 notices, which is a key 
factor for ensuring harm is minimised; and 

• GHG Emissions: The Section 18 Notice(s) that may be required 
for the disturbance of two Aboriginal heritage sites associated 
with proposed river crossings is/are unlikely to impose any 
conditions directly relevant to the EPA objective “to reduce net 
greenhouse gas emissions in order to minimise the risk of 
environmental harm associated with climate change”. 

Minister for State 
Development 

Alumina 
Refinery 
(Worsley) 
Agreement Act 
1973  

Mining 
agreements 

Land access Yes, the provisions of the State Agreement contribute to the mitigation of 
impacts on the environment that may result from the Revised Proposal. 

• Flora and vegetation: The provisions of the State Agreement 
impose conditions relevant to the restoration (rehabilitation) of 
flora and vegetation that are relevant to the objective “to protect 
flora and vegetation so that biological diversity and ecological 
integrity will be maintained”; 
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• Terrestrial Fauna: The provisions of the State Agreement impose 
conditions relevant to the restoration (rehabilitation) of fauna 
habitat that are relevant to the objective “to fauna so that 
biological diversity and ecological integrity will be maintained”; 

• Terrestrial Environmental Quality: The provisions of the State 
Agreement impose conditions relevant to the restoration of soils 
and landforms through rehabilitation actions that are relevant to 
the objective to “maintain the quality of land and soils so that 
environmental values are protected”; 

• Inland Waters: The provisions of the State Agreement impose 
conditions relevant to the EPA objective “to maintain the 
hydrological regimes and quality of groundwater and surface 
water so that environmental values are protected”. These include 
provisions for the diversion of water flows, the prevention of 
erosion and the management of siltation; 

• Air Quality: The State Agreement does not impose any conditions 
directly relevant to the EPA objective “to maintain air quality and 
minimise emissions so that environmental values are protected”. 
The requirements for the rehabilitation of mined land has the 
indirect effect of reducing the risk of dust pollution; 

• Social Surroundings: The State Agreement does not impose any 
conditions directly relevant to the EPA objective to “protect social 
surroundings from significant harm”; and 

• GHG Emissions: he State Agreement does not impose any 
conditions directly relevant to the EPA objective “to reduce net 
greenhouse gas emissions in order to minimise the risk of 
environmental harm associated with climate change”.  
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3 STAKEHOLDER ENGAGEMENT 

Worsley Alumina has a well-established engagement program to ensure the community has access 

to open and transparent information about the Project. Worsley Alumina believes in engaging early 

and often gives stakeholders the opportunity to be informed and provides opportunities for their 

involvement in the development and implementation of environmental management at Worsley 

Alumina. In addition to this, the company also allows the continued process of building trusted 

relationships with stakeholders.  

3.1 KEY STAKEHOLDERS 

Worsley Alumina has identified the following key stakeholder groups as having interest in the 

Revised Proposal and the Project in general: 

• State Government; 

• Commonwealth Government; 

• Ministers and Ministerial Offices; 

• Local Government;  

• EMLG; 

• Traditional Owners and Heritage representative groups; 

• Local landowners and residents; 

• Local community and environmental groups; 

• Business/industry; 

• Worsley Alumina’s workforce and contractors; 

• WJV Partners; 

• Non–Government Organisations (NGOs) and interest groups; and 

• Researchers and universities. 

A comprehensive list of key stakeholders is provided in Table 3-1. 

Table 3-1 Key Stakeholders 

Stakeholder 
Group 

Specific Stakeholder Key Areas of Interest 

State Government EPA Services 
Directorate of DWER 
(herein referred to as 
the EPA) 

• Administration of the EP Act, specifically Part IV 
Environmental Impact Assessments; and 

• Protection and management of environmental 
values. 

DWER • Administration of the Rights in Water and 
Irrigation Act 1914; 

• Management of water resources; and 

• Environmental regulation of key emissions and 
discharges to the environment, specifically 
through the Part V works approval and licensing 
process. 

DMIRS • Administration of the Mining Act 1978; 

• Setting of tenement conditions; 

• Review and approval of tenure applications; 

• Review and approval of Mining Proposals and 
Programs of Work; 
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Stakeholder 
Group 

Specific Stakeholder Key Areas of Interest 

• Administration of the Mining Rehabilitation Fund 
(MRF); 

• Closure and rehabilitation; and 

• Administration of the Mines Safety and 
Inspection Act, Dangerous Goods Safety Act 
and Mining Rehabilitation Fund Act. 

DBCA • Administration of the Biodiversity Conservation 
Act 2016; 

• Management of Reserves and Crown land; 

• Flora, vegetation, fauna and habitat 
conservation; 

• Consultation regarding biological survey 
methodology and approach; 

• Dieback management; 

• Mapping and protection of old growth forest; 
and 

• Consultation with regards to the Biodiversity 
offsets strategy, such as the potential for 
inclusion of future offset areas into the 
Conservation Estate. 

Conservation and Parks 
Commission  

• Development and oversight of implementation 
of the Forest Management Plan 2014-2023 (and 
future revisions). 

Department of Planning, 
Lands and Heritage 
(DPLH) 

• Alignment with Native title and indigenous 
requirements; 

• Protection of heritage sites; and 

• Management of post-mining land use. 

Department of Fire and 
Emergency Services 

• Maintenance of emergency services; 

• Management and maintenance of fire breaks; 
and 

• Implementation of fire reduction. 

Main Roads Western 
Australia (MRWA) 

• Use and maintenance of public roads; and 

• Management of works on public roads. 

Department of Jobs, 
Tourism, Science and 
Innovation (DJTSI) 

• Understanding of general mine matters, 
administrating agency under existing State 
Agreement Act; and 

• Lead agency in the EMLG. 

Department of Local 
Government, Sport and 
Cultural Industries 

• Identification of local community impacts and 
opportunities. 

Department of Primary 
Industries and Regional 
Development (DPIRD) 

• Understanding of offsets; 

• Understanding of the Project schedule and 
outputs; and 

• Identification of local economy and employment 
opportunities. 

Department of Premier 
and Cabinet 

• Understanding of the Project schedule, value 
and potential impacts. 
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Stakeholder 
Group 

Specific Stakeholder Key Areas of Interest 

Commonwealth 
Government 

DAWE • Administration of the EPBC Act; and 

• Review and acceptance of Management Plans, 
as related to MNES. 

Ministers and 
Ministerial Offices 

State Minister for 
Environment; Disability 
Services; Electoral 
Affairs – Member of 
Legislative Council for 
Mining and Pastoral 
Region 

• Varying interests, as related to the 
Minister/Office, but including: 

• Protection of Aboriginal Heritage; 

• Management and implementation of offsets; 

• Management of water and usage; 

• Access to State Forest; 

• Understanding of the Project schedule and 
potential impacts; and 

• Identification of local economy and 
employment opportunities. 

Minister for Mines and 
Petroleum; Energy; 
Industrial Relations  

Treasurer,  
Minister for Finance; 
Aboriginal Affairs; 
Lands 

Minister for Water; 
Fisheries; Forestry; 
Innovation and 
Information and 
Communication 
Technologies; Science 

Minister for the 
Environment 
(Commonwealth) 

Minister for Regional 
Development; 
Agriculture and Food; 
Ports 

Minister for State 
Development, Jobs and 
Trade 

Premier of WA; Minister 
for State Development 

Local Government Shire of Boddington • Administration of Shire approval processes; 

• Use of and works affecting Shire public roads 
and infrastructure; and 

• Protection of tourism opportunities including 
trails and tracks. 

Shire of Collie 

Shire of Harvey 

Shire of Williams  

Shire of Wandering 

Shire of Murray 

Shire of Waroona 

EMLG Various State 
Government 
departments including 

• Review of the 10 Year Mine Plan, including 
Regional Exploration Plans, clearing, harvesting 
and rehabilitation; 

• Management of biodiversity and rehabilitation; 
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Stakeholder 
Group 

Specific Stakeholder Key Areas of Interest 

DJTSI, DBCA, DWER, 
DPIRD and DMIRS 

• Annual review of environmental performance for 
against its bauxite mining and rehabilitation 
plan(s); 

Traditional 
Owners and 
Heritage 
representative 
groups 

GKB (Wilman People)  • Protection and management of heritage and 
cultural values; and 

• Project element consultation and collaboration. 
SWALSC 

Other Traditional 
Owners 

Local landowners 
and residents 

Various individuals – 
residents and adjacent 
landholders 

• Management of potential impacts (particularly 
noise, dust and visual amenity) to livelihood; 

• Implementation of mining agreements and 
rehabilitation outcomes; 

• Impacts on public roads (e.g. closures or 
crossings) and traffic; 

• Understanding potential land use changes; and 

• Identification of potential biodiversity offsets. 

Local community 
and environmental 
groups 

Quindanning Action 
Group 

• Protection of recreational values; 

• Protection of environmental values, including 
conservation significant species and native 
forest; 

• Protection of land interests; 

• Impacts on public roads (e.g. closures or 
crossings) and traffic; 

• Understanding potential land use changes; 

• Understanding potential local employment 
opportunities (construction and ongoing 
operations); and 

• Identification and realisation of local industry 
benefits (positive flow-on effects of Worsley’s 
continued presence in the area). 

Friends of the Reserves 
Boddington 

Friends of Worsley 
Community Group 

Community Liaison 
Committees (CLCs) 

Institute of Foresters of 
Australia 

Catchment Councils 
(Peel Harvey, South 
West, Leschenault) 

Conservation Council 

WA Forest Alliance 

Business/industry Newmont • Interaction with adjacent mining operations and 
tenements; and 

• Joint regional discussions around biodiversity 
offsets and the intent to align the regional 
approach to achieve efficient positive outcomes 
for the region. 

Alcoa 

Local business 
organisations (including 
Chambers of 
Commerce and 
Industry; Peel, South 
West; and Hotham 
Williams Economic 
Development Alliance, 
Bunbury Geographe 
Economic Alliance) 

• Interest in opportunities for associated 
business/economy; and 

• Opportunities for local product procurement and 
supply. 
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Stakeholder 
Group 

Specific Stakeholder Key Areas of Interest 

Western Power • Power supply requirements for the Project, 
including potential changes in demand. 

Development 
Commissions (South 
West and Peel) 

• Understanding of the Project schedule, value 
and potential impacts; and 

• Inputs into the local economy, including 
employment and tourism opportunities. 

Worsley Alumina 
(internal) 

Employee workforce 
and contractors 

• Employment opportunities; 

• Understanding of Project requirements; and 

• Management and protection of flora, fauna and 
heritage values. 

Worsley Joint 
Venture partners 

South32 Aluminium 
(Worsley Alumina) Pty 
Ltd 

• Understanding of Project requirements and 
approvals; and 

• Management of the Project schedule, value and 
potential impacts. South32 Aluminium 

(RAA) Pty Ltd 

Japan Alumina 
Associates 

Sojitz Alumina 

NGOs and interest 
groups 

Birdlife WA • Protection and promotion of awareness of 
environmental values. Kaarakin Black 

Cockatoo Preservation 
Society 

Bibbulmun Track 
Foundation 

• Protection and promotion of recreational values. 

Munda Biddi Trail 
Foundation 

Researchers and 
universities 

Western Australian 
Biodiversity Science 
Institute (WABSI) 

• Opportunities for support in the research and 
study of environmental values, particularly those 
of conservation significance (e.g. Black 
Cockatoos). Murdoch University 

3.2 STAKEHOLDER ENGAGEMENT PROCESS 

3.2.1 Company Standards and Requirements 

South32’s Community Standard outlines the overarching approach to stakeholder consultation and 

how Worsley Alumina undertakes engagement with its stakeholders. The standard is informed and 

guided by the International Council of Mining and Metals (ICMM) principles, particularly ICMM 

Principle 9 – Social Performance, which states (ICMM, 2020): 

• “Implement inclusive approaches with local communities to identify their development priorities 
and support activities that contribute to their lasting social and economic wellbeing, in partnership 
with government, civil society and development agencies, as appropriate. 

• Enable access by local enterprises to procurement and contracting opportunities across the 
project life cycle, both directly and by encouraging larger contractors and suppliers, and also by 
supporting initiatives to enhance economic opportunities for local communities. 
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• Conduct stakeholder engagement based upon an analysis of the local context and provide local 
stakeholders with access to effective mechanisms for seeking resolution of grievances related to 
the company and its activities. 

• Collaborate with government, where appropriate, to support improvements in environmental and 
social practices of local Artisanal and Small-scale Mining [ASM].”  

Worsley Alumina’s overarching engagement approach is shown in Figure 3-1. In essence, the 

engagement approach is simple; engage early and often with stakeholders, communities and 

landholders. Engagement seeks to ensure that all directly impacted, invested or interested 

stakeholders are aware of, and have the opportunity to engage about, the Project throughout all 

stages. Furthermore, by engaging early and often, consultation will endeavour to build trust with 

stakeholders. 

 

Figure 3-1 South32 Community Standard Engagement Approach 
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3.2.2 Worsley Mine Expansion Stakeholder and Communications Engagement Plan 

A Stakeholder and Communications Engagement Plan (SCEP) specific to the Revised Proposal has 

been developed. The SCEP provides the overarching framework that identifies key stakeholders and 

details the methodology for engagement throughout the Revised Proposal. Specifically, the SCEP: 

• Identifies stakeholders and their potential interest in and influence on the Revised Proposal, 
through stakeholder analysis and mapping (i.e. Stakeholder Mapping Engagement Roadmap 
[SMER]); 

• Identifies the potential impacts of the Revised Proposal on stakeholders, the potential key risks 
and offering appropriate methods to address these;  

• Outlines stakeholder engagement activities, including the level of engagement and methods of 
engagement and communication, and the recommended timing;  

• Documents communication protocols, governance, systems and procedures, including outlining 
key roles and responsibilities for engagement and communication; and 

• Outlines a monitoring and evaluation process related to the implementation and performance of 
stakeholder engagement. 

The SCEP is a dynamic document and will be periodically reviewed and updated to reflect the 

progression of the mine expansion, stakeholders and issues as they emerge.  

3.2.3 Stakeholder Engagement Approach 

The SCEP, together with information gathered from ongoing historical engagement associated with 

the Worsley Alumina Operations, was used to inform the approach to stakeholder engagement for 

the Revised Proposal.  

3.2.3.1 Stakeholder Identification and Mapping 

A detailed stakeholder identification and mapping process was undertaken to inform the 

development of the SCEP. This process was informed by interviews/workshops with Worsley 

Alumina personnel and Business Unit Managers. The process facilitated the development of the 

Worsley Alumina Revised Proposal SMER, which complements the SCEP as it consolidates the 

outcomes of Worsley Alumina’s existing stakeholder and community engagement and stakeholder 

mapping.  

The SMER, in conjunction with the SCEP, provides a detailed understanding and appreciation of 

stakeholder needs, expectations and preferences to build effective stakeholder relationships and 

successfully and efficiently progress implementation of the Revised Proposal. The SMER also 

provides a foundation for a consistent quality approach to stakeholder engagement and 

management across Worsley Alumina by bringing a structure and rigour to the communication 

process. An understanding of key stakeholders and potential issues also enables a more proactive 

approach to consultation and engagement through: 

• Anticipation of possible stakeholder involvement in terms of interest and influence; 

• Development of tailored and relevant engagement and communications; and 

• Preparation for identified and emerging issues. 

3.3 STAKEHOLDER CONSULTATION OUTCOMES  

3.3.1 Overview 

As part of the existing Worsley Alumina Operations, Worsley Alumina has an established 

engagement program with key State Government departments (as maintained through the EMLG 
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and rolling revision of the 10 Year Mine Plan) and local community, which is maintained through the 

Mine and Refinery Community Liaison Committees (CLCs). Consultation for the Revised Proposal 

has built upon the extensive program of consultation and engagement undertaken by Worsley 

Alumina to date. 

Consultation relating to the potential expansion of the Worsley Alumina Operations commenced in 

2016. Engagement has focused on stakeholder awareness in relation to environmental permitting, 

exploration and appraisal programs, and the potential areas of future expansion. 

Significant and ongoing engagement with stakeholders and community members has occurred 

throughout the evolution of the proposed mine expansion. Key stakeholders previously consulted 

include:  

• State Government agencies, including the EPA, DWER, DBCA, DMIRS, DPLH, and DJTSI;   

• The Commonwealth DAWE;   

• Ministers and Ministerial Offices (various); 

• Local Government agencies, including the Shires of Boddington, Collie, Harvey, Williams, 
Wandering, Murray and Waroona;  

• EMLG;  

• Traditional Owners and Heritage representative groups, including the GKB (Wilman People) and 
SWALSC;   

• Local landholders and residents in the area surrounding the BBM (various individuals);  

• Local community and environmental groups, including the Mine and Refinery Community Liaison 
Groups and Friends of Reserves Boddington and Friends of Worsley; 

• Industry and business organisations, including other mining companies operating in and around 
the South West of WA and relevant industry bodies;  

• Worsley Alumina workforce and contractors; 

• WJVs; 

• NGOs and interest groups, including the Bibbulmun Track Foundation; and 

• Researchers and universities, such as Murdoch University.  

Ongoing engagement will continue with relevant stakeholders, including government agencies, 

community groups, the workforce, NGO's and interest groups, through the approval process and 

further during normal operations. 

Worsley Alumina has also developed a webpage dedicated to the Worsley Mine Expansion, which 

details community events, posts invitations for community meetings and provides links to key 

environmental approval documentation.  

This webpage is available at: www.south32.net/worsleyminedevelopment. 

Throughout development of the Revised Proposal all communications have been (and will continue 

to be) structured, consistent and documented. Consultation and communication has involved a 

variety of tools including: 

• Strategic meetings and briefings; 

• Targeted meetings and discussions; 

• Public meetings; 

• Project information sheets; 

• Letters and emails; 

• Print advertisements and media releases; 

• Dedicated email contact information; and  

• Project website accessible by the public. 

http://www.south32.net/worsleyminedevelopment
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A record of all stakeholder engagement associated with the Revised Proposal is maintained in a 

Stakeholder Engagement Register. The register documents all engagement, communications and 

actionable feedback, meetings and workshop minutes, stakeholder discussions and comments, to 

allow monitoring and reporting on potential issues and risks and plan for future consultation. 

A summary of this Stakeholder Engagement Register and the consultation undertaken specific to 

the Revised Proposal is provided in Appendix C. The summary represents a consolidation of a 

significantly more detailed Stakeholder Engagement Register that is maintained by Worsley 

Alumina. A summary has been provided for the purposes of this Revised Proposal given the 

extensive amount of consultation undertaken, which spans multiple years, numerous stakeholders 

and multiple engagements. Appendix C summarises the key consultation undertaken, key topics 

discussed and the key outcomes/responses.  

3.3.2 COVID19 Impact and Response 

Engagement with stakeholders on the Revised Proposal had commenced prior to COVID19, 

however as community restrictions increased, appropriate measures were introduced. To ensure 

engagement could continue during this time of uncertainty, and all interested parties could still obtain 

information and provide input into the Project, Worsley Alumina recognised that a dynamic approach 

was needed. In some cases, this meant the establishment of innovative and new ways of reaching 

people and in other cases it meant a dialling back of technology and going back to tried and tested 

methods of communication, such as letters and phone calls. An adaptive approach was implemented 

to reflect the circumstances of individual stakeholders and included web-based community and 

regulator meetings, creation of a webpage to allow easy access to updates, virtual tours for 

regulators unable to travel and sending information letters with follow up phone calls.   

This process continued during the development of this ERD and will be dynamically adapted should 

the need continue during the public review period. Worsley Alumina will make the ERD available 

online and within easily accessible locations including Shire Offices and Community Libraries. 

Worsley Alumina will also continue to monitor government regulations and recommendations to 

minimise the impact of the virus and adapt as much as possible to the changing climate to ensure 

effective two-way engagement of the Project can continue. 

3.3.3 Traditional Owner and Aboriginal Heritage Representative Groups Engagement 

Worsley Alumina acknowledges the traditional country of the Wilman people and members of 

the GKB .  Worsley Alumina also acknowledge the traditional country of the Wardandi, 

Binjareb/Pinjarup, Ganeang, Ballardong and Whadjuk people with the location of these lands outside 

of the area for which the project lies, and has an important linkage to the traditional country of the 

Wilman people. Worsley Alumina recognises and respects the cultural heritage, beliefs and 

relationship with the land, which continue to be important to the Wilman and GKB People living today. 

Worsley Alumina engage directly with the SWALSC and representatives of the GKB (Wilman People) 

relating to matters of cultural heritage significance with ongoing engagement occurring throughout 

the evolution of the Project, a record of consultation, including issues raised, can be reviewed in 

Appendix C. Continued consultation with the GKB  (Wilman People), supported by SWALSC, has 

occurred with respect to multiple ethnographic and archaeological field surveys specific to the mine 

development (to ensure the surveys are undertaken in accordance with the AHA and involve 

appropriate representatives) and as part of continued community engagement. A list of these 

surveys can be found in Table 5-76 and includes consultations and surveys which have supported 

the ongoing operations of Worsley Alumina as well as those commissioned directly in relation to this 

Project.   
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Worsley Alumina, in consultation with the GKB has established a committee which meets quarterly.  

The purpose of the Worsley Alumina and GKB Traditional Owner Group meetings is to act as a two-

way discussion and engagement mechanism between Worsley Alumina and the GKB Traditional 

Owner Group. The meetings provide a forum to share information, to discuss areas of common 

interest, to identify opportunities to work together for mutual benefit, and to raise any concerns  The 

group was established in March 2021 and has included the drafting and acceptance of Terms of 

Reference by all members of the group.  These meetings have been instrumental in providing 

updated information to the group, now called the GKB Working Party, facilitated through SWALSC 

and has been transitioned in accordance with the Settlement Agreement.  The establishment and 

continuation of this group will support the ongoing engagement between Worsley Alumina and the 

Traditional Owners, and will support the transition in accordance with the Settlement agreement to 

future consultation with newly established Regional Corporations and Traditional Owners who 

choose not to be involved with the new Corporation model.  

In consultation with the Traditional Owners and representative groups, Worsley Alumina have 

received previous consents from the Minister of Aboriginal Affairs, under Section 18 of the AHA, to 

use the land for specific activities within sites and places located within the Worsley Alumina 

Operations. 

Worsley Alumina are committed to continued and open engagement with SWALSC and the GKB 

(Wilman People) to ensure Project operations are managed to ensure the Revised Proposal does 

not have a significant adverse effect on cultural heritage. An example of this is the continued 

engagement with the Wilman People with regards to: 

• the development of the Worsley Cultural Heritage Management Plan (Worsley 2021f) as provided 
in Appendix K6; and 

• the bridge crossing locations and designs, where feedback provided by the Traditional Owners 
has been incorporated into project planning and design and will be incorporated into the Section 
18 approval process under the AHA. 

As described above the Worsley Alumina and GKB Traditional Owner Group meet quarterly, and 

also facilitate subgroup meetings to discuss and formulate specific outcomes on behalf of the wider 

group.  One such sub-group was formed in June 2021 to agree in principal that the first draft of the 

Cultural Heritage Management Plan (CHMP) can be used in this submission. As agreed with the 

Wilman people, the CHMP will continue to be developed with informants in future engagements in 

order to agree a CHMP before implementing the Revised Proposal. This will include revising the 

CHMP to meet the standards under the ACH Act, and to be authorised under that legislation once 

the relevant provisions commence. Section 3.3.9.1 outlines the principles that guide engagement 

with Traditional Owner Groups and the management of Aboriginal Cultural Heritage. 

In 2020, South32 reviewed the approach to cultural heritage management for the Australian 

Operations and developed a set of principles to guide the approach which are outlined in “Our 

Approach to Aboriginal and Torres Strait Islander Peoples’ Cultural Heritage”, which was published 

in July 2021.  Access to this document can be found on South32’s website (www.south32.net). This 

approach focuses only on Aboriginal and Torres Strait Islander Peoples’ cultural heritage.  Separate 

approaches have been developed for other South32 operating regions.  In March 2021, prior to the 

publishing of this document, South32 and Worsley Alumina consulted with representatives from the 

GKB (Wilman) people on the principles generally and to assess if the wording and structure was 

appropriate for Noongar people. It was determined during this review with the members of the 

Worsley Alumina and Gnaala Karla Boodja Traditional Owner Group that some wording in the 

document would benefit from being slightly adapted for use at the Worsley Alumina operations to 

http://www.south32.net/
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reflect the preferences of the Noongar people.  Section 3.3.9.1 includes a summary of the principals 

with the updated wording. 

3.3.4 Community Engagement 

The Worsley Alumina Operations convenes a mine CLC and a Refinery CLC meeting every quarter 

and has done so for many years. The CLCs are independently chaired by a member of the 

community and comprise community members, local government, local businesses, not for profits 

and other special interest groups. Topics discussed at the meetings include operational updates, 

environmental management, community investment, community engagement, community 

complaints, local employment, local procurement and other relevant information. The proposal to 

expand existing operations at the mine has been discussed at the CLC meetings since 2017. The 

Worsley Alumina team has openly responded to any questions regarding the approvals process, or 

the details of the Revised Proposal raised at these meetings in general.  

The Worsley Refinery is an active member of the ‘Friends of Worsley Community Group’, comprising 

neighbours and landholders focused on preservation of history for the Worsley area. Meetings are 

held bi-monthly to discuss matters such as land management and local history. Attendees at the 

meeting have also been updated on the progress of the proposal and its ongoing development since 

2016. Worsley Alumina Operations also provides information to the community about its mining, 

refining and shipping activities through displays, brochures, newsletters, tours, the Worsley Alumina 

website and local media.  

Other ongoing community engagement includes regular contact between the Worsley Alumina 

representatives and current mine neighbours, engagement with future mine neighbours, community 

forums for the Shire of Boddington, presentations to interested groups and meetings with Local and 

State Government stakeholder agencies.  

3.3.5 Environmental Management Liaison Group  

Since the commencement of mining and alumina refining operations in 1984, DJTSI (and its former 

Departments) has co-ordinated an inter-departmental committee to review the environmental 

performance of the Worsley Alumina Operations. This committee is known as the EMLG and reviews 

Worsley Alumina’s activities and advises on planning matters such as the 10 Year Mine Plan (refer 

to Section 1.3.1.1). The committee includes representatives from DJTSI (Chair and Coordination), 

DBCA, DWER, DPIRD and DMIRS.  

The EMLG’s role, under the provisions of the State Agreement and the EP Act, is to review a range 

of Worsley Alumina environmental management reports and to provide high quality advice to the 

Minister for State Development and the Minister for the Environment on their environmental and 

social acceptability. 

The EMLG has the following functions: 

• State Agreement and MS 719 Procedures: 

• Review 10 year rolling mine plans (including Regional Exploration Plans) prepared by South32 
under the State Agreement Act, and provide reports on its findings to the Minister for State 
Development and the Minister for the Environment. 

• MS 719 – Part B: 

• Provide comment on the draft scopes of biodiversity-related investigations (condition 8-2); 

• Provide comment on draft rehabilitation plans and revisions and amendments (conditions 12-
1 and 12-6; 
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• Provide comment on draft bauxite mining plan(s) and revisions and amendments (conditions 
11-1 and 11-6); and 

• Review the Proponent’s environmental performance against its bauxite mining and 
rehabilitation plan(s). 

Other relevant parties may participate in the EMLG on an invitational basis, for example the DAWE 

may be invited in the future to participate if particular MNES are elements of discussions.   

3.3.6 Ongoing Stakeholder Consultation 

As with existing Worsley Alumina Operations and through the CLC forums, stakeholder consultation 

will continue and be ongoing throughout the mine life. The core objectives of ongoing consultation 

include: 

• Keeping landholders, local community, NGOs and interest groups up to date on mine activities, 
progress of the proposed expansion and any changes; 

• Addressing any complaints or concerns that are raised during mine operations; and 

• Ensuring Government agencies and departments are kept up to date with any changes or issues 
that may arise, including updating approval documents if required. 

3.3.7 Engagement Outcomes 

Discussions occurring during the engagement processes specifically for this Revised Proposal have 

been focused around the continued operations of the Project in accordance with previously approved 

Project progression. Generally, the engagement has been well received with many groups focusing 

on preserving biodiversity (including offsets) and ensuring concurrent land uses can continue to 

coexist, with particular focus on recreational activities and eco-tourism. Where practicable Worsley 

Alumina has incorporated this feedback into the project scope, making refinements where 

practicable and incorporating feedback into ongoing Biodiversity Offsets planning. 

Appendix C provides a summary of the issues stakeholders have raised and how they have been 

addressed in relation to the Revised Proposal. 

3.3.8 Broader Collaboration and Community Engagement 

Worsley Alumina actively participates in collaboration and engagement opportunities with the local 

community, which fits broadly in the following categories: 

• Community feedback – ongoing encouragement of contact from the community via a dedicated 
community hotline allows continued 24-hour contact for all community members. Worsley 
Alumina actively promotes the use of this hotline as a way of contact, complaint or queries. All 
queries are actioned and reported on according to the following procedures: 

• Community Complaints Procedure; and  

• BBM Community Complaints Procedure. 

• Volunteering – Worsley Alumina’s workforce are encouraged to volunteer within the community 
with each employee able to apply for a day’s paid volunteering leave per year. Work groups often 
nominate to take their leave on the same day to support a community group – a recent example 
involved the BBM drill and blast team assisting the Marradong Church renovation preparations 
and Boddington Rodeo grounds clean up in preparation for the Boddington Rodeo; and 

• Aboriginal support – Worsley Alumina is actively working to establish meaningful relationships 
with the Traditional Owners of the lands in which they operate. This includes maintaining regular 
interactions with the GKB people and contributing to the South32 Reconciliation Plan process, 
see Section 3.3.3 for further detail.  
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Worsley Alumina is a long-term partner in the local community and through collaboration and 

community engagement invest in a number of community initiatives. These community investments 

are focused on three primary areas; Education and Training, Environmental Projects; and Economic 

Diversification. Further information and recent examples are presented in Section 1.4.1.  

3.3.9 Future Stakeholder Engagement 

Worsley Alumina is committed to continuing to proactively collaborate, engage and build trusted 

relationships with stakeholders and the community as part of good business practice throughout the 

life of operations. Worsley Alumina cares about people and the local communities within which they 

operate and openly listen and seek feedback. Worsley Alumina acknowledges the importance of its 

Social Licence to Operate, and that it is earned and maintained on an ongoing basis and that trust 

in the company is an outcome of the quality of its relationships with many stakeholders. The 

processes described above in Section 3.1 – Section 3.3.6 will continue into the future, including 

continued operation of the Mine and Refinery Community Liaison Committees, participation in other 

community groups such as the Friends of Worsley Community group and continued updates in 

community print media including the Bodd News (Boddington newsletter) and Collie River Valley 

Bulletin. 

3.3.9.1 Traditional Owners and Aboriginal Heritage Groups 

South32 has been built upon four values: care, trust, togetherness and excellence. Worsley 

Alumina’s desire to establish, foster and maintain positive relationships with our stakeholders is 

driven by these values. The Worsley Alumina operation, inclusive of our Boddington Bauxite Mine, 

the Worsley Alumina Refinery near Collie, and the Bunbury Port, sits within the Gnaala Karla Boodja 

(GKB) region.  The purpose of the Worsley Alumina and GKB Traditional Owner Group meetings is 

to act as a two-way discussion and engagement mechanism between Worsley Alumina and the GKB 

Traditional Owner Group, on an ongoing basis. The meetings will provide a forum to share 

information, to discuss areas of common interest, to identify opportunities to work together for mutual 

benefit, and to raise any concerns. 

Worsley Alumina, with input from the GKB Traditional Owner group, has updated South32’s  

Approach to Aboriginal and Torres Strait islander People Cultural Heritage to reflect the relationship 

between Worsley Alumina and the Noongar People, which includes the following principals: 

• Worsley Alumina will engage with Noongar People throughout the life of the operations, including 
from exploration, project studies, construction, operations and mine closure, to create shared 
value.  Engagement with Noongar People will be sensitive to and respect any cultural protocols; 

• Worsley Alumina  will engage with Noongar People to identify, survey and map cultural heritage, 
together with broader conservation and rehabilitation efforts; 

• Senior management at the operations have accountability for the management of cultural heritage 
and for building meaningful relationships with local communities, including Noongar People;   

• Worsley Alumina will assess and manage our approach to cultural heritage in consultation with 
the appropriate Noongar People as follows (in the following order):  

• identify cultural heritage and values;  

• assess risks and potential impacts;  

• where possible, avoid adverse impacts to cultural heritage; 

• mitigate, minimise and manage impacts (such as efforts to rehabilitate, restore or relocate); 
and  

• monitor, evaluate and report on our performance.   

https://www.south32.net/docs/default-source/cultural-heritage/our-approach-to-australian-aboriginal-and-torres-strait-islanders-cultural-heritage.pdf?sfvrsn=8b1bc0b5_8
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• Where impact to critical cultural heritage10 is unavoidable, Worsley Alumina will work to obtain the 
free, prior and informed consent of the affected Noongar People. 

• Worsley Alumina will work with affected Noongar People to put in place agreements, together 
with developing cultural heritage management plans; 

• Worsley Alumina will make available and regularly review, our community complaints and other 
“Speak Up” processes so that Noongar People know, trust and can use it to provide feedback, 
complaints or concerns. In no circumstances will we restrict an individual from speaking out about 
cultural heritage; 

• In line with Worsley Alumina’s Community Investment Approach (which focuses on the areas of 
education, economic participation, health and social wellbeing, and natural resource resilience), 
Worsley Alumina will invest in initiatives to support Noongar People, such as promoting better 
access to country, reconciliation, conservation of cultural heritage and traditional livelihoods; and 

• Worsley Alumina will provide training for employees to increase cultural awareness as well as 
understanding of cultural heritage and Native Title. These will be developed in partnership with 
Noongar People.      

Quarterly meetings of the Worsley Alumina GKB Traditional Owner Group, adhering to the terms of 

reference agreed by all members of the group in December 2021, will continue with the 

acknowledgement that the meetings and consultation process may change, by mutual agreement 

with members of the group, as a result of formation of the Regional Corporations outlined by the 

South West Native Title Settlement and changes or updates as a result of the Aboriginal Cultural 

Heritage Bill 2021 and the requirements of the new Aboriginal Cultural Heritage Act 2021, including 

the guidelines.  

Worsley Alumina is working to update its Heritage Agreements, Cultural Heritage Management 

Plans and internal processes and procedures, in consultation with Traditional Owners.  While this 

process has commenced in consultation with the Traditional Owners using the current legislation 

and internal South32 principles, Worsley Alumina acknowledges that further work will be required as 

both the new legislation and the Noongar South West Settlement are further developed. Worsley is 

aiming to work with the GKB Traditional Owner Group with a view to reaching agreements, and 

particularly a cultural heritage management plan, that meets the standards for authorisation under 

the new Aboriginal Cultural Heritage Act 2021 (WA), once the relevant provisions commence. 

Worsley Alumina will continue to engage and consult with all stakeholders throughout the life of 

operations. 

  

 
 
10 As defined in International Finance Corporation Performance Standard 8. 
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4 OBJECT AND PRINCIPLES – IMPACT ASSESSMENT 

APPROACH 

4.1 OVERVIEW 

The way in which Worsley Alumina has approached the assessment of the Revised Proposal and 

will manage implementation of the Revised Proposal (if approved), is determined or guided by 

legislative and other regulatory requirements, company standards, policies and other instruments. 

These include: 

• Requirements defined by WA and Commonwealth legislation (principally the EP Act, the State 
Agreement Act and the EPBC Act), along with other legislation and regulations (see Section 2.1.1 
and Section 2.1.2); 

• South32’s adoption of the principles and position statements of the ICMM, an organisation which 
South32 joined in 2015 (see Section 3.2); 

• The corporate standards, policies and strategies which provide the framework under which 
South32 develops, implements and manages its projects and operations (including Worsley 
Alumina). Those documents relevant to the assessment and management of the Revised 
Proposal are described in Section 4.4; and 

• Project-specific environmental risk assessments and the Environmental Management Plans 
(EMPs) which form part of the Worsley Environmental Management System (EMS) (see 
Section 4.4.2).  

 
Of particular relevance to this section of the ERD are the Principles of Ecologically Sustainable 
Development as defined in the EP Act and Section 3A of the EPBC Act. These are detailed in 
Section 4.2 below. 
 

4.2 PRINCIPLES 

The objective of the EP Act is to protect the environment of the State through the application of: 

• The Precautionary Principle; 

• The Principle of Intergenerational Equity; 

• Principles in relation to Improved Valuation Pricing and Incentive Mechanisms 

• The Principle of the Conservation of Biological Diversity and Ecological Integrity; and 

• The Principle of Waste Minimisation.  

As these Principles of Ecologically Sustainable Development are incorporated into the EP Act, they 

therefore form part of the framework for environmental protection in WA. The EPA is required to 

consider these principles in assessing the environmental acceptability of significant proposals. 

Table 4-1 provides a summary of how Worsley Alumina has considered these principles in relation 

to the development and implementation of the Revised Proposal which has been inherently 

considered for Worsley Alumina’s ongoing operations.  

Table 4-1 EP Act Principles 

Principle / Object Consideration 

1. The precautionary 
principle 
Where there are threats of 
serious or irreversible 

The precautionary principle applies when “there is plausible 
evidence of possible harm, but scientific uncertainty and 
ignorance makes it impossible to reliably quantify and 
characterise the risks” (UNESCO, 2005). Worsley Alumina 
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Principle / Object Consideration 

damage, lack of full scientific 
certainty should not be used 
as a reason for postponing 
measures to prevent 
environmental degradation.  
In application of this 
precautionary principle, 
decisions should be guided 
by: 
a) Careful evaluation to avoid, 
where practicable, serious or 
irreversible damage to the 
environment; and 
b) An assessment of the risk-
weighted consequences of 
various options. 

acknowledges the potential for significant environmental impacts 
to occur if the Revised Proposal was implemented without a 
robust impact assessment process and regulatory framework, 
and effective environmental management. In recognition of this, 
numerous technical investigations and studies have been carried 
out to provide accurate and comprehensive baseline data to 
allow impact assessment and/or modelling to be carried out with 
an acceptable level of scientific certainty. As this Revised 
Proposal relates to the continuation of existing mining operations, 
a wealth of contextual baseline information is available for a 
number of the key environmental factors. For example, baseline 
data on flora, vegetation and terrestrial vertebrate fauna has 
been collected from field surveys for a period of up to 38 years. 
Where information is not available this has been noted and 
reported. 
 
Worsley Alumina has carefully evaluated potential environmental 
and social impacts associated with the Revised Proposal in this 
ERD via the impact assessment approach detailed in this section 
and the assessment of the Key Environmental Factors discussed 
in Section 5. Other environmental factors or matters identified 
throughout the assessment including Greenhouse Gas 
Emissions, are included in Section 6 for completeness. This 
includes an explanation of why they are not material or relevant. 
Where the potential for material environmental impact was 
identified, mitigation measures have been applied (including 
avoiding impacts where practicable) and a precautionary 
approach taken when residual risk is uncertain. Residual risk is 
the potential for environmental impacts to remain following the 
mitigation hierarchy process (avoid, minimise, rehabilitate, 
offset). Conclusions about residual risks (and their proposed 
management) are contained in this ERD. 

2. The principle of 
intergenerational equity 
The present generation 
should ensure that the health, 
diversity and productivity of 
the environment is maintained 
and enhanced for the benefit 
of future generations. 

Worsley Alumina has a fully integrated business planning 
process which incorporates in its design, mechanisms to protect 
ecosystems and minimise biodiversity impacts. This includes 
land management activities such as conservation of high 
biodiversity value areas, pre-clearance surveys and progressive 
rehabilitation.  
 
Biodiversity considerations have been taken into account in the 
development of mine plans and, where practicable, these plans 
have sought to avoid impact to sensitive features. To manage 
potential impacts, biodiversity baseline data has been collected 
and management controls proposed that are consistent with the 
biodiversity mitigation hierarchy process (avoid, minimise, 
rehabilitate and offset).  
 
Worsley Alumina has undertaken a detailed impact assessment 
to inform the environmental assessment process. During the life 
of the Revised Proposal, management measures will be 
implemented to avoid, minimise and mitigate potential impacts; 
thereby ensuring that the overall environment is maintained for 
future generations as far as practicable. 
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Principle / Object Consideration 

 
Worsley Alumina has existing Mine Closure Plans for both the 
BBM and Refinery. These Closure Plans will ensure the existing 
Project and the continuation of it through implementation of this 
Revised Proposal is closed with the objective of re-establishing 
the pre-mining land capability consistent with the original and 
surrounding land use. The implementation of the Closure Plans 
will promote consistency with the principle of intergenerational 
equity through minimisation of legacies following completion of 
mining operations. The Worsley BBM Closure Plan and Refinery 
Closure Plan are provided as Appendix E5 and Appendix E6 
respectively. 
 
Where significant residual impacts were identified, offsets are 
proposed. Overall, the project aims to ensure there is no 
significant loss of biodiversity as a result of the implementation of 
this Revised Proposal. Fulfilment of this goal will assist in 
maintaining and enhancing health, diversity and productivity of 
the environment for the benefit of future generations. 

3. Principles relating to 
improved valuation, pricing 
and incentive mechanisms 
(1) Environmental factors 
should be included in the 
valuation of assets and 
services. 
(2) The polluter pays principle 
– those who generate 
pollution and waste should 
bear the cost of containment, 
avoidance and abatement. 
(3) The users of goods and 
services should pay prices 
based on the full life-cycle 
costs of providing goods and 
services, including the use of 
natural resources and assets 
and the ultimate disposal of 
any waste. 
Environmental goals, having 
been established, should be 
pursued in the most cost-
effective way, by establishing 
incentive structure, including 
market mechanisms, which 
enable those best placed to 
maximise benefits and/or 
minimise costs to develop 
their own solution and 
responses to environmental 
problems. 

All costs associated with sound environmental management are 
incorporated into the feasibility studies for the Revised Proposal 
and ongoing operations budgets (water management, waste 
management, hazardous materials management, dust, noise, 
completion of progressive rehabilitation) as well as provisioning 
for closure and offsets (as required). 
 
Worsley Alumina recognises the polluter pays principle. Worsley 
has existing management and mitigation measures that aim to 
reduce the risk of pollution. These measures are also applicable 
to, and included in, this Revised Proposal.  
 
Worsley Alumina regularly reviews energy supply options to 
identify sustainable supplies and reduce greenhouse gas (GHG) 
emissions, in accordance with South32 policies. South32 has 
invested in energy efficiency initiatives and continue to support 
viable renewable energy schemes such as the Worsley Refinery 
Biomass investigations and numerous initiatives at a number of 
South32’s other projects. 
 
Worsley Alumina recognises the need to provide sufficient capital 
and operating funds to ensure environmental management 
measures are implemented throughout the life of the Project. 
Under the State Agreement Act, Worsley Alumina report on and 
pay compensation to DBCA for areas of State Forest that are 
cleared to compensate loss of revenue for timber production. The 
company also rehabilitates cleared areas progressively as soon 
as practicable after completion of mining in an area. 
 
Provision has also been made for costs associated with closure 
and decommissioning and these costs form part of the cost of 
production. 

4. The principle of the 
conservation of biological 

Biological diversity has been investigated in detail for the Project 
over many years, with flora, vegetation and terrestrial vertebrate 
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Principle / Object Consideration 

diversity and ecological 
integrity 

Conservation of biological 
diversity and ecological 
integrity should be a 
fundamental consideration. 

fauna studies dating back to the 1980s. Baseline desktop and 
field surveys have also been completed to directly inform this 
Revised Proposal. Therefore, extensive biological knowledge has 
been obtained for the Revised Proposal through comprehensive 
surveys and research programs across multiple years and 
seasons.  
 
The outcomes of the survey data have been considered during 
mine planning and the early design phases, and used to inform 
the technical impact assessments that have been completed to 
determine potential impacts to biological diversity and ecological 
integrity. Management measures (including rehabilitation and 
adaptive management) and offsets have been proposed to 
mitigate biological and ecological impacts associated with 
implementation of the Revised Proposal. 
 
Environmental outcome targets for biodiversity are established 
and reviewed in consultation with DBCA which involves a two-
yearly cycle. The aim of this process is to contribute to enduring 
environmental benefits for important ecosystems. Worsley 
Alumina is committed to the ICMM’s principles for sustainable 
mining and commitments for mining and protected areas, 
including the commitment not to mine or explore in World 
Heritage Areas and to respect legally designated protected 
areas. 
 
Worsley Alumina maintains a Protected Areas Plan to ensure 
that areas of high biodiversity conservation value are identified 
and excluded from mining (i.e. Protected Areas and Protection 
Commitment Areas). There is also provision within the Protected 
Areas Plan that provides a protection and review mechanism for 
these areas. 
 
Worsley Alumina is committed to progressive rehabilitation of 
areas of native vegetation disturbed by mining to local native 
vegetation following completion of mining operations. Areas of 
cleared agriculture that are disturbed by mining activities are also 
rehabilitated to local native vegetation where land use objectives 
allow, creating biodiversity benefits from unmined landscapes. 
Mine closure objectives have also been developed to ensure 
conservation of biological diversity and maintenance of ecological 
integrity of the region. 

5. The principle of waste 
minimisation 
All reasonable and practicable 
measures should be taken to 
minimise the generation of 
waste and its discharge into 
the environment. 

Various waste streams are generated from the Project 
operations, including waste rock (small temporary overburden 
stockpiles), wastewater and tailings. The potential risks posed to 
communities, workforce, environment and shareholders from 
waste discharges are recognised and Worsley Alumina is 
committed to safe and responsible waste management. 
 
Waste management measures to minimise the generation of 
waste and its discharge to the environment are part of the 
Project, and will continue to apply to the Revised Proposal. The 
standard practice of applying the waste management hierarchy 
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Principle / Object Consideration 

(i.e. avoid, reduce, reuse, recycle, recover, treat, contain and 
dispose) is embedded in Project operations, and will be 
implemented for the Revised Proposal. 
 
Worsley Alumina is committed to implementing the ICMM 
Sustainable Development Framework which encourages 
responsible design, use, reuse, recycling and disposal of alumina 
products along the supply chain. 

The objective of the EP Act is to protect the environment of the State, having regard to the above-

mentioned principles. Through consideration of the principles of the Act, the Proposal has applied 

the mitigation hierarchy across the relevant environmental factors, and considered living things, their 

physical, biological and social surroundings, and interactions between all of these. Through this, it 

can be demonstrated that due consideration of the object of the EP Act has been applied such that 

best endeavours have been applied to protect the environment. 

As an accredited assessment under the Commonwealth EPBC Act, the principles and objectives of 

that act are relevant to specific to MNES, which also provide similar intention for ecologically 

sustainable development to the EP Act.  

The following Ecologically Sustainable Development principles are outlined in Section 3A of the 

EPBC Act and are similar to the principles of the EP Act:  

• Precautionary Principle - If there are threats of serious or irreversible environmental damage, lack 
of full scientific certainty should not be used as a reason for postponing measures to prevent 
environmental degradation; 

• Inter-generational equity – that the present generation should ensure that the health, diversity 
and productivity of the environment is maintained or enhanced for the benefit of future 
generations; 

• Valuation Principle - Improved valuation, pricing and incentive mechanisms should be promoted; 

• Biodiversity Principle - The conservation of biological diversity and ecological integrity should be 
a fundamental consideration in decision-making, and 

• Integration principle - Decision-making processes should effectively integrate both long-term and 
short-term economic, environmental, social and equitability considerations. 

Where the EPBC Act differs is in the application of the Integration Principle. This principle relates to 

ensuring decisions are based on all aspects of a proposal in a sustainable manner.  This can be 

achieved by taking a holistic approach to management and understanding how each factor 

interrelates with others.  Worsley has been able to demonstrate this through recognition that clearing 

of vegetation, as an example, will impact on fauna, social surroundings and other factors.  More 

detail of this approach is provided in Section 10. 

The ESD for the Revised Proposal identified DAWE’s expectations for items to be addressed in the 

ERD (with particular focus on relevant MNES, and offsets). Appendix D summarises the matters to 

be addressed by a draft public environment report and environmental impact statement (which is 

equivalent to an ERD) as set out in Schedule 4 of the EPBC Regulations 2000, and outlines how 

these are addressed in this ERD. 
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4.3 IMPACT ASSESSMENT APPROACH 

4.3.1 Introduction 

Worsley Alumina has applied a systematic approach to identify and assess potential environmental 

and social impacts and to determine the mitigation and management measures to prevent or 

minimise potential impacts. The assessment approach has been developed to ensure that it 

addresses the requirements of the EPBC Act and EP Act.  

In addition to defining the environmental factors and objectives relevant to assessment of the 

Revised Proposal, the ESD provides a detailed scope of work to be addressed in the ERD (this 

document), including a detailed assessment of impacts (direct, indirect and cumulative), and 

identification of mitigation and management measures.  

The assessment approach adopted in assessing the Revised Proposal considered activities 

associated with the Revised Proposal, and their likelihood and consequence on the receiving 

environment to determine the potential impacts on environmental factors. The mitigation hierarchy, 

as outlined in the WA Environmental Offsets Guidelines (GoWA, 2014), the EPBC Act Environmental 

Offsets Policy (DSEWPAC, 2012a) and Figure 4-1, was applied to reduce the potential impacts on 

environmental factors from the Revised Proposal. Offsets have been proposed where significant 

residual impacts were considered to remain.  

Impact assessments often include a level of uncertainty which may be a result of limited available 

data, the complexity of a factor, or the complexity of an interconnected system. This impact 

assessment was based on current knowledge, available data from existing and commissioned 

surveys/studies and professional judgement. A conservative approach, consistent with the 

precautionary principle, has been applied where there is uncertainty surrounding potential impacts. 

Where additional studies or information are required during planning and operations, these have 

been identified and actions related to these studies or additional information are included in the 

management plans. 

Assessment of impacts is associated with the activities proposed as part of this Revised Proposal. 

Continued use of the primary Bauxite Area (PBA) and Extended Mining Areas (EMAs) (approved 

under MS 719) are exempt from consideration under the EPBC Act, with ongoing operations at the 

BBM, Refinery and OBC having previously been assessed, and significant information is available 

regarding the baseline environment and ongoing performance of these aspects of the operation.  

The continued operations have also inherently been considered in the existing environment 

described in Section 5, and where additional impacts are expected in a cumulative or additive 

context from continuing operations, these have been considered in this assessment.  

Importantly, the basis of the impact assessment has been contemporised to take into account the 

existing operational site context, and the existing environmental baseline, including current approved 

operations and the EMA’s, on which the scope of activities that is the subject to this ERD have been 

overlaid.  
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Figure 4-1 Mitigation Hierarchy 

4.3.2 Revised Proposal Assessment Structure 

As part of this Revised Proposal, Worsley Alumina is seeking to consolidate existing Ministerial 

Statements and incorporate operations subject to existing approvals, EPBC exemption and new 

Project elements (as described in Section 1.3) into one consolidated approval.  It is intended that 

current approvals and requirements will continue, where still relevant, and will be applied to a more 

contemporary Ministerial Statement as a result of this assessment.  For example the conditions 

relating to the Extended Mining Areas under Part B of MS 719 would continue, as would provision 

for regional exploration.  Similarly it would be appropriate to remove conditions relating to air quality 

at the refinery which are more appropriately regulated under Part V of the EP Act, as is currently the 

case. 

This ERD primarily assesses potential impacts in the three main Development Envelopes (WMDE, 

BTC and CBME) that form the PAA of this Revised Proposal with a broader discussion around the 

cumulative changes associated with the continuing use of existing operations at the Refinery, BBM, 

OBC, minor works and regional exploration programs also included. The PAA IDF is presented in 

Figure 4-2 along with the Development Envelopes with which they are associated. 

As outlined in the ‘Defined Terms’ (Appendix B), there remains 942 ha of clearing allocation within 

the Pre-existing Approval Area that has already been approved under previous mechanisms. The 

allocation occurs within the WMDE IDF. This Revised Proposal does not seek re-approval to clear 

the existing 942 ha clearing allocation, therefore, 942 ha has been removed from the residual 

clearing impact calculations throughout Section 5. 

4.3.3 Maximum Disturbance Allowance 

It is important to note that the Maximum Disturbance Allowance represents the maximum 

disturbance (including both cleared and uncleared land with a separate Maximum Allowance for 

Avoid

"Avoid" is a measure that aims to prevent or 
change potential environmental effects of an 

action prior to them occurring.

Minimise

"Minimise" is a measure that aims to reduce 
the duration, intensity, extent and likelihood 
of the environmental effects of an action in a 
scenario whereby the environmental value 

cannot be avoided.

Rehabilitate

"Rehabilitate" is a measure that aims to 
restore the environmental values subsequent 

to an action.

Offset

If, after the first three steps of the mitigation 
hierarchy have been considered and applied, 
it is anticipated that there would be actual or 
reasonably foreseeable residual significant 

impacts to the environment, offset measures 
will be proposed.
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native vegetation clearing) assessed within their corresponding Development Envelopes. Bauxite 

mining inherently consists of shallow excavations and requires isolated disturbances to target 

bauxite deposits as they are further defined. The exact locations of project elements and eventual 

disturbance within the PAA (or outside the PAA, where relevant) is subject to change anywhere 

within their corresponding Development Envelope due to the nature of the mine planning process 

for bauxite mining as outlined in Section 1.3.1 whereby ore body definition is refined, and detailed 

mine design is completed progressively over time. There is also a need to maintain project flexibility 

for locating other project supporting elements. 

This flexibility is needed to ensure reduction of environmental impact, efficient mining, to be 

consistent with mine planning processes and adaptable to other changes in project drivers. The 

Maximum Disturbance Allowance has been established based on knowledge of baseline across the 

whole of the PAA, and current expectations at the time of this assessment about where mine and 

other project elements might be located.  

The final location of mining activities will be refined based on detailed geological investigations, while 

the final location of bauxite transport infrastructure within the BTC will be refined based on detailed 

mine planning, when available.   

The degree to which the final location may change from the current expectations at the time of this 

approval about where mine and other project elements might be located varies according to a range 

of factors. For example, the BTC Nullaga Haul Road is unlikely to change significantly, given that 

the Nullaga mining area is planned to be accessed early in the mine plan, following receipt of relevant 

environmental and other approvals. Conversely, the location of the possible conveyor in the BTC is 

unknown at this time as it is subject to further strategic long term mine planning and not currently 

proposed for the immediate future. To develop the Maximum Disturbance Allowance, the entire 

baseline has been considered, then avoidance areas removed, and a worst-case scenario (in terms 

of maximum native vegetation clearing) has then been adopted, in order to inform a conservative 

environmental impact assessment. All final locations will be refined based on detailed planning for 

disturbance and will be submitted to the EMLG in accordance with the Worsley State Agreement 

(10 Year Mine Plan), which is reviewed and updated annually. 

4.3.4 Commitments to Protect Key Environmental Values Within the PAA 

Worsley Alumina  has undertaken a comprehensive evaluation to identify and realise opportunities 
to avoid key environmental values within the PAA.  This process involved collaboration within 
Worsley across mine planning, engineering and environment, and comprised an extensive review of 
the mine planning approach and led to the creation of a Protected Areas Plan (Appendix E4).  

A number of different scenarios were evaluated as part of this process, with each providing varying 

levels of protection for key values and different approaches to rehabilitation. The overarching 

objective of the evaluation was to minimise impacts on areas of conservation or high biodiversity 

value, with a focus on MNES, poorly represented habitat types and other conservation significant 

values, in the PAA through the mitigation hierarchy, with priority focus on avoidance to the extent 

practicable. The evaluation identified forward commitments that appropriately balance 

environmental avoidance with protection of mine asset value (ore reserves). 

The evaluation resulted in a suite of new commitments (Protection Commitment Areas) and the 

revision of areas that Worsley has previously committed not to clear (Protected Areas). The 

Protected Areas include: 

• Conservation reserves and parks;  
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• Worsley Alumina will not clear more than 298 ha of the 1,228 ha of high quality Wandoo habitat 
identified within the PAA (Plan W 2.0). Clearing of these Wandoo areas will be for any operational 
activities within the PAA; 

• Listed State and/or Federal Priority and Threatened Ecological Communities (PECs and TECs);  

• Listed State or Federal conservation significant flora (Threatened) and/or communities; and 

• Old growth forests as defined by the DBCA.  

The new Protection Commitment Areas realise significant protections for conservation significant 

values (particularly MNES), reduce the existing rehabilitation deficits and provide long-term security 

to Worsley Alumina’s rehabilitation, as a mitigation for habitat clearing.  The Protection Commitment 

Areas address three key objectives:  

• Avoiding identified areas of significant habitat, particularly areas associated with MNES; 

• Maintaining ecological linkages; and 

• Increasing rehabilitation rates to reduce the rehabilitation deficit and protect designated areas 
from re-clearing. 

Before clearing native vegetation within the PAA for the Revised Proposal, Worsley will submit to 

the EMLG and include in the 10 Year Mine Plan each year, relevant maps demonstrating how these 

commitments will be met.     

These commitments are included in the Protected Areas Plan and summarised in Table 4-2. 
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Table 4-2 Revised Proposal Protection Commitments 

Commitment Core Objective Protection Commitment 

Protected Areas To protect areas:  

• of high biodiversity 
conservation value; 

• of high heritage value;  

• protected under 
legislation, or  

• protected under other 
legal requirements. 

Worsley Alumina will not clear the Protected Areas 
identified in the plan included in Figure 4 when 
implementing the Revised Proposal unless it has 
approval from the EMLG.   

Protection Commitment Areas 

Avoidance of 
Identified Areas 

Avoid identified areas, 
with a priority focus on 
fauna habitat that 
reduces impact MNES 
species 
 

Worsley will: 

• not clear more than 2,631 ha of the 4,385 ha of 
Woylie habitat identified within the PAA and shown on 
the map at Figure 1 of the Protected Areas Plan; 

• not clear more than 449 ha of 690.9 ha of Red-Tailed 
Phascogale habitat identified within the PAA and 
shown on the map at Figure 2 of the Protected Areas 

Plan; 

• not remove more than 10% of the inferred 653 
actively used (confirmed) and high potential Black 
Cockatoo breeding hollows as estimated by the 
Phoenix (2021a) survey and report (approximately 65 
individual trees); 

• ensure an exclusion area of 50m from the high-water 
mark of the Refinery Freshwater Lake will be in place 
for contingency mining activities Figure 3 of the 
Protected Areas Plan; 

• not clear more than 298 ha of the 1,228 ha of high 
quality Wandoo habitat identified within the PAA and 
shown on the map at Figure 4 of the Protected Areas 

Plan; and 

• establish a buffer of at least 100 m around the 1.1 km 
section of the Bibbulmun Track that intersects the 
north-western extent of the Worsley Mine 
Development Envelope shown on the map in Figure 5 
of the Protected Areas Plan. This commitment will 
apply if any part of the of this 1.1km section is 
relocated and remains within the Worsley Mine 
Development Envelope. 

Ecological 
linkages 

Establish spatially 
defined conservation 
corridors to maintain 
connection of remnant 
habitat across the mining 
landscape 

• No more than 96 ha of the area of mapped Ecological 
Linkages (962 ha) in Figure 6 of the Protected Areas 
Plan will be cleared by Worsley Alumina during 
implementation of the Revised Proposal. Clearing in 
the ecological linkages will be limited to infrastructure, 
roads and access and will not include ore mining 
activities. 

Rehabilitation Reduce the rehabilitation 
deficit to less than 35% 
within 10 years and adopt 

Rehabilitation Completion 

• Worsley Alumina will reduce the rehabilitation deficit 
associated with the Revised Proposal within the PAA 
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Commitment Core Objective Protection Commitment 

protection measures to 
restrict re-clearing to 
ensure security of 
rehabilitation 

from approximately 45% (remnant vegetation cleared 
to rehabilitated) to a maximum of 35% by 1 January 
2033; and 

• Worsley Alumina will maintain the deficit below 35% 
rehabilitation deficit associated with the Revised 
Proposal within the PAA after 1 January 2033 unless 
it receives approval from the EMLG to increase the 
rehabilitation deficit for a temporary period of no more 
than 2 years. 

Rehabilitation Protection 

• Worsley will, on an annual basis, identify and 
designate particular rehabilitation areas as ‘Protected 
Rehabilitation’ in the 10 Year Mine Plan; and 

• Worsley will not re-clear Protected Rehabilitation to 
ensure it is maintained and protected as an ecological 
resource supporting ecological values including State 
and federally listed values (i.e. black cockatoo 
foraging habitat) for the time period it remains within 
Worsley’s management and control (noting once 
areas are handed back to the original landowner, 
Worsley has no right to influence protection 
measures). 

Management Minimise impact of 
threatening processes to 
MNES 

Apply feral predator control mechanisms within the 
Protection Commitment Areas. 

Areas of Potential High Conservation Value 

Areas of potential high conservation value, as described in the Biodiversity and Forest Management 

Plan, are areas having potentially high biodiversity conservation or heritage value. While these areas 

have no formal legal or contractual requirements related to protection, they are recognised as being 

important contributors to biodiversity or heritage. Therefore, disturbance to these areas is sought to 

be avoided or minimised.  

Areas of potential high conservation value include, but are not limited to, Priority 1 and 2 flora, 

moderate to high risk existing groundwater dependent ecosystems (GDEs), high quality vegetation 

with the potential to support short-range endemic and threatened fauna, fauna corridors and 

ecological linkages within Marradong Timber Reserve, and stream zone buffers on hierarchy 

category 3 or higher where riparian vegetation occurs, to comply with the Sustainable Forest 

Management guideline. These areas are managed internally and through negotiations with relevant 

stakeholders. 
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4.4 ENVIRONMENTAL MANAGEMENT FRAMEWORK 

4.4.1 Corporate Standards 

The corporate standards applied for Worsley Alumina align with the management entity, South32’s 

standards. A series of corporate standards, policies and strategies provide the framework under 

which South32 conducts, develops, adopts for and manages its projects and operations. Those 

documents relevant to the assessment and management of the Revised Proposal are described 

below. 

South32’s Global Environment Standard provides a robust management framework enabling the 

business to operate in a socially responsible and sustainable manner. This Standard applies to all 

operations and exploration activities under the operational control of South32 (including Worsley 

Alumina), including activities associated with this Revised Proposal. The Global Environment 

Standard describes the minimum acceptable environmental requirements for all operations.  

South32’s Sustainability Policy documents the company’s commitments to Sustainable 

Development, including commitments to:  

• Identify and manage risks, impacts and opportunities within South32 operations and host 
communities; 

• Be responsible stewards of the commodities extracted and the natural resources used, while 
promoting enduring environmental, social and economic benefits; 

• Create shared value with stakeholders; 

• Implement South32’s approach to climate change to reduce emissions and build climate change 
resilience; 

• Recognise Indigenous and land-connected peoples’ relationship with land, water and the 
environment; 

• Continually improving systems and processes, working with suppliers, customers and 
communities to drive performance; 

• Meet legal and other agreed commitments in all jurisdictions in which South32 operate; and 

• Publicly report progress and encourage high standards of transparency and accountability in 
South32’s business governance, risk and government interactions. 

South32 has also developed a Planning Standard that describes its business planning processes. A 

Life of Operations Plan is maintained for each operation and is updated annually which incorporates 

key priority actions required to achieve the plan including submission of environmental approvals 

and completion of environmental studies. At Worsley Alumina, a 10 Year Mine Plan is also submitted 

annually (see Section 1.3.1.1). 

Worsley Alumina operates in accordance with its own site-specific management, monitoring and 

reporting requirements. This includes identifying and assessing environmental risks, applying 

appropriate controls, monitoring implementation and effectiveness and reporting. Management 

plans, procedures and registers are examples of the internal controls that underpin day-to-day 

operational activities. Worsley Alumina reports its environmental compliance performance in its AER 

in accordance with environmental licence and approval conditions. Worsley Alumina also reports its 

sustainability performance in the Corporate Sustainability Report which is publicly available via the 

South32 website. 
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4.4.2 Project Specific Management 

4.4.2.1 Environmental Management System 

Worsley Alumina operates in accordance with its Environmental Management System (EMS). The 

purpose of the EMS is to ensure that the company policy requirements relating to the environment 

are fulfilled and progress is made towards achieving corporate environmental objectives. The EMS 

includes a framework for identifying environmental risks, applying appropriate controls and 

monitoring implementation and effectiveness. It also includes continuous improvement programs to 

achieve key environmental objectives and targets. Components of Worsley Alumina’s EMS are 

updated on an as needs basis to allow an adaptive framework. 

The EMS supports a number of Environment Management Plans (EMPs) that describe the strategies 

and procedures that are implemented to ensure compliance with Worsley Alumina’s obligations and 

objectives to minimise the impact and risk of activities associated with the Project. The EMPs 

consolidate current management practices and address commitments included in previous approval 

instruments. The EMPs are also supported by an extensive array of existing standards, protocols 

and procedures which comprise the EMS.  

Many of the mitigation and management measures included in this Revised Proposal are outlined in 

the existing EMPs associated with the Project. These EMPs include monitoring programs, which 

verify impact predictions and the effectiveness of the mitigation and management measures. The 

EMPs include adaptive management and are updated as required, according to new information or 

changing circumstances, experiences and lessons learned. 

Worsley Alumina’s EMPs and other pertinent documents that are integral to this Revised Proposal 

include: 

• Biodiversity and Forest Management Plan (BFMP) (Appendix E1);  

• Threatened Species Management Plan (Appendix E2); 

• Threatened Fauna Pre-clearance Survey and Management Procedure (Appendix E3); 

• Protected Areas Plan (Appendix E4); 

• BBM Mine Closure Plan (Appendix E5); 

• Refinery Closure Plan (Appendix E6);  

• Water Management Plan (Appendix E7); 

• BBM Dust Management Plan (Appendix E8);  

• Air quality and Dust Management Plan (Appendix E9) 

• Greenhouse Gas Management Plan (Appendix E10); and 

• Exploration Environmental Management Plan (Appendix E11). 

Worsley Alumina’s EMS contains a significant number of additional relevant internal management 

documents, most of which are referenced in the existing EMPs. More information on these 

management plans and procedures, and how they apply to the Revised Proposal, is included in 

Section 5. 

Under the Worsley State Agreement, Clause 5A requires Worsley Alumina to submit a detailed 

ERMP for assessment and approval in order for those activities to be implemented on the State 

Agreement Mining Tenure M258SA. This ERD will become this instrument under Clause 5A to 

comply with the requirements under the M258SA.  

Clause 16(10) of the Worsley State Agreement requires Worsley Alumina to provide annual updates 

to the 10 Year Mine Plan (10YP) which outlines the rolling 10-year plan for mining and ancillary 
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operations to the EMLG for review and acceptance. The 10YP provides a review of the preceding 

12 months of operations, and details long-term exploration, clearing and mining plans.  

4.4.2.2 Future Intent for Contemporisation of Environmental Management Framework 

As noted in Section 4.4.2.1, Worsley Alumina believes a whole of operations, consolidated and 

contemporised approval for the Revised Proposal will achieve effective and efficient environmental 

management into the future. 

Ministerial Statement 719 currently regulates existing operations by a “management plan” approach, 

where many prescriptive management plans are required to be implemented in the expectation this 

will achieve environmental protection. While Worsley Alumina’s management of existing operations 

under this regime have resulted in Worsley meeting environmental protection objectives to date, 

Worsley Alumina believes any future consolidated approval should adopt a more contemporary 

approach to environmental regulation. This approach would include: 

• Outcomes-based Conditions 
These contain a measurable environmental outcome that must be met. The EPA and DAWE 
acknowledge that an outcomes-based regulatory approach is best practice, and that it is most 
successful when there is high quality baseline, well understood environmental risks, and reliable 
methods available to achieve the outcome. The Revised Proposal meets these criteria, and when 
combined with Worsley’s demonstrated capability and willingness to manage the environmental 
impacts, this means a primarily outcomes-based approach would be the appropriate regulatory 
setting under a consolidated approval; 

• Statutory Management Plans (Systems-based Conditions)  
These specify an environmental objective in general terms, such as to minimise impacts as far 
as practicable, and then prescribe management actions, monitoring and reporting to achieve this 
objective. They are usually needed when there is a lack of baseline data, or a particular issue 
requires a high degree of prescription. Management plans are then legally enforceable.  Due to 
this enforceability, the EPA states that it is important that they are as precise as possible and do 
not include information that is not required. This has the side effect that statutory management 
plans are often not able to be practical, operational, on the ground management plans. They are 
also often inflexible, and the need to have changes to them approved means they are often 
inappropriate for adaptive environmental management. Worsley Alumina therefore believes that 
while statutory management plans are appropriate for minimising some potentially significant 
impacts, they are not appropriate for most environmental management; and 

• Operational Environmental Management Documents 
These are practical, operational documents which are designed to be implemented on the ground 
to achieve environmental outcomes and objectives. They have the added benefit of providing 
educational and empowerment support to operational staff to ensure environmental objectives 
are met in real time. They are not legally enforceable themselves, and so facilitate a focus on 
achieving environmental outcomes, rather than a focus on strict adherence to procedures and 
processes. They are able to be readily amended to ensure adaptive environmental management. 

Worsley Alumina will consult with DWER (EPA Services) as part of the process of this Part IV 

Revised Proposal, to review the Management Plans and Conditions relevant to the ongoing 

operations, to achieve an improved environmental management framework. 

4.4.2.3 Framework for Exploration and Minor Infrastructure Use and Development 

An Infrastructure Use and Development Procedure and an Exploration Environmental Management 

Plan is proposed to be applied to Revised Proposal elements which are expected to have minimal 

environmental impact but where some details are not yet known, given the continued progressive 

mine life. These documents will ensure that environmental impacts are reduced as far as practicable, 
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mean that relevant DMAs are consulted, and utilises existing known statutory processes which have 

been part of the successful environmental management of the Worsley Alumina operations to date. 

It is expected that these documents are applicable for minor works and infrastructure and exploration 

activities, that otherwise do not represent significant impacts under Part IV of the EP Act or the EPBC 

Act, and considered normal site management practice, including: 

• Fencing, access tracks and firebreaks (in and out of the WMDE) (Section 1.3.1.7); 

• Minor maintenance clearing associated with support infrastructure (in and out of WMDE) 
(Section 1.3.1.7); 

• NBG stockpile access by using public roads, as described in Section 1.3.1.4; 

• Bores (out of the WMDE) (Sections 1.3.1.5 and 1.3.1.7); 

• Exploration works, including diamond and reverse circulation drilling (Section 1.3.1.2); and 

• Other infrastructure outside of WMDE (Section 1.3.1.7). 

The documents will have the following key elements: 

• It is applied before the Revised Proposal element is implemented; 

• It assesses environmental impacts via existing established procedures; 

• It considers alternatives where practicable; 

• It will be presented to the EMLG; 

• Any DMA’s not represented on the EMLG which are relevant will be consulted, and advised they 
may engage with the EMLG process if any issues are raised (for example the DAWE); 

• It will be included as a future activity in the 10 Year Mine Plan; 

• Implementation will be reported in the 10 Year Mine Plan; 

• It will not be likely to have a significant impact on any MNES; 

• Impacts will remain within the limits of any outcomes-based conditions; 

• Impacts will be managed under statutory management plans; and 

• Impacts will be managed under operational environmental management documents. 

4.5 REHABILITATION PROGRAM 

Worsley Alumina has implemented a comprehensive progressive rehabilitation program for 

disturbed areas, dating back to 1986. As of the end of 2019, Worsley Alumina had rehabilitated 

approximately 3,200 ha (54%) of areas cleared for mining operations. These rehabilitation areas are 

shown in Figure 4-3 (Worsley, 2019a).  

The Worsley State Agreement requires the company to undertake Forest Restoration (Clause 16.(8)) 

to achieve progressive restoration, prevent soil erosion and prevent the formation of deep water 

pools and other dangers to persons.  The Environmental Review and Management Programme 

(ERMP) prepared by Worsley in 1979 for the approval of the original operation, required cleared 

areas to be progressively rehabilitated to meet aesthetic values and to be in accordance with the 

then Forest Department’s values of: 

• Salinity control; 

• Re-establishment of fauna habitat; 

• Aesthetic and recreation appeal; 

• Re-establishment of representative flora; 

• Productive forestry; and 

• Commercial honey production. 

These obligations represent the minimum requirements for the rehabilitation.  Over the life of the 

operation, Worsley has built on these requirements and developed a comprehensive rehabilitation 
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practice which undergoes continuous improvement and refinement based on ongoing monitoring 

and additional research. 

The rehabilitation program commences with planning and includes earthworks to assist with the re-

creation of a soil profile capable of sustaining vegetation diversity, topsoil management (focussed 

on maximising direct return topsoil, topsoil hygiene and maintaining topsoil condition), broadcast 

seeding and strategic planting of seedlings of poorly germinating and difficult-to-seed species (see 

Section 4.5.2). Fauna return is encouraged through maximising the species diversity, structure and 

cover of the rehabilitation and the establishment of fauna habitats constructed from forest residues, 

such as coarse debris and logs.  

The rehabilitation program undertaken by Worsley Alumina provides mitigation for the clearing 

undertaken by progressively returning habitat, offering refuge, denning and foraging resources for 

species (including foraging black cockatoos and denning/foraging habitat for Chuditch), while also 

maintaining and restoring habitat connectivity across the landscape. 

An interim review of the rehabilitation program was undertaken in 2004 (URS 2004) to assess the 

effectiveness of the Worsley Alumina rehabilitation program and its performance since 

commencement of operations. The review was arranged in two parts – firstly to examine the 

rehabilitation procedures and secondly to assess the rehabilitation success in the Saddleback 

Timber Reserve. 

Part one of the 2004 review determined that the rehabilitation program, at the point of assessment, 

contained all the elements of an industry best practice program, as assessed against a range of 

common best practice criteria in the mining industry.  Worsley Alumina continues to adhere to the 

best practice criteria used in the assessment, including management commitment to environmental 

management, continuous improvement (through research and development (see Section 4.5.7), 

and adaptive management practices), the formalisation of written procedures and processes that 

cover all aspects of rehabilitation and the implementation of comprehensive monitoring programs.   

In consultation with the DBCA, Worsley Alumina is currently progressing the establishment and 

refinement of specific, measurable and formalised completion criteria for rehabilitation undertaken 

in state forest. These completion criteria are aimed at facilitating the successful return of 

rehabilitation areas to state managed land.  

Part two of the review assessed the success of the rehabilitation program in relation to restoring 

biological diversity. The 2004 report determined that within the Saddleback Timber Reserve that a 

forest ecosystem could be established after mining with the following characteristics: 

• Ecologically diverse with similar floristics to the pre-mining forest; 

• Having tree growth comparable to the pre-mining forest;  

• Enduring through time; and  

• Resilient to normal forest disturbance, notably fire. 

Since the review, Worsley Alumina has incorporated ongoing research into the improvement of 

restoration activities, including continued investigation into propagation techniques and seed 

management to support and grow the recalcitrant species establishment work (aimed at restoring 

floristically important Jarrah forest species that are difficult to return by broadcast seed, e.g. 

Lasiopetalum cardiophyllum, Leptomeria cunninghamii, Styphelia tenuiflora and Leucopogon 

capitellatu); biological limitations including fertiliser application and topsoil management; resilience 

to fire and drying climate and agricultural land restoration techniques, including improving the 

restoration of native vegetation on previously farmed lands. 
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Review of rehabilitation success is continuous with further review of the success, based on 

rehabilitation monitoring data collected over the past 30 years (Mattiske, 2019) indicating that tree 

density (excluding seedlings) within the majority of the rehabilitation areas was observed to be similar 

to that within the surrounding Jarrah Forest communities. Mean tree heights and diameters were 

also found to be increasing with time since rehabilitation, indicating the trees are growing well and 

beginning to develop traits that structurally resemble the surrounding Jarrah Forest (see Section 

4.5.3).  

Worsley will continue to review rehabilitation performance and will undertake further formal 

assessments at periodic intervals.  

As discussed in Section 1.3.1.6, the availability of land for rehabilitation is determined by operational 

factors such as full ore extraction in a mining area, as influenced by blending requirements, access 

requirements to adjacent mining areas and final landform shaping requirements. As a result of 

historic operational development requirements Worsley currently has a rehabilitation deficit of 

approximately 45%.  Approximately 20%of land that is disturbed is required to remain open for longer 

periods of time and is associated with long term infrastructure including crushers, buildings, run of 

mine stockpiles, batters surrounding plant), long term haul roads, conveyors and other long term 

access requirements.  

It is anticipated that approximately 20%-30% of land that has been previously disturbed; or planned 

for disturbance as part of the Revised Proposal will not undergo progressive rehabilitation as it will 

be required for use associated with long term infrastructure (including batters surrounding plant), 

haul roads and conveyors, mine stockpiles or other access requirements, and will remain open until 

it is rehabilitated as part of the BBM Closure Plan (Appendix E5). As a result of historic operational 

development requirements Worsley Alumina currently has a rehabilitation deficit of approximately 

45%.   

Taking into account the additional commitments that will be implemented to provide further protection 

of the key environmental values as part of the Revised Proposal refinement (refer to Section 4.3.4), 

Worsley Alumina has committed to reduce the rehabilitation deficit associated with the Revised 

Proposal within the PAA from approximately 45% (remnant vegetation cleared to rehabilitated) to a 

maximum of 35% by 1 January 2033. Worsley Alumina will maintain a rehabilitation deficit below 

35% with all works associated with the Revised Proposal within the PAA after 1 January 2033 unless 

it receives approval from the EMLG to increase the rehabilitation deficit for a temporary period of no 

more than two years. The rehabilitation deficit will be maintained below 35% through a range of mine 

planning mechanisms, including the storage of rehabilitation material on existing cleared areas and 

areas where rehabilitation has not been finalised, and where identified, undertake complete mining 

of remnant (previously mined) areas to allow for the rehabilitation of larger mine areas. 

4.5.1 Rehabilitation and Restoration Defined 

Worsley Alumina classifies the rehabilitation and restoration of disturbed land, respectively, as 

follows: 

• “Rehabilitation” includes: 

• Rehabilitation of mined areas that were originally native vegetation (such as State Forests); 
and 

• Rehabilitation of mined agricultural land as per the specifications of third party owned land 
agreements, including to a cropping, plantation or pasture standard. 

• “Restoration” includes:  
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• The restoration of mined or unmined agricultural land from a cropping or pasture use to a 
forested area on privately owned land; and 

• The restoration of unmined, degraded native vegetation to a forested area on privately 
owned land.  

As detailed in Section 7, the distinction between rehabilitation and restoration is of importance when 

considering environmental offsets to compensate for the Significant Residual Impacts (SRI) on 

conservation significant fauna. Rehabilitation is an impact mitigation measure that reduces the 

significance of the SRI in relation to the impacted species. Restoration is, however, applied as an 

offset to compensate for the SRI on impacted species.  Although this distinction is important for 

purposes of determining environmental offsets, the actions that comprise rehabilitation and 

restoration to return disturbed land to a vegetated state resembling natural forest, and the standards 

to which they are performed, are identical, and are described Sections 4.5.2 to 4.5.4.  

4.5.2 The Mine Rehabilitation Process  

Under the requirements of the State Agreement Act and the ERMP (required under C5A.(1)-92), 
structures and procedures have been established to guide mine planning (Section 1.3.1.1) and the 
execution of rehabilitation to pre-defined and agreed, acceptable standards. 
 
Section 4.5.2 provides detail of the processes involved with the planning, implementation and 
completion of rehabilitation conducted by Worsley Alumina for the Revised Proposal. The following 
high level processes and documentation are involved, and are described in more detail in Sections 
4.5.3 to 4.5.5: 
 

• Working arrangements – a framework whereby the DBCA-WAPL detailed arrangements for 
the rehabilitation on DBCA-managed land is agreed on a five-yearly basis; 

• Rehabilitation prescription – A framework document setting out mechanisms for the 
management of rehabilitation in timber reserves and State forests. This framework is reviewed 
every two years and sets out detailed annual habitat prescriptions; 

• Completion criteria – metrics of rehabilitation success. Established in collaboration with the 
DBCA and approved by the EMLG. Once finalised, completion criteria will be reviewed every five 
years in response to rehabilitation monitoring and the results of rehabilitation-related research 
and development;  

• 10 Year Mine Plan (10YP) – an operational mine plan that specifies mining and rehabilitation 
sequencing. The 10YP is subject to annual re-approval by the EMLG to authorise mining for a 
rolling ten year mine planning period. The 10YP is only approved after review of the rehabilitation 
measures reported through in the AER and after consideration of the performance of existing 
rehabilitation areas; 

• Biodiversity and Forest Management Plan – An operational plan that details the management 
requirements to comply with the rehabilitation prescription and incorporates the completion 
criteria as specific rehabilitation metrics; 

• Mine Closure Plan – A mandatory plan under the Mining Act that has been drafted to incorporate 
the requirements for restoration required under the Worsley State Agreement and the 
progressive development of rehabilitation practices at Worsley Alumina.  It is aimed at achieving 
the management outcomes contained in the BFMP (as per the agreed rehabilitation prescription 
and the DBCA/Worsley Working Arrangement for areas of state forest), and the rehabilitation 
prescriptions agreed with the Minister for State Development in relation to privately owned land;  

• Mining and Rehabilitation (process) - On approval of the 10YP vegetation clearing and mining 
commences on approved areas and rehabilitation is performed as per the Rehabilitation 
Prescription (including the Working Arrangements and the draft completion criteria) and in 
accordance with the Mine Closure Plan; 

• Disturbed land rehabilitation - For the rehabilitation of third party land previously disturbed by 
agriculture, silviculture or land uses other than mining by Worsley Alumina, rehabilitation is 
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guided by restoration agreements approved under the State Agreement and draft completion 
criteria, contained in the Mine Closure Plan (Section 4.5.3); in the case of land owned by the 
Worsley Joint Venture the land may preferentially be rehabilitated  back to bush in line with the 
requirements of the State Forest: 

• For the rehabilitation of agricultural/private land areas, rehabilitation is implemented as per 
the BFMP (Appendix E1). 

• State Forest rehabilitation - The rehabilitation of State forest areas is guided by the 
Rehabilitation Prescription (under the State Agreement), the DBCA/WAPL Working 
Arrangements, the draft completion criteria and Worsley Alumina’s internal rehabilitation 
procedures and standards (Section 4.5.4): 

• For the rehabilitation of forest areas, rehabilitation is implemented as per the BFMP 
(Appendix E1). 

• Monitoring rehabilitation progress/success against completion criteria, as outlined in the BFMP 
(Appendix E1); 

• Adaptive management and research – Adaptation of rehabilitation methodologies, completion 
criteria and BFMP in response to research and monitoring data); and 

• Relinquishment (Defined relinquishment processes for agricultural land or State Forest).  

4.5.3 Rehabilitation of Disturbed Land  

As defined above, rehabilitation is considered as the return of the pre-existing condition prior to 

disturbance.  This may be the re-establishment of either forested areas or agricultural land. 

Rehabilitation of agricultural land is guided by Restoration Agreements entered into by Worsley and 

the landholder and approved by the Minister for State Development, Jobs and Trade in accordance 

with the State Agreement (clause 7.(9)(a)(iii)). In the case of land owned by Worsley Alumina, 

restoration of disturbed land has to be to the satisfaction of the Minister under the same State 

Agreement considerations as would be applicable to any other (third party) privately owned land 

(clauses 7.(10) – (14)). When planning for rehabilitation of third party owned lands, the landowner 

can specify the locations for rehabilitation of mined areas back to pasture, remnant bush or wood 

land pasture with the minimum requirement being to re-instate an equivalent area of remnant 

vegetation to that which existed pre-mining.  Specific completion criteria are agreed between 

landowners and Worsley Alumina prior to mining being conducted on private land. These criteria are 

incorporated into the Consent Compensation and Restoration Agreement executed between 

Worsley Alumina and the landowner.    

 These agreements include the following overarching rehabilitation objectives: 

• To create a landform that is compatible with the surrounding landscape; 

• To progressively re-establish the pre-mining hydrological regime by progressively re-establishing 
equivalent areas of bush vegetation;  

• To create a stable landform that will not increase the erosion of soil by wind or water; 

• To restore the land capability of the disturbed areas to enable productivity levels comparable 
with adjacent areas of equivalent land use; and  

• To reinstate an equivalent area of remnant vegetation to that which existed before mining, with 
a view to ensuring that the ecological value of the rehabilitated areas will be approximately equal 
to or, if agreed, greater, than that which existed prior to mining. 

In specifying rehabilitation requirements Worsley Alumina considers the results of pre-mining 

surveys and pursues opportunities for enhanced ecological connectivity and/or the restoration of 

degraded remnant vegetation.  Where agreement can be reached with the landowner, the area of 

native vegetation is increased, particularly where ecological connectivity can be enhanced by 

connecting larger, good condition fragments of remnant vegetation to other fragments, or to forest 



 

 Worsley Mine Expansion Environmental Review Document 106 
 

or reserve areas. As a minimum, agricultural land is rehabilitated to the prescription specified in the 

MCP, including: 

• Deep ripping of pit floors and landscaping/contouring to blend in with the surrounding topography 
and maintain drainage; 

• Re-spreading of overburden and topsoil; 

• Reinstatement of infrastructure (tracks, fences, gates etc); and  

• Application of fertiliser, seeding and planting to achieve either pasture/crop, remnant bush or 
woodland pasture standard.  

A defined  process has been agreed whereby the EMLG, incorporating representatives of the DBCA, 

DWER, DMIRS and other regulators, facilitates the assessment of rehabilitation success and the 

formal handback of rehabilitated land to the original landowner. This process also forms the basis of 

the formal relinquishment of the mining lease once all restoration obligations have been met.  

The process involves the following main steps: 

• The landowner and WAPL assesses rehabilitation progress; 

• Assessment of restoration success (land capability); 

• Review by department of Agriculture and the Shire of Boddington; 

• Presentation to EMLG of intent to return rehabilitated land to landowner management; 

• Agreement between WAPL and landowner thar restoration works are complete and return to 
landowner; 

• Ongoing monitoring of rehabilitation success by Worsley and corrective action as required; 

• Confirmation of rehabilitation success by WAPL and landowner; 

• WAPL presentation to EMLG and acknowledgement by Minister that restoration obligation has 
been fulfilled; and 

• Mining lease relinquishment process.  
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4.5.4 Rehabilitation of Forest Areas 

As outlined in Section 1.3.1.6 and indicated in Figure 4-3, the progressive rehabilitation of State 

Forest on completion of mining activities is required under the State Agreement (clause 16(8)) and 

the process is agreed and guided by the DBCA/WAPL Working Arrangements, Rehabilitation 

Prescription and Worsley Alumina’s internal management plans, procedures and standards.  

4.5.4.1 State Agreement 

Clauses 16(8) – 16(10) of the State Agreement outlines the requirements for forest restoration and 

forest mining plans. These requirements include the need for progressive restoration and re-

forestation of the forest impacted by mining and also imposes the requirement to annually submit 

the 10YP. 

4.5.4.2 DBCA and WAPL Working Arrangements 

The agreed DBCA/Worsley Working Arrangements outline the mechanisms by which DBCA and 

Worsley integrate Worsley Alumina’s bauxite/alumina activities on State lands managed by the 

DBCA, as outlined in the State Agreement. The Working Arrangement document sets out the 

responsibilities of each party and provides a framework from which detailed working arrangements 

will be prepared or reviewed every five years. The framework intends that full advantage be taken 

of the resources and experiences of both organisations and that the arrangements are responsive 

to new information from operational experience, trials, and research. 

4.5.4.3 Rehabilitation Prescription and the Biodiversity and Forest Management Plan 

The Rehabilitation Prescription outlines the mechanisms by which the DBCA and Worsley Alumina 

will provide for progressive mine-pit rehabilitation in Timber Reserve areas (as defined in the 

Conservation and Land Management Act 1984), of the South32 Worsley Alumina Principal 

Mineralised Area (i.e., Saddleback, Quindanning and Marradong Timber Reserves, and further state 

forest areas as included into the future).  The document sets out the responsibilities of each party 

and develops a set of policies, objectives, strategies, and review mechanisms for rehabilitation 

planning. These provide a framework from which a detailed rehabilitation prescription for each year’s 

activity is provided and it is intended to be responsive to new information from trials, research and 

operational experience, including regional initiatives. The Rehabilitation Prescription is reviewed 

every two years by Worsley Alumina and DBCA with updates made to the prescription following 

review of rehabilitation performance and outcomes of research initiatives. 

The BFMP (Appendix E1) summarises the rehabilitation program, which is outlined by the 

Rehabilitation Prescription, and includes Worsley Alumina’s commitment to manage biodiversity, 

forest resources and rehabilitation with the following objectives: 

• To ensure biodiversity and sustainability of Eastern Darling Range Forest ecosystems are not 
adversely impacted by Worsley Alumina’s bauxite mining activities and construction of bauxite 
transport corridors and operation of overland conveyors; 

• To minimise the risk of bauxite mining activities introducing or spreading dieback or other forest 
disease into areas of State and private forest; 

• To ensure that rehabilitation of areas of Timber Reserve is timely, sustainable and meets 
completion criteria agreed to by the State; and 

• To ensure that rehabilitation of mined areas on private property leaves the land in an 
environmentally stable and sustainable condition and meets the requirements of the private 
property owner. 
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The broad objective of mine rehabilitation in forest areas is to regenerate a stable forest ecosystem 

with flora characteristics comparable with the Eastern and Northern Jarrah Forest. Specific goals 

include the maintenance of recreation, conservation, timber production, landscape and hydrology 

values, together with impact minimisation on undisturbed areas. In implementing the objectives of 

the Working Arrangements, in terms of forest ecosystem sustainability, the following characteristics 

are considered as they are fundamental components of functioning forest ecosystems, composition, 

structure, pattern, heterogeneity, function, species interaction, dynamics and resilience. 

Rehabilitation commences as soon as practicable after completion of mining operations. The key 

steps employed in the rehabilitation of mining areas is outlined in Section 1.3.1.6, with further detail 

provided in the BFMP (Appendix E1).  

Topsoil management forms an important component of the rehabilitation program and includes the 

segregation, tracking, direct return and sieving of soil from cleared areas. Worsley Alumina targets 

a direct return rate of 35% for topsoil within areas of State Forest. Further topsoil and overburden 

management is described in Section 5.4.5.1.1. Potential topsoil viability and quantity deficits are 

addressed through the use of topsoil striping techniques on rehabilitated surfaces, i.e., older 

stockpiled topsoil is spread over rehabilitated surfaces in strips (approximately 3 m-4 m in width) 

with fresher direct return topsoil from near-by areas spread in strips in between to enable good 

coverage and provide successful revegetation conditions. Other information relating to the 

reconstruction of soil and landforms, including slope angles, erosion controls, surface water 

contouring, and landform stability is described in Section 5.4.5.5.  

Rehabilitation is undertaken using local provenance species with seed and cutting material for 

revegetation collected from within the BBM local provenance areas, agreed with DBCA. Material is 

collected from a range of native species to allow a closer replication of the natural forest to be 

achieved and targets the specific dominant site-vegetation types. For example, the forest 

rehabilitation areas in the 2018/2019 financial year were broadcast with seed from 218 native 

species of trees, legumes and other understorey plants, collected from local flora provenances 

(Worsley, 2019a). Seed and stocking rates include primary and keystone species, greenstock and 

hand planting. The seed stock includes three key tree species (Jarrah, Marri and Wandoo) that are 

primary components of Black Cockatoo foraging and night roosting habitat, however, also have 

potential to develop into habitat trees offering potential to support suitable nesting hollows. Hollows 

and hollow developing species are also critical in supporting refuge and breeding habitat supporting 

other fauna species. The rehabilitation program also considers maintaining a resilient ecosystem, 

including consideration of climate impacts (drying climate) allowing for resilience in the rehabilitated 

vegetation with respect to provenance, species genotypes and resilience to prescribed burns/fire 

management.  

Rehabilitation completion criteria are currently being developed with DBCA and once implemented 

will ensure rehabilitation meets an agreed standard that allows the handover of the rehabilitated 

areas within State Forest back to the State for DBCA management and facilitates the eventual 

relinquishment of areas of tenure back to the state. The development of rehabilitation completion 

criteria for the State Forest is ongoing in consultation with DBCA.  

Flora monitoring is undertaken annually to assess rehabilitation at the ages of 15 months, 5 years, 

10 years, 20 years and 30 years, with substitute monitoring in times of extreme weather conditions 

or under-performing criteria. Monitoring is undertaken at these time intervals as it allows 

successional trends of the vegetation communities (e.g. community structure) at distinct phases to 

be assessed and progress tracked. Monitoring is undertaken through the establishment and 

assessment of vegetation monitoring plots in both rehabilitated areas and reference/control sites.  
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The fauna monitoring program is undertaken every three years and involves a systematic trapping, 

camera, acoustic and bird surveys. The flora and fauna monitoring programs provide valuable 

information that inform and influence the way in which rehabilitation is undertaken by Worsley 

Alumina. For example, the monitoring data informs species return, presence/absence of fauna 

bioindicators of habitat quality, structure and trophic levels, value as a foraging resource for MNES, 

utilisation and improvements or enhancements of introduced constructed nesting/denning 

structures, development of research programs, trajectory analysis, stocking rates, adaptive 

management, remedial works and development of research programs.  

The purpose of completion criteria is to define the agreed state of mine rehabilitation to be achieved 

in rehabilitated mined areas that will allow those areas to be returned to the landowners and Worsley 

Alumina’s liability for the leased areas to cease. 

The draft completion criteria for the for the BBM have progressively been prepared by Worsley 

Alumina in close collaboration with the DBCA and in alignment with the DMIRS-endorsed Completion 

Criteria Framework, published by the WA Biodiversity Science Institute (WABSI) (Young, et. al., 

2019) (including a third party independent review of the draft completion criteria), The Completion 

Criteria  will continue to be refined and re-developed as mining and rehabilitation progresses. The 

Western Australian government (September 2021) recently announced to end logging of native 

forests under the Forest Management Plan 2024 – 2033. This is expected to influence elements of 

the draft completion criteria. Once the completion criteria have been agreed, Worsley Alumina 

proposes a three- to five-yearly review cycle that will provide the opportunity to continually address 

identified issues with rehabilitation and incorporate applicable advancements identified through 

research and the analysis of rehabilitation monitoring results. 

In developing the draft completion criteria, Worsley Alumina has recognised that existing 

rehabilitation at the BBM can be separated into three categories i.e., Current Era (post 2017), 

Established (1993 – 2017) and Historical (pre 1993) on the basis of the main features of the 

rehabilitation techniques used during each era (Table 4-3).  

Table 4-3 Key features of each era of Worsley Alumina rehabilitation 

Historical 
Rehabilitation executed ≤ 1993 

Established & Current 
Rehabilitation executed ≥ 

1993  

Seed mix and understorey 

• Acacia celastrifolia was 
used in understorey seed 
mix. 

• Single generic understorey 
seed mix; and 

• Acacia celastrifolia 
dropped from seed mix 
(1994). 

• Seed broadcast and 
seedlings planted. 

• Seedlings planted up to 
2002. Post 2002 primarily 
seeding is used, some 
seedlings are planted as 
required following 9-month 
review. 

• No set provenance for 
seed sourcing. 

• Introduced a set of local 
provenance seed (1992). 

Trees 

• Low diversity of seed. • Representative tree seed 
mix. 

• Eastern States tree 
species used measure 
jarrah growth potential. 

• First use of Marri and 
Sheoak in tree mix and 
only WA tree species used. 
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• Tree community types 
created for timber 
production; and 

• Trees seeded at 1000 
germinable seed per ha. 

• Tree community modelled 
on two dominant regional 
codes (JLc and JBg)11; and 

• Seeding was changed from 
June/July to immediately 
following soil scarification 
(late 90’s). 

Fauna 

• No fauna habitats were 
constructed. 

• Fauna habitat construction 
began in 1994 

Recalcitrant program 

• No Recalcitrant program. • Recalcitrant program 
commenced in 1994 with 
operational planting 
beginning in 2002. 

The completion criteria development process has been aligned with the rehabilitation principles 

contained in the Conservation Commission’s Forest Management Plan 2014-2023 (2013b) and 

these principles form the underlying landscape objectives for rehabilitation, as follows: 

• Land Use: Agreed post mine land use, e.g., recreation, timber reserve, conservation, heritage; 

• Integrated Management: Non-polluting, accessibility, protection, safe to humans and wildlife; 

• Integrated Landscape: Stable landforms, restore surface hydrological systems; 

• Sustainable Growth and Development: Sustain ecosystem productivity; and 

• Resilience of Ecosystem: Sustained resilience to environmental pressures comparable with 
that of the native forest. 

In alignment with the above-mentioned principles, a separate suite of completion criteria has been 

developed for each rehabilitation era that consists of distinct successional stages towards the 

achievement of rehabilitation objectives. The stages that are currently relevant to each era, the 

relevant rehabilitation principle, and the categories of completion criteria covered in each are 

presented Table 4-4 

 
 

 
 
11 JLc – Jarrah Mid–slope vegetation community / JBg – Jarrah Upper-slope vegetation community 



 

 Worsley Mine Expansion Environmental Review Document 112 
 

Table 4-4 Rehabilitation criteria by stage and era 

Stage Rehabilitation Principles and Categories of Completion Criteria 

Historical Era (pre 1993) 

5 Ecosystem Development – 

Ecosystem resilience and 

productivity (≥ 10 years) 

Integrated landscape 

• Landform and hydrology: 

• Topography – landscape integration and stability; and 

• Water balance – reinstate surface water flows and hydraulic conductivity. 

• Visual Compatibility – Vegetation and topography amenity; 

• Sustainable overstorey; and 

• Sustainable Understorey. 

6 Rehabilitation Closure – 

Lease relinquishment (≥ 12 

years) 

Land Use 

• Identification of land use: 

• Timber; 

• Recreation/Conservation; and 

• Heritage. 

• Fire – integration into prescribed burn programs; and 

• Access and safety from mining hazards. 
Resilience of ecosystem: Presence of weed species and appropriate management. 

Established Era (1993 – 2017) 

4 Ecosystem Consolidation – 

Successional Establishment (≥ 

2 years - < 10years) 

Integrated landscape: Stable landform and hydrological function. 

Sustainable growth and development: Establishment of species richness for long term vegetation 

development. 

 

5 Ecosystem Development – 

Ecosystem resilience and 

productivity (≥ 10 years) 

Resilience of Ecosystem: Resilience to fire; resilience to weeds; Understorey composition; Overstorey 

Composition. 
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Stage Rehabilitation Principles and Categories of Completion Criteria 

6 Rehabilitation Closure – 

Lease relinquishment (≥ 12 

years) 

Land use: Recreation; Timber. 

Integrated management:  

• Access; safety from mining hazards; and 

• Presence of weed species and appropriate management. 

Current Era (post 2017) 

1. Planning Land Use: Provide or maintain land use values in accordance with approved DBCA Plans. 

Integrated Management: Annual rehabilitation plans. 

Integrated Landscape: Landscape (Visual) Design; Landform and Hydrology Design. 

Ecosystem Resilience:  Resilience to disease. 

2. Very Early – Landscape and 

soil development 

Integrated Landscape: Topography and Landform Establishment. 

Sustainable growth and development:  

• Rehabilitation Earthworks; Provide adequate topsoil cover; Topsoil; scarified; Soil fertility; 

• Ecological Compatibility and sustainability:  

• Provide adequate fauna habitats; and 

• Reintroduce native flora assemblages. 
Integrated Management:  Access and safety. 

Resilience of ecosystem: Resilience to disease. 

3. Initial Growth – Vegetation 

initiation (≤ 2 years) 

Sustainable growth and development: Regenerate floral characteristics compatible with north eastern Jarrah 

forest: 

• Nitrogen cycle establishment (legumes); 

• Establishment of native overstorey species of local provenance, at a stocking rate appropriate for designated 
land use; 

• Establishment of understorey species; and 

• Presence of weed species and appropriate management. 
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Stage Rehabilitation Principles and Categories of Completion Criteria 

4 Ecosystem Consolidation – 

Successional Establishment (≥ 

2 years - < 10years) 

Integrated landscape: Stable landform and hydrological function. 

Sustainable growth and development: Establishment of species richness for long term vegetation 

development. 

5 Ecosystem Development – 

Ecosystem resilience and 

productivity (≥ 10 years) 

Resilience of Ecosystem: Resilience to fire; resilience to weeds; Understorey composition; Overstorey 

Composition. 

6 Rehabilitation Closure – 

Lease relinquishment (≥ 12 

years) 

Land use: Recreation; Timber. 

Integrated management:  

• Access; safety from mining hazards. 

 

 



 

 Worsley Mine Expansion Environmental Review Document 115 
 

4.5.5 Restoration of Vegetation 

The opportunity to restore mined and unmined agricultural lands owned by Worsley Alumina to a 

forest comparable ecosystem standard provides a net benefit to the biodiversity in the region. 

Restoring agricultural lands creates additional fauna habitat, foraging grounds, recruitment 

opportunities for potential habitat trees for Black Cockatoos and other fauna species, and more 

broadly, can provide habitat connectivity and ecological linkages to more established surrounding 

bushland and rehabilitation.   

In the case of restoration on Worsley Alumina agricultural lands, the process will follow that 

undertaken in State Forest (Section 4.5.4). Worsley will consider restoration of all agricultural lands 

owned by the Joint Venture for inclusion as Biodiversity Offsets (see Section 7).  These areas will 

be assessed for suitability as areas of ecological restoration, proposed for offset, restored 

accordingly with pre-determined completion criteria and will include appropriate tenure security 

measures to ensure long term conservation outcomes can be maintained (see Section 4.5.6). 

4.5.6 Rehabilitation Security 

In order to maximise the long term ecological benefits of mine rehabilitation and restoration, Worsley 

Alumina identifies and designates particular rehabilitation areas as ‘Protected Rehabilitation’ during 

the annual review of the 10 Year Mine Plan. Such designated areas will not be re-cleared for as long 

as they remain under Worsley Alumina’s management control to ensure that they are maintained 

and protected as an ecological resource that supports the State and federally listed ecological 

values, including black cockatoo foraging habitat. Once these rehabilitated areas are handed back 

to the original landowner Worsley Alumina is, however, unable to further enforce the protection of 

rehabilitated areas.  

Due to the overlap in Worsley Alumina and BGM mining areas in the north of the PAA, there is the 

potential that land already rehabilitated by Worsley Alumina may be disturbed by BGM for mining in 

future. In order to maximise the security of rehabilitation in these areas, Worsley Alumina engages 

BGM under the Parallel Operations Plan to avoid duplication of effort in the rehabilitation of mined 

areas. While both companies recognise it is beneficial to be collaborative on rehabilitation to 

eliminate duplication of effort, neither would be prevented from disturbing ground that has been 

rehabilitated. The responsibility for the rehabilitation of such previously rehabilitated land would then 

pass to the party disturbing the land. 

Where State Forest is returned to the State, security of rehabilitated areas is achieved by reverting  

its management and maintenance as a protected ecological resource to the responsible government 

department (currently the DBCA). This includes management of threats related to pathogens, weeds 

and fire, as well as recreational and commercial use of rehabilitated areas.  The process for returning 

rehabilitated land to the State is described in Section 4.5.1. 

Where land being rehabilitated is privately owned, a variety of mechanisms under various legislation 

exist which can be applied to provide protection and security to the rehabilitation/ restoration.  These 

include: 

• Soil and Land Conservation Act 1945 (WA): 

• a conservation covenant or an agreement to reserve between owner and Commissioner of 
Soil and Land Conservation (Part IVA). 

• National Trust of Australia (WA) Act 1964 (WA):  
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• agreement between the owner/occupier of land and the National Trust of Australia (WA) 
restricting use of land (Section 21A) (note agreement between the owner and the National 
Trust can be registered as a covenant on the Certificate of Title). 

• Biodiversity Conservation Act 2016 (WA):  

• biodiversity conservation agreement between the owner/occupier and the Minister (Part 7) 
(note, occupier/owner consent and mortgagee consent are required); and 

• biodiversity conservation covenant between the owner and the DBCA (Part 8) (must be 
endorsed with consent of each interest holder). 

• Environment Protection and Biodiversity Conservation Act 1999 (Cth): 

• conservation agreement between the Commonwealth Environment Minister and the 
landowner or user (can include indigenous groups) (Section 305, Part 14) (relates to both 
private and public land but not over Commonwealth reserves). 

• Environmental Protection Act 1986 (WA): 

• environmental protection covenant between DWER and owner (with consent of all 
owners/occupiers) as a condition of a clearing permit or Ministerial Statement (may be 
registered on Certificate of Title as a memorial) (new Part VB, not yet in force). 

• Conservation and Land Management Act 1984 (WA): 

• agreement between DBCA and the person responsible for the area to manage private land 
(as if it were state forest, timber reserves, national parks, conservation parks or nature 
reserves) (Section 8A).  Requires notice to local government, Minister for Fisheries, Minister 
for Forest Products, Minister for Indigenous Affairs, Minister for Mines and Minister for Water 
Resources.  Not available where mining tenement under the Mining Act 1978 applies. 

• Transfer of Land Act 1893 (WA): 

• absolute caveat (Section 137) between caveator and owner and registered on the Certificate 
of Title (caveator is a party to an agreement with the owner); and 

• deed of restrictive covenant ‘in gross’ between owner and local government / public authority 
(must have consent of all parties with a registered interest that would be burdened by deed) 
(Section 129BA) (registered over the Certificate of Title and runs with the land). 

Where ongoing protection of rehabilitation/restoration is required, such as when an area is used as 
an offset, Worsley Alumina will apply the most appropriate mechanism in consultation and with 
agreement of the land holder. 

4.5.7 Adaptive Management and Research 

Continuous improvements in rehabilitation are identified and investigated by implementing focused 

research involving in-house trials, field studies and collaborating with experts from a range of 

research providers including universities, consultants and industry partners. 

Adaptive management of rehabilitation progression is achieved through the implementation of 

internal procedures. Rehabilitation monitoring in the early establishment stages of rehabilitation is 

important to identify areas of rehabilitation that are underperforming and/or may require rectification 

works. Under the rehabilitation monitoring program and Worsley Alumina - BBM Rehabilitation 

Maintenance Procedure, Worsley Alumina has historically identified a number of rehabilitation areas 

that were considered to be underperforming against revegetation targets or where earthworks were 

not sufficient, such that erosion features and compacted soils were present. Rectification actions 

were applied under the Worsley Alumina - BBM Rehabilitation Maintenance Procedure with 

subsequent monitoring to ensure rehabilitation outcomes and targets were subsequently met and 

trajectories restored.   

Constructed fauna habitats have become a rehabilitation standard for the Worsley Alumina 

rehabilitation program (density of approximately nine fauna habitats per hectare). This rehabilitation 
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improvement was a development from external research and best practice to support fauna species 

colonisation, shelter, foraging and denning/nesting opportunities. 

The propagation and return of recalcitrant12 flora species within rehabilitation areas forms a major 

component of research and an essential part of the rehabilitation program as it aims to maximise 

floristic diversity of rehabilitated areas. Worsley Alumina has been investigating alternative methods 

of introducing a number of recalcitrant species into rehabilitation since 1994. This includes recent 

propagation studies of the species Persoonia longifolia with adaptive methodologies applied against 

other Persoonia species and recalcitrant species of the Family Ericaceae. Worsley Alumina have 

also commenced propagation studies of the geographically restricted Priority flora species 

Gastrolobium sp. Prostrate Boddington (Priority 1). The Priority species is recognised as an early 

coloniser of disturbed areas, having been recorded in cleared agricultural land, along roadside 

verges and in Worsley Alumina rehabilitation. Preliminary studies are showing promise in 

propagation and establishment. 

In 2017, Worsley Alumina trialled the use of aerial drones to collect rehabilitation performance 

information. While the performance, reliability and practicality of this method of data collection is 

currently under review, Worsley Alumina believe that the imagery collected by the drones, combined 

with remote sensing techniques and traditional on-ground survey methods, may enable Worsley 

Alumina to monitor the rehabilitation areas more closely. This in turn would allow rehabilitation 

performance to be assessed on a landscape-wide basis and inform the development of an integrated 

rehabilitation monitoring program.  

Other rehabilitation research programs undertaken by Worsley Alumina include: 

• Investigations into different propagation techniques including tissue culture, division, seed 
treatments and cuttings; 

• Biological trials investigating fertiliser requirements and topsoil condition;  

• Investigations into alternative growth media or substitute materials including BRDA material; 

• Fire and climate change resilience; and 

• Fauna utilisation of rehabilitation areas to support conservation significant species habitat.  

In summary, the rehabilitation program implemented by Worsley Alumina represents a 

comprehensive and adaptive management program that seeks to progressively return historical 

mining areas to a stable forest ecosystem. The program is ongoing with regular monitoring 

undertaken to assess the characteristics and success of the rehabilitation. Continuous 

improvements in rehabilitation are identified and investigated by implementing focused research and 

collaborating with experts. Overall, the rehabilitation program has achieved successful results and 

has returned flora, vegetation and fauna values to the area. Worsley Alumina will continue to 

implement the rehabilitation program throughout the Revised Proposal. 

4.5.8 Reporting 

Under the requirements of clause 5A.(2) & (3) of the State Agreement Worsley Alumina reports 

annually to the State on the implementation of its environmental performance. Rehabilitation 

activities, including results of monitoring programs, repair and research are reported annually against 

this requirement in the Worsley Annual Environmental Report.  Procedure 6 of Ministerial Statement 

 
 
12 Worsley Alumina currently defines recalcitrance as species that occur at lower frequencies within the rehabilitation 
areas as compared to undisturbed forest. 
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719 outlines the requirements of the Worsley Environmental Management Liaison Group and 

includes the following functions; 

• Review any 10-year rolling mine plans prepared by the proponent pursuant to clause 16 (10) of 
the Alumina refinery (Worsley) Agreement Act 1973. And provide reports on its finding to the 
Minister for State Development and the Minister for the Environment; and 

• Review the proponent’s environmental performance annually against its Bauxite Mining Plan(s) 
and Rehabilitation Plan. 

Worsley Alumina provides both the AER and 10YP to the EMLG annually and a review is undertaken 

by the representative agencies and feedback and responses provided accordingly.  The EMLG then 

makes a recommendation to the Minister on the performance in accordance with the requirements 

under the State Agreement.  Since this process has been in place the Minister has annually provided 

notice that, in accordance with Procedure 6 of MS 719, and advice from the EMLG, that they are 

satisfied that both the AER and Mine Plan fulfil Worsley Alumina’s requirements under the State 

Agreement. 
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5 ENVIRONMENTAL FACTORS AND OBJECTIVES 

5.1 IDENTIFICATION OF KEY ENVIRONMENTAL FACTORS 

Environmental factors are those parts of the environment that may be impacted by an aspect of a 

Proposal. The EPA has 14 environmental factors, which are organised into five themes: Sea, Land, 

Water, Air and People. 

The ESD approved by the EPA on 7 February 2020 provided an outline of preliminary key factors 

that are relevant to this Revised Proposal. Table 5-1 outlines the preliminary key factors and their 

relevance to the Revised Proposal.  

Table 5-1 Key Environmental Factors Relevant to the Revised Proposal 

Theme Factor Relevance to Revised Proposal 

Land 

Flora and 
Vegetation 

Continued operation of the BBM within the PAA involves an 
increase of mine and infrastructure footprints, which will require 
clearing of native vegetation and fauna habitat. Terrestrial Fauna 

Terrestrial 
Environmental 
Quality 

Vegetation clearing and disturbance to soils from increased mine 
and infrastructure footprints may result in soil erosion, dryland 
salinity and/or soil contamination. 

Water Inland Waters 

Clearing of native vegetation and the disturbance of river banks for 
the construction of river crossings associated with the proposed 
mine expansion may result in riverbank erosion, sedimentation, 
scouring of streams and decline in aquatic fauna due to changes in 
flow regime and water quality. 
 
The extended water use (including from groundwater sources) for 
mining activities and excavation for new mining areas may result in 
contamination of ground and/or surface water and a deterioration in 
the water quality, which may subsequently impact on ground and/or 
surface water values. 

Air Air Quality 

The clearing of vegetation and mining and construction activities 
(including haul truck/light vehicle movements on unsealed roads) 
associated with the expansion of mining activities will generate dust 
and exhaust emissions. 

People 
Social 
Surroundings 

The expansion of mining activities to allow for continued operations 
within the PAA involves clearing of vegetation and land disturbance 
within proximity of residences, recreation and heritage sites. These 
activities may result in indirect disturbance to these sites through 
changes in visual amenity or dust and noise emissions.  

A description of environmental factors not considered as Key Environmental Factors for this Revised 

Proposal is provided in Section 6. An additional environmental factor was identified throughout the 

development of this ERD, namely, ‘Greenhouse Gas Emissions’. The ‘Greenhouse Gas Emissions’ 

environmental factor guideline was released by the EPA in April 2020 (EPA, 2020c) after the referral 

of this proposal and is relevant to the Revised Proposal. GHG emissions are discussed further in 

Section 6.2. 
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5.1.1 Assessment of Combined Activites 

As outlined in Section 1.2.1, the Revised Proposal includes continuation of existing project elements 

from the date of any approval and expansion activities proposed within the PAA.  The proposal does 

not make any modification to the existing project activities which are already subject to alternative 

approvals (including MS719, EPBC Act exemption or EPBC 2004/1566: see Section 2.2).   

The referred activity is a combination of continuing activities and expansion activities occurring in 

the same area and within the same facilities.  As such both elements have been incorporated within 

the Assessment of Key Environmental Factors outlined above in Section 5.1.  As a result, the basis 

of the impact assessment has been contemporised to consider the existing operational site context 

and the existing environmental baseline, including current approved operations and the EMAs, on 

which the scope of activities that is the subject to this ERD have been overlaid.  Section 4.3.1 to 

4.3.2 provide further discussion on this matter. 

Inherently the review of the combined activities has been incorporated into the Environmental Impact 

Assessment for the project as the expansion activities are not physically separate to, or 

distinguishable from, the continuing activity. This has resulted in the assessment of the PAA 

including the existing operations as a baseline and incorporating the supporting activities to continue 

these activities within the overall assessment.  Examples demonstrating the combined assessment 

for the PAA (including continuing activities as a baseline and inclusion of expansion elements) can 

be found in the following sections of the ERD (noting the examples below do not represent an 

exhaustive review but provide an indication of the approach that has been taken in the ERD to the 

review, assessment and management of combined impacts): 

• Flora & Vegetation – Section 5.2.4 describes overall clearing within the PAA attributable to 
Worsley’s operations (and in addition further considers cumulative impacts from other activities).  
Combined impacts for the PAA are described for each vegetation complex in Table 5-17;  

• Terrestrial Fauna – Section 5.3.3.1 describes the fauna habitat found within the PAA 
(incorporating existing cleared areas which account for continuing operations such as haul roads, 
crushers etc), which is summarised in table Table 5-22, Table 5-32, Table 5-34 and Table 5-37; 

• Terrestrial Environment – Section 5.4.5.1.2 includes the impact assessment and management 
of refinery & BRDA erosion and drainage as a matter of continuing operations; Section 5.4.5.3 
reviews Hydrocarbon & Chemical management for both continuing and expansion elements and 
Table 5-60 incorporates the Management Measures for each element potentially affecting 
terrestrial environmental quality – combining the management of both continuing and expansion 
elements; 

• Inland Waters – Section 5.5.5.1 describes the potential risk of salinity increases, including the 
use of existing monitoring processes and ongoing monitoring and management through the Water 
Management Plan; 

• Air Quality – Section 5.6.4.1 examines dust generation for the project, including studies which 
incorporate mining generated dust but also dust generated by ore processing facilities (crushers) 
which are a component of the continuing activities and included in the overall impact assessment; 

• Social Surrounds – As with Air Quality, Social Surrounds must include the combined activities 
within the impact assessment to ensure elements such as noise are assessed to include the 
ongoing operations of noise generating facilities such as the crushers and the refinery.  This is 
demonstrated in Sections 5.7.3.2 and 5.7.4.1 for noise and for visual impact in Sections 
5.7.3.4.3 and 5.7.4.2; 

• Greenhouse Gas (GHG) Emissions – The largest source of operational GHG emissions at 
Worsley Alumina is associated with the Refinery operations due to the energy demand to 
generate steam.  Continuation of refinery activities up to the current approved 4.7 Mtpa is 
proposed and assessment and reduction of GHG emissions is included in the assessment of 
combined activities as part of this review.   
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5.2 KEY ENVIRONMENTAL FACTOR – FLORA AND VEGETATION 

This section discusses flora and vegetation that occurs or may occur in the PAA, with a focus on 

conservation significant values. This section also considers the invasive pathogens of dieback 

(Phytophthora species, primarily P. cinnamomi), an introduced soil-borne pathogen that affects a 

diverse range of native plant species, and the Australian honey fungus (Armillaria luteobubalina), 

which is a native fungal pathogen that affects weakened or stressed plants. 

5.2.1 EPA Objective 

The EPA’s environmental objective of the factor ‘Flora and Vegetation’ is: 

To protect flora and vegetation so that biological diversity and ecological integrity are maintained. 

For the purposes of the Environmental Impact Assessment (EIA), the EPA defines flora as native 

vascular plants and vegetation as groupings of different flora patterned across the landscape (EPA, 

2016a). 

In the context of the EPA objective, ecological integrity is defined as “the composition, structure, 

function and processes of ecosystems, and the natural range of variation of these elements” (EPA, 

2016a). 

5.2.2 Relevant Policy and Guidance 

5.2.2.1 EPA Policy and Guidance 
 

• Environmental Factor Guideline – Flora and Vegetation (EPA, 2016a); 

• Technical Guidance – Flora and Vegetation Surveys for Environmental Impact Assessment (EPA, 
2016e); 

• Guidance Statement No. 6 – Rehabilitation of Terrestrial Ecosystems (EPA, 2006); 

• Guidelines for Preparing Mine Closure Plans (DMP and EPA, 2015); 

• Statutory Guidelines for Mine Closure Plans in Western Australia (DMIRS, 2020); 

• Instructions on how to prepare an Environmental Review Document (EPA, 2021b); and 

• Instructions on how to prepare Environmental Protection Act 1986 Part IV Environmental 
Management Plans (EPA, 2021c).  

5.2.2.2 Commonwealth Policies and Guidance 
 

• Threat abatement plan for disease in natural ecosystems caused by Phytophthora cinnamomi 
(DoEE, 2018); and 

• Environment Protection and Biodiversity Conservation Act 1999 Environmental Offsets Policy 
(DSEWPAC, 2012a). 

5.2.2.3 Other Policy and Guidance 
 

• Statutory Guidelines for Mine Closure Plans in Western Australia (DMIRS, 2020); 

• Guidance – How to Prepare a Mine Closure Plan in accordance with Part 1 of Guidelines for Mine 
Closure Plans in Western Australia (draft) (DMIRS, 2019); 

• WA Environmental Offsets Policy (GoWA, 2011a);  

• WA Environmental Offsets Guidelines (GoWA, 2014); 

• Forest Management Plan 2014-2023 (Conservation Commission of Western Australia 2013a);  

• Biodiversity and Forest Management Plan – MS 719 Management Plan (Worsley 2021c); 



 

 Worsley Mine Expansion Environmental Review Document 122 
 

• Managing Phytophthora Dieback in Bushland (Dieback Working Group 2015); and 

• Management of Phytophthora Dieback in Extractive Industries (Dieback Working Group 2004). 

Worsley Alumina have applied the Environmental Factor Guideline for Flora and Vegetation to the 

activities described within the Revised Proposal. Worsley Alumina have actively taken steps to 

identify areas of conservation significance and apply protection measures to areas, such as those 

identified in Section 4.3.4 and Section 5.2.5 to avoid or minimise impacts to populations of 

Threatened and Priority flora species and vegetation. The protection measures discussed in this 

section – Flora and Vegetation – demonstrate Worsley Alumina’s commitment to protection to the 

values of flora and vegetation. 

The baseline and targeted flora and vegetation surveys undertaken to support the Revised Proposal 

have been carried out in accordance with the EPA’s Technical Guidance documents. The surveys 

are provided in Appendix F to support the environmental impact assessment process and provide 

confidence in the current knowledge within the development envelopes and surrounding area. 

Discussion of these surveys are presented in Section 5.2.3. 

5.2.3 Receiving Environment 

The following sections discuss the survey effort and provide a detailed description of the existing 

environmental baseline for flora and vegetation values as relevant to the Revised Proposal.  

As outlined in Section 1.3, it is important to note there are existing project elements associated with 

the Worsley Alumina Project that are fully operational, including the Refinery and OBC, that will not 

undergo any changes as a result of the Revised Proposal. These operations are inherently 

considered in this receiving environment section so as to provide for full context of contemporary 

operations and site context within this Revised Proposal.  

5.2.3.1 Overview 

The PAA supports native, rehabilitated and plantation vegetation, as well as cleared areas (e.g. 

agriculture and mining) and water bodies (e.g. dams and the Hotham and Williams Rivers). 

Approximately 44% (12,980 ha) of the PAA is covered by native vegetation of varying condition (refer 

to Section 5.2.3.4.7 for further discussion of vegetation condition), with cleared areas (including 

agriculture and mining) accounting for approximately 43% (12,708 ha). The extents of each of the 

land types within the PAA are provided in Table 5-2. Long-term operational mining for the Worsley 

Alumina Project, for which this Revised Proposal will allow continuation and expansion of these 

activities, and BGM are key features within the PAA and Boddington area. Both mines have been 

operating in the area since the 1980s.  

The Refinery and OBC will continue to operate as part of the Worsley Alumina Project. Both of these 

areas are outside of the PAA. The continuing use area of the Refinery is within the RLA, which 

encompasses approximately 2,500 ha. The OBC connects the mining areas to the Refinery and 

comprises a corridor that is approximately 52 km in length and typically 40-50 m in width (refer to 

Section 1.3.2 for further details). No further clearing is required for the Refinery or OBC to facilitate 

continuing operations. The only clearing within the RLA will be within the CBME, as addressed in 

the subsequent sections of this Revised Proposal.   
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Table 5-2 Land Types within the PAA 

Land Type 

Extent within the PAA Development 
Envelopes (ha)* Extent within 

the PAA (ha) 
% of the PAA 

WMDE BTC CBME 

Native vegetation^ 11,838.2 2,855.6 510.3 12,979.9 44.2 

Plantation 413.6 1.3 0 414.4 1.4 

Rehabilitation 3,155.6 153.8 10.6 3,190.5 10.9 

Cleared 12,387.4 1,135.0 163.7 12,708.1 43.3 

Water bodies 1.4 0.0 62.0 63.4 0.2 

Total 27,796.3 4,145.7 746.5 29,356.4 100 

* As outlined in Table 1-3, there is a large degree of overlap between the WMDE and BTC. The extent within the 
development envelopes does not account for this overlap. The overlap is accounted for within the PAA, which represents 
the outer extent of the collective envelopes (refer to Section 4.3.2). 

^ Native vegetation includes remnant vegetation of variable condition, ranging from excellent to completely degraded. 

 

5.2.3.2 Survey Effort 

5.2.3.2.1 Flora and Vegetation 

Flora and vegetation surveys for the Project (inclusive of the BBM, Refinery and OBC), including 

baseline and targeted surveys, have been undertaken since 1980. The results of these surveys have 

assisted in developing a detailed understanding of the vegetation and flora that exists in and around 

the PAA. For the purposes of the Revised Proposal, a 30 km buffer of the Development Envelopes 

has been applied, and where information has been made available, Worsley Alumina has used this 

to inform the assessment of the potential impact from the proposed activities (refer to Figure 5-1) 

Key vegetation and flora surveys and studies within and nearby to the PAA are listed in Table 5-3 

and shown on Figure 5-2.  

A total of 44 surveys have been undertaken within the PAA and surrounding areas of Boddington 

and the RLA. This has resulted in a significant level of detailed baseline botanical surveys (gridding 

– comprising a minimum of 200 m grid lines ranging down to 25 m gridline spacing in the main 

footprint of the NBGM, quadrats and permanent plots) and extensive targeted searches for 

conservation significant flora providing spatial coverage of the PAA and immediate surrounds. The 

traverses undertaken within the PAA for the baseline studies are estimated to be in the range of 

16,000 km to 24,000 km, with the distance searched significantly higher if the targeted flora and 

vegetation studies and the vegetation gridding work were to be included, which alone exceeded 

3,000 km (Mattiske, 2021a). The detailed baseline botanical surveys have focused on areas of native 

remnant vegetation and have included assessment of remnants within agricultural lands. A minimum 

of three vegetation survey plots (quadrats) or transects have been established in the same, but 

discontinuous vegetation site type, to enable replication, to the extent practicable (Mattiske, 2021a).  

The targeted searches for Threatened and Priority flora were undertaken during all the botanical 

surveys within the PAA (including the traverses undertaken on the regular grid systems) and in 

additional targeted areas that are more likely to support threatened and priority species (Mattiske, 

2021a). The design of the targeted flora searches have been informed by desktop searches (i.e. 

collation of potential species lists), specific searching for flora species, increased understanding of 

site preferences of flora (as related to landforms, soils and site conditions) and the species 

lifeforms/habit (Mattiske, 2021a). Over the approximate 40 years of survey effort in the PAA, the 



 

 Worsley Mine Expansion Environmental Review Document 124 
 

recording and collation of data on the respective species has increased substantially as a result of 

the foot traverses and long term monitoring programs, with this information supplemented by 

additional scientific literature. Understanding the specific species and where they occur, how they 

regenerate, and distribution patterns has been critical in the design and implementation of the 

targeted surveys. The extensive and comprehensive nature of the targeted survey effort in the PAA 

has increased the knowledge base of multiple conservation significant species (in both a local and 

regional context) and provides a high level of confidence on the presence and distribution of 

conservation significant flora within the PAA . Further detail on the survey effort for the Threatened 

and Priority species are provided in Appendix F3. 

The permanent plots established have been assessed over multiple seasons as part of ongoing 

biological monitoring programs (Figure 5-2). Some of the baseline botanical survey quadrats 

established have been selected as permanent monitoring plots (permanent plots). The initial 

selection and distribution of permanent plots is based on the representation of the site-vegetation 

types and avoidance of areas that have been subject to disturbances associated with clearing and 

agriculture. The new areas subject to mining by Worsley Alumina in the last 10 years have been 

predominantly located in historical agricultural lands and grazing properties and, as such, few native 

species have persisted for many decades in these areas. A portion of the permanent plots have 

been lost as a result of clearing for mining activities and, in these instances, Worsley Alumina have 

established alternative representative plots. Recent monitoring has included some sites in key heath 

and valley communities, being located in areas north of the PAA and within the southern portion of 

the PAA (e.g. in Quindanning, Tunnell Road heath). The distribution of the permanent plots when 

combined with the site-recording sites (quadrats and traverses) has provided a comprehensive 

coverage of values in the respective areas. Refer to the Mattiske (2021a) report in Appendix F1 for 

further detail on the sampling effort for each survey. All recent surveys have been undertaken in 

accordance with the EPA’s guidance, specifically the Environmental Factor Guideline – Flora and 

Vegetation (EPA, 2016a) and Technical Guidance – Flora and Vegetation Surveys for Environmental 

Impact Assessment (EPA, 2016e). All previous surveys were undertaken using the relevant 

guidelines as published at the time. The survey effort within the PAA has comprised of multiple 

detailed surveys, targeted flora searches, traverses of the area and vegetation monitoring. Refer to 

Appendix C of Appendix F1 for a detailed summary of the survey effort applied within the PAA over 

the past approximately 40 years. This survey effort has involved a range of approaches to baseline 

surveys, including: 

• Recording regularly on a grid system, using foot traverses and regular plots (20 m radius for trees 
and 5 m radius for understorey species) based on the system adopted by Havel (1975a; and 
1975b) as applied for the wider Northern Jarrah Forest over some 50 years by Havel and Mattiske; 

• Permanent baseline plots in remnant native vegetation, varying in size from 40 m x 40 m to 
20 m x 20 m for trees and 5 m x 5 m for quadrats and 2 m x 2 m for understorey species; 

• Permanent plots and transects in rehabilitation areas (1987 to 2020) for South32, Newmont and 
Alcoa. The plots varied from 50 m x 50 m to 20 m x 20 m for trees, and transects varied from 
50 m to 100 m transects with regular (every 5 m along transect) quadrats (2 m x 2 m) and also 
20 – 2 m x 2 m quadrats within the tree plots; 

• Targeted searches for Threatened and Priority flora undertaken on all foot traverses on both grids 
and transects, within the plots and in specific areas within particular site conditions (e.g. heaths, 
swamps, particular forests or woodlands). In the Mount Saddleback area, transects were 
recorded to assist in the baseline mapping of the area. However, this work was undertaken prior 
to Saddleback before GPS units; and 

• Aerial photographic interpretation, particularly for defining and mapping the structurally different 
vegetation types such as the heaths, swamps, woodlands, pine plantations, rehabilitation areas 
and cleared areas. 
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This approach has resulted in a robust dataset that provides a detailed understanding of the flora 

and vegetation values within the PAA, particularly those of conservation significance. The surveys 

also provide adequate local and regional context relative to the values of the flora and vegetation 

within the PAA. The implementation of the multiple survey effort type of approach to date exceed the 

standards currently defined by the EPA, both in terms of coverage, comprehensiveness and 

methodology (Mattiske, 2021a).  

The most recent comprehensive flora and vegetation survey report (Mattiske, 2021a), which 

consolidates all of the flora and vegetation baseline information collected within the PAA since 1980, 

is provided in Appendix F1. Specifically, the report represents a consolidation of all data from the 

desktop survey, numerous field surveys (detailed and targeted) and the extensive monitoring 

program. This report also incorporates the results of the recent 2019 and 2020 surveys that were 

undertaken to provide more complete coverage of the PAA and targeted searches for the recently 

described Priority 1 Hibbertia ambita. 
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Table 5-3 Baseline Studies – Flora and Vegetation 

Report Consultant Survey Area 
Survey/ 
Report 
Date 

Purpose of Survey/Study and Details* 

Assessment of Flora and Vegetation on 
Worsley Mine Expansion Primary 
Assessment Area 

Mattiske PAA 2021 
Consolidation of the results of all previous surveys 
(1980 to 2019) within PAA into a single technical 
report. 

Targeted searches for Threatened and 
Priority Flora, Collie  

Mattiske  
 

RLA 
(CBME and surrounds) 

2019 
Targeted searches for Threatened and Priority flora 
species. 

Assessment of Flora and Vegetation on 
the Quindanning Timber Reserve  

Mattiske  
 

Quindanning  
(WMDE) 

2019 
Targeted searches for Threatened and Priority flora 
and reassessment of plots in the Quindanning 
Timber Reserve. 

Assessment of Flora and Vegetation on 
the Tunnell Road Heath and other Heath 
Areas  

Mattiske  
 

WMDE, BTC 2019 
Targeted transects and plots on the various heath 
areas in the WMDE/BTC and integration with other 
heath areas. 

Assessment of Flora and Vegetation 
within Expansion Survey Areas  

Mattiske PAA 2018 

Definition of the flora and vegetation values within 
the private properties located within proposed mine 
expansion areas. The flora and vegetation values 
within the expansion areas and the Refinery were 
also updated. 

Assessment of Flora and Vegetation of 
Private Properties within the Extension 
Survey Areas  

Mattiske WMDE, BTC 2016 
Definition of the flora and vegetation values of the 
private properties located within proposed 
expansion areas.  Assessment of Flora and Vegetation of 

Private Properties within the Extension 
Survey Areas  

Mattiske WMDE, BTC 2014 

Vegetation Monitoring Plots Sotico 
Property  

Mattiske 

Sotico/Bunnings 
Saddleback Tree Farm 

(intersects portion of the 
WMDE, BTC)  

2013 

Re-assessment of permanent plots and 
establishment of an additional 12 permanent plots in 
representative site-vegetation types within the 
Saddleback Tree Farm. 
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Report Consultant Survey Area 
Survey/ 
Report 
Date 

Purpose of Survey/Study and Details* 

Assessment of Flora and Vegetation 
Values on the Proposed WRL, the 
Potential Land Swap Area and the 
Southern Section of Hotham Farm, 
Boddington Gold Mine 

Mattiske 
Newmont Boddington 

Gold Mine 
2013 

Site-vegetation type classification, description and 
mapping, and targeted searches for Threatened and 
Priority flora. 

Flora and Vegetation of the Sotico 
Survey Area 

Mattiske 

Sotico/Bunnings 
Saddleback Tree Farm 

(WMDE, BTC and 
surrounds) 

2012 
Site-vegetation type classification, description and 
mapping, and targeted searches for Threatened and 
Priority flora.  

Flora and Vegetation Survey of Nullaga 
Property Adjacent to Marradong 
Section of the Boddington Bauxite Mine 

Mattiske 
Nullaga Property 
(WMDE, BTC) 

2012 

Definition of the flora and vegetation values of the 
Nullaga Property. Specifically, characterisation of 
the vegetation communities, their condition and 
vascular flora present and review the conservation 
status of the flora.  

Flora and Vegetation Survey of Hotham 
Farm Survey Area 

 
Mattiske 

Hotham Farm 
(WMDE, BTC) 

2012 

Definition of the flora and vegetation values of 
Hotham Farm, including characterisation of the 
vegetation communities, their condition and 
vascular flora present. The survey also recorded 
counts and locations of any Threatened and Priority 
flora. The local and regional significance of the 
vegetation communities and conservation status of 
the flora was also reviewed.  

Threatened and Priority Flora 
Assessment of the Hotham Pipeline and 
Hedges Dam, Newmont Boddington 
Gold Mine 

Mattiske  
NBGM 

(WMDE) 
2012 Threatened and Priority flora assessment. 

Flora and Vegetation on Nullaga 
Property adjacent to Marradong 
Section of the Boddington Bauxite Mine  

Mattiske 
Nullaga 

(WMDE, BTC) 
2012 

Site-vegetation type classification, description and 
mapping, and targeted Threatened and Priority flora 
searches. 
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Report Consultant Survey Area 
Survey/ 
Report 
Date 

Purpose of Survey/Study and Details* 

Vegetation Monitoring Plots Sotico 
Property 

Mattiske 

Sotico/Bunnings 
Saddleback Tree Farm 

(WMDE, BTC and 
surrounds) 

2011 
Establishment of nine permanent plots in 
representative site-vegetation types. 

Flora and Vegetation Survey of 
Dobrowolskyi, Farmer, Hulls 1, Hulls 2, 
Nullaga, Pringles, Robins, Nichols, 
Salmeri and Spencer properties, 
Boddington 

Mattiske 
Various private properties 

(WMDE, BTC) 
2010 

Site-vegetation type classification, description and 
mapping, and targeted searches for Threatened and 
Priority flora. 

Flora and Vegetation of Littleton’s Cut 
Area 

Mattiske Littleton’s Cut 2010 
Site-vegetation type classification, description and 
mapping, and targeted Threatened and Priority 
flora. 

2009 Assessment of Flora and 
Vegetation Values on RDA Expansion 
Area at Newmont Boddington Gold Mine 

Mattiske 
Boddington Gold Mine 

Expansion Area 
(WMDE, BTC) 

2010 
Site-vegetation type classification, description and 
mapping, and targeted searches for Threatened and 
Priority flora. 

Review of Flora and Vegetation on 
Hotham River and Thirty-Four Mile 
Brook 

Mattiske 

Hotham and Thirty-four 
Mile Brook 

(WMDE, BTC) 
 

2010 
Site-vegetation type classification, description and 
mapping, and targeted searches for Threatened and 
Priority flora. 

Flora and Vegetation Survey of Nichols, 
Black, Gibbs, Karafils, Nichols and 
Veitch properties, Boddington. 

Mattiske 
Various private properties 

(WMDE, BTC) 
2008 

Site-vegetation type classification, description and 
mapping, and targeted searches for Threatened and 
Priority flora. 

Flora and Vegetation on Marradong 
Forest Block Boddington  

 
Mattiske 

Marradong Timber 
Reserve 

(WMDE, BTC) 
2007, 2008 

Update of earlier botanical studies on the 
Marradong Timber Reserve as undertaken Mattiske 
(1990). The scope included update of flora records 
with recent taxonomic name changes, 
establishment of vegetation monitoring sites and 
extension of the vegetation mapping program to 
include nearby and adjacent private land holdings. 
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Report Consultant Survey Area 
Survey/ 
Report 
Date 

Purpose of Survey/Study and Details* 

Flora and Vegetation Survey of Nichols, 
Black, Gibbs, Karafils, Nichols and 
Veitch properties, Boddington  

Mattiske 
Various private properties 

(WMDE, BTC) 
2007 

Site-vegetation type classification, description and 
mapping, and targeted searches for Threatened and 
Priority flora. 

Flora and Vegetation on the Collie 
Refinery Lease Area 

Mattiske 
RLA 

(CBME and surrounds) 
2007 

Site-vegetation type classification, description and 
mapping, and targeted searches for Threatened and 
Priority flora. 

Review of Flora and Vegetation located 
in the Boddington Gold Mine and 
Hedges lease areas 

Mattiske 
BGM and Hedges Lease 

areas 
(WMDE, BTC) 

2005 
Extension and update of earlier flora and vegetation 
studies of these areas. Survey included grids, plots 
and targeted flora searches. 

Vegetation and Flora Survey of Mining 
Lease 
M258SA 

Bennett 
Environmental 

Consulting  

Brookton and Central 
mining envelopes 

(WMDE, BTC) 
2004 

Define the flora and vegetation values of Brookton 
and Central mining envelopes. 

Assessment of Tunnell Road heath 
communities, Boddington Bauxite Mine 

Mattiske 

Tunnell Road heath, 
Mount Saddleback 

operations 
(WMDE) 

2004 
Assessment of heath communities, including 
monitoring of quadrats in plots and transects. 

Rare and Priority Flora Re-assessment 
of Hotham Valley Railway 

Mattiske 
Hotham Valley 
(WMDE, BTC) 

2004 Targeted searches for Threatened and Priority flora. 

Review of declared rare and priority flora 
species located in the Worsley Alumina 
Boddington Bauxite Mine lease areas 

Mattiske 
BBM 

(WMDE, BTC) 
2003 

Review of Threatened and Priority flora status and 
taxonomy. 

Flora and Vegetation of the Boddington 
Gold Mine 

Mattiske 
BGM 

(WMDE, BTC) 
2002 

Site-vegetation type classification, description and 
mapping, and targeted searches for Threatened and 
Priority flora. 

Flora and Vegetation Survey Remnant 
Vegetation Devereux, Nichols and 
Veitch Properties - Boddington Bauxite 
Mine 

Mattiske 
Various private properties 

(WMDE, BTC) 
2002 

Site-vegetation type classification, description and 
mapping, and targeted searches for Threatened and 
Priority flora. 
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Report Consultant Survey Area 
Survey/ 
Report 
Date 

Purpose of Survey/Study and Details* 

Flora and Vegetation of the Quindanning 
Timber Reserve 

Mattiske 
Quindanning Timber 

Reserve 
(WMDE) 

1993a, 
1999a, 
1999b 

Site-vegetation type classification, description and 
mapping, and targeted searches for Threatened and 
Priority flora.  

Flora and Vegetation of the Bunnings 
(Sotico) Survey Area  

Mattiske 

Bunnings Saddleback 
Tree Farm 

(WMDE, BTC and 
surrounds) 

1999 
Site-vegetation type classification, description and 
mapping, and targeted searches for Threatened and 
Priority flora. 

Flora and Vegetation Flora and 
Vegetation Survey of the Collie Refinery 
Lease Area 

Mattiske 
Collie Refinery 

(CBME) 
1999 

Site-vegetation type classification, description and 
mapping, and targeted searches for Threatened and 
Priority flora. 

Flora and Vegetation of the Boddington 
Gold Mine 

Mattiske 
BGM 

(WMDE, BTC) 
1999 

Site-vegetation type classification, description and 
mapping, and targeted searches for Threatened and 
Priority flora. 

Flora and vegetation component in the 
Worsley Alumina Boddington Gold Mine 
Project Flora and Fauna studies 

Mattiske 
Hotham North 
(WMDE, BTC) 

1999 
Site-vegetation type classification, description and 
mapping, and targeted searches for Threatened and 
Priority flora. 

Assessment of Tunnell Road heath 
communities, Boddington Bauxite Mine 

Mattiske 

Tunnell Road Heath, 
Mount Saddleback 

operations 
(WMDE) 

1998 
Assessment of heath communities, including 
monitoring of quadrats in plots and transects. 

Vegetation Complexes of the Darling 
System, Western Australia, as part of 
the RFA Vegetation Complexes project  

Mattiske and 
Havel 

Pinjarra component of the 
Regional Forest 

Agreement (RFA) 
Vegetation Mapping 
(PAA and surrounds) 

1998 

Mapping of the vegetation complexes of the Darling 
System, based on broad relationships with underling 
geology, landforms and soils and climatic zones 
with reference to key structural and floristic 
components of regional vegetation patterns. 

Flora and Vegetation Study, Fawcett 
Property 

Mattiske 
Fawcett Property 

(WMDE) 
1994 

Definition of flora and vegetation of the Fawcett 
Property, including mapping of vegetation and 
targeted searches. 
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Report Consultant Survey Area 
Survey/ 
Report 
Date 

Purpose of Survey/Study and Details* 

Assessment of Tunnell Road Heath 
Communities 

Mattiske 
Tunnell Road Heath 

(WMDE) 
1993 

Site-vegetation type classification, description and 
mapping. 

Flora and Vegetation Studies on the 
Mount Saddleback Survey Area 

Mattiske 
Mount Saddleback 

(WMDE) 
1993 

Site-vegetation type classification, description and 
mapping. 

Flora and vegetation studies on the 
southern Mount Saddleback survey 
area. 

Mattiske 
Mount Saddleback 

(WMDE) 
1993 

Site-vegetation type classification, description and 
mapping. 

Flora and Vegetation, Eastern Anomaly, 
Boddington Gold Mine 

Mattiske BGM (WMDE) 1992 

Site-vegetation type classification, description and 
mapping based on grid mapping and plots. 
Extensive targeted searched for Threatened and 
Priority flora (in particular Gastrolobium sp. 
Prostrate Boddington [M. Hislop 2130]) were also 
undertaken. 

Flora and Vegetation Marradong Timber 
Reserve 

Mattiske 
Marradong Timber 

Reserve 
(WMDE, BTC) 

1989 

Characterisation of the vegetation and flora of the 
Marradong Timber Reserve. Included a review of 
the local and regional significance of the vegetation 
communities identified, review of the conservation 
status of the flora, recording of a range of botanical 
and physical parameters, and establishment and 
monitoring of a series of permanent vegetation 
plots. 

Flora and vegetation studies in support 
of the Worsley Alumina Project, Flora 
and Fauna studies, Phase Two 

Mattiske 
Mount Saddleback  

(WMDE) and OBC (PAA 
surrounds) 

1985 

Site-vegetation type classification, description and 
mapping based on grid mapping and plots. 
Extensive targeted searching for Threatened and 
Priority flora species was also undertaken. This 
survey supplemented earlier studies for the Phase 
One areas. 

Worsley Alumina Project, Flora and 
Fauna Studies, Phase 1 

Dames & 
Moore 

Mount Saddleback 
(WMDE) and OBC (PAA 

surrounds) 
1981 

Site-vegetation type classification, description and 
mapping. Targeted searching for Threatened and 
Priority flora species was also undertaken. 
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Report Consultant Survey Area 
Survey/ 
Report 
Date 

Purpose of Survey/Study and Details* 

Vegetation Complexes of the Darling 
System, Western Australia, in Atlas of 
Natural Resources of the Darling 
System 

Mattiske (nee 
Heddle) 

Darling System 
(PAA and surrounds)  

1980 

Mapping of vegetation complexes of the Darling 
System, based on broad relationships with underling 
geology, landforms and soils and climatic zones 
with reference to key structural and floristic 
components of regional vegetation patterns. 

* Refer to Appendix F1 (Section 4 and Appendix C) for detailed discussion of the methodologies associated with the various survey approaches. 
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In the Mt Saddleback area,
transects were undertaken

to inform the baseline mapping.
However, this work was undertaken

prior to GPS units being available and,

consequently, the transect locations
are unable to be illustrated.

(Mattiske, 2021)

Targeted studies in 2019 and 2020
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species in the Mt Saddleback,
Quindanning, Tunnell Road heath

and near the Hotham River.

Additional targeted studies were also
undertaken on the potential

Threatened and Priority flora in the CBME.

Footprints
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Survey Adequacy and Limitations 

The comprehensive nature of the historical flora and vegetation surveys within the PAA and wider 

mapped area (Table 5-3) significantly exceeds the current requirements of the EPA (2016a; 2016b)  

and provides a detailed understanding of the flora and vegetation within the PAA (Mattiske, 2021a). 

An assessment of limitations associated with the overarching survey effort, as aligned with the EPA’s 

Technical Guidance – Flora and Vegetation Surveys for Environmental Impact Assessment, is 

provided in Table 5-4 (Mattiske, 2021a). The majority of the surveys within the PAA and wider 

mapped areas undertaken as part of ongoing monitoring have been conducted at the optimum 

flowering times for the majority of species (typically during spring).  

In summary, the flora and vegetation surveys and studies (including monitoring) undertaken in the 

PAA (Mattiske, 2021a): 

• Provide comprehensive coverage to adequately characterise the site-vegetation types to a fine, 
local scale of mapping (including the Mount Saddleback Heath Communities PEC), and 
determine the presence and distribution of conservation significant flora; 

• Provide an informed assessment of the number and location of conservation significant flora 
within the PAA. The grid recording sites, plots, transects and flora and vegetation baseline 
studies, combined with the targeted searches, have collectively provided extensive survey 
coverage of the PAA and hence the majority of the intact remnant vegetation and habitat of the 
area has been surveyed for conservation significant flora. The targeted flora searches targeted 
suitable habitats for the respective conservation significant species, were undertaken in suitable 
periods for the specific species, and cover a substantial and representative portion of the PAA; 

• Applied a systematic and well-defined, repeatable survey design and approach that is consistent 
with the requirements of the current EPA guidance; and  

• Provide a detailed understanding of flora and vegetation values within the PAA, as a result of the 
extensive and long-term survey effort, which supports a robust and informed assessment of 
impacts. 

Overall, the surveys (both historical and recent) are considered adequate to provide an informed 

assessment on the flora and vegetation values within the PAA, particularly those of conservation 

significance. There are no limitations associated with the surveys undertaken to delineate flora and 

vegetation values in the PAA. 

Table 5-4 Potential Flora and Vegetation Survey Limitations for the PAA 

Limitation Assessment 

Sources of information 
and availability of 
contextual information 
(i.e. pre-existing 
background vs new 
material) 

Not a constraint: Multiple flora and vegetation surveys have been 
conducted in the PAA and surrounding Boddington and Collie areas over 
approximately 40 years. Detailed vegetation mapping completed by 
Mattiske (2021a) within the PAA, together with reference to broader 
regional vegetation mapping (e.g. Heddle et al. (1980) and Mattiske and 
Havel (1998)), has provided a comprehensive summary of the flora and 
vegetation values in the area. 
Minor constraint: 1) Population numbers for some conservation 
significant flora species were unable to be quantified as some older 
records held at the Western Australian Herbarium (WAH) and the early 
survey work undertaken by Mattiske was based on data collected prior 
to the introduction of the GPS. The details on some of the WA 
Herbarium records were also very general in terms of locational and 
plant number details. 2) Some of the data available to assist in the 
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Limitation Assessment 

determination of potential old growth forest areas is historical in nature, 
for example, harvest and fire history data and in-field assessments. As a 
consequence, some time has passed since the assessment of logging 
debris and number of stumps.     

Scope (i.e. what life 
forms, etc., were 
sampled) 

Not a constraint: All life forms have been sampled adequately during 
the surveys with the majority of the extensive survey work being 
undertaken in spring. All site characteristics have been adequately 
sampled during the surveys. 

Proportion of flora 
collected and identified 
(based on sampling, 
timing and intensity) 

Not a constraint: The surveys have been undertaken in multiple 
seasons over multiple years with the majority conducted in the spring 
months, which is the optimum seasonal window for flora and vegetation 
surveys in the southwest of WA. Surveys, specimen collection and 
identification has been performed in accordance with DBCA (and former 
Species and Communities and Licencing Branch/Departments) 
approved flora licence agreements and requirements. 

Completeness and 
further work which 
might be needed (i.e. 
was the relevant 
survey area fully 
surveyed) 

Not a constraint: As outlined above, numerous detailed surveys have 
been completed across the PAA and, as such, a substantial portion of 
the area has been surveyed. Survey effort has included established 
survey sites, targeted searches and general traversing of the area. 
Minor constraint: As noted above, the data available to assist in the 
determination of potential old growth forest areas is historical in nature 
(i.e. some time has passed since the assessment of logging debris and 
number of stumps). Whilst the supply of DBCA old growth forest and 
harvesting datasets has reducing this constraint, it is recognised that 
several areas identified with ‘medium’ potential to support old growth 
forest may need re-assessment. 

Mapping reliability Not a constraint: Aerial photographic maps, grid survey sites, foot 
traverses and permanent plots have enabled a comprehensive coverage 
of the flora and vegetation values. They have also allowed boundary 
definitions of the vegetation and the vegetation condition maps to be 
completed with a high degree of confidence. 

Timing, weather, 
season, cycle 

Not a constraint: The surveys were conducted in multiple seasons with 
a greater effort in the spring months. These surveys have therefore been 
undertaken in appropriate times to align with suggested optimum times 
for flora and vegetation surveys. 

Disturbances (fire 
flood, accidental 
human intervention, 
etc.) 

Not a constraint: No disturbances have impacted upon the surveys.  
While there have been some fire occurrences within the PAA, survey of 
these areas after three years has enabled coverage of any short term 
impacts on the coverage of flora values.  

Intensity (in retrospect, 
was the intensity 
adequate) 

Not a constraint: As noted above, numerous surveys have been 
undertaken throughout the PAA. These surveys have involved survey of 
grid survey sites, foot traverses and permanent plots and provided a 
detailed understanding of the flora and vegetation values within the PAA.  
The survey effort in the PAA has exceeded the current EPA guidelines  
(EPA, 2016a); as a result of the extensive coverage of the survey sites, 
the regularity of the coverage of permanent plots and transects, and the 
replication of the surveys within the respective site-vegetation types in 
the PAA. 

Resources (i.e. were 
there adequate 

Not a constraint: Adequate resources were provided for the completion 
of the survey work. 
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Limitation Assessment 

resources to complete 
the survey to the 
required standard) 

Access problems (i.e. 
ability to access survey 
area) 

Not a constraint:  Access constraints associated with private properties 
within the PAA have been negligible and where encountered the flora 
and vegetation on these properties was observed to be highly modified 
by historical grazing and cropping activities. Therefore, the values of the 
native flora and vegetation on these properties is low in the local and 
regional context. In summary, the level of survey effort in the PAA has 
been extensive and provides a comprehensive representation of the 
flora and vegetation values in the PAA. 

Experience levels (e.g. 
degree of expertise in 
plant identification to 
taxon level) 

Not a constraint: Mattiske botanists have extensive experience, both 
within the PAA (as they have completed the majority of the survey work), 
and the Northern Jarrah Forest. Field personnel have the appropriate 
training in sampling and identifying the flora of the region. A field 
herbarium has been developed and is held by Worsley Alumina at the 
BBM for reference. This field herbarium has been audited to ensure any 
changes of taxonomic nomenclature align with current standards of the 
WAH and FloraBase. Any plants not identifiable in the field or by the 
Mattiske botanists have been processed and identified by specialist 
taxonomists at the WAH. 

5.2.3.2.2 Invasive Pathogens 

Dieback assessments (field and desktop based) have been undertaken in support of current mine 

operations and have targeted key areas within the PAA, as related to mine planning and proposed 

disturbance. The areas assessed are shown in Figure 5-3.  

The most recent dieback occurrence assessment was undertaken by Glevan Consulting (Glevan) 

(2020) (Appendix F2). The assessment involved a desktop review to analyse the occurrence and 

risk of dieback (Phytophthora cinnamomi) and Australian honey fungus (Armillaria luteobubalina) 

within the PAA. The desktop review consolidated the results of previous assessments conducted by 

Glevan (between 2005 and 2019) and other publicly available Government datasets. Mapping of 

infested areas was also undertaken as part of the most recent assessment. 

The detection and mapping of dieback was undertaken in accordance with standards and 

procedures defined in DBCA’s FEM047 Phytophthora Dieback Interpreter’s Manual for Lands 

Managed by the Department – Chapter 6 (DPaW, 2015).
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5.2.3.3 Flora 
 

5.2.3.3.1 Flora Diversity 

A total of 1,031 vascular plant taxa from 83 families and 320 genera have been recorded in the 

WMDE, BTC and surrounding Boddington area from surveys associated with the Project (Mattiske, 

2021a). Two-hundred and eighty nine species from 54 families and 150 genera have been recorded 

in the RLA, which encompasses the CBME. A breakdown of the representation within the PAA and 

surrounding areas that have been subject to surveys are provided in Table 5-5.  

The most commonly represented families within the PAA were the Fabaceae, Proteaceae, 

Myrtaceae and Asteraceae (Mattiske, 2021a). A high number of weed species have been recorded 

in the PAA as a result of the historical agricultural land use within the area (refer to Section 5.2.3.3.3 

for further discussion). 

The majority of the taxa recorded were widespread both locally and more broadly within the 

associated biogeographical subregion. The geographically restricted species included the 

Threatened species (Caladenia hopperiana) and Priority species (Gastrolobium sp. Prostrate 

Boddington (P1), Hibbertia ambita (P1), Isopogon sp. Canning Reservoir (P1), Papistylus 

intropubens (P1), Banksia subpinnatifida var. subpinnatifida (P2), Goodenia katabudjar (P3) and 

Stylidium marradongense (P3)) (Mattiske, 2021a). 

Table 5-5 Summary of Flora Taxa within and Surrounding the PAA 

Category 

Number of Flora Taxa 

Total Area Surveyed 
(PAA and surrounds) 

PAA 
WMDE and 

BTC 

RLA 
(including 

CBME) 

Native plant taxa 899 873 499 289 

Plantation taxa 5 5 0 1 

Introduced plant 
taxa 

132 121 37 15 

Families 83 79 57 54 

Genera 320 296 192 150 

5.2.3.3.2 Conservation Significant Flora 

Desktop searches of the EPBC Act Protected Matters database, NatureMap database, and 

Threatened and Priority flora databases identified the presence/potential presence of 87 species 

within the WMDE and BTC (allowing for a conservative 20 km buffer, taken from an approximate 

central location), and 33 within the CBME (with a 20 km buffer, from a central location). The majority 

of these species occur on the western fringes of the Southwest Forests near Collie or the WA 

Wheatbelt and within more restricted habitats such as granite outcrop areas and swamps (Mattiske, 

2021a). 

An assessment of the likelihood of occurrence, based on factors including known soil type, 

topography and distribution, was undertaken by Mattiske (2021a). This assessment identified 24 

taxa as being highly likely to occur in any one of the development envelopes (Table 5-6). The 

remaining taxa were considered as having low to medium likelihood of being recorded within the 

PAA. The likelihood of Threatened and Priority flora species occurring in the PAA is reduced by the 
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extent of the agricultural areas and the completely degraded or degraded condition of the native 

vegetation within these areas (Mattiske, 2021a). The majority of remnant vegetation within the 

agricultural areas supported a lower proportion of understorey species due to grazing and 

disturbance activities.  

Nineteen conservation significant flora species have been recorded within the PAA based on 

desktop searches and field surveys, as presented in Table 5-6 and shown in series Figure 5-4. The 

results from the desktop search of the DBCA database provided limited information for some records. 

All available information is presented within seriesFigure 5-4.  

One species, Hemigenia rigida (Priority 1), was recorded in early surveys within the PAA, however 

recent collections have been confirmed as Hemigenia pritzelii, which is not listed as a Priority flora 

species as it is widespread in the southwest forests (Mattiske, 2021a). Hemigenia rigida appears to 

be applied to taxa that are restricted to localised areas south of Boddington (Mattiske, 2021a). On 

this basis, Mattiske (2021a) consider that all individuals within the PAA (historical and recent 

collections) represent the widespread species Hemigenia pritzelii. 

Of the 19 conservation significant species, only one is listed as Threatened; Caladenia hopperiana 

(Threatened under the BC Act and Endangered under the EPBC Act). There will be no direct impacts 

to this species through the implementation of the Revised Proposal, indirect impacts (eg 

groundwater mounding) are also highly unlikely due to the implementation of buffer zones. Forty-six 

individuals of Caladenia hopperiana have been recorded in the PAA within two site-vegetation types 

(Y and M; refer to Section 5.2.3.4 for further detail) during surveys to date (Mattiske, 2021a). All of 

the 46 locations were within the WMDE, and the species was observed to favour low-lying seasonally 

wet habitats, such as valley floors and lower slopes. The species is also known to occur outside the 

PAA within the Boddington area (214 individuals) (Table 5-6 and series Figure 5-4).  

Of the 17 Priority flora species recorded in the PAA, 12 were associated with the heath communities 

(as annotated in Table 5-6). While all Priority flora species within the heath communities extend 

beyond the PAA into the surrounding area, the extent of some species appear to be more localised 

than others, such as the occurrence of Papistylis intropubens within the Tunnell Road heath. Further 

detail on the heath communities is provided in Section 5.2.3.4.3 and Section 5.2.3.4.4. The most 

significant Priority flora species within the PAA are considered to be the Gastrolobium sp. Prostrate 

Boddington (Priority 1) and Papistylus intropubens (Priority 1) (Mattiske, 2021a). The Gastrolobium 

sp. Prostrate Boddington is a geographically restricted species and is only known from the 

Boddington area in the southwest of WA. Approximately 25,757 individuals of the species have been 

recorded in the Boddington area (Table 5-6), with the largest known population or density of the 

species occurring outside of the PAA. Within the PAA, the species appears to favour the valley floors 

and lower slopes near the Hotham River and its tributaries (Figure 5-4 (1) through Figure 5-4 (14)). 

The species has also been found mainly within the wandoo woodlands south of the BGM (M and Y) 

(Mattiske, 2021a). However, individuals have also been recorded in six other native site-vegetation 

types within the PAA (D, DG, G1, L, P and Z), including the heath community, and cleared agricultural 

land. The species is an early coloniser of disturbed areas, having been recorded in cleared 

agricultural land, along roadside verges and in Worsley rehabilitation. 

Papistylis intropubens is the most significant Priority flora species recorded in association with the 

heath community as it is highly localised and has only been recorded in the Tunnell Road heath 

communities (G3), which will not be directly disturbed by the Revised Proposal. Three individual 

plants have been recorded in the PAA. 
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One conservation significant species has been historically recorded as occurring within the CBME 

based on the database search results; Pultenaea skinneri (Priority 4) (Table 5-6). The location of 

the record is unknown as coordinate information was not available from the database search. For 

the database locations where coordinates were available, the species has been recorded to the 

south of the CBME in three site-vegetation types (CW, D and SW) on the valley systems and lower 

slopes (Mattiske, 2021a). Recent targeted studies undertaken in 2019 did not locate any individuals 

within the CBME. 

Seven of the 19 conservation significant flora species recorded within the PAA are considered to be 

geographically restricted (Mattiske, 2021a). These include Caladenia hopperiana (listed as 

Endangered under the EPBC Act and Threatened under the BC Act), Gastrolobium sp. Prostrate 

Boddington (Priority 1), Isopogon sp. Canning Reservoir (Priority 1), Papistylus intropubens (Priority 

1), Banksia subpinnatifida var. subpinnatifida (Priority 2), Goodenia katabudjar (Priority 3) and 

Stylidium marradongense (Priority 3). Twelve Priority flora species have been recorded growing in 

the rehabilitation areas, albeit mostly in restricted numbers.  

One of the Priority flora species, Hibbertia ambita (Priority 1), was only recently described (July 2019) 

as a result of taxonomic studies. These studies resulted in the re-classification of a range of species 

previously identified as Hibbertia commutata, which has been regularly recorded in the Northern 

Jarrah Forest and Boddington and Collie areas. Mattiske (2021a) have undertaken targeted surveys 

and collected a number of Hibbertia species within the PAA in 2020, in response to this re-

classification. The records in Table 5-6 are based on confirmed locations and it is likely that more 

locations will be confirmed with time within the region. 
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Table 5-6 Conservation Significant Flora Recorded or Likely to Occur within the PAA 

Species 

Conservation 
Status1 

Distribution (as related to 
Populations)/Habitat 

Likelihood of Occurrence within 
the PAA Development 

Envelopes 
Total 

Number of 
Individuals 

in the 
Surrounding 

Area2 

West 
Australian 
Herbarium 
Records 

(estimated 
plants) 

Number of 
Individuals 

in IDF # EPBC 
Act 

BC 
Act/ 

DBCA 
Priority 

List 

WMDE BTC CBME 

Caladenia 
hopperiana 

EN T 

Restricted distribution to the 
Boddington area. Occurs on 
low-lying, winter wet 
swampland within the Jarrah 
Forest region. Recorded 
mainly in the AY (in locations 
outside the PAA) and Y site-
vegetation types. 

High 

Recorded 

(46 
individuals) 

High 
Highly 

unlikely4 
214 4 05 

Anthocercis 
gracilis 

VU T 

Occurs on sandy or loamy 
soils and granite outcrops 
within the Jarrah Forest and 
Avon Wheatbelt regions. The 
majority of the populations 
appear to occur on the 
western fringes of the Jarrah 
forest. Recorded historically 
within the WMDE on granite 
outcrops. 

Medium Medium Medium 1 29 0 

Calytrix simplex 
subsp. simplex+ 

 P1 

Known from areas west of 
Boddington in the Northern 
Jarrah Forest, occurs in 
swamps, Forty-Hollow Road 
heath areas. This species 
also been recorded near 

High 

Recorded 

(2,409 
individuals) 

High 
Highly 

unlikely 
2,211 5 402 
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Species 

Conservation 
Status1 

Distribution (as related to 
Populations)/Habitat 

Likelihood of Occurrence within 
the PAA Development 

Envelopes 
Total 

Number of 
Individuals 

in the 
Surrounding 

Area2 

West 
Australian 
Herbarium 
Records 

(estimated 
plants) 

Number of 
Individuals 

in IDF # EPBC 
Act 

BC 
Act/ 

DBCA 
Priority 

List 

WMDE BTC CBME 

Armadale, approximately 65 
km north-north-east from the 
PAA. Individuals in the PAA 
are mainly located in heath 
habitats or shallow soils 
associated with rock outcrop. 

Gastrolobium 
sp. Prostrate 
Boddington+ 

 P1 

Restricted to the Boddington 
area in the southwest of WA 
and occurs on clay loams 
and valley floors. The 
majority of plants occur in the 
Wandoo valley systems north 
of the BGM camp (outside 
the PAA) and 35 plants are 
known from Camballing 
Reserve. Significant numbers 
have been recorded along 
the Hotham River. 

High 

Recorded 

(15,288 
individuals) 

High 

Recorded 

(15,242 
individuals; 
note, these 
are sub-set 

of the 
WMDE 

individuals) 

High 25,757 6 4391 

Hibbertia 
ambita 

 P1 

Taxonomic studies in 2019 
re-classified a range of 
species previously identified 
as Hibbertia commutata. The 
Hibbertia commutata group of 
plants has been recorded 
regularly in the Northern 
Jarrah Forest and in the 

High 

Recorded 

(65 

individuals) 

High 

(2 

individuals; 

note, these 

are a sub-

set of the 

WMDE 

individuals) 

Highly 
unlikely 

33 15 11 
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Species 

Conservation 
Status1 

Distribution (as related to 
Populations)/Habitat 

Likelihood of Occurrence within 
the PAA Development 

Envelopes 
Total 

Number of 
Individuals 

in the 
Surrounding 

Area2 

West 
Australian 
Herbarium 
Records 

(estimated 
plants) 

Number of 
Individuals 

in IDF # EPBC 
Act 

BC 
Act/ 

DBCA 
Priority 

List 

WMDE BTC CBME 

Boddington and Collie areas. 
Hibbertia ambita occurs in a 
range of sites from lower 
valley slopes to rehabilitated 
areas within the PAA. 

 

Isopogon sp. 
Canning 
Reservoir+ 

 P1 

Geographically restricted 
species, recorded mainly in 
swamps and heaths in Jarrah 
Forest areas. Recorded in 
low numbers in the Tunnell 
Road heath community. The 
species has also been 
recorded in low numbers in 
rehabilitation areas, 
suggesting it is a potential 
recoloniser of disturbed 
lands. 

High 

Recorded 

(4 
individuals) 

High High 5 7 0 

Papistylus 
intropubens+ 

 P1 

Localised and restricted 
distribution in the Jarrah 
Forest region. Recorded 
within the Tunnell Road 
heath community within the 
PAA. 

High 

Recorded 

(3 
individuals) 

High Highly 
unlikely 

1 1 0 
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Species 

Conservation 
Status1 

Distribution (as related to 
Populations)/Habitat 

Likelihood of Occurrence within 
the PAA Development 

Envelopes 
Total 

Number of 
Individuals 

in the 
Surrounding 

Area2 

West 
Australian 
Herbarium 
Records 

(estimated 
plants) 

Number of 
Individuals 

in IDF # EPBC 
Act 

BC 
Act/ 

DBCA 
Priority 

List 

WMDE BTC CBME 

Synaphea 
panhesya+ 

 P1 

Distributed mainly in wandoo 
and powder-bark/wandoo 
woodlands and near granites. 
Occurs in mainly Northern 
Jarrah Forest areas but is 
also known from the 
Dandaragan Plateau sub-
region on the Swan Coastal 
Plain. 

High 

Recorded 

(2 
individuals) 

High Highly 
unlikely 

2 15 2 

Banksia 
recurvistylis 

 P2 
Occurs on clay-loam-sand 
over granite or laterite within 
the Jarrah Forest region. 

High High 
Highly 

unlikely 
0 7* 

 

Banksia 
subpinnatifida 
var. 
subpinnatifida+ 

 P2 

Mainly recorded in shallow 
soils associated with 
outcrops and valley floors. 
Occurs in the Tunnell Road 
and Forty-Hollow heaths. The 
species distribution extends 
to the east into the Wheatbelt 
and has been recorded within 
the Dryandra Woodland and 
further east of Wickepin. 

High 

Recorded 

(1 
individual) 

High 
Highly 

unlikely 
1 22 1 

Banksia 
subpinnatifida 
var. imberbis+ 

 P3 
Mainly recorded in shallow 
soils associated with 
outcrops and valley floors on 

High 

Recorded High 
Highly 

unlikely 
3 17 0 
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Species 

Conservation 
Status1 

Distribution (as related to 
Populations)/Habitat 

Likelihood of Occurrence within 
the PAA Development 

Envelopes 
Total 

Number of 
Individuals 

in the 
Surrounding 

Area2 

West 
Australian 
Herbarium 
Records 

(estimated 
plants) 

Number of 
Individuals 

in IDF # EPBC 
Act 

BC 
Act/ 

DBCA 
Priority 

List 

WMDE BTC CBME 

eastern fringes of the Jarrah 
Forest. Recorded in heaths, 
including the Tunnell Road 
heath community. Distribution 
extends southwards to Mount 
Barker area on eastern 
fringes of Southwest Forests. 

(4 
individuals) 

Acacia 
horridula+ 

 P3 

Occurs on shallow soils over 
granites and in damplands, in 
Northern Jarrah Forest and 
extends to Swan Coastal 
Plain. Recorded within 
rehabilitation areas within the 
PAA. 

High 

Recorded 

(1 
individual) 

High 
Highly 

unlikely 
4 33 0 

Acacia 
cuneifolia 

 P4 

Occurs on sand, clay or loam 
over granite, granite outcrops 
and hills, rocky watercourses. 
Grows in the Jarrah Forest 
and Avon Wheatbelt regions. 

High High 
Highly 

unlikely 
0 40*  

Goodenia 
katabudjar 

 P3 

Occurs on eastern lateritic 
hills mainly in jarrah and 
wandoo woodlands. 
Recorded in control and 
rehabilitation areas within the 
PAA and surrounds. This 
species extends north-east 

High 

Recorded 

(29 
individuals) 

High 
Highly 

unlikely 
35 11 3 
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Species 

Conservation 
Status1 

Distribution (as related to 
Populations)/Habitat 

Likelihood of Occurrence within 
the PAA Development 

Envelopes 
Total 

Number of 
Individuals 

in the 
Surrounding 

Area2 

West 
Australian 
Herbarium 
Records 

(estimated 
plants) 

Number of 
Individuals 

in IDF # EPBC 
Act 

BC 
Act/ 

DBCA 
Priority 

List 

WMDE BTC CBME 

and south-east of Mt 
Saddleback and is not 
restricted in populations to 
the WMDE.   

Halgania 
corymbosa+ 

 P3 

Predominantly grows in 
association with granite 
outcrops, but does extend to 
Jarrah Forest areas, mainly 
in the Northern Jarrah Forest. 
This species also extends 
into the Swan Coastal Plain, 
mainly east and north-east of 
Perth on the Darling Scarp. 

High 

Recorded 

(37 
individuals) 

High 

Recorded 

(6 
individuals; 
note these 
are a sub-
set of the 
WMDE 

individuals) 

Highly 
unlikely 

42 18 36 

Asteridea 
gracilis+ 

 P3 

Mainly on granite outcrops. 
Populations are distributed 
through the Northern Jarrah 
Forest, near Albany, 
Esperance Plains and on the 
Swan Coastal Plain. 
Recorded within the Forty-
Hollow Road heath 
community. 

High 

Recorded 

(2 

individuals) 

High 

 

Highly 
unlikely 

2 11 0 

Senecio 
leucoglossus 

 P4 

Widespread in the northern 
Jarrah Forest and occurs in 
small patches. Regularly 
recorded during surveys in 

High 

Recorded 

(198 
individuals) 

High High 140 43 47 
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Species 

Conservation 
Status1 

Distribution (as related to 
Populations)/Habitat 

Likelihood of Occurrence within 
the PAA Development 

Envelopes 
Total 

Number of 
Individuals 

in the 
Surrounding 

Area2 

West 
Australian 
Herbarium 
Records 

(estimated 
plants) 

Number of 
Individuals 

in IDF # EPBC 
Act 

BC 
Act/ 

DBCA 
Priority 

List 

WMDE BTC CBME 

the Northern Jarrah Forest. 
Occurs also in the Southern 
Jarrah Forest and on the 
Swan Coastal Plain. 

Stylidium 
marradongense 

 P3 

Relatively locally restricted to 
the Boddington and local 
eastern Jarrah Forest. 
Individuals have been 
recorded in rehabilitation 
areas. Occurs on gravelly 
soils and heath areas, 
including Tunnell Road heath 
and areas with lateritic 
boulders. 

High 

Recorded 

(232 
individuals) 

High Highly 
unlikely 

196 12 25 

Calothamnus 
quadrifidus 
subsp. 
teretifolius+ 

 P4 

Occurs in moister sites and in 
heath areas. Main 
occurrence is in the 
Donnybrook Sunklands with 
localised occurrence in 
central Jarrah Forest. The 
main populations and 
occurrences occur on the 
southern Swan Coastal Plain 
to the south of Bunbury. 
Recorded in rehabilitated 
areas. 

High 

Recorded 

(3 
individuals) 

High 
Highly 

unlikely 
3 39 1 
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Species 

Conservation 
Status1 

Distribution (as related to 
Populations)/Habitat 

Likelihood of Occurrence within 
the PAA Development 

Envelopes 
Total 

Number of 
Individuals 

in the 
Surrounding 

Area2 

West 
Australian 
Herbarium 
Records 

(estimated 
plants) 

Number of 
Individuals 

in IDF # EPBC 
Act 

BC 
Act/ 

DBCA 
Priority 

List 

WMDE BTC CBME 

Lasiopetalum 
cardiophyllum 

 P4 

Occurs mainly in Jarrah-
Sheoak forests on sandy-
gravels. Extends into Stene 
and George blocks and 
southwards on the eastern 
fringes of the southwest 
forests into the Wheatbelt. 
The main patches of this 
species occur on the eastern 
fringes of the northern and 
central Jarrah forest, which 
extend well beyond the PAA. 
Other patches occur south 
and south-east of Boddington 
in the Wheatbelt. The species 
has been recorded in 
rehabilitation areas, albeit in 
relatively low numbers. 

High 

Recorded 

(1,353 
individuals) 

High 

Recorded 

(56 
individuals; 
note these 
are a sub-
set of the 
WMDE 

individuals, 
with the 

exception 
of 2 

individuals) 

Highly 
unlikely 

1,016 34 496 

Pultenaea 
skinneri 

 P4 

Occurs on sandy or clayey 
soils in winter-wet 
depressions within the Jarrah 
Forest, Swan Coastal Plain 
and Warren regions. The 
species is concentrated 
largely southwest of Collie in 
creeklines and moister soils. 

Highly 
unlikely 

Highly 
unlikely 

High 11 38* 0 
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Species 

Conservation 
Status1 

Distribution (as related to 
Populations)/Habitat 

Likelihood of Occurrence within 
the PAA Development 

Envelopes 
Total 

Number of 
Individuals 

in the 
Surrounding 

Area2 

West 
Australian 
Herbarium 
Records 

(estimated 
plants) 

Number of 
Individuals 

in IDF # EPBC 
Act 

BC 
Act/ 

DBCA 
Priority 

List 

WMDE BTC CBME 

Grevillea 
manglesii 
subsp. 
dissectifolia+ 

 P3 

Occurs in loam soils over 
granites and in creeks, 
including further west in 
Jarrah Forest. 

High High 
Highly 

unlikely 
38 27 0 

Tetratheca 
pilifera 

 P3 

Occurs mainly in Wandoo 
woodlands within the 
northern Jarrah Forest. 
However, the species also 
occurs westwards to Darling 
Scarp and areas north of 
Avon River. 

High  

Recorded 

(2 
individuals) 

High 

 

Highly 
unlikely 

2 33 0 

Darwinia 
thymoides 
subsp. St 
Ronans 

 P4 

Occurs on sandy or gravelly 
clay-loam soils, slopes and 
flats, granite outcrops within 
the Jarrah Forest and Avon 
Wheatbelt regions. 

High High 
Highly 

unlikely 
- 21* -0 

1 EN – Endangered; VU – Vulnerable; T – Threatened; P1-4 – Priority flora species listed by DBCA. 

2 Total numbers within the surrounding area (external to the PAA, i.e. within the Boddington area, as related to the WMDE and BTC, and RLA area, in relation to the CBME) are based 

on a WAH database search (see note 3 below) and Mattiske survey data associated with the wider mapped area, which extends outside the PAA (Mattiske, 2021a) Where numbers 

were not collected (i.e. in the early survey work) the estimates were supplied as one for each location so as not to overestimate the number of individuals. 

3 The WAH is the central repository for all flora specimens collected in WA and key source of information on flora locations within the State. In the context of the Revised Proposal, the 

WAH records relate to those within the 20 km desktop search area undertaken by Mattiske (2021a). They do not represent the full extent of known records for these species, which are 

expected to occur over a broader area. 

4 A highly unlikely occurrence rating has been allocated where the species was not recorded within the 20 km desktop search area. 



 

 Worsley Mine Expansion Environmental Review Document 151 
 

5 All known locations for this species have been included in the Worsley Protected areas Plan and will be avoided 

* Number of records sourced from FloraBase. 
+ Indicates the species has been recorded within the heath communities within the PAA. 
# Numbers reported by Mattiske (2021c) 
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Site-vegetation Types
Mattiske Records

A - Tall shrubland of Melaleuca lateritia, Hakea varia, Melaleuca viminea and Melaleuca incana subsp. incana on clay-loams in seasonally wet valley floors.
A1 - Mixed tall shrubland of Melaleuca viminea, Melaleuca lateritia, Taxandria linearifolia, Astartea scoparia over Baumea juncea and Lepidosperma tetraquetrum with occasional patches of Banksia littoralis and

Melaleuca rhaphiophylla over low herbs on seasonally waterlogged clays and clay loams on valley floors.
A2 - Low open woodland of Melaleuca rhaphiophylla over Astartea scoparia and low herbs on seasonally water-logged clays and clay loams in seasonally wet valley floors.
AC - Open woodland of Eucalyptus wandoo and Eucalyptus rudis over Juncus pallidus, Astartea scoparia, Taxandria linearifolia and Lepidosperma tetraquetrum over herbs on clay loams in seasonally wet valley

floors.
AD - Low open woodland of Eucalyptus rudis and Eucalyptus marginata over Banksia littoralis, Hakea prostrata and Pericalymma ellipticum over low shrubs and herbs on leached sands over sandy-gravel on lower

slopes.
AX - Open woodland of Eucalyptus rudis over Acacia saligna, Melaleuca incana subsp. incana and Hypocalymma angustifolium on clay- loams on valley floors.
AY - Open woodland of Eucalyptus rudis and Eucalyptus wandoo over Acacia saligna, Hakea prostrata and Hypocalymma angustifolium on clay- loams on valley floors.

AY/D - Mosaic of AY and D
B - Open woodland of Eucalyptus marginata and Corymbia calophylla over Mesomelaena tetragona, Adenanthos obovatus and Babingtonia camphorosmae on lower sandier soils on fringes of swamps and valley

floors.
CL - Cleared Land

CL - Ag - Cleared Agricultural Land
CL - Other - Cleared Land - Other than Agriculture
D - Open forest of Corymbia calophylla and Eucalyptus marginata over Hakea lissocarpha, Macrozamia riedlei, Acacia alata, Babingtonia camphorosmae, Hypocalymma angustifolium and Phyllanthus calycinus on

clay-loams on lower slopes.
Dam - Dam

DG - Open forest of Corymbia calophylla and Eucalyptus marginata over Hakea lissocarpha, Macrozamia riedlei, Pericalymma ellipticum, Grevillea bipinnatifida, Allocasuarina humilis, Acacia alata, Babingtonia
camphorosmae, Hypocalymma angustifolium and Phyllanthus calycinus on clay-loams on lower slopes with localized patches of outcropping.
G1 - Mosaic of open heath of Proteaceae - Myrtaceae spp. with emergent patches of Eucalyptus drummondii on shallow soils on slopes.

G2 - Mosaic of open woodland of Allocasuarina huegeliana and closed heath of Proteaceae Myrtaceae spp. to Lithic Complex on exposed or shallow granite outcrops.
G3 - Open heath of Banksia squarrosa subsp. squarrosa, Hakea incrassata, Hakea undulata, Petrophile heterophylla and Petrophile serruriae on shallow soils over granite outcrops on slopes with occasional

emergent mallee species including Eucalyptus drummondii.
G4 - Open scrub and tall shrubland of Hakea trifurcata and Hakea undulata with admixtures of mallee species including Eucalyptus latens and Eucalyptus aspersa on clay to clay-loam soils over outcrops on slopes.
H - Open forest to woodland of Eucalyptus marginata and Corymbia calophylla over Petrophile striata, Daviesia decurrens, Daviesia longifolia and Daviesia rhombifolia on sandy loam to sandy gravels on slopes and

ridges.
H1 - Open forest to woodland of Eucalyptus marginata and Corymbia calophylla over Petrophile striata, Daviesia decurrens and Daviesia longifolia on sandy-gravel soils of slopes and less undulating hills.

H2 - Open forest to woodland of Eucalyptus marginata and Corymbia calophylla with occasional admixtures of Banksia grandis and Persoonia longifolia over Acacia celastrifolia, Daviesia preissii, Leucopogon
capitellatus and Styphelia tenuiflora on gravel and sandy-gravel soils of slopes and less undulating hills.
HG - Open forest to woodland of Eucalyptus marginata and Corymbia calophylla over Petrophile striata, Lepidosperma squamatum, Styphelia tenuiflora, Daviesia preissii, and Daviesia decurrens. Grevillea

bipinnatifida, Allocasuarina humilis and Hakea undulata on shallower sandy-gravel soils over granites or secondary laterisation areas on slopes and less undulating hills.
L - Open woodland of Eucalyptus patens with some Eucalyptus wandoo over Xanthorrhoea preissii, Macrozamia riedlei, Trymalium ledifolium, Acacia saligna and Hakea prostrata on clay and clay loam soils on lower

slopes.
M - Open woodland of Eucalyptus wandoo over Trymalium ledifolium, Macrozamia riedlei and Hakea lissocarpha on clay loams with some gravel on mid to upper slopes and ridges.

M2 - Woodland to open woodland of Eucalyptus accedens, Eucalyptus wandoo, Eucalyptus marginata, Corymbia calophylla over Hakea lissocarpha, Macrozamia riedlei, Banksia squarrosa subsp. squarrosa,
Hypocalymma angustifolium, Babingtonia camphorosmae, Grevillea bipinnatifida and Allocasuarina humilis on clay-loams over shallow granites on mid to upper slopes.
MG - Open woodland of Eucalyptus wandoo over Trymalium ledifolium, Macrozamia riedlei, Pericalymma ellipticum, Hypocalymma angustifolium, Grevillea bipinnatifida, Allocasuarina humilis and Hakea lissocarpha

on clayloams over shallow granite on mid to upper slopes and ridges.
P - Open forest of Eucalyptus marginata and Allocasuarina fraseriana with admixtures of Corymbia calophylla and Banksia grandis over Lasiopetalum cardiophyllum (P4), Lasiopetalum floribundum, Lechenaultia

biloba and Ptilotus drummondii var. drummondii on sandy gravels on slopes and ridges.
PL - Plantation and Planted Trees
PL - Ag - Plantation and Planted Trees on Agricultral Land

PS - Open forest of Allocasuarina fraseriana, Eucalyptus marginata, Corymbia calophylla and Banksia grandis over Adenanthos barbiger, Leucopogon capitellatus on gravels and sandy gravels on slopes and ridges.
PW - Open forest of Allocasuarina fraseriana, Eucalyptus marginata, Corymbia calophylla, and Banksia grandis with scattered understorey, including Adenanthos barbiger, Leucopogon capitellatus and Hypocalymma

angustifolium on seasonally moister and sandy gravels on slopes.
R - Open woodland of Eucalyptus marginata and Corymbia calophylla over Trymalium ledifolium, Phyllanthus calycinus and Hypocalymma angustifolium on sandy-gravels associated with nearby shallow outcropping.
Rehab - Rehabilitation Areas

Rehab - Ag - Rehabilitation Areas on Agricultral Land
S - "Open forest of Eucalyptus marginata and Corymbia calophylla with admixtures of Allocasuarina fraseriana, Banksia grandis and Persoonia longifolia over Acacia celastrifolia, Hovea chorizemifolia, Daviesia

preissii, Leucopogon capitellatus and Styphelia tenuiflora on sandy-gravels on slopes and ridges."
SP - "Open forest of Eucalyptus marginata, Corymbia calophylla and Allocasuarina fraseriana with admixtures of Banksia grandis over Lasiopetalum cardiophyllum, Acacia celastrifolia, Styphelia tenuiflora, Daviesia
decurrens and Trymalium ledifolium on sandy-gravel to gravel soils on slopes and ridges."

ST - "Open forest of Eucalyptus marginata and Corymbia calophylla with admixtures of Allocasuarina fraseriana, Persoonia longifolia and Banksia grandis over Stylidium dichotomum, Acacia urophylla, Acacia
celastrifolia, Leucopogon verticillatus, Clematis pubescens and Leucopogon capitellatus on sandy-loam gravel soils on slopes and ridges."

SW - Open forest of Eucalyptus marginata and Corymbia calophylla over Hypocalymma angustifolium, Babingtonia camphorosmae, Acacia celastrifolia, Hovea chorizemifolia, Daviesia preissii, Leucopogon
capitellatus and Styphelia tenuiflora on seasonally moister sandy-gravels on slopes.
W - Open forest of Corymbia calophylla, Eucalyptus marginata and Eucalyptus patens over Hakea lissocarpha, Hypocalymma angustifolium, Acacia extensa and Synaphea petiolaris on loam soils on lower slopes.

Y - Open woodland of Eucalyptus wandoo over Gompholobium marginatum, Acacia nervosa, Babingtonia camphorosmae, Hypocalymma angustifolium, Macrozamia riedlei, Phyllanthus calycinus and Gastrolobium
calycinum on clay and clay-loam soils on lower slopes.

YG - Open woodland of Eucalyptus wandoo over Gompholobium marginatum, Acacia nervosa, Babingtonia camphorosmae, Hypocalymma angustifolium, Macrozamia riedlei, Pericalymma ellipticum, Grevillea
bipinnatifida, Allocasuarina humilis, Phyllanthus calycinus and Gastrolobium calycinum on clay and clay-loam soils with localized outcropping on lower slopes.

Z - Open forest of Eucalyptus marginata and Corymbia calophylla over Macrozamia riedlei, Xanthorrhoea preissii, Hakea lissocarpha and Phyllanthus calycinus on sandy-loam to sandy-loam gravel soils on slopes.
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5.2.3.3.3 Weeds 

A total of 132 introduced (weed) plant species have been observed during systematic flora surveys 

in the surrounds of the PAA, with the majority of infestations recorded within agricultural areas 

(Mattiske, 2021a). One hundred and fifteen weed species have been recorded in agricultural and 

rehabilitated areas within the WMDE and BTC, with 37 of these also recorded in remnant vegetation 

or areas subject to limited disturbance. Fifteen weed species have been recorded in the CBME 

(Mattiske, 2021a). Known weed species within the PAA are shown on  Figure 5-6 and Figure 5-7, 

with more detailed mapping presented in Mattiske (2021a) (Appendix F1). Note, the high ecological 

impact sites/areas mapped indicate weed species designated as having high ecological impacts in 

that specific area. These have been mapped to enable their coverage representation (i.e. dense or 

extensive population) to be presented, although they differ in their invasiveness (Mattiske, 2021a). 

The majority of the weeds are short term annual species that establish on disturbed lands. Some of 

the species also establish in the early phase of rehabilitation, however the majority are quickly 

outgrown by more perennial and larger native shrub and tree species (Mattiske, 2021a). The number 

of weeds recorded in the rehabilitation areas is lower than in remnant areas on private property or 

in the cleared or agricultural areas. 

The dominant weeds included Avena barbata (Bearded Oat), Avena sp., Bellardia trixago, Bromus 

diandrus (Great Brome), Bromus sp., Centaurium erythraea (Common Centuary), Cynodon dactylon 

(Couch), Cyperus tenellus (Tiny Flatsedge), Leptospermum laevigatum (Coast Teatree), Lolium 

perenne (Perennial Ryegrass), Oxalis corniculata (Yellow Wood Sorrel) and Romulea rosea 

(Guildford Grass). Of these dominant weed species, four are considered by DBCA to have a high 

ecological impact (Avena barbata, Bromus diandrus, Cynodon dactylon, Leptospermum laevigatum 

and Romulea rosea) and six are considered to display an invasive (i.e. rapid) rate of spread (Avena 

barbata, Bromus diandrus, Centaurium erythraea, Cynodon dactylon, Cyperus tenellus and Lolium 

perenne). The dominant weed species were located in areas of early phase rehabilitation 

(approximately 32%), lower valley floors in swamps and creeklines (approximately 24%), slopes 

(approximately 15%), valleys (approximately 13%), in cleared areas (approximately 13%) or near 

granite outcrops (approximately 4%). The relatively high number of weed species within the early 

phase rehabilitation areas is linked to the high level of monitoring effort associated with the early 

stages of rehabilitation (to monitor success) and weeds being disturbance specialists. The majority 

of weeds in rehabilitation areas are typically outgrown by more perennial and larger native shrub 

and tree species (Mattiske, 2021a). Monitoring of Worsley’s rehabilitation has shown that the density 

of weeds within rehabilitation areas declines as the vegetation matures, such that weed density is 

generally comparable with the State Forest plots after 15 years (refer to Section 4.5 for further 

information).  

Of the introduced species recorded during the systematic surveys in the broader survey area, four 

are listed as a Declared Plant under the Biosecurity and Agriculture Management Act 2007 (BAM 

Act), as discussed below. All of these species have been recorded within the PAA: 

• Gomphocarpus fruticosus (Narrow-leaved Cotton Bush) – The species is known to occur in 
disturbed sites and is capable of forming dense thickets. Individuals have been recorded in the 
WMDE and near the RLA on cleared agricultural lands, based on the desktop database searches 
(2020) and a 2008 survey (Mattiske, 2021a). This species has an unknown ecological impact and 
a rapid invasiveness rating, as categorised by DBCA’s Southwest Region Species Prioritisation 
Process; 

• Silybum marianum (Milk Thistle) – The species favours disturbed agricultural areas and was 
recorded near the RLA in surveys undertaken in the early 1980s. The species has not been 
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recorded in recent surveys undertaken in the CBME (Mattiske, 2021a). DBCA has assigned the 
species as having an unknown ecological impact and a moderate invasiveness; 

• Asparagus asparagoides (Bridal Creeper) – This species is an invasive climber that smothers 
vegetation. Individuals have been previously recorded near Boddington and Collie areas on 
cleared agricultural lands and disturbed areas on the fringes of cleared land, plantations and 
roadsides, based on the desktop database searches conducted by Mattiske in 2020 (Mattiske, 
2021a). The species has not been recorded in the 2019 surveys undertaken within the PAA 
(Mattiske, 2021a). Bridal Creeper is considered by DBCA to have a high ecological impact and a 
rapid invasiveness; and 

• Moraea flaccida (One-leaf Cape Tulip) – This weed is toxic to cattle and is found within disturbed 
agricultural lands. The species has been recorded at six locations near Boddington on agricultural 
areas to the west of the WMDE and BTC; most records were made in 2009 with a few in 2012 
(Mattiske, 2021a). DBCA has assigned the species as having a high ecological impact and a 
moderate invasiveness. 

With the exception of the Moraea flaccida, the Declared plants listed above have not been recorded 

during the recent 2019 surveys (Mattiske, 2021a).
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5.2.3.4 Vegetation 

5.2.3.4.1 Regional Vegetation Complexes 

As shown in Table 5-2, the PAA consists of a large area of land cleared for agriculture or other 

purposes (e.g. mining) (approximately 43%). The areas of remnant vegetation, which comprises 

approximately 44% of the PAA, occur within 12 vegetation complexes as mapped by Heddle et al. 

(1980) and Mattiske and Havel (1998) (Table 5-7, Figure 5-8 and Figure 5-9). These vegetation 

complexes comprise jarrah and marri dominated forests and woodlands on uplands, wandoo 

woodlands on valley slopes and a mixture of woodlands, forests and tall shrublands on major valley 

systems (valley floor swamp). Of the 12 complexes occurring in the PAA, two of these (the Michibin 

and Williams complexes) have less than 30% of their pre-European extent remaining (approximately 

26%) within the Southwest Forest of WA, with less than 10% remaining in DBCA managed land 

(5.1% and 0.3%, respectively) (Mattiske, 2021a). Both vegetation complexes have been highly 

modified by agricultural activities and consequently any remnants of native vegetation of these 

complexes within the PAA is limited (Mattiske, 2021a). The Michibin complex is associated with clay-

loam soils that have been cleared and grazed or cropped for many decades for agricultural purposes. 

The Williams complex is associated with the riverine vegetation associated with the banks of creeks 

and rivers (Mattiske, 2021a). 
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Table 5-7 Extent of Regional Vegetation Complexes Mapped within the PAA for the Southwest Forest Region of WA 

Vegetation 
Complex 

Description 

Pre- 
European 

Extent 
(ha) 

Current 
Extent (ha) 

Pre- 
European 

Extent 
Remaining 

(%) 

Current Extent 
Remaining 

within DBCA 
Managed 
Land (%) 

Extent Mapped within the 
PAA Development 

Envelopes (ha) 

Extent 
Mapped 

within the 
PAA (ha)  WMDE BTC CBME 

Cooke 
 

Mosaic of open forest of Eucalyptus 
marginata subsp. marginata – 
Corymbia calophylla (subhumid 
zone) and open forest of 
E.marginata subsp. thalassica – C. 
calophylla (semiarid and arid zones) 
and on deeper soils adjacent to 
outcrops, closed heath of 
Myrtaceae – Proteaceae species 
and lithic complex on granite rocks 
and associated soils in all climatic 
zones, with some E. laeliae 
(semiarid), and Allocasuarina 
huegeliana and E. wandoo (mainly 
semiarid and perarid zones). 

36,779.3 30,304.2 82.4% 62.6% 2,595.0 189.0 N/A 2,595.0 

Coolakin 
 

Woodland of Eucalyptus wandoo 
with mixtures of E. patens, E. 
marginata subsp. thalassica and 
Corymbia calophylla on the valley 
slopes in arid and perarid zones. 

163,991.7 64,204.7 39.2% 20.1% 3,621.2 154.0 N/A 3,622.4 

Dwellingup 
4 
 

Open forest of Eucalyptus 
marginata subsp. thalassica – 
Corymbia calophylla on lateritic 
uplands in semiarid and arid zones. 

132,415.6 115,661.5 87.3% 70.1% 9,021.2 1,356.0 N/A 6,104.0 

Michibin 
 

Open woodland of Eucalyptus 
wandoo over Acacia acuminata with 
some E. loxophleba on valley 

168,040.1 42,996.1 25.6% 5.1% 4,707.5 885.4 N/A 4,804.0 
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Vegetation 
Complex 

Description 

Pre- 
European 

Extent 
(ha) 

Current 
Extent (ha) 

Pre- 
European 

Extent 
Remaining 

(%) 

Current Extent 
Remaining 

within DBCA 
Managed 
Land (%) 

Extent Mapped within the 
PAA Development 

Envelopes (ha) 

Extent 
Mapped 

within the 
PAA (ha)  WMDE BTC CBME 

slopes, with low woodland of 
Allocasuarina huegeliana on or near 
shallow granite outcrops in arid and 
perarid zones. 

Pindalup 

Open forest of Eucalyptus 
marginata subsp. thalassica – 
Corymbia calophylla on slopes and 
open woodland of E. wandoo with 
some E. patens on the lower slopes 
in semiarid and arid zones. 

167,151.0 128,358.2 76.8% 60.1% 1,998.2 690.1 N/A 2,248.5 

Swamp 
 

Mosaic of low open woodland of 
Melaleuca preissiana – Banksia 
littoralis, closed scrub of Myrtaceae 
spp., closed heath of Myrtaceae 
spp. and sedgelands of Baumea 
and Leptocarpus spp. On 
seasonally wet or moist sand, peat 
and clay soils on valley floors in all 
climatic zones. 

53,658.2 40,613.0 75.7% 64.2% 872.8 85.7 N/A 872.8 

Williams 
 

Mixture of woodland of Eucalyptus 
rudis – Melaleuca rhaphiophylla, 
low forest of Casuarina obesa and 
tall shrubland of Melaleuca spp. on 
major valley systems in arid and 
perarid zones. 

28,984.0 7,516.5 25.9% 0.3% 1,193.8 254.0 N/A 1,242.6 

Yalanbee 5 
 

Mixture of open forest of Eucalyptus 
marginata subsp. thalassica – 
Corymbia calophylla and woodland 

126,609.8 83,829.1 66.2% 38.8% 1,457.1 N/A N/A 1,457.1 
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Vegetation 
Complex 

Description 

Pre- 
European 

Extent 
(ha) 

Current 
Extent (ha) 

Pre- 
European 

Extent 
Remaining 

(%) 

Current Extent 
Remaining 

within DBCA 
Managed 
Land (%) 

Extent Mapped within the 
PAA Development 

Envelopes (ha) 

Extent 
Mapped 

within the 
PAA (ha)  WMDE BTC CBME 

of E. wandoo on lateritic uplands in 
semiarid and perarid zones. 

Yalanbee 6 
 

Woodland of Eucalyptus wandoo – 
E. accedens, less consistently open 
forest of E. marginata subsp. 
thalassica – Corymbia calophylla. 

197,849.0 92,080.9 46.5% 21.1% 2,329.4 531.6 N/A 2,329.4 

Dwellingup 
1 
 

Open forest of Eucalyptus 
marginata subsp. marginata – 
Corymbia calophylla on lateritic 
uplands in mainly humid and 
subhumid zones. 

208,490.9 181,038.8 86.8% 82.3% N/A N/A 313.8 313.8 

Murray 1 
 

Open forest of Eucalyptus 
marginata subsp. marginata – 
Corymbia calophylla – E. patens on 
valley slopes to a fringing woodland 
of E. rudis – Melaleuca 
rhaphiophylla on the valley floors in 
humid and subhumid zones. 

68,695.2 52,296.0 76.1% 64.7% N/A N/A 392.0 392.0 

Yarragil 1 

Open forest of Eucalyptus 
marginata subsp. marginata – 
Corymbia calophylla on slopes with 
mixtures of E. patens and E. 
megacarpa on the valley floors in 
humid and subhumid zones. 

80,203.0 64,927.1 81.0% 73.6% N/A N/A 40.7 40.7 
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5.2.3.4.2 Site-vegetation Types 

A total of 40 site-vegetation types have been mapped within the PAA (Mattiske, 2021a), as detailed 

in Table 5-8 and shown in Figure 5-4 (1) through Figure 5-4 (14) and Figure 5-5. These site-

vegetation types cover approximately 12,980 ha (or approximately 44%) of the PAA. Cleared areas 

(for agriculture and mining) account for approximately 43% of the PAA, with plantations accounting 

for approximately 1% of the PAA (Table 5-2). The remaining area within the PAA are associated 

with either rehabilitation (approximately 11%) or water bodies (<1%). 

Eleven dominant site-vegetation types (>300 ha) were recorded in the collective WMDE and BTC 

(M, P, PS, S, H, H2, ST, Y, Z, AY and D), with large areas also cleared for agriculture and plantations 

(approximately 44%). The restricted site-vegetation types mapped within the WMDE include the 

swamp vegetation types (A1, A2), those on the lower slopes (AD, AY/D, B, DG), on the outcropping 

areas (G1, G2, G4, R) and on the moister slopes (PW, SW, W, YG). The restricted site-vegetation 

types within the BTC include specific types on the slopes (H2, M2), on the lower slopes (AD, AY/D, 

DG), on the outcropping areas (G1, G3, G4) and on the moister slopes (PW).  

There are two dominant site-vegetation types (>100 ha) within the CBME (S and ST), with the 

majority of these being relatively undisturbed with the exception of the dam (approximately 63 ha or 

10%) and completely degraded cleared areas (approximately 236 ha or 32%). Restricted site-

vegetation types within the CBME include specific types on the lower slopes (CQ), flats (E) and 

slopes (SP). All site-vegetation types in the CBME are well represented in nearby State Forest areas 

and conservation areas (e.g. Wellington National Park) (Mattiske, 2021a). 

The site-vegetation types that support a higher species richness are generally associated with the 

granites and shallow soils over the granites (Mattiske, 2021a). The valley systems (creeklines and 

lower slopes) when combined with the site-vegetation types on the granite outcrops increase the 

range of structural and floristic components of the PAA. The majority of the Priority flora species are 

associated with granite outcrop areas. The Threatened orchid species (Caladenia hopperiana) is 

associated with the clay loams within the moister watershed areas of the south-eastern valleys in 

the Quindanning Timber Reserve within the WMDE (Mattiske, 2021a). 

The main site-vegetation types that support Threatened and Priority species in the PAA include the 

jarrah – sheoak communities supporting Lasiopetalum cardiophyllum (Priority 4), the lower slopes 

near the Hotham River and swamps (site-vegetation types A, AY, AX, AC, CW, SW and Y), the heath 

communities (G1 and G3) and open forests of Eucalyptus marginata subsp. thalassica – Corymbia 

calophylla – Allocasuarina fraseriana (site-vegetation types P and PS) (Mattiske, 2021a). These 

vegetation types cover 4,491 ha (approximately 15%) of the PAA. 
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Table 5-8 Site-vegetation Types within the PAA 

Site-
vegetation 
Type Code 

Description 

Extent within the PAA 
Development Envelopes (ha) Extent 

within the 
PAA (ha) WMDE BTC CBME 

A 
Tall shrubland of Melaleuca lateritia, Hakea varia, Melaleuca viminea and Melaleuca 
incana subsp. incana on clay-loams in seasonally wet valley floors 

121.4 39.8 0.0 130.1 

A1* 

Mixed tall shrubland of Melaleuca viminea, Melaleuca lateritia, Taxandria linearifolia, 
Astartea scoparia over Baumea juncea and Lepidosperma tetraquetrum with 
occasional patches of Banksia littoralis and Melaleuca rhaphiophylla over low herbs 
on seasonally waterlogged clays and clay loams on valley floors 

2.9 0.0 0.0 2.9 

A2* 
Low open woodland of Melaleuca rhaphiophylla over Astartea scoparia and low herbs 
on seasonally waterlogged clays and clay loams in seasonally wet valley floors 

1.7 0.0 0.0 1.7 

AC* 
Open woodland of Eucalyptus wandoo and Eucalyptus rudis over Juncus pallidus, 
Astartea scoparia, Taxandria linearifolia and Lepidosperma tetraquetrum over herbs 
on clay loams in seasonally wet valley floors 

34.2 0.0 0.0 34.2 

AD* 
Low open woodland of Eucalyptus rudis and Eucalyptus marginata over Banksia 
littoralis, Hakea prostrata and Pericalymma ellipticum over low shrubs and herbs on 
leached sands over sandy-gravel on lower slopes 

4.7 0.9 0.0 5.6 

AX* 
Open woodland of Eucalyptus rudis over Acacia saligna, Melaleuca incana subsp. 
incana and Hypocalymma angustifolium on clay- loams on valley floors 

196.7 98.9 0.0 224.7 

AY* 
Open woodland of Eucalyptus rudis and Eucalyptus wandoo over Acacia saligna, 
Hakea prostrata and Hypocalymma angustifolium on clay- loams on valley floors 

404.5 154.0 0.0 434.3 

AY/D* Mosaic of site-vegetation types AY and D 5.3 5.3 0.0 5.3 

B* 
Open woodland of Eucalyptus marginata and Corymbia calophylla over 
Mesomelaena tetragona, Adenanthos obovatus and Babingtonia camphorosmae on 
lower sandier soils on fringes of swamps and valley floors 

0.5 0.0 0.0 0.5 

CQ 
Open forest of Eucalyptus marginata - Corymbia calophylla - Eucalyptus patens on 
lower slopes with mixed understorey species, including Trymalium floribundum, 

0.0 0.0 9.6 9.6 
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Site-
vegetation 
Type Code 

Description 

Extent within the PAA 
Development Envelopes (ha) Extent 

within the 
PAA (ha) WMDE BTC CBME 

Agonis linearifolia and Astartea scoparia along the edges of the deeper incised 
valleys near the creek-lines 

CW 
Woodland to open forest of Eucalyptus patens – Eucalyptus megacarpa - Corymbia 
calophylla - Banksia littoralis with dense Taxandria linearifolia and Astartea scoparia 
in understorey on creek-lines and watercourses 

0.0 0.0 17.9 17.9 

D* 
Open forest of Corymbia calophylla and Eucalyptus marginata over Hakea 
lissocarpha, Macrozamia riedlei, Acacia alata, Babingtonia camphorosmae, 
Hypocalymma angustifolium and Phyllanthus calycinus on clay-loams on lower slopes 

391.4 146.8 0.0 400.7 

DG* 

Open forest of Corymbia calophylla and Eucalyptus marginata over Hakea 
lissocarpha, Macrozamia riedlei, Pericalymma ellipticum, Grevillea bipinnatifida, 
Allocasuarina humilis, Acacia alata, Babingtonia camphorosmae, Hypocalymma 
angustifolium and Phyllanthus calycinus on clay-loams on lower slopes with localised 
patches of outcropping 

7.9 5.1 0.0 8.7 

G1 
Mosaic of open heath of Proteaceae – Myrtaceae spp. with emergent patches of 
Eucalyptus drummondii on shallow soils on slopes 

73.9 6.5 0.0 73.9 

G2 
Mosaic of open woodland of Allocasuarina huegeliana and closed heath of 
Proteaceae and Myrtaceae spp. to lithic complex on exposed or shallow granite 
outcrops 

7.6 0.0 0.0 7.6 

G3 
Open heath of Banksia squarrosa subsp. squarrosa, Hakea incrassata, Hakea 
undulata, Petrophile heterophylla and Petrophile serruriae on shallow soils over 
granite outcrops on slopes with occasional emergent Eucalyptus drummondii 

75.5 3.3 0.0 75.5 

G4 
Open scrub and tall shrubland of Hakea trifurcata and Hakea undulata with 
admixtures of mallee species including Eucalyptus latens and Eucalyptus aspersa on 
clay to clay-loam soils over outcrops on slopes 

12.1 2.1 0.0 14.1 

H 
Open forest to woodland of Eucalyptus marginata and Corymbia calophylla over 
Petrophile striata, Daviesia decurrens, Daviesia longifolia and Daviesia rhombifolia on 
sandy loam to sandy gravels on slopes and ridges 

1,590.0 501.5 0.0 1,812.5 
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Site-
vegetation 
Type Code 

Description 

Extent within the PAA 
Development Envelopes (ha) Extent 

within the 
PAA (ha) WMDE BTC CBME 

H1 
Open forest to woodland of Eucalyptus marginata and Corymbia calophylla over 
Petrophile striata, Daviesia decurrens and Daviesia longifolia on sandy-gravel soils of 
slopes and less undulating hills 

138.2 0.0 0.0 138.2 

H2 

Open forest to woodland of Eucalyptus marginata and Corymbia calophylla with 
occasional admixtures of Banksia grandis and Persoonia longifolia over Acacia 
celastrifolia, Daviesia preissii, Leucopogon capitellatus and Styphelia tenuiflora on 
gravel and sandy-gravel soils of slopes and less undulating hills 

579.5 2.2 0.0 581.7 

HG 

Open forest to woodland of Eucalyptus marginata and Corymbia calophylla over 
Petrophile striata, Lepidosperma squamatum, Styphelia tenuiflora, Daviesia preissii, 
and Daviesia decurrens. Grevillea bipinnatifida, Allocasuarina humilis and Hakea 
undulata on shallower sandy-gravel soils over granites or secondary laterisation 
areas on slopes and less undulating hills 

51.0 0.0 0.0 51.0 

L* 
Open woodland of Eucalyptus patens with some Eucalyptus wandoo over 
Xanthorrhoea preissii, Macrozamia riedlei, Trymalium ledifolium, Acacia saligna and 
Hakea prostrata on clay and clay loam soils on lower slopes 

32.9 27.0 0.0 32.9 

M 
Open woodland of Eucalyptus wandoo over Trymalium ledifolium, Macrozamia riedlei 
and Hakea lissocarpha on clay loams with some gravel on mid to upper slopes and 
ridges 

1,538.5 334.1 0.0 1,669.0 

M2 

Woodland to open woodland of Eucalyptus accedens, Eucalyptus wandoo, 
Eucalyptus marginata, Corymbia calophylla over Hakea lissocarpha, Macrozamia 
riedlei, Banksia squarrosa subsp. squarrosa, Hypocalymma angustifolium, 
Babingtonia camphorosmae, Grevillea bipinnatifida and Allocasuarina humilis on clay-
loams over shallow granites on mid to upper slopes 

45.4 1.4 0.0 45.4 

MG 

Open woodland of Eucalyptus wandoo over Trymalium ledifolium, Macrozamia riedlei, 
Pericalymma ellipticum, Hypocalymma angustifolium, Grevillea bipinnatifida, 
Allocasuarina humilis and Hakea lissocarpha on clay-loams over shallow granite on 
mid to upper slopes and ridges 

218.5 28.4 0.0 220.5 
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Site-
vegetation 
Type Code 

Description 

Extent within the PAA 
Development Envelopes (ha) Extent 

within the 
PAA (ha) WMDE BTC CBME 

P 

Open forest of Eucalyptus marginata and Allocasuarina fraseriana with admixtures of 
Corymbia calophylla and Banksia grandis over Lasiopetalum cardiophyllum (P4), 
Lasiopetalum floribundum, Lechenaultia biloba and Ptilotus drummondii var. 
drummondii on sandy gravels on slopes and ridges 

1,480.3 259.1 0.0 1,480.3 

PS 
Open forest of Allocasuarina fraseriana, Eucalyptus marginata, Corymbia calophylla 
and Banksia grandis over Adenanthos barbiger, Leucopogon capitellatus on gravels 
and sandy gravels on slopes and ridges 

1,248.1 453.0 0.0 1,272.9 

PW* 

Open forest of Allocasuarina fraseriana, Eucalyptus marginata, Corymbia calophylla, 
and Banksia grandis with scattered understorey, including Adenanthos barbiger, 
Leucopogon capitellatus and Hypocalymma angustifolium on seasonally moister and 
sandy gravels on slopes 

2.5 2.5 0.0 2.5 

Q 
Open forest of Eucalyptus marginata - Corymbia calophylla - Eucalyptus patens with 
mixed understorey species, including Trymalium floribundum, Acacia extensa and 
Phyllanthus calycinus on loam soils on lower slopes 

0.0 0.0 64.9 64.9 

R 
Open woodland of Eucalyptus marginata and Corymbia calophylla over Trymalium 
ledifolium, Phyllanthus calycinus and Hypocalymma angustifolium on sandy-gravels 
associated with nearby shallow outcropping 

1.3 0.0 0.0 1.3 

S 

Open forest of Eucalyptus marginata and Corymbia calophylla with admixtures of 
Allocasuarina fraseriana, Banksia grandis and Persoonia longifolia over Acacia 
celastrifolia, Hovea chorizemifolia, Daviesia preissii, Leucopogon capitellatus and 
Styphelia tenuiflora on sandy-gravels on slopes and ridges 

1,648.3 301.2 82.2 1,748.4 

SP 

Open forest of Eucalyptus marginata, Corymbia calophylla and Allocasuarina 
fraseriana with admixtures of Banksia grandis over Lasiopetalum cardiophyllum, 
Acacia celastrifolia, Styphelia tenuiflora, Daviesia decurrens and Trymalium ledifolium 
on sandy-gravel to gravel soils on slopes and ridges 

90.6 28.9 5.7 96.3 

ST 
Open forest of Eucalyptus marginata and Corymbia calophylla with admixtures of 
Allocasuarina fraseriana, Persoonia longifolia and Banksia grandis over Stylidium 
dichotomum, Acacia urophylla, Acacia celastrifolia, Leucopogon verticillatus, Clematis 

378.9 20.7 229.4 608.2 
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Site-
vegetation 
Type Code 

Description 

Extent within the PAA 
Development Envelopes (ha) Extent 

within the 
PAA (ha) WMDE BTC CBME 

pubescens and Leucopogon capitellatus on sandy loam gravel soils on slopes and 
ridges 

SW* 

Open forest of Eucalyptus marginata and Corymbia calophylla over Hypocalymma 
angustifolium, Babingtonia camphorosmae, Acacia celastrifolia, Hovea chorizemifolia, 
Daviesia preissii, Leucopogon capitellatus and Styphelia tenuiflora on seasonally 
moister sandy-gravels on slopes 

9.2 0.0 17.7 26.9 

T 

Open forest of Eucalyptus marginata - Corymbia calophylla with scattered 
understorey, including Leucopogon verticillatus, Pteridium esculentum, Clematis 
pubescens and Bossiaea aquifolium subsp. aquifolium on sandy loam gravelly soils 
on slopes and ridges 

0.0 0.0 14.0 14.0 

TS 

Open forest of Eucalyptus marginata - Corymbia calophylla – Banksia grandis with 
scattered understorey, including Leucopogon verticillatus, Pteridium esculentum, 
Clematis pubescens and Bossiaea aquifolium subsp. aquifolium on sandy-loam 
gravelly to gravelly soils 

0.0 0.0 68.9 68.9 

W 
Open forest of Corymbia calophylla, Eucalyptus marginata and Eucalyptus patens 
over Hakea lissocarpha, Hypocalymma angustifolium, Acacia extensa and Synaphea 
petiolaris on loam soils on lower slopes 

0.8 0.0 0.0 0.8 

Y* 

Open woodland of Eucalyptus wandoo over Gompholobium marginatum, Acacia 
nervosa, Babingtonia camphorosmae, Hypocalymma angustifolium, Macrozamia 
riedlei, Phyllanthus calycinus and Gastrolobium calycinum on clay and clay-loam soils 
on lower slopes 

623.8 194.5 0.0 720.6 

YG* 

Open woodland of Eucalyptus wandoo over Gompholobium marginatum, Acacia 
nervosa, Babingtonia camphorosmae, Hypocalymma angustifolium, Macrozamia 
riedlei, Pericalymma ellipticum, Grevillea bipinnatifida, Allocasuarina humilis, 
Phyllanthus calycinus and Gastrolobium calycinum on clay and clay-loam soils with 
localised outcropping on lower slopes 

12.0 20.7 0.0 31.2 
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Site-
vegetation 
Type Code 

Description 

Extent within the PAA 
Development Envelopes (ha) Extent 

within the 
PAA (ha) WMDE BTC CBME 

Z 
Open forest of Eucalyptus marginata and Corymbia calophylla over Macrozamia 
riedlei, Xanthorrhoea preissii, Hakea lissocarpha and Phyllanthus calycinus on sandy-
loam to sandy-loam gravel soils on slopes 

808.2 217.9 0.0 844.4 

CL Cleared 2,899.2 335.5 0.0 2,899.2 

CL – Ag  Cleared agricultural areas 6,402.4 759.3 0.0 6,559.5 

CL – Other  Cleared other areas (e.g. BGM) 3,085.8 40.1 163.7 3,249.5 

Dam Dam 1.4 0.0 62.0 63.4 

PL Plantations 229.0 0.4 0.0 229.0 

PL – Ag  Plantations on agricultural areas 184.6 0.9 0.0 185.4 

Rehab Rehabilitation areas 3,153.0 127.6 10.6 3,163.6 

Rehab – Ag  Rehabilitation areas on agricultural areas 2.6 26.2 0.0 26.9 

Total area 27,796.3 4,145.7 746.5 29,356.4 

Total area of remnant native vegetation 11,838.2 2,855.6 510.3 12,979.9 

* Indicates the site-vegetation type is considered a potential GDE. Refer to Section 5.2.3.4.5 for further discussion. 
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5.2.3.4.3 Conservation Significant Vegetation 

No Commonwealth or State-listed TECs have been recorded within the PAA (Mattiske, 2021a). The 

“Eucalypt Woodlands of the Western Australian Wheatbelt” Commonwealth TEC has been identified 

in the database searches (which allowed for a conservative 20 km buffer from a central location 

within the WMDE and CBME) as potentially occurring and is mapped to the east and northeast of 

the WMDE and BTC, therefore this TEC has the potential to occur near these areas. The 

Commonwealth TEC “Banksia Woodlands of the Swan Coastal Plain” is known to occur in the vicinity 

of the CBME. However, given the CBME is located on the Darling Ranges and the TEC occurs on 

the Swan Coastal Plain, it is highly unlikely that the TEC will occur within the CBME. None of the 

site-vegetation communities, as mapped during extensive surveys within the PAA, are considered 

representative of either of these two TECs (Mattiske, 2021a). Therefore, the Revised Proposal is 

considered not to intersect with any known State-listed or Commonwealth-listed TEC values and no 

further assessment is provided within this ERD.   

One PEC, the Priority 1 PEC – Mount Saddleback Heath Communities, occurs in the Saddleback 

area, which overlaps the WMDE. The PEC community on Mount Saddleback, as defined by DBCA, 

has affinities with the site-vegetation types within the areas of heath, open scrub and mallee 

communities that have been identified and mapped as subsets of the G site-vegetation types within 

the Mount Saddleback area by Mattiske (2021a). The heath communities within the PAA include: 

• Site-vegetation type G1, which is characterised by a mosaic of open heath of Proteaceae – 
Myrtaceae spp. With emergent patches of Eucalyptus drummondii on shallow soils on slopes. 
This site-vegetation type occurs within the WMDE and BTC, and covers <1% of the PAA; 

• Site-vegetation type G3, which comprises of open heath of Banksia squarrosa subsp. squarrosa, 
Hakea incrassata, Hakea undulata, Petrophile heterophylla and Petrophile serruriae on shallow 
soils over granite outcrops on slopes with occasional emergent Eucalyptus drummondii. This site-
vegetation type occurs within the WMDE and BTC, covering <1% of the PAA; and 

• Site-vegetation type G4, which is characterised by open scrub and tall shrubland of Hakea 
trifurcata and Hakea undulata with admixtures of mallee species including Eucalyptus latens and 
Eucalyptus aspersa on clay to clay-loam soils over outcrops on slopes. This site-vegetation type 
also covers <1% of the PAA and occurs in the WMDE and BTC. 

It is acknowledged there is a difference in the PEC community buffers based on the DBCA data 

supplied and the previous site-vegetation type mapping of the various ‘G’ communities, as mapped 

by Mattiske in the various phases of detailed site-vegetation mapping since the early 1980s. DBCA 

have advised Worsley Alumina that the currently mapped extent of the PEC should be considered 

indicative, requiring on-ground survey and refinement at the local scale. Buffers are placed around 

the boundaries of PECs to assist in identifying and managing issues that have potential for 

secondary (i.e. indirect) impacts, such as hydrology. The buffer required to protect PECs varies and 

is influenced by the type of PEC, habitat factors and nature of the proposed development. Site 

specific studies are required to identify the buffer required to protect various values including 

hydrology. 

Overall, Mattiske (2021a) observed that the ‘G’ site-vegetation types display variations in the 

occurrence and dominance of different structural components; and species in the heath communities 

(G1 and G3) and those (G4) also have patches of mallee Eucalyptus species and a few stands of 

paperbark and marri trees in the Tunnell Road heath area (within the Mount Saddleback mining 

operations area). The heath communities that have the closest affinities with the PEC community 

are the G1 and G3 site-vegetation types (Mattiske, 2021a). The G4 site-vegetation types displays 

some affinities with the PEC community, however, it differs in key structural or floristic type. 

Therefore, for the purposes of this Revised Proposal, the Mattiske (2021a) site-vegetation types G1 
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and G3 have been used as the basis of the PEC community extent within the PAA. The mapping of 

these communities have been subject to rigorous ground-truthing through the numerous flora and 

vegetation surveys undertaken in the area (Section 5.2.3.1). The G2 site-vegetation type was 

observed to display some potential localised components representative of the PEC (Mattiske, 

2021a). However, the degree of similarity is considered minimal and, as such, the site-vegetation 

type is not considered to represent the PEC for the purposes of this Revised Proposal. Ongoing 

engagement with DBCA is being undertaken by Worsley with regards to the PEC and associated 

buffers. 

The majority of the heath communities (particularly G1 and G3) within the PAA are considered to be 

in excellent or very good condition (approximately 91%), with only a small portion being mapped as 

degraded (approximately 9%). However, a recent dieback assessment undertaken by Glevan 

(2020), recorded a dieback infestation correlating with the Tunnell Road heath community. Although 

the heath community at this location is currently considered to be in excellent condition, it is possible 

that the condition may change over time as a result of dieback. The heath communities within the 

northern and eastern Jarrah forests extend well beyond those defined and mapped in the Mount 

Saddleback area (Mattiske, 2021a). 

5.2.3.4.4 Other Significant Vegetation Communities 

Fifteen site-vegetation types within the PAA are considered to be of local significance for their 

restricted representation, including in conservation estates (<10% representation in formal and 

informal reserves). These site-vegetation types also provide suitable habitat for a number of 

conservation significant flora and potentially act as wildlife corridors for fauna along creek lines 

(Mattiske, 2021a). The extents of these site-vegetation types are presented in Table 5-9. There are 

no locally significant communities in the CBME as the majority of the site-vegetation types are locally 

well represented in the State Forest and conservation areas (Mattiske, 2021a). Six of the 15 locally 

significant site-vegetation types support conservation significant flora species.  

In a regional context, the site-vegetation types are relatively well represented in State Forest and 

reserve systems (Mattiske, 2021a). The only exceptions to this are those associated with granite 

outcrops and the L site-vegetation type. The most significant granite outcropping, and associated 

communities are those on Boomerang Swamp (located within the WMDE), the Tunnell Road heath 

and the other heath communities on Mount Saddleback that support a range of mallee species 

(Mattiske, 2021a). 
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Table 5-9 Locally Significant Site-vegetation Types within the PAA 

Site-
vegetation 

Type 
Codes 

Description 

Extent within the PAA Development 
Envelopes (ha) 

Extent 
within 

the PAA 

Extent within 
the Wider 

Mapped Areas 
(ha) WMDE BTC CBME* 

G1 These site-vegetation types share affinities with the Priority 
1 PEC – Mount Saddleback Heath Communities. The 
occurrence of a number of Priority flora species in the 
heath communities reinforces the significance of these 
areas and in particular Tunnell Road heath and heath 
communities on Forty-Hollow Road and Mount Saddleback. 

73.9 6.5 0.0 73.9 194.5 

G3 75.5 3.3 0.0 75.5 137.6 

G2 

Occurs on granite in association with rock sheoak 
(Allocasuarina huegeliana), heath communities and lithic 
complexes. As discussed in Section 5.2.3.4.3, while this 
site-vegetation type displays some localised components 
representative of the Priority 1 PEC – Mount Saddleback 
Heath Communities, it is not considered to represent the 
PEC for the purposes of this Revised Proposal. 

7.6 0.0 0.0 7.6 186.9 

G4 

Occurs on outcropping areas. As outlined in 
Section 5.2.3.4.3, while this site-vegetation type displays 
some localised components representative of the Priority 1 
PEC – Mount Saddleback Heath Communities, it is not 
considered to represent the PEC for the purposes of this 
Revised Proposal. 

12.1 2.1 0.0 14.1 15.7 

DG 

These communities are a mixture of different site-
vegetation types over shallow granites. 

7.9 5.1 0.0 8.7 51.7 

HG 51.0 0.0 0.0 51.0 150.2 

MG 218.5 28.4 0.0 220.5 501.2 

YG 12.0 20.7 0.0 31.2 456.4 
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Site-
vegetation 

Type 
Codes 

Description 

Extent within the PAA Development 
Envelopes (ha) 

Extent 
within 

the PAA 

Extent within 
the Wider 

Mapped Areas 
(ha) WMDE BTC CBME* 

M2 
This site-vegetation type supports woodlands of Eucalyptus 
accedens, E. wandoo, E. marginata and Corymbia 
calophylla on eastern breakaways. 

45.4 1.4 0.0 45.4 544.2 

A The woodlands of Eucalyptus rudis and Melaleuca species 
on the swamps and creek lines provide linkages for fauna 
species and a variety of plant species on variable soils. 
These site-vegetation types also support Threatened and 
Priority flora in the PAA on lower slopes near the Hotham 
River and swamps, with the exception of A. 

121.4 39.8 0.0 130.1 625.9 

AY 404.5 154.0 0.0 434.3 907.7 

AX 196.7 98.9 0.0 224.7 516.9 

AC 34.2 0.0 0.0 34.2 58.5 

L 
This restricted site-vegetation type supports a woodland of 
Eucalyptus patens and Eucalyptus wandoo on the lower 
slopes of the valley floors. 

32.9 27.0 0.0 32.9 264.4 

Y 

This site-vegetation type is commonly associated with the 
occurrence of the Priority 1 Gastrolobium sp. Prostrate 
Boddington, particularly on the lower slopes near the 
Hotham River and north on broader clay loam valley lower 
slopes 

623.8 194.5 0.0 720.6 2,052.8 

* No locally significant site-vegetation types have been recorded within the CBME.
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5.2.3.4.5 Potential Groundwater Dependent Ecosystems 

Potential GDEs were mapped by Mattiske (2021a) based on the extent of the site-vegetation types 

that occurred in watershed areas and supported flora species known from wider botanical studies in 

the Northern Jarrah Forest to grow preferentially on seasonally wetter soils. This approach is 

considered to represent a precautionary approach in the absence of detailed groundwater level data 

being available across the PAA. The approach was also reviewed and verified as part of the recent 

hydrogeological studies undertaken for the Revised Proposal. 

The approach applied for the Revised Proposal aligns with previous studies undertaken for the BGM, 

in which vegetation communities that occurred in areas within 10 m of the groundwater level were 

selected and defined as being potential GDEs. The selection of the site-vegetation types as mapped 

by Mattiske (2021a) in the Newmont area within the PAA were compared with these 10 m contours. 

The comparison showed a reliable alignment, despite the decrease in annual rainfall in recent years 

near Boddington. As a result, a range of site-vegetation types were selected and mapped as potential 

GDEs within the PAA. The only deviation in the approach was the exclusion of the R site-vegetation 

type by Mattiske (2021a) for the purposes of this Revised Proposal. The R site-vegetation type, 

which is mapped as covering only 1.3 ha of the PAA, was excluded as it is associated with granite 

outcrops fringes and ridge landscapes and soil types, which are unlikely to be reliant on groundwater 

given their elevated position in the landscape.  

Key indicator flora species that are commonly considered indicators  of  potential GDEs, and which 

are of relevance to the local area, include Banksia littoralis, Hakea varia, Acacia divergens, 

Pultenaea skinneri (Priority 4), Boronia molloyae, Thomasia paniculata, Astartea scoparia, 

Babingtonia camphorosmae, Calothamnus lateralis, Eucalyptus rudis, Hypocalymma angustifolium, 

Hypocalymma cordifolium, various Melaleuca species, Regelia ciliata and Taxandria linearifolia 

(Mattiske, 2021a). 

Fifteen of the 40 site-vegetation types within the PAA were considered to represent potential GDEs 

based on key indicator plant species (as detailed in Mattiske (2021a); Appendix F1), soil types and 

the associated resulting site-vegetation types. These site-vegetation types include A1, A2, AC, AD, 

AX, AY, AY/D, B, D, DG, L, SW, PW, Y and YG, which cover approximately 1,933 ha or 7% of the 

PAA (Table 5-8). The G types associated with the low-lying watershed areas in the valleys (directly 

north of the PAA and BGM) and the heath in the valley north of Mount Saddleback (within the 

WMDE/BTC) were also included. However, these areas are likely to have surface aquifers in wetter 

seasons and may be reliant on water within 10 m below ground level (Mattiske, 2021a). The extent 

of the GDEs within the PAA is shown in Figure 5-10. 
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5.2.3.4.6 Potential Old Growth Forest  

Old growth forest is defined in the Forest Management Plan 2014-2023, which is prepared by the 

Conservation Commission of WA (now the Conservation and Parks Commission) in partnership with 

DBCA. The criteria for the inclusion of old growth forest in DBCA’s database, which define the 

mapping of these areas, is “Areas greater than two hectares of ecologically mature forest, where the 

overstorey is in a late mature to senescent growth stage, and where the effects of disturbance (e.g. 

dieback, timber production, grazing) are either absent or now negligible.” (Conservation Commission 

of WA, 2013a). Worsley have applied this definition for the purposes of this Revised Proposal. 

The DBCA mapping shows there are two potential areas of old growth forest within the PAA, both of 

which occur in the southern portion of the WMDE, as shown in Figure 5-10. The area of old growth 

forest within the PAA totals approximately 37 ha. In recognising that this data may not reflect the 

current situation, Worsley Alumina commissioned Mattiske to assess and map the potential old 

growth forest that may occur within the PAA, with ground truthing of the refined, local-scale mapping 

through targeted field surveys. The mapping of the potential old growth forest layers was informed 

by the site-vegetation type and condition mapping, DBCA data (harvest and old growth forest), 

previous logging data collected by Mattiske, known occurrence of dieback and topography (Mattiske, 

2021a). The local-scale mapping applied a series of categories to define the potential for old growth 

forest (Mattiske, 2021a), as described below. Mattiske consulted with DBCA as part of this 

assessment, and the feedback provided by DBCA informed the mapping approach and criteria 

applied:   

• Negligible potential – areas that have been cleared and rehabilitated or planted with pines or 
Eucalypts in plantations; 

• Low – unlikely to support Eucalypt forests, previous disturbance and degraded native vegetation 
values. This category includes pockets of remnant vegetation in farming areas that have been 
subject to grazing by livestock;  

• Low to medium – areas that have been subject to recent and multiple harvesting activities, with 
logs and stumps present from previous harvesting activities; 

• Medium – areas that have some localised pockets that support mature stand and only occasional 
logs and/or stumps; 

• Medium to high – areas that have not been subject to obvious recent or frequent harvesting 
activities, infrequent logs or that are on steeper slopes that may have some potential old growth 
forest areas; and  

• High – areas that have been designated by DBCA (GoWA, 2020a) as old growth forest. 

The range of categories of negligible through to medium potential are considered to have lower 

potential to support old growth forest given the degree of disturbance from a range of historical 

activities, such as agriculture and grazing and previous clearing (Mattiske, 2021a).   

The outputs of the refined, local-scale mapping of the potential old growth forest within the PAA is 

presented in Figure 5-11 and summarised in Table 5-10. 

Mattiske (2021a) have commenced targeted surveys within the remnant areas of native vegetation 

to verify the local-scale mapping, the development of the stands and also to compare with previous 

logging datasets. Currently an interpretation of the Quindanning forest areas in the south-east 

section of the PAA is progressing, with the findings confirming the old growth forest values in the 

south-east corner as designated by the DBCA old growth forest mapping. Further targeted surveys 

and ground truthing are proposed, with a logical risk-based focus on the medium to high and high 

categories that have been mapped.  
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Table 5-10 Potential Old Growth Forest within the PAA  

Potential Old Growth 
Forest Category 

Mapped Extent within the PAA Development 
Envelopes (ha) 

Mapped Extent 
within the PAA 

(ha and %) WMDE BTC CBME 

Negligible potential 5,790.7 334.4 236.2 6,062.2 (36%) 

Low  2,359.9 374.7 14.4 2,438.7 (15%) 

Low to medium 3,442.2 950.1 188.0 3,793.7 (23%) 

Medium  1,962.1 879.9 307.9 2,642.4 (16%) 

Medium to high 1,751.0 425.1 0.0 1,772.0 (11%) 

High  37.4 0.0 0.0 37.4 (<1%) 

 

5.2.3.4.7 Vegetation Condition  

Vegetation condition within the PAA ranged from excellent to completely degraded, based on the 

Keighery (1994) vegetation condition scale (Mattiske, 2021a). 

A significant portion of the PAA is used for agriculture and, as such, a large portion has been cleared 

for this purpose. Clearing has also been undertaken for existing mining activities within the PAA. 

Consequently, approximately 44% of the PAA was considered to be in completely degraded 

condition. Areas of remnant vegetation and forest still remain within the PAA but are generally 

fragmented. The majority of the smaller native remnant fragments were rated as being in good to 

degraded condition (approximately 15%). A number of the larger, less disturbed remnant vegetation 

patches were rated as being in excellent condition (approximately 39%). In these areas the 

vegetation supported higher levels of species richness, with little to no infestation of weed species 

(Mattiske, 2021a). Vegetation in excellent condition was primarily in the site-vegetation types of open 

forest to open woodland of jarrah/marri or wandoo (H, M, P, PS, S) (>1,000 ha per site-vegetation 

type). The extents of vegetation condition ratings mapped within the PAA are presented in Table 

5-11 and shown in Figure 5-12. 

For the purposes of the vegetation condition assessment, Mattiske (2021a) considered rehabilitated 

areas to be degraded in recognition that the condition had been significantly impacted, in accordance 

with the Keighery (1994) vegetation condition scale. Due to the mosaic nature of the progressive 

(annual) rehabilitated areas, the condition of the rehabilitated vegetation also varies depending on 

the process, success, location and type of rehabilitation that has occurred. The mapping of 

rehabilitation reflects the level of disturbance to their original state (i.e. remnant vegetation); not the 

condition of the rehabilitated vegetation per se. Studies undertaken by Worsley Alumina in the PAA 

have shown that rehabilitation progressively returns the flora and vegetation (and fauna habitats) 

values of the area and facilitates the regeneration of a stable ecosystem. Discussion of the success 

of Worsley Alumina’s rehabilitation program is provided in Section 4.5. 
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Table 5-11 Vegetation Condition within the PAA 

Vegetation Condition 

Extent within the PAA Development 
Envelopes (ha) Extent within the 

PAA (ha) 
WMDE BTC CBME 

Excellent 
10,224.8 

 
2,582.2 

 
510.3 

 
11,299.2 
 (38.5%) 

Very good 662.5 181.4 N/A 
710.2 
(2.4%) 

Good  119.3 4.5 N/A 
119.3 
(0.4%) 

Degraded 4,166.3 242.3 N/A 
4,211.0 
(14.3%) 

Completely degraded 12,623.3 1,135.3 236.2 
13,016.6 
(44.3%) 

Total 27,796.2 4,145.7 746.5 
29,356.3 
(100%) 



Worsley Alumina Pty Ltd

FIGURE

5-11

BODDINGTON

THIRTY FOURMILE BROOK

YA
RRAGIL BROOK

BANNISTER RIV E R

CH
AL

K
BR

OO
K

MARRADONG BROOK

CROSSMAN RIVER

LO NG GULLY

BELL BROOK

STONEY CREEK

WARRENING GULLY

HOWSE BROOK

SW AMP OAK BROOK

Morts Rd
Newmarket Rd

Wes t Wander
ing Rd

Plantation
Rd

Ac cess
Rd

DaysRd

Lucev RdMoorapulling Rd

Ol d So

ldiers Rd

George Rd

Chalk Broo k Rd

Tyler Rd

Bannister Rd

Marradong Rd

Gold Mine Rd

Bo
un

da
ry

R d

Crossman Rd

Fle
tch

er
Rd

Lower Hotham
RdHarve y-QuindanningRd

HO
THAM RIVE R

MURRAY RIVER

WILLIAMS RIVER

SOUTH DANDAL UP RI
VE

R

Pinjarra-Williams Rd

Ba
nn

ist
er-

Marr
ado

ng
Rd

Albany Hwy

430000

430000

440000

440000

450000

450000

460000

460000

63
50

00
0

63
50

00
0

63
60

00
0

63
60

00
0

63
70

00
0

63
70

00
0

63
80

00
0

63
80

00
0

LEGEND

Plan: ERD_Figure_05_11_PotentialOldGrowthForest_PAA_A4P_Rev2.mxd

Author: dlimm1

Town State Highway

Main Road

Minor Road

Track

Major River

Minor River

Lake

Nullaga

Marradong

Bannister

Saddleback

Hotham
North

Hotham 
West

Quindanning

Co
llie

-Ta
lla

na
ll a

Rd

Gastaldo Rd

INSET MAP - Worsley Refinery

0 3.5 71.75   KM's

1:100,000Scale @ A4: 

MAIN MAP - Boddington Bauxite Mine 1:200,000Scale @ A4: 

0 10 205   KM's

Created: January 2022

Coordinate System: GDA 1994 MGA Zone 50

Desktop Mapping of Potential
Old Growth Forest within the

Primary Assessment Area

Worsley
Refinery

Envelopes
BTC

CBME

WMDE

Agreements
RLA

Potential Older Growth Forest (Mattiske 2021)
High

Medium / High

Medium

Low / Medium

Low

Other



Worsley Alumina Pty Ltd

FIGURE

5-12

BODDINGTON

Morts Rd
Newmarket Rd

Wes t Wander
ing Rd

Plantation
Rd

Ac cess
Rd

DaysRd

Lucev RdMoorapulling Rd

Ol d So

ldiers Rd

George Rd

Chalk Broo k Rd

Tyler Rd

Bannister Rd

Marradong Rd

Gold Mine Rd

Bo
un

da
ry

R d

Crossman Rd

Fle
tch

er
Rd

Lower Hotham
RdHarve y-QuindanningRd

Pinjarra-Williams Rd

Ba
nn

ist
er-

Marr
ado

ng
Rd

Albany Hwy

THIRTY FOURMILE BROOK

YA
RRAGIL BROOK

BANNISTER RIVER

CH
AL

K
BR

OO
K

MARRADONG BROOK

CROSSMAN RIVER

LO NG GULLY

BELL BROOK

STONEY CREEK

WARRENING GULLY

HOWSE BROOK

SW AMP OAK BROOK

HO
THAM RIVE R

MURRAY RIVER

WILLIAMS RIVER

SOUTH DANDAL UP RI
VE

R

430000

430000

440000

440000

450000

450000

460000

460000

63
50

00
0

63
50

00
0

63
60

00
0

63
60

00
0

63
70

00
0

63
70

00
0

63
80

00
0

63
80

00
0

LEGEND

Plan: ERD_Figure_05_12_VegetationCondition_PAA_A4P_Rev2.1.mxd

Author: dlimm1

Town State Highway

Main Road

Minor Road

Track

Major River

Minor River

Lake

Nullaga

Marradong

Bannister

Saddleback

Hotham
North

Hotham 
West

Quindanning

Co
llie

-Ta
lla

na
ll a

Rd

Gastaldo Rd

INSET MAP - Worsley Refinery

0 3.5 71.75   KM's

1:100,000Scale @ A4: 

MAIN MAP - Boddington Bauxite Mine 1:200,000Scale @ A4: 

0 10 205   KM's

Created: January 2022

Coordinate System: GDA 1994 MGA Zone 50

Vegetation Condition
within the

Primary Assessment Area

Worsley
Refinery

Envelopes
BTC

CBME

WMDE

Agreements
RLA

Vegetation Condition (Mattiske 2021)
Excellent

Very Good

Good

Degraded

Completely Degraded



 

 

Worsley Mine Expansion Environmental Review Document 197 
 

5.2.3.5 Invasive Pathogens – Dieback and Australian Honey Fungus 

5.2.3.5.1 Dieback 

Dieback is a key threatening process under the EPBC Act due to its impact (actual or potential) on 

Threatened species and ecological communities (DoEE, 2018). Dieback is a key threat to 

biodiversity in the southwest of WA as an estimated 49% of rare, poorly known or data-deficient flora 

within the region are susceptible to dieback (DoEE, 2018). Phytophthora cinnamomi is an introduced 

microscopic soil-borne fungus that infects a susceptible plant’s root tissue, preventing the plant from 

absorbing water and nutrients and often causing the plant to die (hence the name dieback). The 

fungus is spread through the movement of soil and affects a diverse range of plant species in the 

southwest of WA. Eradication of dieback is extremely difficult. While there are a number of 

Phytophthora species, P. cinnamomi is the most prevalent and more destructive when compared to 

the other species. 

The recent dieback occurrence assessment undertaken by Glevan (2020) found Phytophthora 

cinnamomi to be present in the PAA, based on previous surveys in the area (completed by Glevan) 

and information provided by the Dieback Information Delivery and Management System (Glevan, 

2020). The occurrence of dieback within the PAA is summarised in Table 5-12.  

The dieback occurrence assessment has recorded dieback in three areas within the WMDE, with 

two of these also occurring in the BTC. The areas were: 

• Saddleback mining area (within the WMDE) – five infestations were identified. These were 
located adjacent to the main access road from Pinjarra-Williams Road, adjacent to the old 
gatehouse, adjacent to Tunnell Road and two adjacent to the conveyor near Lower Hotham 
Road; 

• Marradong (within the WMDE and BTC) – one infestation was identified located along a drainage 
line on the southern side of Morts Road and mainly west of Ashcroft Road; and 

• Hotham North (within the WMDE and BTC) – four infestations were identified in 2013. 

Dieback has been identified extensively throughout the CBME, with only two small areas (totalling 

approximately 26.1 ha or 4.5%) remaining free of dieback (Glevan, 2020). 

5.2.3.5.2 Australian Honey Fungus 

Australian honey fungus (Armillaria luteobubalina) is a native fungal pathogen that contributes to the 

death of trees and other plants that have been weakened or stressed by factors such as drought or 

lack of light (Glevan, 2020). The disease spreads primarily by root-to-root contact and susceptible 

plant species include those from Proteaceae, Myrtaceae, and Fabaceae families. The fungus is 

affecting native vegetation within some areas of the WMDE and BTC. Some of these areas are also 

affected by Phytophthora Dieback. There have been no records of the Australian honey fungus in 

the CBME (Glevan, 2020). 

Table 5-12 Dieback and Australian Honey Fungus Occurrence within the PAA  

Dieback Category/ Australian 
Honey Fungus 

Extent within the PAA Development 
Envelopes (ha) Extent within 

the PAA (ha) 
WMDE BTC CBME 

Dieback infested 167.9 23.2 564.0 731.8 

Dieback uninterpretable 260.3  185.2 0.0 298.7 

Dieback uninfested/not mapped 15,022.6 3,969.4 26.1 15,227.2 
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Dieback Category/ Australian 
Honey Fungus 

Extent within the PAA Development 
Envelopes (ha) Extent within 

the PAA (ha) 
WMDE BTC CBME 

Australian honey fungus infested 52.6 21.0 0.0 52.6 

5.2.4 Potential Environmental Impacts 

The Revised Proposal will directly impact flora and vegetation through clearing of land for mining 
operations and supporting infrastructure. The Revised Proposal will result in the direct loss of up to 
an additional 4,399 ha of native vegetation within the PAA, which equates to approximately 40% of 
the remnant vegetation within the PAA (when taking into account the Pre-existing Approval Area). 
Native vegetation clearing has the potential to reduce locally significant vegetation communities, 
riparian vegetation and Priority flora taxa, reducing their known extents in the local and regional 
areas. For the purposes of this key environmental factor, the potential direct impacts associated with 
the Revised Proposal are considered in the context of the IDF, as shown in Figure 4-2. The IDF 
represents an assessment tool to determine the overall total disturbance allowance in the PAA (refer 
to Section 4.3.3 for further discussion). 

The Revised Proposal may also result in indirect impacts to flora and vegetation, including: 

• Further fragmentation of vegetation in the local area through partial or complete clearing of 
isolated remnant bands or patches. Fragmentation of vegetation at a regional scale is not 
anticipated; 

• Increased competition or degradation of quality of vegetation from invasive species (weeds) 
through the introduction and/or spread into adjacent areas of vegetation; 

• Vegetation death from invasive pathogens through the introduction and/or spread of dieback 
and/or Australian honey fungus; 

• Reduced vegetation health associated with dust generated during vehicle movements, mining 
activity and continued operations (e.g. conveyor and BRDAs); 

• Potential impacts on ecological and social values of forests, including within public reserves, 
through increased water use for operations and dust suppression (see Section 5.5); 

• Changes to vegetation structure and floristic composition through altered surface water drainage 
patterns and flows (see Section 5.5); 

• Changes to vegetation structure due to groundwater level rise (i.e. mounding) that results in 
localised flooding and waterlogging of vegetation (see Section 5.5);  

• Change to vegetation structure due to increased water use resulting in groundwater drawdown; 
and 

• Cumulative impacts in relation to the direct loss of suitable habitat. 

5.2.4.1 Direct Loss of Flora and Vegetation and Fragmentation due to Clearing 

The progressive clearing of vegetation associated with the Revised Proposal will reduce the local 

and regional extent of vegetation communities and potentially disturb conservation significant flora. 

The PAA also includes areas of plantation and rehabilitation vegetation, as well as cleared 

agricultural areas, which will be disturbed by the Revised Proposal. Detailed planning for disturbance 

within the PAA will be submitted in accordance with the Worsley State Agreement, which requires 

the annual update of the 10 Year Mine Plan. 

The impact of vegetation clearing has been considered at a local scale, with reference to the site-

vegetation types mapped within the PAA, and at a regional level using the vegetation complex 

mapping for the Southwest Forest extent. 
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While outside the PAA, the Refinery and OBC will continue to operate in support of the continuation 

and expansion of the Worsley Alumina Project. Some ongoing maintenance clearing will be required 

within these areas to manage regrowth for fire risk. However, the clearing will be localised and have 

minimal impact as it will occur in existing disturbed areas. Maintenance clearing is also managed 

under existing approvals, processes and procedures. 

5.2.4.1.1 Regional Vegetation Complexes 

Proposed clearing will be primarily located within the Dwellingup 4, Michibin, Yalanbee 5 and 

Coolakin vegetation complexes, which are mapped at a regional scale as overlapping approximately 

71% of the proposed clearing area. Table 5-13 shows the current extents of all vegetation complexes 

within the Southwest Forest extent occurring in the IDF. With the  additional commitments that will 

be implemented to provide protection of the key environmental values as part of the Revised 

Proposal refinement (refer to Section 4.3.4), clearing associated with the Revised Proposal will be 

reduced to represent <3% of the current extent remaining of all mapped vegetation complexes within 

the PAA. 

5.2.4.1.2 Site-vegetation Types 

Native vegetation will be progressively cleared as mining operations and supporting infrastructure 

expand into this area. The extent of clearing within each site-vegetation type is summarised in Table 

5-14. Some clearing of rehabilitation areas will also be undertaken, as shown in Table 5-14. 

All site-vegetation types are represented outside the IDF. At a local scale, clearing will not result in 

the loss of any site-vegetation types currently represented within the PAA. The dominant site-

vegetation types within the IDF are P (917 ha), PS (884 ha), S (917 ha) and H (627 ha), which 

collectively account for 76% of the proposed clearing area. None of these site-vegetation types are 

considered locally significant.  

Mapping of potential old growth forest that may occur within the PAA has been undertaken, 

in  consultation with DBCA informing the approach taken and categories applied (refer to 

Section 5.2.3.4.6). The refined, local-scale mapping has identified approximately 37 ha of remnant 

native vegetation within the PAA as having high potential to represent old growth forest (Mattiske, 

2021a), which represents approximately <1% of the mapped extent in the PAA. An additional 

1,772 ha was mapped as medium to high potential, which represents approximately 11% of the 

mapped extent in the PAA. Worsley acknowledge the local-scale mapping of potential old growth 

forest within the PAA may be subject to future refinement. If required Worsley Alumina will undertake 

targeted ground truthing assessments within areas of remnant native vegetation mapped as having 

high and medium to high potential prior to disturbance of these areas, to verify the mapping and 

allocate protection under the Protected Areas Plan to areas that meet criteria to be considered 

confirmed old growth forest. The implementation of the Worsley Alumina Protected Areas Plan will 

prevent direct disturbance to old growth forest as it will be excluded during mine planning and 

operations (Section 5.2.5).  

No Commonwealth or State-listed TECs will be impacted as none have been recorded as occurring 

in the PAA. The Priority 1 PEC – Mount Saddleback Heath Communities, as represented by the site-

vegetation types G1 and G3 (Mattiske, 2021a), will also not be directly impacted. While 

approximately 15 ha of the PEC has been mapped within the IDF, application of the Worsley Alumina 

Protected Areas Plan will prevent direct disturbance to this community as the PEC is recognised as 

a Protected Area under the plan. Protected Areas are actively avoided or excluded from direct 

disturbance during mine planning and operations (Section 5.2.5). Therefore, the Revised Proposal 

will not result in any clearing of the Mount Saddleback Heath Communities PEC. 
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Some clearing of the potential GDEs will occur with approximately 311 ha mapped within the IDF. 

Clearing within these site-vegetation types will be restricted to <20% within all vegetation types 

compared to the wider mapped area (Table 5-14). The Revised Proposal is unlikely to significantly 

impact the extent of the GDEs at a local or regional scale given the clearing of the majority of these 

site-vegetation types will be limited. 

5.2.4.1.3 Conservation Significant Flora 

There will be no impact to Commonwealth or State listed Threatened flora associated with clearing 

for the Revised Proposal. The Threatened flora species Caladenia hopperiana, listed under the 

EPBC Act and BC Act, has been recorded within a localised area in the south-eastern section of the 

WMDE. Although of restricted distribution, the species is also known to occur outside the IDF and, 

more broadly, in remnant habitat reserves in the Boddington area. The location of the Threatened 

flora species, with a buffer applied (noting this buffer is also within a broader Protected Area 

supporting other ecological and social values), is mapped and protected under the Worsley Alumina 

Protected Areas Plan and will be avoided via exclusion from mine planning disturbance areas.  

Seventeen Priority flora species have been recorded during surveys within the PAA, comprising six 
Priority 1, one Priority 2, seven Priority 3 and three Priority 4 species. Eleven of these species occur 
in the IDF and therefore will be affected by the Revised Proposal. These species comprise four 
Priority 1, one Priority 2, three Priority 3 and three Priority 4 species, as shown in Table 5-15. Two 
of the Priority flora species (Synaphea panhesya P1 and Banksia subpinnatifida var. subpinnatifida 
P2) will be cleared in their known entirety within the PAA (1-2 individuals). However, the clearing 
represents less than 12% and 4% respectively of the local extent for these species.  They are likely 
to occur in greater numbers regionally. The regional impacts presented in Table 5-15 are likely to 
be highly conservative, given Priority flora species are often poorly understood, it is anticipated 
additional populations will be identified in the broader region. In order to fulfil the conditions of the 
Extended Mining Areas (as per MS 719), additional biodiversity investigations will be required in the 
future, which will further enhance the knowledge of the regional extent for these species. The Priority 
flora species have been recorded in a number of site-vegetation types (including rehabilitated areas), 
all of which will remain represented within the PAA after clearing associated with the Revised 
Proposal. Considering the above items, the Revised Proposal is not expected to significantly impact 
the Priority flora populations at a local scale or affect the conservation status of the species at a 
regional level. Further discussion of the potential impact to Priority flora is provided in Table 5-16.  

The Biodiversity and Forest Management Plan will be implemented to avoid, minimise and manage 

potential impacts to conservation significant flora (Threatened and Priority 1 and Priority 2 flora 

species). This plan also informs mine planning and design. As an example, this plan has been 

employed in the design phase of the Revised Proposal to minimise direct impacts to the Priority 1 

Gastrolobium sp. Prostrate Boddington, which is currently known to be restricted to the Boddington 

area. As such, Worsley Alumina are progressing with a constrained development boundary for the 

construction of the haul road within the BTC that has reduced the number of directly impacted 

individual plants by 60%. Refer to Section 1.4.2.2 for further detail. 
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Table 5-13 Extent of Vegetation Clearing within the Regional Vegetation Complexes of the South-west Forest Region of WA 

Vegetation 
Complex 

Pre-European 
Extent 

(ha) 

Current 
Extent (ha) 

Pre-European 
Extent 

Remaining 
(%) 

Current Extent 
Remaining 

within DBCA 
Managed Land 

(%) 

Extent Mapped within the IDF (ha)^ Extent 
Proposed to 

be Cleared as 
a Percent of 
the Current 
Extent (%) 

WMDE BTC CBME∞ PAA 

Cooke 36,779.3 30,304.2 82.4% 62.6% 528.5 0.0 0.0 528.5 1.7% 

Coolakin 163,991.7 64,204.7 39.2% 20.1% 446.0 23.8 0.0 469.7 0.7% 

Dwellingup 4 132,415.6 115,661.5 87.3% 70.1% 2230.0 8.2 0.0 2238.2 1.9% 

Michibin* 168,040.1 42,996.1 25.6% 5.1% 368.0 64.1 0.0 432.1 1.0% 

Pindalup 167,151.0 128,358.2 76.8% 60.1% 339.3 5.5 0.0 344.7 0.3% 

Swamp 53,658.2 40,613.0 75.7% 64.2% 26.3 11.5 0.0 37.7 0.1% 

Williams 28,984.0 7,516.5 25.9% 0.3% 0.4 3.6 0.0 4.0 0.1% 

Yalanbee 5 126,609.8 83,829.1 66.2% 38.8% 648.7 0.0 0.0 648.7 0.8% 

Yalanbee 6 197,849.0 92,080.9 46.5% 21.1% 376.0 12.8 0.0 388.7 0.4% 

Dwellingup 1 208,490.9 181,038.8 86.8% 82.3%   140.1 140.1 0.1% 

Murray 1 68,695.2 52,296.0 76.1% 64.7%   105.8 105.8 0.2% 

Yarragil 1 80,203.0 64,927.1 81.0% 73.6%   3.0 3.0 0.0% 

Total 4,963 130 249 5,324 - 

Area already approved for clearing + 942     

Total loss of regional vegetation complex within PAA minus Pre-existing 
Approval Area clearing+ 

4,020 130 249 4,399 - 

^ The IDF is used as an assessment tool for defining potential impacts and the maximum disturbance allowance within the corresponding Development Envelopes (refer to Section 4.3.3 
for further details). 
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∞The CBME assessment includes the 5 ha of maintenance clearing within the RLA  

+ As outlined in Section 4.3.2, 942 ha of approved clearing allocation remains within the Pre-existing Approval Area, specifically within the WMDE IDF. This Revised Proposal does not 
seek re-approval to clear the existing clearing allocation. Therefore, 942 ha has been removed from the residual clearing impact calculations.  

* All heaths and granite rock outcrops where they occur in areas of remnant vegetation within the Michibin Complex will not be cleared as they are Protected Areas, as per the Worsley 
Alumina Protected Areas Plan.  
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Table 5-14 Extent of Vegetation Clearing within the Site-vegetation Types  

Site-
vegetation 
Type 

Description 
Conservation 
or Locally 
Significant 

Extent 
within the 
PAA  

Extent 
within the 
Wider 
Mapped 
Areas 
(WMA)(ha) 

Extent within the IDF (ha)^ Extent 
Proposed 
to be 
Cleared  % 
of WMA WMDE BTC CBME∞ PAA 

A^ 
Tall shrubland of Melaleuca lateritia, Hakea varia, 
Melaleuca viminea and Melaleuca incana subsp. 
Incana on clay-loams in seasonally wet valley floors 

 130.1 625.9 19.4 4.2 0.0 23.6 3.8% 

A1* 

Mixed tall shrubland of Melaleuca viminea, Melaleuca 
lateritia, Taxandria linearifolia, Astartea scoparia over 
Baumea juncea and Lepidosperma tetraquetrum with 
occasional patches of Banksia littoralis and Melaleuca 
rhaphiophylla over low herbs on seasonally 
waterlogged clays and clay loams on valley floors 

x 2.9 45.5 0.0 0.0 0.0 0.0 0.0% 

A2* 

Low open woodland of Melaleuca rhaphiophylla over 
Astartea scoparia and low herbs on seasonally 
waterlogged clays and clay loams in seasonally wet 
valley floors 

x 1.7 8.9 0.0 0.0 0.0 0.0 0.0% 

AC^* 

Open woodland of Eucalyptus wandoo and Eucalyptus 
rudis over Juncus pallidus, Astartea scoparia, 
Taxandria linearifolia and Lepidosperma tetraquetrum 
over herbs on clay loams in seasonally wet valley 
floors 

 34.2 58.5 0.0 0.0 0.0 0.0 0.0% 

AD* 

Low open woodland of Eucalyptus rudis and 
Eucalyptus marginata over Banksia littoralis, Hakea 
prostrata and Pericalymma ellipticum over low shrubs 
and herbs on leached sands over sandy-gravel on 
lower slopes 

x 5.6 14 0.0 0.0 0.0 0.0 0.0% 

AX^* 

Open woodland of Eucalyptus rudis over Acacia 
saligna, Melaleuca incana subsp. incana and 
Hypocalymma angustifolium on clay- loams on valley 
floors 

 224.7 516.9 8.9 2.6 0.0 11.5 2.2% 

AY^* 

Open woodland of Eucalyptus rudis and Eucalyptus 
wandoo over Acacia saligna, Hakea prostrata and 
Hypocalymma angustifolium on clay- loams on valley 
floors. 

 434.3 907.7 66.5 0.9 0.0 67.5 7.4% 

AY/D* Mosaic of site-vegetation types AY and D x 5.3 5.4 0.0 0.9 0.0 0.9 17.1% 

B* 
Open woodland of Eucalyptus marginata and 
Corymbia calophylla over Mesomelaena tetragona, 

x 0.5 6.2 0.0 0.0 0.0 0.0 0.0% 
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Site-
vegetation 
Type 

Description 
Conservation 
or Locally 
Significant 

Extent 
within the 
PAA  

Extent 
within the 
Wider 
Mapped 
Areas 
(WMA)(ha) 

Extent within the IDF (ha)^ Extent 
Proposed 
to be 
Cleared  % 
of WMA WMDE BTC CBME∞ PAA 

Adenanthos obovatus and Babingtonia 
camphorosmae on lower sandier soils on fringes of 
swamps and valley floors 

CQ 

Open forest of Eucalyptus marginata – Corymbia 
calophylla – Eucalyptus patens on lower slopes with 
mixed understorey species, including Trymalium 
floribundum, Agonis linearifolia and Astartea scoparia 
along the edges of the deeper incised valleys near the 
creek-lines 

x 9.6 12.1 0.0 0.0 0.0 0.0 0.0% 

CW 

Woodland to open forest of Eucalyptus patens – 
Eucalyptus megacarpa – Corymbia calophylla – 
Banksia littoralis with dense Taxandria linearifolia and 
Astartea scoparia in understorey on creek-lines and 
watercourses 

x 17.9 32.6 0.0 0.0 9.8 9.8 30.2% 

D* 

Open forest of Corymbia calophylla and Eucalyptus 
marginata over Hakea lissocarpha, Macrozamia 
riedlei, Acacia alata, Babingtonia camphorosmae, 
Hypocalymma angustifolium and Phyllanthus calycinus 
on clay-loams on lower slopes 

x 400.7 976 113.3 26.3 0.0 139.6 14.3% 

DG^* 

Open forest of Corymbia calophylla and Eucalyptus 
marginata over Hakea lissocarpha, Macrozamia 
riedlei, Pericalymma ellipticum, Grevillea bipinnatifida, 
Allocasuarina humilis, Acacia alata, Babingtonia 
camphorosmae, Hypocalymma angustifolium and 
Phyllanthus calycinus on clay-loams on lower slopes 
with localised patches of outcropping 

 8.7 51.7 1.4 0.1 0.0 1.5 3.0% 

G1^ 
Mosaic of open heath of Proteaceae – Myrtaceae spp. 
With emergent patches of Eucalyptus drummondii on 
shallow soils on slopes 

 73.9 194.5 0.0 2.5 0.0 2.5 1.3% 

G2^ 

Mosaic of open woodland of Allocasuarina huegeliana 
and closed heath of Proteaceae and Myrtaceae spp. 
To lithic complex on exposed or shallow granite 
outcrops 

 7.6 186.9 1.9 0.0 0.0 1.9 1.0% 

G3^ 
Open heath of Banksia squarrosa subsp. squarrosa, 
Hakea incrassata, Hakea undulata, Petrophile 
heterophylla and Petrophile serruriae on shallow soils 

 75.5 137.6 1.7 0.0 0.0 1.7 1.3% 
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Site-
vegetation 
Type 

Description 
Conservation 
or Locally 
Significant 

Extent 
within the 
PAA  

Extent 
within the 
Wider 
Mapped 
Areas 
(WMA)(ha) 

Extent within the IDF (ha)^ Extent 
Proposed 
to be 
Cleared  % 
of WMA WMDE BTC CBME∞ PAA 

over granite outcrops on slopes with occasional 
emergent Eucalyptus drummondii 

G4^ 

Open scrub and tall shrubland of Hakea trifurcata and 
Hakea undulata with admixtures of mallee species 
including Eucalyptus latens and Eucalyptus aspersa 
on clay to clay-loam soils over outcrops on slopes 

 14.1 15.7 1.4 0.0 0.0 1.4 8.6% 

H 

Open forest to woodland of Eucalyptus marginata and 
Corymbia calophylla over Petrophile striata, Daviesia 
decurrens and Daviesia longifolia on sandy-gravel 
soils of slopes and less undulating hills 

x 1,812.5 5422.6 624.0 3.4 0.0 627.4 11.6% 

H1 

Open forest to woodland of Eucalyptus marginata and 
Corymbia calophylla with occasional admixtures of 
Banksia grandis and Persoonia longifolia over Acacia 
celastrifolia, Daviesia preissii, Leucopogon capitellatus 
and Styphelia tenuiflora on gravel and sandy-gravel 
soils of slopes and less undulating hills 

x 138.2 212.4 61.5 0.0 0.0 61.5 29.0% 

H2 

Open forest to woodland of Eucalyptus marginata and 
Corymbia calophylla over Petrophile striata, 
Lepidosperma squamatum, Styphelia tenuiflora, 
Daviesia preissii, and Daviesia decurrens. Grevillea 
bipinnatifida, Allocasuarina humilis and Hakea 
undulata on shallower sandy-gravel soils over granites 
or secondary laterisation areas on slopes and less 
undulating hills 

x 581.7 1045.5 288.4 0.0 0.0 288.4 27.6% 

HG^ 

Open woodland of Eucalyptus patens with some 
Eucalyptus wandoo over Xanthorrhoea preissii, 
Macrozamia riedlei, Trymalium ledifolium, Acacia 
saligna and Hakea prostrata on clay and clay loam 
soils on lower slopes 

 51.0 150.2 25.0 0.0 0.0 25.0 16.7% 

L* 

Open woodland of Eucalyptus wandoo over Trymalium 
ledifolium, Macrozamia riedlei and Hakea lissocarpha 
on clay loams with some gravel on mid to upper slopes 
and ridges 

 32.9 264.4 3.0 5.1 0.0 8.1 3.1% 

M 

Woodland to open woodland of Eucalyptus accedens, 
Eucalyptus wandoo, Eucalyptus marginata, Corymbia 
calophylla over Hakea lissocarpha, Macrozamia 
riedlei, Banksia squarrosa subsp. squarrosa, 

x 1,669.0 4139.7 367.0 28.6 0.0 395.7 9.6% 
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Site-
vegetation 
Type 

Description 
Conservation 
or Locally 
Significant 

Extent 
within the 
PAA  

Extent 
within the 
Wider 
Mapped 
Areas 
(WMA)(ha) 

Extent within the IDF (ha)^ Extent 
Proposed 
to be 
Cleared  % 
of WMA WMDE BTC CBME∞ PAA 

Hypocalymma angustifolium, Babingtonia 
camphorosmae, Grevillea bipinnatifida and 
Allocasuarina humilis on clay-loams over shallow 
granites on mid to upper slopes 

M2^ 

Open woodland of Eucalyptus wandoo over Trymalium 
ledifolium, Macrozamia riedlei, Pericalymma ellipticum, 
Hypocalymma angustifolium, Grevillea bipinnatifida, 
Allocasuarina humilis and Hakea lissocarpha on clay-
loams over shallow granite on mid to upper slopes and 
ridges 

 45.4 544.2 3.6 0.0 0.0 3.6 0.7% 

MG^ 

Open forest of Eucalyptus marginata and 
Allocasuarina fraseriana with admixtures of Corymbia 
calophylla and Banksia grandis over Lasiopetalum 
cardiophyllum (P4), Lasiopetalum floribundum, 
Lechenaultia biloba and Ptilotus drummondii var. 
drummondii on sandy gravels on slopes and ridges 

 220.5 501.2 31.7 0.0 0.0 31.7 6.3% 

P 

Open forest of Eucalyptus marginata and 
Allocasuarina fraseriana with admixtures of Corymbia 
calophylla and Banksia grandis over Lasiopetalum 
cardiophyllum (P4), Lasiopetalum floribundum, 
Lechenaultia biloba and Ptilotus drummondii var. 
drummondii on sandy gravels on slopes and ridges 

x 1,480.3 1879.5 894.0 23.4 0.0 917.4 48.8% 

PS 

Open forest of Allocasuarina fraseriana, Eucalyptus 
marginata, Corymbia calophylla and Banksia grandis 
over Adenanthos barbiger, Leucopogon capitellatus on 
gravels and sandy gravels on slopes and ridges 

x 1,272.9 2545.2 883.7 0.4 0.0 884.2 34.7% 

PW* 

Open forest of Allocasuarina fraseriana, Eucalyptus 
marginata, Corymbia calophylla, and Banksia grandis 
with scattered understorey, including Adenanthos 
barbiger, Leucopogon capitellatus and Hypocalymma 
angustifolium on seasonally moister and sandy gravels 
on slopes 

x 2.5 12.9 0.0 0.0 0.0 0.0 0.0% 

Q 

Open Forest of Eucalyptus marginata – Corymbia 
calophylla – Eucalyptus patens with mixed understorey 
species, including Trymalium floribundum, Acacia 
extensa and Phyllanthus calycinus on loam soils on 
lower slopes 

x 64.9 66.3 0.0 0.0 13.6 13.6 20.6% 
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Site-
vegetation 
Type 

Description 
Conservation 
or Locally 
Significant 

Extent 
within the 
PAA  

Extent 
within the 
Wider 
Mapped 
Areas 
(WMA)(ha) 

Extent within the IDF (ha)^ Extent 
Proposed 
to be 
Cleared  % 
of WMA WMDE BTC CBME∞ PAA 

R 

Open woodland of Eucalyptus marginata and 
Corymbia calophylla over Trymalium ledifolium, 
Phyllanthus calycinus and Hypocalymma angustifolium 
on sandy-gravels associated with nearby shallow 
outcropping 

x 1.3 28 0.5 0.0 0.0 0.5 1.7% 

S 

Open forest of Eucalyptus marginata and Corymbia 
calophylla with admixtures of Allocasuarina fraseriana, 
Banksia grandis and Persoonia longifolia over Acacia 
celastrifolia, Hovea chorizemifolia, Daviesia preissii, 
Leucopogon capitellatus and Styphelia tenuiflora on 
sandy-gravels on slopes and ridges 

x 1,748.4 3651.5 838.6 19.2 59.3 917.1 25.1% 

SP 

Open forest of Eucalyptus marginata, Corymbia 
calophylla and Allocasuarina fraseriana with 
admixtures of Banksia grandis over Lasiopetalum 
cardiophyllum, Acacia celastrifolia, Styphelia 
tenuiflora, Daviesia decurrens and Trymalium 
ledifolium on sandy-gravel to gravel soils on slopes 
and ridges 

x 96.3 1373 67.8 1.2 0.0 69.0 5.0% 

ST 

Open forest of Eucalyptus marginata and Corymbia 
calophylla with admixtures of Allocasuarina fraseriana, 
Persoonia longifolia and Banksia grandis over 
Stylidium dichotomum, Acacia urophylla, Acacia 
celastrifolia, Leucopogon verticillatus, Clematis 
pubescens and Leucopogon capitellatus on sandy 
loam gravel soils on slopes and ridges 

x 608.2 877.1 232.2 1.2 123.7 357.0 40.7% 

SW* 

Open forest of Eucalyptus marginata and Corymbia 
calophylla over Hypocalymma angustifolium, 
Babingtonia camphorosmae, Acacia celastrifolia, 
Hovea chorizemifolia, Daviesia preissii, Leucopogon 
capitellatus and Styphelia tenuiflora on seasonally 
moister sandy-gravels on slopes 

x 26.9 143.1 0.0 0.0 12.9 12.9 9.0% 

T 

Open forest of Eucalyptus marginata – Corymbia 
calophylla with scattered understorey, including 
Leucopogon verticillatus, Pteridium esculentum, 
Clematis pubescens and Bossiaea aquifolium subsp. 
aquifolium on sandy loam gravelly soils on slopes and 
ridges 

x 14.0 17.3 0.0 0.0 11.9 11.9 68.6% 
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Site-
vegetation 
Type 

Description 
Conservation 
or Locally 
Significant 

Extent 
within the 
PAA  

Extent 
within the 
Wider 
Mapped 
Areas 
(WMA)(ha) 

Extent within the IDF (ha)^ Extent 
Proposed 
to be 
Cleared  % 
of WMA WMDE BTC CBME∞ PAA 

TS 

Open forest of Eucalyptus marginata – Corymbia 
calophylla – Banksia grandis with scattered 
understorey, including Leucopogon verticillatus, 
Pteridium esculentum, Clematis pubescens and 
Bossiaea aquifolium subsp. aquifolium on sandy-loam 
gravelly to gravelly soils 

x 68.9 72 0.0 0.0 17.6 17.6 24.4% 

W 

Open forest of Corymbia calophylla, Eucalyptus 
marginata and Eucalyptus patens over Hakea 
lissocarpha, Hypocalymma angustifolium, Acacia 
extensa and Synaphea petiolaris on loam soils on 
lower slopes 

x 0.8 48.2 0.0 0.0 0.0 0.0 0.0% 

Y^* 

Open woodland of Eucalyptus wandoo over 
Gompholobium marginatum, Acacia nervosa, 
Babingtonia camphorosmae, Hypocalymma 
angustifolium, Macrozamia riedlei, Phyllanthus 
calycinus and Gastrolobium calycinum on clay and 
clay-loam soils on lower slopes 

 720.6 2052.8 66.3 2.4 0.0 68.8 3.3% 

YG^* 

Open woodland of Eucalyptus wandoo over 
Gompholobium marginatum, Acacia nervosa, 
Babingtonia camphorosmae, Hypocalymma 
angustifolium, Macrozamia riedlei, Pericalymma 
ellipticum, Grevillea bipinnatifida, Allocasuarina 
humilis, Phyllanthus calycinus and Gastrolobium 
calycinum on clay and clay-loam soils with localised 
outcropping on lower slopes 

 31.2 456.4 0.5 0.0 0.0 0.5 0.1% 

Z 

Open forest of Eucalyptus marginata and Corymbia 
calophylla over Macrozamia riedlei, Xanthorrhoea 
preissii, Hakea lissocarpha and Phyllanthus calycinus 
on sandy-loam to sandy-loam gravel soils on slopes 

x 844.4 1374.9 360.2 7.2 0.0 367.4 26.7% 

CL Cleared x 2,899.2  0.8 0.0 0.0 0.8  

CL – Ag Cleared agricultural areas x 6,559.5  1890.7 158.4 0.0 2049.1  

CL – Other Cleared other areas (e.g. BGM) x 3,249.1  0.1 0.4 0.0 0.5  

Dam Dam x 63.4  0.0 0.0 0.0 0.0  

PL Plantations x 229.0  85.5 0.4 0.0 85.9  

PL – Ag Plantations on agricultural areas x 185.4  0.0 0.0 0.0 0.0  

Rehab Rehabilitation x 3,163.6  590.3 7.8 7.0 605.1  

Rehab – Ag Rehabilitation on agricultural areas x 26.9  0.2 0.0 0.0 0.2  
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Site-
vegetation 
Type 

Description 
Conservation 
or Locally 
Significant 

Extent 
within the 
PAA  

Extent 
within the 
Wider 
Mapped 
Areas 
(WMA)(ha) 

Extent within the IDF (ha)^ Extent 
Proposed 
to be 
Cleared  % 
of WMA WMDE BTC CBME∞ PAA 

Total Area  29,356.2  7530.3 296.6 255.9 8082.8  

Total area of remnant native veg  12,980.1 30,674.5 4962.2 130 249 5,341.2  
Total loss of regional vegetation complex within PAA minus Pre-existing 
Approval Area clearing+ 

   4,020 130 249 4,399 14% 

* Indicates the site-vegetation type is considered a potential GDE. Refer to Section 5.2.3.4.5 for further discussion. 

^ The IDF is used as an assessment tool for defining potential impacts and the maximum disturbance allowance within the corresponding Development Envelopes (refer to Section 4.3.3 
for further details). 

∞The CBME assessment includes the 5 ha of maintenance clearing within the RLA. 
# The G1 and G3 site-vegetation types are considered representative of the Priority 1 PEC – Mount Saddleback Heath Communities. As noted in Section 5.2.4.1.2, while the PEC is 
known to occur in the IDF, the Worsley Alumina Protected Areas Plan will ensure there will be no clearing of this community. 

+ As outlined in Section 4.3.2, 942 ha of approved clearing allocation remains within the Pre-existing Approval Area, specifically within the WMDE IDF. This Revised Proposal does not 
seek re-approval to clear the existing clearing allocation. Therefore, 942 ha has been removed from the residual clearing impact calculations.  
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Table 5-15 Extent of Clearing of Conservation Significant Flora Species 

Species 
Conservation 

Status 

Site-
vegetation 

Types 
Recorded 
within the 

PAA 

Number of 
Individuals 
Recorded 
within the 

PAA1 

Total Number 
of Individuals 

in the 
Surrounding 

Area2 

WAH 
Records3 

(estimated 
plants) 

Number of Individuals Recorded 
within the IDF4 

Proportion to be 
Cleared at a 

Regional Level5 (%) 

  
EPBC 

Act 

BC Act/ 
DBCA 

Priority 
List 

        WMDE BTC CBME∞ PAA 

Caladenia hopperiana E T A, M, Y 46 214 4 7 0 0 7 0% 

Calytrix simplex subsp. 
simplex+ 

- P1 
G3, P, S, 

Rehabilitation 
2,409 2,211 5 402 0 0 402 8% 

Gastrolobium sp. 
Prostrate Boddington+ 

- P1 
D, DG, G1, L, 

M, P, Y, Z 
15,288 25,757 6 1 4,390 0 4,391 13% 

Hibbertia ambita   P1 
D, H, P, 

Rehabilitation 
65 33 15 11 0 0 11 11% 

Isopogon sp. Canning 
Reservoir+ 

- P1 
G3, 

Rehabilitation 
4 5 7 0 0 0 0 0% 

Papistylus 
intropubens+ 

- P1 G3 3 1 1 0 0 0 0 0% 

Synaphea panhesya+ - P1 P 2 2 15 2 0 0 2 12% 
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Species 
Conservation 

Status 

Site-
vegetation 

Types 
Recorded 
within the 

PAA 

Number of 
Individuals 
Recorded 
within the 

PAA1 

Total Number 
of Individuals 

in the 
Surrounding 

Area2 

WAH 
Records3 

(estimated 
plants) 

Number of Individuals Recorded 
within the IDF4 

Proportion to be 
Cleared at a 

Regional Level5 (%) 

  
EPBC 

Act 

BC Act/ 
DBCA 

Priority 
List 

        WMDE BTC CBME∞ PAA 

Banksia subpinnatifida 
var. subpinnatifida+ 

- P2 Rehabilitation 1 1 22 1 0 0 1 4% 

Banksia subpinnatifida 
var. imberbis+  

- P3 
G3, 

Rehabilitation 
4 3 17 0 0 0 0 0% 

Goodenia katabudjar - P3 
P, ST, 

Rehabilitation 
29 35 11 3 0 0 3 7% 

Stylidium 
marradongense 

- P3 
H, P, S, Y, 

G3, 
Rehabilitation 

232 196 12 25 0 0 25 12% 

Halgania corymbosa+ - P3 
AY, H, PS, Y, 
Rehabilitation 

37 42 18 36 0 0 36 37% 
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Species 
Conservation 

Status 

Site-
vegetation 

Types 
Recorded 
within the 

PAA 

Number of 
Individuals 
Recorded 
within the 

PAA1 

Total Number 
of Individuals 

in the 
Surrounding 

Area2 

WAH 
Records3 

(estimated 
plants) 

Number of Individuals Recorded 
within the IDF4 

Proportion to be 
Cleared at a 

Regional Level5 (%) 

  
EPBC 

Act 

BC Act/ 
DBCA 

Priority 
List 

        WMDE BTC CBME∞ PAA 

Lasiopetalum 
cardiophyllum 

- P4 

AY, D, G3, 
G4, H, P, PS, 
S, ST, Y, YG, 

Z, 
Rehabilitation 

1,353 1,016 34 494 2 0 496 40% 

Senecio leucoglossus - P4 
G4, H, P, PL, 
PS, S, ST, Z, 
Rehabilitation 

198 140 43 47 0 0 47 22% 

Calothamnus 
quadrifidus subsp. 

teretifolius+ 
- P4 Rehabilitation 3 3 39 1 0 0 1 2% 

 

1 The number of individuals recorded within the PAA relates to those individuals located within the remnant site-vegetation types, as mapped by Mattiske (2021a). Those locations 

recorded within areas mapped as cleared within the PAA are not counted, as it is recognised that they may be historical records. This represents a conservative approach. 
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2 Total numbers within the surrounding area (external to the PAA; i.e. within the Boddington area, as related to the WMDE and BTC, and RLA area, in relation to the CBME) are based 

on a WAH database search and Mattiske survey data associated with the wider mapped area, which extends outside the PAA (Mattiske, 2021a). Where numbers were not collected (i.e. 

in the early survey work) the estimates were supplied as one for each location so as not to overestimate the number of individuals. 

3 The WAH records relate to those within the 20 km desktop search area undertaken by Mattiske (2021a). They do not represent the full extent of known records for these species, which 

are expected to occur over a broader area. 

4 The IDF is used as an assessment tool for defining potential impacts and the maximum disturbance allowance within the corresponding Development Envelopes (refer to Section 4.3.3 
for further details). 

5 For the purposes of this table, the regional context is based on a combination of the surrounding area (refer to note 2) and WAH records search area (refer to note 3).  

* While individuals occur within the PAA, they will not be cleared as Threatened species locations are mapped (with a buffer applied) and protected under Worsley Alumina Protected 

Areas Plan. Therefore, this species will be avoided or excluded from mine planning disturbance areas. 

∞The CBME assessment includes the 5ha of maintenance clearing within the RLA 

# Priority 1 and Priority 2 flora species listed by DBCA are identified as areas of potential high conservation value and will sought to be avoided in accordance with Worsley Alumina 

Biodiversity and Forest Management Plan. 

+ Indicates the species has been recorded within the heath communities within the PAA. 

1 The proposed extents to be cleared (as of August 2021) take into consideration the additional commitments that will be implemented to provide further protection of the key environmental 

values as part of the Revised Proposal refinement (refer to Section 4.3.4).   
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Table 5-16 Conservation Significant Flora Populations 

Species 

Conservation 
Status 

Distribution (as related 
to Populations)/Habitat 

Total Number 
of Individuals 

in the 
Surrounding 

Area1 

WAH 
Records2 

(estimated 
plants) 

Number of 
Individuals 
Recorded 
within the 
PAA IDF 

Proportion to 
be Cleared at 

a Regional 
Level – Aug 
2021 (%)34 

Assessment of Impact to 
Distribution / Populations 

EPBC 
Act 

BC Act/ 
DBCA 

Priority 
List 

Caladenia 
hopperiana 

EN T 

Restricted distribution to 
the Boddington area. 
Occurs on low-lying, 
winter wet swampland 
within the Jarrah Forest 
region. Recorded mainly 
in the AY (in locations 
outside the PAA) and Y 
site-vegetation types. 

214 4 7 0%* 

The Revised Proposal will not 
affect the distribution or populations 
of Caladenia hopperiana. The 
Threatened species locations within 
the PAA are recorded, mapped and 
monitored. A Protected Area buffer 
has been applied to the individuals 
within the PAA and these are 
protected under the Worsley 
Alumina Protected Areas Plan. This 
protected buffer is also within a 
broader Protected Area supporting 
other ecological and social values. 
Therefore, this species will be 
avoided or excluded from mine 
planning disturbance areas. 

Calytrix simplex 
subsp. simplex+ 

 P1 

Known from areas west 
of Boddington in the 
Northern Jarrah Forest, 
occurs in swamps, Forty-
Hollow Road heath 
areas. This species also 
been recorded near 
Armadale, approximately 
65 km north-north-east 
from the PAA. Individuals 
in the PAA are mainly 
located in heath habitats 
or shallow soils 
associated with rock 
outcrop. 

2,211 5 402 9%# 

While the Revised Proposal will 
result in the loss of individuals 
within the PAA, the species 
distribution will be maintained as 
the species is known from 
populations outside the PAA in the 
Northern Jarrah Forest. The 
Revised Proposal will also only 
affect a small proportion of the 
species representation at a regional 
level. 
 
Furthermore, a proportion of the 
individuals (200 plants) within the 
PAA are located within the Mount 
Saddleback Heath Communities 
PEC or other protected areas 
(Section 4.3.4) and, as such, will 
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Species 

Conservation 
Status 

Distribution (as related 
to Populations)/Habitat 

Total Number 
of Individuals 

in the 
Surrounding 

Area1 

WAH 
Records2 

(estimated 
plants) 

Number of 
Individuals 
Recorded 
within the 
PAA IDF 

Proportion to 
be Cleared at 

a Regional 
Level – Aug 
2021 (%)34 

Assessment of Impact to 
Distribution / Populations 

EPBC 
Act 

BC Act/ 
DBCA 

Priority 
List 

be protected through the 
application of the Biodiversity and 
Forest Management Plan. 
 
In summary, the Revised Proposal 
is not expected to significantly 
impact populations of this species 
at a local scale or affect the 
conservation status of the species 
at a regional level. 

Gastrolobium sp. 
Prostrate 
Boddington+ 

 P1 

Restricted to the 
Boddington area in the 
southwest of WA and 
occurs on clay loams and 
valley floors. The majority 
of plants occur in the 
Wandoo valley systems 
north of the BGM camp 
(outside the PAA) and 35 
plants are known from 
Camballing Reserve. 
Significant numbers have 
been recorded along the 
Hotham River. 25,757 6 4,391 13%# 

Approximately 25,757 individuals of 
the species have been recorded in 
the Boddington area, with the 
largest known population or density 
of the species occurring outside of 
the PAA. There are three main 
patches in the Boddington area, 
with the species being a seeder in 
significant numbers in two of these 
three main patches (Mattiske, 
2021a).   
 
A proportion of the individuals 
(1,013 plants) within the PAA are 
located within protected heath 
communities with affiliation to the 
Mount Saddleback Heath 
Communities PEC and/or specific 
areas of wandoo community 
afforded protection, or other 
protected areas (e.g. Aboriginal 
heritage sites and buffers). 
Considering this, all individuals will 
be protected through the 
application of the Biodiversity and 
Forest Management Plan . 
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Species 

Conservation 
Status 

Distribution (as related 
to Populations)/Habitat 

Total Number 
of Individuals 

in the 
Surrounding 

Area1 

WAH 
Records2 

(estimated 
plants) 

Number of 
Individuals 
Recorded 
within the 
PAA IDF 

Proportion to 
be Cleared at 

a Regional 
Level – Aug 
2021 (%)34 

Assessment of Impact to 
Distribution / Populations 

EPBC 
Act 

BC Act/ 
DBCA 

Priority 
List 

Considering the above, the Revised 
Proposal is not expected to 
significantly impact populations of 
the species at a local scale or affect 
the conservation status of the 
species at a regional level. The 
species distribution will also not be 
affected. 

Hibbertia ambita  P1 

Taxonomic studies in 
2019 re-classified a 
range of species 
previously identified as 
Hibbertia commutata. 
The Hibbertia commutata 
group of plants has been 
recorded regularly in the 
Northern Jarrah Forest 
and in the Boddington 
and Collie areas. 
Hibbertia ambita occurs 
in a range of sites from 
lower valley slopes to 
rehabilitated areas within 
the PAA. 

33 15 11 11%# 

The Revised Proposal is not 
expected to affect the distribution or 
populations of this species as there 
are no individuals within the IDF. 
 
As this species was only described 
in 2019, most specimens of 
Hibbertia ambita have been 
collected by botanists for South32 
and botanists from DBCA. It is 
highly likely that more locations 
outside the PAA will be recorded in 
future surveys (Mattiske, 2021a). It 
is also expected that numbers will 
be increased following further 
collections in both control and 
rehabilitation areas in future 
monitoring (Mattiske, 2021a).  
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Species 

Conservation 
Status 

Distribution (as related 
to Populations)/Habitat 

Total Number 
of Individuals 

in the 
Surrounding 

Area1 

WAH 
Records2 

(estimated 
plants) 

Number of 
Individuals 
Recorded 
within the 
PAA IDF 

Proportion to 
be Cleared at 

a Regional 
Level – Aug 
2021 (%)34 

Assessment of Impact to 
Distribution / Populations 

EPBC 
Act 

BC Act/ 
DBCA 

Priority 
List 

Isopogon sp. 
Canning 
Reservoir+ 

 P1 

Geographically restricted 
species, recorded mainly 
in swamps and heaths in 
Jarrah Forest areas. 
Recorded in low numbers 
in the Tunnell Road 
heath community. The 
species has also been 
recorded in low numbers 
in rehabilitation areas, 
suggesting it is a 
potential recoloniser of 
disturbed lands. 

5 7 0 0%# 

The Revised Proposal is not 
expected to affect the distribution or 
populations of this species as there 
are no individuals within the IDF. 
 
In noting this species has been 
recorded in the Tunnell Road heath 
community, individuals are 
provided protection as this site-
vegetation type is a PEC and 
therefore subject to protection and 
avoidance under the Worsley 
Biodiversity and Forest 
Management Plan. 

Papistylus 
intropubens+ 

 P1 

Localised and restricted 
distribution in the Jarrah 
Forest region. Recorded 
within the Tunnell Road 
heath community within 
the PAA. 

1 1 0 0%# 

The Revised Proposal is not 
expected to affect the distribution or 
populations of this species as there 
are no individuals within the IDF. 
 
This individual is provided 
protection as the Tunnell Road 
heath community is a PEC and 
therefore subject to protection and 
avoidance under the Worsley 
Biodiversity and Forest 
Management Plan. 

Synaphea 
panhesya+  P1 

Distributed mainly in 
wandoo and powder-
bark/wandoo woodlands 
and near granites. 
Occurs in mainly 
Northern Jarrah Forest 
areas but is also known 
from the Dandaragan 

2 15 2 12%# 

The Revised Proposal will result in 
the loss of all individuals (2) within 
the PAA. This represents a small 
proportion of the species 
representation at a regional level 
with the species being more widely 
distributed (i.e. known from various 
locations within the Northern Jarrah 
Forest and extends into the 
Dandaragan Plateau sub-region on 



 

 Worsley Mine Expansion Environmental Review Document 218 
 

Species 

Conservation 
Status 

Distribution (as related 
to Populations)/Habitat 

Total Number 
of Individuals 

in the 
Surrounding 

Area1 

WAH 
Records2 

(estimated 
plants) 

Number of 
Individuals 
Recorded 
within the 
PAA IDF 

Proportion to 
be Cleared at 

a Regional 
Level – Aug 
2021 (%)34 

Assessment of Impact to 
Distribution / Populations 

EPBC 
Act 

BC Act/ 
DBCA 

Priority 
List 

Plateau sub-region on 
the Swan Coastal Plain. 

the Swan Coastal Plain). The 
Revised Proposal is not expected 
to affect the conservation status of 
the species at a regional level. 

Banksia 
subpinnatifida var. 
subpinnatifida+ 

 P2 

Mainly recorded in 
shallow soils associated 
with outcrops and valley 
floors. Occurs in the 
Tunnell Road and Forty-
Hollow heaths. The 
species distribution 
extends to the east into 
the Wheatbelt and has 
been recorded within the 
Dryandra Woodland and 
further east of Wickepin. 

1 22 1 4%# 

The Revised Proposal will result in 
the loss of the single individual 
recorded within the PAA. This 
represents a small proportion of the 
species representation at a regional 
level. The species is also more 
widely distributed and is known 
from the Dryandra Woodland and 
into the Wheatbelt. The Revised 
Proposal is not expected to affect 
the conservation status of the 
species at a regional level. 
 
In noting this species has been 
recorded in the Tunnell Road heath 
community, individuals are 
provided protection as this site-
vegetation type is a PEC and 
therefore subject to protection and 
avoidance under the Worsley 
Biodiversity and Forest 
Management Plan. 

Banksia 
subpinnatifida var. 
imberbis+ 

 P3 

Mainly recorded in 
shallow soils associated 
with outcrops and valley 
floors on eastern fringes 
of the Jarrah Forest. 
Recorded in heaths, 
including the Tunnell 
Road heath community. 
Distribution extends 
southwards to Mount 

3 17 0 0% 

The Revised Proposal is not 
expected to affect the distribution or 
populations of this species as there 
are no individuals within the IDF. 
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Species 

Conservation 
Status 

Distribution (as related 
to Populations)/Habitat 

Total Number 
of Individuals 

in the 
Surrounding 

Area1 

WAH 
Records2 

(estimated 
plants) 

Number of 
Individuals 
Recorded 
within the 
PAA IDF 

Proportion to 
be Cleared at 

a Regional 
Level – Aug 
2021 (%)34 

Assessment of Impact to 
Distribution / Populations 

EPBC 
Act 

BC Act/ 
DBCA 

Priority 
List 

Barker area on eastern 
fringes of Southwest 
Forests. 

Goodenia 
katabudjar 

 P3 

Occurs on eastern 
lateritic hills mainly in 
jarrah and wandoo 
woodlands. Recorded in 
control and rehabilitation 
areas within the PAA and 
surrounds. This species 
extends north-east and 
south-east of Mt 
Saddleback and is not 
restricted in populations 
to the WMDE.   

35 11 3 7% 

While the Revised Proposal will 
result in the loss of a small number 
of individuals within the PAA, the 
distribution of the species will be 
maintained as it is known from 
populations outside the PAA. The 
Revised Proposal will also only 
affect a small proportion of the 
species representation at a regional 
level. 
 
In summary, the Revised Proposal 
is not expected to significantly 
impact populations of this species 
at a local scale or affect the 
conservation status of the species 
at a regional level. 

Stylidium 
marradongense 

 P3 

Relatively locally 
restricted to the 
Boddington and local 
eastern Jarrah Forest. 
Individuals have been 
recorded in rehabilitation 
areas. Occurs on gravelly 
soils and heath areas, 
including Tunnell Road 
heath and areas with 
lateritic boulders. 

196 12 25 12% 

While the Revised Proposal will 
result in the loss of individuals 
within the PAA, the species 
distribution in the local area will be 
maintained as it is known from 
populations outside the PAA in the 
surrounding area. The Revised 
Proposal will also only affect a 
small proportion of the species 
representation at a regional level. 
 
A single individual within the PAA is 
located within the Mount 
Saddleback Heath Communities 
PEC and, as such, will be protected 
through the application of the 
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Species 

Conservation 
Status 

Distribution (as related 
to Populations)/Habitat 

Total Number 
of Individuals 

in the 
Surrounding 

Area1 

WAH 
Records2 

(estimated 
plants) 

Number of 
Individuals 
Recorded 
within the 
PAA IDF 

Proportion to 
be Cleared at 

a Regional 
Level – Aug 
2021 (%)34 

Assessment of Impact to 
Distribution / Populations 

EPBC 
Act 

BC Act/ 
DBCA 

Priority 
List 

Biodiversity and Forest 
Management Plan. 
 
In summary, the Revised Proposal 
is not expected to significantly 
impact populations of this species 
at a local scale or affect the 
conservation status of the species 
at a regional level. 

Halgania 
corymbosa+ 

 P3 

Predominantly grows in 
association with granite 
outcrops, but does 
extend to Jarrah Forest 
areas, mainly in the 
Northern Jarrah Forest. 
This species also 
extends into the Swan 
Coastal Plain, mainly 
east and north-east of 
Perth on the Darling 
Scarp. 

42 18 36 37% 

The Revised Proposal will result in 
the loss of the individuals within the 
PAA; however some individuals will 
be maintained at a local level.  
 
A proportion of the individuals (14 
plants) within the PAA occur within 
the Mount Saddleback Heath 
Communities PEC or other 
protected areas (Section 4.3.4) 
and, as such, will be protected 
through the application of the . 
Biodiversity and Forest 
Management Plan. 
 
A significant impact to the species 
as a result of the Revised Proposal 
is not expected as the species is 
known to occur more widely within 
the Northern Jarrah Forest and into 
the Swan Coastal Plain.  

Lasiopetalum 
cardiophyllum 

 P4 

Occurs mainly in Jarrah-
Sheoak forests on sandy-
gravels. Extends into 
Stene and George blocks 
and southwards on the 
eastern fringes of the 
southwest forests into the 

1,016 34 496 40% 

While the Revised Proposal will 
result in the loss of individuals 
within the PAA, the species 
distribution in the local area will be 
maintained.  
A proportion of the individuals (76 
plants) occur within protected areas 
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Species 

Conservation 
Status 

Distribution (as related 
to Populations)/Habitat 

Total Number 
of Individuals 

in the 
Surrounding 

Area1 

WAH 
Records2 

(estimated 
plants) 

Number of 
Individuals 
Recorded 
within the 
PAA IDF 

Proportion to 
be Cleared at 

a Regional 
Level – Aug 
2021 (%)34 

Assessment of Impact to 
Distribution / Populations 

EPBC 
Act 

BC Act/ 
DBCA 

Priority 
List 

Wheatbelt. The main 
patches of this species 
occur on the eastern 
fringes of the northern 
and central Jarrah forest, 
which extend well beyond 
the PAA. Other patches 
occur south and south-
east of Boddington in the 
Wheatbelt. The species 
has been recorded in 
rehabilitation areas, albeit 
in relatively low numbers. 

(Section 4.3.4) and, as such, will 
be protected through the 
application of the Biodiversity and 
Forest Management Plan. 
 
The species is also more widely 
distributed, particularly to the south 
of the PAA in the southwest forests 
and also extends into the 
Wheatbelt. Therefore, the Revised 
Proposal is not expected to affect 
the conservation status of the 
species at a regional level. 

Senecio 
leucoglossus 

 P4 

Widespread in the 
Northern Jarrah Forest 
and occurs in small 
patches. Regularly 
recorded during surveys 
in the Northern Jarrah 
Forest. Occurs also in the 
Southern Jarrah Forest 
and on the Swan Coastal 
Plain. 

140 43 47 22% 

While the Revised Proposal will 
result in the loss of individuals 
within the PAA, the species 
distribution in the local area will be 
maintained as it is known from 
populations outside the PAA in the 
surrounding area. Specifically, the 
species known to be widespread in 
the Northern Jarrah Forest.  
 
A proportion of the individuals (6 
plants) within the PAA occur within 
protected areas (Section 4.3.4) 
and, as such, will be protected 
through the application of the 
Biodiversity and Forest 
Management Plan. 
 
Considering this, the Revised 
Proposal is not expected to 
significantly impact populations of 
this species at a local scale or 
affect the conservation status of the 
species at a regional level. 
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Species 

Conservation 
Status 

Distribution (as related 
to Populations)/Habitat 

Total Number 
of Individuals 

in the 
Surrounding 

Area1 

WAH 
Records2 

(estimated 
plants) 

Number of 
Individuals 
Recorded 
within the 
PAA IDF 

Proportion to 
be Cleared at 

a Regional 
Level – Aug 
2021 (%)34 

Assessment of Impact to 
Distribution / Populations 

EPBC 
Act 

BC Act/ 
DBCA 

Priority 
List 

Calothamnus 
quadrifidus subsp. 
teretifolius+ 

 P4 

Occurs in moister sites 
and in heath areas. Main 
occurrence is in the 
Donnybrook Sunklands 
with localised occurrence 
in central Jarrah Forest. 
The main populations 
and occurrences occur 
on the southern Swan 
Coastal Plain to the south 
of Bunbury. Recorded in 
rehabilitated areas. 

3 39 1 2% 

The Revised Proposal will result in 
the loss of a small number of 
individuals within the PAA. 
 
This represents a very small 
proportion of the species 
representation at a regional level as 
the species is more widely 
distributed, with the main 
populations and occurrences 
occurring on the southern Swan 
Coastal Plain to the south of 
Bunbury. Therefore, the Revised 
Proposal is not expected to affect 
the conservation status of the 
species at a regional level. 

1 Total numbers within the surrounding area (external to the PAA, i.e. within the Boddington area, as related to the WMDE and BTC, and RLA area, in relation to the CBME) are based 

on a WAH database search (see note 3 below) and Mattiske survey data associated with the wider mapped area, which extends outside the PAA (Mattiske, 2021a). Where numbers 

were not collected (i.e. in the early survey work) the estimates were supplied as one for each location so as not to overestimate the number of individuals. 

2 The WAH is the central repository for all flora specimens collected in WA and key source of information on flora locations within the State. In the context of the Revised Proposal, the 

WAH records relate to those within the 20 km desktop search area undertaken by Mattiske (2021a). They do not represent the full extent of known records for these species, which are 

expected to occur over a broader area. 

3 For the purposes of this table, the regional context is based on a combination of the surrounding area (refer to note 1) and WAH records search area (refer to note 2).  

4 The proposed extents to be cleared (as of August 2021) take into consideration the additional commitments that will be implemented to provide further protection of the key environmental 

values as part of the Revised Proposal refinement (refer to Section 4.3.4). 

* While individuals occur within the PAA, they will not be cleared as Threatened species locations are mapped (with a buffer applied) and protected under Worsley Alumina Protected 

Areas Plan. Therefore, this species will be avoided or excluded from mine planning disturbance areas. 

# Priority 1 and Priority 2 flora species listed by DBCA are identified as areas of potential high conservation value and will sought to be avoided in accordance with Worsley Alumina 

Biodiversity and Forest Management Plan. 

+ Indicates the species has been recorded within the heath communities within the PAA. 
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5.2.4.2 Introduction or Spread of Weed Species 

The movement of vehicles, heavy machinery, soil and plant material, as well as ground disturbance 

during clearing and operations, associated with the Revised Proposal have the potential to introduce 

and spread weeds into adjacent State Forest. Weeds compete with native species and can adversely 

affect the health, survival or regeneration of local native plant species, leading to an overall decline 

in ecosystem function. 

A number of weeds have been recorded during systematic flora surveys to date, four of which are 

listed as Declared Plants. Weeds can be effectively managed through comprehensive mine hygiene 

processes, which are currently in place for existing mine operations. Weed hygiene processes 

include procedures that manage vehicle and personnel movements within weed infested areas, as 

well as chemical treatment. Weed inspections are also completed regularly and prior to 

commencement of development activities to inform weed management and detection. 

5.2.4.3 Introduction or Spread of Invasive Pathogens 

The Revised Proposal has the potential to introduce and spread invasive pathogens (dieback and 

Australian honey fungus) within the PAA and into adjacent forested areas through the same activities 

that spread weeds (Section 5.2.4.2). A small percentage (approximately 2%) has been mapped as 

being dieback infested, with eight infestations occurring in the IDF, based on current dieback 

assessments undertaken within the area to date. Worsley Alumina recognise that future dieback 

assessments undertaken within areas that have not yet been assessed, may identify unknown 

dieback infested areas. 

Worsley Alumina implements a strict Forest Hygiene Management Procedure (Worsley, 2014), along 

with DBCA/Worsley Working Arrangements and site specific training, to avoid spreading forest 

disease or introducing it to protectable areas as a result of operations. As per the procedure, forest 

areas are mapped (interpreted) for the presence of dieback a maximum of three years prior to 

disturbance. Phytophthora dieback mapping has a currency of three years from assessment for 

uninfested areas, and one year for infested areas, if no operations have been undertaken (Glevan, 

2020). Updated mapping is required to provide an ongoing, informed understanding of the spread 

and movement of dieback due to external influences that may occur, such as water movements and 

third party prescribed burns or harvesting operations. The assessments are undertaken by a DBCA 

approved interpreter. To prevent the introduction of forest disease into protectable areas, known 

forest hygiene status is shown on all exploration, clearing and earthworks plans. Any known infested 

areas within the BBM and surrounding area are shown on standard clearing maps and operational 

pit plans. Signage is used in the RLA to indicate uninfested areas due to the dieback infestation 

being extensive in this area. Access to protected areas onsite are restricted to those with prior verbal 

environmental approval. Conditions for entry include the potential for new soil hygiene infection and 

further spread, and recent weather impacts. An area specific Soil Hygiene Management Plan is 

developed for each area with a soil hygiene risk (infested dieback or Australian honey fungus or 

uninterpretable) that may have planned disturbance or required maintenance activities. Known 

dieback infestations and uninterpretable areas are demarcated using DBCA standards for field 

identification, to notify personnel of the area’s status. The Forest Hygiene Management Procedure 

(Worsley, 2014) will continue to be implemented for the Revised Proposal. Considering the 

management measures that will be implemented, the spread of dieback in the area is not expected 

to be significantly affected by the Revised Proposal. 
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5.2.4.4 Dust Deposition on Vegetation 

Dust will be generated from construction activities, such as vegetation clearing, mining activities and 

from vehicle movements, and has the potential to settle on nearby vegetation. Dust deposition on 

vegetation has the potential to affect vegetation and may result in reduced plant health and stunted 

growth due to reduced photosynthetic and transpiration efficiencies (Sett, 2017).  

Dust emissions will be limited through the implementation of existing dust management measures, 

as discussed in Section 5.6.5. The Dust Management Plan is key to the management of dust 

associated with mining operations. The dust management measures implemented to date have been 

demonstrated to provide effective management of dust generated from current operations, in that 

dust deposition from current operations has not been observed to have a significant effect on 

vegetation health or condition. A study on dust deposition on vegetation was undertaken in 2008 by 

Bennett Environmental Consulting (Bennett) to assess the impact of dust on vegetation. The study 

was specifically focused on determining whether dust was entering the stomata on the leaves as 

these ‘pores’ facilitate the exchange of carbon dioxide, oxygen and water in/out of plants. The 

stomata are mainly located on the underside of leaves. The study collected a representative sample 

of leaves from different plant taxa within the study area that were subject to high, moderate and low 

(to no) dust impact. The results found that plants within areas subject to high levels of dust had a 

dense layer of dust, of which some often entered the stomata (Bennett, 2008).However, it was noted 

that the presence of hairs and sunken stomata (which are adaptations to WA’s dry summer climate) 

appear to assist in minimising the amount of dust entering the stomata. In those areas affected by 

moderate to low levels of dust, there was no dust recorded in the stomata, although dust was present 

on the surface of the leaves (Bennett, 2008). 

5.2.4.5 Changes to Vegetation Structure and Composition due to Altered Surface Water 
Drainage 

The Revised Proposal has the potential to alter surface water drainage patterns and flows through 

clearing and mining operations, which may lead to changes in water available to vegetation. 

However, the surface water flows are not anticipated to be significantly altered in the major and minor 

drainage lines. Therefore, the changes in stream flow contributions is expected to be minimal.  

The potential impacts associated with surface water flows are discussed in detail in Section 5.5.5. 

5.2.4.6 Groundwater Mounding Causing Waterlogging of Vegetation 

Mining operations associated with the Revised Proposal have the potential to affect groundwater 

levels and cause mounding in areas. The conceptual groundwater model, developed by GHD Pty 

Ltd (GHD) (2020a) to inform the Revised Proposal, indicates that clearing of vegetation may result 

in enhanced rainfall recharge, which has potential to temporarily raise the water table. In this event, 

groundwater mounding may form beneath the mining areas. Groundwater mounding would be 

expected to migrate or dissipate towards, and seep into, the primary groundwater discharge features 

(i.e. the Hotham River, Marradong Brook and other smaller drainages). The maximum change in 

water table simulated by the model, which can occur at different times and locations, depending on 

the mining and rehabilitation progression, was predicted to range between < 1 m to up to 15 m (GHD, 

2020a). However, the majority of the change in groundwater levels was predicted to be in the range 

of less than 5 m. Considering the general depth to groundwater within the PAA, and noting the rise 

in the water table is expected to be temporary, groundwater mounding is not expected to result in 

any permanent surface expressions or cause waterlogging of vegetation in the area that do not 

already naturally exist. Groundwater mounding effects associated with the Revised Proposal are 

predicted to be limited to those areas that are already naturally waterlogged on a seasonal basis. 
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Therefore, the resultant impacts on the vegetation are expected to be in those areas that have 

adapted to waterlogged or saturated zone conditions.  

Potential impacts to the Priority 1 PEC – Mount Saddleback Heath Communities as a result of 

indirect impacts associated with groundwater mounding are relatively low with the majority of the 

mapped area of the PEC considered to have no risk of being affected (approximately 111 ha or 74%) 

(GHD, 2020a). Only 0.5% (0.7 ha) of the PEC was categorised as having a high risk (depth to 

predicted groundwater 0 m-2 m) of being affected by groundwater mounding with approximately 

0.6% (0.9 ha) categorised as having a moderately high risk (depth to predicted groundwater 2 m-

5 m). Therefore, impacts to the PEC are expected to be minimal. Further discussion on the potential 

impacts to the PEC from groundwater mounding is provided in Section 5.5.4.1.7. 

The potential impacts associated with changes to groundwater are discussed in Section 5.5, with 

specific consideration of potential impacts to GDEs provided in Section 5.5.4.1.6. 

5.2.4.7 Changes to Vegetation Structure due to Increased Groundwater Drawdown 

Groundwater abstraction at the BBM is proposed to be increased to facilitate operations of the 

expanded mining areas, primarily as a requirement for dust suppression. Increased abstraction has 

the potential to cause localised drawdown, which may affect vegetation. Groundwater abstraction 

modelling undertaken for the Revised Proposal shows that groundwater drawdown is localised to 

within the vicinity of the abstraction bores (approximately <1.5 km), with the level of drawdown 

ranging between 10 m at the abstraction bore to <0.5 m at the edge of the drawdown cone.  

Potential impacts to the Priority 1 PEC – Mount Saddleback Heath Communities as a result of 

indirect impacts associated with abstraction are not predicted as the bores are located >1.5 km from 

the PEC. 

Further discussion of the predicted groundwater drawdown is provided in Section 5.5.4.1.4. 

5.2.4.8 Cumulative Impacts  

As outlined in Section 1, this Revised Proposal relates to the expansion of existing, long-term mining 

operations to allow activities to continue. The existing mining operations are situated in a landscape 

that is highly modified by agricultural, tree farming plantation and mining activities, including the 

Newmont BGM (which extends into the northwest portion of the PAA). Cleared areas, agriculture 

and plantations account for approximately 44% of the PAA, with 44% of the PAA being considered 

to be completely degraded. The Revised Proposal will result in the progressive loss of up to 40% of 

the remaining native remnant vegetation within the PAA, (when taking into account the pre-existing 

approval area). 

This Revised Proposal reflects increased mining and an extension of the existing development 

envelope (i.e. the PBA) by approximately 33% (9,545 ha) to a PAA of 29,357 ha. Currently approved 

native vegetation clearing accounts for up to 5,263 ha within the existing PBA, and an additional 

8,400 ha within the Extended Mining Areas (subject to conditions of MS 719). The proposed 

additional native vegetation clearing (4,399 ha) required as a result of the Revised Proposal, brings 

the total clearing of remnant native vegetation clearing within the PAA to 9,662 ha. Noting that the 

Extended Mining Areas (8,400 ha) are not within the PAA boundary. 

Whilst no change to the Extended Mining Areas are proposed as part of the Revised Proposal, they 

are considered here to ensure the total cumulative impact is assessed in a holistic manner. The 

Extended Mining Areas are currently subject to conditions in MS 719 (Part B), which provide for 

additional biodiversity-related investigations, protection of biodiversity, and rehabilitation. Whilst 
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these conditions (and any future conditions that may apply if the Revised Proposal receives 

Ministerial approval) will help minimise the cumulative impacts of the operations, Worsley 

acknowledges that environmental impacts will occur from native vegetation clearing. It is noted 

however, that 70 - 80% of the proposed vegetation clearing is anticipated to be rehabilitated within 

10 years of clearing, thereby further minimising potential adverse outcomes from the cumulative 

impacts.  

Worsley Alumina maintains a progressive rehabilitation program for disturbed areas and has 

completed a total of 3,200 ha (as at 2019) of rehabilitation since operations commenced in the 1980s 

(54% of the total mined area). Rehabilitated areas are subject to a rigorous long-term monitoring 

program, which has to date been ongoing for more than 30 years and will continue to support the 

achievement of completion criteria, handback and eventual closure of each area. Continuous 

improvements in rehabilitation have been made since the program commenced in 1986. The 

rehabilitation program is supported by focused research involving in-house trials, field studies and 

utilising experts from a range of research providers including universities, consultants and industry 

partners. The propagation and return of recalcitrant flora species, including the conservation 

significant species of the Gastrolobium sp. Prostrate Boddington (Priority 1) within rehabilitation 

areas forms a major component of research and an essential part of the rehabilitation program as it 

aims to maximise floristic diversity of rehabilitated areas. 

For the purposes of this Revised Proposal, cumulative impacts have been considered in relation to 

the regional vegetation complexes. The impacts on the spatial extent of the vegetation complexes 

in the PAA have been compared with the current extent of pre-European vegetation based on the 

2018 Government of WA (2019a) database. Cumulative impacts associated with the Revised 

Proposal have been assessed by considering Worsley Alumina’s existing, approved clearing areas 

and proposed clearing. The cumulative impacts to the vegetation complexes associated with the 

Revised Proposal are summarised in Table 5-17. The cumulative clearing associated with the 

Revised Proposal represents less than 2% of the current remaining extent of the vegetation 

complexes within the Southwest Forest Region, with the exception of the Cooke complex 

(approximately 7%), Dwellingup 4 complex (approximately 4%), and Michibin complex 

(approximately 2%). Therefore, when considering cumulative impacts with respect to regional 

vegetation complexes, the impact of the Revised Proposal in a regional context is low. 

No significant cumulative impacts are expected on the site-vegetation types mapped in the PAA, 

including the Mount Saddleback Heath Communities PEC. No cumulative impacts to conservation 

significant flora are anticipated from implementation of the Revised Proposal. As discussed in 

Section 5.2.4.1.3, individuals proposed to be cleared as a result of the Revised Proposal will 

continue to be present within either the PAA or surrounding area. Further, suitable habitats for the 

conservation significant flora will be retained in the local area and are also present within the region.  

As outlined in Section 1.3, it is important to note there are existing project elements that are fully 

operational, including the Refinery and OBC, that will not undergo any changes as a result of the 

Revised Proposal. These operations are inherently considered in the assessment of cumulative 

impacts so as to provide for full context of contemporary operations and site context. The Refinery 

and OBC are both associated with long-term cleared areas.  

Worsley Alumina maintains a progressive rehabilitation program for disturbed areas and has 

completed a total of 3,200 ha (as at 2019) of rehabilitation since operations commenced in the 1980s 

(54% of the total mined area). Rehabilitated areas are subject to a rigorous long-term monitoring 

program, which has to date been ongoing for more than 30 years and will continue to support the 

achievement of completion criteria, handback and eventual closure of each area. Continuous 
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improvements in rehabilitation have been made since the program commenced in 1986. The 

rehabilitation program is supported by focused research involving in-house trials, field studies and 

utilising experts from a range of research providers including universities, consultants and industry 

partners. The propagation and return of recalcitrant flora species, including the conservation 

significant species of the Gastrolobium sp. Prostrate Boddington (Priority 1) within rehabilitation 

areas forms a major component of research and an essential part of the rehabilitation program as it 

aims to maximise floristic diversity of rehabilitated areas. 

Other Developments and Activities  

This section provides a discussion of regional and cumulative impacts of other existing or reasonably 

foreseeable development in the vicinity of the Revised Proposal. A summary of the impacts of other 

developments and activities (specifically other operational mines in proximity, timber harvesting, 

plantations and agriculture) in close proximity to the Revised Proposal, and within the Northern 

Jarrah Forest, is provided in Table 5-18. The IDF accounts for approximately 0.5% of the Northern 

Jarrah Forest, with the remnant native vegetation accounting for approximately 0.3% of the Northern 

Jarrah Forest. Specific consideration and discussion of potential cumulative impacts associated with 

the Newmont BGM is provided below in recognition that the northern PAA overlaps a portion of the 

mine development envelope (including the extension project area), as approved through MS 971 in 

2014. The Newmont Boddington Gold Life of Mine Extension Project was subsequently updated 

under Section 45C of the EP Act in 2019, comprises clearing of up to 1,755 ha of native vegetation 

(of the total clearing of 6,850 ha) within a development envelope of 12,865 ha and will be 

progressively cleared over the extended mine life of 15-20 years (Strategen, 2013b). 

A comparison of impacts to flora and vegetation from the implementation of the Revised Proposal 

with impacts from other developments/activities indicates the following: 

• Conservation significant flora and vegetation. Whilst individual developments may pose a risk to 
a number of conservation significant flora, there is no, or minimal, overlap between the 
conservation significant flora that are proposed to be cleared (Table 5-18 and Table 5-19). None 
of the developments, including this Revised Proposal, will clear any known PECs or TECs. 
However, it is recognised that the Mount Saddleback Heath Communities PEC (mapped as G1 
and G3) is likely to occur within the bounds of the Newmont BGM approved development 
envelope, based on review of the site-vegetation types mapped (refer to Table 5-19). No 
additional impacts in relation to this PEC are anticipated as Worsley has committed to avoiding 
clearing of this community, in accordance with the Worsley Alumina Protected Areas Plan. In a 
cumulative context, other activities that have resulted in historical changes (such as timber 
harvesting and agriculture) have also contributed to the cumulative loss of conservation significant 
flora and vegetation. Based on the review of publicly available data, agricultural areas cover 
approximately 53% of the Northern Jarrah Forest. While specific data is not available for the 
portion of this area that is cleared of native vegetation, it is reasonable to expect it will be a large 
portion given the nature of agricultural activities; 

• Cumulative loss of vegetation and flora. The site-vegetation types, including those associated 
with GDEs, recorded within the PAA are not restricted to the local area, as shown by the 
vegetation mapping undertaken to support the approved BGM mine expansion, which used the 
same site-vegetation codes. There will be minimal cumulative impact to locally significant 
vegetation, with clearing for both the Revised Proposal and BGM mine expansion only impacting 
two locally significant vegetation types (Table 5-19). There will be no cumulative impacts to 
regional vegetation complexes with <30% remaining as a result of the two mine expansion 
projects as there will be no clearing of these complexes for the approved BGM expansion (Table 
5-19). Cumulative impacts to vegetation may occur within the Northern Jarrah Forest as a result 
of the Revised Proposal, however, they are not expected to be significant at local and regional 
scales. The bauxite mining industry implements a comprehensive and progressive rehabilitation 
program for mining areas. The rehabilitation strategies employ good industry practice and seek 
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to return a forest ecosystem comparable to pre-mining vegetation types within the Northern Jarrah 
Forest.  These rehabilitation programs have been demonstrated to be successful in returning flora 
and fauna values to mined areas; 

• Flora species diversity and richness. A high level of species diversity and richness was recorded 
within the Revised Proposal, as consistent with the diversity of the Northern Jarrah Forest. The 
majority of the flora species recorded are common throughout the Northern Jarrah Forest and, 
although recorded at the other developments, are not expected to be restricted to these 
developments and/or their development envelopes; 

• Dieback. Dieback is known to occur throughout the Northern Jarrah Forest and within the Revised 
Proposal and other developments. Other mining projects in the region implement strict hygiene 
measures to minimise or prevent the spread of dieback. Therefore, cumulative impacts 
associated with facilitating the spread of the disease are not anticipated; 

• Indirect impacts from dust. There may be potential for localised cumulative impact on vegetation 
in the area surrounding the proximate operation of the Worsley and BGM operations.  Both parties 
are required to adhere to the WA Environmental Protection Act with regards to pollution 
management and have existing management procedures that reduce the generation of dust.  
Commercial arrangements are also in place with regard to the reporting and joint management of 
dust events, should they occur. The new operations are sufficiently separated from other 
developments to make any other cumulative impacts from dust production unlikely; and 

• Indirect impacts from changes in water drawdown. The mine is considered sufficiently separated 
from other developments that it is unlikely to have a cumulative impact on GDEs. The only 
potential exception to this may be Newmont BGM. Newmont BGM monitors drawdown related to 
their open pits and groundwater abstraction activities in accordance with the Groundwater and 
Groundwater Dependent Vegetation Monitoring and Management Plan which is a condition under 
MS971.  Modelling for the Revised Proposal shows that groundwater drawdown is localised to 
within the vicinity of the abstraction bores (approximately <1.5 km) (refer to Section 5.5.4.1.4 for 
further discussion). Modelling undertaken for the Newmont Boddington Gold Life of Mine 
Extension Project predicted that, at the time of completion of mining in 2041, the modelled 5 m 
drawdown contour in the upper bedrock will extend approximately 8 km east and west of the mine, 
10 km north and 6 km south (Strategen, 2013b). Drawdown of greater than 50 m is not expected 
to extend substantially beyond the pits during the life of mine. The southernmost mining pit of the 
Newmont NBGM intersects the northern portion of the PAA. It is recognised there may be an 
overlap between the Newmont BGM and Revised Proposal groundwater drawdown areas in the 
northern portion of the WMDE, however, it is expected that this would comprise a relatively small 
and localised portion of the overall PAA. At a regional level, clearing for activities such as 
agriculture and timber harvesting have led to widespread salinisation in the southwest, which 
reflects the rise of the groundwater table. 

It is appreciated that the Newmont BGM partly intersects the northern PAA and, therefore, there is 

potential for clearing associated with the mine to overlap with the PAA IDF. Newmont implements a 

comprehensive suite of environmental measures to prevent, minimise and mitigate potential 

environmental impacts as part of ongoing BGM operations and is regulated by its environmental 

approvals.  

Worsley Alumina also acknowledges that clearing for the Newmont BGM may occur within the areas 

identified within this Revised Proposal for protection of key environmental values (Section 4.3.4). 

Worsley Alumina is engaging with Newmont as part of the Parallel Operations Plan, which outlines 

the protocols and procedures to be followed by the parties within the area specified on which 

activities are taken in parallel, and broader ongoing consultation. With respect to flora and 

vegetation, engagement to date has included discussions on rehabilitation. It is recognised that each 

company needs to comply with the rehabilitation obligations imposed on it through mining lease 

conditions, contractual arrangements with landholders, applicable environmental authorisations and 

other legal requirements. Worsley Alumina recognises that it is beneficial to be collaborative on 

rehabilitation where practicable to eliminate duplication of effort.  
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Table 5-17 Cumulative Extent of Vegetation Clearing within the Regional Vegetation Complexes associated with the Worsley Alumina Mining Areas 

Vegetation 
Complex 

Pre-European 
Extent (ha) 

Current 
Extent 

(ha) 

Pre-
European 

Extent 
Remaining 

(%) 

Current Extent 
Remaining 

within DBCA 
Managed Land 

(%) 

Proposed 
clearing (ha)1 

Current 
Extent 

Mapped – 
Area Cleared  

Cumulative Clearing 
(Approved and 

Proposed)  

Cumulative Worsley 
Alumina Clearing against 

Current Extent  (%) 

Cooke 36,779.30 30,304.20 82.40% 62.60% 528.5 1,479.50 2,008.00 6.63% 

Coolakin 163,991.70 64,204.70 39.20% 20.10% 469.7 501.3 971.00 1.51% 

Dwellingup 4 132,415.60 115,661.50 87.30% 70.10% 2237.5 1,868.40 4,105.90 3.55% 

Michibin 168,040.10 42,996.10 25.60% 5.10% 431.9 269.7 701.60 1.63% 

Pindalup 167,151.00 128,358.20 76.80% 60.10% 344.7 0 344.70 0.27% 

Swamp 53,658.20 40,613.00 75.70% 64.20% 37.7 2.4 40.10 0.10% 

Williams 28,984.00 7,516.50 25.90% 0.30% 3.9 0 3.90 0.05% 

Yalanbee 5 126,609.80 83,829.10 66.20% 38.80% 648.7 0 648.70 0.77% 

Yalanbee 6 197,849.00 92,080.90 46.50% 21.10% 388.7 1,035.30 1,424.00 1.55% 

Dwellingup 1 208,490.90 181,038.80 86.80% 82.30% 140.1 0 140.10 0.08% 

Murray 1 68,695.20 52,296.00 76.10% 64.70% 105.8 0 105.80 0.20% 

Yarragil 1 80,203.00 64,927.10 81.00% 73.60% 3 0 3.00 0.00% 

     5,3412    

Total 4,399 5,156.60 9,555.6 1.06% 

1 The proposed extents to be cleared (as of January 2022) take into consideration the additional commitments that will be implemented to provide further protection of the key 

environmental values as part of the Revised Proposal refinement (refer to Section 4.3.4). 

2 Includes 942 ha of currently approved clearing.
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Table 5-18 Cumulative Impacts to Flora and Vegetation within the Revised Proposal and Other Activities in the Northern Jarrah Forest 

Development/ 
Activity Name 

Worsley Approved 
Worsley seeking 

approval  
Newmont BGM1 Alcoa Huntly Mine2 Alcoa Willowdale 

Mine3 
Timber Harvesting4, 13 Plantations5 Agriculture6 

Type Bauxite mine Bauxite mine Gold mine Bauxite mine Bauxite mine State Forest harvesting, 
timber (including reserves 
and parklands) 

Silviculture (hardwood, 
softwood and mixed) 

Primary industry 
(cropping, livestock/ 
grazing, horticulture) 

Location Shire of Boddington 
and Shire of Collie 

Shire of Boddington 
and Shire of Collie 

Shire of Boddington, 
approximately 12 km 
northwest of the town 
of Boddington 

Shire of Murray, 
approximately 16 km 
northeast of the town 
of Dwellingup 

Shire of Waroona, 
approximately 17 km 
east of the town of 
Waroona 

Various Various  Various 

IBRA sub-region Northern Jarrah Forest Northern Jarrah Forest Northern Jarrah Forest Northern Jarrah Forest Northern Jarrah 
Forest 

Northern Jarrah Forest Northern Jarrah Forest Northern Jarrah 
Forest 

Total native 
vegetation 
approved to be 
cleared 

13,663 ha 4,399 ha Up to 5,435 ha of 
native vegetation within 
the approved 
development envelope. 
This is inclusive of the 
1,755 ha approved in 
2014 under MS971 
and EPBC 2012/6370. 
This includes up to 
1,755 ha within state 
forest and private land 
that has been 
approved to be cleared 
for the mine expansion 
project. 

The total native vegetation cleared is 
unknown. However, information provided in 
the proposed Alcoa mine expansion 
environmental referral supporting document 
states that a total of 20,381 ha of rehabilitation 
has been completed since operations 
commenced, which represents 77% of the 
total mined area to date (including areas 
reserved for long-term infrastructure) (Alcoa 
2020a).  
 
Alcoa’s mine expansion is seeking approval 
for clearing of an additional 6,700 ha within the 
mining development envelope (Alcoa 2020a). 
 
To date, < 4% of the Jarrah Forest within the 
mining lease area has been mined; Alcoa 
expects to mine < 8% of this area over the life 
of its WA operations (Alcoa 2020a). 

Timber areas comprise 
approximately 61,817 ha 
(3% of the Northern Jarrah 
Forest). 

Approximately 23,583 ha 
(1.2% of the Northern 
Jarrah Forest). 

Agricultural areas 
cover approximately 
726,760 ha (53% of 
the Northern Jarrah 
Forest). Data is not 
available for the 
portion of this area 
that is cleared of 
native vegetation; 
however, it is 
reasonable to expect 
it will be a large 
portion given the 
nature of the 
activities. 

Conservation 
significant flora 
affected 

No impact from past 
approval 
implementation  and 
impact in EMA areas to 
be confirmed according 
to MS719 Part B 
investigations 

Gastrolobium sp. 
prostrate Boddington 
will be impacted but 
shall be managed 
under the BFMP 

Five Priority flora occur 
within the development 
envelope, with these 
being Gastrolobium sp. 
Prostrate Boddington 
(P1), Acacia gemina 
(P2), Templetonia 
drummondii (P4), 
Senecio leucoglossus 
(P4) and Lasiopetalum 
cardiophyllum (P4). 

Priority flora occur 
within the mine. 
Threatened flora have 
the potential to occur, 
based on a EPBC 
Protected Matters 
search. 
Alcoa has committed 
to undertaking a 
program of 
biological surveys. 

While information is 
not publicly available, 
conservation 
significant flora may 
occur. 

Historical timber harvesting 
activities have interfaced 
with conservation flora and 
vegetation communities. 
 

Historical clearing for the 
establishment of 
plantations can 
reasonably be expected 
to have interfaced with 
conservation flora and 
vegetation communities. 

Historical clearing for 
agriculture can 
reasonably be 
expected to have 
interfaced with 
conservation flora 
and vegetation 
communities. 

Conservation 
significant 
vegetation 
communities 

No impact from past 
approval 
implementation  and 
impact in EMA areas to 

No additional impact to 
TEC’s or PEC’s is 
proposed. 

No TECs or PECs 
were identified at the 
time. However, it is 
likely that G1 and G3 

Mining does not occur 
in old growth forest, 
gazetted national 

Mining does not 
occur in old growth 
forest, gazetted 
national 

 
 
13 On 8 September 2021 the  WA Government announced that logging of native forests in WA’s South West will be banned from 2024, coinciding with the expiry of the State’s Forest Management Plan. Details of the these 
changes have not been released at the time of writing.  
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Development/ 
Activity Name 

Worsley Approved 
Worsley seeking 

approval  
Newmont BGM1 Alcoa Huntly Mine2 Alcoa Willowdale 

Mine3 
Timber Harvesting4, 13 Plantations5 Agriculture6 

be confirmed according 
to MS719 Part B 
investigations 

represent the Mount 
Saddleback Heath 
Communities PEC. 
Locally significant: G1, 
G2, G3, G4, L, M2, A, 
A2 and A3 
(refer to Table 5-19 for 
further detail) 

parks, nature 
conservation reserves, 
or other areas of high 
conservation value. No 
TECs are known to 
occur. 

parks, nature 
conservation 
reserves, or other 
areas of high 
conservation value. 

Invasive 
pathogens 

Dieback infested areas 
identified, and 
Australian honey 
fungus is also known to 
occur in the area. 

Dieback infested areas 
identified, and 
Australian honey 
fungus is also known to 
occur in the area. 

Dieback infested areas 
identified, and 
Australian honey 
fungus is also known to 
occur in the area.  
Newmont implements 
management program 
for invasive pathogens 
and completes dieback 
assessments prior to 
mining. 

Alcoa implements a 
dieback management 
program and 
completes dieback 
assessments prior to 
any clearing activity. 

Alcoa implements a 
dieback management 
program and 
completes dieback 
assessments prior to 
any mining activity. 

As per the Forest 
Management Plan 2014-
2023, forest diseases are 
managed in accordance 
with subsidiary documents 
that detail the planning and 
approval process used. 
Management includes field 
demarcation and 
preparation of hygiene 
management plans. 

A voluntary ‘Code of 
Practice for Timber 
Plantations in Western 
Australian’ has been 
developed jointly by the 
plantation industry and 
Government. The Code 
includes a number of 
guidelines that address 
weed and disease 
control. 

Agriculture activities 
can be reasonably 
expected to occur in 
dieback infested 
areas. 

Weeds present Two Declared Plants 
species were identified 
within the 
development envelope, 
including Cape Tulip 
and Cotton Bush. 

Two Declared Plants 
species were identified 
within the 
development envelope, 
including Cape Tulip 
and Cotton Bush. 

Two Declared Plants 
species were identified 
within the 
development envelope, 
including Cape Tulip 
and Cotton Bush. 

Weeds are present in 
the mine. Information 
on the number and 
types of Declared 
Plants species is not 
publicly available. 

Weeds are present in 
the mine. Information 
on the number and 
types of Declared 
Plants species is not 
publicly available. 

As outlined in the Forest 
Management Plan 2014-
2023, the management and 
control of weeds is guided 
by the BAM Act. Weeds that 
present major threats to 
ecosystem health and 
function are sought to be 
identified, monitored and 
managed.  

Weeds are inherently 
present in disturbed 
agricultural areas.  

Rehabilitation 
Worsley alumina 
undertakes progressive 
rehabilitation of 
disturbed areas.  To 
date (June 21) ~3,290 
ha have  been 
rehabilitated back to 
either native vegetation 
or agricultural land 

All disturbed areas will 
be rehabilitated either 
to native vegetation or 
pasture dependent on 
pre-existing land use, 
access agreements 
and restoration 
requirements. 

No data publicly 
available. 
 
Newmont plans that all 
land cleared and 
used as part of the 
operation will be 
rehabilitated, with the 
exception of the pits. 

Each year, approximately 600 ha of mined 
land is rehabilitated (Alcoa 2020b; 2020c). Of 
the total area mined, approximately 77% has 
been rehabilitated to date (Alcoa 2020b; 
2020c). Rehabilitation plans or procedures 
exist according to prescriptions outlined in the 
Alcoa/Parks and Wildlife Working 
Arrangements. Rehabilitation schedule is 
included with the 5 Year Mine Plan. 

N/A N/A Unknown, but 
expected to be 
limited given the 
ongoing nature of 
activities. 

Sources: 1Strategen (2013b); 2 Alcoa (2020a), Alcoa (2020b), MS 728; 3 Alcoa (2020c); 4Conservation Commission of WA (2013a), Government of Western Australia (2020a); 5 DAWE (2018a), Forest Industries Federation (2014); 6 Australian Bureau of Agricultural and Resource 
Economics and Sciences (2011). 
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Table 5-19 Cumulative Impacts to Flora and Vegetation Associated with the Newmont BGM and Worsley Revised Proposal 14 

Key Flora and 
Vegetation Value 

Newmont BGM1 Worsley Revised Proposal Cumulative Impact 

Total native 
vegetation approved 
to be cleared 

Clearing of up to 5,435 of native vegetation 
within the approved Development Envelope. 
This is inclusive of the 1,755 ha approved in 
2014 under MS 971 and EPBC 2012/6370.  This 
includes up to 1,755 ha within state forest and 
private land that has been approved to be 
cleared for the mine expansion project. 

Up to an additional 4,399 ha of native 
vegetation will be cleared, bringing the total 
approved native vegetation clearing as a 
result of the Revised Proposal to 9,662 ha  
and 8,400 ha in the Extended Mining 
Areas. 

Up to a total of 23,479 ha of 
native vegetation will be 
collectively cleared by the 
projects. This equates to 
approximately 0.6% of the 
Northern Jarrah Forest. It is 
noted however, 70-80% of the 
proposed clearing for the 
Revised Proposal is anticipated 
to be rehabilitated within 10 
years of clearing and 100% of 
the areas will be rehabilitated at 
closure. Thus, over time, the 
cumulative impact will be 
reduced. 

Conservation 
significant flora 
affected 

Five Priority flora occur within the development 
envelope, with these being Gastrolobium sp. 
Prostrate Boddington (P1), Acacia gemina (P2), 
Templetonia drummondii (P4), Senecio 
leucoglossus (P4) and Lasiopetalum 
cardiophyllum (P4). Existing operations have 
disturbed some of these locations (as related to 
Priority 4 species of Senecio leucoglossus and 
Lasiopetalum cardiophyllum), with the mine 
expansion only proposed to impact individuals of 
Templetonia drummondii (P4). 

Up to 11 Priority flora species may be 
impacted by the Revised Proposal, 
including Gastrolobium sp. Prostrate 
Boddington (P1), Senecio leucoglossus 
(P4) and Lasiopetalum cardiophyllum (P4) 
(Table 5-15). The Revised Proposal will not 
impact Templetonia drummondii (P4) as 
the species has not been recorded in the 
PAA.  

There will be some cumulative 
impact to conservation significant 
flora as a result of mining 
projects. However, these species 
will continue to exist in the 
broader area or within their 
known range. The projects are 
not expected to significantly 
impact these Priority flora 
populations at a local scale or 

 
 
14 The table presents a very conservative assessment of cumulative impacts in as far as the areas of native vegetation cleared by Newmont BGM and under the Worsley Revised 
Proposal are simply added together, as it is not currently possible to accurately determine the areas of future overlap.   



 

 Worsley Mine Expansion Environmental Review Document 233 
 

Key Flora and 
Vegetation Value 

Newmont BGM1 Worsley Revised Proposal Cumulative Impact 

affect the conservation status of 
the species at a regional level. 
Both Newmont and Worsley 
Alumina seek to avoid clearing of 
Priority flora. 

Conservation 
significant 
vegetation 
communities 

No TECs or PECs were identified at the time. 
However, it is likely that G1 and G3 vegetation 
units represent the Mount Saddleback Heath 
Communities PEC. The impact to these 
vegetation units from the mine expansion will be: 

• G1 – clearing of 2.6 ha of a total of 107 ha, 
representing 2.5% of that mapped within the 
development envelope; and 

• G3 – clearing of 1.7 ha of a total of 73 ha, 
equating to 2.3% of that mapped within the 
development envelope. 

 
Nine locally significant vegetation units have 
been identified within the development envelope, 
with the impacts from the mine expansion being:  

• G1 – as per above; 

• G2 – no clearing proposed; 

• G3 – as per above; 

• G4 – no clearing proposed; 

• L – clearing of 20.1 ha of a total of 233 ha, 
equating to 8.6% of that mapped within the 
development envelope; 

• M2 – no clearing proposed; 

• A – clearing of 94.6 ha of a total of 539 ha, 
equating to 17.6% of that mapped; 

• A2 – clearing of 0.5 ha of a total of 3 ha, 
representing 14.4% of that mapped; and 

No TECs will be impacted as none have 
been recorded as occurring in the PAA. 
The Priority 1 PEC – Mount Saddleback 
Heath Communities, as represented by the 
site-vegetation types G1 and G3, will also 
not be directly impacted as clearing will 
avoid these areas, in accordance with the 
Worsley Alumina Protected Areas Plan. 
 
Fifteen site-vegetation types within the PAA 
(WMBE/BTC only) are considered to be of 
local significance, with the impacts being*: 

• G1 – no clearing proposed as this site-
vegetation type will be protected 
through the application of the Worsley 
Alumina Protected Areas Plan (refer to 
Table 5-14); 

• G2 – clearing of 1.9 ha of a total of 7.6 
ha, representing approximately 25% of 
that mapped within the PAA; 

• G3 – no clearing proposed as this site-
vegetation type will be protected 
through the application of the Protected 
Areas Plan (refer to Table 5-14); 

• G4 – clearing of 1.4 ha of a total of 14.1 
ha, representing approximately 10% of 
that mapped; 

There will be no cumulative 
impacts to TECs as none have 
been recorded as occurring in 
either of the mine expansion 
projects. There will also be no 
cumulative impact on PECs as 
there will be no clearing of the 
Priority 1 PEC – Mount 
Saddleback Heath Communities 
associated with the Revised 
Proposal. 
 
There will be limited cumulative 
impacts on two locally significant 
vegetation types, these being*: 

• L – cumulative clearing of 
28.2 ha from a total of 265.9 
ha, representing 
approximately 11% of that 
mapped within the collective 
project  development 
envelopes; and 

• A – cumulative clearing of 
118.2 ha from a total of 669.1 
ha, representing 
approximately 18% of that 
mapped within the collective 
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Key Flora and 
Vegetation Value 

Newmont BGM1 Worsley Revised Proposal Cumulative Impact 

• A3 – clearing of 5.4 ha of a total of 13 ha, 
representing 40.6% of that mapped. 

• DG – clearing of 1.5 ha of a total of 8.7 
ha, representing approximately 18% of 
that mapped; 

• HG – clearing of 25.0 ha of a total of 
51.0 ha, representing approximately 
49% of that mapped; 

• MG – clearing of 31.7 ha of a total of 
220.5 ha, representing approximately 
14% of that mapped; 

• YG – clearing of 0.5 ha of a total of 31.2 
ha, representing approximately 2% of 
that mapped; 

• M2 – clearing of 3.6 ha of a total of 45.4 
ha, representing approximately 8% of 
that mapped; 

• A – clearing of 23.6 ha of a total of 
130.1 ha, representing approximately 
18% of that mapped; 

• AY – clearing of 67.5 ha of a total of 
434.3 ha, representing approximately 
16% of that mapped; 

• AX – clearing of 11.5 ha of a total of 
224.7 ha, representing approximately 
5% of that mapped; 

• AC – no clearing proposed; 

• L – clearing of 8.1 ha of a total of 32.9 
ha, representing approximately 25% of 
that mapped; and 

• Y – clearing of 68.8 ha of a total of 
720.6 ha, representing approximately 
10% of that mapped. 

project development 
envelopes. 

 
Newmont also seek to avoid 
clearing of these vegetation 
communities where possible. 
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Key Flora and 
Vegetation Value 

Newmont BGM1 Worsley Revised Proposal Cumulative Impact 

Regional vegetation 
complexes with 
<30% of their pre-
European extent 
remaining  

None of the regional vegetation complexes 
overlapping the development envelope have 
<30% of their pre-European extents remaining. 
The only exception to this is the Michibin 
complex, however, no clearing is proposed to 
occur within this complex as a result of the mine 
expansion.  

The Revised Proposal will result in some 
clearing of the Michibin (approximately 
3%*) and Williams (approximately 1%*) 
vegetation complexes, which both have 
<30% of their pre-European extents 
remaining. 

There will be no cumulative 
impact to regional vegetation 
complexes with <30% of their 
pre-European extent remaining 
as a result of the mine expansion 
projects. 

Invasive pathogens Dieback infested areas identified, and Australian 
honey fungus is also known to occur in the area.  
Newmont implements management program for 
invasive pathogens and completes dieback 
assessments prior to clearing. 

Dieback and Australian honey fungus are 
known to occur in the PAA. Worsley 
Alumina implements a strict Forest Hygiene 
Management Procedure (Worsley, 2014b), 
to avoid spreading forest disease or 
introducing it to protectable areas. Dieback 
assessments are undertaken prior to 
mining. 

Comprehensive management 
measures are implemented to 
avoid and manage forest 
diseases within the respective 
mine expansion areas. 
Considering the management 
measures that will be 
implemented, the spread of 
dieback is not expected to be 
significantly increased as a result 
of the mine expansion projects. 
Therefore, cumulative impacts 
associated with facilitating the 
spread of the disease are not 
anticipated. 

Weeds present Two Declared Plants species were identified 
within the development envelope including Cape 
Tulip and Cotton Bush. 

Four Declared Plants species occur within 
the PAA, with these being Cape Tulip, 
Cotton Bush, Milk Thistle and Bridal 
Creeper. 

Comprehensive management 
measures are implemented 
control and manage the spread 
of weeds within the respective 
mine expansion areas. 
Therefore, weed invasion is not 
expected to be significantly 
increased as a result of the mine 
expansion projects, and 
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Key Flora and 
Vegetation Value 

Newmont BGM1 Worsley Revised Proposal Cumulative Impact 

cumulative impacts are not 
anticipated. 

Rehabilitation No data publicly available. 
 
Newmont plans that all land cleared and 
used as part of the operation will be 
rehabilitated, with the exception of the pits. 

Worsley Alumina undertake progressive 
rehabilitation of State Forest and WJV 
areas disturbed by mining activities to 
mitigate the loss of remnant vegetation. 
Worsley Alumina have committed to 
reducing the current rehabilitation deficit 
from approximately 45% to < 35% over a 
10-year period (2033) and then maintaining 
the deficit below 35%, with a two year 
excursion allowance. 

Rehabilitation undertaken for the 
respective mine expansion 
projects will progressively return 
vegetation to the Northern Jarrah 
Forest. Thus, over time, the 
cumulative impact will be 
reduced. 

Sources: 1 Strategen (2013b). 

* The proposed extents to be cleared take into consideration the additional commitments that will be implemented to provide further protection of the key environmental values as part 
of the Revised Proposal refinement (refer to Section 4.3.4).
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5.2.5 Mitigation 

The Revised Proposal represents an expansion of an existing mining and processing operation that 

has been operating for over 35 years. The location of additional infrastructure is partially constrained 

by existing infrastructure, landforms, and the location of the ore body; however, existing areas of 

disturbance such as cleared and agricultural areas have been prioritised, representing approximately 

2,000 ha of the proposed disturbance. The clearing proposed in this Revised Proposal is required to 

enable the continued operation of the Worsley Alumina Project. Comprehensive internal procedures 

regarding vegetation clearing, hygiene management and rehabilitation have been in place and 

implemented for the Project for many years and these procedures will continue to be implemented 

for the Revised Proposal. A summary of key management measures to address potential impacts 

on flora and vegetation are shown in Table 5-20. 

Worsley Alumina proposes to manage and mitigate potential impacts to flora and vegetation through 

the implementation of the BFMP (Appendix E1). The overarching purpose of the BFMP is to 

describe the strategies and procedures that are implemented to minimise the impact and risk of 

bauxite mining and transport activities to biodiversity. The principles of the mitigation hierarchy are 

employed in the BFMP by taking a proactive approach to avoid impacts to biodiversity during mine 

planning, implementing control measures in the construction and operational stages, rehabilitation 

after the completion of mining and using offsets as a last resort, where appropriate. The BFMP has 

been developed in consultation with, and reviewed by, DBCA and the EMLG (as directed under MS 

719) as part of the DBCA/Worsley Working Arrangements.  

Worsley Alumina implements a progressive rehabilitation program for areas no longer required for 

mining or infrastructure purposes. This rehabilitation program will be applied to the Revised Proposal 

and will allow the return of vegetation to the area. Worsley Alumina have also committed to reducing 

the current rehabilitation deficit from approximately 45% to < 35% over a 10-year period (2033) and 

then maintaining the deficit below 35%, with a two-year excursion allowance. Refer to Section 4.5 

for detailed discussion of the rehabilitation of disturbed lands and forest areas. 

Revision of clearing requirements during the assessment have been incorporated through the 

Section 43A process. This has resulted in a decrease of native vegetation clearing requirements 

from 7,119.5 ha to 4,399 ha (avoidance of 2,720.5 ha). Clearing associated with the Revised 

Proposal has been designed to avoid areas of high environmental value as defined in the Worsley 

Alumina Protected Areas Plan. These Protected Areas and Protection Commitment Areas are shown 

in Figure 5-13 and include Threatened (i.e. Caladenia hopperiana) flora, PECs, old growth forest, 

and high-quality wandoo. The Protected Areas Plan is reviewed regularly to ensure any species 

listing changes under the EPBC Act, BC Act or DBCA-lists are considered when undertaking 

proposed clearing activities. The Protected Areas Plan is incorporated into Worsley Alumina’s mine 

planning process.  

All planning for mining activities is, and will continue to be, presented in the 10 Year Mine Plan; an 

established process that is reviewed and accepted by the Worsley Alumina EMLG. As outlined in 

Section 1.3.1.1, the 10 Year Mine Plan details future mining plans and in particular includes detailed 

disturbance boundaries for the first three years of the plan. The plan is reviewed and endorsed by 

relevant Government agencies, including DWER and DBCA. The plan provides an opportunity for 

agencies to contribute to the long-term planning of mining operations. The agencies review the plan 

and provide advice to the Minister for State Development and Minister for Environment on the 

environmental and social acceptability of the operation and alignment of activities to approval and 
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State Agreement conditions. This review signifies acceptance of the plan going forward for the 

planned years. 

South West Biodiversity Partnership 

South 32 Worsley Alumina, Newmont Boddington Gold and Alcoa of Australia is in the process of 

establishing the South West Biodiversity Partnership (SWBP), that will have as its objectives:  

• Cooperation to mitigate and/or eliminate current and future impacts from key threatening 
processes impacting the region, such as dieback, feral animals, drying climate and fire 
management; 

• Improving the understanding of threatened species that utilise the region and how best to 
preserve and protect their interests into the future; 

• Generating regional, meaningful and sustainable biodiversity and land stewardship outcomes; 
and 

• Generating sustainable indigenous employment opportunities and learning development 
pathways. 

It is envisaged that the SWBP will collaborate to improve biodiversity outcomes in the region by 

leveraging access to resources (people, time, equipment), expertise and funding to achieve the 

objectives. In identifying and addressing regional biodiversity issues the SWBP proposes to work in 

cooperation with Universities, NGOs, Traditional Owner Groups, METS and stakeholders from other 

industries and social society. It is proposed that the partnership will be administered by an 

independent body, such as the West Australian Biodiversity Science Institute (WABSI).  
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Table 5-20 Proposed Management Measures for Flora and Vegetation 

Potential Impact  Management Measures 

Vegetation 
clearing 

Avoid 

• Avoidance of 2,720 ha of native vegetation clearing through amendment to the mine footprint; 

• Baseline flora and vegetation surveys completed prior to commencement of development activities to characterise the receiving 
environment values and inform mine planning; 

• Identification and avoidance of Protected Areas in accordance with the Protected Areas Plan (Worsley 2021g). Protected Areas 
are areas with high biodiversity conservation values that are provided formal protection through legislation or agreements (e.g. 
State Agreement), such as Threatened flora, PECs, and old growth forest (areas that meet the old growth forest criteria and as 
agreed with DBCA); 

• Protection of the Protection Commitment Areas in accordance with the Protected Areas Plan (Worsley 2021g). These areas 
provide protection for: 

• An additional approximately 82 ha of TECs, PECs and affiliated PEC heath habitats within the PAA (Plan P), in addition to 
that already protected through the Worsley Protected Areas Plan. These areas will be protected for the life of operations; and 

• Worsley Alumina will not clear more than 298 ha of the 1,228 ha of high quality Wandoo habitat identified within the PAA (as 
shown on Figure 4 of the Protected Areas Plan). Clearing of these Wandoo areas will be for any operational activities within 
the PAA. 

• Avoidance of areas of potential high conservation value  wherever practicable utilising the Biodiversity and Forest Management 
Plan (Worsley 2021c). Areas of potential high conservation value include Priority 1 and Priority 2 flora and specific vegetation 
communities of conservation value; 

• Map and avoid the location of populations of Threatened flora species Caladenia hopperiana; 

• Disturbance to the Priority 1 PEC – Mount Saddleback Heath Communities (G1 and G3 site-vegetation types) will be avoided; 

• Targeted ground truthing assessments within areas of remnant native vegetation mapped as having the high and medium to 
high potential old growth forest will be undertaken prior to disturbance of these areas to verify the mapping and allocate 
protection under the Protected Areas Plan to areas that meet criteria to be considered confirmed old growth forest; and 

• Continued development of the 10 Year Mine Plan on an annual basis which is submitted, reviewed and accepted by the EMLG. 
The 10 Year Mine Plan is reviewed by Government agencies, who provide advice to the Minister for State Development and 
Minister for Environment on the environmental and social acceptability of the operation and alignment of activities to approval 
and State Agreement conditions. This review signifies acceptance of the plan going forward for the planned years. 

Minimise  
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Potential Impact  Management Measures 

• Avoidance and minimisation of clearing of native vegetation within the design phase to reduce the footprint of mine pits, mine 
haul and truck roads, bauxite corridor road haulage and conveyor routes, and construction infrastructure support areas, 
wherever practicable; 

• Access roads and infrastructure will be preferentially located over ore in existing cleared, or disturbed and rehabilitated areas, to 
minimise clearing of remnant vegetation where practicable; 

• Continued implementation and compliance with internal procedures and standards, including the Native Vegetation Clearing 
Planning Procedure (Worsley, 2012), Mine Clearing Procedure (Worsley, 2015c), Mine Clearing Standard (Worsley, 2015d) and 
Flora and Fauna Conservation Procedure (Worsley 2017a); 

• The Mine Clearing Procedure (Worsley, 2015c) outlines the key process steps that must be taken for clearing activities: 

• All clearing must be scheduled in accordance with the Mine Clearing Planning Procedure; 

• The clearing boundary must be flagged; 

• Clearing of a track immediately inside the marked clearing boundary;  

• Installation of perimeter drains to prevent drainage outside the approved disturbance area; 

• Clearing must not occur beyond the flagged boundary, with the exception of storing forest residue for habitats that can be a 
maximum of 5 m outside the cleared boundary; and 

• All clearing areas must be surveyed after clearing to confirm the area cleared is within the approved area and for entry into 
the clearing database. 

• Avoid wherever possible and minimise the direct and indirect impacts to the Priority flora species, in particular the Priority 1 
species Gastrolobium sp. Prostrate Boddington as the species is geographically restricted to the Boddington area; 

• The design and planning for the haul road within the BTC will consider the known locations of Gastrolobium sp. Prostrate 
Boddington (Priority 1) with the clearing footprint to be constrained to reduce the number of individuals directly impacted; 

• Development and implementation of a Construction Environmental Management Plan (CEMP) for all construction activities 
relating to this Revised Proposal; 

• Implementation of the Threatened Species Management Plan (Worsley 2021i), which includes protection of Threatened flora 
species and Protected Areas; and 

• Newmont and Worsley are working to develop a parallel operations plan to govern interactions when working in and around 
each other.  Amongst other things the plan will outline protocols and procedures to be followed by the parties on certain aspects 
of environmental management, including, where agreed, joint protection. 

Rehabilitate 

• Progressive rehabilitation of cleared areas as soon as practicable where mining activities are complete, and areas are not 
occupied by utility corridors, buildings or fire-breaks. A detailed summary of the proposed rehabilitation process, including 
rehabilitation methodology, is provided in the BFMP (Appendix E1). The management plan outlines rehabilitation prescription 
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Potential Impact  Management Measures 

for topsoil and overburden, compliance reporting and review. The plan also contains details on rehabilitation monitoring and the 
development of completion criteria; 

• Implementation of the BBM Closure Plan (Appendix E5), which includes closure objectives addressing post mining native 
vegetation and habitat for conservation significant flora; 

• The progressive rehabilitation of State Forest on completion of mining activities is undertaken in accordance with the 
Rehabilitation Prescription, which details the application of rehabilitation objectives, methodology, and completion criteria, and 
the DBCA/Worsley Working Arrangements; 

• Rehabilitation activities completed in accordance with internal rehabilitation procedures and standards, including the 
Rehabilitation Standard (STA-021) (Worsley 2013f) that sets out the minimum standard for all rehabilitation activities for the 
Project (including rehabilitation planning, landholder communication and Key Performance Indicators (KPIs) for rehabilitation 
success). Worsley Alumina will also continue to implement the Mine Rehabilitation Operations Procedure (Worsley, 2015e), the 
Private Land Rehabilitation Management Procedure (Worsley, 2015f), and BBM Revegetation Management Procedure 
(Worsley, 2015a); and 

• The current rehabilitation deficit will be reduced from approximately 45% to < 35% over a 10-year period (2033) and then 
maintaining the deficit below 35% with a two year excursion allowance. 

Introduction and/or 
spread of invasive 
species 

Minimise  

• Weed inspections completed prior to vehicles and machinery regularly and prior to commencement of development activities to 
inform weed management and detection; 

• Implementation and compliance with the Worsley Forest Hygiene Management Procedure (Worsley, 2014) and Weed 
Management Procedure regarding vehicle movements, cleaning and activities during wet conditions; 

• Implementation and compliance with internal procedures and standards including the Geological Drill Hole Planning Procedure 
(Worsley 2017b) and Topsoil and Overburden Handling Specification (Worsley, 2013d) during exploration and operations, 
respectively, to manage weeds; 

• Implementation of the BBM Weed Management Procedure to manage and prevent the spread of weeds. Measures within the 
procedure include: 

• Regular inspections for weeds at the most appropriate time of year for target species; 

• Maintenance of a map of known weed locations (particularly Declared Plants) and areas requiring monitoring. This map is 
updated periodically to account for any new weed locations; 

• Development of a weed notification system and encourage its adoption by site personnel; 

• Implementation of weed control measures, such as spraying and manual removal; 

• Auditing topsoil and overburden handling procedures to limit the potential for the spread of weeds; and 
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Potential Impact  Management Measures 

• Ensuring that vehicles entering the BBM are free from soil and plant material, are clean prior to entry into forest areas and 
clean prior to movement between agricultural areas. 

• Site specific soil hygiene management training is available for required employees and contractors. 

Introduction and/or 
spread of invasive 
pathogens 

Avoid 

• Implementation and compliance with the Worsley Forest Hygiene Management Procedure (Worsley, 2014), which sets out 
procedures for the management of forest diseases, including dieback and Australian honey fungus. Measures include: 

• Completion of a forest disease assessment prior to any planned disturbance associated with the Revised Proposal, map 
forest areas for the presence of dieback and/or Australian honey fungus by a DBCA approved interpreter and inform 
management; 

• Ensuring all infested areas and clearing areas are surveyed and data made available for planning purposes; 

• Areas infested with dieback or Australian honey fungus, labelled uninterpretable for dieback and Disease Risk Areas are 
marked on clearing and exploration maps; 

• Training personnel in key areas of forest hygiene management; 

• Providing advice on sourcing uninfested (dieback-free) materials for civil works; 

• Advising employees and contractors on hygiene requirements for entering disease free/uninterpreted/uninterpretable areas, 
as required, and when leaving infested (diseased)/uninterpreted/uninterpretable areas; 

• Ensuring known forest hygiene status is shown on all exploration, clearing and earthwork plans; 

• Establishment of sign-posted vehicle/equipment clean-down points when earthworks are planned outside of dieback-free 
areas; 

• Within the BBM, no machinery, equipment or employee is permitted to enter an area marked as infested (with either dieback 
of Australian honey fungus) or uninterpretable without prior approval from BBM Environmental Execution or Approved Area 
Supervisor; 

• Unless travelling on formed, well drained and all-weather access approved haul roads, inspection and clean-down must 
occur at the following on exit; private land, any known dieback or uninterpreted areas, any known or suspect Armillaria areas 
and exploration areas; 

• Where practical, use single entry/exit points for accessing infested or uninfested areas during operations. Preferred access 
must always be through using existing tracks; 

• Ensuring a perimeter drain is established in accordance with the Site Drainage – BBM Standard (00111928) prior to clearing, 
to control the direction of water run-off; 

• Obtaining DBCA Disease Risk Area permits, as required; and 

• Seeking advice and permission to continue operations in infested areas in wet conditions. 



 

 Worsley Mine Expansion Environmental Review Document 244 
 

Potential Impact  Management Measures 

Minimise  

• Continued implementation and compliance with internal procedures and standards, including the Geological Drill Hole Planning 
Procedure (Worsley 2017b) and Topsoil and Overburden Handling Specification (Worsley, 2013d) during exploration and 
operations, respectively, to manage invasive pathogens; 

• In accordance with the BFMP (Worsley 2021c), areas that are dieback infested and are scheduled for mining and rehabilitation 
will have an area specific Soil Hygiene Management Plan. The Soil Hygiene Management Plan will take into account all hygiene 
considerations, including all soil movement, management and earthworks, access restrictions, the composition of pre-
disturbance vegetation. The plan will also include a suitable revegetation program to reduce returned susceptible species; 

• Topsoil and gravel from dieback infested areas will be stockpiled separately with the footprint of the infested area and returned 
post-mining following typical rehabilitation practices, under the guidance of an area specific Soil Hygiene Management Plan. 
The infested topsoil and gravel stockpiles may also be demarcated using pink flags; 

• Signs are placed to indicate uninfested areas within the RLA; and 

• Routine field monitoring (3 yearly) of uninfested areas in the RLA is conducted to detect changes to infested areas. 

Smothering of 
vegetation by dust 

Refer to the management measures detailed in Section 5.6.5 (Air Quality). 
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5.2.5.1 Rehabilitation 

Monitoring of flora and vegetation in rehabilitated areas is undertaken annually, with reference sites 

monitored every 3 years to assess rehabilitation success. In 2020, Worsley Alumina commissioned 

Mattiske to undertake this detailed review of the establishment of flora and vegetation in areas 

rehabilitated as part of the ongoing bauxite mine-pit rehabilitation program. The study assessed 

rehabilitation at different ages, i.e. 30 years (i.e. rehabilitated in 1990), 20 years (2000), 10 years 

(2010), 5 years (2015) and 15 months (2019). Although 30 years of data is available , pre-1993 data 

have not been included in the graphs. An update and revision of rehabilitation monitoring 

methodology applied post-1993 onwards to this day ensures a consistent approach has been applied 

in the collection, analysis and presentation of the rehabilitation data. The assessment monitored 

both understorey and trees and provided information on the ongoing succession and development 

of rehabilitated areas. Data from eight previously monitored forest control plots representing the 

major vegetation communities disturbed by mining were used as site analogues. The results of the 

survey and comparison against the forest control plots from Worsley Alumina (Mattiske, 2021c) are 

presented in Table 5-21. 

The density and foliage cover of native plants within the understorey of the rehabilitated areas was 

observed to fluctuate depending on the age of the rehabilitation. The understorey foliage cover of 

alive native species in rehabilitation was typically >60% alive cover after seven years , exceeding 

the average of 52% cover in the Forest Monitoring Plots (FMP). The exceptions were early 

establishing rehabilitation that was < 2 years old and the 2000 rehabilitation areas (at 20 years). Low 

native foliage cover results in the 2000 rehabilitation areas (at 20 years), seem to contrast with the 

more consistent results in other rehabilitation areas, although there were fluctuations associated with 

the different stages of rehabilitation. These fluctuations include changes from initial establishment, 

to rapid initial growth, to competition between established plants, a decline in shorter lived perennial 

species and then recovery with time (Mattiske, 2021c). Table 5-21 presents these trends in foliage 

cover and plant density of understorey species in rehabilitation over time. The density of native plants 

in rehabilitated areas was lower than the State Forest plots, while foliage cover was broadly 

comparable, except for early establishing rehabilitation areas at 15 months of age. 
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Table 5-21 Average Understorey Species Richness, Cover, Density and Diversity for Forest Control Plots and 
State Forest Rehabilitation Areas  

Age (Year 
Rehabilitated) 

Species Richness 
(species/80 m2) % Native 

Foliage 
Cover1 

Native 
Plant 

Density 
(No./m2)2 

Shannon-Weiner 
Diversity Index 

Native Weeds Density Foliage 

15 months (2019) 38.61 8.3 26.24 5.17 1.60 - 3.37 1.02 - 3.09 

5 years (2015) 45.00 5.83 69.21 5.95 2.66 - 3.05 1.52 - 2.97 

10 years (2010) 40.83 3.5 85.33 4.07 2.33 - 3.39 2.19 - 3.28 

20 years (2000) 41.00 1.8 75.51 3.09 2.63 - 3.07 2.55 - 2.84 

30 years (1990) 39.00 1.20 55.41 4.54 2.42 - 2.95 1.88 - 2.69 

State Forest plots 
(reference)3 70.63 1.88 79.07 25.38 3.08 - 3.37 2.31 - 2.76 

1 Includes only % alive foliage cover. 
2 Includes only alive plants. 
3 Numbers are averaged from the four dominant vegetation types typically disturbed for mining operations. 

The average understorey species richness (includes alive and dead native species) in rehabilitation 

10 to 20 years old was >40 alive native species/plot (80 m2). Native understorey species richness 

data is presented in Figure 5-14 and is representative of rehabilitation ages from one year old to 20 

years old compared to the mean species richness for the FMP (shown on the graph as FMP’s these 

are the unmined control plots, monitored to provide a baseline assessment of unmined areas) The 

results from this longer term approach reflect consistently >40  native species after the initial growth 

period. In addition Figure 5-15 outlines the mean species richness for each rehabilitation year 

compared to the mean species richness for the forest monitoring plots. The graph demonstrates 

species richness in rehabilitation is higher than 70% across all ages of rehabilitation, with seven and 

ten year old rehabilitation demonstrating approximately 80% species richness of the forest plots. 

Longer term after the initial establishment and growth, the results show that there is consistently >40 

native species as the rehabilitation matures beyond 15 years of age.  
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Figure 5-14 Understorey Native Species Richness - Rehabilitation by Year 

 

Figure 5-15 Understorey Native Species Richness – For Rehabilitation Year 
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The alive foliage cover of weeds decreases to below 2 weeds/quadrat (2 m x 2 m) after the initial 

rehabilitation monitoring at 15 months (Figure 5-16).  The initial growth of weeds is primarily short-

lived annual species which after the native growth establishes cannot compete in the rehabilitation 

areas.  The average alive foliage cover on FMP’s is 0.12 weeds/quadrat (2 m x 2 m). 

 

Figure 5-16 Introduced Foliage Cover in Rehabilitated Areas Over Time 

Tree density (excluding seedlings) within the majority of the rehabilitation areas monitored was 

observed to be generally higher than the surrounding Jarrah Forest communities. Mean tree heights 

and diameters were also found to be increasing with time since rehabilitation, indicating the trees 

are establishing well and beginning to develop traits that structurally resemble the surrounding 

Jarrah Forest .  

The recorded mature tree density is variable when compared with established forest control plots 

but is generally more than established baseline control plots that have been established between 

1980 and 2017.  

Monitoring has recorded variable densities of 12 conservation significant flora species (DBCA 

Priority listing) in Worsley Alumina rehabilitation of a total of 15 listed Priority species recorded in the 

PAA (Mattiske, 2021b). This includes: 

• Calytrix simplex subsp. simplex (P1); 

• Gastrolobium sp. Prostrate Boddington (P1); 

• Hibbertia ambita (P1); 

• Isopogon sp. Canning Reservoir (P1); 

• Banksia subpinnatifida var. subpinnatifida (P2); 

• Banksia subpinnatifida var. imberbis (P3); 

• Halgania corymbosa (P3); 

• Goodenia katabudjar (P3); 

• Stylidium marradongense (P3); 

• Calothamnus quadrifidus subsp. teretifolius (P4); 

• Lasiopetalum cardiophyllum (P4); and 

• Senecio leucoglossus (P4). 

Of these species Lasiopetalum cardiophyllum has been returned via hand planting seedlings and is 

monitored under the Worsley Alumina recalcitrant species research program. Research monitoring 

has recorded high density of recruitment from the seedlings after 10 years establishment in Worsley 

Alumina rehabilitation. In addition, Worsley Alumina have commenced propagation studies of the 
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geographically restricted Priority flora species Gastrolobium sp. Prostrate Boddington (Priority 1) 

discussed further in Section 5.2.6. 

Representative photos of rehabilitation areas (at various ages) and State Forest are shown in Figure 

5-17.  

.  

a) Rehabilitation Area – 15 months (2017) 

 
b) Rehabilitation Area – 4 years (2015) 

 
c) Rehabilitation Area – 6 years (2013) 

 
d) Rehabilitation Area – 20 years (1993) 

 
e) Rehabilitation Area – 29 years (1990) 

 
f) Rehabilitation Area – 33 years (1986) 
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g) State Forest – Reference site 

 
h) State Forest – Reference site 

Figure 5-17 Representative Photographs of Rehabilitation Areas and State Forest Plots 
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Fire Resilience 

In 2015, Worsley Alumina commissioned Kings Park to undertake a study to examine the changes 

in native and weed species richness, density, cover and composition of rehabilitation communities 

in rehabilitation through time from establishment, and pre and post fire. Based on the available data, 

the study concluded that rehabilitation demonstrated resilience to fire and that fire during the early 

years of rehabilitation did not appear to change the long-term development of the vegetation (plant 

cover and density) (Latham and Miller, 2016). The study noted that the composition of the 

rehabilitation areas evolved, as time progressed, broadly toward the composition of forest plots and 

that fire did not significantly influence (positively or negatively) this progression. 

The study observed that differences in the composition of rehabilitation areas and forest plots were 

due to a higher abundance of Acacia species and lower cover of jarrah, Banksia, Xanthorrhoea and 

Macrozamia species in rehabilitation areas relative to forest reference sites. This was considered to 

reflect several natural processes, as related to the seed persistence and storage mode, rehabilitation 

processes and growth rate of these species (Latham and Miller, 2016). For example, jarrah and 

Banksia species are both relatively slow growing trees with canopy stored seed, Xanthorrhoea and 

Macrozamia species are very slow growing and have no seed persistence, while Acacia species 

have soil stored seed and are fast growing. Latham and Miller (2016) suggest that the return of 

Banksia, Xanthorrhoea and Macrozamia species in rehabilitation (from collected seed or planted 

greenstock, as per existing Worsley rehabilitation process) may assist with bringing rehabilitation 

composition closer to that of the State Forest. 

5.2.6 Assessment and Significance of Residual Impact 

The PAA and surrounding area have been subject to historical disturbance from agricultural, mining 

and forestry activities, which have been operating in the region over a long period of time. The 

Revised Proposal will reduce the area of remnant native vegetation at a local and regional scale, 

with disturbance equating to approximately 45% of the remaining remnant vegetation within the PAA. 

However, all vegetation complexes and site-vegetation types (including those of regional or local 

significance) will continue to be represented within the Southwest Forest extent. Clearing will occur 

in two vegetation complexes that have been highly impacted by historical clearing in the Southwest 

Forest extent; the Michibin and Williams complexes. Clearing for the Revised Proposal will result in 

a reduction of these complexes by approximately 3% and 1%, respectively. The Revised Proposal 

will not result in the clearing of any TEC or PECs, including the Priority 1 PEC – Mount Saddleback 

Heath Communities.  

Some individuals of Priority flora such as Gastrolobium sp. Prostrate Boddington, will be cleared, 

however individuals and populations are known to occur more widely in the broader PAA and/or 

surrounds and the conservation status of the species at a regional level is unlikely to change as a 

result of the Revised Proposal. Additionally, Gastrolobium sp. Prostrate Boddington has been found 

growing in rehabilitation and topsoil stockpiles, demonstrating its ability to be re-established. The 

Revised Proposal will not result in the loss of any known threatened flora, specifically the Caladenia 

hopperiana. 

Worsley Alumina has maximised the use of existing cleared, disturbed and rehabilitated areas for 

the Revised Proposal to minimise the amount of remnant vegetation clearing required. The 

implementation of the Protected Areas Plan also minimises potential impacts to vegetation and flora 

as it identifies specific site-vegetation types and flora species of high value that are to be avoided as 

part of mine planning. Worsley Alumina considers that the impacts on flora and vegetation 
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associated with the Revised Proposal do not significantly impact on the biological diversity and 

ecological integrity on a local or regional level. 

There is potential for indirect impacts to vegetation and flora to occur through the introduction and/or 

spread of invasive pathogens and weeds. However, this can be mitigated through appropriate 

management measures, as detailed in Section 5.2.5. These routine management measures are 

implemented for current operations and have proven to be effective in managing invasive pathogens 

and weeds.  

The Revised Proposal has the potential to alter surface water drainage patterns and flows through 

clearing and mining operations. The potential impacts associated with surface water flows are 

discussed in Section 5.5.4, with management measures outlined in Section 5.5.5. 

The Revised Proposal has the potential to cause localised groundwater mounding due to mining 

operations, which may lead to waterlogging of vegetation. Potential impacts to the Priority 1 PEC – 

Mount Saddleback Heath Communities are considered to be relatively low with the majority of the 

PEC considered to have no risk of being affected and, therefore, indirect impacts to the PEC are 

expected to be minimal. Further discussion on the potential impacts to the PEC from groundwater 

mounding is provided in Section 5.5.4.1.7. 

With the exception of vegetation clearing, residual impacts to flora and vegetation are generally 
equivalent to those associated with existing operating conditions. Management and monitoring 
measures are well practised and understood. Worsley Alumina will continue to mitigate the loss of 
remnant vegetation through progressive rehabilitation of State Forest and WJV areas disturbed by 
mining activities. Furthermore, Worsley Alumina have committed to reducing the current 
rehabilitation deficit from approximately 45% to < 35% over a 10-year period (2033) and then 
maintaining the deficit below 35%, with a two year excursion allowance. The implementation of 
offsets for specific MNES terrestrial fauna species will be delivered through a net protection of native 
remnant flora and vegetation within the Revised Proposal (refer to Section 7).  

Worsley Alumina has undertaken considerable refinement of the Revised Proposal including the 

reduction in the amount of areas cleared and commitments to avoid areas of conservation 

significance through implementation of the Protected Areas Plan.  Minimisation of impacts through 

established weed and disease practices and continued refinement of infrastructure and pit design, 

will also lead to improved environmental outcomes.  Worsley Alumina is able to demonstrate that 

rehabilitation of its disturbed areas can effectively return areas to native vegetation and provide 

benefit to conservation significant species.  

Consideration of the Residual Impact Significance Model is provided in Section 5.3.9. No significant 

residual impacts to conservation significant flora are anticipated as a result of the Revised Proposal 

and, as such, offsets are not proposed. Potential impacts to conservation significant flora 

(Threatened and Priority 1 and Priority 2 flora species) will be avoided and minimised through 

implementation of the Biodiversity and Forest Management Plan.  

5.2.7 Environmental Outcomes 

On the basis of the above assessment, it is expected that the Revised Proposal can meet the EPA’s 

objective for the flora and vegetation to “protect flora and vegetation so that biological diversity and 

ecological integrity are maintained”. 

Specifically, Worsley Alumina commit to (and anticipate the following commitments to become 

outcome based conditions): 
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• Identification and protection of Protected Areas in accordance with the Protected Areas Plan. 
Protected Areas are areas with high biodiversity conservation values that are provided formal 
protection through legislation or agreements (e.g. State Agreement), such as Threatened flora 
(e.g. Caladenia hopperiana), PECs (e.g. Mount Saddleback Heath Communities Priority 1 PEC), 
and old growth forest (areas that meet the old growth forest criteria and as agreed with DBCA); 

• Map and avoid the location of populations of Threatened flora species Caladenia hopperiana; 

• Worsley Alumina will not clear more than 298 ha of the 1,228 ha of high quality Wandoo habitat 
identified within the PAA (as shown on Figure 4 of the Protected Areas Plan). Clearing of these 
Wandoo areas will only be for any operational activities within the PAA; 

• No loss of any Threatened Ecological Community (TEC) or Priority Ecological Community (PEC), 
specifically the Priority 1 PEC – Mount Saddleback Heath Communities; 

• Continued development of the 10 Year Mine Plan on an annual basis; and 

• The current rehabilitation deficit will be reduced from approximately 45% to <35% over a 10-year 
period (2033) and then maintained below 35%, with a two year excursion allowance. 
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5.3 KEY ENVIRONMENTAL FACTOR – TERRESTRIAL FAUNA 

5.3.1 EPA Objective 

The EPA’s environmental objective of the factor ‘Terrestrial Fauna’ is: 

To protect terrestrial fauna so that biological diversity and ecological integrity are maintained. 

For the purposes of EIA, the EPA defines terrestrial fauna as animals living on land or using land for 

all or part of their lives. Terrestrial fauna includes vertebrate and invertebrate groups (EPA, 2016d). 

Ecological integrity is defined as “the composition, structure, function and processes of ecosystems, 

and the natural range of variation of these elements” (EPA, 2016e). 

5.3.2 Relevant Policy and Guidance 

5.3.2.1 EPA Policy and Guidance 
 

• Environmental Factor Guideline – Terrestrial Fauna  (EPA, 2016d); 

• Technical Guidance – Terrestrial vertebrate fauna surveys for environmental impact assessment 
(EPA, 2020d); and 

• Technical Guidance – Sampling of short range endemic invertebrate fauna (EPA, 2016f). 

5.3.2.2 Commonwealth Policies and Guidance 
 

• Survey guidelines for Australia’s Threatened mammals (DSEWPAC, 2011a); 

• Survey guidelines for Australia’s Threatened birds (DEWHA, 2010); 

• Survey guidelines for Australia’s Threatened reptiles (DSEWPAC, 2011b); 

• Carnaby’s Cockatoo (Calyptorhynchus latirostris) Recovery Plan: Western Australian Wildlife 
Management Program No. 52 (DPaW, 2013); 

• Forest Black Cockatoo (Baudin’s Cockatoo Calyptorhynchus baudinii and Forest Red-tailed Black 
Cockatoo Calyptorhynchus banksii naso) Recovery Plan (DEC, 2008); 

• Chuditch (Dasyurus geoffroii) National Recovery Plan: Wildlife Management Program No. 54, 
(DEC, 2012a); 

• National Recovery Plan for the Woylie (Bettongia penicillata ogilbyi): Wildlife Management 
Program No. 51 (DEC, 2012e); 

• Western Ringtail Possum (Pseudocheirus occidentalis) Recovery Plan (DPAW, 2017c); 

• Quokka Setonix brachyurus Recovery Plan (DEC, 2013a); 

• Threat abatement plan for predation by feral cats (DoE 2015); 

• Threat abatement plan for competition and land degradation by rabbits (DoEE, 2016); 

• Threat abatement plan for predation by the European red fox (DEWHA, 2008); 

• Threat abatement plan for predation, habitat degradation, competition and disease transmission 
by feral pigs (Sus scrofa) (DoEE, 2017c); and 

• Environment Protection and Biodiversity Conservation Act 1999 Environmental Offsets Policy 
(DSEWPAC, 2012a). 

5.3.2.3 Other Policy and Guidance 
 

• DWER WA Environmental offsets calculator (DWER 2021a); 

• Guideline Environmental offsets metric: Quantifying environmental offsets in Western Australia 
(DWER, 2021b); 

• WA Environmental Offsets Policy (GoWA, 2011a); and 

• WA Environmental Offsets Guidelines (GoWA, 2014). 
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Worsley Alumina have applied the Environmental Factor Guideline for Terrestrial Fauna to the 

activities described within the Revised Proposal. Worsley Alumina have actively taken steps to 

identify fauna species of conservation significance and apply protection measures to these species, 

such as those identified in Section 4.3.4 and Section 5.3.5 to avoid or minimise impacts to these 

conservation significant species. The protection measures discussed in this section – Terrestrial 

Fauna – demonstrate Worsley Alumina’s commitment to protection to the values fauna and their 

habitat. 

Where the residual impact to conservation significant fauna species has been identified as 

significant, further protection measures have been considered and will be applied, as outline in the 

Biodiversity Offsets Plan (Worsley 2021d) and Section 7, and in accordance with the EPA’s 

guidance for offsets. 

The baseline and targeted surveys for terrestrial fauna and short-range endemics undertaken to 

support the Revised Proposal have been carried out in accordance with the EPA’s Technical 

Guidance documents. These surveys are provided in Appendix G to support the environmental 

impact assessment process and provide confidence in the current knowledge within the 

development envelopes and surrounding area. Discussion of these surveys are presented in 

Section 5.3.3. 

Whilst this chapter focusses predominantly on the factor of Terrestrial Fauna in isolation, it is 

understood that this factor interacts with other key environmental factors such as Flora and 

Vegetation and Inland Waters. A holistic impact assessment has been provided within Section 10. 

5.3.3 Receiving Environment 

The following sections discuss the survey effort and provide a detailed description of the existing 

environmental baseline for terrestrial fauna values as relevant to the Revised Proposal. Importantly, 

this assessment has considered areas both within the proposed development area and the broader 

regional environment. For discussion of aquatic fauna, particularly the conservation significant 

Carter’s Freshwater Mussel, refer to Section 5.5.3 (Inland Waters). 

As outlined in Section 1.3, it is important to note there are existing project elements associated with 

the Worsley Alumina Project that are fully operational, including the Refinery and OBC, that will not 

undergo any changes as a result of the Revised Proposal. These operations are inherently 

considered in this receiving environment section so as to provide for full context of contemporary 

operations and site context within this Revised Proposal.  

5.3.3.1 Fauna Habitats 

5.3.3.1.1 Overview 

The PAA provides a variety of fauna habitat types that range from native fauna habitat, to 

rehabilitated and plantation habitats, to cleared areas (e.g. for agriculture and mining) and water 

bodies (e.g. Hotham and Williams Rivers and the Freshwater Lake). Native fauna habitat comprises 

approximately 44% (12,980 ha) of the PAA, with cleared areas accounting for approximately 43% 

(12,708 ha).  

Long-term operational mining for the Worsley Alumina Project, for which this Revised Proposal will 

allow continuation and expansion of these activities, and Newmont BGM are key features within the 

PAA and Boddington area. Both mines have been operating in the area since the 1980s. The 

Worsley Refinery and OBC will continue to operate as part of the Worsley Alumina Project. Both of 

these areas are outside of the PAA. 
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Further discussion of the fauna habitats in the PAA is provided in the sections below.  

5.3.3.1.2 WMDE and BTC  

Sixteen fauna habitat types have been identified as occurring within the WMDE and BTC, based on 

site-vegetation type mapping and field surveys. These habitats can be generalised into six broad 

fauna habitat types based on their landscape position and general habitat function similarities: 

• Jarrah/marri communities; 

• Wandoo communities; 

• Mallee woodlands; 

• Heath communities; 

• Riparian/wetland and associated communities; and 

• Others, including rehabilitated areas, plantations, dams and cleared lands. 

The fauna habitat types, corresponding site-vegetation type and extents within the development area 

are summarised in Table 5-22. No fauna habitats are restricted to the WMDE and BTC and occur in 

the broader local and regional area. 

Collectively, the WMDE and BTC development envelopes consist of a large portion of cleared lands 

(approximately 12,544 ha or approximately 44%) within a predominantly agricultural landscape 

(Table 5-22 and Figure 5-18). The cleared lands represent a highly homogenous landscape type 

and are generally of poor value for native fauna as they provide limited foraging and shelter values 

(BIOSTAT, 2021a). At a landscape level, all of the fauna habitats of native and remnant vegetation 

are utilised by fauna where resources are available and therefore are of relatively high value and of 

importance to fauna, including Threatened species (BIOSTAT, 2021a). Rehabilitated lands within 

the collective WMDE and BTC (approximately 3,200 ha or approximately 11%) also provide foraging 

resource for numerous species.  

Remnant stands of native vegetation occur throughout the WMDE and BTC, as shown in Figure 

5-18. The remnant vegetation comprises of predominantly marri and jarrah (and Allocasuarina) 

woodlands (Table 5-22). The remnants, particularly the smaller patches of native vegetation, within 

the agricultural lands have been retained generally as shelter belts for stock and, as such, are 

characterised as:  

• Generally consisting of stands of trees, with various combinations of jarrah/marri/blackbutt/ 
flooded gum/wandoo (depending on their position in the landscape); 

• Usually in varying levels of condition and of relatively homogenous age cohort; 

• Lacking a native vegetation understorey; 

• If native understorey exists, it is sparse and in very poor condition due to grazing; and 

• Ground cover is dominated by introduced agricultural grasses and grain species.  

These remnant stands, however, provide valuable habitat for native fauna, particularly volant fauna 

(i.e. birds and bats) (BIOSTAT, 2021a), and are utilised by fauna where resources are available. The 

remnants provide a foraging resource and potential breeding/denning/roosting habitat, 

supplementing that available in the more substantial areas of native vegetation in the surrounding 

area. The native vegetation remnants also provide a degree of connectivity within the predominantly 

agricultural landscape of the WMDE and BTC and allow individual fauna or flocks to move between 

suitable habitats. Even with the level of fragmentation and the poor quality of some of the remnants, 

the local area supports a relatively diverse fauna assemblage, including Threatened species such 

as all three Black Cockatoo species, Chuditch, Red-tailed Phascogale and Woylie (BIOSTAT, 

2021a). All remnants within the agricultural landscape that contain mature trees have the potential 

to develop hollows and provide nesting opportunities for fauna. BIOSTAT (2021a) observed that the 
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lack of fire over an extended period of time within remnant forest blocks in the WMDE and BTC had 

influenced the structure of these remnants, such that they differed to areas of similar vegetation 

communities outside of these areas. In general, vegetation that remains unburnt for long intervals 

supports more mature trees, and well-developed and diverse understorey.  

The jarrah/marri community fauna habitat types (DL, JC, JM) cover approximately 8,740 ha 

(approximately 31%) of the collective WMDE and BTC (Table 5-22). These communities are 

differentiated by their position in the landscape and the associated soil type and soil structure. Most 

of these habitats are found within the BTC, northern WMDE and southern extent of the WMDE 

(BIOSTAT, 2021a); Figure 5-18). In most instances, the jarrah/marri woodland communities have 

been logged and, consequently, tend to support trees of similar age cohorts with minimal variation. 

The regeneration of these communities post-logging has been observed to be variable. With regard 

to the understorey and mid-storey, this has re-established in most instances, although it may differ 

from the pre-logging community assemblages (BIOSTAT, 2021a). The older, more mature growth 

sections of forest (e.g. around the BGM and southern end of the WMDE) are characterised by a 

more open canopy forest system. The younger logged regrowth and their abundance of younger 

tree regrowth are characterised by a slightly more mesic, denser lower storey vegetation. As the tree 

density is reduced through natural attrition, the succession reflects the older, more mature growth 

stands. 

A large portion of the jarrah/marri fauna habitat type has been cleared for approved mining in the 

southern WMDE (Saddleback area). The largest contiguous remnants occur in the northern and 

southern extent of the WMDE and northern portion of the BTC. These remnants form forest 

complexes that include other major habitat types such as wandoo woodlands (WO). 

The majority of the upper slope and ridge jarrah/marri communities (JC/JM) are found on rockier 

soils and tend to have a lower tree layer characterised by the presence of bull banksia (Banksia 

grandis) (BIOSTAT, 2021a). Rocky lateritic outcrops or granite capping is common within these 

habitats. The understorey within these communities consists primarily of low shrubs and native 

grasses. Where they occur on mid and lower slopes (JM/JC/DL), these communities tend to be 

located on more humic soils with a relatively denser shrub understorey. 

The presence of the western sheoak (Allocasurina fraseriana) within the jarrah/marri community 

fauna habitats is an important landscape characteristic as it has potential to provide important habitat 

for populations of the Brush-tailed Phascogale (Phascogale tapoatafa wambenger) and Red-tailed 

Phascogale (Phascogale calura), and food resource for Black Cockatoos (BIOSTAT, 2021a). As 

outlined above, while these habitats are fragmented across a large area within the WMDE and BTC, 

they still provide refuge for fauna as breeding, denning/roosting and foraging habitats. They also 

provide connectivity for movement across the fragmented landscape.  

The wandoo woodland fauna habitat is also common within the WMDE and BTC, covering 

approximately 2,687 ha (approximately 9%) (Table 5-22 and Figure 5-18). This habitat type occurs 

on sandy to clay soils in all elevations in the landscape. Wandoo form hollows readily, which makes 

these habitats an important component in the biodiversity of the landscape as they have the potential 

to support nesting/breeding birds and other hollow dependent species. The flowers and fruit also 

provide a feeding resource for several vertebrate fauna species. As with the other native vegetation 

remnants, the majority of the wandoo woodlands have been previously logged and display relatively 

homogenous age cohort demographics (BIOSTAT, 2021a). The lower understoreys and ground 

cover within the wandoo woodland varies widely and includes a number of plant species, including 

Xanthorrhoea sp., Acacia sp. and Hakea sp. (BIOSTAT, 2021a).  
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The heath community fauna habitat type (PH) is relatively sparse within the WMDE and BTC, 

covering approximately 157 ha (approximately <1%) (Table 5-22). Small, isolated occurrences of 

heath occur throughout the WMDE and BTC (Figure 5-18). Heaths tend to be associated with 

shallow soils usually over granite cap-rock. The structure and species composition of the heaths 

varies from dense low shrubland to open shrubland with sparse trees. They also provide a distinct 

habitat type within the landscape and act as a refuge for fauna due to their extended moisture 

retention. Fauna species, such as the honey possum (Tarsipes rostratus) and other nectarivores 

and insectivores (e.g. honeyeaters, Sminthopsis sp. and bats) favour these habitats due to the high 

diversity of flowering plant species (BIOSTAT, 2021a). Heaths are also known to be a foraging 

resource for Carnaby’s Black Cockatoo. 

Riparian, wetland and mesic valley systems, including the Hotham River and its tributaries, are 

located within the WMDE and BTC. The vegetation communities that exist along the tributaries range 

from melaleuca shrublands and heaths (MW and MS), jarrah/marri/flooded gum riparian woodlands 

(FD), and flooded gum woodlands (FG) (BIOSTAT, 2021a). The largest of these communities are 

the flooded gum woodlands (covering approximately 698 ha) associated with the Hotham River and 

its drainage tributaries (Table 5-22). The melaleuca shrublands also form a large component of 

these communities, covering 133 ha, and form distinct habitats throughout the WMDE and BTC 

(Table 5-22). The largest concentration of the melaleuca shrublands occurs in the far south of the 

WMDE (Quindanning area) (Figure 5-18). Additional mesic habitats are occasionally associated 

with riparian system habitats and include blackbutt and jarrah-marri communities (BB and JS). These 

mesic habitats occur in lower slopes and valleys in the landscape and are subject to seasonal 

inundation.  The deeper pools present within the riparian and wetland habitat types that support 

water for substantial periods act as refuge for aquatic species as well as frog, waterfowl and the 

native mammals such as the Rakali (native water rat; Hydromys chrysogaster). The main Hotham 

River branch, which traverses through the WMDE and BTC, forms part of the extended drainage 

ecosystems in the areas via direct physical connections or proximity to vegetation communities and 

associated wetlands.  

Rehabilitated areas (RE) and dams occur within the WMDE and BTC. The rehabilitated areas form 

an important component of the landscape with approximately 3,180 ha currently rehabilitated by 

Worsley Alumina within the WMDE and BTC. Rehabilitated areas enhance the landscape 

connectivity where they join less disturbed habitats, which are of high value to native fauna 

(BIOSTAT, 2021a). Rehabilitated vegetation also provides a suitable foraging resource for numerous 

volant and non-volant fauna species. The maturity of the rehabilitated vegetation is variable and 

subsequently the ecological value of the rehabilitated areas also varies. Within the WMDE and BTC, 

the rehabilitated areas tend to progress along a relatively predictable path as they mature; from bare 

ground to heath-like habitat through to shrubland, low closed forest, and finally tall forest. After 5-8 

years, these areas are a useful foraging resource for Black Cockatoo species, nectarivores and 

granivores (BIOSTAT, 2021a). The dams within the WMDE and BTC, though artificial and 

predominantly non-permanent water sources, provide an additional water source for many native 

species and can act as temporary refugia for waterfowl, amphibians and reptiles.  

Plantations, predominantly of Tasmanian blue gum (Eucalyptus globulus), occur within the 

agricultural landscape and have been established for commercial harvesting or to create shelter 

belts/feed shrubs for livestock. Plantations generally provide a low quality refuge for fauna due to 

the homogeneity of the upper storey and general lack of understorey. However, the plantations within 

the WMDE and BTC provide some additional foraging resource for fauna and connectivity, where 

adjacent to relatively undisturbed habitats (BIOSTAT, 2021a). Plantation trees planted for the 

purposes of commercial harvesting are unlikely to support hollows prior to harvesting due to their 

young age and species.  
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5.3.3.1.3 CBME  

The CBME forms part of the Mornington Mill Block of the Harris River State Forest area that was 

logged prior to the development of the Refinery in the early 1980s. The CBME landscape is 

characterised by hills with a valley at the southern boundary and supports four general fauna habitats 

(Figure 5-19):  

• Riparian/mesic communities; 

• Jarrah/marri communities;  

• Cleared lands (supporting very small remnants of native vegetation); and 

• Others – dam. 

These habitats are present within the broader area and are not restricted to the CBME. 

Native vegetation covers approximately 510 ha (approximately 68%) of the CBME. The lower 

landscapes within the CBME, such as minor drainage systems including the Augustus River to the 

northwest of the freshwater dam, support native vegetation generally consisting of more mesic 

woodlands and forests (BIOSTAT, 2021a). These habitats comprise approximately 12% of the 

CBME and are characterised by the presence of blackbutt (Eucalyptus patens) (BB). The most 

abundant habitat type being a mosaic of jarrah/marri communities that cover nearly 56% of the 

CBME (Table 5-22). The variations in this habitat include marri/jarrah forests on moister lower slopes 

(DL) although the more dominant habitat type is the jarrah/marri forests of the slopes and ridges with 

bull banksia and western sheoak (JC). Smaller stands dominated by jarrah/marri woodlands (JM) 

form an interface between the other three habitat types within the CBME. 

The blackbutt and jarrah/marri woodlands in the CBME are generally relatively dense with high 

proportions of younger trees (post-logging regrowth) and a relatively dense shrub layer, which 

provides refuge and foraging opportunities for fauna. The jarrah/marri woodland habitat to the north-

east of the freshwater dam within the CBME has a slightly older demographic of trees and a less 

dense shrub understorey (BIOSTAT, 2021a). The remnant forest in the CBME is generally relatively 

high quality.  

The valley has been dammed for a constructed freshwater source covering approximately 62 ha 

(approximately 8%) of the CBME, while areas on the southern and eastern edges of the CBME have 

been cleared (approximately 22% of the CBME). The cleared areas contain some very small highly 

disturbed fragments of native vegetation, but overall, the fauna habitat in the CBME is contiguous. 
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Table 5-22 Vertebrate Fauna Habitats within the PAA  

Fauna Habitats 

Fauna 
Habitat 
Code 

(BIOSTAT, 
2021a) 

Corresponding 
Site-vegetation 
Type Code(s) 

(Mattiske, 2021a) 

General Fauna 
Habitat Type 

Extent within the PAA 
Development Envelopes (ha)  

Extent 
within the 
PAA (ha)* 

WMDE BTC CBME  

Blackbutt woodlands on lower slopes BB 
CQ, CW, L, LG, 

Q, W 

Riparian/wetland 
and associated 
communities 

33.7 27.0 92.4 126.1 

Mosaic of marri/jarrah on lower slopes and 
flooded gum riparian communities 

FD AY/D 5.3 5.3 0.0 5.3 

Flooded gum woodlands riparian 
community 

FG AC, AD, AX, AY 639.4 253.0 0.0 698.0 

Jarrah/marri valley floors/swamps JS B 0.5 0.0 0.0 0.5 

Melaleuca shrublands on seasonally wet 
valley floors 

MS A, A1 124.3 39.8 0.0 132.9 

Flooded gum/melaleuca shrublands on 
seasonally wet valley floors 

MW A2, A3 1.7 0.0 0.0 1.7 

Marri/jarrah on lower slopes DL D, DG, SW 

Jarrah/marri 
communities 

409.4 152.7 17.7 437.1 

Jarrah/marri/allocasuarina (sheoak) 
woodlands on slopes and ridges 

JC 
P, PS, PW, S, 

SP, ST 
4,848.6 1,065.4 317.3 5,208.6 

Jarrah/marri woodlands on slopes JM 
H, H1, H2, HG, J, 

O, R, T, TS, Z 
3,168.2 721.6 83.0 3,512.0 

Low eucalyptus woodland over low shrubs ML G4 Mallee woodlands 12.1 2.1 0.0 14.1 

Wandoo woodlands WO M, M2, MG, YG 
Wandoo 

communities 
2,438.2 579.0 0.0 2,686.6 

Heaths including perched heaths PH G, G1, G2, G3 Heath communities 157.1 9.8 0.0 157.1 

Rehabilitation  RE RE Others 
 

3,155.6 153.8 10.6 3,190.5 

Plantations  PL PL 413.6 1.3 0.0 414.4 
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Fauna Habitats 

Fauna 
Habitat 
Code 

(BIOSTAT, 
2021a) 

Corresponding 
Site-vegetation 
Type Code(s) 

(Mattiske, 2021a) 

General Fauna 
Habitat Type 

Extent within the PAA 
Development Envelopes (ha)  

Extent 
within the 
PAA (ha)* 

WMDE BTC CBME  

Dam Dam Y, Dam  
 

1.4 0.0 62.0 63.4 

Cleared lands  CL CL 12,387.3 1,134.9 163.7 12,708.0 

Total area 27,796.3 4,145.7 746.5 29,356.4 

Total area of native fauna habitat 11,838.4 2,855.8 510.3 12,980.0 

* As noted in Table 1-3, there is a large degree of overlap between the WMDE and BTC Development Envelopes. Therefore, the PAA is not a direct cumulative addition of the three 
Development Envelopes but represents the total area of the combined Development Envelopes (i.e. minus the overlap between the WMDE and BTC).  
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5.3.3.1.4 Habitat Linkages and Movement Corridors 

Corridors and remnant vegetation are recognised as critical components for fauna in fragmented 

landscapes as they allow species diversity and ecosystem functioning to be maintained (Thompson, 

Rayfield, and Gonzalez 2017). Connectivity of habitats within a landscape reduces the risk of genetic 

and physical isolation of habitats and fauna populations by providing opportunities for species 

movements and dispersal, (BIOSTAT, 2021a). Habitat linkages can also enhance the suitability of 

food and shelter resources by increasing available habitat area for fauna. Habitats that form broader 

corridor systems, including high quality remnants, can reduce predation resulting from edge effects 

or the lack of suitable ground-cover and understorey vegetation within a particular remnant 

(BIOSTAT, 2021a). The extent and quality of remnants and corridors is known to influence the 

conservation values of a landscape. 

The WMDE and BTC is a mosaic of intact remnant vegetation (of varying patch sizes) and previously 

disturbed areas, which account for approximately 44% of the combined development envelopes. 

Despite the relatively large-scale clearing in these collective development envelopes, there are 

substantial tracts of contiguous native vegetation, particularly in the north of the WMDE and BTC 

and in the south of the WMDE. A high diversity of Threatened species is supported by this remnant 

vegetation (BIOSTAT, 2021a). The southern extent has retained a linkage to the large areas of 

remnant forests to the west through areas of native vegetation along the OBC. Similarly, there are 

linkages between the Saddleback and Quindanning mining areas in the southern section of the 

WMDE, which would facilitate movements of some species. The landscape to the east of the WMDE 

and BTC is much more fragmented with increasingly larger areas of agricultural lands acting as 

barriers to some animal movements. 

The Hotham River, its tributaries and remnant feeder creek systems provide an important movement 

corridor system within the current landscape of the PAA. The Hotham River and tributaries traverse 

the PAA, travelling through areas of State Forests as well as agricultural lands (BIOSTAT, 2021a). 

The waterways are mostly fringed by narrow disturbed native riparian and associated communities; 

however, provide important habitat for aquatic and semi-aquatic species, such as the Rakali 

(Hydromys chrysogaster), and numerous wetland bird and frog species. These corridors also allow 

for the movement of ground dwelling and arboreal species, such as the Common Brushtail Possum 

(Trichosurus vulpecula), Chuditch (Dasyurus geoffroii) and Quenda (Isoodon fusciventer). 

The CBME has been subject to less historical disturbance and clearing, with native vegetation 

covering approximately 68% of the development envelope. The remnant vegetation within the CBME 

retains a high degree of connectivity and is also well connected with the adjacent State Forest areas 

(BIOSTAT, 2021a).  

The value of fauna movement corridors within the landscape can be illustrated by the recapture of a 

female Chuditch within a kilometre of the original point of capture after being translocated 

approximately 14 km to the south (BIOSTAT, 2021a). The landscape between the release and 

recapture points is a mix of State Forest, disturbed remnants and narrow riparian habitats running 

through cleared agricultural lands adjoining the WMDE and BTC. The individual was able to traverse 

this distance, as aided by the corridors and remnant vegetation. 

5.3.3.2 Survey Effort 

5.3.3.2.1 Terrestrial Vertebrate Fauna 

Surveys for terrestrial vertebrate fauna at the Project and other nearby projects (e.g. Newmont BGM) 

have been undertaken since 1982 and have contributed to an extensive data set. Key terrestrial 
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vertebrate fauna surveys and studies within and nearby to the PAA are listed in Table 5-24. Twenty-

seven reports were collated for the literature review conducted as part of the Worsley Alumina Mine 

Expansion PAA Desktop Fauna Assessment (BIOSTAT, 2021a), which has informed this ERD. Of 

these, 20 of the reports relate to multi-seasonal systematic biodiversity surveys, which included 

trapping, bird surveys, and habitat searches for terrestrial fauna (BIOSTAT, 2021a). The fauna 

surveys undertaken within the PAA also consisted of targeted searches for conservation significant 

fauna, population studies and monitoring of rehabilitation. These surveys have added to, and 

complemented, the data obtained through the systematic biodiversity surveys. The survey effort for 

these surveys have been tabulated to further detail the type of systematic survey used in the 

identified fauna habitat (Table 5-23) for the last five years and pre-2015 surveys. The data presented 

in the pre-2015, is limited due to the only records that have been shown are those that were able to 

accurately provide GPS co-ordinates.  The earlier surveys for the Worsley Alumina Mine operations, 

preceded the use of GPS being available, and hence the survey effort for this period has not been 

included in Table 5-23 or the figure series of Figure 5-20.  

The data in Table 5-23 has been further refined to accurately reflect the fauna habitat that was 

present at the time of survey. The figures presented in Figure 5-20 show numerous surveys 

undertaken within cleared areas. It is imperative to acknowledge that the Worsley Alumina mine 

operation is dynamic and at the time of these surveys, the majority of all survey points were 

vegetated. Table 5-23 details how many surveys have been undertaken in each of the identified 

fauna habitat types, with acknowledgment to those areas which are now cleared or classified as 

areas of rehabilitation, the method of survey (trapping, camera or passive), and the currency of the 

survey.  

Targeted surveys have been undertaken across the PAA to determine the presence-absence of 

conservation significant species and been designed to maximise the likelihood of detection for 

species that may exist in the area (BIOSTAT, 2021a). The targeted surveys employed a combination 

of well-tested and accepted methods for detection. The detection of species have also been 

enhanced as the surveys were undertaken across multiple seasons to ensure the periods of greatest 

activity for the species were assessed. On review of the fauna survey effort in the PAA as part of the 

literature review, it was identified that two areas would benefit from increased targeted survey effort 

(BIOSTAT, 2021a). These areas had either not been previously surveyed during the multi-seasonal 

systematic surveys or additional contemporary data was needed to validate the historical data 

collected (BIOSTAT, 2021a). The areas identified comprised the northern section of the PAA in the 

surrounds of the BGM and the CBME. The area surrounding the BGM was specifically surveyed for 

the presence of the Chuditch and Woylie, as extensive and recent Black Cockatoo searches had 

been completed. Targeted searches within the CBME were focused on determining the occurrence 

of the Chuditch, Quokka and Western Ringtail Possum. However, in both areas opportunistic 

observations, or evidence of other conservation significant fauna species, particularly Black 

Cockatoos, were recorded.  

Contemporary sampling methods were used for the targeted surveys. The trapping sites established 

for these targeted surveys were selected on the basis of broad habitat type and with reference to 

previous sampling (CBME area), with the number of sites considered appropriate for the size of the 

area and the necessary effort to detect the target species (BIOSTAT, 2021a). The sites selected 

were also considered to be representative of the dominant landform features that supported key 

areas of habitats (noting that in the CBME area they have been homogenised by previous logging 

disturbances) and appropriate in the context of the broader survey effort undertaken in the area 

previously. The additional context for the density of trapping sites, including those established from 

previous surveys, had already identified the existence of many of the target species in adjacent areas 
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and the likely spatial distribution (i.e. home ranges) of these species (BIOSTAT, 2021a). Therefore, 

the information collected during the targeted surveys complemented existing knowledge of the 

conservation significant fauna in those areas, as obtained through the multi-seasonal systematic 

biodiversity surveys. Refer to Appendix G1 for further discussion of the survey effort. 

All surveys undertaken post-2004 have been conducted in accordance with the Technical Guidance 

– Terrestrial vertebrate fauna surveys for environmental impact assessment (EPA, 2020d). The 

majority of the methods employed in the surveys undertaken prior to 2004 formed the basis for the 

technical guidance as the methods used reflected the best scientific practices available at the time 

(BIOSTAT, 2021a). Additional methods have been developed since the publication of the guidelines 

and, as with the guidelines, they were first trialled in field situations, such as the surveys undertaken 

for the Project. Overall, the survey methods and design employed are considered to meet (or are 

equivalent to) the requirements of EPA’s technical guidance.  

The sampling techniques employed in the various fauna surveys undertaken within the PAA was 

optimised to ensure a high likelihood of recording as many terrestrial vertebrate fauna species as is 

practicable, including species of conservation significance (BIOSTAT, 2021a). Therefore, a 

combination of live trapping, systematic area searches, targeted surveys and passive techniques 

have been employed over the decades of monitoring (BIOSTAT, 2021a). These spatially and 

temporally (longitudinal) robust systematic surveys have been designed specifically to allow 

repeatable standardised data collection. The data resulting from such surveys supports vigorous 

statistical analysis and can be used to benchmark and characterise ecosystems with a greater level 

of certainty. The extensive spatial and temporal nature of the data allows a comprehensive 

assessment of the fauna assemblages recorded during each of the surveys and analyses of data to 

define the quality of habitats, the use of habitats by fauna, and the observed seasonal variations in 

relative abundance (BIOSTAT, 2021a). Refer to Appendix G1 for further discussion. 

The results of these surveys have assisted in developing a detailed understanding of the fauna and 

faunal assemblages in and around the PAA. The most recent comprehensive terrestrial vertebrate 

fauna report (BIOSTAT, 2021a) is provided in Appendix G1. The report presents consolidated 

terrestrial fauna baseline information collected since 1982. The report also comprises a detailed 

desktop and literature review, which consolidated all previous survey data (over approximately 38 

years), and additional field survey. The additional field survey component of the assessment 

comprised reconnaissance surveys for potential habitat tree (PHT) data (October-November 2016, 

November 2018, April/May 2019 and November/December 2019) and supplementary targeted 

surveys for Threatened species listed under the EPBC Act and BC Act and Priority fauna species 

listed by DBCA (April/May and November/December 2019), as outlined above.  

Black cockatoo foraging and breeding (inclusive of breeding trees)habitat assessments have also 

been undertaken for the Revised Proposal to assess the value of the vegetation as foraging and 

breeding habitat, and analyse the demographics of PHTs (Phoenix, 2021a). 
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Table 5-23 Survey Effort for Terrestrial Fauna Across Habitat Type 

 

  
Number of Systematic Sites per General Fauna Habitat Type 

 

 

 
    Trapping Trapping Camera Camera Passive Passive   

 

General Fauna 
Habitat Type 

(% within PAA) 

Fauna Habitats 
(Historical fauna habitats prior 
to 2020, including those areas 
now cleared or rehabilitated) 

Fauna 
Habitat 
Code  

(% 
within 
PAA) 

2015-
2020 

Pre 2015 
2015-
2020 

Pre 2015 
2015-
2020 

Pre 2015 Total 

Total 
survey 

for 
fauna 

habitat 

Riparian/wetland 
and associated 
communities 

(3.29%) 

Blackbutt woodlands on lower 
slopes 

BB 

(0.43%) 
4 1 3   1 9 

16 

Cleared land (2020) -  
previously Blackbutt 
woodlands on lower slopes  

 4     4 

Rehabilitated land (2020) -  
previously Blackbutt 
woodlands on lower slopes  

 3     3 

Mosaic of marri/jarrah on 
lower slopes and flooded gum 
riparian communities 

FD 

(0.02%) 

      0 

0 Cleared land (2020) -  
Mosaic of marri/jarrah on 
lower slopes and flooded gum 
riparian communities  

      0 

Flooded gum woodlands 
riparian community 

FG 

(2.38%) 
2 13     15 

16 Cleared land (2020) -  
Flooded gum woodlands 
riparian community  

 1     1 
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Number of Systematic Sites per General Fauna Habitat Type 

 

 

 
    Trapping Trapping Camera Camera Passive Passive   

 

General Fauna 
Habitat Type 

(% within PAA) 

Fauna Habitats 
(Historical fauna habitats prior 
to 2020, including those areas 
now cleared or rehabilitated) 

Fauna 
Habitat 
Code  

(% 
within 
PAA) 

2015-
2020 

Pre 2015 
2015-
2020 

Pre 2015 
2015-
2020 

Pre 2015 Total 

Total 
survey 

for 
fauna 

habitat 

Jarrah/marri valley 
floors/swamps 

JS 

(0.002%) 
      0 

0 Cleared land (2020) -  
Flooded gum woodlands 
riparian community  

      0 

Melaleuca shrublands on 
seasonally wet valley floors 

MS 

(0.45%) 
 1     1 

1 Cleared land (2020) -  
Melaleuca shrublands on 
seasonally wet valley floors  

      0 

Flooded gum/melaleuca 
shrublands on seasonally wet 
valley floors 

MW 

(0.01%) 

      0 

0 Cleared land (2020) –  
Flooded gum/melaleuca 
shrublands on seasonally wet 
valley floors  

      0 

Jarrah/marri 
communities 

(31.19%) 

Marri/jarrah on lower slopes 
DL 

(1.49%) 
2 4 1    7 

13 
 Cleared land (2020) -  

Marri/jarrah on lower slopes   6     6 
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Number of Systematic Sites per General Fauna Habitat Type 

 

 

 
    Trapping Trapping Camera Camera Passive Passive   

 

General Fauna 
Habitat Type 

(% within PAA) 

Fauna Habitats 
(Historical fauna habitats prior 
to 2020, including those areas 
now cleared or rehabilitated) 

Fauna 
Habitat 
Code  

(% 
within 
PAA) 

2015-
2020 

Pre 2015 
2015-
2020 

Pre 2015 
2015-
2020 

Pre 2015 Total 

Total 
survey 

for 
fauna 

habitat 

Jarrah/marri/allocasuarina 
(sheoak) woodlands on slopes 
and ridges 

JC 

(17.74%) 
29 66     95 

287 

Cleared land (2020) -  
Jarrah/marri/allocasuarina 
(sheoak) woodlands on slopes 
and ridges  

13 89 1 4 1 4 112 

Rehabilitated (2020) -  
Jarrah/marri/allocasuarina 
(sheoak) woodlands on slopes 
and ridges  

7 47 7 1 7 4 80 

Jarrah/marri woodlands on 
slopes 

JM 

(11.96%) 
21 53 23  13 4 114 

161 

Cleared land (2020) -  
Jarrah/marri woodlands on 
slopes  

16 38     38 

 
Rehabilitated (2020) – 
Jarrah/marri woodlands on 
slopes   

 9     9 

Mallee 
woodlands 

(0.05%) 

Low eucalyptus woodland over 
low shrubs 

ML 

(0.05%) 
      0 

0 Cleared land (2020) –  
Low eucalyptus woodland over 
low shrubs  

      0 
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Number of Systematic Sites per General Fauna Habitat Type 

 

 

 
    Trapping Trapping Camera Camera Passive Passive   

 

General Fauna 
Habitat Type 

(% within PAA) 

Fauna Habitats 
(Historical fauna habitats prior 
to 2020, including those areas 
now cleared or rehabilitated) 

Fauna 
Habitat 
Code  

(% 
within 
PAA) 

2015-
2020 

Pre 2015 
2015-
2020 

Pre 2015 
2015-
2020 

Pre 2015 Total 

Total 
survey 

for 
fauna 

habitat 

Wandoo 
communities 

(9.15%) 

Wandoo woodlands 
WO 

(9.15%) 
28 35 18 5 15 5 106 

114 Cleared land (2020) -  
Wandoo woodlands  4 2     6 

 
Rehabilitate land (2020) -  
Wandoo woodlands   2     2 

Heath 
communities 

(0.54%) 

Heaths including perched 
heaths 

PH 

(0.54%) 
      0 

3 Cleared land (2020) 
Heaths including perched 
heaths  

 3     3 

Others 

Rehabilitation  
RE 

(10.87%) 
10 74 10 4 10 29 137 137 

Plantations  
PL 

(1.41%) 
      0 0 

Dam 
Dam 

(0.22%) 
2 2     4 4 

Cleared lands  

CL (CL-
Ag) 

(43.29%) 

7 2 5  5  19 19 
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Survey Adequacy and Limitations 

Existing data has been collected through multi-seasonal, systematically designed surveys since 

1982. Surveys that focus on systematic and repeatable collection of data over both temporal and 

spatial variability provide more robust and reliable data than other methods, such as single season 

trapping surveys. The methodology utilised was also consistent across the surveys with only minor 

alterations, such as incorporating new technologies (e.g. camera traps). In the period between 1982 

to the end of 2018, more than 25,000 observations from sites across the PAA were collected 

(BIOSTAT, 2021a).  

Data used in the BIOSTAT (2021a) report was first checked for currency and relevance. Data 

collected since 1998-1999 was considered current, however, data collected prior to this was included 

when assessing distribution trends. The report excluded data points that lacked corresponding 

spatial data, such as GPS coordinates, as these could not be associated to vegetation and habitat 

types. The report draws on the site-vegetation type mapping undertaken by Mattiske (2021a) for the 

delineation of the fauna habitat types. 

Over the period of 2016 to 2019, detailed and reconnaissance surveys were completed to address 

information gaps that had been identified. This included collection of PHT data during the peak 

breeding season for Black Cockatoos, multi-seasonal detailed systematic sampling effort of specific 

locations and targeted survey effort for Threatened and Priority fauna species.  

As outlined above, two multi-seasonal targeted surveys were conducted in 2019 to improve currency 

of data. The first was undertaken at the CBME, which had not been systematically surveyed since 

2000-2001, and the other was undertaken in the northern section of the BGM in an area that had not 

been subject to the same extensive survey effort as the adjacent areas (i.e. between the BGM 

northern residue dam and the commercial plantation area). These surveys were systematic, 

employed a variety of survey methods, including trapping, passive surveys (cameras and hand 

searches), PHT assessments and area searches, and targeted Threatened and Priority fauna. The 

targeted surveys were designed on the core premise of targeting conservation significant fauna 

species likely to occur in these areas, as informed by previous survey effort and the technical 

expertise of the fauna consultant. The BGM sites were chosen on the basis of broad habitat type, as 

mapped through the broader PAA survey effort, with preference given to the dominant habitat types 

(WO, JM, and JC) (BIOSTAT, 2021a). The selected sites represented replicates of dominant habitats 

that have been surveyed more broadly in the BGM area, however, they were located in specific 

areas of the BGM that had not been previously targeted. In recognition that the BGM area includes 

a mosaic of the habitat types, additional minor habitats were surveyed although none were 

considered critical habitats to support the occurrence of the target species in the area (BIOSTAT, 

2021a). For the CBME, the sites selected replicated those surveyed in 2000-01 for repeatability. 

These sites had been subject to consideration as to their suitability of location and were selected on 

the basis of available and representative habitats within the CBME (BIOSTAT, 2021a). The sites in 

both areas were also selected to best represent those habitats that were most likely to support the 

target conservation significant species. Refer to Appendix G1 for the results of these surveys. 

All surveys since 1982 were effective in detecting most terrestrial vertebrate fauna species, including 

Threatened species (BIOSTAT, 2021a). All surveys used the most current methods and 

technologies available at the time they were conducted and often exceeded the requirements of the 

survey guidelines of the time. Due to this high degree of survey effort, most surveys have also 

focused on biodiversity rather than individual species, so a more detailed overview of ecosystems 

and their assemblages has been able to be documented.  
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The systematic nature of the surveys (i.e. repeatable and comparable) and the high intensity of 

survey effort provides a substantial data set relating to fauna and habitat values in the PAA. The 

high frequency of surveys has also provided a robust chronological trend assessment for the majority 

of species in most areas of the PAA (BIOSTAT, 2021a). 

In summary, a substantial amount of data has been collected from desktop reviews and numerous 

systematic and detailed field surveys. Consolidated, this data provides a comprehensive 

understanding of the terrestrial vertebrate fauna, particularly conservation significant fauna, and the 

fauna habitat types that occur within the PAA.  
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Table 5-24 Baseline Studies – Terrestrial Fauna 

Report Consultant Survey Area 
Survey/ 

Report Date 
Purpose of Survey/Study and Details* 

Potential habitat tree survey and 
foraging analysis for the Worsley Mine 
Expansion Proposal 

Phoenix 
PAA 

(WMDE, BTC and 
CBME) 

2021 

The study comprised a PHT survey and spatial 
analysis of flora and vegetation data against fauna 
habitat type and condition mapping to assess 
foraging habitat quality for each of the three Black 
Cockatoo species. 

Black cockatoo breeding habitat 
assessment for the 
Worsley Mine Expansion Project 

Phoenix 
PAA 

(WMDE, BTC and 
CBME) 

2021 

The study comprised collation and spatial 
assessment of Black Cockatoo PHT and 
‘breeding tree’ data to inform an assessment of 
average PHY density. The study also analysed 
flora and vegetation data to assess breeding 
habitat quality for each of the three Black Cockatoo 
species. 

Worsley Mine Expansion Primary 
Assessment Area (PAA) Desktop 
Fauna Assessment 

BIOSTAT 
PAA 

(WMDE, BTC and 
CBME) 

2020-2021 

Desktop review of the fauna, with particular focus 
on conservation significant species, and fauna 
habitats in the PAA. The report compiles 
information and results from previous reports (listed 
in this table) and is the primary source of 
information for this ERD. 

Targeted Surveys: Newmont 
Boddington Gold Mine and Worsley 
Refinery Lease Area. 

BIOSTAT 
PAA 

(WMDE, BTC and 
CBME) 

2020 
Two season cage and box trapping survey with 
camera grids and audio recording. PHT surveys 
were also undertaken. 

Vertebrate fauna monitoring, 
Boddington Bauxite Mine 2017-2018 

BIOSTAT 
BBM – Saddleback 

(WMDE) 
2019 Three season systematic trapping survey with 

systematic area search bird surveys and habitat 
assessments.  
 

Biodiversity survey of the Quindanning 
Timber Reserve 2017-2018 

BIOSTAT 
Quindanning Timber 

Reserve 
(WMDE) 

2019 

Vertebrate fauna translocation program 
from the waste rock dump extension 

Ninox Wildlife 
Consulting 

BBM – BGM 
(WMDE) 

2016 
An intensive two month trapping program to 
translocate all terrestrial vertebrate fauna caught 
during the period prior to the clearing of vegetation. 
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Report Consultant Survey Area 
Survey/ 

Report Date 
Purpose of Survey/Study and Details* 

area to be developed within Newmont 
Boddington Gold Mine 

BRDA1 Baseline Vertebrate Fauna 
Monitoring 2015, South32 Worsley 
Alumina Refinery 

BIOSTAT 
RLA 

(relevant to the 
CBME) 

2016 
Baseline two season survey of a rehabilitated 
tailings dam within the RLA. 

Vegetation Clearing: Fauna 
Assessment 

BIOSTAT 
RLA 

(relevant to the 
CBME) 

2015 
Habitat and fauna assessment of small areas at the 
edge of the current RLA clearing footprint. 

Vertebrate fauna monitoring, 
Boddington Bauxite Mine 2014-2015 

BIOSTAT 
BBM – Saddleback 

(WMDE) 
2015 

Monitoring of vertebrate fauna within forest and 
rehabilitation at the BBM 2014-2015, including 
comparisons with previous sampling. Three season 
systematic trapping survey with systematic area 
search bird surveys. 

A vertebrate fauna survey within the 
Saddleback Treefarms area. Newmont 
Boddington Gold Mine. An assessment 
of potential residue disposal areas 

Ninox Wildlife 
Consulting 

BBM – Saddleback 
(WMDE) 

2012 

Three season systematic trapping survey with 
systematic area search bird surveys. 

Vertebrate fauna survey within 
Newmont Boddington Gold Mine: An 
assessment of potential waste rock 
disposal areas 

Ninox Wildlife 
Consulting 

BBM – BGM 
(WMDE) 

2012 

Vertebrate fauna survey of Marradong 
Timber Reserve 2012 

Ninox Wildlife 
Consulting 

Marradong Timber 
Reserve 

(WMDE/BTC) 
2012 

Monitoring of vertebrate fauna within 
forest and rehabilitation at the 
Boddington Bauxite Mine 2009-2011 

Ninox Wildlife 
Consulting 

BBM – Saddleback 
(WMDE) 

2012 

Monitoring of vertebrate fauna within forest and 
rehabilitation at the BBM 2009-2011, including 
comparisons with previous sampling. Three season 
systematic trapping survey with systematic area 
search bird surveys. 
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Report Consultant Survey Area 
Survey/ 

Report Date 
Purpose of Survey/Study and Details* 

Conservation significant fauna and 
habitat tree survey. Proposed BRDA 
cleared areas, Worsley Alumina 
Refinery 

Bamford 
Consulting 
Ecologists 

RLA 
(relevant to the 

CBME) 
2011 

Conservation significant fauna and habitat tree 
survey of proposed clearing areas. Targeted 
surveys for Threatened species. 

A Vertebrate Fauna Survey of the 
Overland Conveyor Corridor 2009-
2010 

Ninox Wildlife 
Consulting 

Existing Conveyor 
(RLA to BBM – 

Saddleback 
Operations) 

2010 

Three season systematic trapping survey with 
systematic area search bird surveys. Included 
specific studies to determine fauna movements 
across the conveyor. 

Vertebrate fauna survey of Marradong 
Timber Reserve 2006-2007 

Ninox Wildlife 
Consulting 

Marradong Timber 
Reserve 

(WMDE/BTC) 
2007 

Three season systematic trapping survey with 
systematic area search bird areas. 

Monitoring of vertebrate fauna within 
forest and rehabilitation at the 
Boddington Bauxite Mine 2006-2007 

Ninox Wildlife 
Consulting 

BBM – Saddleback 
(WMDE) 

2007 
Three season systematic trapping survey with 
systematic area search bird surveys. 

An Assessment of the Presence of the 
Western Ringtail Possum at the 
Worsley Alumina Pty Ltd Refinery, near 
Collie, Western Australia 

Ninox Wildlife 
Consulting 

RLA 
(relevant to the 

CBME) 
2007 Desktop assessment undertaken using field data. 

A Vertebrate Fauna Survey of the 
Overland Conveyor Corridor between 
the Boddington Bauxite Mine and 
Refinery Lease Area near Collie, 
Western Australia 

Ninox Wildlife 
Consulting 

Existing Conveyor 
(RLA to BBM – 

Saddleback 
Operations) 

2004 

Three season systematic trapping survey with 
systematic area search bird surveys. Included 
specific studies to determine fauna movements 
across the conveyor. 

The vertebrate fauna of the Boddington 
Gold Mine 

Ninox Wildlife 
Consulting 

BBM – BGM 
(WMDE) 

2003 

Three season systematic trapping survey with 
systematic area search bird surveys. Extra sites 
and additional survey events were undertaken to 
specifically monitor the population of Chuditch, 
building on the earlier survey effort. 
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Report Consultant Survey Area 
Survey/ 

Report Date 
Purpose of Survey/Study and Details* 

Monitoring of vertebrate fauna within 
forest and rehabilitation at the 
Boddington Bauxite Mine 2002-2003 

Ninox Wildlife 
Consulting 

BBM – Saddleback 
(WMDE) 

2003 
Three season systematic trapping survey with 
systematic area search bird surveys. 

The vertebrate fauna of the 
Quindanning Timber Reserve 

Ninox Wildlife 
Consulting 

Quindanning Timber 
Reserve 
(WMDE) 

2002 
Three season systematic trapping survey with 
systematic area search bird surveys. 

The vertebrate fauna of the Refinery 
Lease Area and Mornington Mills Block 

Ninox Wildlife 
Consulting 

RLA 
(relevant to the 

CBME and 
surrounds) 

2002 
Three season systematic trapping survey with 
systematic area search bird surveys. 

Worsley Alumina Boddington Gold 
Mine Project. Flora and Fauna Studies 

Ninox Wildlife 
Consulting 

BBM – BGM 
(WMDE) 

1999 
A compilation and analysis of baseline surveys 
undertaken to 1998. 

A vertebrate fauna survey of the 
proposed Southern Saddleback mining 
area 1997-1998 

Ninox Wildlife 
Consulting 

BBM – Saddleback 
(WMDE) 

1998 
Three season systematic trapping survey with 
systematic area search bird surveys. 

Vertebrate fauna of the Overland 
Conveyor Corridor 1997-1998 

Ninox Wildlife 
Consulting 

Existing Conveyor 
(RLA to BBM – 

Saddleback 
Operations) 

1998 

Three season systematic trapping survey with 
systematic area search bird surveys. Included 
specific studies to determine fauna movements 
across the existing conveyor. 

A vertebrate fauna survey of the 
proposed Northern Saddleback mining 
area 1996-1997 

Ninox Wildlife 
Consulting 

BBM – Saddleback 
(WMDE) 

1997 
Three season systematic trapping survey with 
systematic area search bird surveys. 

Phase Three: Vertebrate Fauna 
Studies, 1991-1992 

Ninox Wildlife 
Consulting 

BBM – Saddleback 
(WMDE) 

1992 
A compilation and analysis of data collected to 
1992. 

Worsley Alumina Project. Flora and 
Fauna Studies – Phase Two 

Ninox Wildlife 
Consulting 

BBM – Saddleback 
(WMDE) 

1985 
A compilation and analysis of data collected to 
1985. 

Worsley Alumina Project, Flora and 
Fauna Studies, Phase 1 

Dames & Moore 
Mount Saddleback 
(WMDE) and OBC 
(PAA surrounds) 

1981 
Systematic trapping survey with systematic area 
search bird surveys and habitat assessments. 
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* Refer to Appendix F1 (Section 4 and Appendix 2) for detailed discussion of the methodologies associated with the various survey approaches. 
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BB - Blackbutt woodlands on lower slopes

CL - Cleared Land

DL - Marri/Jarrah on lower slopes

DM - Dam/Open Water Body

FD - Mosaic of FG and DL

FG - E. rudis woodlands which may include Jarrah, Marri, B. littoralis or Wandoo. Riparian community.

JC - Jarrah/Marri/Allocasuarina

JM - Jarrah/Marri on slopes

JS - Jarrah/Marri valley floors/swamps

ML - Mallee

MS - Melaleuca shrublands on seasonally wet valley floors

MW - Melaleuca, E. rudis woodlands on seasonally wet valley floors
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5.3.3.2.2 Short-range Endemic Fauna 

Key short-range endemic (SRE) fauna surveys and studies within and nearby to the PAA are listed 

in Table 5-25. Four field surveys have been undertaken for SREs within or in proximity to the PAA. 

A two-phase (spring 2011 and autumn 2012) Level 2 SRE invertebrate fauna survey was undertaken 

by Phoenix Environmental Services (Phoenix) to fulfil the requirements outlined in MS 719. This 

survey included sampling of 18 SRE survey sites within and outside of the BBM, including within 

State Forest. Newmont BGM commissioned an SRE survey to support their proposed Newmont 

Boddington Gold Life of Mine Extension Project. The survey was undertaken by Outback Ecological 

Services (2012) between August and September 2011 (single season) and involved sampling at 31 

sites, of which four were located within the WMDE and BTC. The remainder of the sampling sites 

were located immediately surrounding and local to the PAA or nearby SRE reference survey sites.  

Phoenix completed a two-phase (autumn 2019 and spring 2019) Level 2 survey at the CBME and a 

Level 2 spring survey within the WMDE and BTC in 2019. The SRE survey was undertaken in 

accordance with the Technical Guidance – Sampling of short range endemic invertebrate fauna 

(EPA, 2016e). A total of 31 SRE survey sites were sampled, with 21 sites located in or adjacent 

(reference sites) to the WMDE/BTC and 10 located in or adjacent to the CBME (five within the CBME 

and five external reference sites). The mapping of the potential SRE habitats was informed by the 

detailed vegetation mapping undertaken by Mattiske (2021a). The Phoenix (2021b) report is 

provided in Appendix G2. The Phoenix (2021b) was prepared prior to the Section 43A submission 

of January 2022, in which Worsley Alumina has requested to apply avoidance mechanisms to reduce 

the IDF of the Revised Proposal to assist with protection of environmental values, as outlined in the 

Protected Areas Procedure (Appendix E4).  

In recognition of DWER’s early recommendations with regards to additional SRE sampling to further 

contextualise the suite of SRE taxa present within the area, a two-phase (autumn/winter 2020 and 

spring 2020) Level 2 survey was undertaken in the surrounds of the PAA (within the Northern Jarrah 

Forest) in 2020. The SRE survey employed the same methods used for the Level 2 2019 surveys 

and therefore was undertaken in accordance with the EPA’s technical guidance. The SRE survey 

also included sampling in rehabilitation areas at the Worsley BBM operation, to identify if SREs were 

present and thus able to recolonise rehabilitated habitat. A total of 23 sites were sampled, with eight 

of these located in the Worsley rehabilitation areas (rehabilitation sites ranged in age between five 

and 36 years from establishment). The results from the 2020 SRE surveys are provided in Appendix 

G2, which is a synthesis of the four-phase survey effort undertaken by Phoenix.
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Table 5-25 Baseline Studies – Short-range Endemic Fauna 

Report Consultant Survey Area 
Survey/ 
Report 
Date 

Purpose of Survey/Study and Details 

Four-phase short-range endemic 
invertebrate fauna survey for the 
Worsley Mine Expansion Project 

Phoenix 

PAA  
(WMDE – including 

Saddleback 
rehabilitation area, 
BTC and CBME) 
and surrounds 

2021 

This report consolidates the following series of SRE 
surveys: 

• Two-phase (autumn and spring) Level 2 SRE survey 
of the CBME and Level 2 spring SRE survey for the 
WMDE and BTC. The surveys were undertaken in 
2019 and included trapping, active foraging and 
habitat assessments; and 

• Two-phase (autumn/winter and spring) Level 2 SRE 
survey in the surrounds of the PAA and in 
rehabilitation areas at Saddleback (WMDE). The 
surveys were undertaken in 2020 and included 
trapping, active foraging and habitat assessments. 
The surveys was undertaken to address DWER’s 
recommendations that additional sampling for SREs 
was conducted to further contextualise the SRE 
records collected to date from the 2019 SRE surveys. 

Terrestrial short-range endemic fauna 
assessment conducted for the 
proposed Worsley Mine Expansion 

Phoenix WMDE, BTC 2019 

Desktop risk assessment. Terrestrial short-range endemic fauna 
risk assessment conducted for the 
proposed Worsley Mine Expansion – 
Contingency Bauxite Mining Envelope 

Phoenix CBME 2019 

Level 2 short-range endemic (SRE) 
invertebrate survey for the Worsley 
Primary Bauxite Area Expansion 
Project 

Phoenix WMDE, BTC 2012 

Two-phase (spring and autumn) Level 2 SRE survey of 
the WMDE and BTC. The surveys were a commitment of 
the Worsley BFMP, as required by MS 719, and focused 
on the BBM. 
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Report Consultant Survey Area 
Survey/ 
Report 
Date 

Purpose of Survey/Study and Details 

Two-season short-range endemic 
invertebrate survey for the BHP 
Billiton Worsley Alumina Primary 
Bauxite Area Expansion Project 

Phoenix WMDE, BTC 2012 

Terrestrial Short-ranged Endemic 
Invertebrate Fauna Baseline Survey  

Outback 
Ecology 
Services 

WMDE, BTC and 
surrounds 

2012 

Level 2 baseline SRE survey for the Boddington Gold 
Mine, which is located in the northern third of the WMDE 
and BTC. The survey was undertaken in August and 
September and included trapping, active foraging and a 
habitat assessment. 
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Survey Adequacy and Limitations 

An assessment of limitations associated with the Phoenix (2021b) survey, as aligned with the EPA’s 

Technical Guidance – Terrestrial fauna surveys for Environmental Impact Assessment (EPA, 

2020d), is provided in Table 5-26 (Phoenix, 2021b).  

In recognising that the availability of adequate contextual information had been identified as a partial 

constraint, Worsley Alumina commissioned further targeted SRE surveys, within and outside the 

PAA, to support this Revised Proposal to further define the taxa and their distribution in the Northern 

Jarrah Forest region. These surveys have been completed and the taxonomic identification has been 

undertaken to inform this assessment.  

Table 5-26 Potential SRE Survey Limitations for the PAA 

Limitation Assessment 

Competency/experience of 
survey personnel, including 
taxonomy 

Not a constraint: Phoenix have extensive experience in 
terrestrial fauna surveys within the region and across WA. 
Identifications were conducted by personnel with appropriate 
expertise, including specialist morphological and molecular 
taxonomists. Taxonomic resolution was achieved to the lowest 
level possible.  

Scope and completeness – 
were all target groups 
sampled, were all planned 
survey methods implemented 
successfully, was the study 
area fully surveyed 

Not a constraint: All target groups, significant species and 
habitats within the PAA were surveyed.  

Intensity – in retrospect, was 
the intensity adequate 

Not a constraint: The survey intensity was appropriate for the 
area surveyed and faunal groups targeted, including significant 
species.  

Proportion of fauna identified, 
recorded and/or collected 

Partial constraint: The survey returned a diverse collection of 
species, therefore indicating that a suitable proportion of fauna 
had been collected. All SRE groups were identified by relevant 
group experts, however many were undescribed species or 
unable to be identified to species level as they were females or 
juvenile specimens. 

Availability of adequate 
contextual information 

Partial constraint: Surveys have previously been undertaken 
within the vicinity of the PAA and provide contextual information. 
However, due to the high biological diversity within the region, a 
number of previously uncollected taxa were recorded. 

These trends are considered reflective of the high level of 
endemicity, and hence diversity, in the Northern Jarrah Forest. 

Timing, weather, season, 
cycle 

Not a constraint: The optimal timing for undertaking SRE 
surveys in the southwest of WA is May to October (EPA, 2016e). 
The survey of each site was undertaken, at least in part, during 
these months. Rainfall preceding and during the 2019 spring 
survey was consistently lower than average, with the exception of 
June. Temperatures were also higher than the long-term 
average. Conditions were dry during the final (fourth) 2020 
foraging trip, which likely influenced collections in this phase. The 
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Limitation Assessment 

lower-than-average rainfall in 2019 is unlikely to have influenced 
the results significantly.  

Disturbances which affected 
the results of the survey 

Not a constraint: One pre-selected site was affected by fire prior 
to the survey and was consequently unsuitable for assessment. 
However, an additional two sites were selected to overcome this. 

Remoteness and/or access 
problems 

Not a constraint: All areas of the PAA were accessible. 

 

5.3.3.3 Vertebrate Fauna 

5.3.3.3.1 Fauna Diversity 

Surveys (both systematic and opportunistic observations) within the PAA over the last 20 years have 

resulted in 70,461 individuals being recorded from a total of 196 species of fauna (BIOSTAT, 2021a). 

The species comprised 27 native mammal, eight introduced mammal, 107 bird, 41 reptile and 13 

frog species. Therefore, the PAA can be considered to support relatively diverse fauna assemblages 

(BIOSTAT, 2021a). 

5.3.3.3.2 Conservation Significant Species 

Desktop searches of the EPBC Act Protected Matters and NatureMap databases, and review of the 

DBCA Threatened and Priority fauna list, identified 25 conservation significant fauna species as 

potentially occurring or having habitat suitable to support the species in the PAA.  

The likelihood of occurrence of each of these species was assessed based on previous fauna 

surveys and actual records, and an understanding of the available habitat within the PAA and 

broader region (Table 5-27). The likelihood of occurrence assessment concluded that 17 of the 

species are considered likely to occur in the PAA, with 15 species associated with the WMDE and 

BTC, and 13 species associated with the CBME (BIOSTAT, 2021a). These species had either been 

previously recorded during field surveys within the PAA and surrounding area, or preferred viable 

habitat within the known species distributions is known to occur in the PAA. The conservation 

significant fauna that may occur in the WMDE and BTC are considered collectively within this 

Revised Proposal as there is significant overlap in the development envelopes and, therefore, there 

is a high degree of commonality in terms of the geographical location and fauna habitat types 

present. 

Of the 25 species of conservation significance recorded from the desktop searches, 12 species were 

recorded as having a low to an extremely unlikely likelihood of occurrence within either the 

WMDE/BTC or CBME. These species primarily comprise of birds and mammals. Those species 

recorded as having a low likelihood of occurrence have not been recorded in the general area (i.e. 

within the regional search area) in the recent past, but suitable habitats are known to occur. Those 

species assessed as having an unlikely likelihood of occurrence were those whose preferred habitat 

is not known to occur in the area, however it is possible that the species may be vagrants and pass 

through the area. Refer to Appendix G1 for further discussion of these species. 

The conservation significant species recorded as having a moderate or high likelihood of occurrence, 

in the PAA are shaded in Table 5-27 below and include: 

• Forest Red-tailed Black Cockatoo (Calyptorhynchus banksii naso) – Vulnerable (Commonwealth 
and State); 

• Baudin’s Black Cockatoo (Calyptorhynchus baudinii) – Endangered (Commonwealth and State); 
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• Carnaby’s Black Cockatoo (Calyptorhynchus latirostris – Endangered (Commonwealth and 
State); 

• Peregrine Falcon (Falco peregrinus) – Other Specially protected species (State); 

• Blue-billed Duck (Oxyura australis) – Priority 4 (State); 

• Woylie (Bettongia penicillata ogilbyi) – Endangered (Commonwealth) and Critically Endangered 
(State); 

• Chuditch (Dasyurus geoffroii) – Vulnerable (Commonwealth and State); 

• Western False Pipistrelle (Falsistrellus mackenziei) – Priority 4 (State); 

• Rakali (native water rat) (Hydromys chrysogaster) – Priority 4 (State); 

• Quenda (Isoodon fusciventer) – Priority 4 (State); 

• Numbat (Myrmecobius fasciatus) – Endangered (Commonwealth and State); 

• Western Brush Wallaby (Notamacropus irma) – Priority 4 (State); 

• Red-tailed Phascogale (Phascogale calura) – Vulnerable (Commonwealth) and Conservation 
Dependent species (State); 

• Brush-tailed Phascogale (Phascogale tapoatafa wambenger) – Conservation Dependent species 
(State); 

• Western Ringtail Possum (Ngwayir) (Pseudocheirus occidentalis) – Critically Endangered 
(Commonwealth and State); 

• Quokka (Setonix brachyurus) – Vulnerable (Commonwealth and State); and 

• Dell’s Skink (Ctenotus delli) – Priority 4 (State). 

Further detail on these species is provided below and in Appendix G1.  
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Table 5-27 Conservation Significant Fauna Potentially Occurring in the PAA  

Species Common Name 

Conservation 
Status1 

Likely Habitat Use within the 
PAA Development Envelopes2 

Likelihood of Occurrence within 
the PAA Development Envelopes 

Cth State 
WMDE and  

BTC 
CBME 

WMDE and 
BTC 

CBME 

Birds 

Astrichornis clamosus Noisy Scrub-bird EN EN PH, BB, FD, FG BB 
Extremely 
unlikely 

Extremely unlikely 

Botaurus poiciloptilus Australasian Bittern EN EN 
FD, FG, JS, MS, 

MW, Dam 
Dam Low to unlikely Low to unlikely 

Calidris ferruginea Curlew Sandpiper 
CR 
IA 

VU 
Mi 

BB, FD, FG, JS, 
MS, MW, PH, 

Dam 
BB, Dam Low to unlikely Low to unlikely 

Calyptorhynchus naso 
Forest Red-tailed Black 
Cockatoo 

VU VU 
BB, FG, FD, JS, 
DL, JC, JM, ML, 
WO, PH, RE, PL 

DL, JC, JM High – recorded High – recorded 

Calyptorhynchus baudinii Baudin’s Black Cockatoo EN EN 
BB, FG, FD, JS, 
DL, JC, JM, ML, 
WO, PH, RE, PL 

DL, JC, JM High – recorded High – recorded 

Calyptorhynchus 
latirostris 

Carnaby’s Black 
Cockatoo 

EN EN 
BB, FG, FD, JS, 
DL, JC, JM, ML, 
WO, PH, RE, PL 

DL, JC, JM High – recorded High – recorded 

Falco peregrinus Peregrine Falcon  OS All  All  High – recorded High – recorded 

Leipoa ocellata Malleefowl VU VU 
FD, FG, JS, DL, 
JC, JM, ML, WO 

DL, JC, JM Low to unlikely Low to unlikely 

Oxyura australis Blue-billed Duck  P4 Dam Dam Highly likely Highly likely 

Numenius 
madagascariensis 

Eastern Curlew 
CR 
IA 

VU 
Mi 

BB, FD, FG, JS, 
MS, MW, PH, 

Dam 
BB, Dam Low to unlikely Low to unlikely 
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Species Common Name 

Conservation 
Status1 

Likely Habitat Use within the 
PAA Development Envelopes2 

Likelihood of Occurrence within 
the PAA Development Envelopes 

Cth State 
WMDE and  

BTC 
CBME 

WMDE and 
BTC 

CBME 

Platycercus icterotis 
xanthagenys 

Western Rosella (inland 
species) 

 P4 JC, JM, DL, WO JC, JM, DL Low to moderate Unlikely 

Rostratula australis Australian Painted Snipe EN EN 
BB, FD, FG, JS, 
MS, MW, PH, 

Dam 
BB, Dam Low to unlikely Low to unlikely 

Mammals 

Bettongia ogilbyi Woylie EN CR WO, JC, JM JC, JM High – recorded Low to moderate 

Dasyurus geoffroii Chuditch VU VU 
BB, FD, FG, JS, 
DL, JC, JM, WO 

BB, DL, JC, 
JM 

High – recorded Low to moderate 

Falsistrellus mackenziei Western False Pipistrelle  P4 
WO, JC, JM, DL, 
BB, FD, FG, JS, 
MS, MW, PH, RE 

JC, JM, DL, 
BB 

High – recorded Likely 

Hydromys chrysogaster Rakali (native water rat)  P4 
BB, FG, FD, JS, 
MS, MW, Dam 

BB, Dam High – recorded High – recorded 

Isoodon fusciventer Quenda  P4 
JC, JM, DL, BB, 
FD, FG, JS, MS, 

MW, PH, RE 

JC, JM, DL, 
BB 

High – recorded High – recorded 

Myrmecobius fasciatus Numbat  EN EN 
WO, JM, JC, DL, 

ML 
JM, JC, DL 

 High – 
recorded, Low3 Unlikely 

Notamacropus eugenii 
derbianus 

Tammar Wallaby  P4 JC, JM, DL, WO JC, JM, DL Low Low 

Notamacropus Irma Western Brush Wallaby  P4 
JC, JM, DL, BB, 
FD, FG, JS, MS, 

MW, PH, RE 

JC, JM, DL, 
BB 

High – recorded High – recorded 

Phascogale calura Red-tailed Phascogale VU CD JM, JC, WO, DL JM, JC, DL High – recorded Unlikely 
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Species Common Name 

Conservation 
Status1 

Likely Habitat Use within the 
PAA Development Envelopes2 

Likelihood of Occurrence within 
the PAA Development Envelopes 

Cth State 
WMDE and  

BTC 
CBME 

WMDE and 
BTC 

CBME 

Phascogale tapoatafa 
wambenger 

Brush-tailed Phascogale  CD JC, WO, JM, DL JC, JM, DL High – recorded High – recorded 

Pseudocheirus 
occidentalis 

Western Ringtail Possum CR CR BB, JC, JM BB, JC, JM Unlikely High – recorded 

Setonix brachyurus Quokka VU VU BB, JC, JM BB, JC, JM Unlikely High – recorded 

Reptiles 

Ctenotus delli Dell’s Skink  P4 WO, JM, JC JM, JC High – recorded Moderate 

1 CR – Critically Endangered; EN – Endangered; VU – Vulnerable; IA – Migratory birds protected under international agreement; M – Marine; Mi – Migratory; CD – Conservation 

Dependent Species; OS – Other Specially protected species; P1-4 – Priority fauna species listed by DBCA. 

2 Refer to Table 5-22 for the fauna habitat codes and their full description. 

3 An individual numbat was observed on the western boundary of the WMDE in 2021. While the species has been recorded historically within the PAA, its likelihood of contiued occurrence 

in the PAA  is considered low. Refer to Section 5.3.3.3.2.9 for further discussion.
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5.3.3.3.2.1 Black Cockatoos 

The PAA is within the modelled distribution for three species of Black Cockatoo (Forest Red-tailed 

[Calyptorhynchus banksii naso], Baudin’s [Calyptorhynchus baudinii] and Carnaby’s 

[Calyptorhynchus latirostris]) and evidence of all three species have been recorded within the 

WMDE/BTC (Figure 5-25) and CBME (Figure 5-26) during surveys over the years (1982-2019). 

The most common of the three species was found to be the Forest Red-tailed Black Cockatoo, 

accounting for approximately half of all individuals observed (BIOSTAT, 2021a); Table 5-28). 

Carnaby’s Black Cockatoo was the second most abundant at the WMDE/BTC, although this was not 

reflected at CBME where Baudin’s Black Cockatoo was more abundant than the Carnaby. However, 

this could be a result of the survey history in the CBME. 

Table 5-28 Black Cockatoo Records within the PAA 

Species 

WMDE and BTC CBME 

Number of 
Records 

Proportion of 
Observations 

Number of 
Records 

Proportion of 
Observations 

Forest Red-tailed Black 
Cockatoo 

1,118 48.1% 119 54.1% 

Carnaby’s Black Cockatoo 753 32.4% 41 18.6% 

Baudin’s Black Cockatoo  362 15.6% 60 27.3% 

White-tailed Black Cockatoo 
species1 93 4.0% 0 0.0% 

1 The survey data set contains records for a “White-tailed Black-cockatoo” to differentiate those individuals that could not 

be clearly identified as either of the two White-tailed Black-cockatoo species (Baudin’s and Carnaby’s). 

All three species of Black Cockatoo are endemic to the southwest of WA. The species prefer forests 

and woodlands dominated by eucalypts, especially jarrah, marri and karri, and have suffered a 

decline in their distribution and population sizes due to a reduction in available breeding, roosting 

and foraging habitats resulting from vegetation clearing (DAWE, 2020b). Black Cockatoos nest in 

tree hollows, with trees likely to take up to approximately 200 years to develop suitable nest hollows 

(DoEE, 2017a).  

Black Cockatoos forage over a large area, feeding on a variety of native and introduced plant species 

(DoEE, 2017a). They vary their foraging strategy depending on the availability of suitable foraging 

resources, which can vary from year to year. Therefore, Black Cockatoos rely upon the availability 

of foraging resources across their range. During the breeding season, individuals generally forage 

up to 12 km from breeding hollows. During the non-breeding period, Black Cockatoos will forage 

further, averaging up to distances of 20 km (although distances can be greater) from a communal 

night roosting site (DoEE, 2017a). Night roosting generally occurs in or near riparian environments 

or other permanent water sources (DoEE, 2017a).  

Carnaby’s Black Cockatoo is highly mobile and displays a seasonal migratory pattern that is linked 

to breeding, which occurs between July to December. Breeding predominantly occurs inland, in the 

Wheatbelt, however, breeding records are also known from the Swan Coastal Plain (DPaW, 2013). 

The shift in the breeding distribution westwards through the Jarrah Forest region, where the species 

now also breeds, is likely in response to extensive habitat loss in the Avon-Wheatbelt region 

(Phoenix, 2021a). The preferred breeding habitat for Carnaby’s Black Cockatoos is woodland or 

forest area, however, the species also breeds in partially cleared woodland or forest, including 
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isolated trees. Nesting occurs within suitable hollows primarily within salmon gum, wandoo, tuart, 

jarrah, flooded gum, york gum, powderbark, karri and marri (DoEE, 2017a). During the non-breeding 

season (January to July), most individuals travel to the higher rainfall coastal regions (DPaW, 2013).  

Baudin’s and Forest Red-tailed Black Cockatoos mainly occur in dense eucalypt (jarrah, marri, karri) 

forests in southwest WA (Phoenix, 2021a). While the karri forest is the main breeding area for 

Baudin’s Black Cockatoo, isolated breeding populations are known in the Jarrah Forest (Phoenix, 

2021a). The availability of marri is likely to be important for breeding success of this species. The 

species breeds between October to January.  

Breeding of Forest Red-tailed Black Cockatoos generally occurs in clusters within the landscape 

with social interactions within the flock likely to play a part in the clustering of nests. The species 

nests within suitable hollows within marri, karri, jarrah, blackbutt, bullich, wandoo and tuart (DoEE, 

2017a). Breeding may occur year-round, with peaks in April to June and August to October. A 

significant decline in breeding success has been observed at monitored sites in the Northern Jarrah 

Forest, with limited breeding and no juveniles recorded in 2016 (Johnstone and Kirkby 2019, cited 

in Phoenix, 2021a). This is in contrast to the increase in numbers of this species in the Perth-Peel 

region since 2005. The shift in the species distribution reflects impacts within its natural range, 

predominantly habitat clearing. The altered foraging behaviour has also led to changes in roosting 

patterns, which is likely to also influence the breeding success of Forest Red-tailed Black Cockatoos 

(Phoenix, 2021a). 

While the WMDE and BTC supports a predominantly fragmented habitat, due to a substantial portion 

of the area being cleared for agricultural and mining activities, the occurrence of Black Cockatoos 

throughout the PAA indicates they are utilising remnant habitats for foraging, roosting and breeding, 

as well as adapting to new habitats such as mine rehabilitation (BIOSTAT, 2021a). Mine 

rehabilitation has been shown to provide suitable foraging habitat for Black Cockatoos and can 

provide substantial diversity in food types (Lee, et al., 2013). Black Cockatoos have been identified 

regularly foraging in rehabilitation areas and have been the subject of several research studies, 

including those at the Worsley operation (Lee, et al., 2013; Doherty, et al., 2016).   
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Foraging Habitat 

Black Cockatoos feed on a diverse range of native and introduced plant material. They are 

considered primarily granivorous (i.e. seed-eaters) but their diets also consist of fruit, flowers, nectar 

and invertebrates (Johnstone & Kirkby, 1999; Johnstone, Kirkby & Sarti, 2017; Mawson, 1995; 

Valentine & Stock, 2008). 

As Black Cockatoos are wide-ranging species, food and water resources in conjunction with their 

foraging habitats, are an important factor for their movements along their migration paths. The PAA 

contains suitable native vegetation foraging habitat, including jarrah/marri forests (JS), wandoo 

woodlands (WO), and native heaths (PS). Additional highly modified habitats provide suitable 

foraging habitat, including plantations, orchards, and remnant tree stands in agricultural landscapes 

(BIOSTAT, 2021a). Mine rehabilitation has also been shown to provide suitable foraging habitat for 

Black Cockatoos and can provide substantial diversity in food types (BIOSTAT, 2021a). For 

example, surveys in the south of the WMDE have shown that flocks of Carnaby’s Black Cockatoo 

often feed in mine rehabilitation areas whereas the Forest Red-tailed Black Cockatoos are more 

likely to be encountered in forested sites (BIOSTAT, 2021a). Natural and artificial water resources 

are available to all species of Black Cockatoo across the PAA from a variety of sources including 

freshwater reservoirs, farm dams and drainage systems. 

The successional process of rehabilitation results in revegetation progressing through distinct 

phases in which the community structure changes from low open shrubland, to dense tall heath, to 

tall shrubland, to low forest and finally to mature forest. The changes in vegetation assemblage and 

the presence of different successional stages in the landscape provide long-term foraging habitats 

for all three species of Black Cockatoo (BIOSTAT, 2021a). 

All three species of Black Cockatoo have been observed and recorded foraging throughout the PAA, 

including in areas of rehabilitation (Carnaby’s and Baudin’s Black Cockatoos)  (BIOSTAT, 2021a).  

To further understand the relative value of the forest habitats present within the PAA, Worsley 

Alumina commissioned an extensive Black Cockatoo foraging habitat assessment. Details of the 

assessment are provided below. 

Detailed Foraging Habitat Analysis 

The detailed analysis of Black Cockatoo foraging habitat within the PAA comprised a field survey to 

inform a quantitative spatial analysis of vegetation and rehabilitation data for Black Cockatoo 

foraging plant species against each of the fauna habitat types present within the PAA (Phoenix, 

2021c). The field survey component comprised habitat assessments within quadrats (100 m x 100 

m grids) at 179 locations within the PAA. The foraging habitat spatial analysis was based on four 

comprehensive fieldwork-based datasets and databases: 

• Phoenix biological database; 

• The “flora dataset”, consisting of flora baseline data provided by Mattiske Consulting dating from 
1987 to 1998; 

• The “rehabilitation dataset”, consisting of rehabilitation monitoring data derived from 29 years of 
rehabilitation monitoring between 1987 and 2016; and 

• The “fauna habitat dataset”, consisting of combined vegetation type and condition mapping 
(Mattiske, 2021a) and fauna habitat type mapping (BIOSTAT, 2021a) for the PAA. 

Analysis of the combined datasets produced a summary of the foraging species diversity and species 

cover/foraging plant availability in each fauna habitat type specific to the three Black Cockatoo 
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species. A foraging value score was developed for each habitat type within the PAA that took into 

consideration the relative foraging importance of each foraging species and the percentage of known 

foraging species in each habitat type. The results of the analysis are summarised in Table 5-29 and 

discussed in more detail below.  

Table 5-29 Black Cockatoo Foraging Habitat Value within the PAA  

Foraging 
Habitat 
Value 

Carnaby’s Black 
Cockatoo 

Baudin’s Black 
Cockatoo 

Forest Red-tailed Black 
Cockatoo 

Extent 
within the 
PAA (ha) 

% 
Extent 

within the 
PAA (ha) 

% 
Extent 

within the 
PAA (ha) 

% 

High 8,184.2 28% 12,193.7 42% 14,470.5 49% 

Medium 6,217.4 21% 2,207.9 8% 504.1 2% 

Low 1,962.4 7% 1,750.8 6% 1,177.8 4% 

None 12,992.6 44% 13,204.2 45% 13,204.2 45% 

Total 29,356.60 100% 29,356.60 100% 29,356.60 100% 

For the Carnaby’s Black Cockatoo, foraging habitat quality was more evenly distributed between the 

high, medium, and low categories, whereas for Baudin’s Black Cockatoo and Forest Red-tailed Black 

Cockatoo, the majority of habitat was of high quality, with little medium and low quality foraging 

habitat being found to occur (Phoenix, 2021a). 

Valley floor forests, woodlands and shrublands/heath were found to be of low to medium foraging 

value for all three species. However, it was noted that these habitats often contain breeding trees, 

presumably because logging has tended to be physically restricted in steeper valleys and/or 

limitations/permissions of harvest activities associated with creeklines and riparian habitats 

(Phoenix, 2021a). Thus, intact native vegetation in such valleys is considered important due to its 

proximity to potential nesting hollows, despite it not being as diverse in food resources as elsewhere 

on the gentler slopes. 

The analysis also demonstrated that rehabilitated areas, mostly comprising of the jarrah/marri (JM) 

and allocasuarina (JC) woodland fauna habitat types, represent high value foraging habitat for all 

three species, but especially for Carnaby’s Cockatoo and the Forest Red-tailed Black Cockatoo 

(Phoenix, 2021a). It was noted, however, that rehabilitation goes through a structural succession 

and that the value of foraging species in rehabilitated areas is only realised after four years, and then 

only for Carnaby’s and Baudin’s Black Cockatoos. While these two species will feed within 

rehabilitation areas after four years, the Forest Red-tailed Black Cockatoo is less likely to be 

recorded using mine rehabilitated lands (BIOSTAT, 2021; Phoenix, 2021). It is assumed this is 

because it tends to feed in the canopy and higher strata, which develop within the later part of 

rehabilitation succession. The value of rehabilitation for Forest Red-tailed Black Cockatoo is 

therefore likely to take place over a longer timeframe as rehabilitation matures. However, (Phoenix, 

2021a) also noted that significantly more research that has been done on the Carnaby’s Black 

Cockatoo and that plants that are a foraging resource for them are much better known than for the 

other two species.  

Roosting Habitat 

Roosting habitats are considered an important habitat value for Black Cockatoos and consist of 

either randomly located overnight roosts or general locations where flocks may congregate on a 
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regular basis (BIOSTAT, 2021a). Roosting sites are generally located in proximity to quality foraging 

habitat and riparian environments or other permanent water sources (natural or artificial), which are 

usually within 2 km of the roost (Phoenix, 2021a). On the Swan Coastal Plain, distance from water, 

distance from foraging habitat, forest and tree type surrounding the roost have all been found to be 

landscape scale environmental variables that influence the location of roost sites (BIOSTAT, 2021a). 

Data from the Threatened species search defines roosting sites (confirmed and unconfirmed) for 

Carnaby’s Black Cockatoo centred on the locality of Crossman, which is approximately 12.5 km and 

16 km to the east of the WMDE and BTC, respectively. While roosting sites have not been formally 

defined within the WMDE and BTC, they are likely to be present given the development envelopes 

are in relatively close proximity (within approximately 11 km at the closest point) to the confirmed 

roost areas and that the forest habitat is expected to be broadly similar. Opportunistic sightings by 

Worsley within the Saddleback mining area have identified several overnight roosting sites for both 

the Carnaby’s and Baudin’s Black Cockatoo (Figure 5-25). In addition, pre-dusk bioacoustic 

recordings (2014-2015 and 2017-2018 surveys) from sites located in fringing forest sites within the 

southern portion of the WMDE identified the distinctive multiple contact calls of Forest Red-tailed 

Black Cockatoo and Carnaby’s Black Cockatoo normally associated with flocks settling for overnight 

roosting (BIOSTAT, 2021a). The locations of the roosting flocks cannot be ascertained from the 

recordings but provide evidence that roosting occurs intermittently in the area. 

A study coordinated by Murdoch University and supported by Worsley Alumina, commenced in 2016 

to track rehabilitated Black Cockatoos, as part of a larger research project on the ecology of Black 

Cockatoos. The study fitted six rehabilitated Forest Red-tailed Black Cockatoos with satellite and 

GPS transmitters and were released in the Boddington area. Two of these individuals were recorded 

travelling south from the BGM, through the PAA to the northern end of the Saddleback mining area, 

then west to the State Forests around Lower Hotham and Dwellingup and east to Crossman 

(BIOSTAT, 2021a). The other individuals travelled between near Lower Hotham (their release point) 

to Dwellingup, with one individual flying as far west as the foothills of the Darling Range near Pinjarra. 

Taking into account these birds movements, it is expected that roosting locations exist within the 

areas travelled by these individuals as the species generally travels in large flocks that require 

overnight roosts (BIOSTAT, 2021a). This study suggests that the PAA supports roosting of Forest 

Red-tailed Black Cockatoos in the Saddleback area. 

No roosting sites have been defined for the CBME or nearby areas. This may reflect an absence of 

long-term survey data, rather than a lack of roosting sites in the area. Searches at the CBME during 

the 2019 surveys did not locate any potential roosting sites (BIOSTAT, 2021a). 

Overall, roosting of Black Cockatoos within the PAA is thought to be variable and intermittent due to 

their highly seasonal occurrence in the area. 

Breeding Habitat 

The DBCA Threatened species data indicates a confirmed breeding area for Carnaby’s Black 

Cockatoo encompassing a large portion of the northern section of the WMDE and BTC  (BIOSTAT, 

2021a). This mapping was informed by intensive surveys undertaken within the Newmont BGM. The 

species is also known to breed in the southern portion of the WMDE as pre-clearance Black 

Cockatoo surveys undertaken by Worsley Alumina in 2017 confirmed breeding by Carnaby’s Black 

Cockatoo.  

Additional confirmed breeding locations have been recorded throughout the WMDE and BTC, 

although most have been in the far south of the WMDE (near Quindanning). The majority represent 
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breeding records of the Forest Red-tailed Black Cockatoo, however, nesting/breeding of Carnaby’s 

Black Cockatoo has also been recorded in 2017 (during pre-clearance Black Cockatoo surveys in 

the WMDE) and 2019 (BIOSTAT, 2021a). The 2019 survey of the CBME and BGM identified one 

breeding record in the BGM (within the WMDE), with an adult Carnaby’s Black Cockatoo coaxing a 

fledgling out of the nest. A second adult pair of Carnaby’s Black Cockatoo were observed 

investigating a potential nesting site at the BGM. Carnaby’s Black Cockatoo breeding is most likely 

to occur in stands of tall trees including jarrah, marri and wandoo (BIOSTAT, 2021a). Potential 

habitat tree (PHT) assessments, undertaken to identify hollow-bearing trees that are suitable nesting 

habitat for Black Cockatoos, identified suitable hollows within the forested areas of the WMDE and 

BTC. Remnant tree stands in cleared paddocks were also noted to support suitable nesting hollows 

for Black Cockatoos, with pre-clearance surveys in 2018 observing a breeding pair of Black 

Cockatoos in hollows of remnant stands. Remnants with suitable breeding habitat trees located close 

to or adjacent to forested areas have a higher value as potential breeding habitats. Further 

discussion of PHTs and breeding trees are provided under the ‘Potential Habitat Trees’ and 

‘Breeding Trees‘ headings below. 

While records from the CBME are dominated by the Forest Red-tailed Black Cockatoo, the Baudin’s 

Black Cockatoo is known to be common in nearby State Forest surrounding the CBME (Figure 

5-26). This observation aligns with the known species distribution as the Baudin’s Black Cockatoo is 

more common in the southern area of the Northern Jarrah Forest region. A single breeding record 

for Baudin’s Black Cockatoo was noted from a site assessment undertaken in 2014. The record 

relates to an adult pair attending to an on-wing young and an older fledgling calling to two adults on 

the same branch of a tall marri (BIOSTAT, 2021a). The precise location of the observation was not 

recorded, however it was located within the RLA boundaries but outside the CBME. The DoEE 

(2017b) modelled distribution of the Baudin’s Black Cockatoo shows the WMDE and BTC are outside 

the known breeding areas for the species. However, the CBME occurs within the known breeding 

area. 

The forest habitats within the CBME are primarily logged regrowth forest and support a higher 

density of younger trees relative to the forests surveyed in WMDE and BTC. Therefore, while the 

CBME supports suitable foraging and roosting habitat for the three Black Cockatoo species, due to 

the density of trees within the area and its connections to adjoining State Forest, the area lacks the 

density of older trees observed at WMDE and BTC that are more likely to support hollows (BIOSTAT, 

2021a). 

To further understand the relative value of the forest habitats present within the PAA, Worsley 

Alumina commissioned an extensive desktop Black Cockatoo breeding habitat assessment. The 

assessment focused on determining (via spatial analysis) correlations between vegetation and 

environmental variables with the three black cockatoo species and their breeding location in the 

southwest of WA, specifically the Northern Jarrah Forest region and PAA. From this, the habitats 

within the PAA were mapped based on their breeding habitat value, with respect to their relative 

preference for breeding by Black Cockatoos. The assessment also reviewed historic pre-clearance 

breeding records to make an informed assessment of the likely number of breeding trees in the PAA 

(refer to the ‘Breeding Trees’ discussion below). Black cockatoo habitat tree data was compiled from 

a number of sources, including the results of the systematic fauna surveys (as summarised in 

(BIOSTAT, 2021a)), pre-clearance surveys and long-term vegetation monitoring plots established 

for Worsley Alumina Project operations (Mattiske, 2021a), and from publicly available sources (such 

as the Index of Biodiversity Surveys for Assessment), Government departments and Phoenix’s 

biological survey database. The assessment was undertaken in accordance with DAWE’s EPBC Act 

referral guidelines for three Threatened Black Cockatoo species (DoEE, 2017b). 
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The value of the site-vegetation types/fauna habitats to support Black Cockatoo breeding was 

assigned a breeding habitat value, as outlined below (Phoenix, 2021a). The assessment assumed, 

as an underlying principle, that all remnant vegetation provided foraging habitat (including 

rehabilitation areas older than six years) and all potential breeding habitat was either within or in 

close proximity to foraging habitat (i.e. within 6 km of foraging resources) (Phoenix, 2021a). 

• High – regional vegetation complex/site-vegetation type or fauna habitat has been recorded within 
the Northern Jarrah Forest to contain trees with confirmed breeding trees, or trees with breeding 
evidence close to water and foraging habitat; 

• Medium – regional vegetation complex/site-vegetation type or fauna habitat has been recorded 
within the Northern Jarrah Forest to contain trees with breeding evidence, but no confirmed 
breeding; 

• Low – contains trees (dominant or otherwise) known to be used by black cockatoos within the 
Northern Jarrah Forest for breeding above the DoEE (2017b) PHT criteria (> 300/500 mm); and 

• None – regional vegetation complex/site-vegetation type or fauna habitat contains no trees known 
to support breeding. 

The analysis determined that, of the 59 vegetation complexes mapped as occurring in the Northern 

Jarrah Forest, ten vegetation complexes (17%) have confirmed breeding records with 18 complexes 

supporting trees with evidence of breeding (27%). Seven vegetation complexes that occur within the 

PAA (Cooke, Coolakin, Dwellingup 4, Michibin, Pindalup, Yalanbee 5 and Yalanbee 6) comprise 

approximately 90% of the PAA (Phoenix, 2021a). All seven of these complexes had confirmed black 

cockatoo breeding within the PAA, with the exception of the Cooke vegetation complex. The Williams 

vegetation complex is the only complex in which there is no confirmed breeding or evidence of 

breeding, for the three Black Cockatoo species. This system is associated with the slopes of the 

Hotham River and its main tributaries.  

At a broad scale, the data indicates that over approximately 95% of the PAA can be considered as 

Black Cockatoo breeding habitat (Phoenix, 2021a). When the breeding habitat value is taken into 

account, six fauna habitats are considered to represent high value breeding habitat for Carnaby’s 

Cockatoo, comprising approximately 40% (11,850 ha) of suitable breeding habitat in the PAA (Table 

5-30; (Phoenix, 2021a)). Forest Red-tailed Black Cockatoo high value breeding habitat is 

represented by five fauna habitats, which account for approximately 31% (9,172 ha) of suitable 

breeding habitat in the PAA (Table 5-30). There is no high value breeding habitat for the Baudin’s 

Black Cockatoo in the PAA. 

Table 5-30 Black Cockatoo Breeding Habitat Value within the PAA 

Breeding 
Habitat 
Value 

Carnaby’s Black 
Cockatoo 

Baudin’s Black 
Cockatoo 

Forest Red-tailed Black 
Cockatoo 

Extent 
within the 
PAA (ha) 

% 
Extent 

within the 
PAA (ha) 

% 
Extent 

within the 
PAA (ha) 

% 

High 11,850 40% 0.0 0% 9,172 31% 

Moderate 824 3% 0.0 0% 0.0 0% 

Low 2 <0.1% 12,676 43% 3,516 12% 

None 16,681 57% 16,681 57% 16,668 57% 

Potential Habitat Trees  
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PHT are trees that are especially important to Threatened fauna, including Black Cockatoos, for 

foraging, roosting and nesting. The ecological value of the landscape is increased by the presence 

of PHT for numerous volant and non-volant fauna species. The presence of larger hollows (>15 cm 

diameter) is dictated by higher densities of larger and, therefore, older trees. These trees are 

considered an important resource for the three Threatened Black Cockatoo species as potential 

breeding habitat trees.  

Several PHT surveys have been undertaken in the PAA by BIOSTAT and generally timed to coincide 

with the peak breeding period for all three Black Cockatoo species. The surveys were designed to 

comply with the Commonwealth referral guidelines for Black Cockatoo habitat assessments (DoEE, 

2017b) and included recordings of hollow size and signs of use such as chew marks around 

entrances to hollows (BIOSTAT, 2021a). 

The surveys were based on transects and designed to give an indicative density of hollow bearing 

trees within the specific fauna habitat types occurring in the PAA. This method allowed a rapid 

assessment of the demography of trees in habitats according to their height and diameter at breast 

height (DBH). This method also allowed an interpretation of the species of trees that are more likely 

to produce hollows and the habitats most likely to support hollow bearing trees (BIOSTAT, 2017, 

cited in BIOSTAT, 2021a). By applying this method, information was able to be collected for large 

areas of the PAA. 

As shown in Table 5-31, a total of 1,717 trees were assessed over approximately 4.5 ha of transects 

for the PAA, with most of the effort proportionally focused on the WMDE and BTC due to their 

collectively larger size when compared to the CBME (BIOSTAT, 2021a). The most common tree 

species encountered in the WMDE and BTC was jarrah (43%), which was almost double the 

abundance of the other two species of wandoo (23%) and marri (22%). This pattern was observed 

in the CBME also, however, the CBME does not support wandoo and Banksia grandis accounted 

for 13% of all tree species encountered during the surveys. Most trees fell into the 15-20 m 

height/>500 mm (DBH) categories in the WMDE and BTC and 0-10 m height/<30 mm DBH 

categories for the CBME. The results suggest the CBME area has a greater density of younger trees 

and may reflect a longer history with logging (BIOSTAT, 2021a). 

Of the trees assessed in the CBME, only 3% were identified as supporting hollows. The habitats in 

the WMDE and BTC were more likely to support hollows, with 16% of trees in these development 

envelopes assessed as having at least one hollow. Jarrah and marri habitats were more likely to 

support hollows in the PAA, as were wandoo habitats.  

In general, tree hollows were more commonly recorded in trees in the 10-15 m and 15-20 m height 

categories with DBH in excess of 500 mm. Most of the recorded hollows were estimated at <150 

mm in diameter (76%) at the WMDE and BTC from the 348 hollows recorded during the PHT 

assessments (BIOSTAT, 2021a). Most of the hollows (8 out of 13) recorded in the CBME were larger 

hollows (> 500 mm). However, BIOSTAT (2020) noted this is likely a reflection of the challenges 

associated with assessing hollows in a closed canopy forest. 

Remnant habitats, which exist usually in agricultural lands, consist of trees with little or no 

understorey and  are isolated from any other remnant native vegetation, were shown to have the 

highest density of smaller hollows (<15 cm diameter) and a relatively low density of larger hollows 

(which have the potential to support breeding) relative to other fauna habitats identified in the WMDE 

and BTC (BIOSTAT, 2021a). This suggests the remnant habitats potentially offer a useful resource 

for hollow nesting species. 
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Table 5-31 Potential Habitat Trees within the PAA 

PHT Height (m) WMDE and BTC CBME 

 DBH Category (mm) 

 < 300 
> 300 
and < 
500 

> 500 > 1,000 < 300 
> 300 
and < 
500 

> 500 > 1,000 

0 m–10 m 258 96 78 5 202 10 3 3 

10 m–15 m 81 208 255 10 10 34 17 3 

15 m–20 m 8 56 189 22 0 11 14 10 

+ 20 m 1 10 72 30 0 4 9 8 

Totals 348 370 594 67 212 59 43 24 

Breeding Trees 

A large portion of the remnant vegetation in the PAA can be defined as breeding habitat for Black 

Cockatoos as the forest habitats are generally dominated by woodlands to open forests of 

jarrah/marri and wandoo (Phoenix, 2021a). Breeding has also been recorded locally or within the 

Northern Jarrah Forest bioregion for all three species of Black Cockatoo. However, the extensive 

survey data collected within the PAA (from both systematic fauna surveys and pre-clearance 

surveys) has recorded few breeding trees and known breeding events are a rare occurrence 

(Phoenix, 2021a). Considering this, and in recognition that it was not feasible to traverse the entire 

PAA due to its large size and that pre-clearance surveys are conducted prior to mining, an alternate, 

fit-for-purpose approach was adopted. The approach applied by the Phoenix (2021a) assessment 

involved the consolidation of Black Cockatoo habitat tree data from various sources, as outlined 

above. Collectively, the entire dataset considered 23,595 PHTs from several IBRA bioregions. 

Breeding trees were classified as (Phoenix, 2021a): 

• A confirmed breeding tree – a tree where a breeding event has taken place, as determined by 
breeding evidence, such as the presence of eggs or chicks; and  

• Trees with evidence of breeding – trees that might have suitable or potentially suitable hollows 
however, no definitive breeding evidence has been observed. Such trees include those where 
there have been observations of prospecting birds, a female has been flushed from a hollow that 
does not contain eggs/chicks, mating or courtship behaviour or chewing around the hollow 
entrance. 

The assessment also took into consideration the demographics of the jarrah/marri forest and wandoo 

forest/woodland (such as tree composition, tree age (DBH) and tree density, breeding tree density 

etc.) within the PAA as these factors influence the quality of breeding habitat for Black Cockatoos 

(Phoenix, 2021a). This was deemed to be an important consideration as the State Forest within the 

PAA has been subject to repeated, large-scale disturbances from logging and changes in the fire 

regime, both of which significantly affect hollow availability. 

The approach applied in the Phoenix (2021a) assessment is considered robust as it is based on an 

extensive biological dataset, which combines records from multiple surveys undertaken within the 

PAA (systematic and pre-clearance) and the extensive spatially explicit PHT surveys conducted 

within the Northern Jarrah Forest over the last 10 years. The results from this approach have 

provided an informed extrapolated evaluation of the breeding habitat quality (as discussed above) 

and estimation of the number of breeding trees that could be expected to occur within the PAA, with 

a degree of confidence suitable to provide an informed assessment on the potential impacts 
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associated with the Revised Proposal (Phoenix, 2021a). As such the level of data is considered to 

provide an appropriate baseline for informing the investigation of Black Cockatoo breeding habitat 

and PHTs within the PAA. 

Analysis of the PHT dataset indicated that trees with evidence of nesting consisted primarily of 

wandoo, marri, jarrah and flooded gum (Phoenix, 2021a). Fauna habitat mapping undertaken by 

(BIOSTAT, 2021a)  shows the PAA is dominated by jarrah (43%), wandoo (23%) and marri (22%). 

This trend is supported by the fauna transect data, systematic PHT data and vegetation plot data. 

Within the Jarrah Forest region, 166 trees have evidence of breeding activity, with 141 of these 

located within the Northern Jarrah Forest (Phoenix, 2021a). Of these 141 trees, 59 were recorded 

as having a confirmed breeding event take place (28 in natural hollows and 31 in artificial hollows). 

This is likely an underestimate when considering the large-spatial extent of the Jarrah Forest region 

with respect to the level of survey effort. The majority (approximately 80%) of the confirmed breeding 

records in the Northern Jarrah Forest relate to Carnaby’s Black Cockatoo, with 31 records being 

from artificial hollows (Phoenix, 2021a). Forest Red-tailed and Baudin’s Black Cockatoos account 

for nine and two of the confirmed breeding records, respectively, with all records associated with 

natural hollows.  

Within the PAA, trees with evidence of breeding have been recorded from seven of the site-

vegetation types/fauna habitat types. Confirmed breeding trees are known from four site vegetation 

types (D, H2, M, Y) and five fauna habitat types (BB, DL, JC, JM and WO), which comprise 

approximately 41% of the PAA (Phoenix, 2021a). 

Confirmed breeding records in the WMDE have been limited and no confirmed or suspected 

breeding has been observed in the CBME (Phoenix, 2021a). Pre-clearance surveys undertaken by 

Worsley of 3,322 ha over the last three years have recorded only five active nests. Other detailed 

systematic surveys have recorded an additional seven active nests. In total, only 12 active nests 

have been recorded in the PAA to date. An additional seven breeding trees are known to occur within 

or immediately outside the PAA based on historic and recent records (Phoenix, 2021a). 

Therefore, while the remnant vegetation within the PAA is largely considered breeding habitat for 

the three black cockatoo species, the presence of confirmed breeding trees is relatively limited. This 

can be attributed to the intensive timber harvesting that has occurred throughout the PAA (Phoenix, 

2021a). Timber harvesting has resulted in the trees being largely unsuitable for Black Cockatoo 

breeding at present. Specifically, the data shows that within the PAA between only 10% and 33% of 

the PHT stock is currently of sufficient diameter to support Black Cockatoo breeding (Phoenix, 

2021a). The low rate of breeding in the area can also be attributed to the Carnaby’s Black Cockatoo 

breeding predominantly occurring further east in the Wheatbelt, as supported by extensive research 

(Phoenix, 2021a). The Northern Jarrah Forest represents an important feeding area for Carnaby’s 

Black Cockatoos moving to and from their main breeding grounds, however, it is not within the 

species preferred breeding area. The breeding requirements of the Forest Red-tailed and Baudin’s 

Black Cockatoos, are less well understood, including with the Northern Jarrah Forest. 

To provide a more detailed and robust understanding of the presence of PHTs within the PAA 

(particularly in relation to the IDF), a PHT field survey was undertaken in May 2021 to verify the 

results of the previous detailed Phoenix (2021c) assessment (as discussed above). The survey 

comprised the systematic recording of PHTs within quadrats (100 m x 100 m grids at 179 locations, 

totaling an area of 179 ha) in representative fauna habitat within the PAA to provide a local scale 

assessment (Phoenix, 2021c). The majority of the survey quadrats were located within fauna 

habitats associated with jarrah/marri communities (JC, JM and DL, collectively comprising 129 
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quadrats), with a number (37) also established within the wandoo woodlands fauna habitat (Phoenix, 

2021c). The PHT survey was undertaken in accordance with the EPA guidance related to terrestrial 

fauna surveys (EPA, 2016h); (EPA, 2020d) and the EPBC Act referral guidelines for three 

Threatened Black Cockatoo species(DoEE, 2017b).  

A total of 4,611 individual PHTs were recorded during the survey at an average density across all 

habitat types of 24.4 PHTs per hectare. Based on the average density and the area of native 

vegetation remaining within the PAA (12,980 ha) and area to be cleared in the IDF (6,776 ha), it was 

calculated that a total of 316,712 PHTs may occur within the PAA and 165,351 within the IDF. The 

data also largely agreed with the tree demographic analysis provided in in Phoenix (2021c). 

A total of 156 trees with hollows were recorded, equating to 3.4% of the 4,611 PHTs observed. Of 

these, 33 trees (0.7%) were considered to have hollows that were considered suitable for breeding 

by black cockatoo species, 63 (1.78%) to possibly be suitable and 22 (0.5%) trees were considered 

to have evidence of potential usage by black cockatoos or species of sufficient size to allow for 

breeding of cockatoos, e.g., Galahs.The PHT survey recorded seven trees with evidence of past 

Black Cockatoo breeding within the 180 ha survey area (Phoenix, 2021c). Of the seven trees, highly 

suitable hollows with breeding evidence were present in one jarrah, two marri and four wandoo trees 

(Phoenix, 2021c). Four of the hollows were located in the Quindanning area, which has previously 

been unimpacted by timber harvesting and mining operations. On the basis of the seven hollows 

that were identified, Phoenix concluded that the PAA could include as much as one hollow for every 

25.7 ha, but notes that cockatoo distribution is not uniform or evenly distributed.  

5.3.3.3.2.2 Peregrine Falcon 

The Peregrine Falcon (Falco peregrinus) is a wide-ranging species that has been recorded over 

much of the Australian mainland and offshore islands (BIOSTAT, 2021a). The species utilises a 

diverse range of habitats, including woodlands, heath and forests. 

There have been 11 individual records of the Peregrine Falcon within the WMDE and BTC (since 

1982) and a single record (2000) exists from the CBME (BIOSTAT, 2021a). The continued presence 

of the species at the WMDE and BTC suggests there is sufficient suitable habitat for the Peregrine 

Falcon. As the species has a large home range (approximately 20-30 km2) and is highly mobile it is 

often observed infrequently and opportunistically. Given the species lack of habitat specificity, all 

habitat types (including cleared areas) within the PAA are suitable to be utilised by this species for 

opportunistic foraging (BIOSTAT, 2021a).  

Peregrine Falcons are known to nest on cliff faces or other tall structures, such as communication 

towers and buildings. While previous studies have suggested the species rarely nests in tree hollows, 

a breeding pair with fledglings were recorded in wandoo woodland within the WMDE in 2017 

(BIOSTAT, 2021a). The fledglings were nesting in the hollow of a wandoo tree (Figure 5-27). 

Another nesting pair were observed in the ledge of a tall Jarrah tree (South32, 2017). This local 

evidence indicates the species will utilise suitable hollows in forests in the absence of any taller 

structures (BIOSTAT, 2021a). Breeding is more likely to occur in jarrah/marri or wandoo woodlands 

within the PAA. 

5.3.3.3.2.3 Blue-billed Duck  

The Blue-billed Duck (Oxyura australis) tends to be found in temperate wetlands in the southeast 

and southwest of Australia and, as it is almost wholly aquatic, is rarely seen on land (Birdlife Australia 

2020). The species has a preference for deep water systems associated with dense vegetation and 

is often found in wetlands and open water systems such as lakes, sewerage ponds, rivers, salt lakes 
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and saltpans (BIOSTAT, 2021a). This species’ preferred habitat type is limited within PAA to the 

Hotham River (WMDE and BTC) and the Freshwater Lake (CBME).  

While the Blue-billed Duck has not been recorded in the PAA, it is likely that this species will be 

attracted to, and potentially uses, the Hotham River due to the suitable dense vegetation it provides 

(BIOSTAT, 2021a). The Freshwater Lake at the CBME is also likely to be utilised as it is a large, 

deep, open water body, although it has limited dense fringing vegetation. 

5.3.3.3.2.4 Woylie 

Woylies (Bettongia penicillate ogilbyi) were once widespread and occupied most of the Australian 

mainland south of the tropics (TSSC, 2018a). The species is still widely distributed in the jarrah 

forests of the southwest of WA, although they occur patchily. The Woylie is found in a variety of 

habitats but long-unburnt tall Eucalyptus forests and woodlands are regarded as one of the key 

habitats for this species (BIOSTAT, 2021a). It feeds on tubers, bulbs and fungi.  

The species has been recorded in the WMDE and BTC and surrounding areas extending to the 

foothills west of the CBME (BIOSTAT, 2021a) (Figure 5-27). Individuals have been recorded in 

wandoo woodland habitats and in jarrah/marri and jarrah/marri/Allocasuarina complexes. Though 

there has been extensive trapping survey effort over the last 20 years and suitable habitats exist 

across the WMDE and BTC, all records are restricted to the area around the BGM site, north of the 

Hotham River. Based on the level of survey effort, it can be confidently inferred that the only likely 

location for this species within the PAA is at the BGM (BIOSTAT, 2021a). The species is likely to 

favour the larger stands of contiguous native forest communities in this area but is likely to forage in 

other adjacent habitats. This is supported by records of individuals between the WMDE and CBME 

and to the foothills west of the CBME. The Woylie has not been recorded at the CBME in any of the 

surveys undertaken to date and habitat for the species in this area is limited. The likelihood of the 

Woylie being present in the CBME area is considered low, with only the presence of suitable habitat 

in the CBME considered to raise the likelihood to moderate (BIOSTAT, 2021a). 

Based on the comprehensive survey effort to date, the Woylie has only been identified as a 

population in the area north of the Hotham River in contiguous forest habitat surrounding the BGM 

operation. Therefore, while preferred suitable habitat exists throughout the PAA (WO, JC and JM), 

the species is only likely to be present in a portion of this habitat, i.e. within the contiguous forest 

remnants of suitable habitat surrounding the BGM (approximately 4,385 ha).  

5.3.3.3.2.5 Chuditch 

Chuditch (Dasyurus geoffroii) are most commonly found in varying densities throughout the jarrah 

forest and south coast of WA. They are also present in the arid and semi-arid zones of the Goldfields 

and Wheatbelt, but at lower densities (DEC, 2012a). Chuditch use a variety of habitats, ranging from 

forests, mallee shrublands and woodlands to desert landscapes. Their preferred habitat appears to 

be riparian jarrah forest as the densest populations have been recorded in these habitats (DEC, 

2012a). However, even at their most abundant, they are generally present in low numbers. The 

species has a large home range and is known to travel long distances. It is these characteristics that 

mean the species requires habitats that are of a suitable size and not excessively fragmented (DEC, 

2012a). 

The Chuditch has been recorded throughout the forests in the WMDE and BTC, and between this 

area and the CBME (i.e. within the vicinity of the OBC), since surveys began in 1982 (BIOSTAT, 

2021a) (Figure 5-27). There have been a total of 157 captures of the Chuditch since 1998 in various 

areas within the WMDE and BTC (inclusive of 147 live captures and eight camera captures in which 

the same individuals are likely to have been captured multiple times by the same camera station) 
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(BIOSTAT, 2021a). The species appears to be most abundant in the northern section of the WMDE 

and BTC, which is likely due to the larger area of contiguous forest habitats present in the area. 

Monitoring in the south of the WMDE in more recent years (from 2011) indicates a drop in the capture 

of Chuditch. This could potentially be due to habitat fragmentation from land clearing associated with 

agricultural activities and mine operations, and the lack of sufficiently mature rehabilitated areas to 

support this species, or predation from introduced fauna (e.g. cats and foxes) (BIOSTAT, 2021a).  

A single individual was recorded at the CBME in 1982 but not in the following survey of the area in 

2000-2001 (BIOSTAT, 2021a). The species was also not observed in the recent 2019 survey. The 

survey results suggest the Chuditch may be less common in the CBME and surrounding habitat as 

a consequence of the size of the CBME survey area compared to the WMDE (i.e. potential limited 

overlap with Chuditch home range) or survey history in comparison to the WMDE/BTC. 

The individual records of the Chuditch within the PAA have been in a variety of habitats including 

jarrah/marri (JC, JM) complexes and wandoo woodlands (WO), as well as rehabilitated and cleared 

areas. However, all forested and woodland remnants (BB, FD, FG, JS, DL, JC, JM, WO) and 

rehabilitation (RE) areas, especially areas supporting suitable denning resources, are likely to be 

used by the Chuditch. Based on the habitat likely to be used by the Chuditch, the wider mapped 

area (WMA) supports approximately 33,000 ha of suitable habitat (inclusive of rehabilitation areas), 

of which 15,865 ha is within the PAA. 

5.3.3.3.2.6 Western False Pipistrelle 

The Western False Pipistrelle (Falsistrellus mackenziei) (bat species) is a tall, mature forest 

specialist, preferring high rainfall forests dominated by jarrah, karri, marri and tuart. The bat utilises 

hollows for roosting and hunts for flying insects in the canopies of tall trees. Little is known of the 

species population size and distribution, however, it is endemic to the southwest region and has 

been recorded throughout this region and on the Swan Coastal Plain (Armstrong, Woinarski & 

Burbidge, 2017).  

This species has been recorded in the far south of the WMDE, in the vicinity of the Saddleback and 

Quindanning mine operations, during field surveys in 2014-2015 and 2017-2018 (BIOSTAT, 2021a). 

These records were in wandoo woodlands (WO), jarrah/marri complexes (JM), jarrah/marri/ 

Allocasuarina complexes (JC), and rehabilitation areas (RE). While targeted surveys for bats have 

not been undertaken across the entire PAA, they are likely to occur throughout the area where 

suitable habitat exists, given they have been recorded in the area.  

The Western False Pipistrelle is likely to utilise all jarrah/marri habitats in the PAA (JC, JM, DL) 

where trees with exfoliating bark or supporting hollows can offer roost sites (BIOSTAT, 2021a). The 

species is also likely to use other habitats for foraging, including riparian/wetland communities, 

heaths and rehabilitation areas (BB, FD, FG, JS, MS, MW, PH, RE). Based on the habitat likely to 

be used by the Western False Pipistrelle, the WMA supports approximately 26,5050 ha of suitable 

habitat (inclusive of rehabilitation areas), of which 13,469 ha is within the PAA. 

5.3.3.3.2.7 Rakali 

The Rakali (Hydromys chrysogaster) (native water rat) is widely distributed across Australia and 

tends to favour habitats in the vicinity of permanent water (DEC, 2012c). It is known to utilise large, 

vegetated dams and where suitable drainage systems and vegetation are available. It is a relatively 

resilient species, however, damage to riparian systems and permanent water sources, impact on the 

foraging quality of its habitat.  
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The species has been recorded within the north of the WMDE, as recently as 2016, and within the 

RLA, in which the CBME is encompassed (BIOSTAT, 2021a). Based on the species habitat 

preferences, it is likely to use habitats associated with riparian/wetland communities (BB, FD, FG, 

JS, MS, MW and dam) within the WMA is 2,694 ha of which 1,028 is within the PAA. 

5.3.3.3.2.8 Quenda 

Quenda (Isoodon fusciventer) are widely, but patchily, distributed near the southwest coast from 

north of Perth to east of Esperance and inland to Hyden (DEC, 2012b). Quenda inhabit dense 

shrublands and forests but also utilise human-made habitats, such as parks and gardens (BIOSTAT, 

2021a). They are not habitat specialists and will forage in most native and man-made habitats. The 

species preferred habitat appears to be scrubby areas with dense cover and will forage in adjacent 

forest and woodland that is burnt on a regular basis (DEC, 2012b). The species avoids open areas 

and agricultural lands. 

Quenda have been recorded in a variety of habitats within the WMDE, BTC and CBME (Figure 

5-27). However, the species will generally utilise all jarrah/marri habitats (JC, JM, DL, BB, FD, FG, 

JS, MS, MW, PH, RE) within the WMA is 26,505 ha of which 13,470 ha is within the PAA.  

5.3.3.3.2.9 Numbat  

The Numbat was originally distributed across a large portion of Australian, extending from WA 

through to Victoria and into western New South Wales (BIOSTAT, 2021a). Currently, the only 

remaining original numbat sub-populations in WA occur at the Dryandra Woodland and the Upper 

Warren area (including Tone-Perup Nature Reserve, Greater Kingston National Park and adjoining 

State Forest), which are approximately 150 km and 280 km south-east of Perth, respectively (DPaW, 

2017a). Translocated numbat populations are present at Boyagin Nature Reserve, Batalling State 

Forest and Dragon Rocks Nature Reserve (BIOSTAT, 2021a). 

The Numbat was only recorded in the WMDE in April 2021 through an opportunistic observation, 

which was verified through the use of camera traps (Figure 5-27; (BIOSTAT, 2021a)). The cameras 

confirmed the existence of a single individual in a remnant wandoo woodland (WO) block adjacent 

to agricultural land. The Numbat sighting was made on the eastern edge of the WMDE and is 

immediately adjacent to areas of maturing rehabilitation (BIOSTAT, 2021a). There have been no 

other records of the Numbat in the area since the 1960’s despite the extensive survey effort.  

South32 consulted with Dr. Tony Friend (Principal Research Scientist, DBCA), who is an expert in 

Numbat conservation, to gain further understanding on the presence of the individual Numbat in the 

Boddington area. The expert advice received was that the “likelihood that this record represents a 

single individual that has moved from Dryandra Woodland as very high”, given: 

• “the lack of any earlier sightings in the Boddington area; 

• the lack of recent sightings over the last decade in the northern jarrah forest generally, apart from 
those in the vicinity of the “Batalling” population west of Darkan; 

• The dramatic rise in the population at Dryandra in 2020; and 

• the recorded appearances of numbats far from Dryandra around the time of the last population 
peak, in the early 1990s.” (pers. comm. T. Friend, DBCA)  

The site of the natural population at Dryandra and the location of the release site of the translocated 

population at Batalling State Forest areas are over 30 km of the WMDE boundary (BIOSTAT, 2021a).  

It was also noted that due to their diurnal nature and general behaviour, Numbats are very visible 

animals and that, considering this, it would be expected that their presence in an area would have 

been readily confirmed through opportunistic sighting (pers. comm. T. Friend, DBCA). Therefore, 
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given the lack of recent and historical sighting reports in the decades prior to this individual, the long-

term presence of the species in the area is unlikely, as is the existence of unknown populations in 

the Northern Jarrah Forest (pers. comm. T. Friend, DBCA). 

In support of this advice, areas within BGM that support suitable habitat for the Numbat (including 

habitat of open woodland mosaics of jarrah/marri/wandoo) have been subject to rigorous survey 

effort (650 camera days and 350 hours of searches) in 2003, 2012 and 2019. None of these surveys 

have recorded the Numbat. Passive surveys (407 camera days and 76 hours of habitat searches) 

at Saddleback during the 2014-15 and 2017-18, which included rehabilitated and forest areas have 

also not record the species (BIOSTAT, 2021a). Additionally, the biodiversity survey at Quindanning, 

which supports habitat suitable for the Numbat, in 2017-18, and the small mammal survey of the 

same area in 2020, did not record either signs, sightings, or trapping records of this species.  

The continued presence or further dispersal of the solitary individual recorded will be influenced by 

its sex and the availability of adequate habitat. Based on dispersal studies of radio-collared Numbats 

at Dryandra and at translocation sites, a lone male is likely to stay in the area until 

September/October but will then leave in search of females if there are none nearby (pers. comm. 

T. Friend, DBCA). A female is more likely to stay at least for another year but may move later if there 

are no males nearby. If suitable habitat, specifically termite abundance, is available and both sexes 

are present in the area, the species may stay in close proximity to the area (pers. comm. T. Friend, 

DBCA). 

Taking into consideration the significant amount of survey effort in the PAA over many years, the 

understanding of dispersal of this species from existing populations at Dryandra and Batalling State 

Forest, and advice provided by an expert in the field of Numbat conservation, the likelihood of a 

viable population currently existing in and around WMDE is considered low (BIOSTAT, 2021a). The 

likelihood of the Numbat occurring within the CBME is considered as unlikely due to the historical 

data showing a relatively early decline of this species in the local area and no confirmed records 

since 1981. 

5.3.3.3.2.10 Western Brush Wallaby 

The Western Brush Wallaby (Notamacropus irma) is found in the southwest of WA from north of 

Kalbarri to Cape Arid (DEC, 2012d). The species prefers open forest or woodland and is most 

commonly associated with most woodland systems and rehabilitated sites within the PAA. The 

species is thought to have a large home range of around 10-12 ha (Povh et. al, 2018). 

Surveys have recorded the Western Brush Wallaby numerous times, such that the species is 

considered relatively common in the PAA (BIOSTAT, 2021a). It is known from a variety of habitats 

in the PAA, including rehabilitation areas, and will generally use most woodland systems, including 

all jarrah/marri habitats (BIOSTAT, 2021a) (Figure 5-27). The species is unlikely to be found in open 

agricultural lands. Based on the species use of habitats, approximately 26,505 ha of suitable habitat 

is present in the WMA of which 13,470 ha is within the PAA (notably within fauna habitats JC, JM, 

DL, BB, FD, FG, JS, MS, MW, PH, RE). 

5.3.3.3.2.11 Red-tailed Phascogale 

The Red-tailed Phascogale (Phascogale calura) is generally found in fragmented populations in drier 

remnant woodlands in the Avon Wheatbelt bioregion, as well as the jarrah forest extending into the 

margins of the Mallee and Esperance Plains bioregions (BIOSTAT, 2021a). It is known to inhabit a 

range of habitats, but is often associated with drier wandoo woodlands associated with rock sheoak. 

The species utilises hollows in wandoo trees for nesting and denning, as well as hollows in dead 

stumps and logs and grass skirts of grasstrees (Xanthorrhoea species). The WA population has 
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contracted to less than 1% of its original range (BIOSTAT, 2021a). The species is thought to be an 

eruptive species, in that it exhibits rapid population growth during periods of high resource availability 

(BIOSTAT, 2021a). 

Thirteen individuals were captured in a biodiversity survey in 2017-2018 in the south of the WMDE 

(Quindanning area), representing the first capture of the species within the PAA since surveys began 

in 1982 (BIOSTAT, 2021a) (Figure 5-27). The area in which these individuals were captured was 

atypical for this species as the habitat consisted of a mosaic of jarrah/marri (JS) creating a relatively 

open canopy cover with the occasional wandoo and stands of western sheoak (BIOSTAT, 2021a). 

The species has been more recently recorded during targeted surveys undertaken within the  

Quindanning area in 2020 (BIOSTAT, 2021a) (Figure 5-27). Individuals were recorded in a variety 

of habitats comprising variations and mosaics of jarrah/marri open forest (JM), 

jarrah/marri/Allocasuarina forest (JC), wandoo woodlands (WO). Based on the species sightings 

from the numerous surveys within the PAA, the species presence is considered to be limited to the 

eastern portion of the Quindanning area within suitable habitat (BIOSTAT, 2021a). It is highly unlikely 

that the Red-tailed Phascogale would occur in the more mesic (i.e. moister) areas of the CBME 

(BIOSTAT, 2021a).  

Based on the survey effort to date, the Red-tailed Phascogale has only been recorded in the 

Quindanning Timber Reserve area of the WMDE, east of the Pinjarra-Williams Road. Therefore, the 

species is considered likely to be restricted to, and therefore only utilise, the eastern portions of the 

PAA (Quindanning) within suitable habitats (approximately 681 ha), although suitable habitat exists 

more broadly throughout the WMA, extending 27,554 ha (JM, JC, WO, DL).  

5.3.3.3.2.12 Brush-tailed Phascogale 

The Brush-tailed Phascogale (Phascogale tapoatafa wambenger) occurs in southwestern Australia, 

with its distribution extending from Perth to Albany (Burbidge & Woinarski, 2016a). The species is 

known to occur in higher densities in the Perup/Kingston area, Collie River valley, and near Margaret 

River and Busselton (DBCA, n.d.). This species is generally associated with 

jarrah/marri/Allocasuarina forest and woodland complexes with hollow bearing trees.  

The species has been recorded in most areas of the PAA (Figure 5-27). Though most commonly 

associated with jarrah/marri habitats (JC, JM, DL), it has been recorded in areas of wandoo 

woodlands (WO) in the far south of the WMDE (Quindanning mine area). Based on habitats used by 

the species approximately 27,544 ha exists within the WMA, with 11,844 ha of suitable habitat 

occurring in the PAA. 

5.3.3.3.2.13 Western Ringtail Possum 

The Western Ringtail Possum (Pseudocheirus occidentalis) is distributed within a coastal strip 

between Bunbury and Albany (Burbidge & Zichy-Woinarski, 2017). This species is commonly found 

in long unburnt remnants of peppermint (Agonis flexuosa) and tuart (Eucalyptus gomphocephala) 

woodlands, though it has also been recorded in other habitats including jarrah/marri forests and 

woodlands and karri forests (BIOSTAT, 2021a).  

This species has not been recorded in any of the surveys undertaken in the WMDE and BTC since 

1982. One individual has been historically recorded from the Boddington area in 1998 (WA Museum 

Specimen M50760), approximately 4 km east of the WMDE boundary (BIOSTAT, 2021a). However, 

this individual is thought to have been transported there unintentionally into Boddington from another 

area as the drier forest areas of the eastern Northern Jarrah Forest bioregion are not considered 

typical habitat for this species (BIOSTAT, 2021a). It is considered unlikely that the Western Ringtail 
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Possum exists in the WMDE and BTC, based on the species habitat preferences, limited availability 

of suitable habitat and the absence of records despite the extensive survey effort undertaken. 

The species has been recorded in the CBME and within the RLA. The individuals were recorded on 

cameras located in mesic blackbutt woodland (BB) and the jarrah/marri/Allocasuarina (JC) habitat 

types. While this species is known to prefer dense mesic and riparian systems, its recording in the 

“drier” upland systems typical of JC habitat type suggest it is able to utilise other habitats (BIOSTAT, 

2021a). The species is also likely to utilise the JM fauna habitat types as it is generally found between 

the JC and BB habitat types. Collectively, these habitat types consist of approximately 493 ha of the 

CBME.  

5.3.3.3.2.14 Quokka 

Quokkas (Setonix brachyurus) are habitat specialists and have a highly restricted distribution in the 

southwest region (seven known sub-populations) and on Rottnest Island (Burrell, 2019). The species 

prefers swampy habitats within jarrah forests and, like the Woylie, it is a cryptic species (BIOSTAT, 

2021a).  

Database search results for the PAA and surrounds showed all records for the Quokka were from 

the more mesic jarrah forest areas along the western Darling Range (BIOSTAT, 2021a). Quokka 

were first recorded in the CBME in surveys undertaken in 2019, with individuals recorded in three 

habitat types; jarrah/marri (JM) communities, blackbutt woodland (BB) and 

jarrah/marri/Allocasuarina (JC) complexes, which make up approximately 493 ha of the CBME 

(Figure 5-27). Quokkas are also known to occur in the broader RLA. However, it is unlikely they 

exist in the WMDE and BTC, based on their known range (BIOSTAT, 2021a). 

5.3.3.3.2.15 Dell’s Skink 

Dell’s Skink (Ctenotus delli) is endemic to the Darling Range in the southwest of WA, however, it is 

restricted to jarrah forest areas on lateritic or clay soils and areas of vegetated granite out-cropping 

(BIOSTAT, 2021a) . This species has been recorded in rehabilitated mine sites, but in low numbers 

(BIOSTAT, 2021a). 

The skink has been recorded throughout most of the WMDE and BTC. The species has not been 

recorded in the CBME, but it may occur as suitable habitat is available. This species is most likely 

to inhabit areas of vegetation associated with granite outcropping as found in the wandoo (WO) and 

jarrah/marri (JM and JC) habitat types in the WMA (restricted to granite outcropping areas within a 

potential maximum of approximately 26,368 ha, of which 11,407 ha is within the PAA). 
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5.3.3.4 Short-range Endemic Fauna  

Short-range endemic (SRE) fauna are defined as animals that display restricted geographic 

distributions, nominally less than 10,000 km2, that may also be disjunct and highly localised (Harvey, 

2002; Ponder & Colgan, 2002). Short-range endemism in terrestrial invertebrates is believed to have 

evolved through two primary processes (Harvey 2002); relictual short-range endemism – where 

drying climate has forced range contraction into small pockets with remaining moist conditions (i.e. 

south facing rock faces or slopes of mountains or gullies), and habitat specialist SREs that may have 

settled in particular isolated habitat types (i.e. rocky or granite outcrops) by means of dispersal and 

evolved in isolation into distinct species. However, SREs have also been reported in more 

widespread habitats, although mainly in groups with low dispersal capabilities, such as mygalomorph 

spiders and millipedes (Phoenix, 2021b). 

There is currently no accepted system for determining the likelihood that a species represents an 

SRE. For the purposes of the Phoenix (2021b) assessment, the four WA Museum (WAM) categories 

were adopted:  

• Confirmed – taxa for which the distribution is known to be less than 10,000 km2, the taxonomy is 
well-known, and the group is well represented in collections and/or via comprehensive sampling; 

• Likely – taxa for which the distribution is known to be less than 10,000 km2, taxonomically poorly 
resolved group, often have unusual morphological characteristics and are typically recorded as 
singletons in surveys, with few, if any, regional records; 

• Potential – taxa for which the distribution is known to be less than 10,000 km2, there is incomplete 
knowledge of the geographic distribution of the group and its taxonomy, and the group is not well 
represented in collections; and 

• Not an SRE – taxa for which the distribution is known to be greater than 10,000 km2 (WAM, 
2013).  

5.3.3.4.1 SRE Fauna Diversity 

Desktop Review 

The desktop review of the WAM database and previous reports from the area identified 33 SRE 

species. This included 12 confirmed, 20 potential and one likely SRE. The confirmed SREs were 

comprised of nine millipedes (seven Antichiropus species, one Hesperisiphon species and one 

Siphonotidae ‘Marradong’) and two mygalomorph spiders (Missulena ‘MYG198’ and Eucyrtops 

‘Marradong’). One potential SRE species, Aname ‘Dwellingup’, has only been collected twice since 

1979 and has only been recorded within the PAA. No Chilopods (centipedes) were identified in the 

WAM database search (Phoenix, 2021b). 

Field Surveys 

The field surveys collected 972 invertebrate specimens from the PAA (2019) and regional study area 

(2020 survey), including rehabilitation areas. A total of 249 individuals were recorded from the 

WMDE, 80 from the WMDE/BTC, 121 from the CBME and 522 from the surrounds of the PAA (i.e. 

regional study area) (Phoenix, 2021b). In total, 132 taxa were recorded from 29 families and 57 

genera. Of the 132 taxa, 97 taxa were considered SREs: nine confirmed (all millipedes), 14 likely 

(13 isopods and one millipede) and 74 potential (40 trap-door spiders, three land snails, eight 

millipedes, 12 isopods, four pseudoscorpions and seven opiliones) (Phoenix, 2021b). Refer to 

Appendix G2 for further details.  

A total of 51 SRE taxa have been recorded during the field surveys within the PAA, as shown in 

Figure 5-28a through to Figure 5-28d. None of the SREs recorded in the PAA represent Threatened 
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or Priority species (Phoenix, 2021b). Only a single Priority 3 SRE trap-door spider species (Euoplos 

inornatus) was recorded during the surveys and was collected during the regional survey, 

approximately 8.4 km to the west of the WMDE (Figure 5-28a).  

Of the 51 taxa recorded, 17 taxa have only been recorded in the PAA, as shown in Figure 5-28a 

through to Figure 5-28d, and consisted of: 

• 7 mygalomorph spiders; 

• 5 millipedes; and 

• 5 isopods. 

Of these, 8 taxa were identified to morphospecies level based on morphological examination by 

experts and/or molecular analysis. Of the taxa collected in the PAA, 13 taxa are indeterminate taxa 

that have unresolved taxonomy due to either the specimens being of poor condition, a female or 

juvenile specimen that does not possess identifying characters (pseudoscorpions and isopods), 

and/or morphological sequencing failure (e.g. Mygalomorphs and millipedes) (Phoenix, 2021b). 

South32 have commissioned Phoenix to undertake additional genomic testing of these 

indeterminate SRE species. Some of the unresolved taxa have poor morphologic and/or molecular 

knowledge and further identification was not possible (Opiliones, some pseudoscorpions and some 

isopods) at the time fo survey. These taxa may represent a morphospecies or species found in the 

survey or desktop review. Phoenix (2022) has prepared a report which documents the changes in 

taxonomy of species located only within the IDF and/or the PAA for the Proposal Revised (Appendix 

G5). 

Of the SRE species collected in the surveys, only five have been formally described; Armadillo 

flavus, Ballara longipalpis, Euoplos inornatus (Priority 3), Synothele rubripes and Buddelundia 

nigripes (Phoenix, 2021b). Sixty-four SRE species were assigned morphospecies names based on 

previously collected specimens, or newly collected specimens that were not the same as any other 

species described by the taxonomist. Twenty-eight SRE remained indeterminate species due to poor 

taxonomic knowledge, poor genetic knowledge, inadequate life stage or sex, or a specimen in poor 

condition (Phoenix, 2021b). It is possible that the indeterminate taxa represent any of the collected 

or previously collected taxa, or possibly new taxa. 

The consideration of the SRE status of all taxa recorded is largely due to taxonomic uncertainty, with 

most only known from specimens collected within the study area or are subsumed within a species 

complex known to comprise multiple taxa whose distributions are currently not well (Phoenix, 2021b). 

When all survey data and WAM database records are considered collectively, a total of 89 SRE taxa 

have been recorded in the PAA, including 22 that have been recorded only in the PAA (Phoenix, 

2021b). 

Eighteen taxa from groups known to include SREs were collected from the rehabilitation survey sites. 

Of these, 12 taxa were considered SREs and included one likely SRE (isopod) and 11 potential SRE 

taxa (with six isopods, two mygalomorphs, two opiliones and one land snail) (Phoenix, 2021b). The 

remaining six are widespread species and are therefore not considered SREs. Of the SRE taxa, 

none of these are formally described species, six are morphospecies and the remaining six are 

indeterminate. All SRE taxa recorded within the rehabilitation areas were recorded in previous 

surveys in the PAA and surrounds, or from the desktop study area (Phoenix, 2021b). Based on the 

SRE species recorded within the rehabilitation areas, it can be concluded that the more ‘common’ 

or ‘widespread’ SRE taxa can recolonise rehabilitation areas, however, the more cryptic taxa are 

less likely to disperse naturally and return to such areas (Phoenix, 2021b). 
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on granite or outcrops
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5; Open forest of Jarrah/Marri forest,
seasonally moist, sandy gravels on

slopes

6; Cleared land (including plantations,
and dams)

7; Open forest to woodland of
Jarrah/Marri on slopes and less
undulating hills

8; Open woodland of Wandoo on clay
and clay-loam soils on lower slopes

9; Open Eucalyptus woodlands (wet)

on sands, clay-loam or sandy-gravel
on lower slopes and valley floors

10; Open woodlands of Wandoo and

Flooded Gum on seasonally wet or
water-logged clays and clay loams on
valley floors

12; Rehabilitation (post-mining
rehabilitation using mostly native
species)

Mygalomorphs

11. Euoplos inornatus (P3)

02. Aname sp. indet. (Potential)
03. Aname 'WorsleyDNA03' (Potential)
04. Aname 'WorsleyDNA04' (Potential)
08. Eucyrtops 'MYG645' (Potential)
09. Eucyrtops 'WorsleyDNA06' (Potential)
10. Eucyrtops 'WorsleyDNA08' (Potential)

15. Idiosoma 'WorsleyDNA05' (Potential)
16. Idiosoma 'WorsleyDNA07' (Potential)

19. Missulena 'WorsleyDNA13' (Potential)
20. Mygalomorphae sp. indet. (Potential)
21. Mygalomorphae 'WorsleyDNA11' (Potential)
23. Proshermacha 'MYG646' (Potential)
24. Proshermacha sp. indet. (Potential)
25. Proshermacha 'WorsleyDNA12' (Potential)
27. Synothele 'MYG640' (Potential)
28. Synothele rubripes (Potential)
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RLA
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Short-range Endemic Fauna
Records and Habitats within

the PAA - Opiliones and
Pseudoscorpions

Worsley
Refinery

Envelopes
BTC

CBME

WMDE

Footprints
PAA IDF

SRE Records (Phoenix 2020)
Opiliones and Pseudoscorpions

SRE Fauna Habitat (Phoenix 2021)
SRE Number; SRE Description

1; Melaleuca woodlands/shrublands
on seasonally wet or water-logged
clays and clay loams on valley floors

2; Open Jarrah/Marri woodlands on
sands, clay-loam or sandy-gravel on
lower slopes and valley floors

3; Heath/shrubland on shallow soils

on granite or outcrops

4; Open forest of Jarrah/Marri on
sandy-loam gravelly soils on mid-

slopes and ridges

5; Open forest of Jarrah/Marri forest,
seasonally moist, sandy gravels on

slopes

6; Cleared land (including plantations,
and dams)

7; Open forest to woodland of
Jarrah/Marri on slopes and less
undulating hills

8; Open woodland of Wandoo on clay
and clay-loam soils on lower slopes

9; Open Eucalyptus woodlands (wet)

on sands, clay-loam or sandy-gravel
on lower slopes and valley floors

10; Open woodlands of Wandoo and

Flooded Gum on seasonally wet or
water-logged clays and clay loams on
valley floors

12; Rehabilitation (post-mining
rehabilitation using mostly native
species)

Agreements
RLA

Saddleback

Opiliones
01. 'Calliuncus?' sp. indet. (Unknown)
02. Megalopsalis sp. indet. (Unknown)
03. Nunciella sp. indet. (Unknown)
04. Opiliones sp. indet. (Potential)
05. Trianonychidae 'genus 003' sp. indet. (Potential)
05. Trianonychidae 'genus 008' sp. indet. (Potential)

Pseudoscorpions
04. Austrochthonius sp. indet. (Potential)
06. Beierolpium sp. indet. (Potential)
07. Chernetidae sp. indet. (Potential)
08. Chthoniidae indet (Potential)
10. Indolpium sp. indet. (Potential)
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Short-range Endemic Fauna
Records and Habitats within

the PAA - Millipedes

Worsley
Refinery

Envelopes
BTC

CBME

WMDE

Footprints
PAA IDF

SRE Records (Phoenix (2020)
Millipedes

SRE Fauna Habitat (Phoenix 2021)
SRE Number; SRE Description

1; Melaleuca woodlands/shrublands
on seasonally wet or water-logged
clays and clay loams on valley floors

2; Open Jarrah/Marri woodlands on
sands, clay-loam or sandy-gravel on
lower slopes and valley floors

3; Heath/shrubland on shallow soils

on granite or outcrops

4; Open forest of Jarrah/Marri on
sandy-loam gravelly soils on mid-

slopes and ridges

5; Open forest of Jarrah/Marri forest,
seasonally moist, sandy gravels on

slopes

6; Cleared land (including plantations,
and dams)

7; Open forest to woodland of
Jarrah/Marri on slopes and less
undulating hills

8; Open woodland of Wandoo on clay
and clay-loam soils on lower slopes

9; Open Eucalyptus woodlands (wet)

on sands, clay-loam or sandy-gravel
on lower slopes and valley floors

10; Open woodlands of Wandoo and

Flooded Gum on seasonally wet or
water-logged clays and clay loams on
valley floors

12; Rehabilitation (post-mining
rehabilitation using mostly native
species)

Agreements
RLA

Saddleback

Millipedes
02. Antichiropus 'bannister (DIP178)' (Confirmed)
03. Antichiropus 'collie (DIP177)' (Confirmed)
04. Antichiropus 'Mt Saddleback' (Confirmed)
05. Antichiropus sp. indet. (Potential)
08. Antichiropus 'WorsleyDNA18' (Potential)
12. 'cf Sphaerotrichopus?' sp. indet. (Potential)
13. 'cf Sphaerotrichopus?' 'WorsleyDNA01' (Potential)
21. Siphonotidae `DIPAAG` `DIP189` `collie` (Confirmed)
24. Siphonotidae 'DIPAAF' 'cf. michaelseni' (Likely)
26. Siphonotidae 'DIPAAF' 'WorsleyDNA15' (Potential)
26. Siphonotidae 'DIPAAF' WorsleyDNA14' (Potential)
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Short-range Endemic Fauna
Records and Habitats within

the PAA - Isopods

Worsley
Refinery

Envelopes
BTC

CBME

WMDE

Footprints
PAA IDF

SRE Records (Phoenix 2020)
Isopods

SRE Fauna Habitat (Phoenix 2021)
SRE Number; SRE Description

1; Melaleuca woodlands/shrublands
on seasonally wet or water-logged
clays and clay loams on valley floors

2; Open Jarrah/Marri woodlands on
sands, clay-loam or sandy-gravel on
lower slopes and valley floors

3; Heath/shrubland on shallow soils

on granite or outcrops

4; Open forest of Jarrah/Marri on
sandy-loam gravelly soils on mid-

slopes and ridges

5; Open forest of Jarrah/Marri forest,
seasonally moist, sandy gravels on

slopes

6; Cleared land (including plantations,
and dams)

7; Open forest to woodland of
Jarrah/Marri on slopes and less
undulating hills

8; Open woodland of Wandoo on clay
and clay-loam soils on lower slopes

9; Open Eucalyptus woodlands (wet)

on sands, clay-loam or sandy-gravel
on lower slopes and valley floors

10; Open woodlands of Wandoo and

Flooded Gum on seasonally wet or
water-logged clays and clay loams on
valley floors

12; Rehabilitation (post-mining
rehabilitation using mostly native
species)

Agreements
RLA

Saddleback

Isopods
03. Acanthodillo sp. indet. (Potential)
05. Buddelundia '04' (Potential)
06. Buddelundia nigripes (Potential)
08. Buddelundia sp. indet. (Potential)
09. Buddelundia sp. indet. A (Likely)
10. Isopoda sp. indet. (Potential)
11. Laevophiloscia '1' (Potential)
13. Laevophiloscia sp. indet. (Potential)
14. Paraplatyarthrus sp. indet. (Likely)
15. Paraplatyarthrus sp. indet. A (Potential)
16. Paraplatyarthrus sp. indet. B (Likely)
17. Paraplatyarthrus sp. indet. C (Likely)
18. Paraplatyarthrus sp. indet. D (Likely)
20. Philosciidae sp. indet. (Potential)
21. Pseudodiploexochus '1' (Likely)
23. Pseudodiploexochus sp. indet. A (Likely)
24. Pseudodiploexochus sp. indet. B (Likely)
26. Styloniscus '1' (Potential)
27. Styloniscus '7' (Likely)
30. Styloniscus sp. indet. (Potential)
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5.3.3.4.2 SRE Habitats  

The SRE habitat mapping was informed by the comprehensive vegetation mapping completed by 

Mattiske (2021a). The vegetation mapping was re-interpreted in relation to key aspects that influence 

SRE fauna, with these being vegetation structure (canopy cover), soils/substrate (propensity to hold 

water) and landform/landscape position (e.g. valley floors, mid-slopes, ridges/hill tops etc (Phoenix, 

2021b). This allowed a combination of both biotic and abiotic factors to be used to delineate SRE 

fauna habitats and the approach is aligned with the EPA’s guidance for SRE fauna (Phoenix, 2021b). 

A further refinement was applied to the approach in that vegetation types were grouped based on 

structure and subsequently separated based on those important abiotic factors. This was undertaken 

as SREs do not appear to be restricted to single vegetation units, but more commonly appear to be 

restricted to vegetation structure and landform (Phoenix, 2021b) Overall, this approach allowed for 

detailed SRE mapping to be undertaken at a local scale relevant to the characteristics of the PAA.  

Ten SRE fauna habitats were identified as occurring within the PAA (Table 5-32). Nine of these 

consisted of native SRE habitat types, while rehabilitation is not considered native SRE fauna 

habitat, it is still considered SRE habitat as it has potential to provide refugia to SREs (e.g. 

vegetation, coarse woody debris, leaf litter) (Phoenix, 2021b) (Table 5-32). Cleared land is not 

considered native SRE fauna habitat and is not considered to provide any value to SRE, however it 

is presented in Table 5-32 for completeness. The SRE habitats within the WMDE, BTC and CBME 

are shown on Figure 5-24. Seven of the nine native habitats were considered as having a high 

potential to support SREs and comprise approximately 25% (3,987 ha) of the SRE habitat (including 

rehabilitation) available in the PAA (Figure 5-39).  

A high rating was given to native habitats where there were defined or known areas of habitat 

containing elements that generally lead to specialisation or dependency in invertebrate fauna, such 

as aspect (e.g. south facing slopes, deeply incised gullies), geological features (e.g. granite) or soil 

types that retain water (e.g. clay, loam) (Phoenix, 2021b). Two native habitats were assessed as 

having a low rating as they were characterised by areas of largely intact native vegetation that 

occurred broadly across the landscape, were less incised and typically linked more restricted 

habitats. A low SRE potential rating was given to rehabilitation as it has potential to provide refugia 

to SREs and in recognition that rehabilitated areas within the PAA recorded SRE taxa and were 

shown to facilitate the recolonisation of more ‘common’ SRE species.  

Habitats with a high SRE habitat rating tended to have moist or seasonally moist/wet soils or were 

located in areas such as deep valleys, lower slopes and valley floors (Phoenix, 2021b). Those that 

were rated as having low potential to support SREs tended to exist on mid-slopes, ridges and less 

undulating hills. 

SRE taxa were recorded in all native habitat types. The habitat mapped as open forest of jarrah/marri 

on sandy-loam gravelly soils on mid slopes and ridges recorded the highest number of SRE taxa (57 

taxa) (Phoenix, 2021b). This habitat is also the most widespread habitat in the PAA and most 

commonly sampled; thus this result is not unexpected. However, a high number of SRE taxa also 

appear to be confined to this habitat. 

Of the SRE taxa recorded, 62 were collected from habitats considered to have high potential to 

support SREs, with 41 of these also recorded from low potential habitat (Phoenix, 2021b). Species 

richness in the high potential habitats was observed to generally correlate with the number of sites 

sampled.  
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Table 5-32 SRE Habitats within the PAA 

SRE Habitat Type 

Corresponding 
Site-vegetation 
Type Code(s) 

(Mattiske, 
2021a) 

SRE Habitat 
Rating 

Extent within the PAA Development 
Envelopes (ha)  Extent within 

the PAA (ha) 

Extent within 
the wider 

mapped area 
(ha)  

WMDE BTC CBME  

1 Melaleuca 
woodlands/shrublands on 
seasonally wet or waterlogged 
clays and clay loams on valley 
floors 

A, A1, A2 High 125.9 39.8 0 134.6 
680.2 

 

2 Open jarrah/marri woodlands on 
sands, clay-loam or sandy-
gravel on lower slopes and 
valley floors 

A3, CW, D, DG, 
LG 

High 399.3 151.8 17.9 427.3 1075.6 

3 Heath/shrubland on shallow 
soils on granite or outcrops 

E, G, G1, G2, 
G3, G4 

High 169.1 11.9 <0.1 171.2 548.7 

4 Open forest of jarrah/marri on 
sandy-loam gravelly soils on 
mid-slopes and ridges 

H, J, M2, MG, 
O, P, PS, PW, 

R, S, SP, ST, T, 
TS 

Low 6,704.0 1,596.6 400.2 7,371.3 16,936.7 

5 Open forest of jarrah/marri 
forest, seasonally moist, sandy 
gravels on slopes 

SW High 9.2 0 17.7 26.9 143 

6 Cleared land (including 
plantations and dams) 

CL, CL – Ag, 
CL – other, 

Dam, PL, PL – 
Ag, RE – Ag 

None 12,802.5 1,136.3 225.6 13,186.1 22,850 
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SRE Habitat Type 

Corresponding 
Site-vegetation 
Type Code(s) 

(Mattiske, 
2021a) 

SRE Habitat 
Rating 

Extent within the PAA Development 
Envelopes (ha)  Extent within 

the PAA (ha) 

Extent within 
the wider 

mapped area 
(ha)  

WMDE BTC CBME  

7 Open forest to woodland of 
jarrah/marri on slopes and less 
undulating hills 

AD, H1, H2, 
HG, W, Z 

Low 1,582.4 221 0 1,621.7 2,845 

8 Open woodland of wandoo on 
clay and clay-loam soils on 
lower slopes 

M, Y, YG High 2,174.2 549.2 0 2420.8 6,649 

9 Open Eucalyptus woodlands 
(wet) on sands, clay-loam or 
sandy-gravel on lower slopes 
and valley floors 

AX, AY, AY/D, 
B, L, Q 

High 640.0 285.3 74.5 772.2 1,766.8 

10 Open woodlands of wandoo and 
flooded gum on seasonally wet 
or waterlogged clays and clay 
loams on valley floors 

AC High 34.2 0 0 34.2 58.5 

11 Rehabilitation (post-mining 
rehabilitation using mostly 
native species^) 

RE Low 3,155.6 153.8 10.6 3,190.5 3163.6 

Total area 27,796.5 4,145.9 746.5 29,356.6  

Total area of native SRE habitat 11,838.3 2,855.9 510.3 12,980.0  

Total area of SRE habitat (including rehabilitation) 14,994.0 3,009.4 520.9 16,170.6  

^ Note, the older, historical areas of rehabilitation also include a low diversity of non-Northern Jarrah Forest species.
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5.3.4 Potential Environmental Impacts 

Potential impacts to terrestrial fauna (including SRE invertebrate fauna) from activities associated 

with the Revised Proposal include: 

• Habitat loss through vegetation clearing. The Revised Proposal will result in the direct loss of 
native, plantation and rehabilitated vegetation, and hence fauna habitat, through clearing 
associated with mine operations and supporting infrastructure; 

• Further fragmentation of habitat in the local area through partial or complete clearing and 
associated habitat loss of isolated remnant bands or patches; 

• Injury, mortality or displacement of fauna from construction and operations (including vehicle 
strikes);  

• Indirect impacts from dust, noise and vibration during construction and operations; 

• Increased competition or predation by introduced (feral) species; and 

• Cumulative impacts in relation to the direct loss and fragmentation of habitat for fauna. 

The potential impact to aquatic fauna from changes in the flow regime and water quality of creeks 

from activities associated with the Revised Proposal is assessed under Inland Waters environmental 

factor (Section 5.5.5).  

5.3.4.1 Habitat Loss and Fragmentation 

Native fauna utilise native vegetation for their needs for shelter, food, breeding and habitat 

connectivity. The loss, degradation or fragmentation of native vegetation will reduce the capacity of 

the habitat to support the range of species it currently supports.  

It should be noted that all IDFs are based on the mine plan and bauxite location information at the 

time of submission. The actual footprint is subject to change based on future detailed geological 

investigations and mine planning. However, native vegetation clearing and disturbance to land 

without native vegetation will occur up to the defined clearing allocations outlined in Table 1-3. 

5.3.4.1.1 Vertebrate Fauna 

Vegetation will be progressively cleared as mining operations and supporting infrastructure expand 

into this area. Up to approximately 4,399 ha of native vegetation (representing key terrestrial fauna 

habitat) will be disturbed within the PAA. The extent of clearing or disturbance to each fauna habitat 

type identified within the IDF is summarised in Table 5-33.  

The majority of the disturbance associated with the Revised Proposal is anticipated to occur in 

jarrah/marri/Allocasuarina (sheoak) woodlands on slopes and ridges (JC) fauna habitat type 

(approximately 3,145 ha), followed by the cleared lands habitat type (2,050 ha), which is 

characterised by isolated stands of remnant trees, and the jarrah/marri woodlands on slopes (JM) 

habitat type (1,399 ha). These habitat types account for approximately 82% of the IDF. All habitat 

types are represented outside the IDF. Based on the proposed IDF, clearing of any habitat type will 

be <35% of that within the wider mapped areas (WMA) (Table 5-33). The heath community fauna 

habitat type (PH) is predominantly associated with the conservation significant (i.e. PEC) heath 

community site-vegetation types (G1 and G3) (refer to Section 5.2.4.1.2 for further detail). 

Consequently, the loss of this habitat type within the PAA will be limited as the Worsley Alumina 

Protected Areas Plan will ensure there will be no clearing of the PEC. 

The habitats impacted by clearing provide general foraging opportunities for species, refuge from 

predators, and breeding and nesting habitats for some species. Small and less mobile species of 

vertebrate fauna (such as reptiles) may be indirectly affected by clearing as individuals may be 
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unable to relocate into nearby habitats. However, the loss of fauna habitat associated with the 

Revised Proposal is considered unlikely to have a significant impact on the populations of species 

within the area as the potential habitat to be retained within the PAA is well represented in the local 

area and expected to be sufficient to continue to support local populations. The only potential 

exception to this is the Woylie as records to date for this species within the PAA have been restricted 

to the area around the BGM, north of the Hotham River. Woylies are likely to be associated with the 

larger contiguous forested areas in this area and the loss of larger stands of contiguous remnant 

native forest may impact the local population of the species (Table 5-34). 

The site-vegetation types associated with the JC and JM fauna habitats correspond with elements 

of all of the vegetation complexes, as defined by Heddle et al. (1980) and Mattiske and Havel (1998), 

represented within the PAA. The current extent of these complexes remaining within the Southwest 

Forest Region ranges between approximately 7,517 ha and approximately 181,039 ha (refer to 

Table 5-7). Based on the IDF, the clearing of up to 4,399 ha of remnant native vegetation equates 

to no more than approximately <3% of the current extent remaining of all mapped vegetation 

complexes within the Southwest Forest Region that occur within the PAA. 

The landscape has been subject to extensive fragmentation as a result of cumulative clearing for 

existing mining operations, agriculture and plantations. The Revised Proposal will increase the 

existing degree of fragmentation. Further fragmentation of the landscape can lead to increased 

degradation of habitat and an increase in predation as fauna move between fragments. The loss of 

habitat and increase in fragmentation as a result of the Revised Proposal is expected to result in 

localised impacts to individuals and populations. However, significant impacts at a population level 

are considered unlikely.  

There is evidence of habitat use by 16 conservation significant fauna species surrounding existing 

active operations associated with the Worsley Alumina Project (see Table 5-27). This provides 

evidence that these species have been able to utilise areas that have been subject to prior 

disturbance from historical agricultural and mining activity. The continued implementation of 

progressive rehabilitation of disturbance areas to re-establish fauna habitat, feral species 

management and management of ecological linkages/corridors will assist in minimising impacts from 

further clearing that is associated with the Revised Proposal. Constructed fauna habitats (comprised 

of stumps, logs and debris stockpiled during clearing) are constructed at specific hectare densities 

(9-10 per hectare) throughout rehabilitation areas being returned to vegetation in State Forest or 

freehold/private properties owned by the WJV. These fauna habitats are installed at the initial stages 

of rehabilitation to provide fauna habitat and encourage the return of native fauna providing refuge 

and potential denning opportunities. 

Ecological linkages have been investigated for the Marradong mining operation and are included in 

the 10 year mine planning process. Ecological linkages will be considered in all future mining areas 

prior to mining operations commencing, in accordance with the Worsley Flora and Fauna 

Conservation Procedure (Worsley 2017a). Fauna linkage structures that promote habitat 

connectivity will also be used to mitigate fragmentation effects.  

Within the CBME, the area provided through the refined protection commitments (refer to 

Section 4.3.4) as the spatial separation between the high water mark of Freshwater Lake and the 

IDF for the contingency bauxite mining, will provide an ecological linkage through the retention of 

vegetation, mostly consisting of the fauna habitat types of BB, JM and JC. These three vegetation 

types provide habitat for the eleven conservation significant species (Quokka, Brush-tail Phascogale, 
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Western Brush Wallaby, Rakali, Western False Pipistrelle, Peregrine Falcon, Western Ringtail 

Possum, Quenda, and all three species of Black Cockatoos). 

Worsley Alumina also operates with consideration of the Forest Management Plan 2014-2023, which 

is prepared by the Conservation Commission of WA (now the Conservation and Parks Commission) 

in partnership with DBCA. The objective of the plan is to conserve biodiversity and self-sustaining 

populations of native species and communities, and to allow for the recovery of biodiversity from 

operational disturbances (Conservation Commission of WA, 2013a). This includes the management 

of risks to flora and fauna related to disturbance from Worsley Alumina’s mining activities within State 

Forest. The plan designates relatively undisturbed areas as informal reserves. These reserves form 

a network throughout the State Forest and Timber Reserves and provide for connectivity, landscape 

heterogeneity and structural complexity. Informal reserves are considered of high conservation value 

and include ‘fauna habitat zones’ (FHZ). FHZs are identified by DBCA and aim to enable fauna to 

recolonise disturbed areas as they regenerate from disturbances. In the previous Forest 

Management Plan (2004-2013), indicative FHZs of approximately 200 ha were systematically 

defined across State Forest and timber reserves with the intent of providing a separation distance of 

around 3 km between the FHZs and areas of mature forest located within formal reserves 

(Conservation Commission of WA, 2013a). The Forest Management Plan 2014-2023 has refined 

the network of FHZs to better align with the location of formal and informal reserves.  

There are currently no FHZs within the PAA, however there are known to be interim FHZs within the 

WMDE that have not yet been finalised. The final location and protection status of any future FHZs 

will be developed through consultation between Worsley Alumina and DBCA in line with the Forest 

Management Plan 2014-2023 (or subsequent future plans, as relevant). 

Impacts to Conservation Significant Vertebrate Fauna 

The PAA supports a diverse range of vertebrate fauna, including a number of conservation significant 

species. The assessment of impacts of the Revised Proposal on conservation significant vertebrate 

species is presented in Table 5-34.  

The persistence of conservation significant fauna in the highly modified environments occurring in 

the PAA and surrounds (mining and agriculture) suggests a level of adaptability to these conditions 

and landscapes (BIOSTAT, 2021a). Species in the area have adapted to the fragmented 

environment and have been recorded in systematic surveys and opportunistically over the years. 

The Western Ringtail Possum and the Quokka were only recorded recently in the CBME in the 2019 

survey, which reflects their cryptic nature and indicates they are likely to be sparsely distributed 

across the landscape (BIOSTAT, 2021a). Conservation significant species have been observed 

breeding in the PAA, specifically two species of Black Cockatoo (Carnaby’s and Forest Red-tailed 

Black Cockatoos). Habitat loss is the primary contributor to these species and many others becoming 

conservation significant.  

The management of impacts to fauna associated with habitat loss, and retention of fauna 

assemblages locally, is reliant on the ability to maintain a degree of connectivity between habitats at 

a landscape scale (BIOSTAT, 2021a). The connectivity in the landscape needs to consider quality 

or value of habitats. The value of areas of native vegetation, including those that may seem isolated 

from other remnants, is determined by the species within them at the scales at which they exist. 

Therefore, a small, isolated remnant may be sufficient to support a viable population of a species as 

it exists at a landscape scale that is adequately resourced by the size of the habitat. Isolated 
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remnants providing key linkages across a fragmented landscape generally have a high ecological 

value, although the condition of the fragments also influences their value.  

As part of the suite of management measures that will be implemented for the Revised Proposal 

(Section 5.3.5), Worsley Alumina will identify and manage, in association with DBCA, ecological 

linkages/corridors within the PAA in accordance with the BFMP, the Flora and Fauna Conservation 

Procedure (Worsley 2017a) and the 10 year mine planning process. Fauna linkage structures 

promoting habitat connectivity will also be used to create connectivity. The Protected Areas Plan 

(Worsley 2021g) also implements a management buffer zone along the major waterways of the 

Hotham River and key tributaries/streams. This management buffer is incorporated into mine 

planning and infrastructure design. The greater landscape also provides suitable habitat for a large 

variety of fauna (BIOSTAT, 2021a). 
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Table 5-33 Fauna Habitat within the PAA Affected by Clearing 

Fauna Habitat 
Fauna 
Habitat 
Code 

Extent 
within the 
PAA (ha) 

Extent in 
wider 

mapped area 
(WMA) (ha) 

Extent within the IDF (ha)  
% 

impacted 
of WMA WMDE BTC CBME∞ PAA 

Blackbutt woodlands on lower slopes BB 126.1 425.6 3.0 5.1 23.5 31.5 7.4% 

Mosaic of marri/jarrah on lower slopes and flooded gum 
riparian communities 

FD 5.3 5.3 0.0 0.9 0.0 0.9 17.4% 

Flooded gum woodlands riparian community FG 698.0 1,509.8 75.5 3.5 0.0 79.0 5.2% 

Jarrah/marri valley floors/swamps JS 0.5 6.2 0.0 0.0 0.0 0.0 0.0% 

Melaleuca shrublands on seasonally wet valley floors MS 132.9 671.3 19.4 4.2 0.0 23.6 3.5% 

Flooded gum/Melaleuca shrublands on seasonally wet valley 
floors 

MW 1.7 8.9 0.0 0.0 0.0 0.0 0.0% 

Marri/jarrah on lower slopes DL 437.1 1,185.8 114.7 26.5 12.9 154.0 13.0% 

Jarrah/marri/Allocasuarina (sheoak) woodlands on slopes and 
ridges 

JC 5,208.6 10,339.4 2,916.3 45.4 183.1 3,144.7 30.4% 

Jarrah/marri woodlands on slopes JM 3,512.0 8,334.9 1,359.6 10.6 29.5 1,399.7 16.8% 

Low Eucalyptus woodland over low shrubs ML 14.1 21.6 1.4 0.0 0.0 1.4 6.5% 

Wandoo woodlands WO 2,686.6 7,694.3 469.2 31.1 0.0 500.2 6.5% 

Heaths including perched heaths PH 157.1 519 3.7 2.5 0.0 6.1 1.2% 

Rehabilitation  RE 3,190.5 3,499.0 590.5 7.8 7.0 605.2 17.3% 

Plantations  PL 414.4 4,775 85.5 0.4 0.0 85.9 1.8% 

Dam Dam 63.4 67 0.0 0.0 0.0 0.0 0% 

Cleared lands  CL 12,708.0 17,672.0 1,891.6 158.8 0.03 2,050.4 11.6% 

Total area 29,356.4  7,530.3 296.6 255.9 8,082.8  

Total area of native fauna habitat  12,980.0  4,962.7 129.7 248.9 5,341.2  

Total loss of native fauna habitat minus Pre-existing Approval Area clearing+  4,021 130 249 4,399 33.9% 
∞The CBME assessment includes the 5 ha of maintenance clearing within the RLA 

+ As outlined in Section 4.3.2, 942 ha of approved clearing allocation remains within the Pre-existing Approval Area, specifically within the WMDE IDF. This Revised Proposal does not 
seek re-approval to clear the existing clearing allocation. Therefore, 942 ha has been removed from the residual clearing impact calculations.  
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Table 5-34 Assessment of Impacts to Conservation Significant Vertebrate Fauna 

Species 
Likelihood 

of 
Occurrence 

Likely Habitat Use within the 
PAA* 

Assessment of Impact 

Birds 

Forest Red-tailed 
Black Cockatoo 
 
(Calyptorhynchus 
banksia naso) 
 
(Cth – VU,  
State – VU) 

 
 

High – 
recorded 

 

Approximately 16,584 ha (56%) of 
the PAA is considered potential 
habitat for the three species of 
Black Cockatoo. Suitable habitat is 
considered to include areas of 
native vegetation (12,980 ha; 44%), 
rehabilitation (3,191 ha; 11%) and 
plantations (414 ha; 1%). In 
particular, the species’ preferred 
native vegetation habitats of FD, JS, 
DL, JC, JM and WO (11,850 ha) 
variously support breeding, foraging 
and roosting sites for these species 
of Black Cockatoo. The majority of 
this is foraging habitat. It is likely 
that remnant habitat fragments 
throughout the landscape are also 
used for foraging, roosting and 
breeding.  
 
All three species of Black Cockatoo 
have been observed on multiple 
occasions in the PAA (Table 5-28). 

The decline of Black Cockatoos has been due primarily to the loss and 
fragmentation of habitat as a result of clearing native vegetation(DoEE, 
2017a). A significant contributor to declines in populations of Black 
Cockatoos is the loss of breeding habitat that contains suitable breeding 
hollows, particularly those in proximity to suitable foraging habitat. 
 
Approximately 5,890 ha of potential Black Cockatoo habitat is located in 
the IDF . Approximately 5,341 ha (including the already approved area as 
outlined in Section 4.3.2) of this is native vegetation, with 5,199 ha (4,257 
when the approved area is removed) representing the species preferred 
habitat (FD, JS, DL, JC, JM and WO). 
 
Clearing of older trees with hollows, that may be potential breeding trees, 
is the main threatening process in the PAA for Black Cockatoos. Clearing 
of roosting habitats also has potential to impact these species. 
 
Worsley Alumina will implement a number of mitigation and management 
measures to minimise potential impacts to Black Cockatoos as a result of 
the Revised Proposal. The Protected Areas Plan assists in mitigating 
potential impacts to these species as it provides for removal of no more 
than 10% of the inferred 654 actively used (confirmed) and high potential 
trees. Black Cockatoo breeding hollows as estimated by the Phoenix 
(2021a) survey and report.  Worsley Alumina is also proposing offsets to 
assist with the protection of these species. 
 
Further discussion of potential impacts to Black Cockatoos and the suite of 
management measures implemented by Worsley Alumina is provided 
below this table. 

Carnaby’s Black 
Cockatoo 
 
(Calyptorhynchus 
latirostris) 
 
(Cth – EN,  
State – EN) 

High – 
recorded 

Baudin’s Black 
Cockatoo 
 
(Calyptorhynchus 
baudinii) 
 
(Cth – EN,  
State – EN) 

High – 
recorded 
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Species 
Likelihood 

of 
Occurrence 

Likely Habitat Use within the 
PAA* 

Assessment of Impact 

Peregrine Falcon 
 
(Falco peregrinus) 
 
(State – OS) 

High – 
recorded 

The Peregrine Falcon is a wide-
ranging species that utilises a 
variety of habitats. Tall trees have 
been known to be utilised by the 
falcon as nesting sites, with the 
species being observed nesting in 
the WMDE (two records) 
(BIOSTAT, 2021a).  

The Peregrine Falcon potentially utilises all habitat types in the PAA and is 
unlikely to rely on any specific habitats in the area.  
 
Considering this, the species vast range and that the habitats within the 
PAA extend throughout the region, it is highly unlikely that clearing 
associated with the Revised Proposal will significantly impact on this 
species.  
 
While breeding has been observed in the PAA, suitable habitat also 
occurs in the surrounding area (e.g. State Forest). Therefore, impacts at a 
population level as a result of the Revised Proposal are considered 
possible but are unlikely to affect the overall viability of the local 
population. In addition, confirmed Peregrine Falcon nesting sites will be 
avoided, in accordance with the Worsley Alumina Biodiversity and Forest 
Management Plan. 

Blue-billed Duck 
 
(Oxyura australis) 
 
(State – P4) 

Highly likely 

Potential habitat for the Blue-billed 
Duck is restricted to the Freshwater 
Lake and the Hotham River in the 
PAA. Both these potential habitats 
are considered likely to attract this 
species, particularly the Freshwater 
Lake within the CBME (BIOSTAT, 
2021a).  

Disturbance of potential habitat for the Blue-billed Duck is limited within 
the IDF. 
 
Potential impacts to the species’ habitat is limited through the 
incorporation of a management buffer into the mine and infrastructure 
design for the PAA along the major waterways of the Hotham River and 
key tributaries/streams, as part of the Worsley Alumina Protected Areas 
Plan. The only exception to the maintenance of this buffer is at the 
necessary proposed river crossings, in which bridges are required to be 
constructed, and the crossing of other minor non-perennial watercourses 
for the haul road within the BTC (refer to Section 1.3.1.7 for further detail). 
An exclusion area of 50 m from the high water mark of the Freshwater 
Lake will also be implemented through for contingency mining activities, as 
per the Protected Areas Plan. Given the relatively localised impact to the 
species preferred habitat and that this habitat occurs in the broader region, 
impacts to this species are unlikely.  
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Species 
Likelihood 

of 
Occurrence 

Likely Habitat Use within the 
PAA* 

Assessment of Impact 

Mammals 

Woylie  
 
(Bettongia 
penicillata ogilbyi) 
 
(Cth – EN, 
State – CR) 

WMDE and 
BTC: High – 

recorded 
 

CBME: Low 
to moderate 

The preferred habitats for the 
Woylie include wandoo dominated 
woodlands with well-developed 
understorey, however the species is 
known to forage widely in other 
habitats adjacent to its preferred 
habitat. Based on the 
comprehensive survey effort to 
date, individuals of the Woylie have 
only been recorded north of the 
Hotham River in contiguous forest 
habitat surrounding the BGM 
operation. This suggests that the 
species needs larger stands of 
contiguous native forest 
communities. There are no records 
of this species at the CBME, which 
is likely due to the patchiness of 
population occurrence and/or 
limited preferred habitat available in 
the area. Therefore, the species is 
considered likely to only to be 
present in 11,407 ha of suitable 
habitat (WO, JC and JM) within the 
PAA. 

Based on records from substantial survey effort, it can be confidently 
inferred that the only likely location for the Woylie is within the PAA at the 
BGM (BIOSTAT, 2021a). The species has been recorded in the larger, 
contiguous forested remnants in this area. Considering this, approximately 
4,385 ha of suitable habitat is considered likely to be utilised by the 
species within the PAA. Habitat loss and habitat fragmentation may impact 
this species at a local level and potentially at a regional level. Taking into 
account the additional commitments that will be implemented to provide 
further protection of the key environmental values as part of the Revised 
Proposal refinement (refer to Section 4.3.4), Worsley Alumina have 
committed to avoid clearing of approximately 40% (approximately 1,754 
ha) of preferred suitable habitat for the Woylie. 
 
Worsley Alumina will implement a number of mitigation and management 
measures to minimise potential impacts to the Woylie as a result of the 
Revised Proposal. These are discussed in Section 5.3.5. The Protected 
Areas Plan assists in mitigating potential impacts to the Woylie. The plan 
identifies high quality vegetation with potential to provide significant habitat 
for Threatened species and seeks to avoid these areas  Worsley Alumina 
is also proposing offsets to mitigate the significant residual impact 
associated with clearing impacts on this species, thus supporting the 
conservation and protection of the Woylie. 

Chuditch 
 
(Dasyurus geoffroii) 
 
(Cth – VU, 

WMDE and 
BTC: High – 

recorded 
 

Approximately 12,674 ha (43%) of 
preferred habitat for the Chuditch 
occurs in the PAA. In addition, 
rehabilitation areas provide suitable 
habitat for the species (total area of 

Approximately 5,915 ha (of which 5,310 ha is preferred habitat and 605ha 
is rehabilitation areas) of potential habitat suitable for the Chuditch is 
located in the IDF. Habitat loss, habitat fragmentation and insufficient 
maturity of rehabilitated areas may impact this species at a local level and 
potentially at a regional level. The potential impact to the Chuditch is 
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Species 
Likelihood 

of 
Occurrence 

Likely Habitat Use within the 
PAA* 

Assessment of Impact 

State – VU) CBME: Low 
to moderate 

15,865 ha). Individuals can travel 
large distances and will use 
vegetation corridors to move 
through the landscape (BIOSTAT, 
2021a). 

partially mitigated by the species relatively large home ranges (15 km2 for 
males and 3-4 km2 for females) and high dispersal rates. However, the 
Chuditch is also known to exhibit range fidelity.   
 
Clearing associated with the Revised Proposal will result in the loss of 
approximately 38% of suitable habitat for the Chuditch within the PAA. 
 
Habitat loss is expected to impact individuals within the PAA. The majority 
of observations within the PAA have been in the northern section of the 
WMDE and BTC where larger areas of contiguous forest habitats occur. 
Impacts at a population level may also occur if suitable habitats become 
highly fragmented and important movement corridors are lost. Suitable 
habitats within the broader area, such as those in the surrounding State 
Forest, are available. 
 
Worsley Alumina will implement a number of mitigation and management 
measures to minimise potential impacts to the Chuditch as a result of the 
Revised Proposal (Section 5.3.5). The Protected Areas Plan and 
proposed offsets are key to mitigating potential impacts to the Chuditch.  
 
As the species has also been recorded within rehabilitation areas, it is 
expected that progressive rehabilitation will in time provide suitable 
foraging and habitat connectivity for the Chuditch. 

Western False 
Pipistrelle 
 
(Falsistrellus 
mackenziei) 
 
(State – P4) 

WMDE and 
BTC: High – 

recorded 
 

CBME: 
Likely 

This species utilises a variety of 
habitats, including rehabilitation 
areas, but generally favours 
woodland habitats, such as the 
wandoo and jarrah/marri woodlands 
within the PAA, for roosting and 
foraging (BIOSTAT, 2021a). 
Approximately 16,170 ha (55%) of 

Approximately 5,946 ha of potential habitat for the Western False 
Pipistrelle is located in the IDF (including rehabilitation and the already 
approved area).  
Clearing of habitat, particularly potential roosting trees, may impact this 
species. While some individuals may be affected, the area of habitat 
retained within the PAA (approximately 63%) and at a regional level (85% 
within the WMA) is expected to be sufficient to continue to support local 
populations of the species. Population level impacts are also unlikely given 
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Species 
Likelihood 

of 
Occurrence 

Likely Habitat Use within the 
PAA* 

Assessment of Impact 

the PAA is considered to be 
potential habitat for the Western 
False Pipistrelle (JM, JC, WO, DL, 
BB, FD, FG, JS, MS, MW, PH and 
RE).  

the species is highly mobile and is known to occur throughout the 
southwest region.  
 
As the species has been recorded within rehabilitation areas, it is 
expected that progressive rehabilitation will in time provide suitable 
foraging habitat and habitat connectivity for the Western False Pipistrelle. 

Rakali (native water 
rat) 
 
(Hydromys 
chrysogaster) 
 
(State – P4) 

High – 
recorded 

Potential habitat for the Rakali 
occurs over approximately 1,028 ha 
(4%) of the PAA. This species 
forages in riparian systems and well 
vegetated dams and has been 
recorded in the Hotham area as 
recently as 2016 (BIOSTAT, 
2021a). 

Approximately 135 ha of potential habitat for the Rakali is located in the 
IDF.  
 
Given the limited impact to the species preferred habitat, significant 
impacts as a result of the Revised Proposal are considered unlikely. The 
implementation of a management buffer along the major waterways of the 
Hotham River and key tributaries/streams within the IDF also minimises 
the potential for impact to this species.  

Quenda  
 
(Isoodon 
fusciventer) 
 
(State – P4) 

High – 
recorded 

Approximately 13,470 ha (46%) of 
the quenda’s preferred habitat 
occurs in the PAA. This species has 
been recorded in all areas of the 
PAA and will forage in both 
undisturbed and modified 
environments (BIOSTAT, 2021a). 

Approximately 5,449 ha (including 605ha of rehabilitation) of potential 
habitat for the Quenda is located in the IDF. 
 
While quenda are not habitat specialists and forage in a range of habitats 
(including disturbed areas), habitat loss and fragmentation has the 
potential to impact this species at a local level. However, considering the 
species ability to persist in disturbed environments and that the area of 
habitat retained within the PAA (approximately 60%) and at a regional 
level (~84% of the WMA) is likely to be sufficient to continue to support a 
local population of this species, the Revised Proposal is not expected to 
significantly impact the Quenda. 

Numbat 
 
(Myrmecobius 
fasciatus) 
 
(Cth – VU, 

WMDE and 
BTC: 

recorded 
(on eastern 
boundary of 

A single opportunistic observation of an individual Numbat was recorded in the WMDE in April 2021(BIOSTAT, 
2021a). The Numbat sighting was on the eastern edge of the WMDE in remnant wandoo woodland (WO) 
adjacent to agricultural land and areas of maturing rehabilitation (BIOSTAT, 2021a). There have been no other 
records of the Numbat within the PAA, despite the extensive survey effort. Considering this, along with the 
understanding of dispersal of this species from existing populations at Dryandra and Battaling State Forest and 
advice provided by an expert in the field of Numbat conservation (refer to Section 5.3.3.3.2.9), the likelihood of 
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Species 
Likelihood 

of 
Occurrence 

Likely Habitat Use within the 
PAA* 

Assessment of Impact 

State – VU) WMDE) – 
low 

CBME: 
Unlikely 

a viable population existing in and around WMDE is considered very low, even though there is suitable habitat 
present within the PAA (BIOSTAT, 2021a). The likelihood of the Numbat occurring at the CBME is considered 
as unlikely due to the historical data showing a relatively early decline of this species in the local area and no 
confirmed records since 1981. 
 
Therefore, clearing for the Revised Proposal is considered highly unlikely to affect this species. 

Western Brush 
Wallaby 
 
(Notamacropus 
irma) 
 
(State – P4) 

High – 
recorded 

The Western Brush Wallaby has 
been recorded on numerous 
occasions in the PAA (BIOSTAT, 
2021a). The species uses a variety 
of habitats, including most 
woodland systems and 
rehabilitation areas, however it 
prefers jarrah/marri habitats. 
Potential habitat for the Western 
Brush Wallaby occurs over 
approximately 13,470 ha (46%) of 
the PAA.  

Approximately 5,449 ha (including 605 ha of rehabilitation) of potential 
habitat for the Western Brush Wallaby is located in the IDF.  
 
This species may be impacted by habitat loss and fragmentation as a 
result of the Revised Proposal. However, potential impacts are expected 
to be at an individual level and not affect the viability of the local 
population. This is due to the species use of a range of habitats that will 
continue to exist in the PAA and broader region. The species is also 
thought to have a large home range of around 10-12 ha (Povh et. al, 
2018). Progressive rehabilitation is expected to provide suitable habitat for 
the Western Brush Wallaby as the species has been recorded in 
rehabilitated areas. 
 

Red-tailed 
Phascogale  
 
(Phascogale calura) 
 
(Cth – VU, 
State – CD) 

WMDE and 
BTC: High – 

recorded 
 

CBME: 
Unlikely 

The Red-tailed Phascogale is likely 
to favour the mosaic of jarrah/marri 
and wandoo dominated woodlands 
within the PAA and will use hollows 
in wandoo woodlands for nesting 
and denning (BIOSTAT, 2021a). 
Preferred habitats for the species 
(JM, JC, WO, DL). Records from 
surveys undertaken to date have 
only observed the species in the 
Quindanning Timber Reserve area 
of the WMDE, east of the Pinjarra-

Thirteen individuals of the Red-tailed Phascogale were recorded in the 
south of the WMDE (Quindanning area) in 2017-2018 with additional 
sightings recorded in 2020 during targeted surveys in the Quindanning 
area  (BIOSTAT, 2021a). Based on records of the species from the 
numerous surveys undertaken within the PAA, the Red-tailed Phascogale 
is considered likely to only utilise suitable habitat in the eastern portion of 
the Quindanning area (BIOSTAT, 2021a). It is also considered highly 
unlikely that the species would occur in the more mesic areas of the 
CBME. Considering this, approximately 682 ha of suitable habitat occurs 
in the eastern portion of the Quindanning area within the PAA and is likely 
to be utilised by the species.  
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Species 
Likelihood 

of 
Occurrence 

Likely Habitat Use within the 
PAA* 

Assessment of Impact 

Williams Road. Therefore, the 
species is considered likely to only 
utilise 681 ha of suitable habitat 
within the PAA.  

The loss of nesting hollow trees and fragmentation of habitats due to 
clearing associated with the Revised Proposal has the potential to impact 
the species at both an individual and population level. Impacts at a 
population level are less likely as suitable habitat will remain in the PAA 
and surrounding forested areas. It has been observed that the Red-tailed 
Phascogale appears to have adapted to inhabiting small remnants; an 
attribute that has allowed it to exist throughout its current range (Short & 
Hide 2012; Short, Hide & Stone 2011, cited in BIOSTAT, 2021a). 
 
Taking into account the additional commitments that will be implemented 
to provide further protection of the key environmental values as part of the 
Revised Proposal refinement (refer to Section 4.3.4), Worsley Alumina 
will not clear more than 449 ha of the 690.9 ha of Red-Tailed Phascogale 
habitat identified within the PAA  
 
Worsley Alumina will implement a number of mitigation and management 
measures to minimise potential impacts to the Red-tailed Phascogale, 
including the Protected Areas Plan to reduce loss of key habitat and 
proposed offsets (Section 5.3.5).  

Brush-tailed 
Phascogale  
(Phascogale 
tapoatafa 
wambenger) 
 
(State – CD) 

High – 
recorded 

The Brush-tailed Phascogale 
utilises a variety of habitats but is 
more commonly associated with 
jarrah/marri/allocasuarina and 
wandoo dominated woodlands. 
Potential habitat for the species, 
based on its preferred habitat types, 
exists over approximately 11,844 ha 
(40%) of the PAA.  

Approximately 5,198 ha (4,256 when subtracting already approved areas) 
of potential habitat for the species occurs in the IDF. Therefore, clearing 
associated with the Revised Proposal will result in an approximate 40% 
reduction of suitable habitat within the PAA, with an approximate 17% 
reduction in the WMA. 
 
The loss of nesting hollow trees and fragmentation of habitats due to 
clearing associated with the Revised Proposal has the potential to impact 
the species at both an individual and population level. Impacts at a 
population level are less likely as suitable habitat will remain in the PAA 
and surrounding forested areas. 
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Species 
Likelihood 

of 
Occurrence 

Likely Habitat Use within the 
PAA* 

Assessment of Impact 

Western Ringtail 
Possum 
 
(Pseudocheirus 
occidentalis) 
 
(Cth – CR,  
State – CR) 

WMDE and 
BTC: 

Unlikely 
 

CBME: High 
– recorded 

Approximately 8,847 ha (30%) of 
the preferred habitat for the 
Western Ringtail Possum occurs at 
the PAA. However, it is considered 
unlikely that the species is present 
in the WMDE and BTC as the drier 
forest habitats associated with the 
eastern Northern Jarrah Forest 
bioregion are outside the species 
typical habitat (BIOSTAT, 2021a). 
Furthermore, there have been no 
records of the species in the PAA 
despite the extensive survey effort 
undertaken (commencing 1982). 
The potential habitat available 
within the CBME is 493 ha.  

While the Western Ringtail Possum has been recorded in the 2019 survey 
of the CBME, this species has not been recorded during any of the 
surveys of the WMDE and BTC. A single individual has been historically 
recorded from the Boddington area in 1998 (WA Museum Specimen 
M50760), approximately 4 km east of the WMDE boundary. However, the 
individual is suspected to have been unintentionally transported into 
Boddington from another area as the drier forest areas of the eastern 
Northern Jarrah Forest bioregion are not commonly associated as habitat 
suitable for this species (BIOSTAT, 2021a). Therefore, it is considered 
unlikely that the Western Ringtail Possum exists in the WMDE and BTC, 
based on their habitat preferences, limited availability of suitable habitat 
and the absence of records despite the extensive survey effort 
undertaken. 
 
Approximately 236 ha of potential habitat for the species is located in the 
CBME IDF. The Western Ringtail Possum has a relatively small home 
range with averages of <5 ha and 2.7 ha in jarrah forest areas reported 
(DPaW, 2017c). Habitat loss within the CBME may impact this species. 
While individuals may be affected by the Revised Proposal, impacts at a 
population level are less likely as suitable habitat will remain in the broader 
CBME development envelope (approximately 52%) and surrounding 
forested areas, including the RLA and nearby forest blocks.  
  
Recordings of the possum in less favourable habitats within the CBME 
also suggest that individuals are capable of moving across the landscape 
and use other habitat types in the vicinity of those it finds most preferable. 
 
The implementation of the Protected Areas Plan through proposed offsets 
which are key to mitigating potential impacts to the Western Ringtail 
Possum. 



 

 

Worsley Mine Expansion Environmental Review Document 349 
 

Species 
Likelihood 

of 
Occurrence 

Likely Habitat Use within the 
PAA* 

Assessment of Impact 

Quokka 
 
(Setonix 
brachyurus) 
 
(Cth – VU, State – 
VU) 

WMDE and 
BTC: 

Unlikely 
 
CBME: High 
– recorded 

The preferred habitats for the 
Quokka of jarrah/marri habitats and 
long unburnt mesic forest systems 
occur over approximately 8,847 ha 
(30%) of the PAA. However, it is 
unlikely that Quokkas exist in the 
WMDE and BTC as this portion of 
the PAA is outside their known 
range (BIOSTAT, 2021a). The 
potential habitat available within the 
CBME is 493 ha. 

Approximately 236 ha of potential habitat for the Quokka is located in the 
CBME IDF. Potential impacts due to habitat loss and fragmentation have 
potential to reduce the area of occupancy of individuals utilising habitats 
within the CBME. Impacts at a population level are unlikely given that 
suitable habitat will continue to remain in the broader CBME 
(approximately 52%), RLA and nearby forest blocks.  
 
The implementation of the Protected Areas Plan through proposed offsets 
which are key to mitigating potential impacts to the Quokka. 

Reptiles 

Dell’s Skink 
 
(Ctenotus delli) 
 
(State – P4) 

WMDE and 
BTC: High – 

recorded 
 

CBME: 
Moderate 

The species is likely to inhabit areas 
of vegetation associated with 
granite outcropping as found within 
the wandoo woodland and 
jarrah/marri habitat types 
(BIOSTAT, 2021a), which occur 
over approximately 11,407 ha 
(39%) of the PAA. This species has 
been recorded in the WMDE/BTC 
and, while it has not been observed 
in the CBME from surveys to date, it 
is possible that it also occurs in this 
portion of the PAA. 

The Dell’s Skink is endemic to the Darling Range and is restricted to jarrah 
forest areas on lateritic or clay soils and areas of granite outcropping 
(BIOSTAT, 2021a). Individuals have also been recorded in rehabilitated 
mine sites, albeit in low numbers (BIOSTAT, 2021a). 
 
Habitat loss and fragmentation associated with the Revised Proposal has 
potential to impact this species. Approximately 5,044 ha of the wandoo 
woodland and jarrah/marri habitat types occur in the IDF. Therefore, 
clearing associated with the Revised Proposal will result in an approximate 
40% reduction of potential habitat within the PAA, and approximately 17% 
in the WMA . The actual area of granite outcropping within these habitat 
types is likely to be smaller, but has not been mapped in detail. 

* As outlined in Table 1-2, the Revised Proposal will result in the clearing of 4,399 ha of native vegetation, which represents fauna habitat. The total amount of clearing takes into account 

that 942 ha of the existing approved clearing allocation remains within the Pre-existing Approval Area (Section 4.3.2). While it is possible to allocate the 942 ha to the total loss of fauna 

habitat, as outlined in Table 5-33, the allocation of this area to specific habitat types is unknown at this stage. Therefore, the loss of fauna habitat presented within this table may exceed 

the total clearing proposed as part of this Revised Proposal. This approach is considered to provide a conservative assessment of potential impacts as the existing clearing allocation 

has not been considered in deriving the potential loss of habitat. It is also important to note that the area of fauna habitat may exceed the 4,399 ha of native vegetation as rehabilitation 

and plantations are also considered to provide suitable habitat to some fauna species.  
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Black Cockatoos 

As outlined in Table 5-34, a range of habitats in the PAA have been identified as suitable foraging, 

roosting and breeding habitat for the three species of Black Cockatoo. These habitats include all 

woodland and forested areas (jarrah/marri communities, mallee woodlands and wandoo woodlands), 

heath, rehabilitated areas and plantations. However, the woodland and forested areas represent the 

species’ preferred habitat. Remnant habitat fragments throughout the landscape are also likely to be 

used. Based on the mapped extent of all suitable habitats within the PAA, approximately 16,364 ha 

of potential habitat is present. Progressive clearing for the Revised Proposal will reduce the available 

habitat for the Black Cockatoos by approximately 5,993 ha (of which a maximum will be 5,199 ha of 

remnant native vegetation (4,257 ha which the approved area is removed)). This represents a 

reduction by an estimated 37% at a local scale within the PAA. The localised loss of habitat will 

reduce the area of occupancy available for Black Cockatoos. However, progressive rehabilitation 

within the PAA will in time, as it matures, provide suitable foraging habitat that allows the species 

presence to be maintained in the area. 

Impact on Black Cockatoo Breeding Habitat 

As discussed in Section 5.3.3.3.2.1, more than 95% of the PAA comprises Black Cockatoo breeding 

habitat (Phoenix, 2021a). Of this, approximately 22% of the IDF is considered to comprise high value 

breeding habitat for Carnaby’s Black Cockatoo and approximately 19% for Forest Red-tailed Black 

Cockatoos (Table 5-36). There is no high value breeding habitat for the Baudin’s Black Cockatoo in 

the PAA, with only the CBME occurring with the species breeding range. 

Within the PAA, trees with evidence of breeding have been recorded from seven of the site-

vegetation types/fauna habitat types. Confirmed breeding trees are known from five fauna habitat 

types (BB, DL, JC, JM and WO), which comprise approximately 68% of the IDF (Phoenix, 2021a). 

While a significant portion of the PAA is considered Black Cockatoo breeding habitat and evidence 

of breeding has been observed (Carnaby’s and Forest Red-tailed Black Cockatoos), the number of 

breeding trees is limited. The detailed habitat tree analysis by Phoenix (2021c) identified seven (7)  

trees with evidence of past black cockatoo breeding within the 180 ha survey area, located within 

the PAA. By applying the results to the area (ha) of habitat in which the definitive breeding hollows 

occurred Phoenix calculated that 654 hollows may occur within the IDF, principally within 

Jarrah/Marri/Allocasuarina (JC), the most widespread and heavily impacted habitat by the Revised 

Proposal (37.4% of the IDF). With the application of the Protected Areas Plan providing protection 

to a minimum of 90% of confirmed or high PHTs supporting Black Cockatoo breeding hollows, then 

no more than 65 breeding trees (10%) may be cleared within the IDF.  

The limited number of breeding trees in the PAA can be related to the timber harvesting that has 

occurred within the State Forest that extends into PAA (Phoenix, 2021a). A review of harvesting data 

shows that the majority of the State Forest within the PAA has been harvested at least once 

(Phoenix, 2021a). Harvesting within the WMDE has been variable, with the Saddleback area having 

been subject to extensive and repeated (2-3 times) harvesting while these activities have been less 

intensive in the Marradong area (1-2 times). Timber harvesting within the CBME has been extensive, 

with the entire area having been harvested between 2-5 times. In summary, timber harvesting has 

resulted in the trees within the PAA being largely unsuitable for Black Cockatoo breeding at present. 

For example, a study on the breeding biology of the Forest Red-tailed Black Cockatoo defined the 

preferred nesting tree for this species as marri with an average height of approximately 20 m and an 

average circumference at breast height of approximately 2.8 m (DBH of 0.88 m), which would make 

the trees around an average age 222 years old (Phoenix, 2021a). As discussed above, such trees 
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are relatively rare in the PAA as a result of the logging history, which included the preferential 

harvesting of marri for woodchips and did not cease until the 1990s (BIOSTAT, 2021a).  

The low rate of breeding in the area by Carnaby’s Black Cockatoo can also be attributed to the 

species’ main breeding area being situated further to the east in the Wheatbelt (Phoenix, 2021a). 

While the Northern Jarrah Forest represents an important feeding area for the Carnaby’s Black 

Cockatoo, it is outside their preferred breeding area. 

Impact on Black Cockatoo Foraging Habitat 

The foraging habitat analysis by Phoenix (2021c) indicates that approximately 45% (3,656 ha) of the 

IDF represents high value foraging habitat for Carnaby’s Cockatoo, mainly consisting of two fauna 

habitats, jarrah/marri/allocasuarina woodlands (JC) and rehabilitated lands. Medium value foraging 

habitat accounts for much of the remaining native vegetation in the IDF (approximately 22% or 1,798 

ha). Low value habitat is almost entirely comprised of agricultural paddock remnants distributed 

amongst the fauna habitats (approximately 6% or 539 ha of the IDF), and is characterised by 

principal overstorey tree species of jarrah, marri and wandoo, which are vital foraging resources for 

all three species, but lack the understorey foraging plants (Phoenix, 2021c). Table 5-35 indicates 

the area of low, medium, and high quality Carnaby’s Black Cockatoo habitat present within the IDF. 

High value foraging habitats are more diverse for the Baudin’s Black Cockatoo and comprise 

approximately 63% (5,098 ha) of the IDF collectively, with the two dominant habitat types being 

jarrah/marri woodlands on slopes (JM) and jarrah/marri/allocasuarina woodlands on slopes (JC) 

(Table 5-35). Medium value habitat is restricted to valley floor and heath habitats (approximately 4% 

or 356 ha). As is the case for Carnaby’s Cockatoo, low value foraging habitat for Baudin’s Cockatoo 

is almost entirely comprised of agricultural paddock remnants (approximately 6% or 492 ha of the 

IDF) (Phoenix, 2021a) (Table 5-35).   

For the Forest Red-tailed Black Cockatoo, high value foraging habitat was found to comprise 

approximately 67% (5,446 ha) of the IDF, with approximately 55% comprising two habitat types, 

jarrah/marri woodlands on slopes (JM) and jarrah/marri/allocasuarina woodlands on slopes (JC). 

Medium and low value foraging habitat comprised approximately 6% collectively, distributed across 

eight habitat types (Phoenix, 2021a). Overall, the analyses for the three species demonstrates the 

importance of two habitats for foraging of Black Cockatoos, with these being:  

• Jarrah/marri/allocasuarina woodlands on slopes and ridges (JC) – this habitat accounts for 
approximately 30% of the IDF, and is of high value for all three species of Black Cockatoo; and  

• Jarrah/marri woodlands on slopes (JM) – this habitat is of high value to the Baudin’s and Forest 
Red-tailed Black Cockatoo species, but not Carnaby’s Black Cockatoo. This habitat accounts for 
approximately 16.8% (1,399.7 ha) of the IDF.
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Table 5-35 Black Cockatoo Foraging Habitat Affected by Clearing 

Foraging 
Habitat 
Value 

Carnaby’s Black Cockatoo Baudin’s Black Cockatoo Forest Red-tailed Black Cockatoo 

Extent within 
the PAA (ha) 

Extent 
within 
the IDF 

(ha) 

PAA Extent 
Proposed to 
be Cleared* 

(%) 

Extent within 
the PAA (ha) 

Extent 
within the 
IDF (ha) 

PAA Extent 
Proposed to 
be Cleared* 

(%) 

Extent 
within the 
PAA (ha) 

Extent 
within the 
IDF (ha) 

PAA Extent 
Proposed to 
be Cleared* 

(%) 

High 8,184.20 3,656.3 45% 12,193.7 5,098.1 42% 14,470.5 5,446.3 38% 

Medium 6,217.40 1,798.1 29% 2,207.9 356.3 16% 504.1 166.3 33% 

Low 1,962.40 539.3 27% 1,750.8 492.0 28% 1,177.8 333.8 28% 

Total Area 
of Foraging 

Habitat* 
16,364.00 5,993.7 37% 16,152.4 5,946.42 37% 16,152.4 5,946.4 37% 

None 12,992.60 2,089.0 16% 13,204.2 2,136.29 16% 13,204.2 2,136.3 16% 

Total Area 
(incl. habitat 
of no value) 

29,356.63 8,082.7 28% 29,356.63 8,082.7 28% 29,356.63 8,082.7 28% 

* As outlined in Table 1-2, the Revised Proposal will result in the clearing of 4,399 ha of native vegetation, which represents fauna habitat. The total amount of clearing takes into account 

that 942 ha of the existing approved clearing allocation remains within the Pre-existing Approval Area (Section 4.3.2). While it is possible to allocate the 942 ha to the total loss of fauna 

habitat, as outlined in Table 5-33, the allocation of this area to specific habitat types is unknown at this stage. Therefore, the loss of fauna habitat presented within this table may exceed 

the total clearing proposed as part of this Revised Proposal. This approach is considered to provide a conservative assessment of potential impacts as the existing clearing allocation 

has not been considered in deriving the potential loss of habitat. It is also important to note that the area of fauna habitat may exceed the 4,399 ha of native vegetation as rehabilitation 

and plantations are also considered to provide suitable habitat to some fauna species.  
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The aforementioned studies indicated the requirement for, and informed a robust analysis of, 

potential impacts on Black Cockatoo breeding trees within the IDF (Phoenix, 2021c). Thirty-seven 

quadrats were also established within the wandoo woodlands fauna habitat, although this habitat 

represents significantly less of the IDF (approximately 9%). The wandoo and marri vegetation are 

the two most prolific hollow forming tree species in the area, and collectively comprise approximately 

60% of this habitat. Both species were found to be present in seven of eight fauna habitat types 

sampled, with neither showing any obvious trends in terms of dominance, other than in wandoo 

woodlands where wandoo dominated. The presence of these two species is seen to be vitally 

important to breeding success of the three species of Black Cockatoo (Phoenix, 2021c). 

The Worsley Threatened Fauna Pre-clearance Survey and Management Procedure will be 

implemented for the Revised Proposal to mitigate potential impacts to Black Cockatoo breeding 

trees. Under the procedure, the mitigation hierarchy and assessment of protection status process is 

applied, and a strategy developed for the management of each identified Black Cockatoo hollow. 

Planning for the final layout of the Revised Proposal will take into account known potential Black 

Cockatoo breeding tree locations and will avoid them where possible. Trees that are a confirmed 

Black Cockatoo breeding tree will be marked and temporarily deferred from clearing until the resident 

individuals have moved from the hollow whereby clearing will again be permitted. Artificial hollows 

will also be established, with locations selected based on previous survey effort, habitat 

considerations and available mine planning data. Worsley Alumina will continue to work with DBCA 

and keep abreast of developments in cockatoo breeding habitat support to determine if any further 

options are developed to supplement hollow replacement into the future. Worsley Alumina have also 

committed to offsets related to Black Cockatoos, as detailed in Section 7. 

No known (confirmed) Black Cockatoo roost sites will be impacted by the Revised Proposal. 

However, surveys and opportunistic observations within the PAA and a study coordinated by 

Murdoch University tracking rehabilitated Black Cockatoos have recorded evidence suggesting the 

three species of Black Cockatoos may roost in the PAA (BBM) and surrounding areas (BIOSTAT, 

2021a). While roosting occurs in the area, it is unlikely that clearing associated with the Revised 

Proposal will significantly impact the species as suitable roosting habitat will continue to be available 

in the surrounding areas such as Crossman and the State Forest. Furthermore, roosting in the PAA 

appears to be variable and intermittent due to the species’ seasonal occurrence in the area. 
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Table 5-36 Black Cockatoo Breeding Habitat Affected by Clearing 

Breeding Habitat 
Value 

Carnaby’s Black Cockatoo Baudin’s Black Cockatoo Forest Red-tailed Black Cockatoo 

Extent 
within the 
PAA (ha) 

Extent 
within the 
IDF (ha) 

PAA Extent 
Proposed 

to be 
Cleared 

(%) 

Extent 
within the 
PAA (ha) 

Extent 
within the 
IDF (ha) 

PAA Extent 
Proposed 

to be 
Cleared 

(%) 

Extent 
within the 
PAA (ha) 

Extent 
within the 
IDF (ha) 

PAA 
Extent 

Proposed 
to be 

Cleared 
(%) 

High 11,850.20 5,200 18% 0 0 0% 9,172.40 4,699.79 16% 

Moderate 828.1 110.52 0.38% 0 0 0% 0 0 0% 

Low 1.7 0 0% 12,676.00 5,310.08 18% 3,516.10 611.65 2% 

Total Area of 
Breeding Habitat 

12,676.00 5,310.08 18% 12,676.00 5,310.08 23% 12,688.50 5,311.43 18% 

None 16,680.60 2,772.62 9% 16,680.60 2,722.07 9% 16,668.10 2,771.26 9% 

Total Area (incl. 
habitat of no 

value) 
29,356.60 8,082.70 28% 29,356.60 8,032.15 27% 29,356.60 8,082.70 28% 
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5.3.4.1.2 Short-range Endemic Invertebrate Fauna  

None of the SREs recorded in the surveys relevant to the PAA were listed under the EPBC Act, the 

BC Act or the DBCA Priority species list. Some taxa may still be considered conservation significant 

owing to either the poor state of taxonomic or genetic knowledge for the species collected, limited 

ability to identify some specimens (i.e. inadequate life stage or sex, or specimen in poor condition) 

and limited studies of SRE distribution within the Northern Jarrah Forest. The Priority 3 SRE trap-

door spider species Euoplos inornatus was recorded in remnant vegetation outside the PAA during 

the regional survey (approximately 8.4 km to the west of the WMDE), and thus will not be affected 

by the Revised Proposal.  

Of the 97 taxa  recorded in the PAA from surveys and the WAM database records, six taxa were 

found to be at high risk from the Revised Proposal based on their local restriction of recorded 

occurrence (Phoenix, 2021b). The remaining 91 taxa (approximately 93%) were found to be at a low 

risk from the Revised Proposal. 

SRE fauna are generally at greater risk of being affected by habitat loss than other, more widely 

distributed taxa due to their existence as small, localised populations. Vegetation loss and 

fragmentation will be more likely to impact SREs that are restricted to certain vegetation types or by 

microclimatic variations (Phoenix, 2021b).  

Seven native habitat types were rated as high SRE potential habitat, with three habitat types rated 

as low SRE potential habitat (comprising two native habitat types and rehabilitation) (Table 5-37). 

Of the SRE taxa recorded, 62 were collected from the high potential SRE habitats considered to 

have high potential to support SREs, with 41 of these also recorded from low potential habitat 

(Phoenix, 2021b). Species richness in the high potential habitats was observed to generally correlate 

with the number of sites sampled.  

The recording of SREs from all native habitat types occurring within the PAA suggests that no one 

habitat type has a greater likelihood to support SREs, although some species were found to occur 

over multiple sites while others were restricted to a single habitat type (Phoenix, 2021b). The habitat 

that recorded the highest number of SRE taxa (57) was open forest of jarrah/marri on sandy-loam 

gravelly soils on mid slopes and ridges (Phoenix, 2021b). This habitat was considered to have a low 

potential habitat value and is also the most widespread habitat in the PAA. The habitat of open 

jarrah/marri woodlands on sands, clay-loam or sandy-gravel on lower slopes and valley floors 

recorded the second highest number of SRE taxa (41), and was considered to have high potential 

habitat value. 

The majority of the disturbance associated with the Revised Proposal is anticipated to occur in the 

SRE habitats of open forest of jarrah/marri on sandy-loam gravelly soils on mid-slopes and ridges 

(approximately 3,837 ha) and open forest to woodland of jarrah/marri on slopes and less undulating 

hills (approximately 742 ha). These habitat types account for approximately 77% of the remnant SRE 

habitat (inclusive of rehabilitation) available within the IDF and are both assigned a low potential 

SRE habitat rating (Table 5-37). As shown in Table 5-37, clearing within the SRE habitats will be 

restricted to <50% of each SRE habitat recorded within the PAA, with the exception of one habitat. 

Of the total area of SRE habitat (inclusive of rehabilitation) within the IDF (approximately 5,946 ha), 

approximately 13% (761 ha) of the remnant native habitat is rated as having a high potential to 

support SREs. In the context of the PAA, which provides 3,987 ha of high SRE value habitat, 12,135 

ha of low SRE value habitat and 13,186 ha of cleared lands, this equates to loss of approximately 

18% (731 ha of the possible 3,987 ha) of the mapped high potential habitat. Therefore, a large portion 

of high potential SRE habitat will remain within the area. 
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Seven species were found to be restricted to the IDFs and comprised of one confirmed SRE, two 

likely SREs and four potential SREs, as shown in Table 5-38 (Phoenix, 2021b). Six of these species 

were recorded in the recent surveys, with the seventh species –  Aname ‘Dwellingup’ – representing 

a historical record from 1979. Each record is restricted to one site, and thus habitat. Two of the 

recent six species were recorded within the habitat type of open forest of jarrah/marri on sandy-loam 

gravelly soils on mid-slopes and ridges of the CBME (Siphonotidae ‘DIPAAF’ ‘Worsley DNA15’ and 

Aname ‘Worsley DNA04’). Clearing associated with the Revised Proposal will result in the loss of 

approximately 3,837 ha (52%) of this habitat within the PAA. Two of the recent six species 

(Paraplatyarthrus sp indet. D and Siphonotidae ‘DIPAAF WorsleyDNA14’) were recorded within the 

habitat type open jarrah/marri woodlands on sands, clay-loam or sandy-gravel on lower slopes and 

valley floors of the WMDE. Furthermore, the species recorded in this survey site location are located 

in an existing Worsley Alumina protected area designed specifically for biodiversity management. 

The remaining two SRE species recorded in the WMDE (Antichiropus ‘bannister’ (DIP178) and 

Pseudodiploexochus sp. indet. A) are located within Wandoo (open woodland of Wandoo on clay 

and clay-loam soils on lower slopes) and heath (heath/shrubland on shallow soils on granite or 

outcrops) and will be provided protection through the avoidance commitments discussed in 

Section 4.3.4 through the implementation of the Biodiversity and Forest Management Plan.  

As many species recorded in the surveys are new and previous records are limited it is difficult to 

define the spatial extent (hectares) of the majority of the SRE taxa (Phoenix, 2021b). In recognition 

of this, and considering the large scale of the dataset being analysed, the distance between known 

point locations for each species was used as a surrogate for spatial occurrence (hectares). The 

distance between species occurrences was then used to make inferences about the distribution of 

taxa and genera (Phoenix, 2021b). The results of the analysis showed that for the three most 

common classes (being Mygalomorphae (trap-door spiders), Diplopoda (Millipedes) and Isopoda 

(slaters)) the maximum distance between the species records was <20 km for approximately 50% 

of all recorded SRE taxa (Phoenix, 2021b). Only a few species recorded a distribution >100 km. 

The collective surveys for the Revised Proposal (both within the PAA and surrounds), in conjunction 

with those recently undertaken nearby for the Huntly Mine Expansion (approximately 25 km to the 

west northwest of the PAA), indicate that short-range endemism in the invertebrate fauna in this area 

of the Northern Jarrah Forest is much greater than previously understood (Phoenix, 2021b). 

Notwithstanding this, the level of SRE survey effort for the Revised Proposal has met the stated EPA 

expectation for a formal assessment (EPA, 2016e). The surveys within the PAA show that a high 

diversity of SRE taxa exists in the area, even in the context of long-term operations. It is recognised 

that data is only available for a small portion of the proposed disturbance area as it is impractical to 

characterise the entire area for all invertebrate fauna, given its significantly large size.  

The EPA guidance for sampling of SREs acknowledges that conclusively determining the 

conservation significance of potential SRE taxa is often made difficult by the absence of regional 

context. Currently none of the SREs recorded in the PAA are listed under the EPBC Act, the BC Act 

or the DBCA Priority species list. 

The EPA (2016g) recognises that a risk-based approach to impact assessment is required, and 

appropriate, where surveys have been completed and potential SREs are only known from the 

impact area, based on the information available. In these circumstances, the EPA (2016g) 

recommends using habitat and biological surrogates to infer distributional boundaries of taxa, where 

the likelihood of SRE fauna occurring can be inferred from the occurrence or otherwise of geographic 

boundaries, landform changes or habitat isolates (where habitat isolates can be identified from 

vegetation type mapping). In recognition of this, a review of the seven taxa only known from the PAA 

IDF, (including the seventh species – Aname ‘Dwellingup’ – representing a historical record from 
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1979), was undertaken by (Phoenix, 2021b) to assess their potential to occur beyond the IDF. The 

review was based on species records from the Revised Proposal (2019 and 2020, inclusive of the 

regional survey area) and the Huntly surveys (Phoenix, 2021b) for where there was a full suite of 

environmental variables (such as topography, soil type, slope, litter and vegetation cover) recorded 

for each site. A total of 39 taxa (from five genera), comprising 14 Antichiropus millipedes, 10 Aname 

trap-door spiders, seven Paraplatyarthrus isopods and eight Siphonotidae millipedes. The analysis 

concluded that no particular habitat(s) has a greater propensity to support SREs as species were 

recorded from a range of environments with no identifiable distribution limiting factors (Phoenix, 

2021b). All habitats supported a diversity of SRE taxa. Furthermore, the analysis suggested that the 

species are not constrained by habitat or environmental variables but typically have small ranges 

(generally <20 km) as there was limited (to no) overlap between taxa recorded in the PAA, Huntly 

study area and regional contextual study areas.  

Collectively, the survey data indicates that all habitats within the PAA and surrounds represent high 

potential for SRE habitat (Phoenix, 2021b). Some habitats are more restricted in extent than others, 

but this does not correlate with these habitats supporting a greater number of restricted species. As 

noted above, the SRE taxa appear to be restricted latitudinally as there is a distinct SRE assemblage 

in the north at the Huntly survey area, then south in the WMDE/BTC and, to a lesser extent, further 

south at the CBME, which shares a number of taxa with the WMDE/BTC. The regional study area, 

while supporting some overlap of species with the WMDE and/or the CBME, also largely supports a 

different assemblage of SREs (Phoenix, 2021b). The habitat type within each of the latitudinally 

discrete areas does not appear to be the driver of the assemblage as the SRE taxa were generally 

recorded from a range of habitats and environmental conditions within their range. Therefore, while 

there is a gradation of taxa from north to south, taxa are not necessarily habitat constrained within 

their narrow respective distributions (Phoenix, 2021b). 

The influencing factors contributing to the limited distribution of SRE taxa within the PAA and 

surrounding Northern Jarrah Forest are difficult to determine, however, it is most likely a combination 

of biogeographical (e.g. soil and climate) and biological (e.g. powers of dispersal and fecundity) 

factors (Phoenix, 2021b). Overall, the habitat analysis and biological surrogacy found few high risk 

taxa. 

As the majority of SRE taxa recorded within the PAA typically appear to have small ranges (generally 

<20 km), surveys to date suggest that rehabilitation does not appear to favour cryptic taxa and 

translocation is not considered a viable option for SREs, the area of occupancy and overall 

distribution of some taxa could be reduced by the Revised Proposal. Therefore, the distribution, 

abundance or productivity of SRE fauna within the PAA may decline, although SRE taxa are known 

to survive in relatively small remnants. It is also possible that the area of occupancy of the known 

SRE taxa within the PAA IDF will be reduced by the Revised Proposal, given the distinct 

assemblages of the WMDE/BTC and CBME and nearby Huntly survey area and the scale of the 

Revised Proposal. However, only a proportion of the area of available habitat within the PAA will be 

cleared (approximately 31%). Therefore, SREs habitats will only be partially cleared, with 

approximately 48% of any SRE habitat type continuing to be represented within the PAA. Suitable 

SRE habitat also extends beyond the PAA (refer to Appendix G2) and is expected to be represented 

throughout the Northern Jarrah Forest. Therefore, the unique species identified within the PAA could 

also reasonably occur beyond the boundaries of the Revised Proposal in similar habitats. 

Additionally, the surveys demonstrated that rehabilitation has potential to provide refugia to SREs 

and support the recolonisation of more ‘common’ SRE species (Phoenix, 2021b). Consequently, 

areas of cleared land adjacent to SRE habitat have an increased value in relation to SREs.  
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To mitigate the risk and minimise potential impacts to SREs due to habitat loss associated with the 

Revised Proposal, Worsley Alumina will implement a suite of management measures, as outlined in 

Section 5.3.5. The suite of additional commitments to be implemented as an outcome of further 

review of the mine planning approach, as undertaken by Worsley Alumina and discussed in 

Section 4.3.4, will further realise significant reductions in potential impacts to conservation 

significant values, including habitat supporting SREs. A key measure also includes the continued 

progression of mine planning, in consultation with the DWER and DBCA, as part of the annual 

revision of the 10 Year Mine Plan.  
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Table 5-37 SRE Habitat Affected by Clearing and Number of Taxa  

SRE Habitat Type 
SRE 

Habitat 
Rating 

Number of 
SRE Taxa 

Recorded in 
the Field 
Surveys 

Extent 
within the 
PAA (ha) 

Extent within the IDF (ha) 
PAA Extent 
Proposed to 
be Cleared 

(%) 
WMDE BTC CBME PAA 

1 
Melaleuca woodlands/shrublands on 
seasonally wet or waterlogged clays 
and clay loams on valley floors 

High 17 134.6 19.4 4.2 0.0 23.6 18% 

2 
Open jarrah/marri woodlands on 
sands, clay-loam or sandy-gravel on 
lower slopes and valley floors 

High 41 427.3 114.7 26.5 9.8 151.0 35% 

3 
Heath/shrubland on shallow soils on 
granite or outcrops 

High 15 171.2 5.0 2.5 0.0 7.5 4% 

4 
Open forest of jarrah/marri on sandy-
loam gravelly soils on mid-slopes 
and ridges 

Low 57 7,371.3 3576.0 48.8 212.5 3837.3 52% 

5 
Open forest of jarrah/marri forest, 
seasonally moist, sandy gravels on 
slopes 

High 6 26.9 0.0 0.0 12.9 12.9 48% 

6 
Cleared land (including plantations 
and dams) 

None 0 13,186.1 1977.1 159.2 0.0 2136.3 16% 

7 
Open forest to woodland of 
jarrah/marri on slopes and less 
undulating hills 

Low 6 1,621.7 735.2 7.2 0.0 742.4 46% 

8 
Open woodland of wandoo on clay 
and clay-loam soils on lower slopes 

High 13 2,420.8 433.9 31.1 0.0 465.0 19% 

9 
Open Eucalyptus woodlands (wet) on 
sands, clay-loam or sandy-gravel on 
lower slopes and valley floors 

High 21 772.2 78.5 9.5 13.6 101.6 13% 



 

 

Worsley Mine Expansion Environmental Review Document 360 
 

SRE Habitat Type 
SRE 

Habitat 
Rating 

Number of 
SRE Taxa 

Recorded in 
the Field 
Surveys 

Extent 
within the 
PAA (ha) 

Extent within the IDF (ha) 
PAA Extent 
Proposed to 
be Cleared 

(%) 
WMDE BTC CBME PAA 

10 

Open woodlands of wandoo and 
flooded gum on seasonally wet or 
waterlogged clays and clay loams on 
valley floors 

High 14 34.2 0.0 0.0 0.0 0.0 0% 

11 
Rehabilitation (post-mining 
rehabilitation using mostly native 
species^) 

Low 4 3,190.5 
590.5 7.8 7.0 605.2 

19% 

Total area 29,356.6 7,530.21 296.57 255.91 8,082.70  

Total area of SRE Native Habitat 12,980.2 4,962.66 129.66 248.87 5,341.19  

Total area of SRE habitat (including Rehabilitation) 16,170.6 5,553.12 137.41 255.87 5,946.41  

Total loss of SRE habitat minus Pre-existing Approval Area clearing+  4,611.20 137.60 255.80 5,004.60 37% 
 

+ As outlined in Section 4.3.1, 942 ha of approved clearing allocation remains within the Pre-existing Approval Area, specifically within the WMDE IDF. This Revised Proposal does not seek 

re-approval to clear the existing clearing allocation. Therefore, 942 ha has been removed from the residual clearing impact calculations.  
 

^ Note, the older, historical areas of rehabilitation also include a low diversity of non-Northern Jarrah Forest species. 
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Table 5-38 SREs Known from within the PAA from Desktop Searches and Surveys 

Species Source of Record Records within the PAA   

  
Development 

Envelopes  
 

IDFs  
Recorded 

Outside the 
IDF 

SRE Habitat 
Rating (Habitat 

Number) 

Confirmed SREs 

Siphonotidae 'DIPAAG' 'DIP189' 'collie' 
(previously ‘Hesperisiphon’ ‘mt 
saddleback’) 

Phoenix (2021), WAM WMDE, CBME - Yes 
Low (4) and 
high (2, 3) 

Antichiropus ‘bannister DIP178’ Phoenix (2021) WMDE, BTC WMDE No High (3) 

Antichiropus ‘collie DIP177’ Phoenix (2021) 
WMDE, BTC, 

CBME 
CBME Yes 

Low (4) and high 
(1, 2, 5, 9) 

Antichiropus ‘goldmine’ 
Phoenix (2012), Outback 

Ecology (2012), WAM 
WMDE - Yes - 

Antichiropus ‘marradong’ 
Phoenix (2012), Outback 

Ecology (2012), WAM 
WMDE, BTC WMDE Yes - 

Antichiropus ‘Mt Saddleback’ ‘DIP108’ Phoenix (2012, 2021), WAM WMDE, CBME - Yes 
Low (4) and high 

(1, 2) 

Antichiropus ‘saddleback 2’ ‘DIP137’ Phoenix (2012), WAM WMDE - Yes - 

Antichiropus ‘SB1’ Phoenix (2012), WAM WMDE - Yes - 

Siphonotidae ‘marradong’ Phoenix (2012), WAM WMDE - Yes - 

Likely SREs 

Buddelundia sp. indet. A  Phoenix (2021) WMDE WMDE Yes High (8, 9) 

Paraplatyarthrus sp. indet. Phoenix (2021) WMDE, BTC WMDE Yes 
Low (4, 11) and 

high (2) 

Paraplatyarthrus sp. indet. B Phoenix (2021) WMDE - Yes Low (4) 
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Species Source of Record Records within the PAA   

  
Development 

Envelopes  
 

IDFs  
Recorded 

Outside the 
IDF 

SRE Habitat 
Rating (Habitat 

Number) 

Paraplatyarthrus sp. indet. C Phoenix (2021) WMDE - Yes Low (4) 

Paraplatyarthrus sp. indet. D  Phoenix (2021) WMDE, BTC BTC No High (2) 

Pseudodiploexochus ‘1’ Phoenix (2012, 2021) 
WMDE, BTC, 

CBME 
WMDE, 
CBME 

Yes 
Low (4) and high 

(2, 10) 

Pseudodiploexochus sp. indet. A Phoenix (2021) WMDE, BTC WMDE No High (8) 

Pseudodiploexochus sp. indet. B Phoenix (2021) WMDE - Yes Low (7) 

Siphonotidae ‘DIPAAF’ 'cf. michaelseni' Phoenix (2021) WMDE, CBME CBME Yes 
Low (7) and high 

(9) 

Potential SREs 

Acanthodillo 'sp. worsley B' WAM WMDE - Yes - 

Acanthodillo sp. indet.  Phoenix (2012, 2021) WMDE, BTC WMDE Yes Low (4, 11) 

Aname ‘Dwellingup’ WAM WMDE, BTC WMDE No Low (4) 

Aname ‘MYG242’ Phoenix (2012), WAM WMDE - Yes - 

Aname 'Phoenix0037' Phoenix (2012, 2021) WMDE - Yes Low (11) 

Aname tepperi Phoenix (2012), WAM WMDE, BTC - Yes - 

Aname ‘WorsleyDNA03’ Phoenix (2021) CBME - Yes High (9) 

Aname ‘WorsleyDNA04’ Phoenix (2021) CBME CBME No Low (4) 

Aname sp. indet. Phoenix (2021), WAM WMDE WMDE Yes Low (4) 

Antichiropus ‘WorsleyDNA18’ Phoenix (2021) WMDE - Yes Low (4) 

Antichiropus sp. indet. Phoenix (2012, 2021), WAM WMDE, BTC - Yes 
Low (4) and high 

(1, 2, 5) 

Austrochthonius 'austini' WAM WMDE, BTC WMDE Yes - 
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Species Source of Record Records within the PAA   

  
Development 

Envelopes  
 

IDFs  
Recorded 

Outside the 
IDF 

SRE Habitat 
Rating (Habitat 

Number) 

Ballarra 'sp. indet' WAM WMDE - Yes - 

Beierolpium sp. indet. Phoenix (2021), WAM WMDE, CBME CBME Yes Low (4) 

Bothriembryon cf. bradshawi Phoenix (2021), WAM WMDE - Yes Low (11) 

Bothriembryon cf. serpentinus WAM WMDE - Yes - 

Buddelundia ‘04’ Phoenix (2012, 2021) WMDE, BTC WMDE Yes 
Low (4) and high 

(2, 9) 

Buddelundia nigripes Phoenix (2021), WAM CBME CBME Yes 
Low (4) and high 

(9) 

Buddelundia sp. indet. Phoenix (2021) WMDE, BTC WMDE Yes 
Low (4) and high 

(10) 

Calliuncus 'sp. indet' 
Phoenix (2021) WMDE, CBME  - Yes 

Low (4) and high 
(2, 3, 5) 

Eucanippe nemestrina WAM WMDE - Yes - 

Eucyrtops latior Phoenix (2012, 2021) WMDE, BTC - Yes - 

Eucyrtops ‘marradong’ WAM WMDE - Yes - 

Eucyrtops `MYG645` Phoenix (2021), WAM CBME CBME Yes 
Low (4) and high 

(9) 

Eucyrtops ‘WorsleyDNA06’ Phoenix (2021) WMDE, BTC WMDE Yes High (8, 9) 

Eucyrtops ‘WorsleyDNA08’ Phoenix (2021) WMDE WMDE Yes 
Low (3, 4) and 

high (1) 

Eucyrtops sp. indet. Phoenix (2012), WAM WMDE - Yes - 

Idiopidae sp. indet. 
Phoenix (2021, 2021) WMDE - Yes 

Low (4) and high 
(2) 
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Species Source of Record Records within the PAA   

  
Development 

Envelopes  
 

IDFs  
Recorded 

Outside the 
IDF 

SRE Habitat 
Rating (Habitat 

Number) 

Idiosoma `MYG187` WAM WMDE, BTC WMDE Yes - 

Idiosoma ‘WorsleyDNA05’ Phoenix (2021) 
WMDE, BTC, 

CBME 
WMDE, 
CBME 

Yes 
Low (4) and high 

(2, 8, 9, 1) 

Idiosoma ‘WorsleyDNA07’ Phoenix (2021) WMDE - Yes Low (4) 

Indolpium sp. indet. Phoenix (2021) WMDE - Yes Low (4) 

Iulomorphidae sp. indet. Phoenix (2021) CBME CBME Yes 
Low (4) and high 

(9) 

Laevophiloscia ‘1’ Phoenix (2021) 
WMDE, BTC, 

CBME 
WMDE, 
CBME 

Yes 
Low (3, 4) and 

high (2, 8, 9, 10) 

Laevophiloscia ‘S’ Phoenix (2012) WMDE, BTC - Yes - 

Laevophiloscia sp. indet. Phoenix (2021) WMDE, BTC WMDE Yes 
Low (4, 7) and 
high (1, 8, 9), 

Luinodiscus cf. repens WAM WMDE - Yes - 

Luinodiscus cf. sublestus Phoenix (2012), WAM WMDE - Yes - 

Megalopsalis sp. indet. Phoenix (2021), WAM CBME CBME Yes 
Low (4) and high 

(2, 3, 10) 

Missulena ‘MYG198’ Phoenix (2012, 2021), WAM WMDE - Yes High (2) 

Missulena ‘WorsleyDNA13’ Phoenix (2021) WMDE, BTC - Yes High (1) 

Missulena sp. indet Phoenix (2012, 2021), WAM WMDE - Yes 
Low (4) and high 

(1, 2) 

Mygalomorphae ‘WorsleyDNA11’ Phoenix (2021) CBME - Yes High (10) 

Nunciella sp. indet. Phoenix (2012, 2021), WAM CBME CBME Yes 
Low (4) and high 

(2, 5, 9, 10) 
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Species Source of Record Records within the PAA   

  
Development 

Envelopes  
 

IDFs  
Recorded 

Outside the 
IDF 

SRE Habitat 
Rating (Habitat 

Number) 

Paraplatyarthrus sp. indet. A 
Phoenix (2021) WMDE - Yes 

Low (4) and high 
(2, 3, 10) 

Philosciidae sp. indet. Phoenix (2021) WMDE WMDE Yes Low (11) 

Proshermacha `MYG658` Phoenix (2012, 2021), WAM WMDE - Yes Low (4, 11) 

Proshermacha ‘MYG646’ Phoenix (2021), WAM CBME - Yes High (1, 2, 3, 8, 9)  

Proshermacha ‘WorsleyDNA12’ Phoenix (2021) CBME - Yes High (9) 

Proshermacha sp. indet. Phoenix (2021), WAM WMDE, BTC WMDE Yes 
Low (4) and high 

(1, 2, 3, 8) 

Pseudodiploexochus '1' 
Phoenix (2021, 2021) 

WMDE, BTC, 
CBME 

WMDE, BTC, 
CBME 

Yes 
Low (4) and high 

(2, 10) 

Siphonotidae ‘DIPAAF’ ‘WorsleyDNA14’ Phoenix (2021) WMDE, BTC BTC No High (2) 

Siphonotidae ‘DIPAAF’ ‘WorsleyDNA15’ Phoenix (2021) CBME CBME No Low (4) 

Siphonotidae ‘DIPAAF’ 'sp. indet' Phoenix (2021), WAM WMDE, BTC WMDE, BTC Yes - 

‘cf Sphaerotrichopus?’ ‘WorsleyDNA01’ 
Phoenix (2021) WMDE, BTC WMDE Yes 

Low (4) and high 
(8, 9) 

‘cf Sphaerotrichopus?’ sp. indet. Phoenix (2021) WMDE, BTC BTC Yes High (1, 2) 

Styloniscus ‘1’ Phoenix (2021) 
WMDE, BTC, 

CBME 
WMDE, 
CBME 

Yes 
Low (4, 11) and 
high (1, 2, 8, 9, 

10) 

Styloniscus ‘7’ Phoenix (2021) 
WMDE, BTC, 

CBME 
CBME Yes 

Low (4) and high 
(1, 2, 9) 

Styloniscus sp. indet. Phoenix (2021) CBME CBME Yes 
Low (4) and high 

(1, 2, 3) 
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Species Source of Record Records within the PAA   

  
Development 

Envelopes  
 

IDFs  
Recorded 

Outside the 
IDF 

SRE Habitat 
Rating (Habitat 

Number) 

Synothele ‘MYG640’ Phoenix (2021), WAM CBME CBME Yes 
Low (4) and high 

(9) 

Synothele rubripes Phoenix (2021), WAM WMDE, BTC WMDE Yes 
Low (4, 7) and 

high (2, 3) 

Synothele 'sp. indet' Phoenix (2012), WAM 
WMDE, BTC, 

CBME 
WMDE, 
CBME 

Yes - 

Teyl `MYG245` Phoenix (2012), WAM WMDE, BTC WMDE Yes - 

Teyl 'sp. indet' WAM WMDE, BTC WMDE Yes - 

Triaenonychidae ‘genus 003’ sp. indet. Phoenix (2021) WMDE, BTC WMDE Yes 
Low (4) and high 

(2, 8, 9) 

Triaenonychidae ‘genus 008’ sp. indet. Phoenix (2021) WMDE, BTC WMDE Yes 
Low (4, 7, 11) and 

high (1, 2, 3, 8) 

Triaenonychidae 'sp. indet' Phoenix (2021) WMDE - Yes Low (11) 

Trichorhina ‘W’ Phoenix (2012) WMDE - Yes - 

Westralaoma 'sp. indet' WAM WMDE - Yes - 

cf. Westralaoma '1' WAM WMDE, BTC - Yes - 

Bold – species is only found within the IDF. 
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5.3.4.2 Injury, Mortality or Displacement of Fauna 

Fauna are at risk of mortality, injury or displacement due to construction and operations, and 

interactions with vehicles/heavy machinery. The potential impacts to fauna from these activities are 

not new, as these activities are inherent to the existing operations. The likelihood of the impact 

occurring is not expected to increase as a result of the Revised Proposal, particularly as there will 

be no changes to existing truck volumes and/or truck routes on public roads as a result of bauxite 

mining activities.  

Vegetation clearing is likely to lead to some injury or mortality of terrestrial fauna. Terrestrial fauna 
that are ground-dwelling, exhibit limited home ranges (e.g. SREs), exhibit limited mobility (e.g. 
reptiles) or burrow in the soil as an escape mechanism or for nesting, may be at risk from construction 
machinery during the clearing process. The agility and aerial nature of most birds make them unlikely 
to be directly impacted by clearing machinery. However, bird species that nest in tree hollows, such 
as Black Cockatoos, are at risk. While injury or mortality to some fauna species of conservation 
significance is possible during clearing, it is unlikely that these would place a local population of the 
species at risk. Pre-clearance surveys and the identification and mapping of potential Black 
Cockatoo habitat trees prior to clearing will enable areas to be inspected for fauna prior to clearing. 
Where practicable, detailed mine planning may be modified to avoid removal of identified potential 
breeding trees with suitable hollows. The staged clearing process implemented within the majority 
of the timber reserves intersecting the PAA also reduces the likelihood of injury or morality to fauna. 
The staged clearing process involves the harvesting of mature trees by the Forest Products 
Commission prior to clearing by Worsley. Trees are harvested typically months in advance of 
clearing. Consequently, the suitability of the fauna habitat is significantly reduced prior to clearing 
being undertaken. As the habitat quality is less favourable post-harvesting, individuals are 
encouraged to move away from the area prior to clearing, therefore reducing the likelihood of impact.  

Increased vehicle and heavy machinery movements during the clearing and operations has the 

potential to result in vehicle strike, causing injury or mortality to fauna. Roadkill on access tracks and 

haul roads has the potential to decrease the abundance of vertebrate fauna species at a local scale, 

including conservation significant fauna species. Vehicle strike is of particular concern for nocturnal 

species foraging or travelling near tracks/roads at night and species that tend to be active on roads 

(e.g. basking, foraging) during daytime. Roadkill also attracts scavengers, which may themselves be 

subject to a vehicle strike. The implementation of speed limits is used to minimise the incidence and 

likelihood of fauna road incidents associated with operations. It is unlikely that isolated mortalities of 

individuals would affect the conservation status and distribution of any fauna species.  

5.3.4.3 Indirect Impacts from Dust, Noise and Vibration 

The Revised Proposal has the potential to impact fauna indirectly through dust, noise and vibration 

generated from clearing and operations. Fauna, including Chuditch, Red-tailed Phascogale and 

Woylie, generally avoid disturbance, however, individuals may experience increased stress and 

expend energy in avoidance behaviours. Dust, noise and vibration may also affect fauna behaviour 

and distribution within the vicinity of the Worsley Alumina Project. These secondary indirect impacts 

are likely to only affect fauna in close proximity to the operations. Therefore, significant residual 

impacts are not anticipated, and impacts are not expected to affect the viability of species 

populations.  

Considering the long-term operational context of the Worsley Alumina Project, fauna residing in the 

local area are expected to have become partially accustomed to dust, noise and vibration associated 

with the BBM and Refinery, or already avoid the mining area as a result of these impacts. As the 

boundary of the existing operations will extend current operations outwards in a number of areas 

(Figure 1-3) there will be an increase in the area of fauna habitat that is affected by dust, noise and 

vibration impacts associated with operations. This may lead to individual fauna within the direct area 
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moving into new habitat that is further away from these disturbances. There are areas of suitable 

habitat available in the surrounding State Forest and rivers, within which displaced fauna can 

continue to reside and use to move across the landscape.  

The potential impacts associated with dust are further discussed in Section 5.6, with impacts from 

noise and vibration considered further in Section 5.7. 

5.3.4.4 Increased Competition or Predation by Introduced (Feral) Species 

Predation by feral cats, the European fox and feral pigs, as well as competition from rabbits and feral 

pigs, are listed as threatening processes under the EPBC Act, as these species are considered to 

be a major threat to Australian native fauna. Cats prey on a range of native fauna (including 

mammals, birds, reptiles, amphibians and invertebrates) and have seriously affected or caused 

extinction of populations of species such as the Woylie (DoE, 2015). Native fauna susceptible to 

predation by the European red fox are small to medium sized ground-dwelling or semi-arboreal 

mammals and ground nesting birds (DEWHA, 2008). Feral pigs are opportunistic omnivores and 

forage on a variety of food types, including small mammals, birds, reptiles, frogs, eggs, invertebrates, 

underground fungi, and all parts of plants (fruit, seeds, roots, tubers, bulbs and foliage) (DoEE, 

2017c). Rabbits compete with native fauna for resources, such as food and shelter (DoEE, 2016).  

Introduced (feral) fauna species are known to occur in the PAA and are established within the 

surrounding area. The Revised Proposal has the potential to result in an increased presence of 

introduced fauna species as clearing can create corridors that facilitate the movement of introduced 

fauna throughout the landscape, while also reducing the available protective cover for native fauna. 

As outlined above, introduced fauna predate on native fauna (particularly smaller mammals, reptiles 

and birds), and also compete with native fauna for food and shelter. Worsley Alumina has an 

established targeted feral animal control program, in which 1080 baiting is undertaken within WJV 

managed lands and current operating State Forest areas. The program is undertaken in consultation 

with DBCA and supplements areas under the DBCA Western Shield program. Continued 

implementation of the feral animal control program is expected to prevent increases in introduced 

fauna as a result of the Revised Proposal, and may result in an overall reduction in introduced fauna 

numbers in the local area. 

5.3.4.5 Other potential indirect impacts 

Worsley Alumina acknowledge a number of other indirect impacts are possible when considering 
interactions with other key environmental factors, for example groundwater mounding impacting 
Flora and Vegetation. Impacts such as this have been discussed in more detail in the respective 
sections, i.e. Section 5.2.4.6, and have been considered holistically throughout the assessment. 
These indirect impacts are assessed both spatially and temporally. Importantly, this has resulted in 
the assessment that indirect impacts are typically localised and temporary in nature, and as such 
not likely to cause a significant impact to Terrestrial Fauna. Therefore the discussion in this section 
has focussed on the direct impacts likely to occur as a result of the Revised Proposal. 

5.3.4.6 Cumulative Impacts  

As outlined in Section 1.3, it is important to note there are existing project elements that are fully 

operational, including the Refinery and OBC, that will not undergo any changes as a result of the 

Revised Proposal. These operations are considered inherently in this assessment of cumulative 

impacts within this Revised Proposal so as to provide for full context of contemporary operations 

and site context. The Refinery and OBC both have long-term cleared areas.  
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5.3.4.6.1 Vertebrate Fauna  

This Revised Proposal represents an extension of the existing development envelope by 

approximately 25% (7,255 ha) within a highly modified and extensively fragmented landscape. 

Cleared areas, agriculture and plantations account for approximately 44% of the PAA. The Revised 

Proposal will result in the progressive loss of up to 40% of the remaining native remnant vegetation 

within the PAA, (when taking into account the pre-existing approval area) which represents key 

terrestrial fauna habitat. 

While detailed fauna habitat mapping has been completed in the PAA, mapping at this same scale 

is not available for the Northern Jarrah Forest. As the mapping of the fauna habitats within the PAA 

was based on the detailed site-vegetation type mapping, the regional vegetation complex database 

(GoWA 2019a) provides an opportunity to assess cumulative impacts as a surrogate for fauna 

habitat. The fauna habitats comprise elements of all 12 vegetation complexes mapped as 

overlapping the PAA. The cumulative impacts to the vegetation complexes associated with the 

Revised Proposal are summarised in Section 5.2.4.8, specifically Table 5-17. The cumulative 

clearing associated with the Revised Proposal represents less than 2% of the current remaining 

extent of the vegetation complexes within the Southwest Forest Region, with the exception of the 

Cooke (approximately 7%), Dwellingup 4 (approximately 4%), Michibin (approximately 2%) and 

Coolakin (approximately 2%) complexes. Therefore, when considering cumulative impacts, the 

impact of the Revised Proposal in a regional context is low. 

The extent of suitable habitat available for Black Cockatoos within the broader Southwest Forest 

region can also be estimated based on regional vegetation complex mapping. This mapping can be 

correlated to the site-vegetation type mapping by (Mattiske, 2021a) and corresponding fauna 

habitats (Table 5-22). The site-vegetation types associated with suitable habitats for the Black 

Cockatoo correspond with elements of all of the vegetation complexes occurring within the PAA. As 

outlined above, clearing for the Revised Proposal equates to less than approximately 2% of the 

current remaining extent of the vegetation complexes that occur within the regional extent, with the 

exception of four complexes (ranging between 2-7%). At a regional scale, the PAA also represents 

a small portion of the known Black Cockatoo species distributions for foraging, roosting and 

breeding. Additionally, there is a low rate of breeding by Carnaby’s Black Cockatoo as the Northern 

Jarrah Forest is outside the species preferred breeding area of the Wheatbelt. Breeding is also 

limited in the area due to the lack of mature nesting tree species with suitable hollows, which relates 

directly to historic timber harvesting activities in the area. Therefore, from a cumulative impacts 

perspective, the impact of the Revised Proposal in a regional context is low. 

Worsley Alumina maintains a progressive rehabilitation program for disturbed areas, with a total of 

3,200 ha (as at 2019) being rehabilitated since operations commenced in the 1980s (54% of the total 

mined area). As rehabilitated areas mature, they return suitable fauna habitat to the area. Mine 

rehabilitation has been shown to provide suitable foraging habitat for Black Cockatoos and 

substantial diversity in food types (Lee, et al., 2013) . Black Cockatoos have been identified foraging 

in rehabilitation areas at the Worsley operation (Lee, et al., 2013; Doherty, et al., 2016). 

Other Developments and Activities  

This section provides a discussion of regional and cumulative impacts of other existing or reasonably 

foreseeable development in the vicinity of the Revised Proposal, as related to terrestrial fauna and 

associated habitats. A summary of the impacts of other developments and activities (specifically 

other operational mines in proximity, timber harvesting, plantations and agriculture) in close proximity 

to the Revised Proposal, and within the Northern Jarrah Forest, is provided in Table 5-39. The IDF 
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accounts for approximately 0.5% of the Northern Jarrah Forest, with the remnant native vegetation 

accounting for approximately 0.3% of the Northern Jarrah Forest. As with flora and vegetation, 

specific consideration and discussion of potential cumulative impacts associated with the BGM is 

provided below, in recognition that the northern PAA overlaps a portion of the BGM development 

envelope.  

Implementation of the Revised Proposal will impact conservation significant fauna, primarily through 

loss of suitable habitat, at local and regional scales. A number of the same conservation significant 

fauna occur, and thus by association suitable habitat exists, across the individual mining 

developments. It is recognised there is potential for cumulative impacts with regard to habitat loss 

and displacement, particularly with the BGM given its proximity to the Revised Proposal. The other 

mines in the Northern Jarrah Forest are considered sufficiently distant with regard to movements of 

non-avian fauna.  

The bauxite mining industry implements a comprehensive and progressive rehabilitation program 

for mining areas. Both Worsley and Alcoa’s rehabilitation program are focused on achieving  agreed 

rehabilitation completion criteria that are developed and refined on an ongoing basis with the DBCA. 

The rehabilitation strategies employ good industry practice and seek to return a forest ecosystem 

comparable to pre-mining vegetation types within the Northern Jarrah Forest. These rehabilitation 

programs have been demonstrated to be successful in returning flora and fauna values to mined 

areas. Offsets are also implemented where significant impacts are determined to occur and thus 

facilitate the counterbalancing of the impacts of mining activities in the Northern Jarrah Forest. 

It is recognised that the Revised Proposal represents a continuation of mining in an existing 

landscape that is historically modified by agricultural, timber harvesting and plantations, within and 

around the mine site. This co-existence has been in place for over 30 years. The results of terrestrial 

fauna surveys and ongoing monitoring confirm the continued persistence of terrestrial fauna 

throughout the area over a number of decades, notwithstanding there has been historical loss of 

habitat associated with all developments/activities. Historical clearing for agricultural practices, and 

change in habitat structure from plantations and timber harvesting, are recognised contributors in 

this cumulative context. The implementation of the Revised Proposal, which represents a 

continuation and extension of the existing activities, will contribute incrementally to this context. The 

planning around the biodiversity offsets strategy, and biodiversity offsets plan specific to this Revised 

Proposal (Section 7) takes into consideration ecological linkages and corridors that enhance 

connectivity of habitat at a landscape scale.  

Dust, noise and vibration are not expected to have a cumulative impact on the surrounding area as 

the other developments in the Northern Jarrah Forest are sufficiently separated from the Revised 

Proposal. 

As discussed in the cumulative impact assessment for flora and vegetation (Section 5.2.4.8), the 

BGM partly intersects the northern PAA and, as such, there is potential for clearing associated with 

the mine to overlap with the PAA IDF. Newmont implements a comprehensive suite of environmental 

measures to prevent, minimise and mitigate potential environmental impacts as part of ongoing BGM 

operations. BGM outlines specific measures that provide protection to the key fauna values in the 

Terrestrial Fauna Management Plan and Black Cockatoo Management Plan, which are publicly 

available documents.  

BGM has approval to conduct clearing within the Development Envelope in accordance with existing 
approvals. The approved BGM Development Envelope overlaps in part with the extended Worsley 
Alumina PAA. Worsley Alumina are engaging with Newmont to develop the Parallel Operations Plan, 
which will include the addressing of cumulative impacts and broader discussions that will govern 
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interactions when working in and around each other.  Amongst other things the plan will outline 
protocols and procedures to be followed by the parties on certain aspects of environmental 
management. With respect to terrestrial vertebrate fauna, recent engagement to date has included 
discussion on fauna linkages and feral animal control.   
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Table 5-39 Cumulative Impacts to Terrestrial Fauna and Habitat from Other Activities in the Northern Jarrah Forest 

Development/ 
Activity Name 

Newmont BGM1 Alcoa Huntly 
Mine2 

Alcoa 
Willowdale Mine3 

Timber Harvesting4 Plantations5 Agriculture6 

Type Gold mine Bauxite mine Bauxite mine State Forest harvesting, 
timber (including 
reserves and 
parklands) 

Silviculture 
(hardwood, softwood 
and mixed) 

Primary industry 
(cropping, 
livestock/ grazing, 
horticulture) 

Location Shire of 
Boddington, 
approximately 12 
km northwest of the 
town of Boddington 

Shire of Murray, 
approximately 16 
km northeast of the 
town of Dwellingup 

Shire of Waroona, 
approximately 17 
km east of the 
town of Waroona 

Various Various  Various 

IBRA sub-region Northern Jarrah 
Forest 

Northern Jarrah 
Forest 

Northern Jarrah 
Forest 

Northern Jarrah Forest Northern Jarrah 
Forest 

Northern Jarrah 
Forest 

Total native 
vegetation 
approved to be 
cleared 
(representing 
fauna habitat) 

Clearing of up to 
5,435 ha of native 
vegetation within 
the approved 
Development 
Envelope  

The total native vegetation cleared is 
unknown. However, information 
provided in the proposed Alcoa mine 
expansion environmental referral 
supporting document states that a total 
of 20,381 ha of rehabilitation has been 
completed since operations 
commenced, which represents 77% of 
the total mined area to date (including 
areas reserved for long-term 
infrastructure) (Alcoa 2020a).  
 
Alcoa’s mine expansion is seeking 
approval for clearing of an additional 
6,700 ha within the mining 
development envelope (Alcoa 2020a). 
 

Timber areas comprise 
approximately 61,817 
ha (3% of the Northern 
Jarrah Forest). 

Approximately 
23,583 ha 
(1.2% of the 
Northern Jarrah 
Forest). 

Agricultural areas 
cover 
approximately 
726,760 ha (53% 
of the Northern 
Jarrah Forest). 
Data is not 
available for the 
portion of this 
area that is 
cleared of native 
vegetation; 
however, it is 
reasonable to 
expect it will be a 
large portion 
given the nature 
of the activities. 
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Development/ 
Activity Name 

Newmont BGM1 Alcoa Huntly 
Mine2 

Alcoa 
Willowdale Mine3 

Timber Harvesting4 Plantations5 Agriculture6 

To date, < 4% of the Jarrah forest 
within the mining lease area has been 
mined; Alcoa expects to mine < 8% of 
this area over the life of its WA 
operations ((Alcoa 2020a). 

Conservation 
significant fauna 
recorded 

Conservation 
significant fauna 
recorded include 
the Woylie, Brush-
tailed Phascogale, 
Western Brush 
Wallaby, Quenda, 
Chuditch, Forest 
Red-tailed, 
Carnaby’s and 
Baudin’s Black 
Cockatoos, 
Peregrine Falcon, 
Rainbow Bee-
eater, Dell’s Skink. 

Conservation 
significant fauna 
have been 
recorded, including 
Black Cockatoos, 
Chuditch, Woylie, 
Peregrine Falcon 
and Carpet Python. 
Additional species 
have the potential 
to occur, based on 
a EPBC Protected 
Matters search. 
Alcoa has 
committed to 
undertaking a 
program of 
biological surveys. 

While information 
is not publicly 
available, 
conservation 
significant fauna 
can be expected 
to occur. The 
suite of species is 
expected to be 
similar to the 
Huntly Mine. 

Historical timber 
harvesting activities 
have interfaced with 
conservation fauna and 
fauna habitat. 
 
The silviculture 
guidelines consider 
opportunities to 
enhance biodiversity 
and other outcomes, 
including the protection 
of marri trees, which 
represents key 
habitat for Black 
Cockatoos. Habitat 
requirements (such as 
nesting, roosting and 
foraging needs) for a 
range of fauna are also 
considered in selecting 
habitat trees and hollow 
logs for retention. 
 
FHZs are also provided 
for to help fauna 
recolonise disturbed 

Historical clearing for 
the establishment of 
plantations can 
reasonably be 
expected to have 
interfaced with 
conservation fauna 
and fauna habitat.  
 
Plantations also 
provide alternate 
foraging habitat for 
Carnaby’s and 
Baudin’s Black 
Cockatoos and 
roosting habitat for 
Carnaby’s Black 
Cockatoos.  

Historical clearing 
for agriculture can 
reasonably be 
expected to have 
interfaced with 
conservation 
fauna and fauna 
habitats. 

Conservation 
significant fauna 
habitats/values 

Foraging habitat for 
all three species of 
Black Cockatoo 
and breeding for 
Carnaby’s and 
Forest 
Red-tailed Black-
Cockatoos. Habitat 
for Chuditch, 

While information is 
not publicly 
available, habitat 
for conservation 
significant fauna 
can reasonably be 
expected to be 
present. 

While information 
is not publicly 
available, habitat 
for conservation 
significant fauna 
can reasonably 
be expected to be 
present. 
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Development/ 
Activity Name 

Newmont BGM1 Alcoa Huntly 
Mine2 

Alcoa 
Willowdale Mine3 

Timber Harvesting4 Plantations5 Agriculture6 

Woylies and Brush-
tailed Phascogale 
in the local area. 
However, loss is 
not expected to 
have a significant 
effect on 
regional fauna 
habitat availability. 

areas after timber 
harvesting. 
 

Rehabilitation No data publicly 
available. 
 
Newmont plans 
that all land cleared 
and 
used as part of the 
operation will be 
rehabilitated, with 
the exception of the 
pits. 

Each year, approximately 600 ha of 
mined land is rehabilitated (Alcoa 
2020b; 2020c) .Of the total area mined, 
approximately 77% has been 
rehabilitated to date (Alcoa 2020b; 
2020c). Rehabilitation plans or 
procedures exist according to 
prescriptions outlined in the 
Alcoa/Parks and Wildlife Working 
Arrangements. Rehabilitation schedule 
is included with the 5 Year Mine Plan. 

N/A N/A Unknown, but 
expected to be 
limited given the 
ongoing nature of 
activities 

Sources: 1 Strategen (2013b); 2 Alcoa (2020a), Alcoa (2020b), MS 728; 3 Alcoa (2020c); 4 Conservation Commission of WA (2013), Government of Western Australia (2020a); 5 DAWE 
(2018a), Forest Industries Federation (2014); 6 Australian Bureau of Agricultural and Resource Economics and Sciences (2011). 
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Table 5-40 Cumulative Impacts to Terrestrial Vertebrate Fauna and Habitat Associated with the Newmont BGM and Worsley Revised Proposal15  

Key Fauna 
Terrestrial Value 

Newmont BGM1 Worsley Revised Proposal Cumulative Impact 

Total native 
vegetation approved 
to be cleared 
(representing fauna 
habitat) 

Clearing of up to 5,435 of native vegetation within 
the approved Development Envelope.  This is 
inclusive of the 1,755 ha approved in 2014 under 
MS 971 and EPBC 2012/6370. 

Up to 4,399 ha of native vegetation will be 
cleared for the Revised Proposal, bringing the 
total approved clearing for Worsley Alumina 
operations, as a result of the Worsley Revised 
Proposal, to 9,662 ha and 8,400 ha in the 
Extended Mining Areas. 

Up to a total of 23,497 ha of native 
vegetation will collectively cleared 
by the projects. This equates to 
approximately 0.6% of the Northern 
Jarrah Forest. It is noted however, 
70-80% of the proposed clearing for 
the Worsley Revised Proposal is 
anticipated to be rehabilitated within 
10 years of clearing and 100% of 
the areas will be rehabilitated at 
closure. Thus, over time, the 
cumulative impact will be reduced. 

Conservation 
significant fauna 
recorded 

Eleven conservation significant fauna species have 
been recorded in the development envelope, 
comprising the Woylie, Brush-tailed Phascogale, 
Western Brush Wallaby, Quenda, Chuditch, Forest 
Red-tailed, Carnaby’s and Baudin’s Black 
Cockatoos, Peregrine Falcon, Rainbow Bee-eater 
and Dell’s Skink. 

Fourteen conservation significant fauna 
species have been recorded in the 
development envelope, comprising Forest 
Red-tailed, Carnaby’s and Baudin’s Black 
Cockatoos, Peregrine Falcon, Woylie, 
Chuditch, Western False Pipestrelle, Rakali, 
Quenda, Numbat, Western Brush Wallaby, 
Red-tailed Phascogale, Brush-tailed 
Phascogale and Dell’s Skink. 

10 fauna species of conservation 
significant have been recorded in 
both project areas, which is to be 
expected given their close proximity 
and overlap. There is potential for 
cumulative impacts to occur at a 
local scale, as related to the 
presence and movement of 
individuals occurring in the area. 
However, regional scale cumulative 
impacts are not anticipated.  

Conservation 
significant fauna 
habitats/values  

Foraging habitat for all three species of Black 
Cockatoo and breeding for 
Carnaby’s and Forest Red-tailed Black-Cockatoos. 
The extent of habitat approved to be cleared for the 
BGM mine expansion includes: 

The PAA provides suitable habitat for a 
number of conservation significant fauna 
species, including for those species recorded 
in the area (refer above). The species for 
which suitable habitat has also been recorded 
in the BGM expansion area and that will be 

The mine expansion projects will 
result in a cumulative loss of fauna 
habitat for conservation significant 
fauna, particularly the three species 
of Black Cockatoo, Woylie, 
Chuditch and Brush-tailed 

 
 
15 The table presents a very conservative assessment of cumulative impacts in as far as the areas of native vegetation cleared by BGM and under the Worsley Alumina Revised 
Proposal are simply added together, as it is not currently possible to accurately determine the areas of future overlap. 
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Key Fauna 
Terrestrial Value 

Newmont BGM1 Worsley Revised Proposal Cumulative Impact 

• Forest Red-tailed Black Cockatoo – clearing of 
1,534 ha of “suitable” habitat from a total of 
19,712 ha, representing 7.8% of that mapped 
extent. In addition, 17 ha of “potential” habitat 
from a total of 744 ha may be cleared, 
representing 2.2% of that mapped within the 
mapped extent;  

• Baudin’s Black Cockatoo – clearing of 972 ha of 
suitable habitat from a total of 15,947 ha, 
representing 6.1% of the mapped area. In 
addition, 474 ha of potential habitat from a total 
of 3,812 ha will be cleared, representing 12.4% 
of that mapped; and 

• Carnaby’s Black Cockatoo – clearing of 1,398 
ha of suitable habitat from a total of 18,547 ha, 
representing 7.5% of the mapped area. In 
addition, 153 ha of potential habitat from a total 
of 2,093 ha will be cleared, representing 7.3% of 
that mapped. 

 
Habitat for Chuditch, Woylie and Brush-tailed 
Phascogale will also be cleared for the mine 
expansion: 

• Chuditch – clearing of 1,514 ha of suitable 
habitat from a total of 19,477 ha, representing 
7.8% of that mapped within the development 
envelope. In addition, 37 ha of potential habitat 
from a total of 1,158 ha will be cleared, 
representing 3.2% of that mapped within the 
development envelope; 

• Woylie – clearing of 584 ha of suitable habitat 
from a total of 11,183 ha, representing 5.2% of 
the mapped area; and 

• Brush-tailed Phascogale – clearing of 1,303 ha 
of suitable habitat from a total of 17,122 ha, 
representing 4.3% of the mapped area. In 

affected by the Revised Proposal are 
discussed below: 

• Black Cockatoos – clearing of 5,989 ha of 
potential habitat, of which approximately 
5,200 ha represents the species preferred 
habitat. Approximately 16,450 ha and 
11,850 ha of potential and preferred 
habitat is mapped within the PAA, 
representing approximately 45% and 55% 
of the potential and preferred habitat 
mapped within the PAA, respectively. 
Therefore, the potential loss of habitat is 
reduced to approximately 36% and 44% of 
the potential and preferred habitat mapped 
within the PAA, respectively; 

• Chuditch – clearing of approximately 5,915 
ha of potential suitable habitat (comprising 
5,310 ha of preferred habitat and 605 ha 
of rehabilitation), representing 14% of the 
WMA; 

• Woylie – Worsley will not clear more than 
2,631 ha of the 4,385 ha of Woylie habitat 
identified within the PAA and shown on the 
map in Figure 1 of the Protected Areas 
Plan; and 

• Red-tailed Phascogale – Worsley will not 
clear more than 449 ha of the 690.9 ha of 
Red-Tailed Phascogale habitat identified 
within the PAA and shown on the map in 
Figure 2 of the Protected Areas Plan. 

 
 

Phascogale. The cumulative loss 
for these species will comprise*: 

• Forest Red-tailed Black 
Cockatoo – cumulative clearing 
of 7,523 ha of habitat from a 
total 36,162 ha, representing 
approximately 21% of that 
mapped within the collective 
project development envelopes;  

• Baudin’s Black Cockatoo – 
cumulative clearing of 6,961 ha 
of habitat from a total 32,397 
ha, representing approximately 
22% of that mapped within the 
collective project development 
envelopes;  

• Carnaby’s Black Cockatoo – 
cumulative clearing of 7,387 ha 
of habitat from a total 34,997 
ha, representing approximately 
21% of that mapped within the 
collective project development 
envelopes;  

• Chuditch – cumulative clearing 
of 7,429 ha of habitat from a 
total 35,342 ha, representing 
approximately 21% of that 
mapped within the collective 
project development envelopes; 

• Woylie – cumulative clearing of 
up to 3,215 ha of habitat from a 
total 15,033 ha, representing 
approximately 21% of that 
mapped within the collective 
project development envelopes; 
and 
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Key Fauna 
Terrestrial Value 

Newmont BGM1 Worsley Revised Proposal Cumulative Impact 

addition , 31 ha of potential habitat from a total 
of 1,143 ha will be cleared, representing 0.1% of 
that mapped.  

 
The reduction in habitat type resulting from the mine 
expansion for all species of conservation 
significance was <10% of that available within area 
mapped, with the exception of potential habitat (i.e. 
foraging only) for Baudin’s Black-Cockatoo, which is 
12.4%. 
 
Overall, the loss of habitat for the conservation 
significant fauna species was not expected to not 
have a significant effect on regional fauna habitat 
availability. 

• Brush-tailed Phascogale – 
cumulative clearing of 6,501 ha 
of habitat from a total 28,966 
ha, representing approximately 
22% of that mapped within the 
collective project development 
envelopes. 

 
Habitat loss may impact these 
species at a local level. There is 
also potential to impact the Woylie 
at a regional level. 
 
Worsley Alumina will implement a 
number of mitigation and 
management measures to minimise 
potential impacts to conservation 
significant fauna, as detailed in 
Section 5.3.5. This includes a suite 
of additional commitments to further 
realise significant reductions in 
potential impacts to conservation 
significant values (Section 4.3.4). 
Worsley Alumina is also proposing 
offsets to mitigate the significant 
residual impact associated with 
clearing impacts on the three 
species of Black Cockatoo, Woylie 
and Chuditch, thus supporting the 
conservation and protection of 
these species (Section 7). 
 
As part of the BGM expansion 
Ministerial conditions, Newmont 
was required to offset the 
significant residual impact to 1,755 
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Key Fauna 
Terrestrial Value 

Newmont BGM1 Worsley Revised Proposal Cumulative Impact 

ha of native vegetation for the three 
species of Black Cockatoo 
(foraging habitat), Woylie 
(fragmentation of habitat and 
Chuditch (fragmentation of habitat). 
Newmont also implement a number 
of measures to avoid and minimise 
impacts to conservation significant 
fauna species, as outlined above. 
 
Therefore, at both a local and 
regional scale, the loss of habitat 
for conservation significant fauna is 
being mitigated. Worsley Alumina 
and Newmont also liaise and 
communicate regularly on 
management of clearing activities 
within the area of overlap between 
the two mines, with items discussed 
including key environmental values. 

Rehabilitation No data publicly available. 
 
Newmont plans that all land cleared and 
used as part of the operation will be rehabilitated, 
with the exception of the pits. 

Worsley Alumina undertake progressive 
rehabilitation of State Forest and WJV areas 
disturbed by mining activities to mitigate the 
loss of remnant vegetation. Worsley Alumina 
have committed to reducing the current 
rehabilitation deficit from approximately 45% to 
< 35% over a 10-year period (2033) and then 
maintaining the deficit below 35%, with a two 
year excursion allowance. 

Rehabilitation undertaken for the 
respective mine expansion projects 
will progressively return vegetation 
to the Northern Jarrah Forest. 
Thus, over time, the cumulative 
impact will be reduced. 

Sources: 1 Strategen (2013b). 

* The proposed extents to be cleared take into consideration the additional commitments that will be implemented to provide further protection of the key environmental values as part 
of the Revised Proposal refinement (refer to Section 4.3.4).
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5.3.4.6.2 Short-range Endemic Fauna 

The cumulative impact assessment for SREs and their habitats is based on the vegetation dataset, 

as mapped by Mattiske in 2012 and 2021, which was used as the basis for defining the SRE habitat 

types and associated habitat ratings (Section 5.3.3.4.2). The Phoenix (2021b) was prepared prior 

to the Section 43A submission of January 2022, in which Worsley Alumina has requested to apply 

avoidance mechanisms to reduce the IDF of the Revised Proposal to assist with protection of 

environmental values, as outlined in the Protected Areas Procedure (Appendix E4).  

The area of additional remnant native vegetation to be cleared under the current Proposal is 

4,399 ha, with an additional 605 ha comprising rehabilitated lands. The clearing will result in 

approximately 18,527 ha of the PAA comprising of cleared land (including that already cleared for 

agriculture and timber plantations as discussed above) which represents approximately 1% of the 

Northern Jarrah Forest (Phoenix, 2021b).  

The cumulative impact assessment, by SRE habitat type, is presented in Table 5-41. The current 

proposed IDF has been used as the basis for the calculation of potential habitat loss, and Figure 

5-29 illustrates the direct impact to two SRE species within the IDF.  

Approximately 3,225 ha of habitat considered to have a high potential to support SREs remains 

within the PAA. The Revised Proposal will result in the clearing of approximately 762 ha of high 

potential SRE habitat. The clearing of high values SRE habitat associated with the Revised Proposal 

will be reduced to 4% of the current extent remaining for all SRE habitats. High potential SRE habitat 

has yielded 62 SRE taxa from surveys to date  (Phoenix, 2021b).  

Approximately 12,183 ha of low potential habitat (including rehabilitated and cleared areas) remains 

within the PAA, of which approximately 5,185 ha will be cleared under the Revised Proposal 

(Phoenix, 2021b). Cumulatively, the Revised Proposal will reduce the SRE low potential habitat 

within the PAA by approximately 43%. Low potential SRE habitat has yielded 41 SRE taxa from 

surveys undertaken to date (Phoenix, 2021b). 
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Table 5-41 Cumulative Impact Assessment per SRE Fauna Habitat Type 

SRE Fauna Habitat 
SRE 

Habitat 
Status 

SRE Fauna Habitat  
Area Remaining within 

the PAA  

Area 
Mapped 

as at 2012 
(ha) 

Area 
Mapped 

as at 2020 
(ha) 

Area 
Change 
2012 to 

2020 (ha) 

% 
Change 

Proposed 
Loss IDF 

(ha) 
ha  % 

Melaleuca woodlands/shrublands on 
seasonally wet or waterlogged clays and 
clay loams on valley floors 

High 134.4 134.60 0.2 0.1% 23.6 111 82% 

Open Jarrah/Marri woodlands on sands, 
clay loam or sandy-gravel on lower slopes 
and valley floors 

High 252.4 427.30 174.9 69.3% 151 276.3 65% 

Heath/shrubland on shallow soils on granite 
or outcrops 

High 191.5 171.20 -20.3 -10.6% 7.5 163.7 96% 

Open forest of Jarrah/Marri on sandy-loam 
gravelly soils on mid slopes and ridges 

Low 11,858.80 7371.30 -4,487.50 -37.8% 3,837.30 3534 48% 

Open forest of Jarrah/Marri forest, 
seasonally moist, sandy gravels on slopes 

High 26.9 26.90 0 0.0% 12.9 14 52% 

Cleared land (including plantations and 
dams) 

None 10,963.90 13186.10 2,222.10 20.3% 2,136.30 11049.8 84% 

Open forest to woodland of Jarrah/Marri on 
slopes and less undulating hills 

Low 2,149.50 1621.70 -527.8 -24.6% 742.4 879.3 54% 

Open woodland of Wandoo on clay and 
clay-loam soils on lower slopes 

High 2,480.20 2420.80 -59.5 -2.4% 465 1955.8 81% 
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Open Eucalyptus woodlands (wet) on 
sands, clay-loam or sandy-gravel on lower 
slopes and valley floors 

High 779.6 772.20 -7.4 -0.9% 101.6 670.6 87% 

Open woodlands of wandoo and flooded 
gum on seasonally wet or waterlogged clays 
and clay loams on valley floors 

High 34.2 34.20 0 0.0% 0 34.2 100% 

Rehabilitation (post-mining rehabilitation 
using mostly native species^) 

Low 485.1 3190.50 2,705.50 557.7% 605.2 2585.3 81% 

Total 29,356.50 29,356.80 - - 8,082.80 - - 

Total native vegetation 17,907.40 12,980.20 -4,927.20 -27.51% 5,341.30* 7,638.90 58.85% 

Total high potential SRE habitat 3,899.10 3,987.20 88.10 2.26% 748.7 3,225.60 82.73% 

Total low potential SRE habitat 14,493.40 12,183.50 -2,309.90 -15.94% 5,184.90 6,998.60 57.44% 
 

^ Note, the older, historical areas of rehabilitation also include a low diversity of non-Northern Jarrah Forest species. 
*- Inclusive of 942 ha of pre-existing approved areas 
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5.3.5 Mitigation 

Comprehensive procedures regarding vegetation clearing and associated habitat loss and 

fragmentation, and fauna management have been in place and implemented at the existing Worsley 

Alumina mining operation for many years. These procedures will continue to be implemented for the 

Revised Proposal. A summary of key management measures to address potential impacts on 

terrestrial fauna are shown in Table 5-42. 

As with flora and vegetation, Worsley Alumina proposes to manage and mitigate potential impacts 

to terrestrial fauna through the implementation of its BFMP (Appendix E1). The BFMP outlines 

strategies and procedures that are implemented to minimise potential impacts and includes 

avoidance of areas of potential high conservation value (as shown in Figure 5-13), ecological 

linkages/corridors, feral and invasive species management, and rehabilitation. The Protected Areas 

Plan and Threatened Fauna Pre-clearance Survey and Management Procedure will also be 

implemented to mitigate impacts to important fauna habitat and Black Cockatoo breeding trees. The 

BFMP has been developed in consultation with, and reviewed by, DBCA as part of the 

DBCA/Worsley Working Arrangements. 

Worsley has applied the mitigation hierarchy and sought to avoid impacts to conservation significant 

fauna as a first principle, where practicable. This philosophy has led to a targeted investigation into 

opportunities to avoid and minimise disturbance to habitat within areas known to be utilised by key 

ground-dwelling conservation significant fauna, specifically the Woylie and Red-tailed Phascogale. 

As summarised in Section 4.3.4, Worsley Alumina  has undertaken a comprehensive evaluation to 

identify and realise opportunities to avoid key environmental values within the PAA.  This process 

involved collaboration within Worsley across mine planning, engineering and environment, and 

comprised an extensive review of the mine planning approach. The outcome of this process has 

been the commitment to protect key environmental values, that will be implemented through the 

Protected Areas Plan (Appendix E4).  

Revision of clearing requirements during the assessment have been incorporated through the 

Section 43A process. This resulted in a decrease of native vegetation clearing requirements from 

7,119.5 ha to 4,399 ha (representing an avoidance of 2,720.5 ha of fauna habitat). Furthermore, the 

commitment to protect key environmental values as discussed above, have resulted in a commitment 

to not clear more than 2,631 ha of the 4,385 ha of Woylie habitat identified within the PAA as outlined 

in the Protected Areas Plan and to not clear more than 449 ha of the 690.9 ha of Red-Tailed 

Phascogale habitat identified within the PAA as outlined in the Protected Areas Plan. Consequently, 

the Revised Proposal will result in the clearing of 2,631 ha and 449 ha of habitat for the Woylie and 

Red-tailed Phascogale, respectively. The specific refinement of mine planning in these areas is 

reflective of the iterative process of adaptive management. It is also expected that there will be a 

commensurate beneficial reduction of impact to other fauna species, including those of conservation 

significance, that may utilise habitat within these areas. 

All planning for mining activities is, and will continue to be, presented in the 10 Year Mine Plan. As 

outlined in Section 1.3.1.1, the 10 Year Mine Plan details future mining plans and in particular 

includes detailed disturbance boundaries for the first three years of the plan. The plan is reviewed 

and endorsed by relevant Government agencies, including DWER and DBCA. The plan provides an 

opportunity for agencies to contribute to the long-term planning of mining operations. The agencies 

review the plan and provide advice to the Minister for State Development and Minister for 

Environment on the environmental and social acceptability of the operation and alignment of 
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activities to approval and State Agreement conditions. This review signifies acceptance of the plan 

going forward for the planned years. 
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Table 5-42 Proposed Management Measures for Terrestrial Fauna 

Potential Impact  Management Measures 

Habitat loss and 
fragmentation 

Avoid  

• Baseline fauna surveys completed in accordance with the Threatened Fauna Pre-Clearance Survey and Management Plan 
(Worsley 2021h) prior to commencement of development activities to characterise the receiving environment values and inform 
mine planning; 

• Avoidance of areas of potential high conservation value wherever practicable utilising the Biodiversity and Forest Management 
Plan (Worsley 2021c). Areas of potential high conservation value include specific vegetation communities of conservation value, 
high quality vegetation with potential to provide significant habitat for Threatened species and identified fauna corridors and 
ecological linkages; 

• Worsley will not clear more than 2,631 ha of the 4,385 ha of Woylie habitat identified within the PAA; and 

• Worsley will not clear more than 449 ha of the 690.9 ha of Red-tailed Phascogale habitat identified within the PAA.  

Minimise  

• Avoidance and minimisation of clearing of native vegetation (which represents fauna habitat) within the design phase to reduce 
the footprint of mine pits, mine haul and truck roads, bauxite corridor road haulage and conveyor routes, and construction 
infrastructure support areas, wherever practicable; 

• Access roads and infrastructure will be preferentially located over ore in existing cleared, or disturbed and rehabilitated areas, to 
minimise clearing of remnant vegetation where practicable; 

• Continued development of the 10 Year Mine Plan on an annual basis, which is submitted, reviewed and accepted by the EMLG. 
The 10 Year Mine Plan is reviewed by Government agencies, who provide advice to the Minister for State Development and 
Minister for Environment on the environmental and social acceptability of the operation and alignment of activities to approval 
and State Agreement conditions. This review signifies acceptance of the plan going forward for the planned years; 

• Continued implementation and compliance with internal procedures and standards, including the Native Vegetation Clearing 
Planning Procedure (Worsley, 2012), Mine Clearing Procedure (Worsley, 2015c), Mine Clearing Standard (Worsley, 2015d) and 
Flora and Fauna Conservation Procedure (Worsley 2017a); 

• Maintain staged harvesting, clearing and rehabilitation operations following Worsley mine clearing and operating procedures; 

• The Mine Clearing Procedure (Worsley, 2015c) outlines the key process steps that must be taken for clearing activities: 

• All clearing must be scheduled in accordance with the Mine Clearing Planning Procedure; 

• The clearing boundary must be flagged; 

• Clearing of a track immediately inside the marked clearing boundary;  

• Installation of perimeter drains to prevent drainage outside the approved disturbance area; 
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Potential Impact  Management Measures 

• Clearing must not occur beyond the flagged boundary, with the exception of storing forest residue for habitats that can be a 
maximum of 5 m outside the cleared boundary; and 

• All clearing areas must be surveyed after clearing to confirm the area cleared is within the approved area and for entry into 
the clearing database. 

• Continued implementation of the BFMP (Worsley 2021c), which includes the rehabilitation prescription for topsoil and 
overburden, compliance reporting and review; 

• Implementation of the Threatened Species Management Plan (Worsley 2021i), which includes protection of high quality 
vegetation with potential to provide significant habitat for Threatened species; 

• Disturbance to vegetation (representing fauna habitat) will be minimised through appropriate location and design of the mining 
and supporting infrastructure footprints; 

• Implementation of the Threatened Fauna Pre-clearance Survey and Management Procedure (Worsley 2021h) to facilitate the 
management of nesting, roosting, denning and breeding habitat for Threatened fauna species prior to development activity; 

• Detailed mapping of Black Cockatoo breeding, roosting and foraging habitat, in accordance with the Threatened Fauna Pre-
clearance Survey and Management Plan (Worsley 2021h), will be undertaken for the proposed disturbance footprints prior to 
the commencement of clearing to inform planning and design considerations; 

• Pre-clearance surveys and the identification and mapping of potential Black Cockatoo habitat trees prior to clearing; 

• Detailed mine design and planning for supporting infrastructure will take into consideration known potential Black Cockatoo 
breeding tree locations, which will be maintained in a spatial database. Detailed mine designs and locations for supporting 
infrastructure (and subsequently disturbance footprints) may be modified to avoid removal of identified potential breeding trees 
with suitable hollows; 

• Worsley will investigate the installation of artificial habitat or nest boxes for conservation significant species other than Black 
Cockatoos, in consultation with DBCA; 

• Worsley Alumina will seek to partner with organisations to investigate the distribution of SREs in the Northern Jarrah Forest 
region. This may include the potential re-colonisation of rehabilitated areas by SREs; 

• Targeted SRE surveys have been undertaken, within and outside the PAA, to further define the taxa and their distribution in the 
Northern Jarrah Forest region; 

• Localised ecological linkages/corridors will be identified within the PAA and communicated through the EMLG (as part of the 10 
year mine planning process) and managed in accordance with the BFMP (Appendix E1) and Flora and Fauna Conservation 
Procedure (Worsley 2017a); 

• Development and implementation of appropriate fauna linkage structures promoting habitat connectivity; 

• The final location and protection status of any future FHZs will be developed through consultation between Worsley Alumina 
and DBCA in line with the Forest Management Plan 2014-2023 (or subsequent future plans, as relevant), to achieve an 
outcome that enables fauna to recolonise disturbed areas as they regenerate from disturbances; 



 

 Worsley Mine Expansion Environmental Review Document 387 
 

Potential Impact  Management Measures 

• Development and implementation of a CEMP for all construction activities relating to this proposal; 

• Construction works within river crossings areas will be managed to ensure the duration and extent of any impacts are 
minimised; and 
Newmont and Worsley are working to develop a parallel operations plan to govern interactions when working in and around 
each other.  Amongst other things the plan will outline protocols and procedures to be followed by the parties on certain aspects 
of environmental management, including, where agreed, joint protection.  

Rehabilitate 

• The progressive rehabilitation of State Forest on completion of mining activities is undertaken in accordance with the 
Rehabilitation Prescription, which details the application of rehabilitation objectives, methodology, and completion criteria, and 
the DBCA/Worsley Working Arrangements; 

• Rehabilitation activities completed in accordance with internal rehabilitation procedures and standards, including the 
Rehabilitation Standard (STA-021) (Worsley 2013f) that sets out the minimum standard for all rehabilitation activities for the 
Project (including rehabilitation planning, landholder communication and KPIs for rehabilitation success). Worsley Alumina will 
also continue to implement the Mine Rehabilitation Operations Procedure (Worsley, 2015e), the Private Land Rehabilitation 
Management Procedure (Worsley, 2015f), and BBM Revegetation Management Procedure (Worsley, 2015a); 

• Stumps, hollow logs and available debris stockpiled during clearing will be used in fauna habitat construction activities in 
rehabilitation areas (being returned to native vegetation in State Forest or freehold/private properties owned by the WJV), in 
accordance with the Fauna Habitat Construction Standard, to encourage native fauna to return early to the area; 

• Rehabilitation is planned to support local ecological linkages; 

• The time between mining and rehabilitation will be minimised to ensure that rehabilitation is progressive and allows fauna 
habitats to regenerate; and 

• Artificial hollows will be established for Black Cockatoos, with locations selected based on previous survey effort, habitat 
considerations and available mine planning data. 

Offset 

• Biodiversity offsets will be provided to mitigate the significant residual impacts to the following species; Black Cockatoos (Forest 
Red-tailed, Baudin’s and Carnaby’s), Woylie, Chuditch, Red-tailed Phascogale, Western Ringtail Possum and Quokka. 

Death, injury or 
displacement of 
fauna 

Avoid 

• Baseline fauna surveys completed prior to commencement of development activities to inform mine planning; 

• Restricted speed limits on key access tracks and roads within the PAA; 

• Off-road driving is prohibited unless authorised for a specific purpose (i.e. exploration and clearing activities); 
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Potential Impact  Management Measures 

• Implementation of fauna management practices as outlined in the Threatened Species Management Plan (Worsley 2021i) and 
Fauna Management – Animal Handling Procedure (Worsley, 2010); 

• Worsley will not clear more than 2,631 ha of the 4,385 ha of Woylie habitat identified within the PAA as outlined in the Protected 

Areas Plan; 

• Worsley will not clear more than 449 ha of the 690.9 ha of Red-Tailed Phascogale habitat identified within the PAA as outlined 
in the Protected Areas Plan; and 

• Confirmed Peregrine Falcon nesting sites will be avoided, as per the Biodiversity Forest Management Plan. 

Minimise  

• Feral and invasive species management in accordance with the BFMP (Appendix E1); 

• Clearing of vegetation staged to minimise the number of fauna injuries/deaths during clearing. This involves the harvesting of 
mature trees typically months in advance of clearing, thereby reducing the suitability of the habitat and encouraging fauna to 
move away from the area prior to clearing commencing; 

• Prior to clearing PHTs with hollows suitable for breeding, a suitably qualified environmental professional (fauna spotter) will 
identify and check all hollows suitable for conservation significant fauna (i.e. Black Cockatoos, Western Ringtail Possum or 
Brush-tailed Phascogale). Where nesting animals are identified the tree will be marked and temporarily deferred from clearing 
until the resident animals have moved from the hollow whereby clearing will again be permitted; 

• Mine planning will preferentially avoid clearing within areas identified as having high breeding habitat value during the primary 
peak breeding period for Carnaby’s and Forest Red-tailed Black Cockatoos, and where PHTs have been flagged, wherever 
practicable; 

• Worsley will consult with DBCA on proposed management measures to minimise potential impacts to conservation significant 
fauna, including potential translocation of individuals; 

• Implementation of the Threatened Fauna Pre-clearance Survey and Management Procedure (Worsley 2021h) to minimise the 
likelihood of disturbance to Threatened fauna species from clearing operations; 

• Injured fauna will be taken to a wildlife carer or vet; 

• The Worsley Alumina site induction and visitor induction requires all personnel onsite to notify the site Environmental team of 
any injured or deceased fauna that occurred as a result of operations. These interactions are noted in the Fauna Sightings 
Register; 

• All employees and contractors are required to report sightings of feral animals and, if known, any conservation significant or 
uncommon native fauna; and 

• Any impacts to conservation significant fauna species are recorded within the Worsley Alumina incident and notification system, 
and notified to the DBCA through the submission of the Fauna Reporting Form (Species Community Branch, DBCA).  
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Potential Impact  Management Measures 

Indirect impacts 
(from dust, noise 
and vibration) to 
fauna 

• For dust related management measures, refer to Section 5.6.5 (Air Quality); 

• For noise and vibration related management measures, refer to Section 5.7 (Social Surroundings); 

• Development and implementation of a CEMP for all construction activities relating to this proposal; 

Increased 
competition or 
predation by 
introduced (feral) 
species 

• No domestic animals or pets are permitted to be brought on-site by Worsley Alumina employees or contractors; 

• Implementation of the targeted feral animal control program, in which 1080 baiting is undertaken within WJV managed lands 
and current operating State Forest areas. The program is undertaken in consultation with DBCA and supplements areas under 
the DBCA Western Shield program; 

• Worsley Alumina will continue to consult with DBCA regarding the implementation of a broadscale management program for 
feral cats with the intent to identify opportunities to implement cat control methods within WJV areas; and  

• All employees and contractors are to report sightings of feral animals. 
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5.3.5.1.1 Rehabilitation 

The vertebrate fauna of southwestern Australia’s jarrah forest is well documented including 

numerous studies undertaken by government authorities responsible for managing the forest and its 

water resources, academic institutions, and private industry, principally bauxite mining companies. 

A review of the forest’s vertebrate fauna found that it supports 29 mammal, 150 bird, and 45 reptile 

species (Nichols & Muir, 1989; Nichols & Grant, 2007); however, it is recognised that the number of 

species inhabiting the region where bauxite mining occurs, and specifically those landforms and 

vegetation types where mining takes place, is much lower (Nichols and Grant, 2007). Numerous 

surveys of restored mines have been carried out since 1978, including the Alcoa Long Term Fauna 

Monitoring Program (LTFMP) (Nichols & Nichols, 2003), as well as reported sightings by field staff. 

Together, they indicate that mammal species readily recolonize mined areas within 10 years of 

restoration. Some species, such as the Grey Kangaroo, Mardo, and Chuditch, recolonize very 

rapidly, whereas others, such as the Brushtail Possum and Brush-tailed Phascogale, take longer. 

Fauna monitoring of rehabilitation by Worsley Alumina have recorded similar outcomes.  

Systematic detailed survey of fauna in rehabilitation areas is undertaken every three years as part 

of ongoing operations, with the most recent vertebrate fauna monitoring surveys undertaken by 

BIOSTAT in rehabilitation areas and forest control sites within the Saddleback Forest Block in 2017-

2018. Twelve sites were selected for the 2017-2018 survey, comprising 10 historical sites (seven 

rehabilitated sites and three forest control sites) and two additional (new) sites (one in the 2015 

rehabilitation and one forest control site, M02JR, to replace M02J, that has become too small to be 

considered a viable forest island remnant). The naming of the rehabilitation sites reflects their 

location or year of establishment, for example site NP86 refers to North Pit 1986 with site SE07 

referring to South East 2007. The forest control sites were named on establishment and do not follow 

the nomenclature applied to the rehabilitation sites. It also has to be noted that M06W, which is a 

wandoo control site is no longer being used. The rehabilitation effort at the Saddleback operations 

are not currently focussed on re-establishing wandoo woodlands.  The site is considered an outlier 

typified by consistently higher diversity and richness of avifauna and was considered too different 

for purposes of the rehabilitation monitoring program.  

The 2017-2018 survey observed the following in relation to the Saddleback operations (BIOSTAT, 

2018a): 

• Birds: The forest sites were observed to have greater species diversity when compared to the 
rehabilitation areas (Figure 5-30). However, it was noted that there was a trend for diversity to 
increase as rehabilitation age increases. As described in more detail in Section 5.3.5.1.2, mine 
rehabilitation provides suitable foraging resources and diversity in food types for the conservation 
significant Black Cockatoos, in particular Carnaby’s Black Cockatoo and Baudin’s Black 
Cockatoo. The high relative abundance recorded at WS05 (2005  rehabilitation), especially 
during the spring and autumn surveys, is a result of the flowering and fruiting of shrubs being at 
its highest. During the autumn survey a total of 156 Carnaby’s Black Cockatoos were recorded, 
with the largest flock numbering 80. BIOSTAT also concluded that the successional process of 
rehabilitation going through distinct phases in community structure ensures long term foraging 
habitats across the landscape (BIOSTAT, 2018a). Nichols and Grant (2007) also found that the 
jarrah forest avifauna appears to re-establish in mined areas the most rapidly of all vertebrate 
fauna groups; 

• Mammals: Species richness was relatively similar across and between forest and rehabilitation 
sites. While relative abundance differed substantially between sites, it was broadly comparable 
between forest and rehabilitation sites (Figure 5-31). As described in more detail in Section 
5.3.5.1.2, recent studies have shown that rehabilitated areas can provide suitable habitat for 
species such as the Chuditch, Quokka and Red-Tailed Phascogale (McGregor, et al., 2014; 
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Short, et al., 2011; Craig, et al., 2017). More specifically to Worsley Alumina, the Chuditch have 
been recorded utilising rehabilitation areas at the BBM.  These records are of particular note as 
this species is known to occur in remnant areas adjacent to Worsley Alumina’s activity 
(BIOSTAT, 2018a). All records for bat species were recorded by ultrasonic sound analysis and 
were included in the database as presence/absence indicators for each site only; 

• Reptiles: (BIOSTAT, 2018a) reported that the Studies on reptiles have demonstrated that 
although most species and all families recolonize restored mines, compared with birds and some 
mammals, reptile species numbers and total reptile numbers tend to be lower in restoration than 
in unmined forest (Nichols and Grant, 2007). The BIOSTAT (2018) records a similar outcome 
with abundance of reptiles generally higher in the forest sites relative to the rehabilitation sites, 
while species richness was broadly similar Overall diversity did not differ materially, with both 
groups recording 17 species; 

• Amphibians (frogs): Species richness was broadly comparable between the forest and 
rehabilitation sites, with 5 species)recorded in dense shrubland associated with a rehabilitation 
site, compared with the 3 recorded in the control sites. The records were from four of the eight 
rehabilitated sites and in all but one of the control sites (BIOSTAT, 2018a); 

• BIOSTAT (2018) performed detailed similarity analyses between the various ages of 
rehabilitated sites and control sites, finding the greatest differences between younger 
rehabilitation and control sites and the strongest similarity between the older rehabilitation age 
classes and the control sites.  The successional progress of the rehabilitation areas provides 
suitable habitat for different species at various times, which is generally absent in mature forest 
habitats. This includes species more commonly associated with shrublands and heaths; and 

• A minor decline in the fauna species assemblages across the Saddleback area appeared to have 
occurred since the previous survey in 2014-2015. This was most notable in the native mammal 
and reptile assemblages. However, there was also evidence of an increase in the numbers of 
introduced mammals (particularly the house mouse and pigs) and the persistence of cats and 
foxes are likely impacting native fauna diversity (BIOSTAT, 2018a). Feral management is 
undertaken primarily via 1080 aerial baiting coordinated with the DBCA Western Shield program. 
This includes multiple events annually in areas of remnant vegetation and rehabilitation. 

 

Figure 5-30 Bird Species Richness and Abundance Recorded in Rehabilitation Fauna Monitoring Survey16 

 
 
16 As discussed in 4.5.6.2, above, monitoring of M06W has been discontinued.  
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Figure 5-31 Mammal Species Richness and Abundance Recorded in Rehabilitation Fauna Monitoring Survey16  

5.3.5.1.2 Benefit of Rehabilitation for Conservation Significant Fauna Species 

Worsley Alumina’s rehabilitation program focuses on the existing mine domains at Saddleback and 

Marradong. Within these areas, the conservation significant species that occur are the three species 

of Black Cockatoos (foraging habitat for all three species and breeding habitat for Carnaby’s and 

Forest Red-tailed Black Cockatoo), low densities of Chuditch, Quenda, Peregrine Falcon, South -

western Brush-tailed Phascogale, Western Brush Wallaby, Western False Pipistrelle and Dell’s 

Skink.  

Black Cockatoos 

As discussed in Section 5.3.3.3, the PAA is within the modelled distribution for the three species of 

Black Cockatoo and evidence of all three species have been recorded within the WMDE/BTC and 

CBME) during numerous surveys over the years (1982-2019). This includes common recording in 

rehabilitation ages beyond early establishment (1 – 4 years). All three black-cockatoo species feed 

on a diverse range of native and introduced plant material. They are considered primarily granivorous 

but their diets also consists of fruit, flowers, nectar and invertebrates (Johnstone & Kirkby, 1999; 

Johnston et. al., 2013; Mawson, 1995; and Valentine & Stock, 2008). Mine rehabilitation has been 

shown to provide suitable foraging habitat (Lee, et al., 2013; Doherty, et al., 2016) and roosting 

habitat (Lee, et. al., 2010) for Black Cockatoos and can provide substantial diversity in food types 

(Lee, et al., 2013; Doherty, et al., 2016).  

Flocks of Carnaby’s Black Cockatoo have frequently been recorded feeding in mine rehabilitation 

areas from Saddleback surveys where Hakea sp., Callistemon sp., and Grevillea sp. provide a 

favoured foraging resource (BIOSTAT, 2018a). Throughout the extended period of rehabilitation 

monitoring, Carnaby’s Black Cockatoo has been the most frequently recorded Black Cockatoo 

species, recorded most abundant during the autumn and spring survey events.  

The WMDE boundary represents the northern and eastern margins of Baudin’s Black Cockatoo 

distribution and as such, the species has been recorded as a relatively rare visitor. The species has 

however, been recorded in the monitoring program foraging in rehabilitation.  
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BIOSTAT (2021a) note that the Forest Red-tailed Black Cockatoo has been the most widely 

recorded species within the PAA, accounting for approximately half of the individuals observed, 

however, recorded sporadically in rehabilitation primarily in emergent trees of rehabilitation greater 

than five years of age. 

Studies undertaken by Lee (2010), Lee et. al. (2013) and Doherty et al. (2016) in the Northern Jarrah 

Forest investigating the value of mine site rehabilitation as a foraging resource for Black Cockatoos, 

including Worsley Alumina rehabilitation demonstrated that rehabilitated lands post bauxite-mining 

represent high value foraging habitat for all three Black Cockatoo species. Their analysis found 

rehabilitation supported foraging for all three species of Black Cockatoos typically within six to eight 

years of revegetation occurring (Lee, et. al., 2010), but with some limited value returning within a 

four to seven years (Doherty, et al., 2016). This includes the rehabilitated areas within the Worsley 

Alumina operation (Lee, et al., 2013; Doherty, et al., 2016). Successional processes of rehabilitation, 

results in revegetation going through distinct phases where community structures change from low 

open shrubland, dense tall heath, tall shrubland, low forest and forest. The changes in vegetation 

assemblage and the presence of different successional stages in the landscape will ensure long 

term foraging habitats are available for all three species of Black Cockatoo (Lee, et al., 2013; 

Doherty, et al., 2016). 

Worsley Alumina commissioned a detailed analysis of Black Cockatoo foraging habitat within the 

PAA to inform a quantitative spatial analysis of vegetation and rehabilitation data for Black Cockatoo 

foraging plant species against each of the fauna habitat types present within the PAA (Phoenix, 

2021c). Further supporting the findings of Doherty et al. (2016) and Lee et. al. (2013) the analysis 

demonstrated that rehabilitated areas, represent high value foraging habitat for all three species, in 

particular for Carnaby’s Cockatoo and the Baudin’s Black Cockatoo, with the Forest Red-tailed Black 

Cockatoo tending to feed in the canopy and higher strata, which develop within the later part of 

rehabilitation succession.  

While the rehabilitation of mined land is focused on the re-establishment of tree species that will form 

hollows and eventually support Black Cockatoo breeding, the benefits in  relation to the development 

of hollows has a significant time delay of more than 100 years as the trees mature. As discussed in 

Section 7.8.3, artificial hollows will be installed under the Black Cockatoo Artificial Hollow Plan to 

compensate for the reduction of breeding habitat locally as rehabilitation matures. 

Chuditch 

The Jarrah forest in south-western Australia is an important stronghold for western quoll (Chuditch), 

being the largest contiguous habitat currently inhabited by this species. Research, for example 

McGregor et al. (2014) has highlighted the value of post-mining rehabilitation and ecological 

restoration maintaining landscape connectivity for the Chuditch. 

Studies undertaken by McGregor et al. (2014) investigating habitat use of Chuditch in bauxite mine 

rehabilitation studies in the south west of WA found the adaptable nature of the species enabled the 

re-colonisation and use of mine site rehabilitation for denning and movement. The study found that 

patterns of movement, spatial organisation and population densities in restored forest showed no 

significant differences from Chuditch populations in nearby unmined forests.  

Studies undertaken by Nichols and Grant (2007) recorded Chuditch utilising bauxite mine 

rehabilitation after two years. Some individuals were recorded in rehabilitation in breeding condition 

and with young. Worsley Alumina’s fauna rehabilitation monitoring program have recorded Chuditch 

in varying ages of rehabilitation, however in low abundance. This is due primarily to the low 
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abundance in the native forest of the Saddleback area likely enhanced by the loss and fragmentation 

of forested habitats surrounding the existing rehabilitation from agriculture and mining.  Considering 

the value of denning habitat in unmined areas (commonly in large logs, stumps, exposed rock) 

Worsley Alumina routinely apply constructed fauna habitats as a rehabilitation standard as discussed 

in Section 7. In addition to providing potential denning opportunities for the Chuditch, constructed 

fauna habitats, logs and coarse woody debris in rehabilitation provide shelter, a foraging resource 

for invertebrates, fossorial species, reptiles, birds and mammals, thereby providing potential foraging 

resource for the Chuditch.  

The control of predators, specifically the fox (Vulpes vulpes), has proven beneficial to the Chuditch 

(Marlow, et. al., 2015). In order to manage feral predation threats to the Chuditch and other native 

fauna, Worsley Alumina undertake 1080 aerial baiting in rehabilitation areas and broadly within the 

operational mine lease area and on Worsley Joint Venture owned lands. The program is aligned with 

aerial baiting undertaken by the Western Shield aerial baiting program. Should the Western Shield 

program be modified to encompass broadscale cat management, this will apply to the program at 

Worsley Alumina operations. 

Quenda 

As quenda are not habitat specialists and they will forage most native and constructed human 

habitats, including urban gardens, they have been recorded in all areas of the PAA (BIOSTAT 

2021a). Quenda avoid open fields and agricultural land where they are at higher risk of predation 

and prefer areas of scrub with dense cover (DEC, 2012a).  

Worsley Alumina’s focus on the establishment of rehabilitation to provide habitat connectivity and 

ecological linkages to more established surrounding bushland and rehabilitation benefits Quenda by 

providing cover that reduces the risk of predation and safe passage to established forested areas. 

Although monitoring has recorded the species in low density within the PAA, Quenda have been 

recorded in areas of Worsley Alumina rehabilitation. As for other ground-dwelling species, the control 

of feral predators such as foxes and cats contributes to the management of predation threats to 

Quenda.  

Peregrine falcon 

The Peregrine Falcon is a wide-ranging species with large home ranges and diverse habitat use. 

They are often found in hilly or mountainous landscapes but are recorded over much of the Australian 

mainland and offshore islands (Johnstone & Storr, 1998). Peregrine Falcons have a highly eclectic 

habitat use, including woodland, heaths, forests and cleared land, and tend to nest in tall structures, 

including trees, cliff faces and radio towers (BIOSTAT 2021a). Eleven records of Peregrine Falcon 

at the BBM have been recorded since 1982 and one record dating to 2001 has been recorded in the 

CBME (BIOSTAT 2021a). Although the nesting of Peregrine Falcons in hollows is regarded as rare 

(Pruett-Jones, White, and Devine 1981), BIOSTAT (2021a) note that breeding activity has been 

recorded in the Saddleback and Quindanning areas of the PAA.  

Although Peregrine Falcons have not been observed to specifically utilise rehabilitated land, the 

main benefits of rehabilitation in the PAA to this species relate to the return of native fauna, as a 

food source. As with Black Cockatoo species, the gradual development of nesting hollows implies a 

delay in the benefits of rehabilitation as far as breeding habitat is concerned for the Peregrine Falcon.   
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Woylie 

Although Woylie are still widely distributed in the jarrah forests of the southwest of WA, their 

occurrence has become patchy. They are found in a variety of habitat types, but long-unburnt tall 

Eucalyptus forests and woodlands are regarded as one of the key habitats for this species 

(BIOSTAT, 2021a). As discussed in Section 5.3.3.3, the species has been recorded in the WMDE 

and BTC and surrounding areas extending to the foothills west of the CBME (BIOSTAT, 2021a) 

Individuals have been recorded in wandoo woodland habitats and in jarrah/marri and 

jarrah/marri/Allocasuarina complexes. BIOSTAT surveys over the past 20 years have concluded that 

the only likely location for Woylie within the PAA is in the larger stands of contiguous native forest at 

the BGM, north of the Hotham river (BIOSTAT, 2021a).  

South-western Brush-tailed Phascogale 

The Brush-tailed Phascogale is a semi arboreal, nocturnal, carnivorous marsupial with a distribution 

extending from Perth to Albany (Burbidge & Woinarski, 2016b) in south-western WA and is generally 

associated with jarrah/marri/Allocasuarina forest and woodland complexes with hollow bearing trees. 

It occurs in most areas of the BBM and in the CBME (BIOSTAT 2021a) in low densities and has 

been recorded in a Worsley Alumina’s rehabilitation area on one occasion single record in early 

establishment rehabilitation (2 year), immediately adjacent to remnant habitat. The species is 

primarily impacted through loss of habitat and predation by foxes and cats.  

The rehabilitation areas support a diverse invertebrate fauna, of which many will feature in the 

wambenger diet (Worsley 1985). In addition, the rehabilitation areas support small vertebrate prey 

items for example skinks. It is likely wambenger will utilise the foraging resources presented in 

rehabilitation areas.  

Key findings from vertebrate fauna recolonisation of restored bauxite mines completed by Nichols 

and Grant (2007) highlight that from their study all mammal species recolonize mined areas within 

10 years of restoration. Some, such as the Grey Kangaroo, Mardo, and Chuditch, recolonise very 

rapidly, whereas others, such as the Brushtail Possum and Brush-tailed Phascogale, take longer 

(Nichols and Grant, 2007). The earliest age rehabilitation that Nichols and Grant (2007) recorded 

the Brush-tailed Phascogale was 10 years.  

South-western Brush-Tailed Phascogale populations will initially  primarily benefit from the 

rehabilitation of mined areas through the creation of foraging habitat in the vicinity of remnant forest 

areas and the provision of ecological linkages. As this species utilises hollows for nesting the benefits 

of rehabilitation will be delayed until trees are of an age and size where hollows form, however, 

Nichols and Grant (2007) found that the species will actively use constructed nesting boxes in 

rehabilitation. The South-western Brush-Tailed Phascogale also benefits from the control of feral 

predators such as foxes and cats. 

Western Brush Wallaby  

The Western Brush Wallaby is found in the southwest of Western Australia from north of Kalbarri to 

Cape Arid (DEC, 2012d), and is associated with open forest and woodland. Within both the CBME 

and BBM it is common in most heaths, woodland systems, such as jarrah/marri habitats, and is 

known to utilise rehabilitation areas, but is unlikely to be found in open agricultural lands (BIOSTAT 

2021a). 

Habitat loss and habitat fragmentation, as well as predation, are identified as the main threats to this 

species (BIOSTAT 2021a). 
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Western Brush Wallaby populations within the PAA benefits from rehabilitation primarily through the 

direct provision of foraging habitat and the development of ecological linkages that facilitates 

movement within the area and reduces predation through the provision of cover. The local 

populations also benefit from the control of foxes through the baiting program.   

Western False Pipistrelle  

The Western False Pipistrelle has suffered a dramatic decrease in range in the last 40 years with no 

recent records north of Collie in the Jarrah forest, or north of Mandurah on the Swan Coastal Plain 

(Wentzel, et al., 2018). Much of this decrease is being attributed to a loss of roosting habitat resulting 

from agroforestry activities and land clearing for agriculture, mining and urban development  

(BIOSTAT 2021a). Within the PAA, the species has been recorded at the Saddleback and 

Quindanning areas through biodiversity and rehabilitation monitoring programs in 2014-2015 and 

2017-2018. During the rehabilitation and biodiversity monitoring programs conducted by BIOSTAT, 

the species has been recorded in wandoo woodlands, jarrah/marri complexes, 

jarrah/marri/Allocasuarina complexes, and rehabilitation areas (BIOSTAT 2021a).  

While the Western False Pipistrelle is likely to utilise all jarrah/marri habitats in the PAA (JC, JM, 

DL), where trees with exfoliating bark or supporting hollows can offer roost sites (BIOSTAT, 2021a), 

the present value of rehabilitation for this species is primarily through the provision of foraging 

habitat. As the Western False Pipistrelle utilises hollows for nesting the benefits of rehabilitation for 

breeding purposes will be delayed until trees are of an age and size where hollows form.  

Dell’s Skink 

Dell’s Skink is endemic to the Darling Range. It is restricted to Jarrah Forrest areas on lateritic or 

clay soils (Calver & Wardell-Johnson, 2004) but also areas of vegetated granite out-cropping. This 

species has been recorded in rehabilitated mine sites but in low numbers (Nichols & Bamford, 1985). 

The species has been recorded within the PAA, however, very few records are from the Saddleback 

area where primary rehabilitation areas have been monitored. The species has not been recorded 

in Worsley Alumina rehabilitation; however, rehabilitation offers habitat connectivity and provision of 

foraging habitat for the species. 

5.3.6 Assessment and Significance of Residual Impact 

Implementation of the Revised Proposal will directly impact terrestrial fauna, primarily due to habitat 

loss. After application of mitigation measures, the Revised Proposal will result in the direct (but 

progressive) loss of up to 5,341 ha of native vegetation, 605 ha of rehabilitation and 86 ha of 

plantations and therefore associated fauna habitat. This will result in a reduction in the extent of 

available fauna habitat at a local scale. However, it is unlikely to have a significant impact on the 

extent of vertebrate fauna habitat at a regional scale as the habitats proposed to be cleared are 

represented more widely in the PAA and surrounding area, including the neighbouring State Forest. 

Rehabilitation undertaken by Worsley Alumina will also mitigate this impact as it will progressively 

restore fauna habitat.  

The Revised Proposal is considered to represent a risk to SREs with clearing resulting in the loss of 

habitat for SREs. The Revised Proposal will remove approximately 682 ha of remnant native habitat 

rated as having a high potential to support SREs. Of the 97 SRE taxa recorded in the PAA, seven 

taxa were found to be at high risk from the Revised Proposal based on their local restriction of 

recorded occurrence (Phoenix, 2021b). Six of these species were recorded in the recent surveys 

only within the IDF, with the seventh species –  Aname ‘Dwellingup’ – representing a historical record 
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from 1979 that overlaps the IDF. The remaining 90 taxa (approximately 93%) were found to be at a 

low risk from the Revised Proposal.  

Surveys undertaken to date show that a high diversity of SRE taxa exists in the area, even in the 

context of long-term Worsley Alumina project operations. It is recognised that data is only available 

for a small portion of the proposed disturbance area as it is impractical to characterise the entire 

area for all invertebrate fauna, given its significantly large size. Notwithstanding, the level of SRE 

survey effort has met the stated EPA expectation for a formal assessment.  

All habitats within the PAA supported a diversity of SRE taxa with the surveys concluding that no 

particular habitat(s) showed a greater propensity to support SREs. The surveys also suggested that 

SRE species are not constrained by habitat or environmental variables but generally have small 

ranges (typically <20 km). SRE habitats will only be partially cleared with suitable habitat extending 

beyond the PAA in the Northern Jarrah Forest. Therefore, the unique species identified within the 

PAA could also reasonably occur beyond the boundaries of the Revised Proposal in similar habitats. 

Potential injury, mortality or displacement of fauna can be mitigated through appropriate 

management measures, as detailed in Section 5.3.5. The potential impacts to fauna from these 

activities are not new, as they occur due to the existing operations. The Revised Proposal has the 

potential to indirectly impact fauna through dust, noise and vibration generated from clearing and 

operations. The predicted outcomes associated with dust, noise and vibration are discussed in 

Section 5.6.5 (dust) and Section 5.7 (noise and vibration). These impacts are not expected to 

represent a significant risk to fauna occurring in the area. 

With the exception of habitat loss, residual impacts to fauna are considered to be broadly comparable 

to those associated with existing operating conditions. Management and monitoring measures are 

well practised, understood and considered to be environmentally acceptable. Targeted management 

measures, such as those within the Protected Areas Plan and Threatened Species Management 

Plan will assist in managing potential impacts. The suite of additional commitments to be 

implemented as an outcome of further review of the mine planning approach (Section 4.3.4) will 

further realise significant reductions in potential impacts to conservation significant values.  

Worsley Alumina is committed to avoiding critical habitat and has developed the Protected Areas 

Plan to ensure this is factored into mine planning processes.  Other actions to minimise impacts 

include reviewing infrastructure and mine layout to reduce the amount of habitat required to be 

cleared, specifically for conservation significant fauna.  Rehabilitation of disturbed areas will be 

undertaken and has been demonstrated to provide foraging habitat for conservation significant 

species such as black cockatoos.   

Where local significant residual impacts are expected to occur for specific MNES terrestrial fauna 

species, offsets will be implemented in accordance with Commonwealth and WA Offset Guidelines 

(refer to Section 7). Worsley Alumina will continue to offset habitat loss through progressive 

rehabilitation of State Forest and WJV areas disturbed by mining.  Section 5.3.7 addresses the 

process used to determine the SRI for MNES species (outlined in Section 8) which was used to 

develop the offset quantum and offset approach outlined in Section 7).  

5.3.7 Determining Significant Residual Impact for MNES Species 

The residual impact of a development is the remaining impact after the hierarchy of controls 

(avoidance, mitigation and rehabilitation measures) have been implemented. Biodiversity offsets are 

required where the residual impact is of significance to Commonwealth and State environmental 
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values, including conservation significant flora and fauna. This residual impact is termed the  

“significant residual impact (SRI)” of the proposal.  

Following application of the mitigation hierarchy detailed in the sections above, an assessment was 

undertaken to determine the SRI for conservation significant species that could potentially be 

significantly impacted by the Revised Proposal. This assessment was based on the outcomes of 

baseline and targeted terrestrial fauna and flora and vegetation surveys, and in consideration of the 

Commonwealth Matters of National Environmental Significance: Significance Impact Guidelines 1.1 

(DoE, 2013b) and the WA EPA Residual Impact Significance Model (GoWA, 2014). 

A complete and systematic summary of fauna and associated habitats, as relevant to MNES, is 

provided in Section 8 of this ERD. A detailed summary of key management measures (grouped by 

the hierarchy of controls) to address potential impacts on fauna, including MNES, is presented in 

Table 5-42.   

Figure 5-32 provides an overeview of the SRI calculation process, as described below. 

 

 

Figure 5-32 Flowchart of the Derivation of SRI in the Revised Proposal BOP 

The assessment of the Revised Proposal includes project elements that are existing and fully 

functional operations (such as the overland bauxite conveyor and existing mining infrastructure).  

The Revised Proposal also includes minor project elements outside the PAA, such as groundwater 

bores, fencing infrastructure and continuation of regional exploration programs.  These project 

elements (existing operations and low impact activities) are not considered to have an associated 

SRI after the application of the mitigation hierarchy and Worsley Alumina’s existing management 

practices, and are therefore not considered for the application of offsets. Offsets are therefore 

focused on major project elements within the PAA, mainly associated with clearing of native 

vegetation and removal of fauna habitats supporting conservation significant species. 

5.3.7.1 Determining the SRI for Habitat Removal 

5.3.7.1.1 Method and Quantification 

An overview of the SRI methodology is provided in Table 5-43, with a comprehensive description 

and explanation of the SRI methodology further outlined within this section. 

The SRI assessment for the Revised Proposal has been undertaken for each conservation 

significant species likely to be affected by the Revised Proposal consistent with the EPBC Act 

Environmental Offsets Policy (DSEWPAC, 2012b), specifically relating to the offset principles, offset 

requirements and the offset assessment guide. It has furthermore been prepared to align with the 

WA Environmental Offsets Policy (GoWA, 2011b) and the WA Environmental Offsets Guidelines 
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(GoWA, 2014) as amended by the release of the DWER WA Environmental offsets calculator and 

the Guideline Environmental offsets metric: Quantifying environmental offsets in Western Australia 

(DWER, 2021b). 

The SRI was calculated using the extent of occurrence of each species impacted in the IDF (i.e. 

where within the PAA does each conservation significant species have a high or confirmed likelihood 

of occurrence), suitable habitat occurrence and habitat quality data from vegetation surveys 

(Mattiske, 2021a) and existing relevant data and knowledge for relevant species determined from 

baseline surveys, published data, threatened species plans and through discussion with recognised 

subject matter experts.  

Habitat quality is defined by the How to use the Offsets Assessment Guide (DSEWPAC, 2012c) as 

comprising site condition, site context (e.g., connectivity needs of listed species) and species 

stocking rate.  Time taken for black cockatoo breeding hollows to develop is 100–200 years (Finn, 

H. 2011), which is substantially longer than the time taken for black cockatoo foraging and roosting 

habitat to develop. As such, the SRI for black cockatoo breeding habitat has been considered 

separately in habitat impact calculations.  

Site condition has been represented in the SRI calculations by condition of habitat. This has been 

determined through flora, vegetation and fauna surveys undertaken over a period of more than 30 

years by South32 (Mattiske, 2021a; BIOSTAT, 2021b).  

Species stocking rate was not broadly available for all species and therefore could not be attributed 

directly to the determination of habitat quality. Instead, species specific habitat suitability of each 

habitat type was used as a proxy to indicate species stocking rate. Site context and habitat suitability 

were presented in the quantification of habitat quality as habitat importance. They were determined 

using baseline surveys, expert opinion, threatened species plans, peer reviewed scientific papers, 

and observations by key experts. A conservative approach was applied to habitat importance 

whereby the potential for populations to re-establish (i.e., “…for the reintroduction of populations or 

recovery of the species or ecological community” (DSEWPAC, 2012a)) was considered. 

Furthermore, if a species was known to use a particular habitat type, it was viewed as important, 

regardless of the frequency/preference for the habitat that the species might display (i.e. even 

habitats that were seldom used by species were assigned as ‘important’ within the offsets calculator). 

Further detail on the adjustments made for habitat quality and habitat importance are provided in 

Sections 5.3.7.1.2 and 5.3.7.2. An overview of the methodology used to calculate the SRI is 

provided in Table 5-43. It should be noted that the calculation for SRI undertaken under the DWER 

guidelines included rehabilitation as a mitigation factor which reduces the calculated SRI requiring 

offset.  However the calculator as applied by DAWE does not recognise rehabilitation as a mitigation 

factor but instead it is used as an offset. 
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Table 5-43 Steps taken to calculate SRI for the removal of vegetation likely to be habitat for conservation 
significant fauna  

Phase  Step  Detail 

IMPACT ASSESSMENT 

Identify relevant listed 

species and 

communities 

• Identify conservation significant species significantly 
impacted by the Revised Proposal and for which 
significant residual impact is to remain after application of 
avoidance and minimisation measures; and 

• Determine the conservation status of relevant 
conservation significant species. 

Quantify area (hectares) 

of broad fauna habitats 

impacted (HABITAT) 

• Quantify area of native vegetation to be impacted by the 
Revised Proposal for each conservation significant 
species (i.e. within the IDF and where that species has a 
high likelihood of occurrence or is confirmed as 
occurring); and 

• Align vegetation types with broad fauna habitats. 

ADJUSTED IMPACT 

Condition of broad fauna 

habitat (CONDITION) 

• Assess condition of broad fauna habitats within IDF as 
per Keighery (1994) (using baseline flora and vegetation 
survey and mapping); and 

• Assign condition score (and associated multiplier) to 
broad fauna habitats (Section 5.3.7.1.2). 

Importance of broad 

fauna habitat 

(IMPORTANCE) 

• Assess importance of broad fauna habitats within IDF for 
each conservation significant species (using relevant 
information such as baseline surveys, expert opinion, 
threatened species plans, peer reviewed scientific 
papers, observations by key experts, etc.); and 

• Assign importance score to broad fauna habitats for each 
conservation significant species (Section 5.3.7.2). 

Calculate adjusted 

residual impact for each 

conservation significant 

species 

• ADJUSTED IMPACT = HABITAT x CONDITION x 
IMPORTANCE. 

MITIGATION 

Quantify value of future 

rehabilitation of cleared 

land (REHAB) for each 

conservation significant 

species 

• Assess positive environmental contribution of 
rehabilitation using DWER rehabilitation calculator; and 

• Rehabilitation has also been valued as if it were an offset 
to applying the EPBC calculator. 

FINAL SRI 

Calculate Final SRI for 

each conservation 

significant species 

FINAL SRI = ADJUSTED IMPACT 

 

5.3.7.1.2 Habitat Condition 

All habitat within the IDF was assigned a habitat quality multiplier corresponding with its known 

condition, as determined within the landscape context and mapped during baseline surveys (Table 

5-44). 
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Areas of each habitat corresponding to each condition category, and area adjustments made for 

each habitat, are provided in Table 5-45, and discussed in the worked example in Section 5.3.8. A 

small area of habitat that had not been mapped and assigned a condition was assumed to be of high 

quality to present a conservative case.  

Table 5-44: Condition scoring system used as part of SRI calculation 

Vegetation condition 
(as per Keighery 1994) 

Habitat quality rank Multiplier 

Excellent High quality (9–10) 0.9 

Very good Medium-High quality (7) 0.7 

Good Medium quality (5) 0.5 

Degraded Low quality (3) 0.3 

Completely degraded Very low quality (1) 0.1 

No condition High quality (9–10) 0.9 
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Table 5-45 Habitat impact adjusted for condition 

Fauna Habitat 

Vegetation 

units 

(Mattiske, 

2021a) 

Area of Habitat for the Original IDF (total area) (ha)  

Direct 

Impact 

Total 

Excellent 

score = 

0.9 

Very 

good 

score = 

0.7 

Good 

score = 

0.5 

Degraded 

score = 

0.3 

Completely 

Degraded 

score = 0.1 

Direct Impact 

adjusted for 

condition 

Blackbutt woodlands on 

lower slopes 
BB 

CQ, CW, L, 

LG, Q, W 
29.8 29.0 - - 0.8 - 26.3 

Mosaic of Marri/Jarrah on 

lower slopes and Flooded 

Gum on riparian 

communities 

FD AY/D 1.3 1.3 - - - - 1.2 

Flooded Gum woodlands 

riparian community   
FG 

AC, AD, AX, 

AY 
189.5 171.9 11.6 - 6.0 - 164.6 

Marri/Jarrah on lower slopes  DL D, DG, SW 206.1 206.1 - - - - 185.5 

Jarrah/Marri/Allocasuarina 

woodlands on slopes and 

ridges   

JC 
P, PS, PW, 

S, SP, ST 
3601.6 3430.2 52.6 24.3 93.6 0.8 3,164.3 

Jarrah/Marri woodlands on 

slopes  
JM 

H, H1, H2, 

HG, J, O, R, 

T, TS, Z 

1854.7 1734.4 64.0 11.8 44.1 0.4 1,624.9 

Low Eucalyptus woodland 

over low shrubs  
ML G4, G5 3.4 3.4 - - - - 3.1 

Wandoo woodlands WO 
M, M2, MG, 

Y, YG 
837.6 592.7 64.9 31.4 148.6 - 639.1 

Melaleuca shrublands on 

seasonally wet valley floors 
MS A, A1 39.6 24.6 3.7 - 11.3 - 28.1 
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Fauna Habitat 

Vegetation 

units 

(Mattiske, 

2021a) 

Area of Habitat for the Original IDF (total area) (ha)  

Direct 

Impact 

Total 

Excellent 

score = 

0.9 

Very 

good 

score = 

0.7 

Good 

score = 

0.5 

Degraded 

score = 

0.3 

Completely 

Degraded 

score = 0.1 

Direct Impact 

adjusted for 

condition 

Heaths including perched 

heaths  
PH 

G, G1, G2, 

G3 
19.6 16.7 - - 2.9 - 15.9 

Rehabilitation  RE RE 609.7 - 519.6 44.1 46.0- - 399.6 

Plantations PL PL 87.6 49 - - - 38.6 44.1 

TOTAL 7,480.6 6259.4 716.5 111.5 353.3 39.9353.3 6,296.7 

% of total 83.7 9.6 1.5 4.7 0.5  
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5.3.7.2 Habitat Importance  

Using relevant research data from baseline surveys, published journal articles, threatened species 

plans, and advice from fauna consultants with over 20 years’ experience in surveying the Northern 

Jarrah forests in the region, importance of all habitat types in the context of the surrounding 

landscape was determined for each conservation significant species. Accordingly, all habitat within 

the IDF was assigned a habitat importance score indicating its importance or otherwise (i.e. 1 for 

any potentially important habitat; 0 for habitat not used by the species (Table 5-46). 

This scoring reflects the likelihood of the species utilising these habitats (i.e. for breeding, foraging, 

roosting, and denning/nesting) if they were available to them17 and has been used as a proxy for 

species stocking rate. Where a habitat is unlikely to be found within the range of the species or there 

are no supporting records for the species in that habitat, 0 was used. For example, it is less likely 

that Quokka will be found in Wandoo woodland as that habitat is nominally found outside the known 

range for that species. Similarly, the Red-tailed Phascogale is more likely to be found in the eastern 

portion of the jarrah forest where Blackbutt woodland habitats are rare. While foraging and roosting 

habitat for black cockatoos were considered here, it is important to note that breeding habitat for 

black cockatoos was considered separately (Section 5.3.7.4). This is because the temporal period 

over which black cockatoo foraging and roosting habitat will be restored through rehabilitation efforts 

is significantly less than that required for breeding habitat to be restored. 

It is also important to note that variability in each of the habitats may or may not influence use by 

these species. For example, isolated patches of remnant habitat will not likely be utilised by ground 

dwelling species if they are too small to provide suitable foraging/denning resource, they lack 

connectivity with other patches, there is high disturbance levels (i.e., loss of undergrowth, introduced 

herbivores, weed incursions), and there is increased predation by introduced predators. This is 

typical of remnants within agricultural zones. However, this consideration has not been included 

within the calculation and therefore likely represents an overestimation of habitat importance (and 

subsequent preliminary SRI). 

 

 
 
17 Note: it is suggested that the Red-tailed Phascogale does not frequent wetland and riparian systems although this 
reflects the available information on this species. If wetland systems were within the home range of Red-tailed 
Phascogale there is a likelihood that they may utilise the resources within those habitats. 
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Table 5-46 Habitat importance scoring system 

Fauna 
Code 

Habitat 

Forest 
Red-
tailed 
Black 

Cockatoo 

Baudin’s 
Black 

Cockatoo 

Carnaby’s 
Black 

Cockatoo 
Woylie Chuditch 

Red-tailed 
Phascogale 

Quokka 
Western 

Ring-tailed 
Possum 

 EPBC Act 1999 VU EN EN EN VU VU VU CR 

 WA BC Act 2016  
VU 

(S3) VU 
EN 

(S2) EN 
EN 

(S2) EN 
CR 

(S1) EN 
VU 

(S3) VU 
CD 

(S6) VU 
VU 

(S3) VU 
CR 

(S1) CR 

BB Blackbutt woodlands on lower slopes 1 1 1 1 1 0 1 1 

DL Marri/Jarrah on lower slopes  1 1 1 1 1 1 1 1 

FG 
Flooded Gum woodlands riparian 
community   

1 1 1 1 1 1 1 1 

MW 
Flooded Gum/Melaleuca shrublands on 
seasonally wet valley floors  

1 1 1 1 1 0 1 1 

PH Heaths including perched heaths  1 1 1 1 1 1 1 1 

JS Jarrah/Marri valley floors/swamps   1 1 1 1 1 1 1 1 

JM Jarrah/Marri woodlands on slopes  1 1 1 1 1 1 1 1 

JC 
Jarrah/Marri/Allocasuarina woodlands 
on slopes and ridges   

1 1 1 1 1 1 1 1 

ML 
Low Eucalyptus woodland over low 
shrubs  

1 1 1 1 1 0 0 0 
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Fauna 
Code 

Habitat 

Forest 
Red-
tailed 
Black 

Cockatoo 

Baudin’s 
Black 

Cockatoo 

Carnaby’s 
Black 

Cockatoo 
Woylie Chuditch 

Red-tailed 
Phascogale 

Quokka 
Western 

Ring-tailed 
Possum 

 EPBC Act 1999 VU EN EN EN VU VU VU CR 

 WA BC Act 2016  
VU 

(S3) VU 
EN 

(S2) EN 
EN 

(S2) EN 
CR 

(S1) EN 
VU 

(S3) VU 
CD 

(S6) VU 
VU 

(S3) VU 
CR 

(S1) CR 

MS 
Melaleuca shrublands on seasonally 
wet valley floors  

1 1 1 1 1 0 1 1 

FD 
Mosaic of Marri/Jarrah on lower slopes 
and Flooded Gum on riparian 
communities 

1 1 1 1 1 1 1 1 

WO Wandoo woodlands 1 1 1 1 1 1 0 0 

RE Rehabilitation  1 1 1 1 1 1 1 0 

PL Plantation 1 1 1 0 0 0 0 0 

Dam Dam 0 0 0 0 0 0 0 0 

CL Cleared Lands 0 0 0 0 0 0 0 0 
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5.3.7.3 Contribution of Rehabilitation 

Of the maximum vegetated area expected to be disturbed as part of the Revised Proposal (6,032 

ha) (adjusted for avoidance), approximately 4,826 ha (80%) will be rehabilitated subsequent to 

mining. Rehabilitation will occur progressively as soon as practicable after ore extraction has been 

completed. Timeframes between disturbance and rehabilitation allow for stripping and development 

of mining areas, and extraction of the full profile of ore. In addition to support and the ongoing 

rehabilitation program Worsley Alumina has made commitments to reduce the deficit in rehabilitation 

and to protect some rehabilitation from future disturbance (see Table 4-2). 

The remaining approximately 1,206 ha will not be rehabilitated within the timeframe of this proposal. 

This is because this area will have a delayed rehabilitation period, as it will be required for long-term 

(> 20 years) infrastructure such as roads, conveyors and other development and access 

requirements. Utilising infrastructure, where required, over an extended period of time reduces the 

need for unnecessary multiple clearing or clearing of additional remnant vegetation for long-term 

access. The areas will be rehabilitated as soon as practicable once no longer required. Therefore, 

in the long-term, it is intended that 100% of area’s occupied by native vegetation will be rehabilitated.  

Due to differences in the approach across the state and federal requirements for offsets, Worsley 

Alumina has assessed the value of the rehabilitation to accommodate both. 

5.3.7.3.1 Rehabilitation as a Mitigation Measure (State Assessment) 

The mitigation provided by future rehabilitation of cleared areas (mined) has been deducted from the 

assessment of SRI utilising the dedicated WA Offsets Template (EPA, 2014). In determining the 

value of rehabilitation in reducing the significance of residual impacts, the DWER calculator takes 

into consideration the impact of habitat quality, time lags in the benefits of rehabilitation realising, 

and confidence in successful establishment, in accordance with the following principles: 

• security of tenure will where possible apply to in the following instances (see Section 4.5.6 for 
details on potential security mechanisms): 

• rehabilitated areas of State Forest and Timber Reserve will be managed for biodiversity under 
appropriate DBCA tenure; 

• rehabilitated areas owned by the Worsley Alumina Joint Venture, including former agricultural 
land, will be placed under conservation covenant or transferred to the conservation estate 
managed by DBCA, with Worsley aiming to achieve the highest protection status practicable. 
To ensure clearing is applied to rehabilitation where necessary rather than remnant 
vegetation, conversion of tenure to a higher security tenure status will be deferred to an end 
state, post mine domain operation and once confirmed no further clearing is required, areas 
can be identified and designated ‘Protected Rehabilitation’; and 

• security of land tenure for rehabilitated areas of third-party privately owned land will be 
pursued, where possible. This will require agreement with the landholder. 

• rehabilitated areas will provide ecological value to MNES species by: 

• replacing vegetation species which are ecologically important to MNES in terms of providing 
shelter, roosting sites, cover from both ground and aerial based predators, food resources, as 
well as food resources for species which MNES predate upon (small reptiles, mammals and 
invertebrates in the case of Chuditch); and 

• re-establishing linkages between existing undisturbed habitat patches. 

• rehabilitated areas will provide ecological benefit within varying timeframes for each conservation 
significant species, however, at most within 20 years post-establishment;  

• The minimum quality of rehabilitated areas varies according to the benefit provided to each 
conservation significant species. For most impacted conservation significant species a minimum 
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quality of 6/10 has been applied which has been selected, conservatively based on the 
performance of the rehabilitation to provide a suitable habitat for the species, although for 
quokka, woylie and western ring-tailed possum a quality of 3/10 has been applied given they 
have specific habitat requirements that take time to develop, and vegetation of a younger age 
class (<20 years) is likely to be of reduced utility.  Based on known performance and 
understanding of existing rehabilitation (Section 3.2.1 of the BOP), Worsley Alumina has applied 
a high (90%) level of confidence in the result. Adaptive management of rehabilitation is detailed 
in Section 4.5. (see Section 8.5.1 for more details); and 

• A reduced quality score for rehabilitated areas has been applied for the western ring-tailed 
possum (5/10), given they are an arboreal species, and thus vegetation of a younger age class 
(<20 years) will provide reduced utility when compared to boreal species. Table 5-47 sets out 
the calculation process to determine the net present value of rehabilitation. 

The State Agreement requires Worsley Alumina to undertake rehabilitation to a certain standard. 

While Worsley Alumina has consistently undertaken rehabilitation to a higher standard, Worsley 

Alumina has assessed the value of this rehabilitation for impacted conservation significant species. 

The required rehabilitation under the State Agreement has been determined to have a very low value 

for impacted conservation significant species (1/10) (Section 5.3.7.3.2.1). This value has been used 

as the start quality in the calculation of the contribution of net present value for post-mining 

rehabilitation. 

5.3.7.3.2 Rehabilitation as an Offset (Commonwealth Approach) 

The original approach taken by Worsley Alumina to determine offset requirements considered mine 

rehabilitation as a mitigation measure that was applied to reduce the SRI. This approach is consistent 

with EPA Policy and the recent DWER WA Environmental offsets calculator (DWER 2021a). 

Following consultation, DAWE has requested that Worsley Alumina demonstrate how rehabilitation 

may be valued as an offset.  This section describes how Worsley Alumina’s approach to how 

rehabilitation can be valued as an offset. 

5.3.7.3.2.1 Start Quality and Additionality 

The Commonwealth approach is to value rehabilitation as if it were an offset.  Applying the 

requirement of ‘additionality’, offsets are valued to the extent they deliver a conservation gain that is 

new, or additional to, what is already required for that activity under existing approvals and laws.   

When applying the EPBC Act offsets assessment guide to the Revised Proposal, Worsley Alumina 

has given a value of 1 to the Start Quality because the State Agreement is the only existing 

requirement that currently applies to the relevant rehabilitation, and although it requires some 

rehabilitation, it applies a low level of rehabilitation standards.  This environmental approval process 

is the main and overarching process by which rehabilitation standards are determined and applied, 

including through the ERMP under the State Agreement and subsequent mine closure requirements.  

The standards applied through this process, including the offset requirements, are therefore 

additional to the requirements that are currently in place for the Revised Proposal 

For private land, clause 7(10) of the State Agreement identifies contour ploughing, diversion 

channels, settling ponds, drainage and soil erosion controls as the rehabilitation requirements, while 

Clause 7(11) requires restoration to the satisfaction of the Minister, taking into account the 

reasonable requirements of the local authority.  Restoration is defined to mean the battering and 

smoothing of pit walls, the spreading of previously removed topsoil, ground ripping and the planting 

of vegetation (clause 7(12)).  For State forest, the State Agreement requires that Worsley Alumina 

take adequate measures (as required by the Conservator of Forests) for progressive restoration and 
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re-afforestation, for the prevention of soil erosion and the prevention of the formation of deep water 

pools. 

Applying this approach undervalues the rehabilitation performed to meet those existing State 

Agreement requirements and therefore undervalues the ecological gain arising from rehabilitation 

as a direct mitigation of the loss arising from clearing of that land. It therefore results in a larger offset 

quantum and extra benefit to the environment and MNES than would otherwise be the case if 

rehabilitation were valued as a mitigation measure. 

5.3.7.3.2.2 Future Quality with offset 

When applying the EPBC Act offsets assessment guide Worsley Alumina has assessed the Future 

Quality with Offsets for each species by applying the value of rehabilitation to that species (Section 

8.5.1). The quality of rehabilitation required to provide sufficient benefit for impacted conservation 

significant species is valued at 6 (black cockatoos, Chuditch and red tailed phascogale) and 3 

(quokka, woylie and western ring tailed possum) because it is greater than that required to be 

undertaken by Worsley Alumina under the current State Agreement.  

5.3.7.3.2.3 Time Horizon (Years):  Time over which loss is averted. 

The timeframe over which loss is averted by the rehabilitation is likely to be permanent.  Worsley 

Alumina has therefore allocated the maximum time horizon permitted by the EPBC Act offsets 

assessment guide (20 years) to the rehabilitation. As detailed in Section 4.5.6, Worsley Alumina 

has committed to not re-clear Protected Rehabilitation to ensure it is maintained and protected as 

an ecological resource supporting ecological values, including state and federally listed values (i.e. 

black cockatoo foraging habitat) for the time period it remains within Worsley’s management and 

control as tenement holder.  



 

 Worsley Mine Expansion Environmental Review Document  410 
 

Table 5-47 Inputs and preliminary net present value for post-mining rehabilitation.  

Attribute Value Rationale 

Start area 

BBC18 4,826 ha South32 has committed to rehabilitating 80% of vegetation (including 
existing rehabilitated areas) within the disturbance footprint, 
accounting for avoidance. Therefore, the starting area for post-mining 
rehabilitation for MNES is equal to the total amount of vegetation 
disturbed (accounting for avoidance, species occurrence, and habitat 
importance), multiplied by 0.8. 

CBC 4,826 ha 

CHU 4,826 ha 

FRTBC 4,826 ha 

QUO 205 ha 

RTPH 339 ha 

WOY 1,707 ha 

WRTP 205 ha 

Start quality 119  

Future quality 
without 

rehabilitation 
220 

 

Future quality with 
rehabilitation 

BBC, CBC, CHU, FRTBC, 
RTPH 

6 

The quality of the habitat following rehabilitation is expected to reach 
a score of 6 (ERD Section 5.3.7.3.2.2) for the three black cockatoo 
species, Chuditch, and red-tailed phascogales. Attributes of this 
rehabilitation are provided in Section 4.5 

QUO, WOY, WRTP 3 

A reduced quality score for rehabilitated areas has been applied for 
quokka, woylie and  western ring-tailed possum (3/10), given they 
have specific habitat requirements that take time to develop, and 
thus vegetation of a younger age class (<20 years) is likely to be of 
reduced utility . Attributes of this restoration are provided in Section 
3.2.1 of the BOP. 

Time horizon over 
which loss is 

averted 
 20 

Rehabilitation is an enduring, long term proposition and is expected 
to remain in situ for a minimum of 20 years. The condition of rehab is 
monitoring extensity during this period. In addition, a systematic 

 
 
18 BBC: Baudin’s Black Cockatoo; CBC: Carnaby’s Black Cockatoo; CHU: Chuditch; FRTBC: Forest Red-tailed Black Cockatoo; QUO: Quokka; RTPH: Red-tailed Phascogale; WOY: 
Woylie; WRTP: Western Ring-tailed Possum.  
19 See 7.4.1.1 
20 This is the value of the rehabilitation standard required under the State Agreement to impacted conservation significant species.  
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Attribute Value Rationale 

detailed survey of fauna in rehabilitation areas is undertaken every 
three years as part of ongoing operations. 

Time until 
ecological benefit 

BBC, CBC, FRTBC 8 

Rehabilitated habitat is expected to reach a quality score of 6 for 
black cockatoo’s within 8 years (accounting for delay between 
clearing and rehabilitation commencing i.e. 2 years) , given it will 
provide suitable foraging habitat and can provide substantial diversity 
in food types (Section 5.3.7.3.2.2). The three black cockatoo species 
have been recorded foraging in rehabilitated vegetation within six 
years of planting (Finn, H. 2011). The time taken for development of 
breeding hollows etc is much longer (i.e. >100-200 years, (Finn, H. 
2011). A conservative estimate of eight years has been used for this 
calculation when including delay between impact and rehabilitation. 

 CHU 10 

Chuditch have been recorded utilising mining rehab within two years 
of establishment (Nichols and Grant 2007), thereby representing 
refuge habitat. Time to benefit has been set at ten years as a 
conservative measure.  

 RTPH, QUO, WOY, WRTP 20 

Rehabilitated habitat is expected to reach a quality score of 3 for 
quokka, woylie and  western ring-tailed possum within 20 years of 
establishment (accounting for delay between clearing and 
rehabilitation commencing), given it will provide a suitable amount of 
habitat complexity to provide protection from predators, suitable 
foraging habitat, and also facilitate movement between existing 
patches of undisturbed vegetation. 

Risk of loss 
without offset 

13% 

As outlined by 
“Guidance for 

deriving ‘Risk of 
Loss’ estimates 
when evaluating 
biodiversity offset 
proposals under 
the EPBC Act”, 

Threatened 
Species Hub 2017. 

Risk of loss without offset 
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Attribute Value Rationale 

Confidence in 
result 

BBC, CBC, FRTBC ,CHU, 
RTPH, 

90% 

Large scale ecological restoration for biodiversity offsets has been 
successfully undertaken within the vicinity; therefore, confidence in 
result is high – 90%. Worsley Alumina has been undertaking mine 
site rehabilitation of mining areas since commencing operations in 
the 1980s (Biostat 2018, Mattiske 2019). Additionally, mine site 
rehabilitation has been undertaken successfully in the region by other 
parties. 

 QUO, WOY, WRTP 75% 

A reduced confidence value for rehabilitated areas has been applied 
for quokka, woylie and  western ring-tailed possum (3/10), given they 
have specific habitat requirements that may be more difficult to 
replicate using the current rehabilitation approach.  

Net present value  
(adjusted 
hectares) 

Species EPBC calculator 
DWER calculator  

 BBC 1641 1579 

 CBC 1641 1579 

 CHU 1807 1703 

 FRTBC 1813 1710 

 QUO 31 30 

 RTPH 125 117 

 WOY 73 69 

 WRTP 9 8 

 
 
 



 

 Worsley Mine Expansion Environmental Review Document  413 
 

5.3.7.4 Black Cockatoo Breeding Trees 

Time taken for black cockatoo breeding hollows to develop is 100–200 years (Finn, H. 2011), which 

is substantially longer than the time taken for black cockatoo foraging and roosting habitat to develop. 

As such, the SRI for black cockatoo breeding habitat has been considered separately in habitat 

impact calculations.  

5.3.7.4.1 Method and quantification 

Of the 59 regional vegetation complexes that occur within the Northern Jarrah Forest, ten have 

confirmed breeding records of black cockatoos and 18 have unconfirmed breeding evidence 

(Phoenix, 2021a). Of these, seven occur within the PAA and comprise 90% of the PAA and 95% of 

IDF (Phoenix, 2021a).  Confirmed breeding trees are known from five fauna habitat types (BB, DL, 

JC, JM and WO), which comprise approximately 68% of the IDF (Phoenix, 2021a)  

While a significant portion of the PAA is considered black cockatoo breeding habitat and evidence 

of breeding of Carnaby’s and forest red-tailed black cockatoos has been observed, the number of 

breeding trees has been impacted and is limited due to the effects of previous logging.  Worsley 

commit to the protection of at least 90% of confirmed black cockatoo breeding hollows as explained 

in Section 4.3.4). Further, the Worsley Threatened Fauna Pre-Clearance Survey and Management 

Procedure (2020a) applies the mitigation hierarchy to avoid, minimise and mitigate impacts 

associated with clearing of black cockatoo breeding habitat. Based on the breeding tree records 

collected within and immediately adjacent to the PAA, it is considered that the IDF may result in the 

loss of up to approximately 65 breeding trees that may be used by Carnaby’s or forest red-tailed 

black cockatoos (Phoenix, 2021a). The process for the determination of SRI for the removal of black 

cockatoo breeding trees is provided in Table 5-48. 

 

Table 5-48: Steps taken to calculate SRI for removal of known breeding trees and trees with suitable hollows 

Phase Step Detail 

IMPACT 

ASSESSMENT 

Identify relevant 

listed species 

• Identify conservation significant species significantly 

impacted by the Revised Proposal and for which 

significant residual impact is to remain after 

application of the mitigation hierarchy (Section 7.5) 

and residual impact significance model assessment 

(Table 5-52 ); and 

• Determine the conservation status of relevant 

conservation significant species. 

Quantify number of 

hollows to be 

potentially impacted  

1. A survey of hollows with evidence of potential 

cockatoo use was conducted across known 

breeding habitat types within the PAA (Phoenix, 

2021a). Based on the results of this survey, the 

density of hollows with evidence of potential 

cockatoo use was 0.12285 hollows per ha (Phoenix, 

2021a). 

2. The estimated density of hollows with evidence of 

potential cockatoo use (0.12285/ha) was multiplied 

by the extent of native vegetation to be cleared as 

part of the proposal (accounting for avoidance) 
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Phase Step Detail 

equating to a total estimated number of 6541 within 

the disturbance footprint. 

3. South32 have committed to avoiding clearance of 

90% of hollows with evidence of potential cockatoo 

use (592 hollows) as part of the proposal.  

FINAL SRI 

Calculate final 

number of hollows 

with evidence of 

potential cockatoo 

use to be impacted 

by proposal.  

Hollows within disturbance footprint (654) – avoided 

hollows (589) = 65 

1At the time of preparing this ERD, the area proposed for disturbance within the PAA was approximate 5,835 ha. An 

amendment has since been submitted and approved by EPA and DAWE to reduce the total area of disturbance to 4,399 ha. 

This reduction in disturbance will result in fewer Black Cockatoo Hollows being impacted by the Revised Proposal (i.e the 

number of Black Cockatoos hollows within the footprint is estimated to be 540 hollows. South32 continue to be committed 

to avoiding 90% of Black Cockatoo hollows.  

 

5.3.7.5 Woylie Individuals 

As habitat protection and restoration is of limited value to woylie where threat abatement is critical, 

the SRI for woylie habitat has been considered separately in habitat impact calculations. 

5.3.7.5.1 Method and Quantification 

To estimate the likely number of woylie individuals impacted by the proposal, abundance estimates 

relevant to the bioregion within which the proposed impact is to occur were used, and applied to the 

proposed impact area as a density multiplier. Abundance estimates were extracted from the 2018 

conservation advice document for the Woylie (TSSC, 2018b), and were specific to three populations 

that occur within the Northern Jarrah bioregion ― such that populations are characterised by 

relatively similar habitat. These are the Northern and Central Jarrah population (774,905 ha), the 

Julimar Nature Reserve population (28,000 ha), and the Batalling State Forest (8,000 ha) population. 

While abundance estimates for these only range from 2001 – 2010, current abundance estimates 

are expected to be lower given it is likely the species has declined the within the region in the last 

decade (TSSC, 2018b). 

Density estimates were calculated by dividing upper estimates of the most recent woylie abundance 

estimate by population extent of occurrence. Abundance estimates within the impact area were 

calculated by multiplying density estimates by the proposed impact area, accounting for avoidance 

(2,121 ha) Table 5-49. 

 

 

 

 



 

 Worsley Mine Expansion Environmental Review Document  415 
 

 

Table 5-49 Steps taken to calculate SRI for Woylie individuals 

Name 

Northern 
and 

central 
Jarrah 

Julimar Batalling 

Sub bioregion 
Northern 
Jarrah 
Forest 

Northern 
Jarrah 
Forest 

Northern Jarrah 
Forest 

Extent of occurrence 774,905 ha 28,000 ha 8,000 ha 

More recent abundance survey 2010 2010 2010 

Abundance estimate 2000 1000 400 

Density (woylies per ha) 0.003 0.036 0.050 

Extent of impact area (accounting for avoidance) 2,121 ha 2,121 ha 2,121 ha 

Impact area abundance estimate  6 76 107 

By extrapolating known density estimates within the Northern Jarrah subregion to the proposed 

impact area, the lowest estimated number of woylies impacted by the proposal is 6 individuals, and 

the highest is 107 individuals. From here after the estimated number of woylies impacted by the 

proposal is assumed to be the maximum of 107 individuals. 

5.3.8 Worked Examples 

5.3.8.1 Example 1: Habitat Condition – Blackbutt Woodlands on Lower Slopes 

For each fauna habitat in the IDF, the area and condition of the corresponding vegetation units 

(Keighery, 1994) were mapped spatially (Mattiske, 2021a), as indicated in Table 5-45. The area of 

habitat for each condition is multiplied by the condition ratio. For example, Line 1: Blackbutt 

woodlands on lower slopes (BB), as indicated in Figure 5-33: 

• there is 29 ha of BB habitat in excellent condition: this is multiplied by its condition score, 29 x 
0.9 = 26.1. (habitat mapped in pristine condition would attract a condition score of 1 – there 
was no occurrence of pristine habitat in the IDF equivalent to pre-1750 vegetation condition); 

• there is 0.8 ha of degraded BB habitat.  This is multiplied by its condition score 0.8 x 0.3 = 
0.24; and 

• the total impact adjusted for condition is the sum of these: 26.1 +0.24 = 26.34 (26.3). 

Table 5-45 represents condition adjustments for all habitats in the IDF. For the total area of impact 

to habitat (7,480 ha), 83.7% (84%) is in excellent condition, based on the calculations described 

above.  The total direct impact, adjusted for condition, is 6,296.7 (6,300) ha. 
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Figure 5-33 Example 1 - extract from Table 7.8 

5.3.8.2 Example 2: Habitat Condition for each Conservation Significant Species (Ringtail 
Possum example) 

Each of the conservation significant species occur in a varied number of the 12 habitats listed in 

Table 5-45. The direct impact adjusted for condition is calculated as above for each of the habitats 

relevant to the species and a total is calculated for each conservation significant species. 

For example, the Western Ring-tailed possum occurs within the CBME. The proposed area of impact 

(if contingency mining is required) is 249 ha. The Western Ring-tailed possum occurs in the following 

habitat types indicated in Table 5-50. Using the calculation method above, the direct impact to the 

Western Ring-tailed Possum, adjusted for habitat condition is 224 ha (10.1 BB+3.9 DL+194.2 

JC+21.8 JM). 

 

Table 5-50 Habitat Impacts for Western Ring-tailed possum (Example) 

Fauna Habitat 

Vegetation units 

(Mattiske, 
2021a)  

Area of Habitat for the CBME (ha)  
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Blackbutt woodlands 
on lower slopes 

BB 
CQ, CW, 
L, LG, Q, 
W 

23.5 23.5 - - - - 21.1 

Marri/Jarrah on 
lower slopes  

DL 
D, DG, 
SW 

12.9 12.9 - - - - 11.6 

Jarrah/Marri/Allocas
uarina woodlands on 
slopes and ridges   

JC 
P, PS, 
PW, S, 
SP, ST 

183.
1 

183.
1 

- - - - 164.7 

Jarrah/Marri 
woodlands on 
slopes  

JM 

H, H1, 
H2, HG, 
J, O, R, 
T, TS, Z 

29.5 29.5 - - - - 26.5 

TOTAL 
248.

9 
248.

9 
    224.0 

% of total 100      
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5.3.9 Final SRI and Residual Impact Significance Model 

The preliminary SRI calculations for conservation significant species affected by the Revised 

Proposal are presented in Appendix L4.  

Table 5-51 provides the final SRI associated with the Revised Proposal, as calculated in accordance 

with the methodology presented in Sections 5.3.7 and 5.3.8, for the 8 identified conservation 

significant species.  

Table 5-52  provides a summary of the residual impact significance model (RISM) table, as 

consistent with the WA Environmental Offsets Guideline (GoWA, 2014). Included within Table 

5-52  is an assessment of significance of potential impacts to key flora, vegetation and fauna values 

with supporting justification of the offsets proposed for the Revised Proposal. Flora and vegetation 

values considered in the RISM include conservation significant flora (Threatened and Priority flora), 

conservation significant vegetation (i.e. TECs and PECs), regional vegetation complexes with < 30% 

of their pre-European extent remaining (i.e. Michibin and Williams complexes), locally significant 

vegetation, old growth forest and potential GDEs. The fauna values considered include terrestrial 

vertebrate fauna habitats and the aquatic Carter’s Freshwater Mussel. 
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Table 5-51 Final SRI for clearing of vegetation (remnant native vegetation, rehabilitated vegetation, and plantations) associated with the 

Revised Proposal. 

Measure FRTBC BBC CBC CHU RTPH WOY QUO WRTP 

 
 
 
 

SRI 

Raw SRI 9,544 9,544 9,544 9,544 539 3,506 256 256 

SRI- Adjusted for habitat 
avoidance 

8,082 8,082 8,082 8,082 424 2,267 256 256 

SRI- Adjusted for habitat 
avoidance and importance 

6,032 6,032 6,032 5,946 424 2,121 256 256 

Final SRI*- Adjusted for habitat 
avoidance, importance, and 

condition 

4,795 4,795 4,795 4,749 381 1,857 225 225 

 
*Final SRI value includes 942 ha of pre-approved clearing   
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Table 5-52  Revised Proposal Residual Impact Significance Model Assessment 

Part IV Environmental 
Factors 

Vegetation and Flora 

 Terrestrial Fauna 

Part V Clearing 
Principles Rare Flora 

Threatened 
Ecological 

Communities 
Remnant Vegetation 

Wetlands and 
Waterways 

Conservation 
Areas 

High Biological 
Diversity 

Habitat for Fauna 

Residual impact that is 
environmentally 
unacceptable or cannot 
be offset 

 

Significant residual 
impacts that will 
require an offset – 
All significant residual 
impacts to species and 
ecosystems protected 
by statute or where the 
cumulative impact is 
already at a critical 
level 

      The Revised Proposal will result 
in clearing of native vegetation 
and clearing of plantation and 
rehabilitated areas comprising 
foraging and potential breeding 
habitat for Threatened fauna 
listed under the Biodiversity 
Conservation Act 2016, EPBC 
Act and DBCA Priority species. 
Seventeen conservation 
significant species are recorded 
as having a moderate or high 
likelihood of occurrence in the 
PAA, with 11 of these listed 
under the Biodiversity 
Conservation Act 2016 and/or 
EPBC Act. Of these, Worsley 
Alumina is proposing offsets to 
mitigate the significant residual 
impact associated with clearing 
of potential and preferred 
suitable habitat (suitable for 
foraging and 
breeding/denning/roosting) for 
the following species: 

• Black Cockatoos (Forest Red-
tailed – Vulnerable 
(Commonwealth and State); 
Baudin’s Black Cockatoo – 
Endangered (Commonwealth 
and State) and Carnaby’s 
Black Cockatoo – 
Endangered (Commonwealth 
and State); 

• Woylie – Endangered 
(Commonwealth) and 
Critically Endangered (State); 

• Chuditch – Vulnerable 
(Commonwealth and State); 

• Red-tailed Phascogale – 
Vulnerable (Commonwealth) 
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Part IV Environmental 
Factors 

Vegetation and Flora 

 Terrestrial Fauna 

Part V Clearing 
Principles Rare Flora 

Threatened 
Ecological 

Communities 
Remnant Vegetation 

Wetlands and 
Waterways 

Conservation 
Areas 

High Biological 
Diversity 

Habitat for Fauna 

and Conservation Dependent 
species (State); 

• Western Ringtail Possum – 
Critically Endangered 
(Commonwealth and State); 
and 

• Quokka – Vulnerable 
(Commonwealth and State). 

 
The Revised Proposal will result 
in the clearing of the following 
areas of habitat for these 
species: 

• Black Cockatoos – clearing of 
5,993 ha of potential habitat, 
of which 5,199 represents the 
species preferred habitat. The 
PAA provides foraging habitat 
for all three species of Black 
Cockatoo and breeding 
habitat for two species 
(Carnaby’s and Forest Red-
tailed Black Cockatoos). The 
following approximate area of 
high value foraging habitat will 
be cleared by the Revised 
Proposal: 

• Forest Red-tailed – 
5,446.3 ha; 

• Baudin’s – 5,098.1 ha; 
and 

• Carnaby’s – 3,656.3 ha. 
The following approximate 
area of high value breeding 
habitat will be cleared: 

• Forest Red-tailed – 
4,699.7 ha; 

• Baudin’s – 0 ha; and 

• Carnaby’s – 5,199.5 ha. 

• Chuditch – clearing of 
approximately 5,915 ha of 
potential suitable habitat 
(comprising 5,310 ha of 
preferred habitat and 608 ha 
of rehabilitation); 

• Woylie – Worsley will not 
clear more than 2,631 ha of 
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Part IV Environmental 
Factors 

Vegetation and Flora 

 Terrestrial Fauna 

Part V Clearing 
Principles Rare Flora 

Threatened 
Ecological 

Communities 
Remnant Vegetation 

Wetlands and 
Waterways 

Conservation 
Areas 

High Biological 
Diversity 

Habitat for Fauna 

the 4,385 ha of Woylie habitat 
identified within the PAA as 
outlined in the Protected Areas 

Plan; and 

• Red-tailed Phascogale – 
Worsley will not clear more 
than 449 ha of the 690.9 ha 
habitat identified within the 
PAA.  

 
Within the IDF, there are an 
estimated 654 breeding trees 
that may be used by Carnaby’s 
or Forest Red-tailed Black 
Cockatoos. 
 
Refer to Section 5.3.4.1.1 for 
further detailed discussion of 
the potential impacts to these 
species. 

Significant residual 
impacts that may 
require an offset – 
Any significant 
residual impact to 
potentially threatened 
species and 
ecosystems, areas of 
high environmental 
value or where the 
cumulative impact may 
reach critical levels if 
not managed 

       

Residual impacts that 
are not significant 

One Threatened flora species 
is known to occur in the PAA; 
Caladenia hopperiana 
(Threatened under the BC Act 
and Endangered under the 
EPBC Act). The species has 
been recorded within a 
localised area in the south-
eastern section of the WMDE. 
There will be no direct impacts 
to this species as the locations 
where the species is known to 
occur in the PAA are mapped 
and protected (avoided) under 
Worsley Alumina Protected 
Areas Plan and there is a 

No Commonwealth or 
State-listed Threatened 
Ecological 
Communities have 
been recorded within 
the PAA (Mattiske, 
2021a).  
 
One PEC, the Priority 1 
PEC – Mount 
Saddleback Heath 
Communities, occurs in 
the Saddleback area, 
which overlaps the 
WMDE. The Revised 
Proposal will not result 

The Revised Proposal will 
result in the progressive 
clearing of remnant native 
vegetation. A total of 40 
site-vegetation types have 
been mapped within the 
PAA. All site-vegetation 
types (including those 
identified as being of local 
significance) are 
represented outside the 
proposed disturbance 
area and, clearing will not 
result in the loss of any 
site-vegetation types 
currently represented 

The Hotham River and 
Williams River are 
intersected by the 
Revised Proposal. The 
Hotham River flows west 
from Boddington before 
running south prior to its 
confluence with the 
Williams River, at the 
start of the Murray River. 
The Hotham River is the 
main permanent water 
feature within the 
Revised Proposal and is 
currently within the 
existing Worsley Mine 

A portion of the 
existing Worsley 
Mine operates 
within State 
Forest. The 
Revised Proposal 
represents an 
extension into 
these areas. The 
State Forest is 
currently 
managed in 
accordance 
with the 2014-
2023 Forest 

The Revised 
Proposal occurs 
within Northern 
Jarrah Forest sub-
region. This area is 
not recognised as 
a biodiversity 
hotspot. 

As outlined above, offsets have 
been proposed for eight of the 
17 conservation significant 
fauna species recorded as 
having a moderate or high 
likelihood of occurrence in the 
PAA as a significant residual 
impact is expected for these 
species. For the remaining nine 
species, the impacts associated 
with the Revised Proposal are 
not expected to result in a 
significant residual impact. 
These species include the 
Peregrine Falcon (listed as OS 
under the Biodiversity 
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buffer applied in respect of the 
species. 
 
Seventeen Priority flora 
species have been recorded 
within the PAA. Eleven of 
these species will be directly 
impacted by the Revised 
Proposal, comprising four 
Priority 1, one Priority 2, three 
Priority 3 and three Priority 4 
species. Two of the Priority 
flora species (one Priority 1 
and one Priority 2) will be 
cleared in their known entirety 
within the PAA (1-2 
individuals). However, these 
species will continue to exist in 
the broader local area or within 
their known range as they 
have been recorded at other 
locations either in the broader 
Boddington area and/or from 
WAH records. The Revised 
Proposal will minimise direct 
impacts to the Priority 1 
Gastrolobium sp. Prostrate 
Boddington, which is currently 
known to be restricted to the 
Boddington area. The Priority 
flora species have been 
recorded in a number of site-
vegetation types (including 
rehabilitated areas), all of 
which will remain represented 
within the PAA after clearing 
associated with the Revised 
Proposal. Considering the 
above items, the Revised 
Proposal is not expected to 
significantly impact the Priority 
flora populations at a local 
scale or affect the 
conservation status of the 
species at a regional level.  
 
A proportion of the individuals 
of some species of Priority 
flora recorded within the PAA 

in any direct impacts to 
the PEC and indirect 
impacts associated with 
localised groundwater 
mounding are expected 
to be minimal  (Section 
5.5.4.1.7). 

within the PAA at a local 
scale. 
 
Clearing within locally 
significant site-vegetation 
types will generally be 
limited and, as such, it is 
considered unlikely that 
the Revised Proposal will 
significantly affect the 
regional or local extents of 
these site-vegetation 
types. Further, taking into 
account the additional 
commitments that will be 
implemented to provide 
further protection of the 
key environmental values 
as part of the Revised 
Proposal refinement, 
clearing associated with 
the Revised Proposal will 
be reduced such that 
clearing will be < 20% in 
all locally significant 
vegetation types 
 
No old growth forest 
(areas that meet the old 
growth forest criteria and 
as agreed with DBCA) will 
be cleared as part of the 
Revised Proposal as it will 
be protected through the 
implementation of the 
Worsley Alumina 
Protected Areas Plan. 
Worsley acknowledged 
the local-scale mapping of 
potential old growth forest 
within the PAA may be 
subject to future 
refinement and propose to 
undertake targeted ground 
truthing assessments 
within areas of remnant 
native vegetation mapped 
as having high and 
medium to high potential 

operations. The Williams 
River occurs along the 
southwestern boundary 
of the WMDE.  
 
Several seasonal 
tributaries enter the 
Hotham River upstream 
of and within the WMDE, 
including the Gringer 
Creek, Boggy Brook, 
House Brook, Thirty-Four 
Mile Brook and 
Marradong Brook. Thirty-
Four Mile Brook and 
Marradong Brook are the 
larger of these 
tributaries. 
 
Disturbance to the rivers 
and tributaries from the 
Revised Proposal will be 
discrete and localised, 
with direct impacts 
limited to the 
construction of the river 
crossings across Hotham 
River and Thirty-Four 
Mile Brook). 
 
An artificial water 
catchment storage is 
provided within the 
CBME and larger 
existing Refinery Lease 
Area; Freshwater Lake. 

Management 
Plan, under the 
Regional Forest 
Agreement for the 
South-West 
Forest Region of 
WA. 

Conservation Act 2016), Blue-
billed Duck (Priority 4), Western 
False Pipistrelle (Priority 4), 
Rakali (Priority 4), Quenda 
(Priority 4), Numbat (Vulnerable 
under the Biodiversity 
Conservation Act 2016 and 
EPBC Act), Western Brush 
Wallaby (Priority 4), Brush-
tailed Phascogale 
(Conservation Dependent under 
the Biodiversity Conservation 
Act 2016) and Dell’s Skink 
(Priority 4). There will be a 
reduction in fauna habitat 
available at a local scale, 
however, it is unlikely to have a 
significant impact on the extent 
of available habitat at a regional 
scale as the habitats proposed 
to be cleared for these species 
are represented more widely in 
the PAA and surrounding area, 
including the neighbouring State 
Forest. In the case of the Blue-
billed Duck and Rakali, there is 
limited impact to the species 
preferred habitats (riparian 
habitats).Rehabilitation 
undertaken by Worsley Alumina 
will also mitigate this impact as 
it will progressively restores 
fauna habitat.  
 
Refer to Section 5.3.4.1.1 for 
further detailed discussion of 
the potential impacts to these 
species. 
 
Carter’s Freshwater Mussel 
The Revised Proposal will not 
materially change the existing 
values of the Freshwater Lake 
and, therefore, it is expected 
that the water body will continue 
to provide favourable conditions 
to support the Carter’s 
Freshwater Mussel. The 
variability of the water levels, 
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are located within protected 
heath communities with 
affiliation to the Mount 
Saddleback Heath 
Communities PEC and/or 
specific areas of wandoo 
community afforded protection, 
or other protected areas (e.g. 
Aboriginal heritage sites and 
buffers). Considering this, 
individuals will be protected 
through the application of the 
Protected Areas Plan. 
 
Refer to Table 5-15 and Table 
5-16 for further discussion of 
the potential impact to Priority 
flora within the PAA. 
 
In summary, no significant 
residual impacts to 
conservation significant flora 
are anticipated as a result of 
the Revised Proposal and, as 
such, offsets are not proposed. 
Potential impacts to 
conservation significant flora 
(Threatened and Priority 1 and 
Priority 2 flora species) will be 
avoided and minimised 
through implementation of the 
Protected Areas Plan. 

prior to disturbance of 
these areas, to verify the 
mapping and allocate 
protection under the 
Protected Areas Plan to 
areas that meet criteria to 
be considered confirmed 
old growth forest.  
 
The areas of remnant 
vegetation occur within 12 
regional vegetation 
complexes. All of these 
vegetation complexes 
have > 30% of their pre-
European extent 
remaining within the 
Southwest Forest of WA, 
with the exception of two 
(the Michibin and Williams 
complexes, which have 
approximately 26% 
remaining). Clearing for 
the Revised Proposal will 
result in a reduction of 
these complexes by 
approximately 3% and 
1%, respectively. The 
residual impacts to these 
communities is not 
considered significant as 
they will continue to be 
present within the PAA 
and surrounds. Therefore, 
offsets are not required for 
these communities. 
 
Some clearing of the 
potential GDEs will occur 
as a result of the Revised 
Proposal approximately 
311 ha (4% of that 
mapped within the IDF) 
Considering this, residual 
impacts to GDEs are not 
considered significant as 
they will continue to be 
present within the PAA 

combined with the occurrence 
of suitable freshwater fish hosts, 
is likely to have the most 
influence on the local population 
of the species within the 
Freshwater Lake. The 
Freshwater Lake is also not 
considered to provide critical 
habitat for the species at a 
regional scale with the species 
known to occur more broadly in 
the region. Refer to Section 
5.5.4.1.3 for further detailed 
discussion of the species and 
the potential impacts. 
 
In summary, no significant 
residual impacts to the Carter’s 
Freshwater Mussel are 
anticipated as a result of the 
Revised Proposal and, as such, 
offsets are not proposed. 
Potential impacts to the species 
managed through a suite of 
existing and proposed 
mitigation measures, which 
includes maintaining a mining 
separation distance of 50 m, 
from the high-water mark unless 
further studies and monitoring 
of the presence of Carter’s 
Freshwater Mussel show that 
avoidance is no longer required. 
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and, as such, offsets are 
not required. 
 
In summary, no significant 
residual impacts to the 
site-vegetation types 
within the PAA are 
anticipated as a result of 
the Revised Proposal and, 
as such, offsets are not 
proposed. Potential 
impacts to those site-
vegetation types of higher 
conservation value will be 
avoided and minimised 
through implementation of 
the Protected Areas Plan 
and the additional 
commitments identified 
through the refinement of 
the Revised Proposal 
disturbance envelope. 
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5.3.10 Environmental outcomes 

Worsley Alumina has proposed a significant offset package to mitigate the SRI associated with the 

Revised Proposal (see Section 7).  Worsley Alumina considers  that  with  the outcomes as 

described related to avoidance, management and monitoring measures, and offsets, the Revised 

Proposal is able to meet the EPA’s objectives for terrestrial fauna “to protect terrestrial fauna so that 

biological diversity and ecological integrity are maintained”. 

Specifically, Worsley Alumina commits (and anticipates the following commitments to become 

outcome based conditions): 

• Worsley will not clear more than 2,631 ha of the 4,385 ha of Woylie habitat identified within 
the PAA as outlined in the Protected Areas Plan Appendix E4; 

• Worsley will not clear more than 449 ha of the 690.9 ha of Red-Tailed Phascogale habitat 
identified within the PAA as outlined in the Protected Areas Plan; 

• Pre-clearance surveys for potential Black Cockatoo habitat trees will occur prior to clearing; 

• No more than 10% of the inferred breeding hollows will be removed (approximately 65); 

• Confirmed Peregrine Falcon nesting sites will be avoided; 

• Continued development of the 10 Year Mine Plan on an annual basis; and  

• Environmental offsets will be provided to address the SRI associated with the 
implementation of the proposal on conservation significant species. 
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5.4 KEY ENVIRONMENTAL FACTOR – TERRESTRIAL ENVIRONMENTAL QUALITY 

5.4.1 EPA Objective 

The EPA’s environmental objective of the factor ‘Terrestrial Environmental Quality’ is: 

To maintain quality of land and soils so that environmental values are protected. 

For the purpose of EIA, the EPA defines Terrestrial Environmental Quality as the chemical, physical, 

biological and aesthetic characteristics of soils (EPA, 2016c). Soils are the layer of organic and 

inorganic weathered material that accumulates at the Earth’s surface. 

5.4.2 Relevant Policy and Guidance 

5.4.2.1 EPA Policy and Guidance 
 

• Environmental Factor Guideline – Terrestrial Environmental Quality (EPA, 2016c). 

5.4.2.2 Other Policy and Guidance 
 

• Contaminated Sites Regulations 2006 (GoWA, 2006); 

• Australian Standards for fuel storage AS1940-2017 – The Storage and Handling of Flammable 
and Combustible Liquids; 

• National Acid Sulfate Soils Guidance: National Acid sulfate soils sampling and identification 
methods manual (DAWE, 2018b); 

• Identification and investigation of acid sulfate soils and acidic landscapes (GoWA, 2015a); 

• Treatment and management of soils and water in acid sulfate soil landscapes (GoWA, 2015b); 

• WA Environmental Offsets Policy (GoWA, 2011a); and 

• WA Environmental Offsets Guidelines (GoWA, 2014). 

Worsley Alumina have applied the Environmental Factor Guideline for Terrestrial Environmental 

Quality to the activities described within the Revised Proposal. Worsley Alumina have actively taken 

steps to identify areas of conservation significance and apply protection measures to areas, such as 

those identified in Section 4.3.4 and Section 5.4.5 to avoid or minimise impacts to soil quality. The 

protection measures discussed in this section – Terrestrial Environmental Quality – demonstrate 

Worsley Alumina’s commitment to protection to the values of soil and its ecological value. 

The relevant study undertaken to support the Revised Proposal is provided in Appendix H and has 

been prepared to support the environmental impact assessment process and provide confidence in 

the current knowledge within the development envelopes and surrounding area. Discussion of the 

soil study is presented in Section 5.2.3. 

 

5.4.3 Receiving Environment 

The following sections discuss the studies and investigations undertaken and provide a detailed 

description of the existing environmental baseline for Terrestrial Environmental Quality as relevant 

to the Revised Proposal. 

As outlined in Section 1.3, it is important to note there are existing project elements that are fully 

operational, including the Refinery and OBC, that will not undergo any changes as a result of the 

Revised Proposal. These operations are considered inherently in this receiving environment section 
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within this Revised Proposal so as to provide for full context of contemporary operations and site 

context.  

Several investigations provide a detailed understanding of the terrestrial environmental quality within 

the PAA, as summarised in Table 5-53. The most recent of these studies is the Baseline Soil Quality 

Assessment for the PAA, undertaken by GHD in March 2020 and is provided as Appendix H1. The 

study comprised a comprehensive review of previous studies, drill logs and assay data as well as a 

number of soil and geological databases provided by the Government of WA and the Australian Soil 

Resource Information System (ASRIS). The Baseline Soil Quality Assessment provides information 

relating to the soil quality in the PAA, including the chemical, physical, biological and aesthetic 

characteristics, with particular regard to potential for erosion, salinisation (dryland salinity), 

compaction and acidification of soils. 

Table 5-53 Terrestrial Environmental Quality Studies 

Report Purpose Reference 

Worsley Mine Expansion – 
Revised Proposal – Soil 
Characterisation Study 

Desktop baseline soil quality assessment 
to provide additional information and 
assessment of all available data provided 
for the PAA. 

(GHD, 2020d) 

Boddington Bauxite Mine 2018 
Groundwater Program – Bore 
completion report – Marradong 
Drilling 

Description of lithology encountered during 
groundwater drilling programs in 
Marradong.  

(Global 
Groundwater 
2018) 

Fertiliser Application to Jarrah 
Forest Rehabilitation Field Trial II 
– Long term monitoring 

To investigate whether a reduction in the 
rate of phosphorous fertilisation and the 
addition of nitrogen at different rates to 
phosphate fertiliser can optimise the trade-
off between rapid vegetation establishment 
and diversity preservation by better 
balancing early competition for nutrients 
between plant species. 

(Lardner and 
Tibbett, 2015) 

Investigation of the effect of deep 
ripping after topsoil return on soil 
strength, root penetration and 
floristic diversity in pit SE2 

Investigation of the effect of deep ripping 
after topsoil return on soil strength, root 
penetration and floristic diversity. 

(Lardner, 
Worthington, 
Tibbett and 
Braimbridge, 
2012) 

Soil texture, clay application and 
soil moisture at Fawcetts Farm 

The application of finer ameliorant affects 
the soil textural fractions, which increases 
soil moisture availability. 

(Barrett-
Lennard, 2012) 

Fertiliser Application to Jarrah 
Forest Rehabilitation Field Trial I 

Examine the effects of fertiliser type, the 
timing of fertiliser application and soil-
fertiliser mixing on the establishment of a 
rehabilitated Jarrah forest community. 

(Lardner and 
Tibbett, 2011) 

Contaminated Site Assessment 
Strategy. Unpublished report for 
Worsley Alumina Pty Ltd. 

Consolidated knowledge of known 
potentially contaminated areas of the 
existing BBM and proposed assessment 
strategies.  

(Golder, 2010) 
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Report Purpose Reference 

The effect of fertiliser on floristic 
diversity and composition. 

Evaluates the effect of fertiliser on the 
floristic diversity and community 
composition on early-successional jarrah 
forest restored after bauxite mining in the 
BBM. 

(Standish, 
Tibbett and 
Hobbs, 2010) 

Carbon availability and soil 
microbial community development 
in a rehabilitated chronosequence 

Assessment of rehabilitated soil to 
determine carbon availability and soil 
microbial community development. 
 

(Lin, 2008) 

Carbon Accumulation in 
Rehabilitated Jarrah forest soils 
and BBM 

Assessing soil carbon dynamics with 
special reference to rehabilitated forests 
after mining. 
 

(Kelly, 2007) 

Summary of soil salt storages for 
Boddington bauxite mine 

Review of the available soil salt datasets 
collected at the BBM and comparison 
against salt storages expected in 
equivalent rainfall zones. 

(Croton and 
Dalton, 2007) 

Phosphorus application on a 
rehabilitated bauxite mine: The 
optimal rate for two key Jarrah 
forest species. 

Trials to investigate growth responses to 
levels of Phosphorus in Acacia celastrifolia 
and Eucalyptus marginata for rehabilitated 
jarrah forests. 

(Beazley, et al., 
2006) 

Erosion-resistant landform design 
for steep slopes in rehabilitated 
bauxite mines 

Investigating Landform related erosion 
triggers, comparison of topsoils from three 
bauxite mines, rates of gully growth and 
erosion modelling. 

((Mengler, et al., 
2006)) 

Worsley Alumina Pty Ltd Bauxite-
Alumina Project Expansions – 
Environmental Review and 
Management Programme 

ERMP developed for the expansion of the 
Project. 

(Strategen, 
2005) 

Assessment of Topsoil Stability 
on Fawcett’s Rehabilitation Area 
at the Boddington Bauxite Mine 

Investigation into the stability and potential 
erodibility of rehabilitated and unmined 
topsoils in the Fawcett rehabilitation area. 

(Braimbridge 
and Hinz, 2004) 

Assessment of Pasture 
Productivity and Characterisation 
of Soil Profiles on Fawcett’s 
Rehabilitation Area at the 
Boddington Bauxite Mine 

Characterisation of reconstructed soil 
profiles in Fawcett’s rehabilitation area and 
comparison with undisturbed profiles from 
adjacent farmland.  Assessment of pasture 
productivity on both profiles was also 
undertaken. 

(Braimbridge 
and Gilkes, 
2004) 

Worsley Alumina’s Bauxite Mining 
Lease Area 258SA Salinity 
Assessment 

Salinity risk assessment for the Worsley 
Alumina proposal to increase bauxite 
mining in support of expanded alumina 
production. 

(Golder, 2004) 
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5.4.3.1 Geology  

5.4.3.1.1 Regional Geology 

The PAA is located on the Darling Plateau, which was developed on the Achaean crystalline rocks 

of the Yilgarn Craton, bounded by the Darling Fault to the west. The Yilgarn Craton is a stable shield 

area, consisting of linear belts of metamorphosed sedimentary and volcanic rocks that have been 

intruded with granitic rocks (granitoid formation) (GHD, 2020e). 

The regional geology (1:500,000 State interpreted bedrock geology) relative to the proposal area is 

presented on Figure 5-34. Table 5-54 presents the geology units occurring within the PAA (DMIRS-

016 - GoWA, 2020b) and includes descriptions of the relevant surface geological units from the 

original map.  

Table 5-54 Geological Units within the PAA 

Name Description 
WMDE 

(ha) 
BTC 
(ha) 

CBME  
(ha) 

Total PAA 
(ha) 

South West 
Terrane 
Greenstones 
 

A-mb-YSW – South West 
Terrane greenstones; Metamafic 
rock; metabasalt with minor 
bands of metasedimentary rock 

12,220.92 686.12 - 12,220.92 

A-mf-YSW – South West 
Terrane greenstones; 
Metamorphosed felsic volcanic 
and pyroclastic rocks 

5,245.71 2,156.07 - 5,465.22 

A-xmno-mni-YSW – South West 
Terrane greenstones; Granulite 
and migmatite 

2,813.98 - - 2,813.98 

Yilgarn Craton 
Granites 

A-g-Y – Yilgarn Craton granites; 
Granitic rock, undivided; 
metamorphosed 

7,515.66 1,303.54 747.10 8,856.82 

Source: GoWA (2020c) DMIRS-016 1:500 000 State interpreted bedrock geology. 

Note: The PAA totals are not a direct addition of the three Development Envelopes as there is overlap between the WMDE 

and BTC.  
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5.4.3.1.2 Local Geology 

The PAA sits across the South West Terrane greenstones and Yilgarn Craton Granites (GoWA, 

2020c). The majority of the PAA sits across the Archean Saddleback Greenstone Belt, a steeply 

dipping and extensively faulted sequence of greenschist to lower amphibolite metamorphosed 

sedimentary, felsic and mafic volcanic and pyroclastic rocks, which have been extensively faulted 

(Anand, 2005). Northern and southern areas of the WMDE, the northern end of the BTC and the 

entire CBME area lies over granites of the Western Gneiss Terrane of the Yilgarn Craton (Figure 

5-34). 

The Saddleback Greenstone Belt is approximately 5-12 km wide and extends for 43 km, from south 

of Boddington, to Mount Wells. It is intruded by granitic rocks in the extreme southwest of its outcrop 

area but is bounded by faults elsewhere (Golder, 2004). 

Thin, sheet-like dolerite intrusions and dykes are abundant in the granitic rocks and gneiss, being 

most prevalent in the vicinity of the Darling Scarp and comprising approximately 15% of the 

basement. Being more resistant to weathering than the basement they intruded, dolerite dykes 

underlie many of the ridges and the catchment divides within the Darling Range (Strategen, 2005). 

There is an extensive layer of Cainozoic laterite over the majority of the PAA area. The laterite has 

been derived from the weathering of parent rock from both the Saddleback Greenstone Belt and the 

surrounding Western Gneiss Terrane. Bauxitisation of the greenstone rocks has been especially 

pronounced with a relatively high occurrence of ore bodies along the flanks and tops of ridges. In 

the lower lying valleys, the occurrence of bauxite is very limited due to erosion. Major drainage lines 

within the PAA area such as the Hotham River are typically associated with quartenary, cainzoic or 

early tertiary alluvial deposits. These deposits are irregular and may comprise up to 20 m sand, silt, 

clay and gravel with minor laterite (Golder, 2004). 

The lateritic (bauxite) horizon is on average 6 m thick for greenstone-derived bauxite and 2-3 m thick 

for granite-derived bauxite. It is comprised of two distinct layers – the top layer is a cemented 

‘hardcap’ and the bottom layer is a friable ‘B-zone’. A typical lateritic profile that can be found 

throughout the PAA is shown in Figure 5-35. 

5.4.3.1.3 Local Geomorphology and Land Systems 

Within the major geomorphic region of the Darling Plateau, the CBME and northern extent of the 

WMDE and BTC occur within the Western Darling Range Zone and the southern extent of the WMDE 

and BTC within the Eastern Darling Range Zone mapped by DPIRD as Land Systems (GoWA, 

2020f) (Figure 5-36). These geomorphological zones belong to the Avon Province and coincide with 

the DPIRD hydrozones of the same name which are used to track trends in groundwater and related 

dryland salinity risk. This is further discussed in Section 5.5. 
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Figure 5-35 Typical Lateritic Profile 
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5.4.3.2 Landforms and Soils 

5.4.3.2.1 Soil Landscapes 

There are 21 Soil Landscape Units (GoWA, 2020g) mapped within the PAA, as described in GHD 

(2020a) and displayed on Figure 5-37. Soil landscape mapping is useful for identifying the 

relationship between soils and landforms. The following landforms have been identified within the 

PAA: 

• Upland areas; 

• Valleys (some narrow, others broad); and 

• Valley floors (including watercourses and swales). 

Upland areas are typically associated with rocky outcrops and duplex soils comprising sandy gravels 

and loamy gravels over clay (at variable depths). The lower slopes and valley floors are more 

commonly associated with deep sands and loams, which in some areas overlay clay at depth. Non-

saline wet soils occur in watercourses and swales in some valley floors (i.e. the Pindalup 

Subsystem). 

5.4.3.2.2 Soil Groups 

Soil-landscape mapping of WA (as mapped by DPIRD) indicates that the PAA is primarily located 

within the following soil systems: 

• The Marradong Upland System, with soils described as sandy gravel, loamy gravel, grey deep 
sandy duplex and loamy duplex;  

• Quindanning System, with soils described as deep sandy duplex soils, shallow sand, loamy 
duplex and bare rock; and 

• Darling Plateau System, with soils described as duplex sandy gravels, loamy gravels and wet 
soils.  

The DPIRD-076 dataset attributes WA Soil Groups to each Soil Landscape Mapping Unit, as defined 

by Schoknecht and Pathan (2013). The following criteria are used to differentiate Soil Groups: 

presence of carbonates, colour, depth to soil horizons, pH and soil structure. This dataset identifies 

five key soil types within the PAA: 

• Bare rock; 

• Duplex sandy gravel; 

• Loamy gravel; 

• Yellow/brown deep loamy duplex; and 

• Brown deep loamy duplex. 

Figure 5-37 shows the distribution of soil systems (type) across the PAA. Table 5-55 describes the 

WA Soil Group (GoWA, 2020j) associated with each Soil Landscape Mapping Unit (GoWA, 2020g). 

It is important to note that the DPIRD distribution of soil systems and soil landscapes are a broad 

definition based on previous monitoring or records of soil prior to significant disturbance in the area 

(agriculture, mining and urban development). References to soil characteristics in heavily modified 

landscapes such as the BGM operations or Worsley Alumina residue areas would no longer be 

associated with site interpretations that have been made on a regional scale. 
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Soil Landscape Mapping (DPIRD-027)
Symbol ;  Description
253MuCK;  Minor Valleys bounded by Dwellingup or Norrine units;

moderate slopes with gravelly and sandy yellow duplex soils; a minor

valley floor with sandy alluvium; occasional rock outcrops and laterite

spur

253MuCKr;  Minor Valleys bounded by Dwellingup or Norrine units;

moderate slopes with gravelly and sandy yellow duplex soils; a minor

valley floor with sandy alluvium; occasional rock outcrops and laterite

spur

253MuDW;  Divides, lower to upper slopes and hillcrests.  Duplex sandy

gravels and loamy gravels with minor areas of shallow gravels, deep

sandy gravels, yellow deep sands and yellow and pale deep sands,

often gravelly.

253MuDWr;  Granite rock outcrop with stony soils and shallow gravels.

253MuNO;  A complex of lateritic residuals and associated pediment;
gravely sand, sand, duplex yellow soils and duricrust

253QdDW;  Divides, lower to upper slopes and hillcrests.  Duplex sandy

gravels and loamy gravels with minor areas of shallow gravels, deep

sandy gravels, yellow deep sands and yellow and pale deep sands,

often gravelly.

253QdMN;  Hillslopes containing soils formed by the weathering of fresh

rock.  Rock outcrop is common.

253QdMNr;  Hillslopes containing soils formed by the weathering of

fresh rock.  Rock outcrop is common.

253QdMNrx;  Hillslopes containing soils formed by the weathering of

fresh rock.  Rock outcrop is common.

253QdNO;  A complex of lateritic residuals and associated pediment;

gravely sand, sand, duplex yellow soils and duricrust

253QdWL;  Valley floor subtended by the steep slopes of the Michibin

unit; yellow duplex soils and a lower sandy terrace

255DpDW;  Divides, lower to upper slopes and hillcrests.  Duplex sandy

gravels and loamy gravels with minor areas of shallow gravels, deep

sandy gravels, yellow deep sands and yellow and pale deep sands,

often gravelly.

255DpDWr;  Granite rock outcrop with stony soils and shallow gravels.

255DpPN;  Shallow minor valleys (5-20 m) with gentle sideslopes (3-

10%). and broad swampy floors.  Soils are loamy gravels, and deep

sands, and non-saline wet soils on the valley floors.

255DpPNr;  Rocky slopes
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Table 5-55 Soil Landscape Mapping of the Primary Assessment Area 

Soil 
Landscape 

Mapping Unit 
(DPIRD-027) 

Name Description 
WA Soil Group  

(DPIRD-076) 

Approximate Extent (ha) 

WMDE BTC CBME 

253MuCK 
Coolakin Subsystem 
(Marradong) Minor Valleys bounded by Dwellingup or Norrine units; moderate slopes with gravelly and sandy 

yellow duplex soils; a minor valley floor with sandy alluvium; occasional rock outcrops and laterite 
spur 

303 loamy gravel 3,601.4 12.30 - 

253MuCKr 
Coolakin (Marradong), rocky 
Phase 

201 bare rock 41.4 - - 

253MuDW 
Dwellingup Subsystem 
(Marradong) 

Divides, lower to upper slopes and hillcrests. Duplex sandy gravels and loamy gravels with minor 
areas of shallow gravels, deep sandy gravels, yellow deep sands and yellow and pale deep sands, 
often gravelly. 

302 duplex sandy gravel 9,698.6 811.0 - 

253MuDWr 
Dwellingup (Marradong), rock 
outcrop Phase 

Granite rock outcrop with stony soils and shallow gravels. 303 loamy gravel 9.3 - - 

253MuNO 
Norrine Subsystem 
(Marradong) 

A complex of lateritic residuals and associated pediment; gravely sand, sand, duplex yellow soils and 
duricrust 

302 duplex sandy gravel 5.4 - - 

253QdDW 
Dwellingup Subsystem 
(Quindanning) 

Divides, lower to upper slopes and hillcrests. Duplex sandy gravels and loamy gravels with minor 
areas of shallow gravels, deep sandy gravels, yellow deep sands and yellow and pale deep sands, 
often gravelly. 

303 loamy gravel 311.7 42.3\ - 

253QdMN 
Michibin Subsystem 
(Quindanning) 

Hillslopes containing soils formed by the weathering of fresh rock. Rock outcrop is common. 

505 
Brown deep loamy 

duplex 
4,187.9 646.6 - 

253QdMNr 
Michibin (Quindanning), rocky 
Phase 

201 bare rock 292.2 19.3 - 

253QdMNrx 
Michibin (Quindanning), very 
rocky Phase 

201 bare rock 342.2 - - 

253QdNO 
Norrine Subsystem 
(Quindanning) 

A complex of lateritic residuals and associated pediment; gravely sand, sand, duplex yellow soils and 
duricrust 

303 loamy gravel 41.1 - - 

253QdWL 
Williams Subsystem 
(Quindanning) 

Valley floor subtended by the steep slopes of the Michibin unit; yellow duplex soils and a lower sandy 
terrace 

407 
yellow/brown deep 

sandy duplex 
1,532.1 446.9 - 

255DpDW Dwellingup Subsystem 
Divides, lower to upper slopes and hillcrests. Duplex sandy gravels and loamy gravels with minor 
areas of shallow gravels, deep sandy gravels, yellow deep sands and yellow and pale deep sands, 
often gravelly. 

302 duplex sandy gravel 3,788.4 1,050.3 - 

255DpDWi 
Dwellingup ironstone gravel 
divides Phase 

The soil parent material is laterite, soils are gravels with some sands 302 duplex sandy gravel - - 276.2 

255DpDWr 
Dwellingup rock outcrops 
Phase 

Granite rock outcrop with stony soils and shallow gravels. 201 bare rock 161.8 34.0 - 

255DpMHi 
Mornington ironstone hills 
Phase 

The soil parent material is laterite, soils are gravels with some sands 302 duplex sandy gravel - - 26.9 

255DpPN Pindalup Subsystem 
Shallow minor valleys (5-20 m) with gentle side slopes (3-10%) and broad swampy floors. Soils are 
loamy gravels, and deep sands and non-saline wet soils on the valley floors. 

302 duplex sandy gravel 3,698.5 1,072.8 - 

255DpPNr Pindalup rock outcrop Phase Rocky slopes 201 bare rock 84.1 10.3 - 

255DpW_DAM 
Darling Plateau wet, dam 
Phase 

Dam 702 water - - 38.4 

255DpX_ 
Darling Plateau disturbed land 
Subsystem 

Areas where the natural land surface has been greatly altered, i.e. areas of landfill, sand mining 
activity. 

701 disturbed land - - 12.1 
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Soil 
Landscape 

Mapping Unit 
(DPIRD-027) 

Name Description 
WA Soil Group  

(DPIRD-076) 

Approximate Extent (ha) 

WMDE BTC CBME 

255DpYGd 
Yarragil downstream valleys 
Phase 

Shallow, narrow valleys. Relief 20-40 m, slopes 3-10%. Valley floor is narrower than upstream 
phase. Soil parent materials are laterite, granite and gneiss. Soils are loamy gravels, loamy earths 
and deep sandy gravels. 

303 loamy gravel - - 339.7 

255DpYGu 
Yarragil upstream valleys 
Phase 

Relief 5-20 m, slopes 3-10%. Valley floor is broader than downstream phase. Soil parent material is 
mainly laterite. Soils are gravels and sands. 

303 loamy gravel - - 53.2 

Source: Interpreted from GoWA (2020j) DPIRD-076 – WA Soil Groups and GoWA (2020g) DPIRD-027 – Soil Landscape Mapping.
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5.4.3.2.3 Historical Drilling Programs (Soil Profiles) 

Extensive drilling has been undertaken across the PAA over a period of over 35 years to understand 

the bauxite ore bodies, characterise subsurface geological materials and to install groundwater 

production and monitoring bores. In particular, the Marradong drilling programmes (Global 

Groundwater 2018; WEC, 2008) provide detailed descriptions of soil units encountered in areas 

anticipated to host the bauxite resource 

Table 5-56 identifies a selection of drilling locations accessed between 2008 and 2018 within the 

PAA and provides a description of the soil profiles encountered and the corresponding soil landscape 

and soil system mapping. The drilling logs provide localised information on soil physical and chemical 

properties and the soil groups encountered align with the mapped WA Soil Groups for the area. The 

drilling locations used for this assessment and the published soil groups are depicted on Figure 

5-38. 

Six distinct soil horizons and average depth ranges were encountered, as shown in the generalised 

profile (Figure 5-39) and match the expected laterite profile of the bauxite deposit across the PAA 

(Figure 5-35).   
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Table 5-56 Soil Interpretations of Drill Logs within the Primary Assessment Area 

Site No./ 
Code 

Source 
Soil Landscape 
Mapping Unit 
(DPIRD-027) 

WA Soil 
Group 

(DPIRD-076) 
Soil Description 

M 01/18 
Marradong 
BBM 2018 
Drilling 

Williams Subsystem 
(Quindanning) 

407 
Mottled zone comprising sandy clay (to 0.8 metres below ground level (mbgl) and 
clayey gravel (to 9.0 mbgl), transitioning to a saprolite zone comprising sandy clay 
(to 45.6 mbgl), where granite bedrock was encountered. 

M 02/18 
Williams Subsystem 
(Quindanning) 

407 
Unconsolidated gravel (to 3.0 mbgl), over ferricrete hardcap (to 6.2 mbgl), 
transitioning to a mottled zone of sandy clay (to 26 mbgl), saprolite (to 29 mbgl), 
where granite bedrock was encountered. 

M 01/08 

Marradong 
BBM 2008 
Drilling 

Williams Subsystem 
(Quindanning) 

407 
Unconsolidated gravel (to 2.0 mbgl), hardcap (to 2.5 mbgl), B-Zone (to 3.5 mbgl), 
saprolite (to 18.5 mbgl), with additional rock encountered from 5.5-6.5 mbgl. 

M 02/08 
Michibin Subsystem 
(Quindanning) 

505 
Unconsolidated gravel (to 1.0 mbgl), hardcap (to 2.5 mbgl), B-Zone (to 3 mbgl), 
saprolite (to 16 mbgl) where granite bedrock was encountered. 

M 03/08 
Williams Subsystem 
(Quindanning) 

407 
Unconsolidated gravel (to 1.0 mbgl), hardcap (to 2.0 mbgl), B-Zone (to 3 mbgl), 
saprolite (to 20.5 mbgl). 

M 04/08 
Williams Subsystem 
(Quindanning) 

407 
Unconsolidated gravel (to 1.5 mbgl), hardcap (to 3.5 mbgl), B-Zone (to 
5.0 mbgl), saprolite (to 25 mbgl). 

M 06/08 
Dwellingup 
Subsystem 
(Marradong) 

302 
Unconsolidated gravel (to 1.0 mbgl), hardcap (to 5.5 mbgl), rocky clay (to 
11.5 mbgl), saprolite (to 23.5 mbgl) where granite bedrock was encountered. 

M 09/08 
Dwellingup 
Subsystem 
(Marradong) 

302 
Unconsolidated gravel (to 1.0 mbgl), hardcap (to 5 mbgl), rocky clay (to 
12.0 mbgl) and saprolite (to 34.0 mbgl). 

M 10/08 
Michibin Subsystem 
(Quindanning) 

505 

Clayey gravel (to 3.0 mbgl), hardcap / B-Zone (to 5.0 mbgl), saprolite (to 
7.5 mbgl), hardcap / B-Zone (to 11.5 mbgl), clay (to 13 mbgl), hardcap / B- Zone 
(to 16.5 mbgl), rocky clay (to 27.5 mbgl), saprolite (to 32.5 mbgl). 

M 13/08 
Dwellingup 
Subsystem 
(Marradong) 

302 
Unconsolidated gravel (to 2.5 mbgl), hardcap (to 5.5 mbgl), B-Zone (to 
6.5 mbgl), saprolite (to 38.5 mbgl). 
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Site No./ 
Code 

Source 
Soil Landscape 
Mapping Unit 
(DPIRD-027) 

WA Soil 
Group 

(DPIRD-076) 
Soil Description 

M 15/08 
Norrine Subsystem 
(Quindanning) 

303 
Gravel (to 1.0 mbgl), clayey sand (to 4 mbgl), hardcap (to 4.5 mbgl), B-Zone (to 6 
mbgl), saprolite (to 24 mbgl). Additional rock encountered at 9.5-10.5 mbgl, 13.5-
15.5 mbgl. 

M 20/08 
Dwellingup 
Subsystem 
(Marradong) 

302 
Gravel (to 2 mbgl), saprolite (to 18 mbgl), where granite bedrock was encountered. 
Additional rock encountered at 17-18 mbgl. 

M 21/08 

Marradong 
BBM 2008 
Drilling 

Michibin Subsystem 
(Quindanning) 

505 
Gravel (to 2.5 mbgl), hardcap (to 6.5 mbgl), saprolite (to 31 mbgl). Additional rock 
encountered at 1.5-2 mbgl, 3.5-4 mbgl, and 7 mbgl. 

M 22/08 
Dwellingup 
Subsystem 
(Marradong) 

302 

Gravel (to 1.5 mbgl), hardcap (to 3.5 mbgl), B-Zone (to 6 mbgl), saprolite (to 
25.7 mbgl), where granite bedrock was encountered. Additional rock encountered 
at 6 mbgl. 

M 26/08 
Michibin Subsystem 
(Quindanning) 

505 
Gravel (to 2.5 mbgl), hardcap (to 4 mbgl), B-Zone (to 6.5 mbgl), saprolite (to 22 
mbgl), where granite bedrock was encountered. 

M 27/08 
Michibin Subsystem 
(Quindanning) 

505 
Gravel (to 2.5 mbgl), B-Zone (to 9.5 mbgl), saprolite (to 24.5 mbgl). Additional rock 
encountered at 2.5-3 mbgl and 22-22.5 mbgl. 

Source: Interpreted from GoWA (2020j) DPIRD-076 – WA Soil Groups and GoWA (2020g) DPIRD-027 – Soil Landscape Mapping.  
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Figure 5-39 Typical Laterite Profile Encountered During Drilling  
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5.4.3.2.4 Soil Quality and Stability 

Soil health is important for biological and chemical processes and the resilience of flora and fauna 

ecosystems. It is largely controlled by microbial activity and soil carbon compositions (Lin, 2008). A 

research thesis investigating soil carbon dynamics within the project area recorded the compositions 

of control soils in adjacent undisturbed native forest sites (Lin, 2008). These characteristics are likely 

to be comparable with the soil compositions in the vegetated parts of the PAA area (Table 5-57).  

Table 5-57 Soil Properties of Adjacent Undisturbed Native Forest  

Soil Depth pH (1:1) 
Total Organic 
Content (%) 

Total Nitrogen 
(%) 

Carbon/ 
Nitrogen 

0 – 2 cm 5.35 6.83 0.18 38.10 

2 – 10 cm 5.65 3.27 0.07 43.67 

Source: Lin (2008). 

The Centre for Land Rehabilitation at the University of WA investigated the reconstructed and 

undisturbed soil profiles of rehabilitated land areas at the Worsley BBM. The study was used to 

inform suitability of pasture growth of rehabilitated soil profiles and undisturbed soil profiles 

(Braimbridge and Hinz, 2004). 

The investigation compared the stability and potential erodibility of rehabilitated and adjacent 

unmined pasture topsoils in the Fawcett rehabilitation area at the BBM and, in particular, the degree 

of water repellence of the soils (Braimbridge and Hinz, 2004). Three investigation sites that are used 

to demonstrate the unmined soils are shown on Figure 5-38. The topsoil characteristics for each 

unmined pasture site is provided in Table 5-58. A relationship between organic carbon percentage, 

water repellence and percentage run-off has been identified for both unmined and rehabilitated 

pasture sites (Braimbridge and Hinz, 2004). This relationship suggests that organic matter used in 

top dressing rehabilitation can result in reducing water repellence and increase success factors in 

revegetation targets.  

Table 5-58 Topsoil Characteristics of Unmined Pasture Sites 

Site Characteristic 
Investigation 

Site 3 
Investigation 

Site 4 
Investigation 

Site 6 

Slope% 10.5 10.9 10.6 

Depth of A-horizon (cm) 7 cm 7 cm 10 cm 

pH (CaCL2)* 5.3 5.1 5.0 

Electrical Conductivity (EC) (1:5) (µS/cm)* 509 277 279 

Particle Size* 
- % > 2 mm 

 
58 

 
63 

 
52 

- % sand 35 31 39 

- % silt 3 3 4 

- % clay 4 3 5 

Bulk density of < 2 mm fraction (g/cm3)* 1.09 1.09 1.14 

Organic Carbon (%)* 6.9 5.3 5.0 

Molarity of Ethanol Droplet Test for Water 
Repellency* 

4 to 5 
very severe 

3 
severe 

2 
moderate 
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* Values taken from (Braimbridge, Jasper and Gilkes, 2003). 

5.4.3.2.5 Soil Salinity 

Salt is stored within the entire soil and weathered rock profile (i.e. the regolith), as well as in surficial 

sediments, in quantities that vary from 100 to 10,000 tonnes per hectare. These salts are derived 

from cyclic salt in rainfall and are consequently dominated by sodium and chloride which have been 

concentrated by plant uptake in the root zone ((Golder, 2004). The soil salt storages of the BBM 

area are about 50-60% of those quoted in the literature for an equivalent rainfall zone (Low Rainfall 

Zone, <900 mm/annum rainfall) (Croton and Dalton, 2007). A possible hypothesis for the lower than 

expected soil salinity is the presence of bauxite, known to be an indicator of better vertical drainage 

(Croton and Dalton, 2007). 

A soil salt storage summary study (Croton and Dalton, 2007) has been undertaken, primarily within 

the lateritic soil profile (i.e. excluding topsoil). The Croton and Dalton (2007) study focuses on the 

downhole salinity profiles of 307 boreholes drilled across the Saddleback Timber Reserve (STR), 

Marradong Timber Reserve (MTR) and Quindanning Timber Reserve (QTR), which, in context to 

the current PAA, is located within the WMDE. Comparison of the downhole salinity profiles shows 

all three areas share a common downhole Volumetric Total Soluble Salts (VTSS kilogram (kg)/m3) 

profile (Figure 5-40).  

 
Source: Croton and Dalton (2007). 

Figure 5-40 Average Soil Profile Salt Concentrations in the Marradong and Hotham North Areas 

A comparison of the average downhole-VTSS for boreholes in greenstone and granite bedrocks 

show that while the salinity profile shapes are similar, the salinity in granite boreholes is higher than 

the greenstone bores (Figure 5-41). 
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Source: Croton and Dalton (2007). 

Figure 5-41 Average Soil Profile Salt Concentrations by Bedrock Type 

The Croton and Dalton (2007) study found there is no relationship between average VTSS and 

rainfall across the areas. In addition, it found there was no significant relationship between soil salt 

storage and geomorphological parameters. 

5.4.3.2.6 Acid Sulfate Soils  

Acid sulfate soils (ASS) are naturally occurring soils or sediments containing iron sulfides or their 

oxidation products, predominantly in the form of pyrite materials. Other ASS forms can be in 

Monosulfidic Black Oozes, which are typically black gel-like materials, with moisture contents often 

greater than 70%, oily in appearance and are enriched in iron monosulfides.  

These soils are generally formed under waterlogged conditions (for example peat and other organic 

sediments) and are known to occur in coastal or low-lying areas (GoWA, 2015a). 

Potential acid sulfate soils (PASS) are soils or sediments which contain sulfidic minerals which have 

the potential to generate acidity through oxidation (exposure to weathering properties such as 

oxygen). Generally, local soils have natural buffering capacities, some examples may be in the form 

of loams and clays, however if the acid generating potential exceeds the buffering capacity of 

surrounding soils then the soil resistance to pH change under oxidation will be depleted resulting in 

acidification (GoWA, 2015a). 

Soils containing sulfidic minerals that have undergone oxidation or part oxidation can result in 

acidification of soils (< pH 4) and often result in a yellow and/or red mottling (jarosite/iron oxide) of 

the soil profile. These soils can be partly oxidised and may comprise residual un-oxidised sulfide 

minerals which have further potential to create acidic conditions and to compound existing 

acidification of surrounding soils (GHD, 2020e). 

In undisturbed states (i.e. soils remaining inundated by natural water levels with limited exposure to 

oxidation processes) ASS or PASS remain stable and benign. However, if these soils are exposed 

to air and oxidation processes by either a reducing water table or excavation/disturbance of soils, 
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the natural sulfides can react with oxygen and start to generate sulfuric acid creating acidic soil 

conditions.   

A study into the presence or risk of presence of ASS/PASS has been undertaken and included in 

the GHD (2020e) Soil Characterisation Study. The study interprets information from the 

Commonwealth Scientific and Industrial Research Organisation (CSIRO) and DPIRD as well as site-

specific local investigations conducted by DWER in 2003 and 2005.  

The Australian Soil Resource Information System (ASRIS) ‘Atlas of Australian Acid Sulfate Soils’ 

(CSIRO 2020) which takes into account soil type, hydrography and landscape features, has been 

reviewed for comparison of ASS risk within the PAA. The interpretation of this dataset concludes 

that the majority of soils within the PAA identified as having ‘extremely low’ to ‘low’ probability of 

PASS occurrence (GHD, 2020e). Isolated areas of ‘high’ (>70%) PASS probability align with inland 

water bodies (existing evaporation ponds and/or tailings storage facilities from the BGM) and natural 

watercourses and low-lying waterlogged areas.  

The DPIRD risk map for soil acidification (GoWA, 2020h) and subsurface acidity (GoWA, 2020i) for 

the region is typically consistent with the CSIRO ASRIS risk mapping and considers the majority of 

the PAA at low risk. Figure 5-42 presents the ASRIS risk mapping for the presence of ASS/PASS 

in the PAA. As shown, the risk areas are associated with manmade ponds and storage landforms 

(BGM), water courses, natural drainage lines, and low-lying areas with the potential for groundwater 

and surface water inundation. 

A soil investigation completed by DWER during 2003 to 2005 identified PASS material (up to 6.73% 

sulfide-S) in surface peat within a saline seep, which feeds into the Hotham River. The site 

(ASS6140290) is located directly east of the WMDE (north-west of Boddington, as shown on Figure 

5-42). The DWER investigation demonstrates the presence of PASS in areas identified from the 

interpretation of the risk mapping and understandings of baseline soil conditions in the region. 

Therefore, based on the information discussed above, ASS/PASS risk in the PAA is understood to 

be low in the majority of areas within the PAA, with the exception of valley floors, saline seeps, low-

lying drainage channels and open water bodies that may contain ASS/PASS that have developed 

under favourable conditions.  

The Freshwater Lake located within the CBME is a modified freshwater body and is understood to 

be likely to present conditions suitable for sulfate reduction and formation of metal sulfide minerals. 

As mapped in Figure 5-42, there is a High Probability but with Low Confidence of ASS conditions 

being present on the banks of the Freshwater Lake at the Refinery.  
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5.4.3.2.7 Contaminated Sites  

Any suspected contaminated sites at Worsley Alumina’s operations are managed under Worsley 

Alumina’s risk management framework and in accordance with the Contaminated Sites Act 2003 

(CS Act) and the Contaminated Sites Regulations 2006. There are currently no Contaminated Sites 

registered under the CS Act on Worsley Alumina’s mining tenements.  

There are discrete areas of localised suspected contamination that have been identified and 
characterised at the BBM and Refinery. Worsley Alumina has conducted several contamination 
investigations over its long operational life and has submitted multiple Form 1 Reports for the 
operation under the CS Act for “Known or Suspected Contaminated Sites”. Golder Associates (2010) 
have developed a Contaminated Sites Assessment Strategy for the mine and Refinery to ensure 
potentially contaminated areas identified are appropriately managed. At the BBM, these areas 
include maintenance areas, fuel storage and handling areas, landfarm/soil storage areas, explosives 
magazine, the bullring (heavy mobile equipment park-up area) and to a lesser extent the crusher 
(which is situated on concrete base). At the Refinery, these areas include the Process Areas, the 
Refinery Catchment Lake, Solar Evaporation Ponds, BRDA’s, Pipehead Dams and historical 
landfills. 

Potential contaminants of concern have been identified, in Golder Associates (2010), for the BBM 

as: 

• Hydrocarbons such as diesel, oils and greases; 

• Solvents and other chemicals such as chlorine, coolant, sulfuric acid, battery acid, combustion 
catalyst, caustic and alum floc; and 

• Ammonium nitrate, explosion emulsion and gasser solution.  

Potential contaminants of concern at the Refinery are more aligned with the processing facilities and 

the chemicals and fuels used in Bauxite processing. Further details are presented in the Worsley 

Refinery Closure Plan provided as Appendix E4.  

Worsley Alumina have an established strategy to manage and remediate (where necessary) these 
localised zones of contamination, in consultation and agreement with the Contaminated Sites branch 
at DWER. A conceptual contaminated site model has been developed (Golder, 2010) for the 
operation. The model identifies the contamination source, the potential migration and exposure 
pathways and the receptors which may be impacted. The site model is used as a tool for 
understanding the potential impacts in the context of site conditions and will continue to be developed 
to include the complexity of factors such as geology, hydrogeology, contaminant fate and transport 
mechanisms.   

These known localised sites have been reported under the CS Act via Form 1 to DWER. However, 

DWER is yet to classify any of Worsley Alumina’s tenure package under the CS Act classification 

guide. Further information regarding the current Contaminated Sites identified at Worsley Alumina’s 

operations are presented in the BBM Closure Plan provided as Appendix E5 to this Revised 

Proposal.  

5.4.4 Potential Environmental Impacts 

Proposal activities that have the potential to impact terrestrial environmental quality include clearing 

of vegetation and disturbance to soils for mining activities and construction of the Hotham River 

crossings. 

The potential impacts that may occur to terrestrial environmental quality as a consequence of 

developing the Revised Proposal are: 
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• Erosion leading to loss of topsoil, poor soil structure, reduced water infiltration and loss of general 
soil health from clearing and excavation activities; 

• Salinisation of soils (dryland salinity) leading to vegetation death and decreased quality of water 
resources; 

• Contamination of land and soils from fuel and chemical storage leaks, waste products being 
released into the receiving environment; and  

• Disturbance of acid sulfate soils, as a result of disturbance for river crossings, leading to 
contamination of land and soils. 

5.4.4.1 Erosion and Loss of General Soil Health 

5.4.4.1.1 Wind Erosion 

Generally, soils with finer particles (clays less than 10%-20%) and silts are susceptible to wind 

erosion when vegetation is either cleared or rehabilitation areas are in the early stages of growth. 

Wind erosion is determined by the mass of soil particles and is influenced by factors such as 

topography, wind velocity and rainfall. Generally, slopes facing prevailing winds are usually more 

vulnerable to erosion. Prevailing winds recorded for Wandering (the closest dataset available for the 

WMDE area) are from the southeast, during the drier months. 

Sandy gravels (considered to be topsoil and laterite soil) in the upper soil profile, overlying caprock 

(from 1 mbgl - 6.5 mbgl) within the PAA are anticipated to consist of coarse sand and gravel 

components, which will minimise the susceptibility of these materials to wind erosion when handled 

and stockpiled. Surface gravel may reduce wind velocity, trap moving particles, and therefore lower 

the erosion potential. However finer grained soils (such as organic topsoils, sands and silts), if 

encountered or exposed may be susceptible to wind erosion and present a greater risk particularly 

when disturbed, handled or stockpiled. Rocky outcrops located in the WMDE and BTC are not 

considered to present a wind erosion risk. 

5.4.4.1.2 Water Erosion 

The natural land surface within the PAA area will be disturbed by construction and operation of 

access roads and progressive mining activities. This may result in erosion of soil materials and 

subsequent transfer of sediment downstream. The erosion of soil by water can reduce the productive 

potential of the soil and hinder rehabilitation efforts and processes. Erosion by water has the potential 

to remove nutrients, organic matter and water storage capacity, as well as transporting sediments 

(entrainment) typically through run-off or through flow from catchments. The climate of the PAA is 

characterised by periods of high rainfall during the winter months (refer to Section 5.5.3.1.2), which 

may influence the potential for erosion through increased run-off and surface flow. High silt loads will 

be prevented from entering localised waterways through design and avoidance measures 

incorporated during construction and will be managed during operations (further discussed in 

Section 5.4.5.1.2).  

The surficial soils located within the PAA profile comprises sandy gravels and loamy gravels. 

Generally, soils which are granular are able to resist entrainment by overland flow as the particles 

are too large. However, these would be susceptible to erosion within channelled flow paths or 

drainage due to a low coherence of particles and high energy environment during peak flow events. 

Soils of the Pindalup Subsystem (255DpPN), occurring in shallow minor valleys, were identified as 

being most susceptible to water erosion (GoWA, 2020e). These alluvial and colluvial sediments 

typically have a greater proportion of silt and fine sand, which can be readily mobilised by surface 

and sub-surface flows. The soils of the Pindalup Subsystem (255DpPN) are represented on Figure 

5-37 and are located within the northern portion of the WMDE and BTC. 
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Deep sands with little to no clay particles (i.e. the yellow duplex soils along the Hotham River) present 

the lowest risk within the PAA. Additionally, soils located within uncleared portions of the Revised 

Proposal area present a lesser risk of water erosion as the soil particles are held together by root 

systems (trees and pasture) and organic matter. 

Mining of the bauxite zone will expose clay rich soils (mottled and saprolite zones) to weathering 

processes. Current bauxite mining practices aim not to disturb the clay layers below the mineralised 

zones as the clay materials are undesired in downstream processing activities. It is expected that 

any clay rich soils exposed will be highly dispersive and would need to be appropriately managed 

during mining operations to minimise erosion. However, the placement of such materials at the 

surface of constructed landforms is unlikely. 

Rehabilitated landform specifications can reduce the risk of erosion and downstream sedimentation 

if appropriately managed in accordance with material and surface water characterisation. The 

operations at the BBM have developed rehabilitated slope angle specifications to adequately deal 

with the landform characteristics in the Boddington area. See Section 5.4.5 for further details.  

5.4.4.1.3 Loss of Soil Health 

The Braimbridge and Hinz (2004) study of topsoil stability on Fawcett’s rehabilitation area (Figure 

5-38) showed rehabilitated pasture sites had less organic carbon but were more stable, with lower 

rate of run-off and soil loss compared to unmined pasture sites. It is probable that the difference 

between the two is likely to decrease with time as the water repellency of the rehabilitated topsoils 

increases to similar levels as the unmined pasture areas (Braimbridge and Hinz, 2004). The rate at 

which this increases will depend upon the rate of organic carbon accumulation in the topsoil 

(Braimbridge and Hinz, 2004). Rehabilitated soils within the PAA are anticipated to follow a similar 

trajectory. 

Soil compaction may occur due to trafficking of heavy machinery during mining operations within the 

PAA. A review of the subsurface compaction risk (GoWA, 2020d) shows that the majority of soils 

within the PAA are at ‘high’ risk (50-70%) of structural decline through subsurface compaction. In 

the CBME, the risk of subsurface compaction is >70%. The higher risk soils are associated with 

upland areas, where the soil profile comprises laterite duricrust over deeply weathered saprolite 

(granitic bedrock), that is clay-rich. It is therefore expected that the saprolite horizon would be 

susceptible to compaction, upon removal of the overburden and bauxite ore. Soil compaction of 

bauxite mine pit floors will be alleviated by deep ripping prior to large rock, overburden and topsoil 

return as per standard mining operations. 

Soils occurring in low-lying areas immediately adjacent to watercourses intersecting the PAA (i.e. 

Hotham River, Williams River and Thirty-Four Mile Brook), have the lowest risk (30%-50%) of 

subsurface compaction. These sedimentary soils, deposited through colluvial and alluvial processes, 

comprise a mix of clay, silt and sand. Nevertheless, the risk of compaction is expected to vary 

depending on the proportion of clay particles present. 

Minor infrastructure works and regional exploration disturbance is generally restricted to surface 

disturbance and therefore the risks to subsurface compaction is limited.   

5.4.4.2 Soil Salinity 

The salinity (or availability of salts) within the soils can inhibit the ability of soil (particularly topsoil) 

to be a suitable growth medium. The risk of increased salinisation associated with the soils disturbed 

within the PAA is low based on published mapping and the recorded geological profile (GHD, 2020e). 
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A review of mining operations by Croton and Dalton (2007) indicate that soils proposed to be 

disturbed within the WMDE (as per the IDF) will predominantly be lateritic soils above the 

groundwater table (GHD, 2020e). Soils within the mapped unit are described as having a low risk of 

either presenting current saline conditions or potential saline conditions in the future. This is 

considered to be attributed to vertical drainage of water (predominantly rainfall) due to the presence 

of unconsolidated gravels and fractured rock, which would facilitate the leaching and mobilisation of 

available salts deeper into the soil profile (GHD, 2020e). Compaction of the pit floors, placement of 

large rocks and returned overburden could potentially decrease the vertical drainage rate of water 

and slow the leaching and mobilisation of salts deeper into the soil profile. 

Secondary salinisation of watercourses and soils may occur in the event of a rising water table and 

is discussed in Section 5.5. 

5.4.4.3 Contamination of Soils from Spills and Leaks 

Hydrocarbons and chemicals will be used on site during the continued operations as per Worsley 

Alumina’s current operations for mining, exploration, bauxite transport infrastructure and Refinery 

processes. Diesel will be used as fuel for the mining fleet and will be refuelled from multiple fuel 

facilities within the PAA. Failure of material containment or equipment malfunction may potentially 

discharge these environmentally hazardous materials into the wider environment, including directly 

onto the soil.  

As the Revised Proposal activities are a continuation of existing activities at the BBM, mining 

operations will not result in a significant change in hydrocarbon inventory and the mining fleet and 

machinery requirements will remain comparable to current operations. The current risk of 

contamination during operating activities is not expected to increase as a result of the Revised 

Proposal.  

Soil residue from maintenance workshop activities (such as heavy vehicle washing and workshop 

floor cleaning) is collected in a storage bund before being transferred to the existing “Landfarm”. 

Hydrocarbon contaminated soil collected on site from spills or machine failure is also transferred to 

the Landfarm. Contaminated soil is stored in this purpose-built facility, when this area is full, a 

licenced waste contractor removes the contaminated material to an offsite waste management 

facility for treatment and disposal.  

Contamination through accidental mishandling or inadequate storage of materials will be avoided as 

far as practicable, and with the employment of necessary management measures this risk is 

considered extremely low. Existing known contamination sites within the PAA will be monitored and 

managed in accordance with the Assessment Strategy, developed by Golder Associates (2010), to 

ensure downstream impacts of the areas are understood, remediated and controlled to the extent 

practicable.  

Worsley Alumina’s Part V EP Act Licence is an instrument used to ensure any licensed activities 

under Part V of the EP Act are constructed and managed to prevent the uncontrolled release of 

wastes, emissions and discharges to the environment. Worsley Alumina’s Part V licence prescribes 

the sampling and monitoring requirements for these activities and will be updated for the Revised 

Proposal.  

5.4.4.4 Disturbance of Acid Sulfate Soils 

ASS are naturally occurring soils containing iron sulfides, which are harmless when left in an 

undisturbed state. When exposed to air through excavation or dewatering, the contained iron sulfides 
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can oxidise to produce sulfuric acid and iron compounds. The acid can leach metals contained in 

the soils to the surrounding land and waters (GoWA, 2015a). According to ASRIS mapping there is 

‘extremely low’ or ‘low’ probability of ASS occurring within the areas appropriate for mining (CSIRO 

2020). 

All mining activities occur in shallow deposits generally higher in the soil profile and take place above 

the water table, with no dewatering or excavation of wet soils required. Bauxite mineralisation is 

known to occur in areas of high vertical drainage inherently resulting in dry mining in landscapes not 

subject to ASS environments. The risk of exposure of ASS during mining activities in the WMDE is 

considered negligible as a result of the soil profile of bauxite deposits, which are not typical of valley 

floors or low-lying waterlogged areas.  

Disturbance to the bed and banks of the Freshwater Lake in the CBME may pose a risk for oxidation 

and the formation of acidic environments if excavations were extensively intrusive (GHD, 2020e). 

However, no disturbance or modification to the banks of the Freshwater Lake is proposed as 

contingency mining, and any excavations, would be above the modified water levels. 

There is a ‘high’ probability of ASS occurring on the banks of the Hotham River and to a lesser extent 

its tributaries (GHD, 2020e). The Revised Proposal includes developing transport infrastructure 

crossings over the Hotham River, Marradong Brook and Thirty-Four Mile Brook to connect different 

mining areas to Worsley Alumina’s existing and proposed processing infrastructure. These 

infrastructure crossings are proposed to span the length of the high water marks to avoid mid river 

piling and minimise the disturbance to the riverbeds (potentially of higher risk of ASS occurrence) 

and riverbanks (potentially a lessor risk of ASS occurrence within shallower soil profiles) (GHD, 

2020e). If ASS is present within these construction areas and it is not appropriately managed, 

contamination of soils and waters could potentially occur downstream as water within the Hotham 

River and its tributaries becomes acidified. 

5.4.4.5 Spread of Forest Diseases 

The uncontrolled movement of overburden and topsoil from one site to another has the potential to 

spread Phytophthora dieback and the Australian honey fungus (Armillaria) and to introduce weeds 

into forest or rehabilitation zones. It may also lead to unwanted germination of native plants in 

rehabilitated agricultural zones. The spread of forest diseases from the regional exploration program 

have an elevated risk due to the regional scale, exploration processes and extent of infections within 

the proposed working areas. Forest disease and mitigation is further discussed in Section 5.2.3.5.  

5.4.5 Mitigation 

Potential impacts to terrestrial environmental quality associated with mining activities in the PAA are 

proposed to be managed by Worsley Alumina’s current environmental management practices. 

The BFMP (Worsley 2021c) (Appendix E1) and more specifically the Topsoil and Overburden 

procedure outlines the prescription for topsoil and overburden management including compliance 

reporting and reviewing requirements. The management rules and guiding principles minimise the 

risk of dilution or loss of biological values of identified terrestrial environments.  

Worsley Alumina has a successful track record of achieving rehabilitation outcomes at the BBM. A 

total of 212.8 ha of land was rehabilitated at the mine during 2019 with 51.2% of Crown Land 

rehabilitation receiving direct return topsoil (above the 35% target). Sections of bauxite pits totalling 

246 ha have been rehabilitated in 2020 and 300 ha of rehabilitation is planned in 2021. Further 
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discussion of Worsley Alumina’s rehabilitation including success and outcomes are presented in 

Section 5.2.5.  

5.4.5.1 Erosion and Loss of General Soil Health 

5.4.5.1.1 Topsoil and Overburden Handling 

Worsley Alumina employs a Topsoil and Overburden Handling procedure (Worsley, 2013d) to 

manage and mitigate impacts to soil quality during removal, storage and return of soils during mining 

activities.  

The topsoil management rules, and guiding principles include: 

• Topsoil must be removed and handled separately from gravel to prevent dilution or loss of 
biological values. Optimum topsoil depth is 100 mm to 150 mm; 

• Worsley Alumina, in consultation with DBCA, sets direct return topsoil targets; 

• Topsoil handling is to be minimised during wet conditions so as not to degrade the physical 
structure of the topsoil; 

• Maximise the replacement of immediate return topsoil, using scrapers as a preference over 
bulldozers; 

• Topsoil should be stockpiled for the shortest time possible and should be a maximum of 2 m high 
where practical; 

• Optimum timing for direct replacement of topsoil is between November and April; 

• Topsoil from pits in the Timber Reserve boundaries should only be used for rehabilitation in pits 
in the Timber Reserves due to the weed load in the topsoil. No topsoil outsourced from outside 
the Timber Reserves is used for rehabilitation in Timber Reserves; and 

• Traffic is to be restricted over topsoil stockpiles to prevent deterioration of biological values. 

The overburden management rules, and guiding principles include: 

• Pit floors must be deep-ripped prior to backfilling to alleviate compaction; 

• Overburden must only be replaced onto fully prepared (shaped and deep-ripped) areas; 

• Overburden should not be placed on wet, soft rehabilitation areas; 

• When backfilling a pit, large rocks (>1m in diameter) are buried at least 1 m from the surface; 

• Gravel should not be placed on wet areas that have been shaped; and 

• Overburden transport routes should be planned to avoid floor or replaced soil compaction. 

The principles of the mitigation hierarchy are employed in the management plans and actions 

through taking a proactive approach to avoid impacts to terrestrial environmental quality in the 

planning stage, and to minimise and mitigate impacts through control measures during operational 

stages. 

5.4.5.1.2 Erosion and Drainage Management 

Drainage at the BBM is managed to control storm water run-off to prevent environmental effects 

including erosion, sedimentation of streams, release of excessively turbid water and spread of forest 

disease.  

During operations, drainage in the PAA is managed and will continue to be managed in accordance 

with the Bauxite Mine Site Drainage Standard (Worsley 2021b) and Trunk Haul Road Design and 

Construction Specifications (Worsley, 2019b). The Bauxite Mine Site Drainage Standard (Worsley 

2021b) defines the minimum performance requirements for design and inspection of design 

structures at the mine, including: 
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• Drainage lines must be secure and control the flow of water to natural or purpose-built sumps. 
Sumps must be designed and managed to maximise infiltration, contain water-borne silt and 
prevent uncontrolled overflow; 

• Perimeter drains must be established for all clearing areas to ensure all run-off is contained within 
operational areas; 

• Sumps must be designed for different Intensity Frequency Duration events based on the level of 
risk associated with a breach; 

• Side drains for haul roads shall be constructed to collect water from haul roads; 

• Culverts used to guide water to a well-constructed sump of adequate capacity must meet minimal 
design requirements; 

• Forest track drainage must be in place and maintained to minimise water pooling and erosion in 
forest areas; 

• Drainage from pit haul roads must be contained within operational pits; 

• Drainage in forest disease areas must be designed to minimise the risk of spreading forest 
diseases; and 

• Sumps must be audited, inspected and maintained to ensure ongoing integrity. 

Rehabilitation specifications are designed to protect newly rehabilitated land and align with 

surrounding landscape function. The Rehabilitation Earthworks Procedure (Worsley 2018) outlines 

maximum slope angles, drainage requirements, and other rehabilitation requirements as outlined in 

Section 5.4.5.5.  

Erosion and drainage management at the Refinery and BRDAs are managed in accordance with 

existing licence and approval conditions. Risks associated with storage of residue, leachate and 

surface run-off at the Refinery and BRDAs are managed through the operation of a closed water 

circuit with all production water directed to a central storage area (Refinery Catchment Lake). Fresh 

water including rainwater and uncontaminated run-off is directed to a separate water storage area 

(the Freshwater Lake). The BRDAs are designed with low permeability clay liners with underdrainage 

systems to protect underlying groundwater from seepage from the residue areas via a network of 

underflow collection pipes. The underdrainage systems provide a defence against seepage to the 

groundwater by substantially lowering the hydraulic head at the base of the BRDAs. 

Bridge and culvert design specifications for the establishment of river and tributary crossings will be 

in accordance with Australian Standards and will take into consideration hydraulic characterisation 

of the river systems to outline maximum predicted flood heights and flow velocities.  

5.4.5.2 Disturbance of Acid Sulfate Soils 

Based on the likelihood of encountering ASS during the construction of river crossings, Worsley 

Alumina will develop an Acid Sulfate Soils Management Plan (ASSMP) to form part of the 

Construction Environmental Management Plan, specifically focusing on the construction of the river 

crossings. As the precise layout and design of these proposed river crossings are refined, detailed 

engineering studies will be undertaken to ensure appropriate designs are considered to minimise 

environmental impacts to these river systems.  

The risks will be further quantified through a geotechnical and ASS investigation of the selected river 

crossing locations prior to construction commencing. The investigations will identify any soils which 

are geotechnically unsuitable for the required infrastructure load, and the extent and severity of any 

ASS likely to be intercepted by earthworks. Tailored mitigation measures will be implemented based 

on the outcomes of the investigation to prevent impacts to terrestrial environmental quality from ASS. 
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The ASSMP will be developed in accordance with National and State guidance for identification, 

investigation, treatment and management of ASS as listed below: 

• National Acid Sulfate Soils Guidance: National acid sulfate soils sampling and identification 
methods manual (DAWE, 2018b); 

• State DWER guidelines for: 

• Identification and investigation of acid sulfate soils and acidic landscapes (GoWA, 2015a); 
and 

• Treatment and management of soils and water in acid sulfate soil landscapes (GoWA, 
2015b). 

The management framework of the ASSMP is provided in Table 5-59 below. The final ASSMP will 

be provided to the relevant regulators for approval prior to the commencement of the Revised 

Proposal.  
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Table 5-59: ASS Management Plan Framework  

Management 
Framework 

Description 

Objective The objective of the ASSMP is to prevent any acid generation from in situ 

materials due to ground disturbing activities and to manage any disturbance to 

minimise the environmental impacts. The main mechanisms in the ASSMP to 

achieve this objective include: 

• Provide an operational methodology, including contingency planning, for the 

sampling, interpretation, reporting and mitigation measures to determine: 

• Presence or absence of ASS in the construction areas for infrastructure 

crossings over the Hotham River and other high-risk drainage lines; 

• Lateral and vertical extent of any ASS identified; 

• Maximum expected net acidity; and 

• ASS management/remediation options, including operational monitoring. 

Identification of 
ASS 

Visual trigger indicators for ASS and/or Monosulfidic Black Ooze include: 

• Presence of Iron monosulfides (black sediments), jarosite (yellow mineral) 

or black gel-like ooze;  

• Changes in water characteristics; 

• High moisture content (0-90%); 

• Strong “rotten-egg” odour; and 

• Presence of acid tolerant algae. 

 

Representative surface and subsurface field sampling of soil horizons and soil 

properties in accordance with the National Acid Sulfate Soils Guidance 

(DAWE, 2018c) of areas where soil disturbance occurs in areas for river 

crossing infrastructure. Sampling will also be in accordance with Identification 

and investigation of acid sulfate soils and acidic landscapes (GoWA, 2015a).  

 

Field sampling indicators as described in (DAWE, 2018b) may include: 

• Soil pHF > 4 and commonly neutral; 

• Soil pHF <4 (when soil pHF >4 but <5 this may indicate some existing acidity 

and other indicators should be tested); or 

• Soil pHFOX <3, with large unit change from pHF to pHFOX, together with 

volcanic reaction to peroxide.  

 

Laboratory analysis may include assessment for net acidity using the 

chromium reducible sulfur screen or the ‘suspension peroxide oxidation 

combined acidity sulfur’ methods. The chromium suite is effective for assessing 

soils with low percentages of sulfide and for soils containing organic material 

 

All sample testing will be conducted by a National Association of Testing 

Authorities approved laboratory other than field pH/pHFOX 

 

Minimum sample requirements are described in (DAWE, 2018b). Sampling 

frequencies for small scale soil disturbance projects. 
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Management 
Framework 

Description 

 

Avoid 
disturbance of 
ASS 

Assess construction methodologies to determine appropriate design 
mechanisms to satisfy engineering, community and environmental 
considerations. Considerations will include the potential for ASS to be 
disturbed and exposed during the construction of the river crossing 
infrastructure, where avoided where practicable.  

Mitigation 
strategies 

Based on the outcomes of the sampling and analysis program and the 
construction techniques, a number of mitigation strategies may be considered 
appropriate, including: 
 
Removal of Excavated PASS Material:  

• If ASS material is identified and excavated as part of construction activities, 

first option for management will be removal for appropriate management 

and treatment, as this will remove any potential acidification and associated 

impacts to the receptors of the Hotham River.  

 
Strategic Burial: 
If field and laboratory results indicate that there is no existing acidity in the soil 

of the identified ASS then Strategic burial may be considered. Provision of a 

void that will accommodate the proposed volume of excavated ASS material 

must be completed prior to excavation works. Preferable location of the void is: 

• In an area with low permeability; and 

• Under the existing water table (note, the principal behind this procedure is to 

maintain potential ASS in anoxic, preferably anaerobic conditions, to ensure 

oxidation does not occur).  

 
Neutralisation of ASS Material: 

• If neutralisation is determined appropriate then ASS material must be 

directly transferred to the location for the treatment of ASS to ensure no acid 

generation occurs; and 

• Treatment methodologies are outlined in (DAWE, 2018b) and (GoWA, 

2015b), any liming requirements should be based on laboratory analysis 

and acid accounting calculations.  

Contingency 
Planning 

Contingency planning, in the event that mitigation strategies are ineffective or 
failure of management procedures. Contingencies may include: 

• Bunding around excavations and spoil stockpiles to prevent surface runoff;  

• Treatment of surface runoff during construction including the monitoring of 

surface water runoff if required; and 

• In situ water sampling in downstream environments of pH and acidity.  
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Management 
Framework 

Description 

Monitoring and 
Reporting  

Monitoring of downstream surface water during construction to measure pH 
and acidity changes during and following construction.  

Mining activities at the BBM and in the CBME are not expected to disturb areas likely to present ASS 

risk. Mining is to occur above the water table and buffers will be managed around major water 

courses in the BBM and the Freshwater Lake at the Refinery in accordance with the Protected Areas 

Plan.  

5.4.5.3 Hydrocarbon and Chemical Management 

Worsley Alumina employs an existing robust management framework with regards to hydrocarbon 

and chemical management, which consists of a number of Procedures, Standard Work Instructions, 

Specifications and Standards for the BBM, regional exploration, OBC and the Refinery. The 

appropriate handling and storage of hydrocarbons and chemicals minimise the risk of spills and 

accidents that have the potential to cause environmental harm. Existing infrastructure and 

procedures are utilised on site to identify, control and clean up any spills as a result of Worsley 

Alumina’s operations. Worsley’s Spill Management system consist of a number of spill management 

procedures that outline the process for:  

• Spill occurrence and communication; 

• Safety of personnel; 

• Containment of the spill; 

• Emergency response guidelines; 

• Clean-up; 

• Disposal of spilt material; 

• Disposal of clean-up material; 

• Reporting; and 

• Investigations and remediation.  

Any additional hydrocarbon, fuel or chemical containment and storage facilities constructed under 

this Revised Proposal will be constructed and managed in accordance with relevant legislation and 

standards, including: 

• Dangerous Goods Safety Act 2004 and associated regulations; 

• Part V Licences at the Refinery; 

• Australian Standard for Fuel Storage AS1940-2017 – The Storage and Handling of Flammable 
and Combustible Liquids; and 

• Environmental Protection (Unauthorised Discharges) Regulations 2004. 

With the current management practices for hydrocarbon and chemical containment, spill response 

and remediation, it is predicted that the risk of contamination to soils and landforms from the Revised 

Proposal is low. The current practices have demonstrated that continuation of operations can be 

managed without posing a significant risk of contamination from hydrocarbons and chemicals. Any 

suspected contamination areas will be investigated and remediated in accordance with the CS Act 

and existing contaminated sites investigation and remediation strategies developed for Worsley 

Alumina’s operations. Refinery operations are not expected to differ from existing practices which 

are managed in accordance with existing procedures and controls to minimise the risk of chemical 

and hydrocarbon contamination. 
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5.4.5.4 Spread of Forest Diseases 

Worsley Alumina employ strict topsoil and overburden movement procedures including the ‘Topsoil 

and Overburden Handling procedure’ (Worsley, 2013d) and have rigorous controls for forest hygiene 

which are outlined in the ‘Forest Hygiene Management Procedure’ (Worsley, 2014). These practices 

are outlined in Worsley’s Biodiversity and Forest Management Plan (Worsley 2021c) and detailed in 

the Working Arrangements Between Worsley Alumina and DBCA. These practices are employed in 

all Worsley Alumina’s operations including regional exploration programs.  

Forest disease distribution, control and management are further discussed in Section 5.2.5. 

5.4.5.5 Closure and Rehabilitation Practices 

Worsley Alumina’s closure planning and rehabilitation practices have been refined over the long 

historical operation of the BBM. The Worsley Rehabilitation Standard (STA-021) (Worsley 2013f) 

outlines the key principles of site rehabilitation. The South32 Closure Standard ensures that 

processes, accountabilities and deliverables for Worsley Alumina closure planning and closure 

activities are clearly defined, documented and executed in accordance with planning processes. The 

BBM Closure Plan has been developed to be fit-for-purpose, consistent with regulatory requirements 

and fully integrated into the planning cycle. The BBM Closure Plan is provided as Appendix E5 to 

this document and references a number of existing closure planning procedures that outline further 

details regarding closure planning processes. Further details regarding closure and rehabilitation 

practices are discussed in Section 4.5. 

The more specific Rehabilitation Earthworks Procedure (Worsley 2018) outlines a number of key 

planning and operational requirements to allow the protection of newly established rehabilitation and 

to ensure the rehabilitation of areas is consistent with surrounding natural ecosystem and landscape 

function. Specifications outlined in the Rehabilitation Earthworks Procedure (Worsley 2018) include: 

• Maximum in-pit slopes are 1 in 3 (33%); 

• Slopes for private properties being rehabilitated to a pasture land use must not exceed the safe 
operating surfaces for Scrapers (20%); 

• Surface water flows should be to the natural drainage zones in the landform, drainage is to a low 
point in the pit and water flow from the low point to the natural landform must be free but 
controlled; 

• Sub-surface water flows should ensure that the soil profile does not become waterlogged; and 

• Freshly completed rehabilitation must be protected from in-rush of water from haul roads and 
mining pits. 

The BFMP (Worsley 2021c) (Appendix E1) also describes the post-mining rehabilitation prescription 

for forested areas within the WMDE to prevent undesired rehabilitation outcomes and discusses 

actions relevant to soils including: 

• The mine pit floors, and haulage routes are deep ripped (dozer tyne rock breaking) to the 
maximum available depth (approximately 1.2m). Ripping line spacing must be no more than 3 m. 
Ripping aims to relieve induced compaction;  

• The pits are then landscaped and contoured to blend in with surrounding forest topography and 
to control surface water flows; and  

• If required, sumps designed to withstand run-off from a 10-day, 15-year average recurrence 
interval (ARI) storm event are constructed; as are contour banks which are designed to comply 
with criteria for erosion control and controlled discharge. 
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The Worsley Alumina Closure Plans (BBM and Refinery) (Appendix E5 and Appendix E4) state 

the completion criteria relevant to soils and outline the applicable monitoring and maintenance 

regimes to demonstrate the success of rehabilitated landforms. Worsley Alumina’s soil handling and 

rehabilitation practices will continue to be refined through ongoing monitoring of past rehabilitated 

areas and via a variety of closure related trials and investigations to improve the success of 

rehabilitation outcomes for the mine.    

A summary of key management measures to address potential impacts on terrestrial environmental 

quality is shown in Table 5-60. 
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Table 5-60 Proposed Management Measures for Terrestrial Environmental Quality 

Potential Impact  Management Measures 

Erosion and loss 
of general soil 
health 

Avoid 

• Excavation and removal of clay rich soils from bauxite mine pits will be avoided, the placement of such materials (if excavated) 
at the surface of constructed landforms is unlikely to occur; and 

• Assessment of the river crossing locations will take into account bank stability and hydraulic studies to ensure bridge designs 
avoid excessive erosion and scouring.  

Minimise  

• Avoidance and minimisation of clearing of native vegetation within the design phase to reduce the footprint of mine pits, mine 
haul roads, bauxite corridor road haulage and conveyor routes, and construction infrastructure support areas, wherever 
practicable; 

• Access roads and infrastructure will be preferentially located over ore in existing cleared areas or areas of future mining where 
possible to minimise unnecessary vegetation clearing and fauna habitat loss; 

• Topsoil and overburden handling methods as per the Topsoil and Overburden Handling Procedure; 

• Vehicle traffic will be confined to defined roads and tracks and will be restricted from accessing rehabilitated surfaces (except for 
management purposes and in the event of an emergency); 

• Topsoil and overburden stripping and spreading activities will be restricted in high winds if dust cannot be adequately controlled. 

• Maximise direct return topsoil to minimise the handling and storage of rehabilitation materials; and 

• Minimise the potential for erosion during construction of the river crossings through the use of sediment traps/curtains located 
downstream of construction location during soil disturbing activities. 

Rehabilitation 

• Continued implementation of the BFMP, which includes the rehabilitation prescription for topsoil and overburden, compliance 
reporting and review; 

• Rehabilitation activities completed in accordance with internal rehabilitation procedures and standards, including the 
Rehabilitation Standard (STA-021) that sets out the minimum standard for all rehabilitation activities for the mine (including 
rehabilitation planning, landholder communication and KPIs for rehabilitation success). Worsley Alumina will also continue to 
implement the Mine Rehabilitation Operations Procedure, the Private Land Rehabilitation Procedure, and BBM Revegetation 
Management Procedure; 

• Worsley Alumina will continue to provide a Mine Closure Plan to the DMIRS in accordance with tenement conditions which 
include the prescription of closure criteria and measurable performance metrics; and 
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Potential Impact  Management Measures 

• Continued implementation of the Worsley Rehabilitation Earthworks Procedure  which stipulates maximum rehabilitated slope 
angles, minimum requirements for drainage and surface water management.  

Salinisation of 
soils (dryland 
salinity) 

Avoid 

• Mine infrastructure and haul designs will utilise existing cleared areas or areas over ore (to be cleared for future mining) 
wherever practicable in the first instance to avoid excessive clearing of native vegetation and disturbance of soils.  

Minimise  

• Monitoring and management of groundwater levels as discussed in Section 5.5.5, including monitoring of groundwater level rise 
and mounding movement. 

Soil contamination 
from spills and 
leaks 

Avoid 

• Chemicals, hydrocarbons and other environmentally hazardous materials will be stored and handled in accordance with 
Dangerous Goods Safety Act 2004 and associated regulations, including use of a bunded and sealed assembly area for 
hazardous chemicals (containerised) and hydrocarbon storage and vehicular laydown located an appropriate distance from 
watercourses; 

• Construction of fuel containment infrastructure will be in accordance with Australian Standards for fuel storage AS1940-2017 – 
The Storage and Handling of Flammable and Combustible Liquids; and 

• Infrastructure will be periodically inspected and maintained to prevent failures to the wider environment. 

Minimise  

• Environmentally hazardous material releases will be managed in accordance with Worsley’s Spill Management Procedures for 
all activities including but not limited to construction of river crossings, mining and exploration activities. 

Soil contamination 
from disturbance 
of ASS 

Avoid 

• Mining footprint to avoid low-lying topographical areas in the vicinity of rivers and creeks. Management buffers around streams 
and riparian zones in accordance with the Protected Areas Plan\; and 

• Investigations into the presence of sulfidic minerals through soil and sediment sampling and analysis undertaken prior to the 
construction of the river crossings (as per the ASSMP framework outlined in Table 5-59). 

Minimise  
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Potential Impact  Management Measures 

• An Acid Sulfate Soils Management Plan (ASSMP) will be developed to form part of the CEMP for the construction of the river 
crossing transport infrastructure. The ASSMP will outline sampling requirements to identify acid generation potential of any 
construction soils and the management actions needed to minimise any risks during construction and operations; 

• The ASSMP framework is provided in Table 5-59, which provides guidance for management techniques such as excavation 
and removal offsite, strategic burial, treatment or neutralisation and validation and contingency sampling; and 

• The ASSMP will be developed in accordance with the DWER guidelines ‘Identification and investigation of acid sulfate soils and 
acidic landscapes’ (GoWA, 2015a) and ‘Treatment and management of soils and water in acid sulfate soil landscape’ (GoWA, 
2015b), as well as the National Acid Sulfate Soils Guidance: National acid sulfate soils sampling and identification methods 
manual (DAWE, 2018b). 
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5.4.6 Assessment and Significance of Residual Impact 

Implementation of the Revised Proposal will directly impact on the soils within the PAA through 

excavation for mining and construction of haul roads, infrastructure footings and river crossings. It is 

anticipated that the soil function will be returned through rehabilitation post-mining, as soil 

rehabilitation is well understood and successfully implemented within previously mined areas at the 

BBM.   

The potential for salinisation and contamination of soils is considered low risk and can be mitigated 

through the appropriate management and monitoring that is currently employed at site for existing 

operations. There is not expected to be any permanent or significant impact on the terrestrial 

environmental quality resulting from mining activities as appropriate topsoil, overburden and erosion 

management during operations has enabled successful progressive rehabilitation. 

Salinisation risks from altered groundwater levels as a result of mining and mining related activities 

are discussed in Section 5.5. 

Existing practices employed for chemical and hydrocarbon management will continue to be 

implemented along with Worsley Alumina’s spill management procedures to ensure impacts related 

to contamination of soils are adequately managed. 

The risk of encountering ASS through mining activities within the PAA is considered low due to the 

soil profile position that bauxite mineralisation occurs, and the current management buffers 

employed around river systems and low-lying areas. In these low-lying areas in proximity to the 

Hotham River and its tributaries, proposed infrastructure development for river crossings has the 

potential to disturb and excavate ASS. Development of these river crossings will warrant active 

management to ensure ASS are identified and managed appropriately, this will be achieved through 

the proactive development and implementation of an ASSMP for these specific crossing locations.  

Modifications to the bed and banks of the Freshwater Lake in the CBME also have the potential to 

disturb ASS during excavation. However, as mining in the CBME is not planned to go below existing 

water levels of the Freshwater Lake, the risk of exposing ASS is low. Additionally, the Freshwater 

Lake will have a separation distance of 50 m from the high-water mark and mining activities.   

The residual impacts to terrestrial environmental quality are equivalent to those under existing 

operating conditions within the Worsley Alumina Project. Mining operations, rehabilitation practices 

and existing management and monitoring measures that Worsley Alumina implement at the BBM 

are well refined and considered to be effective.  

5.4.7 Environmental Outcomes 

Based on Worsley’s Alumina’s current management practices employed to mitigate risks to 

terrestrial environmental quality and the commitment to apply these practices to any new area, it is 

considered that the potential impacts on terrestrial environmental quality will be able to be adequately 

managed such that the EPA’s environmental objective for Terrestrial Environmental Quality “to 

maintain the quality of land and soils so that environmental values are protected” will be met.  
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5.5 KEY ENVIRONMENTAL FACTOR – INLAND WATERS 

5.5.1 EPA Objective 

The EPA’s environmental objective of the factor ‘Inland Waters’ is: 

To maintain the hydrological regimes and quality of groundwater and surface water so that 

environmental values are protected. 

For the purpose of EIA, the EPA defines Inland Waters as the occurrence, distribution, connectivity, 

movement, and quantity (hydrological regimes) of inland water including its chemical, physical, 

biological and aesthetic characteristics (quality) (EPA, 2018). 

5.5.2 Relevant Policy and Guidance 

5.5.2.1 EPA Policy and Guidance 
 

• Environmental Factor Guideline – Inland Waters (EPA, 2018). 

5.5.2.2 Other Policy and Guidance 
 

• Preventing acid and metalliferous drainage – Leading practice sustainable development program 
for the mining industry (Commonwealth Department of Industry, Innovation and Science 2016); 

• Western Australian water in mining guidelines (DoW, 2013); 

• Water Quality Protection Note 15 – Basic raw materials extraction (DWER, 2019b); 

• Water Quality Protection Note 44 – Roads near sensitive water resources (DoW, 2006); 

• Water Quality Protection Note 52 – Stormwater management at industrial sites (DoW, 2010); 

• Water Quality Protection Note 81 – Tracks and trails near sensitive water resources (DoW, 2015); 

• Water Quality Protection Note 83 – Infrastructure corridors near sensitive water resources (DoW, 
2007); 

• WA Environmental Offsets Policy (GoWA, 2011a); and 

• WA Environmental Offsets Guidelines (GoWA, 2014). 

Worsley Alumina have applied the Environmental Factor Guideline for Inland Waters to the activities 

described within the Revised Proposal. Worsley Alumina have actively taken steps to identify areas 

that may require additional protection and applied the mitigation hierarchy to protect the quality of 

surface and groundwaters, and by extension, those species that may exist within these 

environments. These protection measures have been outlined in Section 4.3.4 and Section 5.5.5 

to avoid or minimise impacts to surface and groundwaters. The protection measures discussed in 

this section – Inland Waters – demonstrate Worsley Alumina’s commitment to protection to 

hydrological regimes and values. 

The studies and surveys undertaken to support the Revised Proposal are provided in Appendix I to 

support the environmental impact assessment process and provide confidence in the current 

knowledge within the development envelopes and surrounding area. Discussion of these studies 

and surveys are presented in Section 5.5.3. 

 

5.5.3 Receiving Environment 

The following sections discuss the studies and investigations undertaken and provide a detailed 

description of the existing environmental baseline for inland waters as relevant to the Revised 
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Proposal. These investigations and assessments provide a detailed understanding of inland waters 

within the PAA and are summarised in Table 5-61. The summary of data used to inform this 

assessment includes the historical groundwater and surface water monitoring databases of the 

Worsley Alumina BBM and Refinery, regional DWER databases and some information from the 

neighbouring BGM. 

As outlined in Section 1.3, it is important to note there are existing Project elements that are fully 

operational, including the Refinery and OBC, that will not undergo any changes as a result of the 

Revised Proposal. These operations are considered inherently in this receiving environment 

section within this Revised Proposal so as to provide for full context of contemporary operations and 

site context.  

Table 5-61 Inland Waters Studies 

Report Purpose Reference 

Relevant Hydrology and Hydrogeological Studies  

Worsley Alumina, 
Groundwater and 
Surface Water 
Studies  

Consolidated summary of groundwater, surface water 
and aquatic fauna studies for the Revised Proposal, 
including detailed impact modelling on sensitive 
receptors.    

(GHD, 2020a) 
Appendix I1 

Worsley Alumina, 
Additional 
Groundwater 
Abstraction 
Memorandum 

Numerical modelling of additional groundwater 
abstraction scenario 

(GHD, 2020b) 
Appendix I2 

Worsley 
Boddington 
Bauxite Mine, 
Flora and 
Vegetation 
Assessment of 
the PAA 

Consolidation of historic flora and vegetation studies 
in the Boddington region for the Worsley Revised 
Proposal including Groundwater Dependant 
Ecosystems.  

(Mattiske, 2021a) 

Hotham Mine 
Development, 
Hydraulics and 
Hydrology Report  

Bridge Crossing assessment reports for hydraulics 
and hydrology of the Hotham River.  

(Calibre, 2019) 

Hydrological 
Report Worsley 
Alumina Refinery 

Annual Hydrological Report Financial Year (FY)2019 
Worsley Alumina Refinery 

(GRM, 2019) 

Boddington 
Bauxite Mine 
Triennial Aquifer 
Review, 2018  

Triennial Aquifer Review of the Boddington Bauxite 
Mine.  

(WEC, 2018) 

Hotham Mining 
Extension 
Hydrological 
Study  

Groundwater modelling and hydrogeology study of 
the proposed Hotham Mining Extension. 

(GHD, 2017) 

Boddington 
Bauxite Mine, 
Triennial Aquifer 
Review, 2014 - 

Triennial Aquifer Review July 
2011 to June 2014 Boddington. 

(GRM, 2015) 
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Report Purpose Reference 

Worsley Alumina 
Pty Ltd 

Boddington 
Bauxite Mine - 
Tunnell Road 
borefield 
hydrology 
assessment 

Aquifer assessment for proposed abstraction of the 
Tunnell Road borefield.  

(WEC, 2012) 

Hotham River – 
Abstraction study, 
2011 – Newmont 
Boddington Gold 

Ecological Water Requirements and Ecological 
Sustainable Yield Downstream of Tullis Bridge. 

(WRM. 2011b) 

Assessment of 
wetlands in the 
Boddington 
Region  

Assessment of wetland conditions on Boomerang, 
Pillow and Round Swamps. 

(Mattiske, 2010) 

Streamflow and 
salinity behaviour 
assessments for 
Worsley Alumina  

Streamflow and salinity behaviour of the Bee Farm 
and Tunnell Road Catchments. 

(WEC, 2004) 

Nichols Property 
Monitoring 2001 
Bores 

Summary of groundwater monitoring at the Nichols 
property for the Boddington Bauxite Mine.  

(Global Groundwater 
2001) 

Aquatic Fauna Studies 

Worsley Refinery 
Freshwater Lake 
– Mercury 
Bioaccumulation 
in Carter’s 
Freshwater 
Mussel and 
Habitat Values 
Assessment 

Discussion on the potential mercury bioaccumulation 
in the Carter’s Freshwater Mussel, following historical 
records of elevated levels (as reported in GHD 
(2019), and assessment of the habitat values of 
Freshwater Lake, metals and the current levels of 
mercury at Freshwater Lake 

(Stantec, 2021) 
Appendix I4 

Memorandum – 
Carter’s 
Freshwater 
Mussel 

Desktop review on the Carter’s Freshwater Mussel 
(Westralunio carteri) and assessment of the 
likelihood of occurrence for the Revised Proposal. 

(GHD, 2019) 
Appendix I3 

Augustus River 
Ecological 
Monitoring 
Program 
Milestone Report 
– Aquatic Fauna 
Baseline Survey 
October 2013 

Spring sampling for aquatic invertebrates, crayfish 
and fish. 

(WRM, 2014) 

Hotham Farm 
Water Quality and 
Aquatic Fauna 

A component of ongoing environmental assessments 
to construct a water storage facility at the Newmont 
BGM. This study was designed to assess water 
quality and species composition of aquatic fauna. 

(WRM, 2013) 
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Report Purpose Reference 

Survey Final 
Report 

Thirty-Four Mile 
Brook Ecological 
Monitoring 

Systematic sampling of aquatic fauna 
(macroinvertebrates, crayfish and fish) and water 
quality assessment. 

(WRM, 2012c) 

Gringer Creek 
Baseline Aquatic 
Fauna Sampling 
October 2011 

Ecological Monitoring - Systematic sampling of 
aquatic fauna (macroinvertebrates, crayfish and fish). 
Comparison of water quality data against Australian 
and New Zealand Environment and Conservation 
Council/ Agriculture and Resource Management 
Council of Australia and New Zealand 
(ANZECC/ARMCANZ) (2000) guidelines. 

(WRM, 2012b) 

Acquired Lands 
Ecological 
Monitoring, 
Baseline Aquatic 
Fauna Sampling 
September 
August 2011 

Systematic sampling of aquatic fauna 
(macroinvertebrates, crayfish and fish) and water 
quality assessment. 

(WRM, 2012a) 

Hotham River – 
Ecological Water 
Requirements 
and Ecological 
Sustainable Yield 
Downstream of 
Tullis Bridge 

Determination of ecological water requirements at 
areas across Hotham River. Design an ecologically 
appropriate flow regime. Definition of an ecologically 
sustainable yield for Boddington Gold abstraction 
licence. 

(WRM. 2011b) 

Augustus River 
Ecological 
Monitoring 
Program 
Milestone Report 
– Aquatic 
Baseline Survey 
November 2010 

Spring sampling for aquatic invertebrates, crayfish 
and freshwater fish communities. 

(WRM, 2011a) 

Augustus River 
Ecological 
Monitoring 
Program 

Establishment of and ecological monitoring program 
downstream of the Worsley Alumina Refinery to 
assess flow variation effects on an aquatic fauna 
population structure. 

(WRM, 2010) 

Ecological Water 
Requirements of 
Augustus River – 
Intermediary 
Assessment 

To undertake assessment of ecological water 
requirements of the Augustus River. 

(WRM, 2005) 

Hedges Gold, 
River Water Dam 
2005 

During and post-water release ecological condition of 
the WRD, Junglen Gully and the Hotham River. (Streamtec, 2005) 

Water Quality 
Aquatic 
Macroinvertebrate 

Water quality, aquatic macroinvertebrate and 
freshwater fish communities monitoring. 

(Murdoch University 
Marine and 
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Report Purpose Reference 

and Fish 
Monitoring of the 
Worsley 
Freshwater Lake 
and Brunswick 
River Catchment 
(March to 
December 1999) 

Freshwater Research 
Laboratory 2000)  

Aquatic 
Monitoring 
Program 

Aquatic monitoring program including water quality, 
aquatic macroinvertebrate and fish monitoring. (Streamtec, 1993) 

Aquatic Baseline 
and Monitoring 
Investigation 

Aquatic biological baseline and monitoring 
investigations. 

(Natural Systems 
Research, 1984) 

Other Data Sources  

Groundwater and surface water monitoring databases at the Worsley BBM and the Newmont 
BGM.  

DWER, groundwater and surface water databases (DWER, 2020a) 

 

5.5.3.1 Surface Water 

5.5.3.1.1 Overview 

WMDE and BTC 

The WMDE and BTC falls mainly within the Murray River and Tributaries Surface Water 

Management Area and over two Sub-areas (Hotham and Williams River) (Figure 5-43). This area is 

also classified as a RIWI Act Surface Water Area (Murray River System). This classification enforces 

regulation of the taking of water from watercourses and wetlands. A small portion of the northern 

extent of the WMDE lies within the Dandalup River System Surface Water Management Area. This 

management area is located in the South Dandalup sub-area to the north of the existing Newmont 

tailings dams.  

Key surface water features of the WMDE area include the Hotham River, which flows west from 

Boddington before running south prior to its confluence with the Williams River, at the start of the 

Murray River. The Murray River flows to the Peel-Harvey Estuary, to the west of Pinjarra. Several 

seasonal tributaries enter the Hotham River upstream of and within the WMDE, including the Gringer 

Creek, Boggy Brook, House Brook, Thirty-Four Mile Brook and Marradong Brook. Thirty-Four Mile 

Brook and Marradong Brook are the larger of these tributaries (refer to Figure 5-43). 

Thirty-Four Mile Brook has been diverted around the BGM and flows southeast before joining the 

Hotham River inside the WMDE. Wattle Hollow Brook is a minor tributary of Thirty-Four Mile Brook 

joining it downstream of the BGM pits. Marradong Brook flows west for a short distance through the 

WMDE before joining the Hotham River within the central part of the WMDE. Its catchment drains a 

predominantly agricultural catchment. Surface water features in the WMDE and BTC are presented 

in Figure 5-43 along with catchment areas and sub-divides.  

Worsley Alumina has undertaken a systematic surface water monitoring program as part of the BBM 

operations since 1983. Water quality parameters sampled include salinity (EC), pH, dissolved 

oxygen (DO), temperature and turbidity. Other parameters such as metals and nutrients are sampled 
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in response to triggers or alerts as outlined in the current Worsley Water Management Plan which is 

provided as Appendix E7. BGM and DWER have collected surface water data at key surface water 

features in the WMDE and BTC from as far back as 1966, which has been reviewed as part of the 

surface water assessment undertaken by GHD (2020a).  

GHD (2020a) have undertaken a surface water assessment of the most comprehensive datasets 

collated by Worsley Alumina, BGM and DWER to characterise surface water quality for the key 

surface water features in the WMDE and BTC areas. The following sections summarise the findings 

of the GHD (2020a) surface water assessment. For more information, the report is provided as 

Appendix I1. Details of the surface water monitoring locations are presented in Figure 5-43 and a 

summary of key monitoring locations is provided in Table 5-62.  

CBME 

The CBME lies within the Collie Surface Water Management Area in the Brunswick sub-area, as 

shown on Figure 5-44 and is entirely contained within the Augustus River catchment. The Augustus 

River is a key water feature within and downstream of the proposed CBME expansion area and is a 

tributary of the Brunswick River, which is used primarily for agricultural purposes. The confluence of 

the Augustus River with the Brunswick River is approximately 5 km downstream to the west of the 

CBME. 

The RLA is located on the crest of a broad ridge and this position in the landscape has allowed for 
constructing an artificial water catchment storage (The Freshwater Lake). The Freshwater Lake was 
constructed in 1983 to provide water to the Worsley Alumina bauxite processing plant and has a 
maximum capacity of 6,080 ML (WRM, 2005). Its construction was complete by damming the 
headwaters of the Augustus River, a significant tributary of the Brunswick River. Diversion structures 
have been built to feed freshwater directly to the Freshwater Lake, and thus prevent freshwater 
mixing with potential contaminants (GRM, 2015).  

Worsley Alumina is licensed under the RIWI Act (Surface Water Licence SWL 68041(4)) to abstract 

water from the Freshwater Lake for use in the Refinery. Worsley Alumina also have arrangements 

under the licence which prescribe the transitional water release strategy that stipulates the minimum 

release requirements into the Augustus River during the drier months (November to March).   

Details of the surface water monitoring locations in the vicinity of the CBME are presented in Figure 

5-44 and a summary of key monitoring locations in the vicinity of the CBME is provided in Table 

5-62.  

Table 5-62 Surface Water Monitoring Locations in the PAA 

Site Ref Location/Name 
Custodian/ 

Source 
Record Period Data 

Stream Gauging 

WMDE/BTC 

614224 Hotham River – Marradong 
Road Bridge 

DWER 1966-present 
Water levels 
Flow rates 

614196 Williams River – Saddleback 
Road Bridge 

DWER 1966-present 
Water levels 
Flow rates 

614058 
Thirty-Four Mile Brook – BGM DWER 1987-1999 

Water levels 
Flow rates 
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Site Ref Location/Name 
Custodian/ 

Source 
Record Period Data 

614061 Thirty-Four Mile Brook – 
Hedges 

DWER 1988-1999 
Water levels 
Flow rates 

614011 Marradong Brook Tributary – 
Tunnell Road 

DWER 1975-1998 
Water levels 
Flow rates 

614012 Marradong Brook Tributary – 
Bee Farm Road DWER 1975-1998 

Water levels 
Flow rates 

CBME 

612024  Augustus River – Worsley 
Refinery 

DWER 1982-1999 Water levels 
Flow rates 

612022  Brunswick River – Sandalwood DWER 1981-2019 Water levels 
Flow rates 

Water Quality 

WMDE/BTC 

614224 Hotham River – Marradong 
Road Bridge 

DWER 2000-2019 Continuous EC 

614196 Williams River – Saddleback 
Road Bridge 

DWER 2000-present Continuous EC 

S07 Hotham River – Marradong 
Road Bridge 

Worsley 2000-present 
Water quality 
(field and lab) 

S11 
Marradong Brook Worsley 2000-present 

Water quality 
(field and lab) 

S18 Williams River – 
Downstream DWER gauging 
station 

Worsley 2000-present 
Water quality 
(field and lab) 

S54 Williams River – DWER 
Gauging Station 

Worsley 2014-2016 
Water quality 
(field and lab) 

HRPB1 
Hotham River BGM 1994-present 

Water quality 
(field and lab) 

WHBK10 
Wattle Hollow Brook BGM 1988-present 

Water quality 
(field and lab) 

34BK9 
Thirty-Four Mile Brook BGM 1984-2018 

Water quality 
(field and lab) 

TF023 
Stream Station (Junglen Brook) BGM 1987-present 

Water quality 
(lab) 

CBME 

612024 Augustus River – Worsley 
Refinery 

DWER 1982-1999 Water quality 

6121131 Augustus River Worsley – D-S 
Freshwater Lake 

DWER 1980-1982 Water quality 

6121158 Brunswick River – Mornington 
Road 

DWER 1995-2002 Water quality 
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5.5.3.1.2 Climate and Rainfall Trends 

The Bureau of Meteorology (BoM) has a rainfall station that is considered a good representation of 

the WMDE and BTC areas and is located in the Marradong region of the BBM - Station # 9509 (BoM, 

2020a). The Marradong station (9509) has an almost complete annual rainfall record from 1907 to 

2020 which is presented in Figure 5-45 below. The mean average recorded rainfall from 1907 to 

2019 is 715 mm, and minimum and maximum annual rainfall of 325 mm (2010) and 1352 mm (1955) 

respectively (BoM, 2020a). 

The BoM Station (9509) and the wider region (including the Refinery located approximately 50km to 

the southwest) has recorded a notable rainfall reduction since the 1970s, with increased frequency 

of drought years. In more recent years (1999-2019) the average annual rainfall has been recorded 

at BoM-9509 as 632 mm, while averages for the last decade (2009-2019) have measured an 

average annual rainfall of 576 mm indicating a distinct decline in long term average rainfall in the 

region Figure 5-45 (BoM, 2020a). 

 

Source: GHD (2020a) – Marradong BoM Station (#9509). 

Figure 5-45 Rainfall Statistics of the Area 

5.5.3.1.3 Surface Water Flow Regimes 

Hotham River 

The Hotham River is the main permanent water feature within the WMDE and BTC envelopes. Flow 

in the Hotham River is seasonal, with stream gauging recorded at Marradong Road Bridge gauging 

station (Site Ref 614224) as shown on Figure 5-43. The data from the gauging station show monthly 

flow distribution is highly skewed to winter flows (Figure 5-46) with 92% of the annual flow volume 

generally occurring from June to October GHD (2020a).  
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Historical annual streamflow for the Hotham River at Marradong Bridge for the period 1966 to 2019 

is shown in Figure 5-47. Average annual flows at Marradong Bridge is estimated at 99 gigalitre 

(GL)/year, with annual flows varying between 10 GL in 2015 to 334 GL in 1983 GHD (2020a). 

The mean monthly discharge for June to September exceeds 10 GL/month, whilst the average for 

October is 4 GL/month, with remaining months below 2 GL/month. Typically, the month with the 

highest mean monthly flow is August (32 GL), whilst the month with the lowest mean monthly flow is 

February (0.3 GL). The highest (max) monthly flow recorded was 139 GL which was recorded in 

August 1974. 

Baseflow (or groundwater contributions) estimation to the Hotham River for the period 2005-2015 

indicate an average baseflow of 6.76 GL/year for a duration of between three months (2006) and six 

months (2008), corresponding with groundwater discharge in areas up gradient of the gauging 

station (GHD, 2017). 

The available flow record for the gauging station at Marradong Road Bridge indicates periods of no 

flow in the summer months of 1967, 1970, 1972 and 1973. The periods of no flow at the gauging 

station indicate that in some year’s groundwater levels dropped below the base of the river during 

the summer months removing the baseflow contributions to the stream. Golder (2005) reports that 

construction of the Lions Weir in the Boddington townsite in 1980 or 1981 resulted in an altered flow 

regime in the river, with the creation of the permanent body of water resulting in permanency of flow 

downstream. 

The neighbouring BGM extracts water for processing from the Hotham River at Tullis Bridge 

(upstream of Marradong Road Bridge) during periods of high flow. The BGM has an abstraction 

licence under the RIWI Act, allowing the mine to  (2020a)draw water from the Hotham River under 

conditions of high flow and other conditions stipulated in the RIWI Act licence.  

 

Source: GHD (2020a) 

Figure 5-46 Hotham River Average Monthly Flow Distribution 
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Source: GHD (2020a). 

Figure 5-47 Hotham River Streamflow at Marradong Road Bridge 

Williams River 

The Williams River is the other key permanent water feature within the WMDE, running along its 

southwestern boundary. Flow of the Williams River is also highly seasonal with 90% of flow occurring 

between June and October. The Saddleback Road Bridge gauging station (Site Ref 614196) is 

located approximately 3.5 km east of the Hotham and Williams River confluence (Figure 5-43). Data 

from the station shows the monthly flow distribution is highly concentrated in the winter months 

(Figure 5-48) (GHD, 2020a).  

Historical annual streamflow for the Williams River at Saddleback Road Bridge for the period 1966 

to 2019 (Figure 5-49) shows an average annual flow estimated at 61.5 GL/year. As with the Hotham 

River, the minimum recorded annual flow in the Williams River occurred in 2015 with a total of 10.5 

GL. The maximum recorded annual flow of 170 GL occurred in 1974 (GHD, 2020a). 

The flow record for Saddleback Road Bridge identifies a short period of no flow in the summer 

months of 1969, however typically the summer months are characterised by very low baseflows 

(GHD, 2020a).  
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Source: GHD (2020a). 

Figure 5-48 Williams River Monthly Flow Distribution 

 

 

Source: GHD (2020a). 

Figure 5-49 Williams River Streamflow 

Thirty-Four Mile Brook 
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Historic flow gauging stations (DWER, 2020a) in the Thirty-Four Mile Brook catchment are located 

to the north-west of the current active BGM operations (Figure 5-43) and are not considered 

representative of the broader sub-catchment due to the altered landscapes from the BGM. 

Flow monitoring occurred at Thirty-Four Mile Brook – BGM (Site Ref 614058) and Thirty-Four Mile 

Brook – Hedges (Site Ref 614061) for the period 1987-1999 (Figure 5-43). Flow is ephemeral at the 

BGM site for the duration of the record, with no flow periods typically occurring between January and 

April, and peak flows in August and September (0.03 GL). Maximum recorded monthly flow was 0.19 

GL in August 1991 (GHD, 2020a). 

Marradong Brook 

Marradong Brook and its tributaries flow primarily through agricultural land, with minor headwaters 

and a section prior to its confluence with the Hotham River flowing through the WMDE area. Flow in 

Marradong Brook catchment is reported to be ephemeral and highly seasonal (GHD, 2020a). 

Historic flow gauging stations (DWER, 2020a) in the Marradong Brook catchment are located high 

in the catchment. These gauging stations were established as part of the Mount Saddleback paired 

catchment study of the Bee Farm sub-catchment (Site Ref 614012) and Tunnell Road sub-

catchment (Site Ref 614011) to assess streamflow and stream salinity responses to bauxite mining. 

These sites have been monitored between 1975 and 1998 and can be seen on Figure 5-43.  

Observations in the small catchments identified that streamflow generation was determined to have 

two states: short lived peaky flows in response to rainfall events; and well developed recessions 

following peaks with baseflow extending into spring and summer (WEC, 2004). The streamflow 

response was dependent on rainfall and depth to groundwater, with peaky flow when groundwater 

levels were low and baseflow contributions from groundwater occurring when groundwater levels 

were close to the surface (WEC, 2004). 

A paired catchment study (WEC, 2004) acknowledged the importance of declining rainfall conditions 

for the majority of the study period. Noting that, had rainfall been closer to the long term average the 

effect of mining would have resulted in an immediate and direct addition to streamflow, from both 

additional groundwater discharge and alterations to valley floor wet areas causing additional run-off 

and near surface interflow (WEC, 2004). 

Augustus River (CBME) 

Historical annual flows of the Augustus River (Figure 5-44) are available from the DWER gauging 

site (612024) from 1982 to 1998. Average annual flows for this period are estimated at 4.5 GL. 

During this period the highest mean monthly flow was September (1 GL), whilst the month with the 

lowest mean monthly flow was April (0.1 GL) (GHD, 2020a). 

Flow in the Augustus River was modified by upstream impoundment to form the Freshwater Lake in 

1983. A number of key changes to the flow regime of the Augustus River are recognised as a result 

of the Freshwater Lake Dam and subsequent release strategies (WRM, 2010): 

• Historical flows in the Augustus River were ephemeral with periods of no summer flow occurring 
at times during drier months; 

• In 1996 in accordance with regulatory licences under the RIWI Act a summer baseflow was 
released from the Freshwater Lake to provide for downstream public and irrigation demands; 
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• These summer releases from the Freshwater Lake resulted in perennial freshwater flows that 
resulted in an altered ecosystem adapted from a seasonal flow to a more permanent flow regime 
capable of supporting freshwater fish and marron; and 

• Following determination of the ecological water requirements downstream of the Freshwater 
Lake, the licence requirements were amended to reinstate an ephemeral flow regime. A 
transitional period was adopted to reduce summer flows to a rate at which the riverine ecosystem 
could adapt. 

Worsley Alumina’s current surface water licence is managed under this transitional period for 

summer release. In addition to engineered releases of water to the Augustus River it is 

acknowledged that seepage from the Freshwater Lake also results in downstream baseflow to the 

Augustus River at approximately 10 kilolitres per hour (GHD, 2020a). 

Brunswick River (CBME) 

The Brunswick River is a major river system in the region (Figure 5-44) with a catchment of 286 km2 

extending from the Darling Scarp to the Leschenault Estuary. Annual stream flow is measured at the 

DWER gauging site (612002) from 1981 to 2019. Streamflow gauging shows annual average flow 

at 20 GL with highest mean flows in August and lowest mean flows in February/March (GHD, 2020a). 

General characteristics have been noted of the Brunswick River, including: 

• Historical clearing in the catchment has resulted in increased surface run-off, increased 
frequency of flow and higher scour energy and erosion; 

• The River generally flows all year round but may cease to flow in the upper reaches of the river 
during drier years (becoming more prevalent with the drying climate); 

• Downstream flow after the junction of the Augustus River has been slightly augmented during 
the summer months due to engineered releases from the Freshwater Lake at the Worsley 
Refinery but this represents a small proportion of annual flow; and 

• Seepage from groundwater is important in maintaining winter baseflow and for maintaining pools 
and flow during extended dry periods.  

5.5.3.1.4 Surface Water Quality 

The BBM, BGM and DWER surface water monitoring programs comprise numerous sites throughout 

the WMDE and BTC area as seen on Figure 5-43. The existing BBM and BGM water quality 

monitoring programs include frequent monitoring of physico-chemical parameters, with occasional 

monitoring of selected metals and nutrients.  

The main watercourses within the WMDE and BTC area, the Hotham and Williams Rivers, are 

typically brackish with salinity ranging from 2,500 to 12,000 milligrams per litre (mg/L), and 2,000 to 

14,000 mg/L, respectively (seawater is around 35,000 mg/L). Salinity within the ephemeral tributaries 

that feed these main watercourses range from fresh to brackish. A detailed overview of the salinity 

(as Total Dissolved Solids [TDS]) of surface water features across the WMDE and BTC are 

presented in GHD (2020a) which is provided as Appendix I1. 

Summary statistics for key physico-chemical parameters at the key surface water features identified 

in the PAA is provided in Table 5-63. These include salinity as electrical conductivity (EC) and/or 

TDS, pH and stream particulates (as turbidity and/or Total Suspended Solids [TSS]). 

Hotham River 
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The Hotham River is considered a moderately-degraded system with high levels of salt and other 

contaminants, which are transported downstream from intensive agricultural activities in the upper 

catchment (Streamtec, 2005). 

Monthly EC measurements at the Hotham River – Marradong Road Bridge gauging station (site 

S07) range from 4,610 to 20,000 micro siemens per centimetre (μs/cm), with a mean of 10,294 

μs/cm (seawater is around 50,000 μs/cm) (Figure 5-43). Continuous EC logging at the same location 

report very similar EC values.  

Comparison of the mean monthly EC, TDS and discharge at the Hotham River – Marradong Road 

Bridge site (sites S07 and 614224) identify that highest mean concentrations are observed in late 

autumn and at the onset of winter rainfall (May, June, July). 

The high salinities are considered a result of land clearing and agricultural practices in the broader 

catchment (Schlumberger, 2013), with the Hotham River reported to be saline since at least the 

1970s (Department of Agriculture, 2005). Water quality monitoring by Worsley Alumina indicates a 

neutral pH at S07 gauging station site, with monitoring undertaken by BGM further upstream at site 

HRPB1 (Figure 5-43) indicate a similar average pH, however observed a wider pH range.  

Monitored turbidity within the Hotham River (sites S39 and S07) indicate turbidity is typically low. 

The turbidity observations identify numerous samples below laboratory limit of reporting (<1mg/L 

and <5 mg/L), a mean of 7.0 mg/L and a range of <1 to 80 mg/L.  

Williams River 

Continuous EC is measured at the DWER gauging station on the Williams River – Saddleback Road 

Bridge (Site Ref 614196) (Figure 5-43). Average EC readings of 9,691 μs/cm have been recorded 

which are comparable with the recordings from the Hotham River sampling sites. Summary statistics 

for other key physico-chemical parameters are provided in Table 5-63 for a variety of locations along 

the Williams River, comprising EC, TDS, pH and turbidity. 

Thirty-Four Mile Brook 

The flow and quality of the Thirty-Four Mile Brook and its tributaries has been altered by the adjacent 

mining operations of the BGM and majority of the sampling to date has been associated with the 

operations at the gold mine. A sampling site that is indicative of natural conditions is WHBK10 which 

is situated in one of the Brook’s tributaries to the northeast known as Wattle Hollow Brook as seen 

on Figure 5-43. Stream quality data from sampling site WHBK10 is provided in Table 5-63 in 

comparison with sampling site 34BK9. 

Marradong Brook 

Monitoring of water quality of Marradong Brook and its tributaries is part of Worsley’s Surface Water 

Monitoring Program at the existing BBM. Sampling suggests that Marradong Book is marginally 

fresher than the Hotham River sampling locations with EC averages ranging from 4,360 μs/cm to 

13,080 μs/cm (Table 5-63). Other key physico-chemical parameters are provided in Table 5-63, 

comprising EC, TDS, pH and turbidity. 

Historic stream salinity observations (1975-1998) in the Bee Farm and Tunnell Road sub- 

catchments, identified that short lived peaky flows (deep groundwater conditions) had lower salinity 
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levels, whereas the developed recession and reduced baseflow periods (shallow groundwater 

conditions) had higher salinity levels (WEC, 2004). 

Junglen Gully and Hedges River Water Dam  

Approximately 4.5 km to the west of the WMDE lies the Hedges River Water Dam (RWD) and 

Junglen Gully (Figure 5-44) both features feed into the Hotham River at Sampling point TF023. The 

RWD was part of the now closed Hedges Gold Mine (operated by Alcoa in the 1990s). Since 2002, 

three years after the mine was decommissioned, excess water from the nearby tailing storage facility 

was transferred into the RWD for controlled releases into Junglen Gully and subsequently into the 

Hotham River authorised under the then Department of Environmental Protection (DEP) (Streamtec, 

2005). 

Upstream and downstream sampling of Junglen Gully and the Hotham River was undertaken by 

(Streamtec, 2005) during and after a scheduled release from the RWD in 2005. All water column 

sample values of heavy metals were less than detection limits with the exception of low levels of 

molybdenum (0.008 mg/L) recorded at TF23 after a scheduled release from the RWD in 2005.  

Sediment sampling of the Junglen Gully and Hotham River after the scheduled release of the RWD 

in 2005 showed all metals were below the default guideline values used at the time (ANZECC, 2000), 

with the exception of: 

• Cadmium (2.7 mg/kg at TF23) which was a slight exceedance of the then ANZECC, 2000 
guidelines for low level trigger value of 1.5 mg/kg and considerably less than the high trigger 
value (10 mg/kg); and  

• Arsenic (0.7 mg/kg at TF23), which was well below the then ANZECC, 2000 guidelines for low 
level trigger value of 20 mg/kg and considerably less than the high trigger value (70 mg/kg). 

However, Streamtec, (2005) noted that measured indications of cadmium and arsenic in sediments 

upstream of the RWD suggest the recordings are likely a result of naturally occurring trace elements 

and not a result of the scheduled RWD releases.  

Freshwater Lake/Augustus River 

Surface water quality is currently monitored at the Freshwater Lake and the downstream Augustus 

River gauging station, with annual reviews conducted of the results. The Freshwater Lake is 

monitored monthly for sodium, chloride, turbidity and aluminium. Real time stations record data for 

pH, EC and turbidity, while a suite of other parameters is measured on a quarterly basis. Over time, 

data has shown that since monitoring has commenced, there have been no deleterious trends in 

water quality within the Freshwater Lake and that there is no evidence the Refinery has affected 

water quality within the downstream Augustus River. Available water quality data for the Augustus 

River indicate that the river is typically fresh ranging from 82-658 μs/cm and indicates a neutral pH.  

Brunswick River 

There are no recent surface salinity data records from the Brunswick River available in the proximity 

of the confluence with the Augustus River. But historical data suggests that the Brunswick River is 

fresh to brackish with a neutral pH (GHD, 2020a).   
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Table 5-63 Key Surface Water Quality Monitoring Summary 

Site Ref Source 
EC (μs/cm) TDS (mg/L) pH Turbidity (mg/L) 

Mean Range Mean Range Mean Range Mean Range 

Hotham River 

S39 Worsley 13,946 6,540-21,000 8,697 4,250-13,000 7.87 7.40- 8.50 2.1 0.1-6.2 

S07# Worsley 10,294 4,610-20,000 6,418 2,511-12,000 7.6 6.8-8.6 2.2 0.9-7.8 

614224#^ DWER 10,532 2,951-19,912 - - - - - - 

HRPB1 BGM 7,325 2,000-32,000 7,500 1,100-13,000 7.5 5.9-10.8 - - 

TF23 
Streamtec, 

2005 
3,348 - 2,308 - 7.4 - - - 

Williams River 

S26 Worsley 8,394 3,330-15,000 5,107 1,758-11,000 7.76 6.70-8.30 2.1 1.3-2.6 

S24 Worsley 11,839 190- 20,000 7,309 120-14,000 7.50 6.50-8.00 3.2 1.3-7.3 

S21 Worsley 10,462 3,680-16,400 6,385 1,964-14,000 7.74 7.10-8.20 4.6 1.4-10.0 

S54# Worsley 10,192 6,070-15,000 6,492 3,700-9,000 7.75 7.40-8.30 6.9 1.0-67.1 

614196#^ DWER 9,691 2,032-16,598 - - - - - - 

Thirty-Four Mile Brook 

WHBK10 BGM 226 37.8-5,310 121 18-382 6.98 5.66-8.50 11.59 <1-320 

34BK9 BGM 7,325 2,000-32,000 4,097 1,015-7,400 7.29 5.92-8.20 5.97 <1-62 

Marradong Brook 

S29 Worsley 13,080 3,800-73,000 7,537 2,200-13,000 7.60 6.50-8.60 4.8 2.0-9.7 

S27 Worsley 7,335 2,340-15,600 4,552 1,197-9,600 7.26 6.40-8.00 2 0.3-4.9 

S28 Worsley 7,194 2,300-11,000 4,423 1,500-8,200 7.52 6.60-8.85 5.3 1.2-22.0 

S33 Worsley 9,465 840-18,300 6,100 1,100-11,000 7.44 6.40-8.20 3.5 0.8-34.0 

S11 Worsley 8,017 2,770-15,400 5,221 2,129-9,400 7.46 6.60-8.20 5.8 1.1-38.3 
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Site Ref Source 
EC (μs/cm) TDS (mg/L) pH Turbidity (mg/L) 

Mean Range Mean Range Mean Range Mean Range 

D02 Worsley 4,360 1,500-23,000 2,754 830-14,486 7.48 6.40-9.60 2.1 0.3-29.1 

Augustus River  

612024 
(1982-1996) 

DWER 316 90-658 - - 6.9 6-8.2 15.7 0.3-150 

6121131 DWER 326 82-495 - - 6.9 6.3-9.2 5.1 5-7 

612024 
(2018-2019) 

Worsley  - 222-247 - - - 6.4-8.4 - - 

Brunswick River  

6121158 DWER - - - - 7.4 5.60-8.30 3.9 0.2-9.3 

# Hotham River – Marradong Road Bridge Gauging Station. 

^ Continuous EC. 

- Indicates no data available. 

Source: GHD (2020a).
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5.5.3.2 Protection Areas  

WMDE 

The WMDE and BTC areas are located in the Murray River System, a proclaimed Surface Water 

Area under the RIWI Act. The DWER manages and allocates surface water resources from 

proclaimed surface water areas and any taking, or diversion of surface water is subject to licensing 

by the DWER under the RIWI Act. The WMDE intersects a minor portion of a PDWSA in the northern 

region of the PAA resulting in < 1% of the total PAA area residing in the management zone (Figure 

5-50).  

PDWSA is a collective term used for the description of Water Reserves, Catchment Areas and 

Underground Pollution Control Areas declared (gazetted) under the provisions of the Metropolitan 

Water Supply, Sewage and Drainage Act 1909 or the Country Area Water Supply Act 1947. The 

South Dandalup Dam Catchment Area Priority 1 (P1) and Priority 2 (P2) PDWSA is located along 

the northern boundary of the WMDE as seen in Figure 5-50. The South Dandalup Dam catchment 

is managed by DWER under the Water Resource Protection Series (WRP 55 – 2005) - ‘South 

Dandalup Dam Catchment Area and South Dandalup Pipehead Dam Catchment Area – Drinking 

Water Source Protection Plan’(DoE, 2005). 

The South Dandalup Dam Catchment Area Protection Plan (2005) was generated to determine the 

protection status and management strategies for the South Dandalup PDWSA Catchment areas. 

Protection mechanisms determined by the priority rating of locations within collection areas: 

• Priority 1 (P1) source protection areas are defined to ensure that there is no degradation of the 
water source. P1 areas are declared over land where the provision of high-quality public drinking 
water is the prime beneficial land use. P1 areas are managed in accordance with the principle of 
risk avoidance; and 

• Priority 2 (P2) areas are defined to ensure that there is no increased risk of pollution to the water 
source. P2 areas are declared over land where low intensity development (such as rural) already 
exists. Protection of public water supply sources is a high priority relative to other land use values 
in these areas. P2 areas are managed in accordance with the principle of risk minimisation. 

Water Corporation has obligations for management of risk within the South Dandalup dam 

catchment area. Exploration and mining in PDWSAs require coordination and consultation with the 

DWER and Water Corporation. Agreed working arrangements will be required between DWER, 

Water Corporation and Worsley to be established prior to the commencement of activities in 

PDWSAs at the BBM. Worsley will generate a dedicated Water Resource Management Plan for 

activities that may occur within PDWSA.   

Although ultimate direction will be received from DWER, actions to be undertaken by Worsley 

Alumina in PDWSAs at the BBM will be based on the Water and River Commission Water Quality 

Protection Note Extractive Industries within Public Drinking Water Source Areas (2000) and 

considered risks will be assessed using the Australian Drinking Water Quality Guidelines (2011).  

The working arrangements for operating in PDWSA will include accountabilities of Worsley and 

stakeholders based on information to be generated and supplied, regarding detailed information on 

baseline data, ongoing monitoring programs and management requirements. Proposed 

management practices are expected to be consistent with current compliance with existing water 

management techniques employed at the BBM. The arrangements will be scheduled to commence 

when exploration drilling activity in the area is identified by the 10 Year Mine Plan or earlier.  
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CBME 

The CBME is located 650 m west of the Harris River Dam Catchment Area (P1) PDWSA. The 

Refinery and BRDAs run along the western boundary of the P1 area but are not located within the 

proclaimed catchment area (Figure 5-50). The RLA and the CBME are located in the proclaimed 

Surface Water Area (Brunswick River and Tributaries) under the RIWI Act, specifically in the 

Leschenault Estuary – Lower Collie Area. The RLA and CBME also fall within the Collie River 

Irrigation District which is also proclaimed under the RIWI Act.  
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5.5.3.3 Groundwater 

5.5.3.3.1 Hydrogeology 

WMDE and BTC  

The generalised hydrogeology of the PAA comprises three main aquifer units as described by 

Groundwater Resource Management (GRM) (2015): 

• Shallow weathered zone aquifer: comprising lateritic cap rock and shallow gravely to sandy 
sediments which represents a seasonal aquifer with significant storage, infiltration and flow 
capability; 

• Deep weathered zone aquifer (lower saprolite): an aquifer of high storage potential, but limited 
bulk permeability (comprising clays); and 

• Fractured bedrock aquifer: permeability and yields are dependent on fracture development and 
connectivity of the fractures, which may be significant in brittle rocks (felsic intrusive) but absent 
in more ductile basement rocks (e.g. shales).  

Broadly, groundwater levels within all aquifers appear to follow the topography, such that 

groundwater level is highest in areas of highest topography and lowest in areas of lowest topography. 

Groundwater elevation at the BBM can be seen on Figure 5-51. Groundwater is recognised as 

providing baseflow to the major rivers and creeks of the area (GHD, 2020a) . 

The vast majority of existing monitoring wells located in the BBM are installed/screened within the 

saprolitic clays and moderately weathered basement rocks (saprock) (see an example of the 

geological profile in Figure 5-39 in Section 5.4). The groundwater abstraction bores have been 

installed into the Archaean crystalline basement rocks, targeting linear structural features such as 

lineaments, sheer zones, and geological contacts, to exploit higher groundwater yields within the 

associated fracture zones.  

GHD (2020a) has undertaken a groundwater assessment at the PAA to characterise and model the 

hydrogeological system, including the recharge and discharge mechanisms, aquifer connectivity and 

surface water/groundwater interaction. GHD (2020a) have derived information relating to 

permeability, groundwater yields and aquifer units from review of the groundwater abstraction and 

monitoring bores including installation logs, of which the locations are displayed on Figure 5-51. The 

information indicates the following (GHD, 2020a): 

• Saprolite clays (10 to 40 m thick): considered a low permeability unit, given the clay descriptions 
and that notable groundwater yields were not identified within the saprolitic clays during 
installation of groundwater production bores (monitoring bores not hydraulically tested); 

• Saprock (5 to 10 m thick): considered as a low, to possibly moderate permeability unit, but 
notable groundwater yields were not identified within the saprock during installation of 
groundwater production bores; and 

• Basement rocks: During drilling and installation of the production bores the airlift yields were 
identified as 200 to 300 m3/day, with aquifer testing indicating the basement material has an 
average hydraulic conductivity generally close to 0.2 m/d. 

CBME/Refinery Area 

Wilkes et al. (2004) characterised the hydrogeology of the Worsley Refinery area including the 

CBME area. The area comprises three main aquifers: 

• Shallow weathered zone aquifer (shallow aquifer); 

• Deep weathered zone aquifer (locally referred to as the Zersatz aquifer); and 

• Fracturing within the bedrock (fractured bedrock aquifer). 
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Separating the shallow and Zersatz aquifers is a low permeability saprolite clay zone, which forms 

an aquitard. In those areas where the shallow aquifer is absent, saprolite clay overlies the Zersatz 

aquifer. The thickness of the aquitard varies from 5 m to over 25 m. 

Groundwater flows at the Refinery and CBME generally following the topography (northwest) and 

levels generally range from about 15 m to 0 m below the ground surface. Groundwater level 

information across the site indicates that the horizontal hydraulic gradient for groundwater flow 

ranges between 0.001 and 0.05. Although groundwater levels may vary up to 5 m seasonally in 

some places (based on historical measurements), there are negligible variations in groundwater flow 

directions on a seasonal basis. 
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5.5.3.3.2 Groundwater Recharge, Flow and Discharge 

Groundwater recharge into the subsurface occurs through rainfall infiltration into the soils and 

downwards percolation of the stored rainwater to the groundwater table. In previously uncleared 

areas the stored rainwater is also subject to evapotranspiration (water loss to the atmosphere) by 

the overlying vegetation (e.g. Jarrah Forests), such that a percentage of infiltrated water recharges 

the groundwater table.  

Groundwater migrates from the topographical highs towards the groundwater discharge boundaries 

of the region which based on the regional groundwater flow direction and groundwater elevation 

(Figure 5-51), are inferred to include the following (GHD, 2020a): 

• Rivers which surround the PAA area, such as Hotham River and Marradong Brook at the BBM 
and the Augustus River and Freshwater Lake at the CBME; 

• Groundwater springs, in which groundwater expresses at the surface as surface water flow or 
feeds swamps; and 

• Local groundwater flow altered in close proximity to groundwater abstraction to flow in the 
direction of abstraction (groundwater bores, and mining pits). 

GHD (2020a) have concluded through hydrological cross sections of the existing mining areas of 

Saddleback and Marradong inside the BBM (which are presented in Appendix I1) that:  

• The groundwater levels are generally 30 to 50 m below ground level in elevated areas, while in 

lower lying areas (near creeks and rivers) the groundwater levels are close to the surface; 

• The groundwater levels generally reside in the saprolitic profile. The geological description 

(clays) and steep hydraulic gradient (0.05 m/m in elevated areas) indicate that groundwater will 

migrate relatively slowly due to the low lateral permeability of the saprolitic unit; and 

• Groundwater migrates (slowly) down topographical slopes towards the lower lying creeks and 

rivers where groundwater is inferred to discharge into the creeks and rivers and/or the alluvial 

sediments which are associated with the creek lines and river lines.  

5.5.3.3.3 Background Groundwater Levels and Quality 

Existing groundwater monitoring information indicates that where groundwater bores are located in 

bushland/jarrah forest the groundwater levels are declining, this is considered to reflect the regional 

declining rainfall trends observed in the region over the last few decades (Figure 5-45) (GHD, 

2020a). Where groundwater bores are located in agricultural areas, the groundwater levels are 

relatively stable. This stabilisation of groundwater levels, against a declining trend in naturally 

vegetated locations is considered a consequence of decreased evapotranspiration due to clearing 

(GHD, 2020a). 

Table 5-64 shows seven groundwater wells in the WMDE (in association of existing mining areas) 

which are considered to be representative of background groundwater conditions (i.e. outside the 

zone of groundwater mounding influence as a result of mining). One monitoring bore (F1BR40D) 

shows increasing groundwater levels (2 m), considered to reflect the increased infiltration/decreased 

evapotranspiration associated with clearing of the adjacent forested area. 

The TDS in the seven wells removed from the influence of mining are generally increasing, with the 

exception of two, considered as a consequence of declining rainfall (Figure 5-45) (GHD, 2020a). 
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Table 5-64 Summary of Background Groundwater Levels and TDS Trends 

Well ID Operational Influence 
Groundwater 

Level Changes* 

Water Quality 
Changes* TDS mg/L 

(ratio) 

Saddleback Area 

SW01 N/A, located in agricultural area Stable 4,400 to 5,500 (1.2) 

Q07 
N/A, located in bush outside mining 
catchment 

1.5 m decline 2,400 to 3000 (1.2) 

Q08 
N/A, located in bush outside mining 
catchment 

3.5 m decline 3,000 to 4,200 (1.4) 

Marradong Area 

M01 N/A, located in agricultural area Stable 1,900 to 2,500 (1.3) 

MP21 
N/A, located in bush removed from 
mining 4 m decline Stable at 1,800 

BGM/Hotham North Area 

BURB7 
Up gradient of BGM tailings storage 
facility (TSF), located in bushlands 

3.5 m decline 3,200 to 4,500 (1.4) 

F1BR40D 
Removed from mining area (800 m from 
the BGM TSF boundary), down gradient 
of forested areas 

2 m increase Stable at 1,500 

CBME and Refinery  

To date there has been no mining in the Refinery Lease Area, However assessment of operation 
of the BRDA’s to date has not indicated an adverse impact on the background groundwater levels 
or quality.  

* Changes in groundwater level and TDS based on observations/estimates 

Source: GHD (2020a)  

5.5.3.3.4 Current Mining Influenced Groundwater Levels and Quality 

Mining activities are known to alter natural groundwater levels including the recharge and infiltration 

characteristics. In areas of mining disturbance and vegetation clearing, the reduced 

evapotranspiration and increased rainfall infiltration associated with that disturbance are likely to 

cause a change in water balance accompanied by a change in groundwater levels. GHD (2020a) 

has undertaken an analysis of the response to groundwater hydrographs of cleared/mining areas 

both down and up gradient of monitoring bores to identify and attribute changes to groundwater 

levels related to these existing activities within the PAA. Existing and near future mining areas of the 

BBM referenced below (Saddleback, Marradong and BGM/Hotham North) can be seen on Figure 

5-43. Saddleback and Marradong are further discussed to provide more specific detail to the mining 

areas in the WMDE.   

Saddleback Area Groundwater Level Observations 

An estimate of the groundwater level changes in the Saddleback area taken from 35 monitoring 

bores, calculated an average of 1.4 m increase in groundwater level (GHD, 2020a). In general, the 

largest rises in groundwater levels occurred in monitoring wells located within the bottom of the sub 

catchment mined areas (where drainage lines were evident), while at the top of the sub catchment 

(ridgelines), the groundwater levels were stable or declined despite being located immediately 

adjacent to the mining areas. 
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Marradong Area Groundwater Level and Salinity Observations 

Seventeen monitoring bores were used by GHD (2020a) to assess the groundwater level and salinity 

changes in the Marradong mining area (bores within mining areas, agricultural areas and 

bush/forested areas). The groundwater level response based on these areas shows the following 

(GHD, 2020a): 

• Within the mining area (e.g. within 100 metres of mining boundary) the monitoring wells show 

stable, or declining groundwater levels; 

• Within the agricultural areas, water level decline was measured at generally less than 0.5 metres; 

and 

• In the bush/forested areas, groundwater declines are greater, generally between 1 to 5 metres, 

considered to reflect background regional declining water levels and long-term declining rainfall. 

The data indicates that the decreased evapotranspiration, associated with the cleared agricultural 

and mining areas, mitigates against the observed regional declining water levels (GHD, 2020a). The 

mitigation of the regional groundwater level decline is also supported by generally decreasing 

salinity, which is considered due to increased rainfall infiltration and reduced evapotranspiration 

(GHD, 2020a). 

5.5.3.3.5 Local Groundwater Salinity Trends 

The groundwater assessment undertaken by GHD (2020a) has provided a five-year average (2014-

2019) of TDS in groundwater across the broad areas (Table 5-65) and an interpretation of the TDS 

trend over time. 

Table 5-65 Groundwater Quality TDS (5-yearly Average 2014-2019) WMDE Mining Areas 

Area 
Average 

(TDS) 
Average Minimum 

(TDS) 
Average Maximum 

(TDS) 

Saddleback 1,975 mg/L 142 mg/L 8,075 mg/L 

Marradong 1,686 mg/L 53 mg/L 7,143 mg/L 

BGM/Hotham North 4,227 mg/L 108 mg/L 8,636 mg/L 
Source: GHD (2020a). 

Saddleback Area 

The salinity data supports that in general the mining areas at Saddleback tend to exhibit lower 

salinities (TDS) (<1,000mg/L) than the areas deemed to reflect background groundwater conditions 

(3,000 to 6,000 mg/L). The reasons for lower salinities in the mining areas may reflect one or both 

of the following (GHD, 2020a): 

• The monitoring wells are situated in elevated locations, which given the increased depth to 

groundwater is subject to less evapotranspiration. In addition, the groundwater in these elevated 

areas (top of catchments) has relatively low residence times which accommodate a contribution 

of dissolved constituents from the aquifer matrix; and 

• Mining activities (clearing and ground disturbance) may contribute to increased infiltration of 

rainwater into the aquifer diluting the salt concentrations (low TDS input). 

The TDS trend gradient data indicates that in general the monitoring wells in both the Saddleback 

mining area, and the areas deemed to reflect background groundwater conditions exhibit increasing 

TDS over time. The increasing trends of TDS in both mining areas and background monitoring wells 
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supports that increasing TDS concentration is due to the decreasing average rainfall rate in the 

region (GHD, 2020a). 

Marradong Area 

The salinity data indicates that at the Marradong mining areas, the monitoring wells tend to exhibit 

higher salinities to that of the Saddleback area (generally TDS 1,500 to 2,200 mg/L). A similar range 

of TDS concentrations occurs within bores located in the mining areas to those bores considered 

removed from the influence of mining.  

The TDS trend gradient data generally shows decreasing TDS concentrations at the Marradong 

mining area, supporting that the decreasing TDS could be due to the effects of mining activities 

(clearing and ground disturbance) which contributes to increased infiltration of rainwater into the 

aquifer (low TDS input) (GHD, 2020a). 

BGM/Hotham North Area 

The TDS concentration data indicates that the BGM/Hotham North area generally exhibits higher 

salinities (TDS 4,000 mg/L-6,000 mg/L) than both the Marradong area and Saddleback areas. The 

occurrence of elevated salinities is considered to reflect the hydrogeological setting of the area, given 

the occurrence in monitoring wells removed from the influence of the BGM gold mining activities 

(GHD, 2020a). The TDS trend gradient (in monitoring wells considered removed from the influence 

of mining) indicates that upward and downward TDS concentrations trends are observed equally 

(GHD, 2020a). 

5.5.3.4 Groundwater and Surface Water Dependent Ecosystems 

Two types of GDEs have been identified within the PAA as defined by the BoM (2020b) Groundwater 

Dependent Ecosystems Atlas:  

1. Aquatic ecosystems that rely on surface expression of groundwater. Within the WMDE and BTC 

this includes the surface watercourses that receive groundwater inflow (Hotham River, Thirty-

Four Mile Brook, Marradong Brook and their tributaries), groundwater fed springs and swamps 

within the study area and their respective biological values.  

 

2. Terrestrial ecosystems that rely on the subsurface presence of groundwater. Within the WMDE 

and surrounding area this is considered to include riparian and phreatophytic terrestrial 

vegetation (depth to groundwater < 10 m), where vegetation has a seasonal or occasional 

dependence on groundwater (refer to Section 5.2.3.4.5 for further detail).  

The majority of surface water dependent ecosystems in the PAA are inherently reliant on 

groundwater baseflow to maintain water presence in the drier summer months. Overland flow into 

drainage areas during the wetter winter months contribute valuable flows from catchments into the 

larger river systems of the Hotham and Williams Rivers. 

Although an altered watercourse, the Freshwater Lake located in the CBME has established 

biological and environmental values. This lake is considered an aquatic ecosystem reliant on surface 

water flow to maintain its biological values. 

5.5.3.4.1 Aquatic Ecosystems 

Survey and Monitoring Effort  
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Fifteen aquatic fauna surveys and monitoring programs have occurred in the Hotham River, Thirty-

Four Mile Brook and associated tributaries within and surrounding the WMDE/BTC, the Freshwater 

Lake with the assessment area of the CBME and the Augustus River. These surveys and monitoring 

programs are listed in Table 5-61. These surveys were undertaken between the period of 1984 to 

2019, with a greater survey frequency between 2010 and 2019. Wetland Research & Management 

(WRM) have conducted biological surveys and monitoring of the river systems from 2009 to more 

recently in 2017 which has enabled the biological characterisation of ecological values associated 

with these local and regional water courses.   

GHD (2019) conducted a detailed desktop study of Carter's Freshwater Mussel (Westralunio carteri 

– listed as Vulnerable under the Commonwealth EPBC Act and the WA BC Act) to investigate the 

likelihood of the species occurrence locally and regionally in relation to the PAA (Appendix 

I3Appendix I3). Further to this, the most recent study for the Carter’s Freshwater Mussel involved a 

baseline monitoring survey within the Freshwater Lake and Augustus River to understand the current 

distribution and abundance of the species. The initial baseline monitoring survey was completed by 

Stantec in late May 2021, with a follow-up survey undertaken in July 2021. The study comprised 

assessment of the habitat values of the Freshwater Lake to help determine the viability of the Carter’s 

Freshwater Mussel population with the lake. The habitat values assessment considered the spatial 

and temporal variability of the surface water quality and levels in relation to potential impacts to 

Carter’s Freshwater Mussel from environmental factors (including climate change) and existing 

Refinery operations. Consideration was given to the riparian and in-stream habitat characteristics of 

the Freshwater Lake, and the likelihood of occurrence of suitable freshwater fish (native and/or 

exotic) in the lake to host the parasitic larval stage of the Carter’s Freshwater Mussel; and whether 

the Freshwater Lake represents critical habitat for the species at a local and regional scale. Further 

investigations into the current status of mercury levels in the Freshwater Lake and downstream 

Augustus River, and the likelihood of risk of bioaccumulation in individuals or populations of Carter’s 

Freshwater Mussels, were also considered as part of the study.  

WMDE and BTC  

The Hotham River and its tributaries support a diverse number of fish and crayfish species endemic 

to the southwest region of WA (GHD, 2020a). Other aquatic species identified in the surveys included 

frogs, freshwater shrimp, a Southwestern Snake-necked Turtle, a Rakali (native water rat – a BC 

Act Priority 4 listed species) and a variety of invasive fish and crustacean species as listed in Table 

5-66. Crustaceans are known in the area to be the dominant benthic fauna in the river systems (Bunn 

and Davies, 1992). The Hotham River locally and the Murray and Williams Rivers more regionally 

are considered important ecosystems for freshwater fish migration (Morgan and Beatty, 2004). None 

of the native crayfish and native fish species recorded were considered rare or restricted in 

distribution (GHD, 2020a). Of the fish species, Western Minnows, Pygmy Perch and Nightfish are 

the most abundant and widespread. 

The macroinvertebrate components of the Hotham River (and tributaries) aquatic surveys have 

identified up to 111 macroinvertebrate taxa in these local river systems, of which a small number 

have been considered endemic or likely endemic to the southwest of WA quality (WRM, 2011b; 

WRM, 2012c). No recorded species of macroinvertebrates were listed on Threatened or Priority lists. 

The most common macroinvertebrates comprised aquatic beetles (Coleoptera) and two-winged flies 

(Diptera) (WRM, 2012d). The macroinvertebrate communities displayed a high degree of spatial and 

temporal variability. This is predominantly due to differences in the physical nature of the sampling 

sites, particularly channel size, substrate diversity and flow permanence, rather than water quality 

(WRM, 2011b; WRM, 2012c) . 
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While no site-specific aquatic fauna survey has been completed for Marradong Brook it is likely that 

the watercourse features similar fauna ecology to the other ephemeral tributaries of the Hotham 

River (GHD, 2020a). 

CBME  

Aquatic fauna surveys have occurred in the Freshwater Lake located at the Worsley Refinery and 

encompassed by the CBME, as listed in Table 5-61. The aquatic species that have been identified 

during these surveys are summarised in Table 5-66 below, describing the diversity in the different 

but linked aquatic systems. The macroinvertebrate species richness is also considered to have high 

ecological value due to a considerable number of endemic, rare and indicator species present.  

Conservation Significant Species 

Carter’s Freshwater Mussel (Westralunio carteri), a conservation significant aquatic species listed 

as Vulnerable under both the EPBC Act and BC Act, has been identified as present in the Freshwater 

Lake (located at the Refinery) and in the Augustus River, downstream of the CBME. One species 

listed as Priority 4 under the BC Act, the Rakali (native water rat), has also been observed during 

aquatic surveys of the Hotham River and its tributaries (GHD, 2020a). 

Carter’s Freshwater Mussel is endemic to southwestern Australia, occurring in slow-flowing 
permanent and semi-permanent riverine habitats, pools and dams between Moore River and 
Esperance (Klunzinger et al., 2015). The species has a preference for sandy or muddy sediments, 
and are often associated with woody debris (GHD, 2019). The mussel is a long-lived and slow-
growing species that lives for at least 50 years (Klunzinger, et. al., 2014).  

The current known distribution Carter’s Freshwater Mussel is within 50 km–100 km of the coast and 

extends southward from Gingin Brook to the Kent River, Goodga River and Waychinicup River 

(Klunzinger et al., 2015). From historic records, its distribution once extended into the interior of the 

southwest as far as the Avon River and Blackwood River. Klunzinger et al. (2015) attributes the 

decline in the species distribution in the southwest region to increased salinity within river systems 

due to secondary salinisation and ephemeral stream flow leading to drying habitat conditions. To a 

lesser extent, other threatening processes include indirect impacts due to an increase in total 

nitrogen and, at a finer scale, reductions in localised numbers have been attributed to smothering by 

mobilised sediments.  

A database search identified 393 records of the mussel in the southwest region. Seven of these 

records are locally relevant to the WMDE and BTC, although the records mostly dated from 1905 to 

1971 , 2019). One record is immediately south of the WMDE envelope, from the Williams River. 

However, this record was collected in 1960 (Supplementary Table S1 of Klunzinger et al., 2015) 

when habitat extended further than the current known distribution.  

Klunzinger et al. (2015) has mapped the habitat suitability of the estuarine waterways and perennial 

streams of the southwest for the Carter’s Freshwater Mussel based on the recorded salinity and 

presence or absence of the species. The river systems associated with the WMDE and BTC 

represent former potential habitat and are east of the current known distribution. In the catchment 

areas of the WMDE and BTC, the Hotham and Murray Rivers have been mapped as ‘unsuitable 

habitat’ and the Williams River and the Marradong and Thirty-Four Mile Brook have been mapped 

as ‘unlikely to occur’. In addition, the DWER (2020b) Healthy Rivers South-West database does not 

identify the WMDE or BTC areas as areas the species is likely to be found. In summary, there is a 

low likelihood of the species occurring in the WMDE and BTC and systematic targeted searches of 

the species over the past 20 years have confirmed this assumption (GHD, 2019). 
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There have been recent records (2009-2017) of the species in the vicinity of the CBME, ranging from 

4 km to 10 km from the CBME. Specifically, the Freshwater Lake, as well as the Augustus River 

downstream, are known to support historic populations of Carter’s Freshwater Mussel (Hale, et. al., 

2000; WRM, 2005). The DWER (2020b) Healthy Rivers South-West database also identifies the 

area to the west of the CBME as both an area in which the species has been found or is an area 

where it is likely to be found. To further understand the current distribution and abundance of the 

Carter’s Freshwater Mussel in the CBME and surrounds, Worsley Alumina commissioned Stantec 

to undertake a baseline monitoring survey for Carter’s Freshwater Mussel within the Freshwater 

Lake, Augustus River and regional reference sites supporting suitable habitat. The initial baseline 

monitoring survey was completed in late May 2021, with a follow-up survey undertaken in July 2021. 

The survey recorded the species at both the Freshwater Lake in the CBME and in the Augustus 

River. Additionally, the survey of regional reference sites identified presence in creeklines supporting 

suitable habitat (Ernest River and Brunswick River, located approximately 5 km to the northwest and 

southwest of the Freshwater Lake, respectively) (Stantec, 2021). 

The population of the Carter’s Freshwater Mussel in the Freshwater Lake was observed to be of low 

density and patchily distributed (Stantec, 2021). The July 2021 survey only recorded five living 

individuals from a single location within the Freshwater Lake, from a total of five littoral monitoring 

sites, and three monitoring sites within deeper lake areas. Previously, Hale et al. (2000) only 

recorded six living individuals from two locations within the Freshwater Lake (out of a total of five 

sampling sites) (Stantec, 2021). 

The May 2021 survey observed a large number of Carter’s Freshwater Mussels deceased on the 

banks of the Freshwater Lake. Deceased mussel density was assessed using 10 x 1 m2 quadrats 

along a 50 m transect running parallel with the shoreline. The density of the deceased mussels 

ranged from 0.4 mussels/m2 to 1.5 mussels/m2, with a total of 42 deceased mussels counted across 

all transects (Stantec, 2021). At some locations, the deceased mussels were found up to 10 m away 

from the present (July 2021) shoreline. Stantec (2021) noted that the mortality is likely to have 

occurred as a result of reduced water levels over the last decade, with particularly sharp declines 

experienced in 2002, 2011 and 2016, reflecting very dry preceding years with a total of less than 

600 mm of rainfall (Stantec, 2021). The Freshwater Lake is recharged directly and indirectly from 

rainfall. Indirect recharge is also received from the runoff from the Augustus River headwaters. The 

rainfall in the area is variable, and in more recent years there has been a general decline in the 

recorded rainfall for the CBME. The water levels within the Freshwater Lake are reflective of this and 

have been observed to dramatically fluctuate in response to the variable rainfall. A similar pattern of 

reduced water level has been noticed across the region, in particular at Harris Dam, 100 km east of 

the Freshwater Lake (Water Corporation 2021). The fluctuation in water levels at the Freshwater 

Lake is also attributed to the extraction of water for use in existing Refinery operations. 

With regards to habitat suitability for the Carter’s Freshwater Mussel, the substrate within the 

Freshwater Lake is primarily comprised of sand and clay, mixed with coarser pebbles and rocks, 

representing suitable characteristics for Carter’s Freshwater Mussel (Stantec, 2021). The aquatic 

environment is largely devoid of diverse structural aquatic habitat, such as large woody debris, leaf 

litter and detritus. This is likely a result of the lowering of water levels over time and the increased 

distance from the shoreline to the riparian zone, with the fringing vegetation approximately 15 m to 

20 m from the water (Stantec, 2021). 

The presence of the Carter’s Freshwater Mussel in the Augustus River, downstream of the CBME, 

indicates this riparian habitat is of suitable quality for the continued existence of the species in the 

local area (Stantec, 2021; GHD, 2019).   
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Table 5-66 Aquatic Fauna Identified in the PAA and Surrounds 

Species  Hotham River*  
Thirty-Four Mile 

Brook** 
Freshwater 

Lake (CBME)^ 

Freshwater Fish  

Freshwater Cobbler/Catfish  
(Tandanus bostocki) 

x 
 

x 

Swan River Goby   
(Pseudogobius olorum) 

x 
 

 

Western Minnow  
(Galaxias occidentalis) 

x x x 

Western Pygmy Perch  
(Nannoperca vittata) 

x x x 

Nightfish (Bostockia porosa) x x x 

Crayfish 

Koonacs (Cherax preisii) x x x 

Gilgies (Cherax quinquecarinatus) x x x 

Smooth Marron (Cherax cainii) x  x 

Other Species 

Carter’s Freshwater Mussel  
(Westralunio carteri) – Vulnerable 
(EPBC Act and BC Act)  

  
x 

Freshwater Shrimp  
(Palaemonetes australis) 

x  
 

South-western Snake-necked Turtle  
(Chelodina colliei) 

x  
 

Rakali (water rat)  
(Hydromys chrysogaster) – Priority 4 
(BC Act) 

x  
 

Motorbike frog  
(Litoria moorei) 

x  
 

Introduced Species 

Mosquitofish (Gambusia holbrooki) x   

Redfin Perch (Perca fluviatilis) x   

Yabby (Cherax destructor albidus) x   

Rainbow Trout 
(Oncorhynchus mykiss) 

 
 

x 

* Hotham River includes the ephemeral House Brook and Boggy Brook as well as Gringer Creek. 

** Thirty-Four Mile Brook includes the Wattle Hollow Brook tributary.  

^ Freshwater Lake (CBME) also includes the downstream Augustus River.  

 

5.5.3.4.2 Riparian and Phreatophytic Vegetation 

A review of the potential riparian and phreatophytic vegetative GDEs across the PAA was completed 

by Mattiske (2021a). The potential GDEs were selected on the basis of the extent of the site-
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vegetation types that occurred in catchment areas and that supported flora species (indicator plant 

species) that are known from wider botanical studies in the Northern Jarrah Forest to prefer and 

occur on seasonally wetter soils. Vegetation communities that occurred in areas within 10 m of the 

groundwater elevation were selected and defined as being potential GDEs. This approach was also 

reviewed and verified as part of the hydrogeological studies conducted by GHD (2020a). Upland 

vegetation in the PAA is not considered to be dependent on groundwater, although they may use 

groundwater if available.  

The Hotham River and associated riparian vegetation was identified as an ecosystem that is 

potentially dependent on shallow groundwater (Strategen, 2013a). Winter flows are related to 

catchment-scale rainfall events, while summer flows are considered to result from groundwater 

baseflow throughout the catchment (Golder, 2005). Vegetation surrounding the Freshwater Lake 

and the downstream Augustus River are considered to present GDE characteristics in groundwater 

depth and indicator species that may use the adjacent shallow groundwater from time to time.   

The site vegetation types considered to represent potential GDEs are discussed in further detail in 

Section 5.2 and are mapped on Figure 5-10. 

5.5.4 Potential Environmental Impacts 

Potential impacts to inland waters from the implementation of the Revised Proposal include: 

• Changes to groundwater levels in the shallow aquifer as a result of clearing of native vegetation, 
disturbance to soil profile and rehabilitation; 

• Decline of aquatic fauna from changes in flow regime and water quality, potentially leading to 
impediment of upstream pre-spawning migrations of freshwater fishes; 

• Deterioration or change in background water quality such as salinity due to the indirect impact of 
mining and associated activities; 

• Changes to vegetation structure in GDEs as a result of groundwater level rise; 

• Potential impacts on surface water and groundwater values through increased water use;  

• Potential impacts to surface water and groundwater quality from seepage from BRDA’s; 

• Riverbank erosion, sedimentation, scouring of streams or release of excessively turbid water as 
a result of clearing riparian vegetation and alteration of surface water drainage patterns;  

• Contamination of groundwater and/or surface water from PASS material and contaminants 
during removal of soils and sediment at river crossings; 

• Contamination of surface water as a result of spills or stormwater run-off; and 

• Contamination of groundwater as a result of seepage of incorrectly stored chemicals.  

Potential impacts of the Revised Proposal are expected to reflect the current risk types and 

magnitude identified as a result of Worsley Alumina’s current operations. Worsley Alumina currently 

employs a Water Management Plan to describe its current expected impacts, management, 

monitoring and mitigation measures for its current operations. The Water Management Plan is 

provided as Appendix E7, the plan will be continuously updated in accordance with adaptive 

management principles as the operation progresses into new mining areas (such as Nullaga and 

Hotham North) where new information on groundwater and surface water become available.   

5.5.4.1 Groundwater and Surface Water System Impacts 

GHD (2020a) have recently undertaken a groundwater assessment of the PAA to characterise and 

model the groundwater system, including the recharge and discharge mechanisms, aquifer 

connectivity and surface water/groundwater interaction, in order to understand the potential impacts 

of the proposed mining activities. The groundwater system responds to natural variability in climate, 

with spatial differences in response controlled by the topography, recharge and discharge 



 

 Worsley Mine Expansion Environmental Review Document 499 

 

mechanisms, and the variability in the sub-surface material properties (GHD, 2020a). The 

hydrogeological response in the study area is influenced by the effects of progressive clearing, 

mining and rehabilitation, groundwater abstraction and third-party users of groundwater and surface 

water (GHD, 2020a). The groundwater responses are therefore complex and highly variable, 

however, the incremental effects of mining can be discerned from the natural variability simulated 

from the GHD (2020a) model. For detailed information relating to the model design, methodology 

and assumptions, refer to Appendix I1. 

5.5.4.1.1 Groundwater Elevation 

WMDE 

Previous modelling (Schlumberger, 2013) has been undertaken for the Newmont Boddington Gold 

Life of Mine Extension Project, which includes the section of the Hotham River within the WMDE. 

The model took a conservative approach and predicted drawdown of groundwater by 1 m by 2022 

in the Hotham North area of the Revised Proposal due to dewatering activities at the BGM. This 

drawdown may affect summer flows of the Hotham River long term. 

The GHD (2020a) conceptual groundwater model simulates this drawdown from ongoing seepage 

at BGM and associated pumping from the BGM dewatering bores. The model indicates that, due to 

the effect of additional clearing from this Revised Proposal, enhanced rainfall recharge will 

temporarily raise the water table. A groundwater mound will likely form beneath the mining areas 

and migrate or dissipate towards, and seep into the primary groundwater discharge features (i.e. the 

Hotham River, Marradong Brook and other smaller drainages). Figure 5-52 displays the maximum 

change in water table in the WMDE simulated by the model, which can occur at different times and 

locations, depending on the mining and rehabilitation progression. It provides a combined snapshot 

of the maximum extent of change in the modelled groundwater elevation.  
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CBME 

Based on the inferred localised groundwater flow direction, groundwater from the vicinity of the 

CBME predominantly discharges into the Freshwater Lake, with lesser discharge occurring into the 

downstream Augustus River. As for the BBM, comparable observations are expected to occur to 

groundwater elevation as a result of mining development in the CBME (GHD, 2020a). Based on 

similar model parameters to the WMDE, the CBME showed that mining/clearing resulted in a 

localised groundwater level rise generally within 5 metres above pre-mining levels due to increased 

rainfall infiltration and decreased evapotranspiration (GHD, 2020a).  

A catchment study to assess the effects of clearing/bauxite mining on stream flows in the southwest 

jarrah forest by Griggs (2017) has identified typical catchments return to pre-disturbance levels 

approximately 11 years following clearing. It is reasonable to assume that the additional groundwater 

due to mining and clearing will discharge over a period of close to ten years. 

The local increase of groundwater elevation as a result of mining is expected to increase streamflow 

contributions to the Freshwater Lake and the downstream Augustus River, this is described in 

Section 5.5.5.1.3. It is important to note that, in reality, clearing and mining in the CBME will be 

progressive and all disturbances will not all occur at once, therefore these conclusions are 

representing a conservative assessment.  

The BRDA extension within the CBME will be constructed and managed in accordance with the 

relevant Part V Licence requirements. All BRDAs are constructed with low permeability clay liners 

with two under drainage systems. The two under drainage systems are separated from each other 

by the clay lined drainage blanket. The drainage system above the clay blanket collects seepage 

from the BRDAs and returns it to the process via the Refinery Catchment Lake. The drainage system 

below the clay blanket allows for groundwater unaffected by seepage from the BRDA to be directed 

to the Freshwater Lake. 

As such, the groundwater underflow collection pipes (below the clay layer) control groundwater 

elevation below the BRDAs and relieves the (upward) pressure on the clay liners, thus allowing the 

detection of any residue liquor that may penetrate through the liner. The quality of the natural 

groundwater is protected from contaminated water in the pipehead dams. 

Worsley Alumina conducts regular water quality monitoring across the Refinery, including of 

groundwater intercepted by the underdrainage system below the BRDAs, to detect contamination, 

seepage and any changes in water quality. Monitoring is conducted in accordance with the Water 

Management Plan Appendix E, which was prepared to meet condition 13 of MS 719. The principal 

objective of the Water Management Plan is to ensure that the environmental values of surface and 

groundwater resources are maintained and are not adversely impacted by the operation of the 

Refinery. 

5.5.4.1.2 Stream Flow Alterations at the BBM 

The GHD (2020a) surface water and groundwater model has calculated the increase of baseflow 

into the Hotham River Catchment at locations at the Hotham River, Marradong Brook and Thirty-

Four Mile Brook, in order to extrapolate long term prediction of changes in surface water. The model 

simulates a gentle declining trend due to a net reduction in groundwater from the ongoing drawdown 

by BGM. The effect of clearing is a small increase in baseflow due to an increase in groundwater 

volume available to interact with the streams (GHD, 2020a). The modelling indicates a gradual 

decline in baseflow post-mining as the water table slowly declines and hydraulic gradients become 

shallower over time (GHD, 2020a). The modelling highlights that baseflow contributions 
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(groundwater discharge), attributable to mining and clearing are relatively minor and represent 1 to 

5% increase (Table 5-67).  

Adverse impacts due to the small percentage increase in baseflow to the Hotham River and 

associated tributaries are not anticipated, due to the minor nature and given the groundwater quality 

has been shown to be fresher than the Hotham River quality (GHD, 2020a). Minor increases in 

baseflow to the Hotham River as a result of Worsley Alumina’s operations is predicted to help 

mitigate or stagnate the reduced flow effects of the neighbouring BGM dewatering impacts and the 

regional drying climate.  

The GHD (2020a) highlights that two different model parameters were used (predicative model: low 

recharge vs alternative model: high recharge). These different model parameters do not necessarily 

result in marked differences in baseflow contributions, suggesting that baseflow estimates are quite 

robust despite the parameterisation differences.  

Table 5-67 Results of Groundwater Discharge Volumes into the Hotham River Catchment 

Location ID 
Maximum Percent Increase of Baseflow Due to Mining 

Predictive Model Alternative Model  

614224 Hotham River 4.8 % 3.0% 

Hotham River Downstream 2.5 % 1.2% 

Upper Marradong Brook 1.4 % 0.7% 

Downstream Marradong Brook 0.8 % 0.8% 

Thirty-Four Mile Brook 6.8 % 3.2% 
Source: GHD (2020a)  

Figure 5-53 to Figure 5-55 presented below show the predicted stream flow impacts on the Hotham 

River, Marradong Brook and Thirty-Four Mile Brook as a result of bauxite mining in the WMDE (GHD, 

2020a). 

Due to the minor nature of alterations to baseflow to the river systems surrounding the BBM, 

substantial impacts on aquatic fauna values (including upstream migration and spawning of 

freshwater fishes) are not anticipated.  
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Source: GHD (2020a). 

Figure 5-53 Modelled Baseflow in the Hotham River 
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Source: GHD (2020a). 

Figure 5-54 Modelled Baseflow in Marradong Brook 
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Source: GHD (2020a). 

Figure 5-55 Modelled Baseflow in Thirty-Four Mile Brook 
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5.5.4.1.3 Stream Flow Alterations at the CBME 

Mining and clearing in the CBME is expected to result in elevated local groundwater levels causing 

increased groundwater discharge to the surrounding surface water features (i.e. Freshwater Lake 

and the Augustus River). The GHD (2020a) modelling of the CBME indicate that the maximum 

annual increase in groundwater discharge to the Freshwater Lake as a result of mining is 9% of the 

total abstraction by Worsley Alumina in 2019 and 3% of the current licenced abstraction limits from 

the Lake. The small percentages of increased groundwater discharge each year into the lake as a 

consequence of clearing/mining is predicted to be accommodated within the lake capacity. It may 

require management if cumulatively (over the 10 years of groundwater discharge) the lake water 

level increases above the tolerable limits (spillway) and discharge occurs into the Augustus River 

which is over and above that deemed tolerable by the conditions of the licence. 

Existing seepage from the Freshwater Lake into the upper reaches of the Augustus River is 

estimated at around 88 ML/a with an additional 77.4 ML/a regulated discharge from the Freshwater 

Lake in the drier months. Clearing and mining impacts on groundwater elevation has predicted to 

increase water contributions into the upper reaches of the Augustus River by 21% (or an additional 

35 ML/a). These estimates are considered conservative in the absence of detailed hydrogeological 

data in the lower reaches of the CBME and Freshwater Lake (GHD, 2020a).  

Previous periods of summer releases from the Freshwater Lake (as per the transitional release water 

strategy prescribed by DWER) were found to have altered the ecosystem of the Augustus River by 

creating perennial flows in a natural ephemeral system. As a consequence of increased seepage 

and increased releases of the Freshwater Lake, mining in the CBME may contribute to adverse 

impacts of the aquatic ecosystems and riparian vegetation communities of the Augustus River that 

are dependent on seasonal wetting and drying cycles (GHD, 2020a).  

Due to the progressive approach to clearing and disturbance in the CBME, these impacts are 

considered to represent the worst-case/maximum allowable clearing impact associated with the 

Revised Proposal. Further details on the model parameters and predicted changes to groundwater 

and surface water characteristic in the CBME and downstream receptors are provided in Appendix 

I1.  

The presence of naturally occurring saline soils in the CBME is considered low based on the salinity 

risk mapping (GHD, 2020c). Water quality impacts to the receiving environment of the Freshwater 

Lake and the Augustus River as direct consequence of increased discharge are not anticipated. 

Given the low anticipated risk of altered salinity of Freshwater Lake and Augustus River, there is a 

low risk of impact to the identified Carter’s Freshwater Mussel (GHD, 2020a), a species that has a 

low salinity tolerance (Klunzinger et al., 2015).  

Impacts to Carter’s Freshwater Mussel 

Mining and other activities proposed in close proximity to the Freshwater Lake in the CBME have 

the potential to cause increased sedimentation and erosion of the lake and may impact on the 

existing population of the Carter’s Freshwater Mussel.  

An assessment of the habitat values of the Freshwater Lake, in relation to the known habitat 

requirements for the Carter’s Freshwater Mussel (as described in Section 5.5.3.4.1), has been 

undertaken to inform the potential for the Revised Proposal to impact this species. It is important to 

note that the primary habitat for the species is seasonal river systems that flow during cool wet 

winters, and form a series of disconnected pools during hot, dry summers (Stantec, 2021). However, 

despite the Carter’s Freshwater Mussel’s preference for complex in-stream habitat, the species is 
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known to occur in a variety of other less suitable habitats, including artificial lakes, farm dams and 

water storage reservoirs (Klunzinger, et al., 2015). Broadly, the Carter’s Freshwater Mussel requires 

the following habitat values to successfully colonise and support a viable population(s) (Stantec, 

2021): 

• Permanent water to survive prolonged dry conditions; 

• Water that is fresh salinity below 1.6 g/L), cool (<30 C) and has low nutrient levels (particularly 
Total Nitrogen < 0.69 g/L); 

• Stable, fine grained sediments such as sand, silt or mud, which provide the opportunity for the 
species to burrow, bit stable enough to provide support without smothering; 

• Riparian vegetation – the species’ relative abundance has been observed to be greatest amongst 
submerged tree roots, leaf litter, woody debris; and  

• For successful reproduction, Carter’s Freshwater Mussel require a suitable freshwater fish host 
for its parasitic larval stage. 

In summary, the key values that the Carter’s Freshwater Mussel requires for survival are permanent 

water, good water quality and occurrence of suitable freshwater fish hosts (Stantec, 2021). The 

absence of a diverse habitat may be a contributing factor of low levels of reproduction in the species. 

The long-term water quality monitoring data available for the Freshwater Lake indicates that the 

water body provides favourable conditions that support the Carter’s Freshwater Mussel, despite 

being utilised for existing operations. Monitoring has shown the pH in the surface waters to be 

temporally variable, but generally within the range associated with lakes and reservoirs in southwest 

Western Australia (pH 6.5 to 8) (ANZG 2018). This pH range is considered adequate to support 

Carter’s Freshwater Mussel. Stantec (2021) also noted that the salinity and temperature levels were 

well below the known tolerance thresholds for Carter’s Freshwater Mussel (1.6 g/L TDS and 30°C, 

respectively). 

The turbidity levels at the Freshwater Lake, as recorded by Worsley Alumina as part of existing 

operational monitoring, are generally within the range expected in lakes and reservoirs in southwest 

Western Australia. However, there have been seasonal pulses of increased turbidity above the 

(2018) range (Stantec, 2021). This is likely due to the previous sediment trap on the south-eastern 

arm of the Freshwater Lake, over-flowing during the large winter rainfall events. This infrastructure 

has since been replaced by Worsley Alumina with a deeper pond in 2020, to prevent further 

occurrence of such events. 

While historic nitrogen levels for the Freshwater Lake are unavailable, recorded levels of nitrogen 

(0.0004 to 0.0012 g/L) during the 2021 survey were significantly lower than the known tolerance 

threshold for Carter’s Freshwater Mussel (0.69 g/L) across the Freshwater Lake (Stantec, 2021).  

The Carter’s Freshwater Mussel appears to have a patchy distribution within the Worsley/Collie 

region, however, it has been found to be abundant where present (Stantec, 2021). Healthy 

populations exist within the Augustus River immediately downstream of the Freshwater Lake, with 

populations also known from the Brunswick, Collie and Lunenburgh rivers in the local context. The 

Freshwater Lake does not provide any upstream or downstream migratory opportunities for fish, and 

by extension, Carter’s Freshwater Mussel. Therefore, it was concluded by Stantec (2021), that it is 

unlikely that the Freshwater Lake provides a critical habitat for Carter’s Freshwater Mussel at a 

regional scale. This is supported by the variation and decline in water levels influenced by climate 

and abstraction for operational requirements, seasonally elevated turbidity, limited in-stream habitat 

and poor upstream and downstream connectivity (Stantec, 2021). 
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At the local scale, maintaining the water quality of the Freshwater Lake and suitable downstream, 

seasonal environmental flows from the Freshwater Lake to the Augustus River are recognised as 

being important for the preservation of the Augustus River Carter’s Freshwater Mussel populations, 

which are likely to be reliant on these seasonal releases from the Freshwater Lake (Stantec, 2021). 

It is recognised that the initial GHD (2019) desktop review (Appendix I4) refers to the study 
undertaken by Hale et al. (2000) who reported that mercury levels were significantly higher in 
Carter’s Freshwater Mussel specimens collected within the Freshwater Lake and Augustus River, 
compared to the two reference creeklines (located at, Ernest River and Brunswick River). The Hale 
et al. study (2000) suggested that bioaccumulation was occurring in the populations of Carter’s 
Freshwater mussel within the Freshwater Lake and the Augustus River. The report was not able to 
identify the source of mercury, with no further analysis performed for the mercury levels of the 
sediments or waters within the Freshwater Lake and Augustus River. While the source of mercury 
found in Carter’s Freshwater Mussels at the Freshwater Lake and Augustus River cannot fully be 
determined, a recent study (Amano, 2020) suggests that elemental mercury emitted to the 
atmosphere throughout the bauxite refining process has the potential for absorption into surrounding 
vegetation, soils and water, with bioaccumulation occurring thereafter (Stantec, 2021). 

A review and investigation of potential the mercury bioaccumulation in the Carter’s Freshwater 

Mussel was undertaken as part of the recent baseline monitoring survey. Stantec’s (2021) 

investigations concluded that it was likely that the elevated mercury concentrations in the Carter’s 

Freshwater Mussels from the Freshwater Lake and Augustus River study were associated with the 

bioaccumulation, potentially related to the Refinery operations (Stantec, 2021). The water quality 

sampling of the Freshwater Lake and Augustus River in late May 2021 recorded dissolved mercury 

in the Freshwater Lake to be below the limit of reporting (0.00004 mg/L) at all sampling locations 

(Stantec, 2021). Given that the mercury levels are below the toxicant default guideline value for 

mercury (0.00006 mg/L) it is considered that the source of mercury bioaccumulation in Carter’s 

Freshwater Mussels is unlikely to be related to the Freshwater Lake and Augustus River surface 

waters. However, pulses of increased mercury between baseline and present-day monitoring from 

natural or anthropogenic sources cannot be ruled out within the Freshwater Lake or Augustus River 

surface waters, as mercury is not consistently monitored as part of the operational water quality 

monitoring program for the Freshwater Lake or Augustus River. 

The impacts to the Freshwater Lake and the Carter’s Freshwater Mussel from the Revised Proposal, 

including the BRDA expansion and the activities from the contingency mining within the CBME, are 

considered to be negligible. The potential for changes in water quality of the Freshwater Lake and 

downstream of the Augustus River (which intersects the CBME; Figure 5-44) due to other 

contributing factors, such as nutrient pollution and changes in water temperature, are also 

considered negligible. Artificial nutrients are not used in mining operations and there will be no 

discharge of mining process water to the Freshwater Lake or Augustus River from the operation. 

The likelihood of nutrients stored within the soil entering into the Freshwater Lake and Augustus 

River through activities in the CBME will be mitigated and minimised through the implementation of 

erosion and sedimentation controls (Section 5.5.5). There is also no direct evidence that existing 

operations have had any material influence on the mercury levels recorded in the Freshwater Lake 

and the Augustus River. As discussed above, water quality of Freshwater Lake has typically been 

maintained at levels that support the ongoing persistence of the Carter’s Freshwater Mussel 

alongside existing operations and it is expected that this will be maintained with the implementation 

of the Revised Proposal. The implementation of the relevant mitigation measures outlined in Table 

5-72, are considered appropriate to manage and mitigate the risk of potential changes to the water 

quality in the Freshwater Lake. Specifically, a distance of separation between contingency mining 

and the boundary of the high-water mark of Freshwater Lake of 50 m will be implemented and 

maintained to limit and/or manage erosion and sedimentation from occurring on the banks of the 
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aquatic environment. Drainage diversion and sedimentation sumps will be installed between mining 

areas in the CBME and the Freshwater Lake. 

5.5.4.1.4 Increased Groundwater Abstraction 

Groundwater abstraction at the BBM is proposed to be increased from an approved 500 ML/a to 

900 ML/a for additional water supply requirements to facilitate operations of the expanded mining 

areas, primarily as a requirement for dust suppression. An additional estimate of 580 ML is proposed 

for short term requirements for the construction of new mining areas.  

Additional groundwater is planned to be sourced through installation of supplementary abstraction 

bores either through extensions of the existing borefields and/or new borefields to achieve the 

required abstraction targets. Worsley Alumina are currently targeting groundwater exploration of the 

fractured rock aquifers in the Nullaga, Hotham North and Hotham West mining areas to 

accommodate the additional groundwater supply requirements. 

Utilising the current abstraction bores and the hydrogeological impacts observed at the BBM, it can 

be said that the yields from the fractured rock and saprolitic aquifers are generally low (GHD, 2020a). 

As a consequence, the current drawdown effects have been observed as reasonably isolated and 

impacts from the groundwater abstraction is restricted to localised areas around the abstraction 

bores (GHD, 2020a). 

GHD have conducted a groundwater modelling exercise based on a likely scenario of the additional 

abstraction requirements at the BBM. The modelling scenario was undertaken to assess the areas 

of influence of increased groundwater abstraction from future water supply targets utilising the 

existing numerical model presented in GHD (2020a). The model parameters have been calibrated 

to long term monitoring data used to quantify the potential impacts of other project elements including 

future mining and clearing. The modelling reflects the sequence of bauxite mining and clearing 

associated impacts in direct comparison with the abstraction scenario and provides net impacts 

associated with additional groundwater abstraction to determine the likely aquifer response to the 

activities under the Revised Proposal.  

A total of 11 additional abstraction bores have been used to determine the likely impacts to local 

groundwater elevation levels, the modelling scenario is provided as Appendix I2 (GHD, 2020b). The 

model outputs are compared against the base case scenario, that is without any further abstraction 

or clearing, to quantify the incremental effects of the additional groundwater abstraction. The results 

of the model in conjunction with the future mining and clearing scenarios have predicted positive 

groundwater drawdown in areas where the water table is lowered by abstraction and negative 

drawdown (mounding) in areas where the water table is raised by enhanced recharge due to 

clearing.    

The results indicate that additional abstraction has the potential to locally lessen the impact of 

clearing, for example by minimising the small increase in baseflow to the Hotham River as shown in 

Figure 5-56. The modelling provides an indication of the maximum area of influence (drawdown 

cones) of the additional groundwater abstraction, which partly offsets the mounding of the water 

table resulting from enhanced recharge due to clearing (GHD, 2020b). A visual representation of the 

additional abstraction impacts to local groundwater levels can be seen in Figure 5-57, with a 

comparison to scenarios without additional abstraction and that just of the clearing impacts.  

Impacts to receptors that rely on water table depths are considered minimal, with minor adjustments 

to the Hotham River contributions which mitigate clearing impacts and overall reducing mounding 

effects localised to the proposed abstraction bores. The proposed Nullaga abstraction bores (as 
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seen in the north of Figure 5-57) overlay a small proportion of a potential groundwater dependant 

ecosystem with minor drawdown levels predicted by GHD (2020b).  

Additional abstraction wells are not proposed to be in the influencing zone of the conservation 

significant Mount Saddleback Heath PEC or the locations of the Threatened Caladenia hopperiana.  

 

Source: GHD (2020c).  

Figure 5-56 Modelled Baseflow at Station 614224 – Hotham River  

Worsley Alumina has a rolling program of water exploration and abstraction for its existing operations 

at the BBM. The Worsley Water Management Plan (Appendix E7) allows for an adaptive 

management framework to ensure that all contemporary data is taken into consideration when 

assigning appropriate site-specific Trigger Action Response Plans (TARP). The continued 

implementation of the Worsley Alumina groundwater TARPs will remain adaptable for future 

groundwater abstraction areas to ensure impacts and mitigation measures are well understood. A 

groundwater monitoring program will be implemented in areas deemed at risk (for example the 

northern GDEs located adjacent to the proposed Nullaga bores) with appropriate trigger responses 

developed to identify impacts and protect any indirect impacts of additional groundwater abstraction. 

Future groundwater abstraction will continue to be monitored and reported through annual reporting 

mechanisms to various regulatory departments including the EMLG. 

In line with existing operations at the BBM, triennial aquifer reviews are completed to ensure aquifer 

responses to groundwater pressures are understood and abstraction changes can be informed to 

reduce the risk of impact to values that rely on groundwater and surface water systems. 
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5.5.4.1.5 Salinity 

The assessment of background groundwater levels and salinity undertaken by GHD (2020a) (i.e. the 

monitoring bores removed from the influence of mining), indicates that groundwater levels are 

declining, and salinity is increasing (Section 5.5.3.3). This is considered to reflect the general 

declining rainfall observed in the region over the last few decades (Figure 5-45) and the extent of 

the clearing in a catchment wide scale.  

Assessment of groundwater salinity at monitoring bores within areas cleared for mining indicates 

that clearing does not appear to have caused a salinity increase over and above that which is 

occurring as background salinity increase, with the exception of a few monitoring well locations 

(GHD, 2020a). Additional clearing as part of the Revised Proposal coupled with continued 

progressive rehabilitation is not expected to increase salinity levels beyond what is being observed 

in regional undisturbed areas and in the current mining envelopes.   

5.5.4.1.6 Groundwater Dependent Ecosystems 

As discussed in Section 5.2, GDE vegetation communities identified in the PAA are known from the 

wider region to occur on seasonally moister substrates and wetter soils (Mattiske, 2021a). All plant 

species have varying tolerances to waterlogging, with the effect on individual plant species 

dependant of a range of factors including the rate of oxygen depletion in the soil profile and the 

proportion of root zone that is affected. 

For vegetation species that are not tolerant to rapid changes in water regimes, or are not tolerant of 

extended periods of waterlogging, there may be a shift in vegetation community structure. Increased 

soil moisture may also lead to opportunistic establishment or promote the spread of pathogens, such 

as Phytophthora species.   

Not all identified GDE vegetation units are considered of conservation significance (e.g. PEC or of 

local significance) and therefore are not protected from direct clearing impacts as part of the Revised 

Proposal. Those GDEs that are not proposed to be directly influenced have the potential to be 

indirectly impacted by alterations to groundwater and surface water characteristics.   

In general, where the mining occurs in topographically elevated areas, and the area of mining is 

relatively small, it is anticipated that groundwater mounding will dissipate during migration towards 

the discharge boundary (e.g. creeks and rivers). In that case the groundwater change is predicted 

to be sufficiently small to be within the existing natural variation and will not pose an adverse risk of 

waterlogging to the GDEs potentially resulting in adverse vegetation health effects. 

Where mining occurs in the lower topographical areas, any groundwater level rise has a reduced 

opportunity to dissipate, given the shortened distance to the creeks, rivers and associated GDEs. 

The groundwater level change in these areas may, under certain conditions, exceed natural 

variations. In this case, impacts to GDEs may occur through saturation of the profile, mobilisation of 

salts and increased volumetric discharge to surface water features (GHD, 2020a).  

The GDE areas deemed sensitive to groundwater level changes are located where the groundwater 

level is shallow (0 to 2 m below ground level), given that any mounding impacts will cause a relatively 

large decrease in unsaturated profile (GHD, 2020a). 

GDE areas deemed less sensitive to groundwater level alterations are those areas where 

groundwater level is deeper (5 to 10 m below ground level) as any mounding impacts will cause a 

relatively small decrease in unsaturated profile (GHD, 2020a). In general, GDE vegetation 
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communities that utilise deep groundwater are typically trees, and these communities have been 

shown to be adaptable to changes in groundwater levels (GHD, 2020a). 

GHD (2020a) has modelled likelihood risk of mounding to mining areas within the WMDE to isolate 

specific GDE areas with higher likelihood of groundwater mounding causing inundation of root zones 

with the GDE vegetation structures. The likelihood mounding risks to GDEs are spatially represented 

in Figure 5-58 based on the relative risk rating developed by GHD (2020a), which is presented in 

Table 5-68 below. 

Table 5-68 GDE Relative Risk Ranking 

Depth to Predicted Groundwater Mound (m) Relative Likelihood Risk Rating 

0 to 2 High  

2 to 5 Moderately High 

5 to 10 Moderate 

10 to 20 Low 

20 to 50 Negligible 

Modelled Risk to GDEs in the Saddleback Area 

The maximum extent of the groundwater mounding contours modelled shows that mounding does 

not intersect the GDEs located in the major tributaries, the Hotham River and Marradong Brook. 

Groundwater alteration related impacts to GDEs within these major tributaries are therefore not 

anticipated (GHD, 2020a). 

A number of mapped GDEs located within the upper tributaries and elevated areas of the 

Saddleback area have indicated a relatively high likelihood of localised mounding which has the 

potential to influence GDE vegetation structures if left unmanaged.   

Modelled Risk to GDEs in the Marradong Area 

In the northern Marradong areas, on the flanks of the Hotham River, a groundwater level rise of 

between 1 to 2 m is inferred to occur on the margins of some GDEs (GHD, 2020a). The remaining 

reaches of the Hotham River are not impacted by groundwater level rise, based on the maximum 

aerial extent of the mounding contours. 

Some of the remaining areas of Marradong show isolated areas mounding likelihood to impact on 

the GDEs, these are generally situated within the lower lying drainage lines. 

Modelled Risk to GDEs in the BGM/Hotham North Area 

The maximum aerial extents of the groundwater mounding contours show that the groundwater 

mound, primarily in the southern area of Hotham North overlaps areas of GDEs which occupy the 

broad, lower lying drainage features. The majority of these drainage features have shallow local 

groundwater conditions consequently resulting in higher likelihood of mounding reaching root zones 

and increasing the potential to influence vegetation structures.   
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GDE Impacts in the CBME 

GHD (2020a) have indicated that the GDEs located around the margins of the Freshwater Lake and 

the lower lying areas at the base of the Lake are considered at increased risk given that the depth 

to groundwater in these areas is shallow and that groundwater mounding beneath the GDEs is 

expected to be between 1 m - 5 m. In topographically elevated areas including the upper reaches of 

the creek lines, the risk to GDEs is considered relatively low, given that the depth to groundwater is 

deeper, and that groundwater level rise may not substantially reduce the unsaturated profile. These 

risk ratings allocated to the GDEs in the CBME and surrounds are a conservative assessment given 

the absence of detailed ecological tolerance of the GDE vegetation structures and conservative 

hydraulic and evapotranspiration parameters used in the model. 

5.5.4.1.7 Groundwater Mounding Risks to PEC Vegetation and Caladenia hopperiana 

The Worsley Protected Areas Plan is used to protect areas such as PECs and conservation 

significant flora from direct (and indirect) disturbance as a result of clearing for mining and 

infrastructure development. The Mount Saddleback Heath Communities PEC has been identified in 

the WMDE in association with site-vegetation types G1 and G3, see Section 5.2.3.4.3. Indirect 

impacts (such as groundwater mounding) on the vegetation community have the potential to 

adversely affect the vegetation health.  

GHD (2020a) have assigned groundwater mounding risk categories as per Table 5-68 and when 

overlaid with the known PEC site-vegetation types (G1 and G3) it presents the areas of groundwater 

mounding relative likelihood risk rating for the PEC community (Table 5-69). Areas of the PEC 

subject to groundwater mounding risks (as defined by GHD (2020a)) inside the PAA are relatively 

low with 0.5% (0.7 ha) categorised as a high risk (depth to predicted groundwater 0 m-2 m) and 

0.6% (0.9 ha) categorised as moderately high (depth to predicted groundwater 2 m-5 m).  

Table 5-69 Mount Saddleback Heath Community PEC Groundwater Mounding Risk Areas  

Groundwater Mounding 
Relative Likelihood Risk 

Rating 

PEC  
(Site-vegetation Types G1 and 

G3) (ha in PAA)  

PEC 
(Site-vegetation Types G1 and 

G3) (% in PAA) 

High 0.7 0.5% 

Moderately High 0.9 0.6% 

Moderate 4.8 3.2% 

Low 12.4 8.3% 

Negligible 19.9 13.3% 

Null 110.7 74.1% 

Similar to the Mount Saddleback Heath Communities PEC, indirect impacts can occur to Priority or 

Threatened flora. The Threatened orchid species, Caladenia hopperiana (listed as Endangered 

under the EPBC Act and BC Act), is associated with the clay loams within the moister watershed 

areas of the south-eastern valleys in the Quindanning Timber Reserve within the WMDE and is 

subject to risks of inundation or flooding (Mattiske, 2021a).  

Caladenia hopperiana occurs on low-lying, winter wet swamplands, therefore, increases in local 

groundwater levels from mounding may result in inundation and may indirectly affect the population 

of this Threatened species. Due to the orchids having short shallow root zones, the groundwater 

mounding likelihood rating (GHD, 2020a) of High (depth to predicted groundwater 0 m-2 m) can 

threaten isolated plants as a result of inundation. As seen in Table 5-70 only 5 plants (2.3% of the 
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known population in the Surrounding Area) are located in the High predicted groundwater mounding 

areas (0 m-2m from surface).  

Table 5-70 Caladenia hopperiana Groundwater Mounding Risk Areas  

Groundwater Mounding 
Relatively Likelihood 

Risk Category 

Number of Caladenia hopperiana 
in the Surrounding Area 

% Known Populations 
Identified in the Surrounding 

Area 

High 5 2.3% 

Moderately High 7 3.3% 

Moderate 64 29.9% 

Low 1 0.5% 

Negligible 0 0.0% 

Null 137 64.0% 

Note: In this instance, the number of Caladenia hopperiana individuals includes those that have been recorded outside of 
the PAA. 

The Worsley Alumina Protected Areas Plan has assigned protection buffers around the PEC and 

Threatened orchid species to further prevent direct and the likelihood of indirect impacts to the 

species and vegetation communities. Worsley Alumina’s adaptive water management framework 

and implementation of site specific TARPs will allow Worsley Alumina to monitor and manage 

mounding risks to vegetation structures and conservation significant flora that are potentially at risk 

from water level alterations. 
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5.5.4.2 Impacts from River and Drainage Line Crossing’s and Haul Route Infrastructure 

The Revised Proposal aims to link a number of surrounding bauxite deposits (including Nullaga, 

Hotham North and Hotham West deposits) to the existing crushing and transport infrastructure at 

Saddleback and Marradong. For Worsley Alumina to achieve connectivity between existing 

infrastructure and new bauxite deposits, transport routes are proposed to cross several 

watercourses, including the Hotham River, Thirty-Four Mile Brook and other minor tributaries.  

Major river crossings of the Hotham River can be seen on Figure 1-5, which will consist of two single 

span haul road bridges as described in Section 1.3.2.1 and a single span conveyor bridge as 

described in Section 1.3.2.2. Other haul road crossings of minor tributaries are also planned over 

Thirty-Four Mile Brook, Wattle Hollow Brook and other drainage lines mainly in the Hotham North 

and Nullaga mining areas.      

Potential impacts to inland waters identified as a result of construction and operation of these 

proposed river crossings, are addressed in the following sub-sections. 

5.5.4.2.1 Riverbank Erosion and Sedimentation 

Haulage routes and other forms of linear transport corridors are proposed to intersect drainage lines 

and rivers in the PAA. Infrastructure is proposed to be constructed across the major rivers and 

tributaries to allow connectivity of bauxite deposits. Construction of these crossings will require 

clearing of fringing riparian vegetation and intrusive earthworks disturbance to the riverbanks 

themselves. Clearing fringing riparian vegetation and exposing surface and subsurface soils can 

result in increased riverbank erosion, sedimentation, scouring and excessive release of turbid water 

into the watercourses. These impacts can have a significant impact on surrounding aquatic 

ecosystems and their biological values if construction and operation controls are not implemented.  

As discussed in Section 5.4, the deep sands identified along the Hotham River (known as yellow 

duplex soils with little to no clay particles) present an inherently low risk to hydrological erosional 

processes. However, Pindalup soils (225DpPN) have been identified to occur in shallow and minor 

valleys in the northern reaches of the WMDE (Figure 5-38). These colluvial and alluvial sediments 

typically have a greater proportion of silt and fine sand which can be readily mobilised by surface 

and subsurface flows and are considered to be more susceptible to water erosion (GHD, 2020a). 

Three haul road river crossings and one conveyor river crossing are indicatively planned to cross 

the Hotham River and the Thirty-Four Mile Brook (along with multiple culvert crossings of 

infrastructure to minor tributaries in the PAA), where the lower erosional risk yellow duplex soils are 

known to occur.     

Existing and proposed mine pit developments generally avoid low-lying areas with riparian 

vegetation as the bauxite is known to occur in the upper landscapes. Management buffers between 

mine development areas and the waterways are established and incorporated into Worsley 

Alumina’s standard practices. These buffers manage disturbance to the beds and banks of the 

drainage and river systems of the PAA (with the exception of a small number of infrastructure 

crossing locations required to link mining areas). Haulage and other infrastructure connections 

between the deposits are proposed to require limited disturbance to these low-lying areas.     

5.5.4.2.2 Flood Risks and Stream Flow Characteristics 

Constructing infrastructure over the Hotham River and associated tributaries has the potential to 

alter surface flow characteristics. In the absence of appropriate engineering designs, infrastructure 

can create flooding risks, increase scouring in peak flow periods and result in erosion on riverbanks 
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and surrounding riparian vegetation. Several studies have assisted Worsley Alumina in investigating 

potential locations and designs for these essential river crossings, including: 

• SKM (2009) conducted a Flood Plain Management Study for an area of the Boddington Shire 
which included the Hotham River, Bannister and Crossman Rivers;    

• GHD (2017) conducted a Haul Road River Crossings Options Analysis for the BBM, which looked 
at high level considerations for locations and potential designs for the proposed river crossings; 
and   

• Calibre (2019) conducted a hydraulics and hydrology study of several of the preferred options 
for river crossing locations and designs to further refine the understanding and requirements for 
detailed engineering.   

The Calibre (2019) study has taken into consideration a number of factors and design criteria 

including: 

• Bridge support piers are not to be located in river flow paths as recommended by engagement 
and advice from Traditional Owners during Heritage investigations; 

• Design requirements of 1% (100 year) Annual Exceedance Probability (AEP) whilst maintaining 
0.6 m freeboard, with the Australian Standards for Bridge Design AS5100 (AS/NZS 5100, 2017) 
requiring that the structures survive the 0.05% (2000 year) AEP event; and 

• Several informal design principles based on peak flood extents, peak flow velocity and peak 
shear stress predictions using best practice criteria.       

The Calibre (2019) hydrologic and hydraulic analysis was run through 5, 50, 100 and 2,000 year 

recurrence storm event modelling to determine the flood flow impacts and long-term erosional 

stability of the proposed infrastructure designs. The outcomes of these studies have assisted with 

the bridge structure designs, including the design of flood relief culverts under the bridges and 

erosion protection measures on the riverbanks.  

Corrugated Steel Pipe (CSP) culverts (or similar) are proposed to be installed along various drainage 

lines and tributaries, primarily to link the Nullaga and Hotham North mining areas to existing 

infrastructure in Marradong. Key drainage design criteria have been used for preliminary designs of 

culvert infrastructure including, 1 in 5 and 1 in 100 AEP flood modelling to determine maximum 

criteria in flow velocity, peak discharge and variations to natural flow channeling. Culverts are 

generally located in low lying areas and discharging into natural creek paths. Stream training may 

be required at some locations, by providing drainage channels upstream and/or downstream of 

culvert ends to ensure runoff follows natural creek paths.  

Thirty-Four Mile Brook is a larger tributary (with intermittent flows) to the Hotham River that will 

require intersection of a haulage route. Design criteria and assigned criteria for maximum flow rates 

in 1 in 50 AEP modelled flood events have suggested four 1,800 mm diameter CSP culverts be 

installed for haul road construction.  

5.5.4.2.3 Impacts to Aquatic Fauna  

As outlined in Section 5.5.3.4.1, the most abundant and widespread recorded native fish species 

within the Hotham River system were Western Minnows, Pygmy Perch and Nightfish (WRM, 2013). 

While they are endemic to south-western Australia, none of these species are considered to be rare 

or restricted in distribution (WRM. 2011b). All of the identified species undertake upstream migration 

in winter and spring for spawning and breeding. Migration begins with the onset of winter flows in 

June or July when these fish move upstream from summer pools to small side tributaries to spawn 

on flooded vegetation and submerged reed beds. The minimum depth requirement to allow migration 

for small fish such as the recorded species is 0.1 m (WRM. 2011b).The two single span bridges for 

crossing of the Hotham River (Hotham West and Nullaga), each with flood relief culverts, have been 
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designed to minimise streamflow alterations including flow velocity, turbulence, shear stress, 

erosion, and sedimentation (Calibre, 2019). For example, the bridge piles are located at the edges 

of the riverbank minimising interference with water flow (Figure 5-46). In addition, the relief culverts 

will increase the cross-sectional area of the channel to maintain water volume and flow velocities 

under significant flood scenarios (i.e. 1:100 year and 1:2,000 year events) (Calibre, 2019). In this 

aspect, the bridge design is considered to align with the principle, as related to the construction of 

fish-friendly waterway crossings, of maintaining the cross-sectional area of channels to retain the 

hydraulic characteristics of the area, as detailed in the DoW publication of ‘Reconnecting off-channel 

habitats to waterways – using engineering techniques to restore fish passage’ (King and Torre, 

2007). Once constructed minimal disturbance and/or alteration to the annual average flow path 

characteristics of the Hotham River is expected and, therefore, associated impacts to fauna 

utilisation of the river, such as impairment of fish movement (e.g. upstream migration for spawning), 

are considered unlikely.  

Culvert designs for key drainage channels and brooks in the PAA, such as Thirty-Four Mile Brook, 

have been considered with a conservative criterion to maintain flow characteristics to minimise 

physical and biological impacts. Previous studies have shown that of all the drainage channel and 

brook crossings only Thirty-Four Mile Brook, a larger seasonal tributary to Hotham River, supports 

habitat for fish. Therefore, to maintain fish passage through the culverts during times of appropriate 

flow, the DoW key principles for construction of fish-friendly waterway crossings will be applied as 

far as reasonably practicable for the construction of this crossing. 

In addition, apart from the above-mentioned crossings (Hotham River and Thirty-Four Mile Brook), 

none of the other culvert crossings for the haulage road will interfere with ephemeral drainage 

channels and creeks that discharge into the Hotham River systems. Therefore, these waterways do 

not provide any suitable habitat for fish.  

In summary, due to the above described fish ecology, the temporary construction disturbance, 

appropriately engineered bridge and culvert designs proposed for the haulage crossings of the river 

and drainage systems at the BBM, significant impacts on aquatic fauna are not anticipated. 

Consultation with DWER is also planned prior to construction of the river crossings to determine any 

RIWI Act Bed and Banks permits required and to ensure that design, controls and construction 

options selected at each crossing location are suitable. 
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a) Hotham West Bridge Design 

 

 

 

b) Nullaga Bridge Design 

Figure 5-59 Proposed Bridge Designs 

 

5.5.4.3 Potential Contamination of Groundwater and Surface Water 

5.5.4.3.1 Hydrocarbon and Chemical Usage 

Hydrocarbons and chemicals will be used on site during the continued operations of the mine as per 

Worsley Alumina’s current operations. Section 5.4 discusses the current status of hydrocarbon and 
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chemical usage and the associated risks to soils in the PAA. Current storage of hydrocarbons and 

chemicals (including refueling facilities) are located away from drainage lines and natural water 

courses reducing the risk of spills and leaks directly contaminating surface water. New maintenance 

and refueling infrastructure will be required for the mine in new mining areas, these areas will be 

continued to be managed as per Worsley Alumina’s current operation controls. The risk of future 

contamination to inland waters as a result of the Revised Proposal is not considered any higher than 

current operating activities.   

Sensitive areas managed to protect public water drinking supplies require particular attention on land 

usage activities in their catchment zones. As the P1 and P2 South Dandalup Dam Catchment Area 

slightly intersects with the northern extents of the WMDE (Figure 5-50), Worsley Alumina will consult 

with DWER prior to undertaking activities in these areas to establish agreed working arrangements 

and minimise the risk of contamination to the drinking water catchment areas.      

Construction activities associated with the establishment of the river crossings will involve the usage 

and storage of hydrocarbon materials in close proximity to these river systems. Without appropriate 

controls, the risk of accidental spills, leakage from inappropriate storage or stormwater run-off could 

result in contamination of surface water environments. These construction periods are expected to 

occur over limited periods and appropriate controls (as outlined in Section 5.5.5) are expected to 

limit the risk of potential contamination.     

5.5.4.3.2 Stormwater Run-off 

Erosion and stormwater run-off have the potential to contaminate inland surface waters with 

excessive sedimentation from mining, haulage and infrastructure areas. Worsley Alumina currently 

employs a range of operational controls to minimise stormwater run-off and control sediment to limit 

excessive discharge into natural drainage lines.  

5.5.4.3.3 Acid Sulfate Soil Disturbance 

As identified and discussed in Section 5.4, there is a ‘high’ probability (but low confidence) of ASS 

occurring on the banks of the Hotham River and to a lesser extent its tributaries (GHD, 2020a). 

Activities associated with bridge construction are likely to disturb soils that are naturally saturated 

and have a potential to become acid generating when exposed to oxygen if sulfide materials are 

present. If ASS is identified within construction areas for the bridges and it is not appropriately 

managed, contamination of soils and downstream waters could potentially occur as water within the 

Hotham River and its tributaries becomes acidified. Bridge design and construction techniques will 

influence the management of any identified ASS. Operations of mine pit development and other 

infrastructure areas are not expected to disturb any ASS, the identified risks are associated with 

construction activities of the river crossings.  

5.5.4.4 Impacts to the South Dandalup Dam PDWSA 

The Revised Proposal represents the first time that Worsley Alumina has the potential to operate 

within a PDWSA and has therefore not yet had to develop “Working Arrangements” with managing 

regulators and Water Corporation. In order to assess any potential impacts and to ensure that 

Worsley Alumina has adequate management and mitigation measures in place, a review against the 

Water Quality Guidance Document 2-11 has been undertaken and is provided in Table 5-71. 

There is no intention within the future development plans to construct facilities, including 

administration, workshop or other mine site related buildings within the PDWSA. The potential risk 

of contamination through hazardous wastes, putrescible wastes, human waste or turbidity 
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associated with these types of buildings in negligible. Recycled waste water will not be used for dust 

suppression within the PDWSA’s.  

Table 5-71: Demonstration of Alignment with the Water Protection Guidelines   

Water Protection 
Guideline 

Potential 
Impact 

Alignment/Statement of Intent 

#2 Tailings facilities  Contamination Worsley Tailings located within the RLA. 

#3 Liners for waste 
containment 

Contamination 
No waste storage systems will be placed within or 
adjacent to the PDWSA. 

#4 Installation of mine 
site groundwater 
monitoring bores 

Turbidity 
Contamination 

Installation of bores will be undertaken in 
accordance with best practice, as outlined in the 
Quality Protection Guidelines No. 4 (WRM, 2000). 

#5 Mine site water 
quality monitoring 

Quality 
Refer to the Water Management Plan (Appendix 
E7). 

#6 Mine site 
stormwater 

Turbidity 
Contamination 

Refer to Section 5.5.5.3. 

#7 Mechanical 
servicing and 
workshop facilities 

Contamination 

Worsley will not undertake servicing or build 
workshop facilities within the P1 PDWSA.  
In emergency situations in pit servicing may be 
required, however existing procedures as outlined in 
the Water Management Plan (Appendix E7) 
provide environmental protection.  

#8 Laboratory waste 
discharge 

Contamination Worsley laboratories located within the RLA. 

#9 Acid mine drainage Contamination 
Worsley mining processes do not impact on soils at 
risk of acidification. Major drainage infrastructure not 
proposed in these locations. 

#10 Above ground fuel 
and chemical storage 

Contamination 
Worsley commits to not install any fuel of chemical 
storage within the PDWSA.  

#11 Mine dewatering 
Water table 
impact 

Worsley does not undertake mine de-watering as 
part of its operations. 

5.5.5 Mitigation 

Worsley Alumina have demonstrated that impacts to Inland Waters from existing operations can be 

managed and mitigated through the implementation of the Water Management Plan (Appendix E7) 

Given the Revised Proposal is a continuation of mining and Refinery operations, Worsley Alumina 

will continue to employ similar management practices to manage key risks associated with the 

continuation of mining in the BBM, including the CBME.     

Worsley Alumina has and will continue to apply the mitigation hierarchy (avoid, minimise, rehabilitate, 

offset) to reduce the potential environmental impacts including: 

• Avoid – avoiding the adverse environmental impact; 

• Minimise – limit the degree or magnitude of the adverse impact; 

• Rehabilitate – restore the maximum environmental value that is reasonably practicable; and 

• Offset – offset likely to be proposed to provide environmental benefits to counterbalance 
significant residual environmental impacts or risks if any are assessed to remain after the above 
measures have been adopted. 
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The Worsley Water Management Plan stipulates the current management strategies to manage the 

existing operations and outlines the conceptual continuation of these strategies into new mining 

areas as the Revised Proposal is implemented. The management plan is a framework that draws on 

Worsley Alumina’s existing safe work instructions, procedures and standards.  

Progressive rehabilitation and re-vegetation practices of disturbed land is an important strategy that 

Worsley Alumina have implemented and will continue to implement to ensure impacts to Inland 

Waters is minimised as a result of the continuation of mining. Successful rehabilitation can start to 

alleviate groundwater mounding, salinity risks, excessive erosion and stormwater run-off at the BBM. 

Progressive rehabilitation practices are well understood at Worsley Alumina and will continue to be 

refined to ensure successful outcomes are achieved. Rehabilitation strategies are discussed in 

Section 1.3.1.6 and Section 4.5, with further detail provided in the BFMP (Appendix E1). 

Key mitigation strategies for the identified risks to Inland Waters are outlined below and summarised 

in Table 5-72.  

5.5.5.1 Salinity Risks 

Avoidance and minimisation of unnecessary clearing of native vegetation within the PAA and usage 

of existing cleared areas (or future ore mining areas) may reduce the footprint of mine activities, haul 

and trunk roads, bauxite corridor haulage and conveyor routes, and construction infrastructure 

support areas. Reducing clearing in the PAA will reduce the potential development of dryland salinity. 

All proposed new mining areas within the PAA will be subject to detailed salinity risk evaluation prior 

to the commencement of mining in these new areas. Worsley Alumina has existing techniques that 

identify areas at risk of groundwater rise due to the temporary removal of vegetation for mining, 

particularly valley floor ecosystems that are influenced by groundwater. These evaluations allow the 

relative impacts of mining in different areas to be compared and for possible salinity hazard ‘hot 

spots’ to be defined (i.e. defines potential new areas of groundwater discharge). Worsley Alumina 

has used these techniques as a key prediction tool at the BBM since 2003. Where the evaluation 

indicates potential salt risk, further evaluation will be undertaken, which may include an evaluation 

of soil-salt storage through a drilling and sampling program.   

Ongoing groundwater monitoring within the PAA will help Worsley Alumina further characterise 

groundwater conditions and identify any trends associated with regional conditions, third party 

influences (such as the BGM) and Worsley Alumina’s operations. Investigation trigger levels will be 

developed and incorporated into the existing TARP as part of the Water Management Plan 

(Appendix E7).  

Worsley Alumina’s backfilling, progressive rehabilitation and re-vegetation of mine pits are an 

integral existing practice to reduce any risks of increased salinity trends caused by mining activities. 

Worsley Alumina has a track record of rehabilitation success with a long operational history at the 

BBM. Rehabilitation practices are further described in Section 5.2 and Section 5.4.       

5.5.5.2 Groundwater and Surface Water Dependent Ecosystems 

The direct disturbance (clearing) to groundwater and surface water dependant ecosystems that are 

deemed conservation significant will be avoided where practicable as they are considered areas of 

potential high conservation value in the Worsley Alumina BFMP (Appendix E1). Major water courses 

and riparian vegetation are also included in management buffers of the Protected Areas Plan to 

ensure limited disturbance and the application of applicable management measures if disturbance 

is unavoidable.  
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As for salinity risks, new mining areas will undergo detailed analysis to determine the risk and 

quantification of groundwater rise/mounding due to clearing and mining activities. Groundwater 

mounding predictions that have the potential to impact known GDEs will require further investigations 

into the sensitivities and tolerances of the GDEs vegetation structures to groundwater mounding 

predictions.    

Regular hydrological reviews and vegetation health assessments for high risk protected vegetation 

communities will occur to ensure predicted hydrological impacts and actual hydrological impacts are 

validated and operations are not adversely affecting the significant vegetation community.  

Existing groundwater monitoring at site is managed in accordance with the Worsley Water 

Management Plan which is an adaptive framework that allows Worsley Alumina to incorporate new 

mining areas with ongoing incorporation of existing monitoring data. Groundwater monitoring of new 

mining areas will be developed with appropriate investigation trigger levels implemented for ongoing 

TARPs based on background characterisation and predicted tolerances of neighbouring GDEs.    

An Ecological Monitoring Program has been in place at the Freshwater Lake and downstream 

Augustus River as part of past approvals at the Worsley Refinery. The program was developed via 

a collaborative process between Worsley Alumina, DWER and WRM. Under the monitoring program 

hydrological, chemical and aquatic biota data has been recorded to determine the ability of the 

ecosystem to adapt to the modified releases from the Freshwater Lake as a result of the Refinery 

and BRDA operations. This monitoring program will continue to monitor the impacts of the mining 

proposed to occur at the CBME throughout the life of the Revised Proposal.  

A monitoring program for the Carter’s Freshwater Mussel will be developed to assess health and 

potential populations within the Freshwater Lake and Augustus River. The monitoring program will 

build off existing aquatic fauna monitoring programs implemented by Worsley and will include 

consideration of mercury and other elements that may impact the health of the species. Alternative 

mitigations including translocation of individuals may also be considered, if required, and will be 

undertaken in consultation with DBCA/DWER. 

The groundwater quality downstream of the BRDAs is monitored via a network of monitoring bores. 

Monitoring is undertaken monthly at the Freshwater Lake and is carried out with respect to sodium, 

chloride, turbidity and aluminium. Real time data is collected for pH, electrical conductivity (EC) and 

turbidity. Worsley Alumina conduct annual reviews on the data through the Annual Environmental 

Report and Annual Hydrological Monitoring Report, submitted to DWER. 

5.5.5.3 Erosion, Scouring and Drainage Movement 

5.5.5.3.1 Mining Operations 

Drainage at the BBM is managed to control storm water run-off to prevent environmental effects 

including erosion, sedimentation of streams, release of excessively turbid water and spread of forest 

disease. 

During operations, drainage in the PAA is managed and will continue to be managed in accordance 

with the Worsley Bauxite Mine Site Drainage Standard (Worsley 2021b) and Trunk Haul Road 

Design and Construction Specifications (Worsley, 2019b). The Site Drainage Standard  (Worsley 

2021b) defines the minimum performance requirements for design and inspection of drainage 

structures at the mine to prevent or minimise erosion and sediment release into surrounding 

environments. Further details of the Bauxite Mine Site Drainage Standard are outlined in the 

Terrestrial Environmental Quality Section 5.4.  
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All rivers and streams within DBCA managed lands of the PAA area will be subject to the criteria 

applicable to the informal reservation of river and stream zones under the Forest Management Plan 

2014-2023 (Conservation Commission of Western Australia, 2013). These buffer zones are outlined 

in the Worsley Protected Areas Plan (Worsley, 2020a). Avoidance of clearing adjacent to water 

courses and installation of engineered sedimentation structures upslope are proposed to continue 

for the Revised Proposal to ensure excessive sediment release is managed and minimised. Where 

the construction of critical infrastructure such as haul roads and conveyor systems are deemed 

necessary, DWER will be consulted over the construction of the infrastructure in advance.  

5.5.5.3.2 River Crossing Infrastructure 

Construction of the proposed river crossings will be managed under a CEMP, outlining potential 

erosion and turbidity control measures such as sediment curtains, sumps and dust suppression. 

Construction of these river crossings will be limited to drier months of the year to prevent excessive 

erosion and sedimentation, as well as to minimise impacts on water flows. Where this is not 

practicable, controls will be implemented to limit the potential for impact. 

Bridge and culvert designs are subject to a range of conservative engineering parameters. Early 

investigations of design optionality (Calibre, 2019) have modelled flow velocity and shear stress to 

determine the design elements of culverts, diversion structures and the extent of rock protection 

required to withstand predicted stream flow conditions.  

Drainage sumps have been strategically sized and placed adjacent to haul road infrastructure where 

downstream sensitive receptors are present (i.e. Hotham River and its tributaries). These sumps 

have been designed with a 1 in 100 AEP event and will collect and treat runoff and allow 

sedimentation of potential pollutants transported during minor events and permit controlled overflow 

during heavier rainfall events.   

Scour protection, primarily in the form of loose dumped rock and grouted or cement stabilised rock 

is proposed at select locations to prevent undermining of the haul road and drainage structures and 

to minimise downstream sediment loss. Consultation with DWER and other stakeholders is planned 

prior to construction of the river crossings to determine any RIWI Act Bed and Banks permits required 

and to ensure that design, controls and construction options selected at each crossing location are 

suitable.  

5.5.5.4 Chemical and Hydrocarbon Management 

As described in Section 5.4.5.3, Worsley Alumina has existing hydrocarbon and chemical 

management practices that will remain in place for the continuation of mining under the Revised 

Proposal. Given the chemical and hydrocarbon management systems that are currently in place, the 

risk of contamination to water resources from Worsley Alumina’s Revised Proposal is predicted to 

be low. The current practices have demonstrated that continuation of mining operations can be 

managed without posing a significant risk of contamination from hydrocarbons and chemicals. Any 

suspected contamination will be investigated using the spill response TARP and in accordance with 

the CS Act. 

As identified in Figure 5-50, the P1 and P2 protection areas of the South Dandalup Dam Catchment 

Area PDWSA intersects with the northern extents of the WMDE. As the intersect area between the 

WMDE and the PDWSA is localised to a small portion (<1%) of the PAA, Worsley Alumina will 

commit to not storing any chemicals and hydrocarbons in these areas. Removing the storage of 

hazardous substances in the protected catchment area will remove the risk of contaminating the 

surface water and groundwater in the South Dandalup Dam Catchment Area. Any mining and 
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exploration activities in these areas will require coordination and consultation with DWER and Water 

Corporation to establish working arrangements prior to any activities commencing.    

Similar efforts are employed to mining areas in the WMDE and CBME as management buffers 

around water bodies are implemented (mainly for disturbance reasons), but as a result reducing the 

proximity and risk of any potential spills and leaks entering surface water environments.  

Disturbance for the construction of river crossings will be subject to a CEMP which will outline the 

key mitigation strategies to prevent or limit the risk of hydrocarbon and chemical contamination of 

the surrounding aquatic ecosystems.   

5.5.5.5 Acid Sulfate Soils Management  

As discussed in Section 5.4.5.2, Worsley Alumina will develop an ASSMP for implementation of the 

Revised Proposal, specifically related to the construction of the river crossings.  

The ASSMP will be developed in accordance with National and State guidance for identification, 

investigation, treatment and management of ASS as listed below: 

• National Acid Sulfate Soils Guidance: National acid sulfate soils sampling and identification 
methods manual (DAWE, 2018b); 

• State DWER guidelines for: 

• Identification and investigation of acid sulfate soils and acidic landscapes (GoWA, 2015a); 
and 

• Treatment and management of soils and water in acid sulfate soil landscapes (GoWA, 
2015b). 

The management framework of the ASSMP is provided in Table 5-59 in Section 5.4.5.2 . The final 

ASSMP will be provided to the relevant regulators for approval prior to the commencement of the 

Revised Proposal.  

This ASSMP will be accompanied by a CEMP for the construction of the river crossings. Sampling 

and analysis of soils in the locations of the river crossings will identify any ASS that will require 

tailored management measures to be developed. Surface water monitoring will be stipulated in the 

CEMP of the surrounding streams and rivers to ensure altered water quality can be identified and 

investigations initiated based on trigger criteria.    

A summary of key management measures for inland waters, and where they occur in the mitigation 

hierarchy, is shown in Table 5-72. 



 

 Worsley Mine Expansion Environmental Review Document 527 
 

Table 5-72 Proposed Management Measures for Inland Waters 

Potential Impact  Management Measures 

Deterioration or 
change in 
background water 
quality 
(salinisation)  

Minimise  

• Minimise disturbance and utilise existing cleared areas or areas that will be disturbed for future mining pits; 

• Evaluations of new mining areas to determine salinity risks. Additional salt storage investigations of high-risk areas if 
determined by the evaluation outputs; 

• Triennial aquifer reviews to understand local aquifer response to mining and abstraction programs; 

• Ongoing groundwater monitoring with investigation trigger levels developed for mining areas to monitor salinity increases;  

• Progressive rehabilitation of disturbed land; and 

• No ground disturbance shall be undertaken within that portion of the PAA that intersects the PDWSA until working 
arrangements are developed and agreed upon with regulators and the Water Corporation. 

Changes to 
groundwater 
levels in the 
shallow aquifers 

Minimise  

• Evaluations of new mining areas to determine groundwater mounding risks; 

• Regular sustainable yield testing for all production bores;  

• Monitoring of groundwater levels as per the adaptive Worsley Water Management Plan (Appendix E7) and development of 

investigation trigger levels for the protection of sensitive receptors interacting with shallow aquifers in the form of TARPs;  

• Progressive rehabilitation of disturbed land; and 

• Triennial aquifer reviews to understand local aquifer response to mining and abstraction programs.  

Decline in surface 
water and 
groundwater 
values through 
increased water 
use 

Minimise  

• Water efficiency measures to minimise water use for operational requirements; 

• Regular sustainable yield testing for all production bores; 

• Ongoing monitoring of groundwater and surface water in the PAA with applicable investigation trigger levels developed and 
implemented as the TARP in the adaptive Worsley Water Management Plan (Appendix E7); and 

• Triennial aquifer reviews to understand local aquifer response to mining and abstraction programs. 

Changes to 
vegetation 
structure in GDEs 

Minimise  

• Evaluations of new mining areas to determine site specific groundwater mounding risks; 

• Regular sustainable yield testing for all production bores; 

• Investigations into the sensitivities and tolerances of any conservation significant GDE vegetation structures vulnerable to 

groundwater mounding predictions; 

• Monitoring of groundwater levels as per the Worsley Water Management Plan (Appendix E7) and development of 

investigation trigger levels for the protection of conservation significant GDEs reliant on shallow aquifers; 
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Potential Impact  Management Measures 

• Regular hydrological reviews and vegetation health assessments for identified PEC vegetation communities; and 

• Progressive rehabilitation of disturbed land. 

Decline of aquatic 
fauna 

Avoid 

• Avoid clearing activities on the edges of water courses (except where haul crossings are required), management buffers to 
be maintained by the Protected Areas Plan. A spatial separation of at least 30 m from the bank of the Augustus River will be 
applied, in alignment with the requirements of the Sustainable Forest Management Series, SFM Guideline No.4 (Guidelines 
for Protection of the Values of Informal Reserves and Fauna Habitat Zones), 2009; and 

• Disturbance of the Freshwater Lake by contingency mining activities will be avoided by maintaining a separation distance of 
50 m, from the high-water mark unless further studies and monitoring of the presence of Carter’s Freshwater Mussel show 
that avoidance is no longer required. Any change to this buffer requires confirmation with State and Commonwealth 
regulators.  

 
Minimise  

• Progressive rehabilitation of disturbed land; 

• Continuation of existing monitoring programs (physical, chemical and biological) to determine and identify any impacts to 
aquatic fauna ecosystems in the PAA; 

• A monitoring program for the Carter’s Freshwater Mussel will be developed to assess health and potential populations within 
the Freshwater Lake and Augustus River. The monitoring program will build off existing aquatic fauna monitoring programs 
implemented by Worsley and will include consideration of mercury and other elements that may impact the health of the 
species; and 

• Alternative mitigations for the Carter’s Freshwater Mussel, including translocation of individuals, may also be considered, if 
required, and will be undertaken in consultation with DBCA/DWER. 

Riverbank 
erosion, 
sedimentation 

Avoid 

• Avoid clearing activities on the edges of water courses (except where haul crossings are required), management buffers to 
be included in the Protected Areas Plan.   

 
Minimise  

• Assessment of the river crossing locations and designs will take into account bank stability and hydraulic studies to ensure 
bridge designs avoid excessive erosion and scouring; 

• Detailed bridge designs will ensure flood relief culverts under the bridges and erosion protection measures on the riverbanks 
are adequate to deal with modelled predictions;  
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Potential Impact  Management Measures 

• Minimise disturbance and utilise existing cleared areas or areas that will be disturbed for future mining pits; 

• Progressive rehabilitation of disturbed land;  

• Installation of water management infrastructure (sumps, drainage lines etc.) for all operational areas including haul roads in 
accordance with the existing Bauxite Mine Site Drainage Standard and the Trunk Haul Road Design and Construction 
Specification; 

• Regular inspection and maintenance of sumps; and 

• Regulator engagement with DWER regarding the construction and operation of river crossing infrastructure. Bed and Banks 
permits under the RIWI Act may be required.  

Contamination of 
ground and/or 
surface water 
from exposure of 
PASS 

Avoid 

• Mining footprint to avoid low-lying topographical areas in the vicinity of rivers and creeks. Management buffers around water 
courses for mining areas are included into mine planning. 

 
Minimise  

• A CEMP will be developed with an associated ASSMP to outline the identification, sampling and management of any ASS 
expected to be encountered for the construction of the river crossings; 

• Periodic surface water monitoring at bridge crossing locations to detect any alterations in stream flow quality as a result of 
Worsley Alumina’s activities; and 

• The ASS management plan will be developed in accordance with the relevant DER (now DWER) guidelines ‘Identification 
and investigation of acid sulfate soils and acidic landscapes’ (GoWA, 2015a) and ‘Treatment and management of soils and 
water in acid sulfate soil landscape’ (GoWA, 2015b).    

Contamination of 
surface water 
and/or 
groundwater from 
spills, chemicals 
or stormwater run-
off  

Avoid 

• Avoid storage of chemical and hydrocarbons in the P1 and P2 PDWSA of the South Dandalup Dam Catchment Area; 

• Construction of bridge works will be limited to the drier months to avoid interference with surface flow and increased stream 
flow.  Where not practicable, appropriate mitigation methods will be employed to limit potential impact; 

• Chemicals, hydrocarbons and other environmentally hazardous materials will be stored and handled in accordance with 
Dangerous Goods Safety Act 2004 and associated regulations, including use of a bunded and sealed assembly area for 
hazardous chemicals (containerised); and 

• Construction of fuel containment infrastructure will be in accordance with Australian Standards for fuel storage AS1940-2017 
– The Storage and Handling of Flammable and Combustible Liquids. 

 
Minimise  
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Potential Impact  Management Measures 

• Environmentally hazardous material releases will be managed in accordance with Worsley’s Spill Management Procedures 

for all activities including but not limited to construction of river crossings and mining activities; 

• Collection and management of potentially contaminated stormwater run-off from workshops and hydrocarbon storage areas; 

• Lined hydrocarbon storage area for contaminated soils awaiting removal from site by a licensed contractor; 

• CEMP to be developed for the river crossing construction programs to ensure appropriate usage and storage of chemicals 

and hydrocarbons;    

• Hydrocarbon and chemical analysis of selected bore monitoring programs to identify any contamination as a result of 
Worsley Alumina’s operations; and 

• Consultation with DWER and Water Corporation regarding any activities in the PDWSA to agree on any working 
arrangements in those areas.    
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5.5.6 Assessment and Significance of Residual Impact 

Worsley Alumina’s robust management practices that are currently implemented for the existing 

operations are considered appropriate and effective for managing any potential impacts to inland 

waters associated with the Revised Proposal.   

Additional clearing and development of mine pits can cause localised groundwater mounding 

resulting in a range of potential indirect impacts from increased salinisation, impacts to GDEs, altered 

stream flow and aquatic fauna characteristics.  

Observations of Worsley Alumina’s current operations have suggested that current bauxite mining 

practices do not appear to cause increased salinity risks above background conditions (GHD, 

2020a). 

Potential groundwater mounding influence on GDE vegetation structures have been identified during 

the assessment for this approval as a result of additional mining activities in the WMDE and CBME. 

To manage this, when accessing new mining areas (i.e. Hotham North, Hotham West and the 

CBME) site specific investigations will determine applicable mitigation strategies and monitoring 

programs based on more accurate hydrogeological and existing GDE vegetation conditions. Worsley 

Alumina’s adaptive Water Management Plan (Appendix E7) will continue to be implemented to 

ensure TARP management is proactive and responses are practical to protecting sensitive 

vegetation from indirect impacts.   

The GHD (2020a) modelling suggests that baseflow contributions (groundwater discharge) to the 

river networks in the WMDE, attributable to mining and clearing are relatively minor and represent 

1 to 5% increase, which would not be discernible against the natural variations. Given the small 

percentage of increase to baseflow, and that the groundwater quality has been shown to be fresher 

than the water quality of the river systems, adverse impacts are not anticipated.  

Aquatic fauna values are not considered to be at elevated risks due to the Revised Proposal. The 

habitat of the Carter’s Freshwater Mussel is unlikely to extend as far east as the WDME and BTC 

due to the salinity of these river systems. Given there is low risk of altered salinity of the Freshwater 

Lake and Augustus River, and there is predicted increase in groundwater seepage, there are 

negligible predicted impacts to the population of the Carter’s Freshwater Mussel likely to be present 

in the Freshwater Lake (located at the Refinery) and in the Augustus River, downstream of the 

CBME. The negligible predicted impacts are not considered to be a significant residual risk and 

therefore not carried further into biodiversity offset considerations.   

The potential for increased turbidity and/or contamination to inland waters environmental quality can 

be mitigated through appropriate management and monitoring during the continued operations of 

the BBM (including management buffer zones around watercourses). Worsley Alumina’s current 

operational controls have proven to be successful in mitigating these risks and will continue to be 

implemented for ongoing operations at the BBM. Drainage standards will ensure that potentially 

contaminated water is collected and re-used on site. The risk of water contamination during project 

construction and operations will be mitigated through appropriate storage and handling of chemicals 

and hydrocarbons.  

The ASS risk within the mining extension areas is considered extremely low. The ASS risk related 

to the construction of river crossings will be quantified and site-specific management measures 

developed as determined by the ASSMP. ASS, if encountered during construction of river crossings, 
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is expected to be managed in accordance with contemporary guidance and not pose a risk to inland 

water quality.   

Impacts to receptors that rely on water table depths from the proposed increased groundwater 

abstraction are considered minimal, with minor adjustments to the Hotham River contributions which 

mitigate clearing impacts and overall reducing mounding effects localised to the proposed 

abstraction bores. The proposed Nullaga abstraction bores intersects a small proportion of a 

potential groundwater dependant ecosystem with minor drawdown levels predicted. 

5.5.7 Environmental Outcomes 

In summary, with the implementation of Worsley Alumina 's current management practices and 

further tailored mitigation strategies on specific risks, the continued operations of the Revised 

Proposal are not expected to result in significant impacts greater than those currently observed in 

relation to Inland Water values. Disturbance to the rivers and tributaries from the Revised Proposal 

will be discrete and localised, with direct impacts limited to the construction of the river crossings 

across Hotham River and Thirty-Four Mile Brook). Implementation of the Revised Proposal and the 

continuation of existing operations are expected to meet the EPA’s objectives for Inland Waters with 

consideration of the outcomes as described related to avoidance, management and monitoring 

measures. 

Specifically, Worsley Alumina commit to and anticipate the following commitments to become 

outcome based conditions: 

• No ground disturbance shall be undertaken within the portion of the PAA that intersects the 
PDWSA until working arrangements are developed and agreed upon with regulators and the 
Water Corporation; 

• Avoid storage of chemicals and hydrocarbons in the P1 and P2 PDWSA of the South Dandalup 
Dam Catchment Area; 

• Chemicals, hydrocarbons and other environmentally hazardous materials will continue to be 
stored and handled in accordance with Dangerous Goods Safety Act 2004 and associated 
regulations, including use of a bunded and sealed assembly area for hazardous chemicals 
(containerised); 

• A spatial separation of at least 30 m from the bank of the Augustus River will be applied; 

• Disturbance of the Freshwater Lake by contingency mining activities will be avoided by 
maintaining a separation distance of 50 m from the high-water mark of Freshwater Lake; 

• A monitoring program for the Carter’s Freshwater Mussel will be developed to assess health and 
potential populations within the Freshwater Lake and Augustus River; 

• Avoid low-lying topographical areas in the vicinity of rivers and creeks. Management buffers will 
be applied around streams and riparian zones in accordance with the Protected Areas Plan (with 
the exception of essential infrastructure crossings to access new mining areas); 

• A Construction Environmental Management Plan will be developed with an associated Acid 
Sulfate Soils Management Plan to outline the identification, sampling and management of any 
ASS expected to be encountered for the construction of the river crossings; and 

• Monitor groundwater levels and quality as per the Worsley Alumina Water Management Plan 
and development of investigation trigger levels for the protection of sensitive receptors reliant on 
groundwater and surface water interactions. 

In addition to the above commitments, operations at the Refinery are subject to a Surface Water 

Licence SWL 68041(4) issued under the RIWI Act.  This Licence regulates the discharge from the 

Freshwater Lake to the Augustus River.  The Licence regulates the volume and timing of discharge 

to meet ecological demands as well as monitoring requirements for water quality to ensure 

downstream users are not adversely impacted. 
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Worsley Alumina does not propose to change any requirements related to the Surface Water Licence 

and considers that the discharge from the Freshwater Lake can be appropriately regulated through 

continued implementation of SWL68041(4).   
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5.6 KEY ENVIRONMENTAL FACTOR – AIR QUALITY 

5.6.1 EPA Objective 

The EPA’s environmental objective for the factor ‘Air Quality’ is: 

To maintain air quality and minimise emissions so that environmental values are protected. 

For the purposes of EIA, the EPA defines Air Quality as the chemical, physical, biological and 

aesthetic characteristics of air. ‘Air’ refers to all the air above the ground up to and including the 

stratosphere (EPA, 2020a). 

5.6.2 Relevant Policy and Guidance 

5.6.2.1 EPA Policy and Guidance  
 

• Environmental Factor Guideline – Air Quality (EPA, 2020b); and  

• Guidance Statement No. 3 – Separation Distance Between Industrial and Sensitive Land Uses 
(EPA, 2005). 

5.6.2.2 Other Policy and Guidance 
 

• National Environment Protection (Ambient Air Quality) Measure (NEPC, 2016); 

• Air Quality Modelling Guidance Notes (DoE, 2006); 

• Guideline – Air Emissions, draft for external consultation (DWER, 2019a); 

• A guideline for managing the impacts of dust and associated contaminants from land 
development sites, contaminated sites remediation and other related activities (DEC, 2011); and 

• Approved methods for the modelling and assessment of air pollutants in New South Wales, 
Sydney (NSW EPA, 2017). 

Worsley Alumina have applied the Environmental Factor Guideline for Air Quality to the activities 

described within the Revised Proposal. Worsley Alumina have identified areas that may have the 

potential to be impacted by reduced air quality as a result of proposed activities and applied 

protection measures to these areas, such as those identified in Section 5.6.5 to avoid or minimise 

impacts. The protection measures discussed in this section – Air Quality – demonstrate Worsley 

Alumina’s commitment to protection to the air quality to the environmental and social values. 

The air quality assessment undertaken to support the Revised Proposal is provided in Appendix J 

to support the environmental impact assessment process and provide confidence in the current 

knowledge within the development envelopes and surrounding area. Discussion of this assessment 

is presented in Section 5.6.3. 

 

5.6.3 Receiving Environment 

The receiving environment for Air Quality includes: 

• Sensitive receptors (i.e. residents and agricultural properties, mine employees, community 
areas, vegetation and fauna); 

• Local air sheds (Collie and Boddington); and  

• The South West regional air shed. 
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The elements of Air Quality relevant to the receiving environment are emissions of dust and 

combustion products, discussed in Section 5.6.3.1 and Section 5.6.3.2, respectively. Given the 

nature of the mine site and surrounds, and the scope of this ERD being a continuation and extension 

of the BBM and associated infrastructure, dust is the predominant source of atmospheric emissions 

relevant to this factor, therefore represents the proportionate focus of this assessment. As of April 

2020, GHG are considered under the Greenhouse Gas Emissions factor (EPA, 2020c), separate 

from Air Quality as a discrete factor. GHG emissions relevant to this Revised Proposal are discussed 

in Section 6.2. 

The climate and meteorological characteristics of the region control the dispersion, transformation 

and removal (or deposition) of dust and other air pollutants from the atmosphere. Climate and 

meteorological characteristics are presented in Section 1.5.1.1. 

5.6.3.1 Dust 

Particulate matter (PM) are suspended solids (e.g. smoke) or liquids (e.g. aerosols) suspended in a 

gas and can be classified by an aerodynamic diameter, which describes the behaviour of the particle 

in the air based on its size and shape: 

• Total suspended particulates (TSP) – refers to the total amount of PM suspended in the air 
(regardless of size). These particles are primarily associated with amenity or visibility issues and 
generally settle to the ground quickly after being emitted; 

• PM10 – refers to the total of suspended particulate matter less than 10 µm in aerodynamic 
diameter. Particles in this size range can enter the respiratory tract (potentially impacting on 
human health) and can remain suspended for many days in the atmosphere; and 

• PM2.5 – refers to the total of suspended particulate matter less than 2.5 µm in aerodynamic 
diameter. These particles are also potentially associated with human health impacts, and can 
remain suspended in the atmosphere for months to years. 

‘Dust’ is a more common name for particulates and can consist of crustal material, pollens, salts and 

smoke from combustion products.  

5.6.3.1.1 Dust Generation 

The WMDE and BTC are located in a rural setting, comprising forest reserves, vacant crown land 

and farming properties, while in the pre-existing context of a long-term operational mine environment 

since the 1980s, with Boddington and surrounding properties in proximity to the existing mine 

operations. The CBME is located in an industrial setting (the Refinery), surrounded by forest. The 

main contributors of airborne particulates to background levels in these settings include smoke from 

residential wood heaters, burning cleared vegetation, hazard reduction burning and wildfires in the 

region; farming activities, residential vehicle activity, wind erosion of destabilised ground, unpaved 

roads, pollens and to a lesser degree, salt. Contributions to background levels of particulates also 

occur from activities associated with surrounding mines and industries. 

Dust is generated at a localised scale within the PAA from current mining operations (inclusive of 

surface mining/or overburden removal and exploration activities), primarily through three processes; 

material handling, vehicle movement and wind erosion (ETA, 2020b). Material handling includes 

material movements (mining excavation, grinding operations, dropping at conveyor transfer points, 

stacking and reclaiming), blasting and vehicular movement over unsealed or dust laden surfaces. 

The amount of particulate matter generated is highly dependent on the moisture properties of the 

material being transferred, the particle size distribution (PSD) of the material, drop heights and the 

dust management measures and emission controls in place for the sources. 
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Wind erosion occurs when the wind speed exceeds a ‘threshold’ velocity (nominally in the 5-10 m/s 

range), causing larger particles (> 100 microns) to be dislodged and bounce or creep across the 

ground surface. This in turn can dislodge smaller particles which remain suspended in the air. The 

amount of particulate matter generated is highly dependent on the wind speed, surface properties 

and PSD of the material. 

Dust generated by vehicle movements occurs when the passage of vehicles loosens particulate 

matter, which is uplifted by turbulent air behind the vehicle. There are numerous factors that influence 

the quantity of particulate emissions from unpaved roads, including surface moisture, road 

composition, vehicle speed, number of moving wheels, traffic volume and road length. Heavy 

vehicles and high speeds will produce higher emissions that light vehicles and low speeds. 

A site investigation was undertaken at the BBM to assess sources of dust from land/vegetation 

clearing and topsoil stripping, drilling/blasting, mining excavation (including loading/unloading of ore 

and waste), vehicle emissions (including light and heavy vehicles), crushing (primary and 

secondary), screening, conveying, stacking/reclaiming and wind erosion (ETA, 2020b). With 

consideration of existing management controls, particulate emissions from haul roads were identified 

as the single largest source of dust from the current mining operations. Activities around blasting, 

crushing and stacking were also identified as key dust generation activities, with wind erosion on 

large, cleared areas flagged as a key contributing source (although not directly observed).  

The findings of the site investigation (ETA, 2020b) broadly align with emissions estimates of 

particulate matter as modelled by Environmental Technologies & Analytics (ETA) (ETA, 2020a). The 

contribution of estimated PM10 emissions at the BBM shows that wind erosion is the single largest 

contributor (50%), followed by ore processing (28%), wheel-generated dust on haul roads (21%), 

mining activity (1.8%) and drilling/blasting (0.2%). A summary of emissions estimates from dust 

generating activities is provided in Appendix J1 (ETA, 2020a). 

Dust generating activities within the Refinery boundaries (adjacent to the CBME) include bauxite 

stockpiling, vehicle movements (wheel generated dust) on unsealed roads, and wind erosion from 

the BRDAs. There are currently no dust generating activities occurring within the CBME.  

Dust emissions from ore conveying operations are considered to be negligible, given that they are 

mostly covered to minimise dust (including dust containment systems at transfer points), and that 

the belt speed is below dust lift-off velocities (ETA, 2020a). 

5.6.3.1.2 Dust Monitoring 

Dust monitoring has been undertaken at the BBM since 2006, with the monitoring network being 

designed to meet the requirements specified in MS 719, Commitment 2 in that ‘…the amenity of 

nearby residences is protected from dust impacts resulting from bauxite mining activities…’. Four 

ambient dust monitoring stations are currently being operated by Worsley Alumina, including two 

Tapered Element Oscillating Microbalances (TEOMs) and two Met One E-Samplers (E-Samplers). 

The dust monitoring program is implemented in accordance with the existing DWER Part V licence 

(5960/1983/11), which includes provision for use of E-samplers where required, and additional 

meteorological monitoring. 

The E-Samplers are used to provide preliminary and indicative levels of ambient dust. The TEOMs 

are operated in accordance with Australian Standards (AS 3580.9.8:2008) and provide real time 

detection of PM10 levels. The TEOMs were located to ensure data collection during ‘up-wind’ and 

‘down-wind’ conditions, and to meet the requirements of Australian Standard “AS/NZS 
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3580.1.1:2007 Methods for sampling and analysis of ambient air – Guide to siting air monitoring 

equipment”.  

Dust monitoring also occurs at the Refinery, with one E-Sampler and one TEOM currently in use. 

The monitors are positioned to detect dust emissions from the BRDAs. Details of the previous and 

current ambient dust monitoring stations at the BBM and Refinery are provided in Table 5-73. 

 

Table 5-73 Worsley Ambient Dust Monitoring Stations  

Monitor 
Monitoring 

Period 
Mining Area Monitor Parameters 

Farmers (AQ1) 2011 – current Marradong 
TEOM, E-

samplers when 
required 

PM10 

Goodgame (AQ4) 2011 – current Marradong 
TEOM, E-

samplers when 
required 

PM10 

Karafil (AQ3) 2010 – current Saddleback E-Sampler 
PM10,  

WS/WD 

Berry (AQ2) 2006 – current Saddleback E-Sampler 
PM10,  

WS/WD 

4xNW 2013 – current Refinery E-Sampler PM10 

5s 2005 – current Refinery TEOM PM10 

WS = Wind Speed, WD = Wind Direction 

AQ numbers are reference points listed within L5960/1983. 

Dust monitoring data is streamed on a live basis to data management software. Triggers are set and 

alerts are generated each time an exceedance occurs, which are subsequently investigated. 

Therefore, monitoring data from the BBM dust monitoring network is used for (1) compliance 

monitoring and (2) dust management, i.e. action in response to elevated 24-hour average dust 

concentrations. There are currently no licence requirements to monitor dust at the Refinery or CBME. 

Dust management is discussed further in Section 5.6.5. 

An assessment undertaken by ETA demonstrates that PM10 concentrations measured at each 

monitoring location are a combination of PM10 contributions from Worsley Alumina mining operations 

and localised background concentrations (ETA, 2020a). Results from modelled dust emissions from 

the existing mining activities are provided in Appendix J1. 

Worsley Alumina has operational control to ensure monitors can be moved to the most appropriate 

locations that provide coverage from mining impacts on sensitive receptors, as well as meet 

Regulator requirements consistent with its existing licence conditions operating under licence 

(L5960/1983) and related amendments. As mining areas migrate over time, monitors will be moved 

to be optimally located taking into account the new premises boundary and to more accurately 

measure off-site dust levels.  

5.6.3.1.3 Dust Composition 

Annual analysis of dust composition for dust generated by the Worsley Alumina operations is 

undertaken for National Pollutant Inventory (NPI) reporting purposes, as required under the Worsley 
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Alumina Part V licences for bauxite mining (L5960/1983/11) and alumina production 

(L4504/1981/17). The inclusion of dust composition in the dust monitoring network is not currently a 

requirement of the Worsley Alumina Part V operating licences. 

The reported emissions data is calculated based on NPI emissions factors and assumptions, using 

an NPI tool which has been developed by a third-party specialist for this purpose. The reported dust 

emissions data includes particulate matter, metals21 and other compounds including (but not limited 

to) nitrogen oxides, sulphur dioxide and volatile organic compounds. Dust composition information 

reported to NPI annually is publicly accessible through the NPI database (DAWE, 2020a).  

5.6.3.2 Combustion Products 

Atmospheric gas emission sources from current mining activities are primarily from (1) the 

combustion of diesel fuel used in heavy earthmoving equipment and stationary engines, and (2) 

detonation of explosives during blasting. The combustion products that are released to the 

atmosphere include oxides of nitrogen (NOX), sulfur dioxide (SO2) and carbon monoxide (CO).  

ETA (2020a) has evaluated the significance of NOX, SO2 and CO emissions estimates prepared for 

National Pollutant Inventory (NPI) reporting purposes according to the screening analysis framework 

outlined in the draft Air Emissions Guideline released for public consultation by DWER (2019a). The 

screening analysis indicated that SO2 emissions pass the screening criteria and therefore are 

considered insignificant.  

Emissions of NOX (as converted to nitrogen dioxide [NO2]) and carbon monoxide (CO) required a 

more detailed analysis. Combustion product emission sources from the ETA model (2020a), 

estimate that up to approximately 390 tonnes per annum (tpa) NOX and approximately 252 tpa CO 

are emitted from the current mining operations annually. The results of the NOX and CO emissions 

estimates for the WMDE and BTC show that fuel (diesel) combustion emissions from haul trucks are 

the single largest contributor to NOX emissions (approximately 198 tpa), and blasting is the single 

largest contributor to CO emissions (approximately 126 tpa). A summary of the NOX and CO 

emissions estimates by source are provided in Appendix J1. 

The main source of air emissions within the vicinity of the CBME is the Refinery. Air emissions from 

the Refinery are well characterised and licensed, as an Air Emissions Inventory was completed in 

2018 and is a requirement of the Part V EP Act Licence (L4504/1981/17). The 2018 inventory 

showed that material air emissions from the Refinery include CO, SO2, NOX, particulates, odour and 

volatile organic compounds (VOCs) (ENVALL, 2018). It is important to note the Refinery is an 

existing operation that is fully operational and regulated under a Part V licence, that will not undergo 

any changes as a result of the Revised Proposal but is included to provide full context. Air emissions 

associated with the Refinery and crushing facilities associated with mining activities at BBM are 

currently regulated under both Part IV and Part V of the EP Act. It is Worsley Alumina’s future intent, 

as part of the forward process of an integrated and contemporised Ministerial Statement, to clarify 

that these sources of air emissions are already regulated through an established regulatory 

mechanism (Part V of the EP Act). This is further described in Section 5.6.5.2.  

Worsley Alumina also supports and actively engages in local airshed air catchment area forums and 

studies near Worsley Alumina operations to help reduce the impact on local communities and 

 
 
21 NPI metals reporting in dust emissions includes arsenic, beryllium, boron, cadmium, chromium (III and VI), cobalt, 
copper, lead, manganese, mercury, nickel, selenium, zinc and associated compounds.  
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improve ambient air quality. An example of Worsley Alumina’s involvement includes the Collie 

airshed study which was completed in 2020 with the final report available in the 3rd quarter of 2021.  

5.6.4 Potential Environmental Impacts 

The potential impacts that may occur to air quality from implementing the Revised Proposal are: 

• Generation of particulates from mining activities, including material handling, vehicle and 
machinery movement and wind erosion to the local airsheds and sensitive receptors;  

• Generation of particulates from refining activities, including the disposal of bauxite residue; and 

• Emissions of combustion products associated primarily with earthmoving and blasting activities. 

In context of this Revised Proposal, the primary source of potential impacts to air quality is dust 

emissions, as relevant to potential amenity or health effects to off-site receptors. Therefore, the air 

quality impact assessment is predominantly focused on dust emissions. For completeness, other 

sources of atmospheric gas emissions are provided in this section, with the exception of GHG, which 

are discussed in Section 6.2. 

ETA (2020a) was commissioned to undertake a dispersion modelling study to determine the 

potential impacts associated with the Revised Proposal to the health and amenity of nearby 

residences. The pollutants that were investigated include particulate matter (PM2.5, PM10 and TSP) 

and by-products of fuel combustion (NOX and CO). As mentioned in Section 5.6.3.2, SO2 emissions 

for the existing operations are within screening criteria in accordance with DWER guidance, and 

were not carried forward for the detailed air quality modelling assessment.  

The dispersion modelling study incorporates site-specific meteorological data and ambient air quality 

monitoring data, the regulatory context and the nature of mining operations at the BBM (ETA, 2020a). 

The model selection (CALMET/CALPUFF model suite) assesses a 12-month period (FY18/19) that 

was considered the most representative data of existing operations at the BBM. As there is no 

change to the approved mining rate, the derived emissions estimates were assumed to remain the 

same for the Revised Proposal, except increases associated with a more expanded haul road 

network, including wind erosion, wheel-generated dust and combustion emissions. 

For proposed activities within the CBME, a semi-quantitative evaluation was conducted to provide 

an indicative assessment of the incremental impact upon ambient air quality due to dust emissions. 

The semi-quantitative evaluation is based on the reasonable assumption that the predicted 

downwind concentrations from the CBME are expected to be of the same order as predicted for the 

BBM on a pro-rata mining basis. This is considered a conservative approach given the much smaller 

disturbance area, enhanced dust suppression available (i.e. Freshwater Lake) and the adjacent 

forest vegetation acting to enhance dust deposition (ETA, 2020a).  

The requested change of BRDA deposition rate of 18.5 Mtpa (wet) to 18.5 Mtpa (dry) will not change 

the method of deposition. The change in classification from a wet to dry deposition rate will not result 

in additional environmental impacts to air quality that are not already managed though current 

operational controls or addressed in Section 5.6.5. Bauxite residue will continue to be disposed as 

a slurry to the BRDA, that is in itself a dust liberation control measure There will also be no material 

change in the characteristics of the bauxite residue slurry that will be disposed of due to the BRDA 

extension. There is not expected to be any change in fugitive dust compared to the current BRDA 

operations.   

Dust emissions from the BRDAs are currently, and will continue to be managed, according to the 

Worsley Alumina Air Quality and Dust Management Plan – RLA, (Appendix E9) developed under 
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condition 14 of MS 719, and to requirements of the Minister for the Environment on advice of the 

EPA.   

The amendment of the classification of the BRDA deposition rate will not alter the rate of alumina 

production of 4.7 Mtpa, the mining rate of 18.8 Mtpa (dry) or other operational parameters. The 

change will allow for more accurately accounting of deposition volumes and will provide transparency 

around how much residue is stored. It will also demonstrate that Worsley Alumina is seeking to 

maximise the use of its existing BRDAs prior to increasing its footprint.  

The study applies a risk-based approach, following the risk rating process adopted by DER (now 

DWER) (2017), which involves the application of the likelihood and consequence matrix. Specifically, 

low and minimal risk ratings align with the low risk rating defined in DER (2017), moderate risk ratings 

align with the medium risk defined in DER (2017) and high risk ratings align with the high risk rating 

defined in DER (2017). To cover off on uncertainties identified in the validation of the model, ETA 

has adopted a degree of conservatism for risk-based interpretations (ETA, 2020a).  

Dust composition information for the purposes of modelling was sourced from the National 

Environment Protection (Ambient Air Quality) Measure (Air NEPM) standards for particulate matter 

(NEPC, 2016). Further information on the modelling methodology, inputs, validation and risk 

assessment criteria are provided in Appendix J1. 

The locations of sensitive receptors (residences) used in the assessment are shown in  

 

Figure 5-60. There is a total of 141 receptors included in the assessment (134 at the BBM, seven 

at the CBME), including eight properties that are currently under ‘commercial agreements’ occurring 

within the WMDE and BTC. ‘Commercial agreements’ are lease arrangements with the landholder 

to ensure vacancy for a defined period coinciding with active mining in the immediate area. WJV 

owned properties that are permanently vacant were not included in the assessment (ETA, 2020a). 

Receptors displayed in  

 

Figure 5-60 were current as of August 2020. 
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The air quality assessment approach adopts ambient air quality assessment criteria based on the 

protection of human health and amenity impacts, consistent with EPA guidelines (EPA, 2020b). The 

Air NEPM (NEPC, 2016) specifies ambient standards for the key pollutants based on the protection 

of human health.  

While there are no regulatory standards prescribed in WA for amenity criteria associated with dust 

deposition, the criteria adopted in New South Wales are widely referenced to evaluate the potential 

for dust nuisance and amenity impacts upon residences (NSW EPA, 2017). The NSW EPA (2017) 

amenity criteria outlines a 4 g/m2/month maximum background concentration, with a maximum 

increase of 2 g/m2/month. In the absence of measured background dust deposition data, only the 

2 g/m2/month increase above background criteria could be applied in the air quality assessment. 

A summary of the adopted assessment criteria relevant to the Revised Proposal is shown in Table 

5-59 and Appendix J1.  

Table 5-74 Human Health and Amenity Air Quality Criteria 

Pollutant Averaging Period 
Maximum 

Concentration 
Maximum Allowable Exceedances 

Human Health Criteria (NEPC, 2016) 

Particles as 
PM10 

24-hour 50 µg/m3 
None (except for ‘exceptional 
events’22) 

Annual 25 µg/m3 None 

Particles as 
PM2.5 

24-hour 25 µg/m3 None (except for ‘exceptional events’) 

Annual 8 µg/m3 None 

NO2 
1-hour 246 µg/m3 One day per year 

Annual 62 µg/m3 None 

CO 8-hour 11,250 µg/m3 One day per year 

Amenity Criteria (NSW EPA, 2017) 

Deposited 
dust 

Annual 

4g/m2/month 
background 

 
Maximum 
increase of 

2g/ m2/month 

N/A 

It is noted that Air Quality Guideline Values are now available in the draft Air Emissions Guideline 

(DWER, 2019a), which was recently released for public consultation. These guidelines are not in 

force; however they were accounted for in the dispersion modelling study for a conservative 

approach. 

 
 
22 An ‘exceptional event’ is defined as “a fire or dust occurrence that adversely affects air quality at a particular location, 
and causes an exceedance of 1-day average standards in excess of normal historical fluctuations and background 
levels, and is directly related to: bushfire, jurisdiction authorised hazard reduction burning, or continental scale windblown 
dust” (NEPC, 2016). 
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The results of the dispersion modelling study for dust and atmospheric gas emissions are 

summarised in Section 5.6.4.1 and Section 5.6.4.2, respectively. 

5.6.4.1 Dust Generation 

Dust can cause a reduction in amenity or visibility (typically caused by TSP), human health effects 

(typically caused by PM2.5 and PM10), smothering of agricultural crops, reduced vegetation health 

through smothering and changes to fauna behaviour. Human health effects are due to respirable 

dust being able to be inhaled deep into the lungs where it can lodge in the alveolar region and may 

cause respiratory issues, infections and cardiovascular issues (DEC, 2011). The effects of dust 

deposition and emissions on vegetation and fauna are described in Section 5.2.4.4, and 

Section 5.3.4.3, respectively. 

The impact of dust emissions from activities associated with mining within the PAA is dependent on 

the type and frequency of activities undertaken, meteorological conditions, composition of dust 

particles, nature of the source material, and the distance from the source to the receptor. Dust 

emissions are usually highest during the driest months (summer) and biased toward the southeast 

and west, due to prevailing wind conditions (ETA, 2020a).  

The ETA (2020a) dispersion modelling study focused primarily on particulate matter as the key 

pollutant of concern with respect to potential health impact (PM2.5 and PM10), with TSP included for 

the assessment of potential amenity at the BBM. Emissions estimates were made for existing 

operations and compared to the proposed expanded operations. Dust generating activities included 

in the dispersion modelling study are open pit mining activities, wheel-generated dust, ore 

processing and wind erosion for the future proposed BBM operations. Dust generation from the 

proposed activities within the CBME were also modelled, including open pit mining activities, wheel-

generated dust and ore processing (mobile crushing plant) (ETA, 2020a). It is important to note that, 

in reality, clearing will be progressive, and disturbance will not all occur at once, therefore 

representing a conservative assessment.  

The results of the dispersion modelling study for particulate matter resulting from existing and 

proposed activities at the BBM are provided in Appendix J1. It should be noted that the results of 

the dispersion modelling study reflect the emissions that have the potential to occur during mining in 

that area, and realistically will not be a sustained impact over the full duration of the Revised 

Proposal. The modelling results also reflect sensitive receptors that may be affected without 

consideration of dust management and dust minimisation focus. The key findings of the dispersion 

modelling study for particulates show that for the proposed activities within the WMDE and BTC: 

• Predicted impacts of PM10 (maximum 24-hour average) generally indicate low (i.e. below the 
human health criterion) to minimal (i.e. some risk of exceedance) risk of adverse air quality 
impacts at the majority of sensitive receptors (101 receptors). There is a total of 19 sensitive 
receptors for which there is a high risk that the human health criterion may be exceeded, noting 
that a number of these receptors are currently under an ‘commercial agreement’ with Worsley; 

• Predicted impacts of PM2.5 (maximum 24-hour average) generally indicate low risk of exceeding 
the human health criterion at the majority of sensitive receptors (131 receptors). There is a total 
of three sensitive receptors for which there is a high risk that the human health criterion may be 
exceeded, noting that some of these receptors are currently under an ‘commercial agreement’ 
with Worsley; 

• Predicted impacts of dust deposition (average) generally indicate low risk of adverse amenity 
impacts at the majority of sensitive receptors (124 receptors). There is a total of 10 sensitive 
receptors for which there is a high risk that the amenity criterion may be exceeded, noting that 
one of these receptors is currently under an ‘commercial agreement’ with Worsley;  



 

 

 Worsley Mine Expansion Environmental Review Document 544 
 

• All the sensitive receptors for which there is a high risk that the human health or amenity criterion 
may be exceeded are located within the WMDE or within very close proximity to it; and 

• The most significant increases in emissions to sensitive receptors from existing operations are 
predicted to occur in the maximum 24-hour average PM10 concentrations. The modelling shows 
that emissions increase at sensitive receptors near the Marradong mining area, particularly to the 
west as shown in  

•  

• Figure 5-61. The increases are as a result of the increased wind erosion from the more extensive 
haul roads, together with mining pits likely to be developed closer to the boundary of the WMDE.  

The results of the dispersion modelling study for particulate matter at the Refinery are provided in 

Appendix J1. The key findings of the dispersion modelling study for particulates show that for the 

proposed activities within the CBME, the incremental increase in the maximum predicted 24-hour 

average PM10 and PM2.5 concentrations equates to 60% of the relevant air quality assessment 

criterion for PM10, and 20% of the relevant criterion for PM2.5 at the relevant sensitive receptors. This 

estimate tends to be conservative in that it over-predicts, due to assumptions to align the modelling 

approach with the BBM, particularly that the contingency mining occurs over a full 12-month period 

(ETA, 2020a).  

The scope of this Revised Proposal will result in the continued use of BRDAs, which represent the 

largest source of fugitive particulate emissions at the Refinery. Temporal changes in the BRDA’s as 

a result of continued operations associated with the Revised Proposal are expected to be within the 

historical approved limits. Potential impacts from dust emissions are comparable to existing 

operations and therefore are expected to be successfully managed under the current management 

and mitigation practices (as outlined in Section 5.6.5).  

Overall, the potential for health and amenity related air quality impacts from particulate matter 

emissions at the WMDE and BTC, is low to minimal, in terms of risk that the criterion may be 

exceeded. Sensitive receptors with a moderate or high risk the criterion may be exceeded will require 

implementation of the full suite of management measures outlined in the Dust Minimisation Standard 

(Worsley 2013a) and the Air Quality and Dust Management Plan – RLA (Worsley 2021a) to mitigate 

potential impacts. The results of the semi-quantitative analysis for proposed activities within the 

CBME indicates that there is likely to be a moderate incremental increase in PM10 concentrations 

from the contingency mining activities, which will require suitable dust management measures to 

mitigate impacts at the nearest sensitive receptors. Impacts to the local airsheds (including Collie 

Airshed) are expected to be insignificant, due to the undulating terrain and forest vegetation land 

cover that enhances dust deposition.  

There are well-established dust management practices in place for the existing operations that will 

be applied to the Revised Proposal activities, including a monitoring network which is regularly 

reviewed and improved. The dust management practices are demonstrated to be effective through 

compliance reporting in the Annual Environmental Report. At the BBM, only 12 exceedances of the 

existing licence conditions have been reported since 2003, with three of these 12 exceedances 

linked to community complaints about dust (from 25 total complaints). At the Refinery, 23 

exceedances of the existing licence conditions have been reported since 2006, with the majority of 

exceedances linked to particulate monitoring on the stacks (rather than from complaints, of which 

eight were received), or under extreme weather conditions. Proposed mitigation measures for dust 

generation are described in Section 5.6.5. 
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5.6.4.2 Combustion Products 

The release of combustion products associated with the continuation of mining activities relevant to 

this Revised Proposal will result in the continuation of pollutants being released into the atmosphere. 

These emissions will contribute to cumulative impacts in the local and regional airsheds associated 

with the PAA (i.e. Collie airshed, Boddington airshed and South West regional airshed). In high 

concentrations, combustion products also have the potential to cause human health effects, as 

reflected by the Air NEPM Human Health Criteria (NEPC, 2016). 

The results of the dispersion modelling study for combustion products at the existing and proposed 

BBM are provided in Appendix J1. The key findings of the dispersion modelling study for both NO2 

and CO show that on average, the predicted concentrations (1-hour and average) at sensitive 

receptors outside of the WMDE and BTC tended to be marginally lower for the proposed activities 

within the WMDE and BTC, as compared to the existing operations. A slight increase in 

concentrations was predicted for sensitive receptors located inside the WMDE, due to their close 

proximity to the proposed active mining areas. 

Modelled results within the WMDE and BTC for NO2 represent 6% of the 1-hour criterion and 1.3% 

of the annual criterion, while modelled results for CO represent only 0.11% of the 8-hour criterion. 

Therefore, for the proposed activities within the WMDE and BTC, modelled results for NO2 and CO 

indicate comfortable compliance with the air quality assessment criteria across all sensitive receptor 

locations.  

As the potential for adverse air quality impacts due to emissions of combustion products from the 

use of mining equipment within the CBME is expected to be very low, the dispersion modelling study 

did not include combustion products within the CBME. 

Overall, the risk of potential adverse air quality impacts to the sensitive receptors, local and regional 

airsheds, from combustion product emissions associated with the Revised Proposal is assessed as 

very low.  

5.6.5 Mitigation 

Potential impacts to air quality associated with mining activities in the PAA are proposed to be 

managed by Worsley Alumina’s current environmental management practices. The primary source 

of potential impacts to air quality is dust emissions, which are currently (and will continue to be) 

managed through the Dust Minimisation Standard (Worsley 2013a). The Dust Minimisation Standard 

applies to Worsley Alumina’s BBM operations, CBME, the overland conveyors and unsealed roads 

managed by Worsley Alumina.  

The Dust Minimisation Standard was prepared in accordance with Proponent Commitment 2 of 

MS 719, as amended in February 2008, which consolidates commitments under MS 719, 

Environmental Licence No. 5960/1983, Works Approvals W4510/2008/1 and the South32 

Environmental Standard. The Dust Minimisation Standard was also prepared on advice from the 

EMLG and updated for the purposes of this Revised Proposal. The objectives of the Dust 

Minimisation Standard are to: 

• Comply with statutory requirements so that the amenity of nearby residences is protected from 
dust impacts resulting from bauxite mining activities, construction of bauxite transport corridors 
and operation of overland conveyors; and 

• Ensure that dust management techniques meet relevant best practice principles. 
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The condition requirements of the Dust Minimisation Standard include: 

• Suppression of dust from the construction of bauxite transport corridors and operation of overland 
conveyors; 

• Suppression of dust in all areas where Worsley Alumina operates, including the use of additives 
to reduce water consumption, where appropriate; 

• Monitoring of dust levels at locations upwind and downwind of mining activities; and 

• Monitoring the impact of dust on vegetation adjoining haul roads and the development of 
measures to address any identified significant adverse impacts. 

It is considered that the hierarchy of controls outlined in the Dust Minimisation Standard will be 

sufficient to manage modelled changes to dust emissions at select sensitive receptors that may be 

impacted, including the option of relocation agreements and/or temporary road closures at sensitive 

receptors that have been identified to be at high risk of an exceedance. An assessment of current 

dust management techniques at the BBM relevant to current leading benchmark practices is 

provided in Section 5.6.5.1. 

Management of dust emissions from the Refinery, including the BRDAs, are covered under a 

separate Dust Minimisation Standard (Worsley 2013a) and Air Quality and Dust Management Plan 

– RLA (Appendix E9). The Refinery has an ongoing investigation into the use of different dust 

controls in the BRDA areas, including a combination of dust suppressant and ripping of the BRDA 

surfaces.  

The management strategy for both the BBM and the Refinery is based on trigger levels during 

monitoring, part of ongoing maintenance and management or in the event of a visible plume. A 

summary of key management measures to address potential impacts on air quality are shown in 

Table 5-75. 
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Table 5-75 Proposed Management Measures for Air Quality 

Potential Impact  Management Measures 

Dust generation Avoid 

• Manage activities in accordance with the ambient air quality targets specified in the DWER Part V operational licence, and 
related requirements outlined in the Dust Management Plan (where applicable); 

• Flexible planning to take into account proactive response to meteorological conditions, as per the Dust Management Plan, 
including: 

• Delaying or avoiding blasting if meteorological conditions (wind) are likely to result in dust emissions impacting on the 

amenity of nearby sensitive receptors; and 

• Avoidance of potentially high dust generating activities such as topsoil stripping and placement during unfavourable 

weather conditions (dry and strong winds). 

Minimise  

• Dust mitigation as outlined in the Dust Management Plan (Appendix E5): 

• Dust modelling prior to commencement of mining in new areas, to identify sensitive receptors that may be susceptible to 

dust emissions; 

• Dust minimisation is factored into mine operations to minimise time between clearing and rehabilitation;  

• Consider dust risk where it can inform rehabilitation considerations and operating practices; 

• Assess the effectiveness of the Dust Management Plan by the contribution of Worsley Alumina’s mining and transport 

activities to ambient dust levels (i.e. no exceedances of the 24-hour PM10 concentration of 50 µg/m3 at any monitoring 

location as demonstrated by ambient monitoring data); 

• Onsite management of operational dust in accordance with the Dust Minimisation Standard (Worsley 2013a), including 

corrective actions and reporting where licence conditions related to dust have been exceeded; 

• Watering of active haul routes and application of dust suppressants in high risk areas by dedicated tankers during periods 

when dust lift off is anticipated or observed; 

• Watering of active running surfaces, drilling areas and open areas during unfavourable weather conditions (dry and strong 

winds); 

• Crushing stations implement water sprays and dust collectors at transfer points; 
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Potential Impact  Management Measures 

• Operation and maintenance of a dust monitoring network in accordance with the Dust Minimisation Standard (Worsley 

2013a), with live streaming of continuous PM10 monitoring results to data management software with inbuilt triggers and 

alerts when nominated thresholds are exceeded; 

• Low speed covered conveyor systems with dust containment systems at the conveyor transfer points; 

• Inform the EMLG on matters relating to dust, with regard to current performance and future mine plans. This includes 

reporting dust-related complaints to the EMLG; and 

• Where dust emissions are expected to be severe, additional management activities such as relocation agreements and/or 

temporary road closures or traffic control points will be implemented. 

• Dust mitigation for the Refinery in accordance with the Air Quality and Dust Management Plan – RLA (Worsley 2021a), 

including: 

• Daily management of BRDAs including ploughing and amphirolling of BRDA surfaces, use of water carts in dry weather, 

use of dust suppressant products and monitoring against Air NEPM criteria; and 

• Maintaining dust monitors and store monitoring data to allow assessment of compliance. 

• Dust management and awareness training for the workforce where appropriate; 

• Continued tracking and investigation of community dust complaints in accordance with the Worsley Community Complaints 

Procedure; 

• Manage and minimise occupational health and safety dust impacts in accordance with the Workplace Dust Control Standard 

(Malajczuk 2004); 

• Development and implementation of a CEMP for all construction activities relating to this Revised Proposal; and 

• Report any exceedances against environmental licence conditions to regulators. 

Emissions of 
combustion 
products 

Minimise  

• Optimise short, medium and long term mine plans to ensure haulage routes of both bauxite and overburden provide the most 

efficient means of delivery of bauxite to the crushing hubs; 

• Maintain efficiency of the mining fleet through implementation of a robust scheduled maintenance program as per the 

Planned Maintenance Notification and organisation program, which tracks engine hours from refuelling stops and predicts 

when machines will need to be pulled in for service requirements. Service requirements may include emissions tests; 

• Review and improve equipment and vehicle run hours including reducing idling and waiting times where feasible; and 

• Continued use of OBCs to deliver bauxite to the Refinery or crushing facilities, as an alternative to truck haulage, which 
generates emissions of combustion products through the exhaust. 
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5.6.5.1 Dust Control Benchmarking 

While compliance reporting and complaints information indicates that the effective dust management 

practices are currently being undertaken, Worsley Alumina commits to identifying opportunities to 

improve dust management on an on-going basis. As a means to identify opportunities for dust 

management, ETA was commissioned by Worsley Alumina to undertake an independent 

benchmarking review of the current dust controls at the BBM, focusing on dust management 

equipment, process and performance (ETA, 2020b).  

The benchmarking assessment was undertaken in January 2020 and included inspections of key 

mining and processing operations (blasting, drilling, loading/unloading, haulage, crushing/screening 

and stacking), interviews with operational staff, and review of applicable management plans and 

previous complaints. The study also included the development of benchmarking criteria, which were 

compared against industry leading practice, and to other operators of similar facilities 

(Commonwealth of Australia 2011; 2009; Government of Queensland 2019; IPPC, 2009; 

International Aluminium Institute 2018; NSW OEH / KE, 2011; USDHHS, 2009; USEPA, 1998; 1992). 

For the benchmarking assessment, it was understood that best practice is one that seeks to achieve 

the best environmental outcome that is practically possible and may include the use of new or 

innovative methods. Leading practice, determined by comparison to alternatives, is the practice 

considered to be more efficient and effective for delivering an outcome based upon the constraints 

it is being applied to. Leading practice accounts for the fact that there will be development and 

change over time (ETA, 2020b).  

Overall, the benchmarking process conducted for the current mining operations demonstrates 

reasonable agreement with current leading practices, with some areas for further consideration to 

achieve improved dust management or mitigation (ETA, 2020b). The benchmarking assessment 

demonstrated that the Worsley Alumina operation achieves the current leading practice benchmark 

for the following mining processes: 

• Drilling and blasting activities; 

• Loading and unloading (excavator and truck); 

• Crushing (Marradong primary crusher and secondary circuit, overland conveying, reclaiming 
design, stockpile management and stockyards); and  

• Open areas with the crusher/screening area. 

Mining processes that are generally or partially comparable with leading practice, where 

improvement is possible, includes: 

• Land clearing/topsoil removal; 

• Loading (front end loader); 

• Haul road dust suppression; 

• Stacking at Marradong; and 

• Open areas across the mine (with the exception of Marradong). 

The improvements identified were related to minimising the time between clearing and rehabilitation 

(to reduce the large open cleared areas which present high risk of wind erosion), reducing water 

truck deadtime and water load loss, reducing drop heights and tramming of front end loaders. 

Worsley Alumina will consider these recommendations for improvement in future mine planning and 

reviews of management plans and procedures.  

The most notable points of departure from leading practice were identified in the areas of the 

Saddleback secondary crusher and stacking at Saddleback, where high dust emissions were 
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observed on site (ETA, 2020b). There are potential opportunities for improvement, including wind 

shields, water sprays or enclosures. Worsley Alumina will consider these recommendations for 

improvement in future maintenance planning of the crushing and stacking facilities.   

5.6.5.2 EP Act Regulation 

Air emissions associated with the Refinery and crushing facilities associated with mining activities at 

BBM are currently regulated under both Part IV and Part V of the EP Act. Air emissions associated 

with alumina refining activities at the Refinery are regulated under MS 719 and under Worsley 

Alumina’s existing Environmental Licence L4504/1981/17. It is proposed that the following five air 

emissions elements, and any changes to them in the future, still be considered part of the Project 

which continues, but that they be assessed and regulated solely under Part V of the EP Act, through 

L4504/1981/17 (and its replacement and amendments from time to time): 

• Sulphur dioxide (SO2) from coal fired facilities; 

• Nitrogen oxides (NOX) from combustion, liquor burner and calciner sources;  

• Particulates (PM) from combustion, liquor burner and calciner sources; 

• Carbon monoxide (CO) from combustion, liquor burner and calciner sources; and 

• Total volatile organic compounds (VOCs) from all sources. 

Crushing facilities at BBM are also regulated under MS 719 and under Worsley’s existing 

Environmental Licence L5960/1983/11 for BBM. It is also proposed that crushing facilities, and any 

changes to them in the future, still be considered part of the Project which continues but be assessed 

and regulated solely under Part V of the EP Act through L5960/1983/11 (and its replacement and 

amendments from time to time). Combustion product emissions are primarily from vehicle/machinery 

exhaust and blasting, which comprise a very small fraction of air emissions from background 

sources, and existing operations such as the Refinery. Combustion product emissions from mining 

are considered able to be managed with several management measures, independent of a 

management plan.  

Dust composition and the potential impacts from metals in airborne dust is considered and managed 

under the Part V licensing process at the BBM and Refinery. Worsley Alumina commits to adhere to 

legislative requirements under Part V as implemented by DWER.  

5.6.6 Assessment and Significance of Residual Impact 

Continuation of operations associated with the Revised Proposal will result in emissions of dust and 

combustion products (including NOX, SO2 and CO) that will contribute to the surrounding local and 

regional airsheds. In the context of this Revised Proposal, the primary source of potential impacts to 

air quality are dust emissions. Cumulative impacts with other activities are discussed in Section 9.  

The potential for health and amenity related air quality impacts from dust emissions at the BBM is 

low to minimal, in terms of risk that the criterion may be exceeded. Sensitive receptors with a 

moderate or high risk the criterion may be exceeded will be sufficiently managed through 

implementation of the full suite of management measures as outlined in the Dust Management Plan. 

It is expected that there will be moderate increases of dust emissions at the CBME, which will also 

require suitable dust management measures to mitigate impacts at the nearest sensitive receptors, 

as per the Dust Management Plan.  

On a larger scale, the risk of potential air quality impacts to local and regional airsheds from dust 

emissions is assessed as very low. Worsley Alumina remains committed to the continuation of dust 

monitoring, including adaptive management to ensure optimal monitoring relevant to the progressive 
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mine operations. With this, an open and transparent approach to stakeholder engagement, including 

responding to dust-related issues raised, is a key outcome to be maintained.  

There are well-established dust management practices in place for the existing operations that will 

be applied to the Revised Proposal activities, including a monitoring network which is consistently 

reviewed and improved as mining activities move into new areas. An independent benchmarking 

review (ETA, 2020b) concluded that overall, these management practices demonstrate reasonable 

agreement with current leading practices. There were some areas for further consideration to 

achieve improved dust management or mitigation, which will be investigated by the operations going 

forward, and reflected in annual reporting requirements. There is a process of continuous 

improvement and adaptive dust management that is applied by the site operations, and this will be 

implemented as part of the Revised Proposal to ensure that practicable measures are applied. In 

addition, Worsley Alumina will continue to adhere to legislative requirements associated with dust 

management as implemented under Part V of the EP Act. 

The dispersion modelling demonstrated that the release of combustion products associated with the 

continuation of mining activities are either insignificant (SO2) or well below the air quality assessment 

criteria (NOX and CO). Combustion products therefore present a very low risk of impacting sensitive 

receptors, or local/regional airsheds. 

5.6.7 Environmental Outcomes 

The implementation of this Revised Proposal will enable continued operations of the already 

approved Refinery and BRDAs. Particulate and combustion emissions from the Refinery operations 

will remain consistent with existing operations and are managed under the requirements of the EP 

Act Licence (L4504/1981/17). The Licence L4504/1981/17 enforces a number of conditions on the 

operations including emissions targets and monitoring of point source emissions to air from the 

operations. The decision document for the Licence noted that a review of the data provided since 

2001 when monitoring commenced has shown that SO2 levels at the Willis Station (15km west of 

the premises) are consistently below the Air NEMP. Although the ongoing operation at the Refinery 

will continue to produce emissions to the local airshed, these can be effectively regulated and 

managed through the Part V Licence process such that the EPA objective for Air Quality is met. 

Particulate emissions from BRDAs are not expected to change as a result of the Revised Proposal 

and will continue to be managed in accordance with relevant specific management practices. Dust 

emissions associated with exploration activities are expected to be negligible. In conclusion, it is 

considered that Worsley Alumina’s existing management approach relevant to Air Quality (primarily 

dust management practices) are applicable to the continued operation of the BBM and the proposed 

activities within the CBME. With consideration of the predicted outcomes as described, the Revised 

Proposal is expected to meet the EPA’s objectives for Air Quality. 



 

 Worsley Mine Expansion Environmental Review Document 553 
 

5.7 KEY ENVIRONMENTAL FACTOR – SOCIAL SURROUNDINGS 

5.7.1 EPA Objective 

The EPA’s environmental objective of the factor ‘Social Surroundings’ is: 

To protect social surroundings from significant harm. 

For the purposes of EIA, the EPA defines Social Surroundings as the aesthetic, cultural, economic 

and social surroundings to the extent that those surroundings directly affect or are affected by 

physical or biological surroundings (EPA, 2016b).  

5.7.2 Relevant Policy and Guidance 

5.7.2.1 EPA Policy and Guidance  
 

• Environmental Factor Guideline – Social Surroundings (EPA, 2016b);  

• Guidance Statement No. 3 – Separation Distance Between Industrial and Sensitive Land Uses 
(EPA, 2005); and 

• Instructions on how to prepare Environmental Protection Act 1986 Part IV Environmental 
Management Plans (EPA, 2021c). 

5.7.2.2 Other Policy and Guidance 
 

• Environmental Protection (Noise) Regulations 1997 (Noise Regulations); 

• Aboriginal Heritage Act 1972;  

• Conservation and Land Management Act 1984 (CALM Act); 

• Visual Landscape Planning in Western Australia: A manual for evaluation, assessment, siting and 
design (Western Australian Planning Commission 2007); 

• WA Environmental Offsets Policy (GoWA, 2011a); and 

• WA Environmental Offsets Guidelines (GoWA, 2014). 
 

Worsley Alumina has applied the Environmental Factor Guideline for Social Surroundings to the 

activities described within the Revised Proposal. Worsley Alumina have actively taken steps to 

identify areas of aesthetic, cultural, economic and/or social values which may be impacted and apply 

protection measures to these areas, such as those identified in Section 4.3.4 and Section 5.7.5 to 

avoid or minimise impacts to these values. The protection measures discussed in this section – 

Social Surroundings – demonstrate Worsley Alumina’s commitment to protection of the values 

related to the social well-being within and through the region. 

The surveys and assessments undertaken to support the Revised Proposal are provided in 

Appendix K to support the environmental impact assessment process and provide confidence in 

the current knowledge within the development envelopes and surrounding area. Discussion of these 

surveys are presented in Section 5.7.3. 

5.7.3 Receiving Environment 

The receiving environment for Social Surroundings consists of: 

• Sensitive receptors (i.e. residents, agricultural properties and public recreation sites); 

• Tourists and other land users; 

• Aboriginal heritage sites; and  
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• European heritage sites. 

A number of investigations and assessments have been undertaken to inform a detailed 

understanding of the social surroundings within the PAA, as summarised in Table 5-76.
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Table 5-76 Social Surroundings Studies  

Report Element 
Survey 
Area 

Purpose Reference 

Environmental Noise Impact Assessment: Worsley 
Mine Expansion – Revised Proposal 

Noise 
WMDE, 
BTC 

To assess and characterise noise impacts 
on sensitive receptors as a result of the 
development of the WMDE and BTC. 

Talis, 2020b 

Contingency Bauxite Mining Area – Environmental 
Noise Screening Assessment: Addendum 

Noise CBME 

To model noise impacts on sensitive 
receptors as a result of mining activities 
within the CBME and assess noise 
regulation compliance. 

Talis, 2020a 

Landscape and Visual Impact Assessment 
Visual 
Amenity 

PAA  
To assess the potential impacts of the 
Proposal on existing visual amenity. 

Environmental Resource 
Management (ERM) 
2020b 

Landscape and Visual Impact Assessment - BRDA 
extension 

Visual 
Amenity 

RLA 

To assess the potential visual impacts of 
future BRDA optimisation program, 
including BRDA extension, including 
height increase to RL345m 

Life of Mine Engineering 
(LOM), 2021 

Addendum to a report of an Aboriginal Heritage 
survey for the proposed extensions to the 
Boddington Bauxite Mine at Hotham and 
Marradong in the Shire of Boddington, Western 
Australia 

Aboriginal 
Heritage 

WMDE, 
BTC 

Additional ethnographic surveys to align 
with the revised bridge locations and 
designs to attempt to mitigate some of the 
issues raised in 2017.  

(Brad Goode & 
Associates 2021a)  

Report on an Archaeological Survey of the South32 
Worsley Alumina Priority 1 Bridges and Transport 
Corridor Areas at Hotham and Marradong in the 
Shire of Boddington, Western Australia 

Aboriginal 
Heritage 

WMDE, 
BTC 

A survey to identify Aboriginal 
archaeological sites and/or materials at 
the sites of proposed bridge construction. 

(Brad Goode & 
Associates 2021b) 

Revised Due Diligence Aboriginal Heritage 
Assessment for the Worsley Alumina Mining 
Expansion: Shire of Boddington, Western Australia 

Aboriginal 
Heritage 

PAA 
To provide Aboriginal heritage 
management advice to remain compliant 
with the AHA.  

(Brad Goode & 
Associates 2020) 

Report of an Aboriginal Heritage Survey for the 
Proposed Extensions to the Boddington Bauxite 

Aboriginal 
Heritage 

WMDE 
Site identification survey to support a 
Section 18 application if required. 

(Brad Goode and 
Associates, 2017a) 
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Report Element 
Survey 
Area 

Purpose Reference 

Mine at Hotham and Marradong in the Shire of 
Boddington, Western Australia 

An Ethnographic Aboriginal Heritage Survey of Mt 
Saddleback (Mokine) in the Shire of Boddington, 
Western Australia 

Aboriginal 
Heritage 

WMDE, 
BTC  

To support a Section 18 application. 
Goode and Huxtable, 
2015 

Report of an Aboriginal Heritage Survey of the 
Proposed D6 Dam, Hotham Farm, Boddington 

Aboriginal 
Heritage 

WMDE, 
BTC 

An archaeological and anthropological 
survey of the proposed D6 Water Storage 
Dam survey area. 

Yates, 2013a 

Report of an Aboriginal Heritage Survey of the 
Proposed Hedges Dam Pipeline, Hotham Farm, 
Boddington 

Aboriginal 
Heritage 

WMDE, 
BTC 

An Aboriginal Heritage survey for a 
proposed Hedges Dam Pipeline on 
Hotham Farm. 

Yates 2013b 

Verification of 17 Heritage Sites Near Boddington 
Bauxite Mine, Boddington 

Aboriginal 
Heritage 

WMDE, 
BTC  

Verification of 17 heritage sites. 
Sleep, Haydock, and 
Mattner 2012 

Archaeological Inspection of the Hotham River 
Crossing. 

Aboriginal 
Heritage 

WMDE, 
BTC  

Inspection of a crossing of the Hotham 
River. 

WARU Consulting, 2012 

Preliminary Report on an Aboriginal Sites Survey of 
the Proposed Residue Disposal Area Option 1 
Saddle Back Farms North Bannister 

Aboriginal 
Heritage 

WMDE 
Targeted inspection of potential sites for 
Newmont Boddington Gold. 

Yates, 2012 

Report on an Archaeological Survey of MRWA 
Pinjarra Williams Road (SLK 0-67) and Bannister 
Marradong Road (SLK 0-22) Upgrade Works 

Aboriginal 
Heritage 

WMDE 

An archaeological survey of a 40 m 
corridor following Pinjarra-Williams Road 
from east to west, and following the 
Bannister Marradong Road. 

Cecchi, 2011 

Archaeological Inspection Report DIA Heritage Site 
ID 5252 Quindanning Farms 01 

Aboriginal 
Heritage 

WMDE A targeted inspection of a single site. Corsini, 2011 

An Ethnographic Survey of Pinjarra-Williams and 
Bannister-Marradong Roads 

Aboriginal 
Heritage 

WMDE 

Ethnographic survey of a 40 m corridor 
following Pinjarra-Williams Road from 
east to west, and following the Bannister 
Marradong Road. 

O’Connor, 2011 
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Report Element 
Survey 
Area 

Purpose Reference 

An Aboriginal Heritage Survey of a Section of the 
Pinjarra Williams Road, between Marradong and 
Quindanning – 67.5 to 91.68 SLK in Western 
Australia 

Aboriginal 
Heritage 

WMDE 
A survey of an approximately 24 km 
stretch of the Pinjarra-Williams Road. 

Goode, 2010 

Report of an Archaeological Survey of a Section of 
the Pinjarra Williams Road, between Marradong 
and Quindanning – 67.5 to 91.68 SLK, in Western 
Australia 

Aboriginal 
Heritage 

WMDE 
An archaeological survey involving an 
approximately 24 km stretch of the 
Pinjarra-Williams Road. 

Macri and Harris, 2010 

Assessment of 10 Registered Heritage Sites 
Saddleback Mining Area Boddington Bauxite Mine 

Aboriginal 
Heritage 

WMDE Targeted inspection of known sites. 
Mattner, Kalotas, and 
Kelly, 2010 

Hotham River Site Recording Form Additional 
Information Section 4 Aboriginal Consultation 
Process 

Aboriginal 
Heritage 

WMDE, 
BTC 

Targeted site inspection. Hart, 2008 

An Archaeological and Ethnographic Survey of the 
Tullis Bridge Weir Cable Trench and Three Drill Site 
Locations on Boggy Road, Boddington 

Aboriginal 
Heritage 

WMDE, 
BTC 

Survey of a corridor including Tullis 
Bridge, near Morts Road and Siding 
Road. 

Yates and Goode, 2008 

Indigenous Heritage of the Peel-Harvey Region: a 
Review of Previous Research and Archival Data for 
Phase 1 of the Peel Cultural Landscape 
Assessment Project 

Aboriginal 
Heritage 

WMDE, 
BTC 

Desktop review for a regional study. Dortch et al., 2006 

Report on Boddington Field Investigations October 
– December 2002 

Aboriginal 
Heritage 

WMDE, 
BTC 

Targeted site inspection. Reynolds, 2002 

Report on an Aboriginal Survey at Boddington Gold 
Mine 

Aboriginal 
Heritage 

WMDE 
Inspection for heritage sites at the 
northern end of the WMDE. 

Yates and Machin, 2001 

The Harmony Engravings: Rock Art in Australia’s 
South West, Boddington Area, Western Australia 

Aboriginal 
Heritage 

WMDE 
Examination of a rock art site in the 
central western area of the WMDE. 

Barefoot, 1997 

Western Australia Regional Forest Agreement 
Aboriginal Consultation Project 

Aboriginal 
Heritage 

PAA 
Regional conference based study 
overlaying the entire PAA. 

Centre for Social 
Research, 1997 
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Report Element 
Survey 
Area 

Purpose Reference 

Report on an Archaeological Survey for Aboriginal 
Sites Boddington Gold Mine – Survey Extension 

Aboriginal 
Heritage 

WMDE 
Inspection for archaeological sites at the 
northern end of the WMDE. 

Quartermaine, 1994 

Bunbury-Wellington Regional Planning Study; 
Working Paper No. 6 Aboriginal Heritage & 
Planning Survey 

Aboriginal 
Heritage 

CBME 
Regional conference based study 
overlaying the entire CBME. 

(Department of Planning 
& Urban Development, 
1992 

Survey for Aboriginal Sites (Water Supply Dam 
Impoundment Area) 

Aboriginal 
Heritage 

WMDE 
An archaeological survey covering a 
portion of the Thirty-Four Mile Brook. 

Pearce, 1984a 

Worsley Alumina Joint Venturers Bauxite/Gold 
Operation – Survey for Aboriginal Sites 

Aboriginal 
Heritage 

WMDE 
An archaeological survey of two small 
corridors at the northern end of the 
WMDE. 

Pearce, 1984b 

Worsley Alumina Project: Survey for Aboriginal 
Sites 

Aboriginal 
Heritage 

WMDE, 
BTC, 
CBME 

Baseline heritage assessment. Pearce, 1981 

Boddington Gold Mine Section 18 Application 
Aboriginal Heritage Act 1972 -1980 

Aboriginal 
Heritage 

WMDE To support a Section 18 application. WAPL, n.d. 
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5.7.3.1 Land Use 

The predominant land uses within and adjacent to the WMDE and BTC are mining and agriculture 

(freehold land), including plantations. Other land uses include Crown Land, State Forest, road 

reserves and timber reserves. Freehold land consists primarily of rural properties and areas allocated 

to Civic and Community uses under Local Planning Scheme No.3 (DPLH, 2019). Crown Land 

includes the Marradong, Saddleback and Quindanning Timber Reserves. When not allocated to 

mining processes, the Timber Reserves are managed by DBCA for timber production, recreation 

and biodiversity conservation.  

Mining includes the current operations at the BBM, in addition to the Newmont BGM operations, 

which overlap the north-western extent of the WMDE. To ensure the safety and wellbeing of the 

public and in accordance with the Mine Safety and Inspection Act 1994, Worsley Alumina fences 

active mining areas. Fencing to protect the public is only established prior to mining commencing 

and will be removed as soon as the area can support a forest ecosystem under agreed management 

practices and public access for recreation. Where possible, areas of Crown Land not required for 

mining will remain open for public access. 

As the Revised Proposal reflects continued operation of the BBM, the process for investigating 

operations within freehold land is well established. Where freehold land falls within the proposed 

WMDE and BTC, Worsley Alumina either owns the land, has an existing mining agreement with the 

landholder, or will negotiate a mining agreement with the landholder. Worsley Alumina’s existing 

tenure agreements are discussed in Section 2.2.6. The CBME is covered by the mining lease 

M258SA and located entirely within the RLA, which is an existing lease area for the purpose of 

refining and associated activities. 

A portion of the PAA intersects the Wells Timber Reserve, which is a plantation of Eucalyptus saligna 

(Blue Gum) that occurs on private land in the north-eastern extent of the WMDE. The Wells Timber 

Reserve is managed by the Forest Products Commission. Areas for recreational use also intersect 

the WMDE and/or BTC, including a 1.1 km section of the Bibbulmun Track, which lies within the 

Dwellingup State Forest, and the picnic ground and walking trail associated with the Tullis Bridge.  

Mining operations take place within areas that exclude the public, including transport on dedicated, 

non-public access roads. Where haulage routes interact with public roads in the form of controlled 

road crossings, these crossings are approved in conjunction with the relevant management 

authority. Public road use supports the operation of the BBM with transport to site for employees 

and delivery of goods and other services, including:  

• Construction equipment mobilisation and demobilisation; 

• Construction deliveries; 

• Fuel deliveries; and 

• Warehousing and consumable type deliveries for operations. 

5.7.3.2 Noise 

Worsley Alumina’s mining activities and the overland conveyors currently operate on a 24-hour, 7-

day a week basis, which will continue following development of the Revised Proposal. The primary 

sources of noise emissions from current mining operations at the BBM include vegetation clearing, 

earthworks, drilling and blasting, haulage, primary and secondary crushing of ore and the OBC. 

Operation of the OBC is exempt from adhering to the Noise Regulations as Ministerial approval has 

been granted to operate in accordance with Condition 12C of the State Agreement. Therefore, 

operation of the OBC was not included in the noise assessment. 
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Mobile equipment that is a source of noise at the BBM includes (but is not limited to), surface miners, 

haul trucks, graders, excavators, dozers, scrapers, loaders, drill rigs, water trucks and lighting plants. 

Fixed plant that is a source of noise includes the conveyors, crushers and dust collectors. Blasting 

at the BBM typically occurs with a charge weight of 16.4 kg to 30 kg (maximum), once a day during 

daytime hours (Talis, 2020b).  

Background noise levels at the BBM are dominated by agriculture and traffic related noise. Fauna 

(e.g. Black Cockatoos) also provide a natural background source of noise. The Newmont BGM 

overlaps with the north-eastern extent of the WMDE and is also a cumulative source of mining and 

blasting noise in the local area. The closest urban residential area to the BBM is the Boddington 

town site, located approximately 5 km to the east. The noise sensitive receptors relative to the 

existing BBM operations include residences in the town of Boddington and surrounding agricultural 

land, as well as a public recreation site, the Tullis Bridge. 

Refinery operation is the predominant noise source in the vicinity of the proposed CBME as no 

mining activity currently occurs in the area. Due to the Refinery being surrounded predominantly by 

State Forest and private land (the majority of which is WJV land), forest management activities 

(including logging) and agricultural activities contribute to local background noise levels. The nearest 

urban residential area to the Refinery is the Allanson town site, located approximately 9 km to the 

southeast. The noise sensitive receptors relative to the existing Refinery operations include 

scattered residences in surrounding semi-rural land and forest. The nearest of these residences is 

approximately 3.7 km from existing Refinery operations.   

Noise management in WA (and at Worsley) is regulated by the Environmental Protection (Noise) 

Regulations 1997, which prescribe a standard for allowable noise emissions under the EP Act. The 

Noise Regulations specify maximum noise levels (assigned levels, set in regulations 7 and 8) that 

are not to be exceeded at noise sensitive premises, commercial and industrial premises. For noise 

sensitive residences, the time of day also affects the assigned levels. The Regulations define three 

types of assigned noise levels: 

• LAmax assigned noise level means a noise level which is not to be exceeded at any time; 

• LA1 assigned noise level which is not to be exceeded for more than 1% of the time; and 

• LA10 assigned noise level which is not to be exceeded for more than 10% of the time. 

These measurements are the peak instantaneous pressure level recorded during the measurement 

period without any weighting applied. 

The Regulations also define the noise levels associated with airblast levels (i.e. the noise level 

resulting from blasting) as LZPeak, which means the peak sound pressure level in decibels (dB) without 

using any frequency rating. 

The level of audible mining noise reaching sensitive receptors is contingent on atmospheric 

conditions, proximity to mining operations and local topography. Intrusive or dominant noise 

characteristics include noise level, tonality, duration and impulsiveness.  

A Noise Sentinel monitoring network is in operation at the BBM, which assists in managing noise at 

sensitive receptors. The monitoring network consists of noise monitoring terminals (which take real-

time total noise measurements) and Barn Owls, which are real-time directional mobile noise monitors 

(Worsley 2020c). The network is monitored at the operations centre, with alerts triggered when noise 

levels approach or exceed the assigned noise levels (predominantly LA10 over the statutory averaging 

period). This system also includes monitors along the OBC to monitor noise as required by the State 

Agreement (discussed further in Section 5.7.5.1). In areas where Noise Sentinel monitors cannot 
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be utilised, handheld noise monitors are used (i.e. at noise sensitive residences where noise levels 

are less than 3 dB(A) below the regulatory limit) (Worsley 2020c). 

Airblast overpressure is recorded at the most affected noise sensitive receptor for each blast, as well 

as vibration where practicable. The most affected residence is determined on the basis of distance 

from the blast, prevailing weather conditions, blast pattern orientation and topography.  

There is no noise monitoring network for the Refinery, with the only noise monitoring requirements 

being attributed to the existing OBC (see Section 5.7.5.1).  Noise was assessed at the Refinery as 

part of the 2005 Efficiency and Growth expansion approval. SVT Engineering Consultants (2005) 

conducted noise emission modelling for the then proposed expansion and measurements of the 

noise associated with the existing operations up to 5 km from the refinery as well as the nearest 

three residences.  The worst-case meteorological conditions for night time were used for this 

assessment and noise levels were predicted to be less than 35dB(A) at the noise sensitive premises.  

During the 2005 review by SVT the Refinery expansion was expected to be in compliance with the 

assigned noise levels under the Environmental Protection (Noise) Regulations, and as this 

assessment does not include changes to the Refinery operations, only the mining activities within 

the CBME has been assessed, to include the activities as an addition to the existing operations of 

the Refinery (Appendix K5). Noise monitoring is completed on an ad-hoc basis for major projects 

surrounding the Refinery, such as the construction of the Wellington Dam Pipeline in 2016.     

5.7.3.3 Dust 

Particulate matter (PM) are suspended solids (e.g. smoke) or liquids (e.g. aerosols) suspended in a 

gas and can be classified by an aerodynamic diameter, which describes the behaviour of the particle 

in the air based on its size and shape: 

• Total suspended particulates (TSP) – refers to the total amount of PM suspended in the air 
(regardless of size). These particles are primarily associated with amenity or visibility issues and 
generally settle to the ground quickly after being emitted; 

• PM10 – refers to the total of suspended particulate matter less than 10 µm in aerodynamic 
diameter. Particles in this size range can enter the respiratory tract (potentially impacting on 
human health) and can remain suspended for many days in the atmosphere; and 

• PM2.5 – refers to the total of suspended particulate matter less than 2.5 µm in aerodynamic 
diameter. These particles are also potentially associated with human health impacts, and can 
remain suspended in the atmosphere for months to years. 

‘Dust’ is a more common name for particulates and can consist of crustal material, pollens, salts and 

smoke from combustion products.  A review of dust including assessment of impacts and mitigation 

to sensitive receptors (as well as the local airsheds) is provided in Section 5.6 and is relevant within 

the review of Social Surroundings. 

5.7.3.4 Visual Amenity 

The natural, cultural, tourism and heritage values within and adjacent to the Worsley Alumina 

operations are related to visual amenity. The Dwellingup State Forest and the Hotham River both 

form integral parts of the natural landscape surrounding the BBM, while the Harris River State Forest 

forms the entire natural landscape surrounding the Refinery. The State Forests provide scenic 

qualities within the Shire of Boddington and the southwest region, and the Hotham River provides 

aesthetic values for the local communities as well as recreational opportunities (ERM, 2020b). 

The State Forests and Hotham River are major drivers of the local tourism industry, providing 

opportunities for hiking, camping, picnics, birdwatching and viewing wildflowers. The Bibbulmun 

Track walking trail and the Munda Biddi Cycle Trail both pass through the State Forest surrounding 
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Worsley Alumina operations (WMDE and CBME, respectively). Both trails are well integrated in the 

natural landscape and provide visitors with the opportunity to observe the scenic qualities of the 

State Forest and surrounding areas (ERM, 2020b). 

The predominant land uses within and adjacent to the BBM are mining and agriculture, both of which 

have had major roles in shaping the landscape. Open cut mining at the bauxite and gold mines in 

the Shire consist of large areas of cleared vegetation with some large areas undergoing extensive 

rehabilitation. Agriculture in the Shire typically consists of large cleared paddocks bordered by lines 

of trees (ERM, 2020b).  

Land use surrounding the Refinery is predominantly state forest with some agricultural land.  Parts 

of the Refinery are visible from the Coalfields Highway (tourism route) which runs between the 

Southwest Highway and Collie.  

Various Aboriginal heritage sites are located within and adjacent to the existing Worsley Alumina 

operations, as described in Section 5.7.3.5, for which heritage values may include visual amenity. 

There is also one European Heritage site, Tullis Bridge, located within the WMDE that is reserved 

under the Local Municipal Inventory and has visual amenity value as a public recreation site (ERM, 

2020b). 

5.7.3.4.1 Landscape Units 

Eight landscape units were identified to describe the areas within and surrounding the PAA. The 

physical characteristics of an area, such as geology, vegetation, topography, drainage patterns and 

extent of current modifications, were used to define the landscape units as part of a Landscape and 

Visual Impact Assessment (LVIA), undertaken for the Revised Proposal (ERM, 2020b). The 

landscape units identified are described and shown in Table 5-77 and Figure 5-62. The LVIA report 

is provided in Appendix K1. 
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Table 5-77 Landscape Units Surrounding the PAA 

Landscape 
Unit Number 

Landscape Unit Description Visual Representation 

1 
Native Vegetation 

(Mixed Use) 

Flat to gently undulating land with scattered native trees and 
remnant vegetation. Typically, a range of mixed vegetation is 
included. Bands of trees are often located along creek lines, 
paddocks, property boundaries and road verges. 

 

2 
Rural 

Communities and 
Services 

Built up residential housing, commercial businesses, waste 
facilities, infrastructure and services. Vegetation is generally located 
in parks, road reserves and residential gardens.  

 

3 
Reserves and 

Parks 

This landscape unit is generally accessible by the public and 
supports a range of recreational activities such as hiking, camping 
and mountain bike riding. It is defined by dense native vegetation 
and views tend to consist of shrubs and confined canopy 
vegetation. 

 

4 Forestry 

Areas of dense, regimented vegetation with well-defined margins. 
Visually this landscape unit can change rapidly when subject to 
harvesting. Views are screened in the landscape by vegetation and 
often confines views to the road corridor. 

 

5 Agriculture 

Highly modified landscapes that may appear as different colours 
and textures throughout the year depending on the type of 
agricultural practice in place. This landscape unit includes grazing, 
cropping, pasture and horticulture. Views can often change rapidly 
due to harvesting and agricultural practices. 
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Landscape 
Unit Number 

Landscape Unit Description Visual Representation 

6a Mining 

Cleared vegetation, stripped topsoil and active extraction activities 
define this landscape unit. Views such as these are considered 
temporary, however where infrastructure is established to support 
mining activities, this is considered permanent. 

 

6b Rehabilitation 

Areas of rehabilitation and revegetation following completion of 
mining and other extractive activities. Depending on the 
rehabilitation agreement, the final land use may be returned to a 
productive forest ecosystem, native vegetation or agricultural land. 

 

7 Waterways 
Water features, such as rivers lakes, tributaries and streams, that 
often support both recreational and agricultural activities. Views are 
often restricted by canopy vegetation, topography and shrubs. 
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5.7.3.4.2 Visual Components of Existing Operations 

The current operations at the BBM have an existing impact to visual amenity. The visual components 

of the operations that form part of the landscape (Mining [Unit 6a] and Rehabilitation [Unit 6b]) at the 

BBM were identified by ERM (2020b) to include: 

• Areas where vegetation has been removed and non-vegetated land has been disturbed to 
prepare for mining; 

• Topsoil, overburden and bauxite stockpiles; 

• Material handling equipment (i.e. mechanical plant and equipment necessary to extract and 
transport the mined bauxite to the processing plant), including: 

• Mobile equipment such as excavators, dump trucks, graders, dozers and water carts; and 

• Fixed equipment such as the overland conveyors, primary and secondary crushers. 

• Cleared flat areas such as hardstand areas and haul roads; 

• Bridges and river crossings; 

• Supporting infrastructure such as water infrastructure, communication towers and fencing;  

• Extraction areas, which are most visually noticeable element during mining operations; and 

• Areas that have been landscaped and rehabilitated. 

As there is no mining currently occurring at the Refinery, the existing visual components at the 

Refinery are limited to bauxite stockpiles (outside the CBME), the Refinery infrastructure, BRDA’s 

and the Freshwater Lake.   

5.7.3.4.3 Visual Assessment of Existing Operations 

An LVIA was undertaken by ERM in June 2020, which assessed the impact of the current and 

proposed Worsley Alumina operations on visual amenity (ERM, 2020b). Forty-two viewpoints were 

selected for the LVIA (Figure 5-63). These selected viewpoints were based on public locations that 

have existing or potential views of the mining activities (i.e. towns, main roads, local roads and 

reserves/trails). The viewpoints were selected in consultation with DBCA and the EPA.  

In order to complete the LVIA, a viewshed for the Revised Proposal was established (ERM, 2020b). 

The viewshed is the area from which an object or visual change might form a noticeable part of an 

observers view. For the purposes of this Revised Proposal, the viewshed is based on a 2.2 km radius 

from the IDF and, as a result, some sections of the viewshed appear to be inside the PAA. The 

viewshed is shown in Figure 5-63. The Boddington townsite was assessed from a single location 

(T1).  

An additional landscape and visual impact assessment was undertaken by Life of Mine Engineering 

(LOM) (2021), which specifically examined the visual impact associated with the BRDA extension 

within the location of the Northern Valley BRDA and the increase in height of the BRDA landforms 

from 316 m AHD to 345 m AHD. The assessment utilised a range of key observation points, between 

4.5 km and 20 km, surrounding the Refinery (LOM, 2021). Fifteen viewpoints were taken at selected 

locations, including: 

• Along major/minor roads where elevation and breaks in vegetation may enable line of sight 
visibility; 

• At local residences within close proximity to the Refinery; and 

• In towns within close proximity to Refinery. 

The level of significance of visual impacts of the Revised Proposal for each of fifty-seven viewpoints 

was applied based on the visual sensitivity and magnitude of proposed visual change. Visual 

sensitivity is dependent on the type, extent and permanency of modifications to the existing 

landscape as well as the viewer’s responses to the changes. The viewing opportunity duration, the 
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level of filtering or screening of the view and how the modification can be integrated with the existing 

landscape and views all affect the sensitivity of the receptors to changes in visual amenity. Visual 

sensitivity is considered either negligible, low, medium or high, as outlined in Table 5-78. 

The magnitude of visual change depends on the expected nature, scale and duration of a change 

that is expected to occur, such as the loss, alteration or addition of features in the landscape. The 

extent of visibility, degree of obstruction and contrast with existing features, angle and duration of 

view and distance from the development all effect the view. Magnitude of change is rated as either 

imperceptible, noticeable, considerable or dominant, as outlined in Table 5-78 (ERM, 2020b; LOM, 

2021). The level of significance of impact is described as either negligible, minor, moderate or major 

and the level of significance matrix is provided in Table 5-34. Further details on the viewshed and 

methodology is provided in the LVIA report (Appendix K1; Appendix K6) 

.  
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Table 5-78 Visual Impact Levels of Significance Matrix 

 
Magnitude 

Imperceptible Noticeable Considerable Dominant 

S
e

n
s

it
iv

it
y
 

Negligible Negligible Negligible Minor Minor 

Low Negligible Minor Minor Moderate 

Medium Minor Minor Moderate Moderate 

High Minor Moderate Moderate Major 

Source: ERM (2020b). 

The existing visual amenity (i.e. ‘before’ the Revised Proposal is implemented) was assessed as 

having a ‘Negligible’ impact for the majority of the viewpoints (47), including 14 of these deemed to 

have no impact due to existing topography or treeline obscuring the line of sight; with the remaining 

ten viewpoints assessed as ‘Minor’. The viewpoints assessed as ‘Minor’ include Boddington Town 

(T1), Pinjarra–Williams Road (M8), Siding/Thirty-Four Mile Brook Road (L3), Lower Hotham Road 

(L12), Mount Wells Lookout (R1), Siding Road (R2), Bibbulmun Track (R6), Gastaldo Road, Refinery 

Entrance (CBME1), Harris Dam Picnic Area (CBME4) and Munda Biddi Cycle Trail (CBME5). Further 

detail of these viewpoints is provided below: 

• Boddington Town (T1) – Intervening topography, buildings and vegetation prevent any 
noticeable views of existing operations. The viewpoint has been assessed as Minor due to the 
large number of viewers; 

• Pinjarra–Williams Road (M8) – The Pinjarra-Williams Road overpass area is significantly 
disturbed by existing mining activities. Existing views include the Marradong 
administration/service complex, heavy vehicle park-up and the OBC. These views are present 
for travellers on Pinjarra-Williams Road for less than a minute; 

• Siding/Thirty-Four Mile Brook Road (L3) – Topography and existing vegetation prevent the BBM 
from being noticeable at the intersection of Siding and Thirty-Four Mile Brook Roads. However, 
there are existing noticeable views of the Newmont BGM to the west of the viewpoint; 

• Lower Hotham Road (L12) – The OBC for the existing mining operations is visible from the Lower 
Hotham Road. There are no other views of existing mining operations as the area is mostly 
screened by existing vegetation and topography; 

• Mount Wells Lookout (R1) – Mount Wells Lookout, a campsite along the Bibbulmun Track, is 
located 900 m from the boundary of the WMDE. There are no noticeable views of the Newmont 
BGM (approximately 1.5 km east) from the Bibbulmun Track and the base of the lookout, 
however, there are noticeable views of the Newmont BGM from the top of the lookout; 

• Siding Road (R2) – Siding Road is located north of Tullis Bridge, within the WMDE and BTC. A 
water pumping station and other associated infrastructure is visible from this viewpoint, however, 
there are no views of existing mining operations;  

• Bibbulmun Track (R6) – There are no noticeable views of the BGM (approximately 300 m west) 
and the track is located in an area of rolling hills and dense bushland; 

• Gastaldo Road, Refinery Entrance (CBME1) – Views from the entrance of the Worsley Refinery, 
within the RLA on Gastaldo Road, consist of existing Refinery infrastructure. This viewpoint is 
approximately 1.6 km to the southwest of the CBME boundary; 

• Harris Dam Picnic Area (CBME4) – There are no existing views of the Refinery or any associated 
infrastructure due to the intervening vegetation. This viewpoint has been assessed as Minor due 
to the viewer’s interest in the surrounding landscape and expected long duration of viewing; and 

• Munda Biddi Cycle Trail (CBME5) – There are no existing views of the Refinery or any associated 
infrastructure due to the viewpoint’s location in an area of dense vegetation. This viewpoint has 
been assessed as Minor due to the viewer’s interest in the surrounding landscape. 
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5.7.3.5 Aboriginal Heritage 

The PAA occurs within the Gnaala Karla Booja Agreement Area of the South West Native Title 

Settlement. Numerous Aboriginal heritage sites are known to occur within and surrounding the PAA, 

and as such, the PAA has been subject to numerous targeted Aboriginal heritage surveys (both 

archaeological and ethnographic) over the life of the mine (Table 5-76).  

Complementary to the Aboriginal heritage surveys, Worsley Alumina has engaged extensively and 

worked closely with Traditional Owners and Heritage representative groups, including the Wilman 

people and SWALSC. The feedback provided to date has been incorporated into forward mine 

planning and operations. More information on consultation with Traditional Owners and Heritage 

representative groups is provided in Section 2 and Appendix C. 

A review of the survey areas within the PAA has revealed that 15,726 ha (53%) has been subject to 

ethnographic and combined (archaeological and ethnographic) surveys, 25,536 ha (88%) (noting 

there is overlap between the areas surveyed), with 3,885 ha (13%) not having been subject to any 

on the ground examination) (Brad Goode & Associates 2020). The entire CBME area has been 

surveyed ethnographically (Pearce, 1981). A summary of surveys undertaken specifically for this 

Revised Proposal, to date, is provided below. 

Brad Goode & Associates was commissioned in 2019 to prepare a Desktop and Due Diligence Risk 

Assessment Aboriginal Heritage report with reference to the AHA, for this Revised Proposal (Brad 

Goode & Associates 2020), as provided in Appendix K2. Specifically, the purpose of the 

assessment was to provide advice to inform the survey planning for the Revised Proposal. The report 

recommended that ethnographic and archaeological surveys of any unsurveyed or under-surveyed 

areas within the PAA should be undertaken (Brad Goode & Associates 2020). 

During the original 2017 survey representatives of the Wilman people raised several issues with the 

nature of the bridge designs and the locations for the crossings on the Hotham River that were seen 

to have adverse effects on the values held for Site ID 27935 Hotham River (Huxtable & O’Reilly, 

2017). Due to these issues the bridge locations and designs have been revised to attempt to mitigate 

some of the issues raised. Brad Goode & Associates were commissioned in 2020 to conduct further 

consultations with the Gnaala Karla Booja WC1998/058 Native Title Claim group in order to provide 

final advice in relation to this matter prior to South32 Worsley Alumina Pty Ltd seeking consent under 

Section 18 of the AHA to proceed (Brad Goode & Associates 2021b), as provided in Appendix K3 

(please note Appendix K3 has been provided confidentially as part of this submission out of respect 

for the information provided by the Traditional Owners). 

Most of the informants consulted were those who had been involved in the survey in 2017 as 

nominated by SWALSC. However, as some members of the 2017 survey team had passed-away, 

Brad Goode and Associates liaised with the key Elders in the group for others to be involved. This 

was necessary as the bridge locations were not within the area where a NSHA between SWALSC 

and South32 had been agreed. As a result of this further consultation held with nine representatives 

the Gnaala Karla Booja WC1998/058 Native Title Claim group, it has been determined that there are 

no new ethnographic sites of significance as defined by sections 5(b) & 5(c) of the AHA located 

where the bridges are to be constructed over the Hotham River. 

In November 2019, Brad Goode & Associates was commissioned to undertake an archaeological 

survey of five river crossings that will be constructed or altered under the Revised Proposal (Brad 

Goode & Associates, 2020a) provided in Appendix K3. The survey was comprised of a desktop 

review to identify any previously recorded Registered Aboriginal Sites, Other Heritage Sites and 
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previous surveys, and a field assessment in collaboration with Traditional Owners of the GKB Claim 

Group. The five river crossings were encompassed within four survey areas, ranging in size from 1.3 

ha to 61.9 ha. No new Aboriginal archaeological sites were identified during the field assessment. 

Worsley have continued engagement with the GKB with regards to the bridge crossing locations and 

designs and have incorporated feedback provided by the Traditional Owners. 

The survey identified one known ‘Other Heritage Place’, ‘Worsley Timber 3’ (ID 4126), which is a 

quartz artefact scatter located near the northern-most proposed river crossing (new haul road over 

Thirty-Four Mile Brook) (Figure 5-64). However, no trace of artefact scatter was identified during the 

survey, which is consistent with a previous assessment (O’Reilly 2017) and conclusion that this site 

no longer exists. One isolated dolerite fragment was recorded near the service road (where minor 

upgrade works are proposed) (Figure 5-64), which does not constitute an Aboriginal archaeological 

site (Brad Goode & Associates 2021b). The presence of ‘Worsley Timber 3’ (ID 4126) and the 

dolerite fragment indicates that more artefacts associated with this place may be uncovered during 

future disturbances to the area (Brad Goode & Associates 2021b). Refer to Section 5.7.5 for 

mitigation measures that will be implemented in the event that future disturbances uncover additional 

Aboriginal artefacts. 

Desktop reviews and previous ethnographic surveys undertaken within the PAA form a robust source 

of baseline knowledge to inform the impact assessment of the Revised Proposal. An ethnographic 

survey is planned to be undertaken as soon as practicable, which will provide inputs to any relevant 

Section 18 applications. Future surveys may also include an archaeological survey of the CBME.  

A desktop search of the Aboriginal Heritage Inquiry System (AHIS) database on 8 April 2020 

identified 11 ‘Registered’ sites and 140 ‘Other Heritage Places’ (including eight ‘Lodged’ sites) that 

occur within or intersect the PAA (AHIS, 2020). The Registered and Lodged sites are shown in 

Figure 5-64 and described in Table 5-79. Detailed descriptions of the Aboriginal heritage sites 

occurring within the PAA are provided in the Desktop and Due Diligence Risk Assessment 

(Appendix K2), (Brad Goode & Associates 2020).The majority of Aboriginal heritage sites that were 

identified occur within the WMDE or BTC. Of the relevant archaeological sites within the WMDE and 

BTC, nine are ‘Registered’ and six are ‘Lodged’ (Table 5-79). All the relevant archaeological sites 

occur within the WMDE (inclusive of the BTC), with one ‘Lodged’ site occurring in the north-eastern 

extent of the BTC (outside of the WMDE). The majority of the archaeological sites identified are 

artefact scatters.  

Of the relevant ethnographic sites within the WMDE and BTC, all four sites occur within the WMDE, 

which include two ‘Registered’ and two ‘Lodged’ sites (Table 5-79). Two sites occur within both the 

WMDE and BTC, including the Hotham River (Site ID 27935), and Archer’s Farm – Caves (Site ID 

20216). The majority of the ethnographic sites identified are mythological, with one historical 

skeletal/burial site (Dilyan’s Burial and Additional Burial Site [Site ID 20219]). 

The remaining Aboriginal heritage places identified within the PAA are classified as ‘Stored Data/ 

Not a Site’, which includes 17 archaeological ‘Other Heritage Places’ identified within the CBME23. 

These ‘Stored Data/Not a Site’ heritage places are predominantly artefact scatters, with one site 

within the WMDE, Dukatj (34 Mile) Creek (Site ID 21471), being an ethnographic site with 

mythological values. These sites either have insufficient evidence or information to be assessed 

under the AHA or do not meet the criteria for protection as an Aboriginal heritage site under the AHA. 

 
 
23 DPLH records show that two ‘Lodged’ heritage sites occur within the CBME. This is an error in the DPLH record 
system and should read ‘Stored Data/Not a Site’ (Brad Goode & Associates 2020). 



 

 Worsley Mine Expansion Environmental Review Document 572 
 

Of the 17 ‘Other Heritage Places’ that occur within the CBME, five of these places are located within 

presently disturbed areas and no longer exist (Brad Goode & Associates 2020). The remainder of 

the sites are no longer considered sites by the Aboriginal Cultural Material Committee (ACMC), with 

the exception of two sites that were unable to be located in the 1981 survey due to issues with the 

geographic points (Brad Goode & Associates 2020). 
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Table 5-79 Registered and Lodged Aboriginal Heritage Sites Listed Intersecting the PAA 

Place 
ID 

Name Status 
Access 

Restrictions 
Type 

Development 
Envelope 

Intersected 
Location 

Ethnographic  

17214 
Mount 

Saddleback 
(Mokine) 

Registered 
Site 

No Mythological WMDE 

Majority of southern extent of the WMDE. 
The DPLH boundary for this site has been 
refined within the PAA as a result of surveys 
and mapping undertaken by Goode and 
Huxtable (2015). 

27935 Hotham River 
Registered 

Site 
No Mythological WMDE, BTC 

22.5 km section of river that intersects or is 
directly adjacent to the PAA. 

20216 
Archer’s Farm – 

Caves 
Lodged Yes Mythological/Rockshelter WMDE, BTC 

In the northern section of the WMDE, 
intersecting both the WMDE and BTC. 

20219 
Dilyan’s Burial 
and Additional 

Burial Site 
Lodged Yes 

Historical, Skeletal 
Material/Burial 

WMDE 
A small portion of the site intersects the 
central section of the WMDE near Bannister 
Marradong Road. 

Archaeological 

4049 Tullis 
Registered 

Site 
No Artefacts/Scatter WMDE, BTC 

Approximately 50 m south of the Hotham 
River within the WMDE and BTC. 

4060 
Farmer’s 
Crossing 

Registered 
Site 

No Modified Tree WMDE, BTC 
In the northern section of the WMDE and 
BTC, adjacent to the boundary of the BTC. 

4063 
Boulder Hill 

Cave 5 
Registered 

Site 
No Artefacts/Scatter WMDE, BTC 

In the northern section of the WMDE and 
BTC, at the eastern boundary of the BTC. 

4064 
Lower Hotham 
Road Bridge 

Registered 
Site 

No Artefacts/Scatter WMDE 
Intersects the south-eastern boundary of the 
WMDE. 

4230 
Boddington 
Forest 36 

Registered 
Site 

No Artefacts/Scatter WMDE, BTC 
Intersects the WMDE and BTC on the 
western boundary of the BTC. 
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Place 
ID 

Name Status 
Access 

Restrictions 
Type 

Development 
Envelope 

Intersected 
Location 

4237 
Boddington 
Forest 43 

Registered 
Site 

No Artefacts/Scatter WMDE, BTC 
Located on the eastern boundary of the 
WMDE and in the northern section of the 
BTC. 

5182 Hull Gully 
Registered 

Site 
No Artefacts/Scatter WMDE 

Located in the southern section of the 
WMDE. 

5255 
Quindanning 

Farms 04 
Registered 

Site 
No Artefacts/Scatter, Quarry WMDE 

Located in the southern section of the WMDE 
adjacent to the eastern border of the WMDE. 

15126 
The Harmony 
Engravings 

Registered 
Site 

No 
Engraving, Grinding 

Patches/Grooves 
WMDE 

In the southern section of the WMDE 
immediately adjacent to the western border. 

4214 Siding Road Lodged No Artefacts/Scatter WMDE, BTC 
Located within both the WMDE and BTC, in 
the southern extent of the BTC. 

4238 
Boddington 
Forest 44 

Lodged No Artefacts/Scatter WMDE, BTC 
Located in the northern extent of the WMDE, 
adjacent to the intersection of the WMDE and 
the northernmost point of the BTC. 

4240 
Boddington 
Forest 46 

Lodged No Artefacts/Scatter WMDE, BTC 
Located within the northern extent of the 
WMDE, within both the WMDE and BTC. 

4277 
Boddington 
Forest 31 

Lodged No Artefacts/Scatter WMDE 
Located in the Bannister area in the north-
eastern extent of the WMDE. 

4279 
Boddington 
Forest 33 

Lodged No Artefacts/Scatter BTC 
Located in the Bannister area on the north-
eastern boundary of the BTC. 

5252 
Quindanning 

Farms 01 
Lodged No Artefacts/Scatter/Quarry WMDE 

Located in the Quindanning area in the 
southern extent of the WMDE. 
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5.7.3.5.1 Cultural Values 

The PAA is located within an area of significant cultural value. Research has revealed that Mount 

Saddleback (Mokine) is a regionally important mythological site of sacred significance to the Noongar 

community. Noongar oral history identifies Mokine Hill was created by powerful ancestral beings 

during the Dreaming and is a known creation place located on a regional songline that includes all 

the major hills and water courses in Boddington through to Mundijong/Armadale, Mount Cooke, and 

extends through to Pumphreys Bridge at Wandering (see also Huxtable and O’Reilly, 2017). Mokine 

Hill has also been reported to be associated with rainmaking and male initiation ceremonies and is 

the home of mischievous small hairy spirit beings called Mummeries and a powerful Janak or devil 

spirit that punishes wrong doers for transgressions to Indigenous Law (Huxtable & O’Reilly, 2017). 

Consistent with broader mythological Noongar beliefs associated with waterways, the Hotham River 

is considered to be a site of mythological significance due to its association with the Rainbow Serpent 

or Waugal. The significance of the Hotham River has been reported by the Noongar community with 

several mythologies recorded whereby the water serpent emerged from the ground at Pumphreys 

Bridge near Wandering and travelled west, creating the river and other prominent landscape features 

at Boddington (Huxtable & O’Reilly, 2017). Similar mythology is also associated with 34 Mile Creek, 

which was believed to have been created by the Dukatj, a dugite spirit (Huxtable & O’Reilly, 2017). 

The Hotham River and 34 Mile Creek have also been recorded to be significant in terms of customary 

use with a number of historical camps and ceremonial grounds located along its embankments 

(Huxtable & O’Reilly, 2017). These creeks are significant food sources and would have been used 

extensively in the past by family groups as they travelled through their country. The GKB Traditional 

Owners will regularly point out native plant and animal species which are traditional food and 

medicinal sources that are still used today. 

Archaeologically, the Boddington region has a wide variety of sites and places including 

artefacts/scatters, quarries, grinding patches that include grooves, engravings, modified trees and 

burials. The quantity and array of sites provides evidence that the Boddington area would have been 

well populated for millennia. 

5.7.3.6 Natural and Historical Heritage 

No World Heritage Sites, Commonwealth Heritage or State Listed heritage sites have been identified 

within the PAA. The closest State Listed heritage site to the WMDE and BTC is the Quindanning 

Hotel (Ye Olde Quindanning Inne) (Place No. 16215), located approximately 2 km southeast of the 

WMDE. The closest State Listed heritage site to the CBME is the Railway Round House with 

Turntable, Collie (Place No. 541), located approximately 15 km to the southeast. No World Heritage 

or Commonwealth Heritage sites occur within 10 km of the PAA. A search on the InHerit WA 

database on 7 March 2020 identified eight ‘Other Heritage Listings’ within the PAA, which are 

described in Table 5-80 and shown in Figure 5-65.  
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Table 5-80 Natural and Historical Heritage Sites Listed Within the PAA 

Site 
Place 
No. 

Listing Location Description (State Heritage Office 2019) 

Tullis Bridge 17667 

MI Category 2 (Shire 
of Boddington) - 
adopted 18 July 2001 
MI Category B (Shire 
of Boddington) - 
adopted 1 June 2011 

Within the WMDE and 
BTC. 
Located at the 
termination of Siding 
Road (north) and 
Morts Road (south, 
crossing the Hotham 
River. 

The bridge was constructed in 1912 and has significant associations 
with the local timber industry and the connection between Narrogin and 
Pinjarra. Tullis Bridge currently exists as two separate structures (trestle 
supports and pylons) on either side of the river bank). 
The Shire of Boddington considers this site to be of ‘Exceptional 
Significance’ (State Heritage Office 2019). 

Tullis Mill (site) 17666 

MI Category 5 (Shire 
of Boddington) - 
adopted 18 July 2001 
MI Category E (Shire 
of Boddington) - 
adopted 1 June 2011 

Located within the 
WMDE and BTC, west 
of Tullis Siding. 

The mill was originally opened by Bunnings in 1936 as the first general 
purpose mill in the area, which made a significant economic contribution 
to the town of Boddington. The mill was closed in 1952. Nothing 
remains of the site as the infrastructure, including the worker’s cottages, 
were auctioned upon ceasing operations.  

Jarrah Tree 17633 

MI Category 3 (Shire 
of Boddington) - 
adopted 18 July 2001 
MI Category C (Shire 
of Boddington) - 
adopted 1 June 2011 

Within the WMDE and 
BTC. Located on the 
corner of Mort’s Road 
and Stagbouer Trail. 

The Jarrah Tree is listed for its great aesthetic significance and its 
connection to the former timber industry. The tree is particularly large 
and is an example of Boddington’s natural beauty.  

Railway Line 
Precinct – 
Boddington to 
Dwellingup 

17635 

MI Category 3 (Shire 
of Boddington) - 
adopted 18 July 2001 
MI Category C (Shire 
of Boddington) - 
adopted 1 June 2011 

Between Boddington 
and Dwellingup. 
Intersects the WMDE 
and BTC and crosses 
over the Tullis Bridge. 

A remnant railway line that ceased operations in 1968. Most of the 
railway line is now overgrown with trees and shrubbery, but for the most 
part it is intact and in relatively good condition.  

Camballing 
Road Bridge – 

15406 
MI Category 4 (Shire 
of Boddington) - 

Within the WMDE on 
the western border. 
Located on Pinjarra-

A remnant bridge that has partially collapsed due to decay. It served the 
early community of Marradong and was a prime fishing and recreational 
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Site 
Place 
No. 

Listing Location Description (State Heritage Office 2019) 

old and current 
bridges 

adopted 11 December 
1998 
MI Category D (Shire 
of Boddington) - 
adopted 1 June 2011 

Williams Road and 
crosses the Hotham 
River. 

spot for locals. The bridge signifies the changing technology and 
industries surrounding the Boddington/Marradong area. 

Monday’s Store 
Site 

23924 

MI Category 5 (Shire 
of Boddington) - 
adopted 5 April 2011 
MI Category E (Shire 
of Boddington) - 
adopted 1 June 2011 

Within the PAA in the 
southern end of the 
WMDE. Located on 
Pinjarra-Williams Road 
in Marradong. 

The store is believed to be one of the first buildings in the Marradong 
district and signified one of the first settling families to contribute to the 
Marradong economy. The remnants of the store include the stone 
chimney and bordering fig trees. 

Camballing 
Marradong 
School (site) 

23911 

MI Category 5 (Shire 
of Boddington) - 
adopted 5 April 2011 
MI Category E (Shire 
of Boddington) - 
adopted 1 June 2011 

Within the WMDE, 
south of the BTC.  
Located at Lot 11899 
Pinjarra-Williams Road 
in Marradong. 

This site was a single roomed wooden or mud brick building, though 
now a reserve remains on the site. Though there were once several 
schools in the area, once they amalgamated in the 1940’s, it is believed 
the school building was sold off. The school was one of the first in the 
Marradong area. 

Mokine 08475 

MI Category 2 (Shire 
of Boddington) - 
adopted 15 November 
1995 
MI Category B (Shire 
of Boddington) - 
adopted 1 June 2011 

Located on the eastern 
boundary of the 
WMDE on Williams 
Road in Marradong. 

A homestead that was the place of residence of Captain Fawcett, an 
important figure in the community in terms of politics and government, in 
the 1860’s and family members still reside at the homestead. The area 
surrounding the site is also considered significant as area was a good 
source of red clay for Aboriginal groups who used it for body paint and 
cultural ceremonies. It is also thought there is a number of Aboriginal 
burial sites in the area.  

Note: MI – Municipal Inventory. 
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5.7.4 Potential Environmental Impacts 

Proposal activities that have the potential to impact on social surroundings include clearing of 

vegetation and land disturbance from activities associated with mining and exploration. In addition, 

activities that generate noise have the potential to impact on sensitive receptors, such as blasting 

and excavation, haulage, disposal activities, audible warning signals, and off-site transport activities. 

The potential impacts that may occur to social surroundings as a consequence of the Revised 

Proposal are: 

• Noise and vibration emissions from construction and operational activities; 

• Reduced visual amenity from proposed mining activities and infrastructure, in addition to existing 
operations and infrastructure; 

• Reduced visual amenity from proposed BRDA extension and increase in height; 

• Disturbance to heritage and tourism areas; and 

• Changes to land use.  

The potential impacts from dust emissions are discussed in Section 5.6.4 Air Quality. 

 

5.7.4.1 Noise Emissions 

Noise and vibration emissions are generated from operations and have the potential to impact on 

the amenity of sensitive receptors, such as residences, public recreation sites and heritage sites. 

Vibration also has the potential to damage the structural integrity of infrastructure at these receptors. 

Two assessments have been undertaken to characterise noise impacts on sensitive receptors from 

the existing and proposed activities; a noise impact assessment at the BBM (relevant to the proposed 

WMDE and BTC) (Talis, 2020b) and a noise screening and blast noise modelling assessment at the 

Refinery (relevant to the proposed CBME) (Talis, 2020a). 

The noise impact assessment (Talis, 2020b) refers to 129 sensitive receptors (all residences that 

may potentially be occupied and are not currently owned, leased (or other) by the WJV) within the 

town of Boddington and the surrounding farming community, in addition to two public recreation sites 

(Mount Wells Camp on the Bibbulmun Track, and Tullis Bridge). Although outside of the WMDE, 

Mount Wells Camp houses Bibbulmun Track hikers overnight, who have the potential to be impacted 

by noise due to future mining activities occurring within the WMDE. Nineteen areas within the WMDE 

and BTC were selected for the noise model based on their proximity to the sensitive receptors. Some 

of these areas are located within the existing approval area (Talis, 2020b). The receiver locations, 

relative to the areas assessed, are shown in Figure 5-66. 

An acoustic model was developed that calculates sound pressure levels at sensitive receptor 

locations. Modelling for this assessment considered both worst case and calm meteorological 

conditions, of which the worst case meteorological conditions were modelled in accordance with the 

WA EPA Draft Guideline on Environmental Noise for Prescribed Premises (DER, 2016). Calm 

conditions were included in this assessment to test whether current scheduling and adaptive 

management measures around meteorology are effective. The following scenarios were modelled 

in each of the 19 areas, under each meteorological condition (totalling 228 scenarios): 

• Blasting; 

• Development; 

• Drilling; 

• Mining and haulage;  

• Rehabilitation; and  
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• All scenarios combined (except blasting). 

All scenarios (except blasting) included the existing crusher infrastructure at Saddleback and 

Marradong and the potential additional crusher infrastructure proposed for the Nullaga mining area, 

as well as ancillary equipment (Talis, 2020b). The exclusions from the model included Worsley 

Alumina-owned properties (19 properties shown in Figure 5-66), and noise emissions from any 

sources other than the proposed mining operations.  

Regulation 7 states that noise emitted from any premises when received at a receiver must not 

cause, or significantly contribute to, a level of noise which exceeds the assigned level. If it does, then 

a noise emission is taken to significantly contribute if it exceeds a value which is 5 dB below the 

assigned level at the receiver. The significant  contributor adjustment is applied  when  the  

cumulative  noise  impacts  from two or  more industries at a sensitive receiver could potentially 

result in an exceedance of the regulatory assigned levels. For this proposal two industries (i.e. 

Worsley Alumina and Newmont Boddington Gold Mine (NBG)) have been considered when 

determining whether their cumulative noise levels could potentially contribute significantly at any of 

the receivers within the study area.  If it was found that NBG’s noise level could possibly be greater 

than3 0 dB(A) then a 5 dB reduction of the assigned level was applied . 

Sensitive receivers identified for the current proposal which were also included in NBG’s Life-of-Mine  

Extension  Project noise assessment were identified.  Two residents, R151 and R152 were identified 

as receivers  that the Significant  Contributor  adjustment of  5  dB was applied for  this assessment. 

All subsequent results presented include this factor in the determination of impact. 

Extensions to the OBC fall under the State Agreement (which details allowable noise emissions), 

and construction work is covered under Regulation 13 of the Noise Regulations, which does not 

require noise to comply with the prescribed standard for noise emissions set in Regulation 7. The 

management of noise from the potential overland conveyor and construction of infrastructure is 

discussed further in Section 5.7.5. Further information on the development of the noise model and 

modelling scenarios for the BBM is included in the Environmental Noise Impact Assessment report 

(Talis, 2020b) (Appendix K4). 

The noise screening and blast noise modelling assessment has been conducted for proposed mining 

activities within the CBME (Talis, 2020a). An acoustic model was developed that calculates sound 

pressure levels at sensitive receptor locations and produces noise contours over a defined area of 

interest. The modelled scenarios are based on mobile equipment, and included drilling, mining, 

crushing, haulage and blasting. There were seven noise sensitive receptors (R1–R7), all residences, 

which occur in the area surrounding the Refinery (Figure 5-66). 

The acoustic model for the CBME includes mobile mining equipment and factored in contribution 

from the Refinery (Talis, 2020a). Site preparation, construction and maintenance (except road 

maintenance) activities proposed to occur within the CBME fall under Regulation 13 of the Noise 

Regulations, as discussed above. Further information on the development of the noise model and 

modelling scenarios for the CBME can be accessed in the CBME Environmental Noise Screening 

Assessment: Addendum report (Talis, 2020a). 

A summary of the results from the noise assessments and an assessment of potential impacts to 

sensitive receptors from activities associated with the Revised Proposal are discussed in the 

following sections. 
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5.7.4.1.1 Mining Noise 

Boddington Bauxite Mine 

The applicable assigned noise levels used to assess the impact of mining noise at the BBM, which 

are based on the Noise Regulations, are presented in Table 5-81. The LA10 noise limit of 35 dB(A) 

has been assessed during this study as the night-time limit is the most restrictive level and operations 

are conducted on a 24-hour basis. In addition, worst case meteorological conditions typical of 

evening atmospheric conditions have been used for modelling purposes. This approach is in line 

with the precautionary principle for environmental impact assessment.  

To address potential cumulative impacts of the Newmont BGM, a significant contributor adjustment 

of 5 dB has been applied to two sensitive receptors where combined noise levels from Newmont 

BGM could potentially contribute significantly (Table 5-81). The significant contributor adjustment 

(or penalty) (i.e. 5 dB) is applied in multi-industry environments where each industry on its own must 

contribute 5 dB less than the relevant threshold level. This adjustment mechanism is a means by 

which to minimise impacts to communities from multiple industries. In addition, in the absence of the 

applicability of assigned noise level criteria and in line with a precautionary approach, an aspirational 

goal of 45 dB(A) was used to determine reasonable and practicable noise levels for Tullis Bridge 

and the Mount Wells Camp, which is located on the Bibbulmun Track. Further details on the 

development of the noise applicable criteria for this assessment is included in the Environmental 

Noise Impact Assessment report (Talis, 2020b) (Appendix K4). 

Table 5-81 Noise Criteria Applicable at the Sensitive Receptors (Mining Noise) 

Time of Day 
LA10 Assigned 
Noise Level in 

dB(A) 

LA10 Assigned Noise Level in dB(A) for 
Receptors with Non-significant 

Contributor Adjustment (5dB) Applied 

0700 to 1900 hours Monday to 
Saturday 

45 40 

0900 to 1900 hours Sundays and 
Public Holidays 

40 35 

1900 to 2200 hours all days 40 35 

2200 to 0700 hours all days 35 30 

The noise modelling results indicated that predicted levels at receptors are highly variable and are 

dependent on the mining activities occurring in the area and applied meteorological conditions. An 

approximate 10 dB variation was identified between the predicted noise levels in worst-case and 

calm meteorological conditions (Talis, 2020b). Noise criteria at Tullis Bridge and Mount Wells Camp 

were not exceeded under any scenario. The complete noise modelling results are included in the 

Environmental Noise Impact Assessment report (Talis, 2020b) (Appendix K4). 

The results from the noise modelling were then risk assessed (except Tullis Bridge and Mount Wells 

Camp) and a risk category was applied to each noise sensitive receptor that, without appropriate 

controls, ranked the likelihood of potential exceedances of assigned noise levels. Residences that 

were not considered ‘sensitive receptors’ under the definitions of the Noise Regulations (i.e. freehold 

properties that are known to be vacant due to freehold ownership by WJV or other commercial 

agreements or lease arrangements exist with the owner to ensure vacancy) have been excluded 

from the analysis results. Therefore, the risk assessment focused on those residences that may 

potentially be occupied and are not currently owned, leased (or other) by the WJV. The risk 

categories are a combination of South32’s Consequence Severity Rating (Health, Safety, 
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Environment and Community Toolkit No T07) and “the assigned level for premises" as stated in 

Section 8(3), Table 1, Regulation 2 of the Noise Regulations. A description of each risk assessment 

category is provided below: 

• Low: It is unlikely that mining operations will exceed any of the assigned levels at that receptor. 
Noise impacts on these receptors should still be managed, but in general their risk can be 
considered as low; 

• Minor: The likelihood of the predicted noise levels from mining operations exceeding the night-
time assigned levels is possible for certain mining activities in areas close to the receptor. This 
risk can be mitigated through appropriate scheduling and adaptive management (with operations 
in some areas limited to day shift only);  

• Moderate: The probability of the predicted noise levels from mining operations exceeding the 
daytime assigned level is possible when mining activities are occurring in certain areas close to 
the receptor. This risk can be mitigated through appropriate long-term planning, weekly 
scheduling and adaptive management (with operations in some areas limited to certain times of 
the year and day shift only); 

• Major: Predicted noise levels from mining operations are likely to exceed the daytime assigned 
levels for mining areas or haul roads that are near to their location. This risk can be mitigated 
using the same techniques in the Moderate category but may also require consideration of noise 
control or relocation agreements; and 

• Critical: It is almost certain that mining operations in certain areas will result in an exceedance 
at the receptor. Relocation agreements should be considered before moving into these areas for 
mining. 

The risk assessment was undertaken for residences identified as receptors for both worst-case 

meteorological conditions and calm meteorological conditions. The purpose of undertaking the risk 

assessment under both conditions was to demonstrate that a receptor’s risk profile can change 

dramatically based on weather conditions, therefore demonstrating that scheduling mining activities 

using meteorological conditions is a valid and effective approach to managing mining operations.  

The locations and worst-case risk ratings of the receptors at the time of the risk assessment are 

shown in Figure 5-67. Under worst-case conditions, four receptors were identified as ‘Critical Risk’, 

of which two remained in the ‘Critical Risk’ category during calm conditions. Receptors in the ‘Major 

Risk’ category included 24 under worst-case conditions, as compared to two under calm conditions. 

‘Moderate Risk’ receptors were similar across worst-case and calm conditions (15 and 13, 

respectively), while receptors in the ‘Minor Risk’ category included 38 under worst-case conditions 

and 11 under calm conditions. The remaining receptors were identified as ‘Low Risk’, including 48 

receptors under worst-case conditions, and 101 receptors under calm conditions. 

The risk classification of receptors has been used to inform suitable mitigation strategies and 

recommendations for reducing the risk associated with each receptor. The ‘Critical Risk’ receivers 

identified in the noise impact assessment (Talis, 2020b) will be subject to the full suite of noise control 

strategies which are already being undertaken by Worsley Alumina for existing operations. Measures 

for managing and mitigating noise impacts on nearby noise sensitive receptors are discussed in 

Section 5.7.5.  
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Refinery 

The noise screening assessment model for mining noise assumes a list of noise sources based on 

mobile equipment currently based at BBM (excavator, haul trucks, dozer etc.), in addition to a mobile 

crusher. The combined noise sources have a total overall sound power level of 123.6 dB(A) and are 

considered worst-case as it could be likely that smaller mining and transport equipment will be 

utilised. In the model, the equipment was situated at the closest point to the nearest receiver. 

As the CBME will form part of the Refinery operations, the cumulative noise levels from the CBME 

and the Refinery are required to be below the regulatory assigned levels (< 35 dB(A); LA10 night-time 

noise limit as presented in Table 5-81 (Talis, 2020a). To account for the noise emissions from the 

Refinery, and not increase the noise level at the nearest receptor (R1), it was assumed the maximum 

level at R1 is not to exceed a threshold level of 25 dB(A). Further details on the development of the 

noise applicable criteria for this assessment is included in the CBME Environmental Noise Screening 

Assessment: Addendum report (Talis, 2020a). 

Noise modelling results for the screening assessment indicate that noise levels would not exceed 

the maximum threshold of 25 dB(A) at any of the sensitive receptors during worst-case 

meteorological conditions. Worst-case noise modelling results ranged between 23.9 dB(A) to 5.9 

dB(A) (Talis, 2020a). 

Given that modelling results were below the threshold at all receptors, compliance with the Noise 

Regulations is expected, and it is considered that mining within the CBME can be adequately 

managed in alignment with the South32 Worsley Alumina Noise Management Plan - Mining and 

Blasting (Worsley 2020c) (see Section 5.7.3.2). 

5.7.4.1.2 Blasting Noise 

Boddington Bauxite Mine 

Air-blast commonly causes a ‘startle’ reaction in humans, as adrenaline is released and an 

autonomic ‘fight or flight’ response ensues (DEC, 2013c). This reaction can become severe at high 

air-blast levels, which is often exacerbated by rattling of lightweight building components such as 

windows and ceilings, as the low frequency component of the air-blast wave passes over the 

dwelling. These effects are usually perceived as ground borne vibration.  

Air-blast levels above 120 dB are known to cause strong adverse human reaction, while building 

damage criteria may be invoked at levels above 133 dB (Standards Australia 2006). Furthermore, a 

study for a quarry in New South Wales suggests that respondents are likely to become ‘highly 

annoyed’ at a level of 115 dB (Wilkinson-Murray, 1984).  

As previously discussed, the Noise Regulations set allowable noise levels for noise received at 

various premises. Airblast overpressure is also regulated under the Noise Regulations, however, is 

considered differently and is managed under Regulation 11 – Blasting Operations. Regulation 11 

sets specific airblast levels for blasting (it should also be noted that airblast overpressure is assessed 

as an LZPeak value, not a statistical value). The applicable assigned airblast overpressure levels used 

to assess the impact of noise from blasting at the BBM, which are based on the Noise Regulations, 

are presented in Table 5-82. 
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Table 5-82 Noise Criteria Applicable at the Sensitive Receptors (Airblast Overpressure Noise) 

Time of Day 
Single Airblast Overpressure 

Limit (LZpeak) 
9/10 Consecutive Airblast 
Overpressure Limit (LZpeak) 

Daytime (0700 – 1800) 120 dB 115 dB 

All other times 90 dB 90 dB 

The airblast overpressure level at each receptor is dependent on the distance between the blast 

location and the receiver, meteorological conditions (i.e. atmospheric conditions, wind speed and 

direction), and blast design parameters (i.e. the amount of explosive used, the depth of burial of the 

charge and initiation sequencing). The blast noise source level used for this assessment was 

estimated to be 185 dB (LPeak) at a frequency of 16 Hz.  

Blast predictions for the BBM were made using worst-case meteorological conditions and a 

maximum charge weight of 30 kg. All predictions are based on the assumptions that blasts will be 

confined and stemmed, and that electronic or signal tube cord detonation will be used instead of 

detonation cords.  

Similar to the mining noise assessment, the blast modelling results were used in a risk assessment 

which assigns a risk category to each noise receptor (except Tullis Bridge and Mount Wells Camp) 

based on the potential likelihood of exceedances of the prescribed levels for airblast overpressure. 

Similarly, all receptors in the risk assessment are residences that do not currently have existing 

commercial agreements with Worsley Alumina. A description of each risk assessment category is 

provided below. It should be noted that Worsley Alumina does not undertake blasting at night-time. 

• Low: Airblast overpressure levels are predicted to be compliant; 

• Minor: Airblast overpressure levels are predicted to be compliant for 9/10 consecutive blasts 
during daytime;  

• Moderate: Airblast overpressure levels are predicted to be compliant for a single blast during 
daytime, or 9/10 consecutive blasts using mitigation options; 

• Major: Receptor limits will more than likely be exceeded for single blasts under worst-case 
meteorological conditions. Blast mitigation or adaptive management can be used to achieve 
compliance; and 

• Critical: Receptor limits will more than likely be exceeded for single blasts and significant 
mitigation may be required.  

The locations and worst-case risk ratings of the receptors at the time of the risk assessment are 

shown in Figure 5-68. Under worst-case conditions, four receptors were identified as ‘Major’, and 

four were also identified as ‘Moderate’. The remaining receptors were identified either as ‘Minor’ (109 

receptors) or ‘Low’ (12 receptors). No receptors were identified as ‘Critical Risk’. 

The following conclusions were made from the worst-case blasting assessment results (Talis, 

2020b):  

• The blast limit of 115 dB (LZPeak) for 9/10 consecutive blasts was exceeded at eight receptors (i.e. 
‘Moderate’ and ‘Major’ risk receptors). It is noted that two of the receptors in the ‘Moderate’ risk 
category were marginal exceedances; and 

• Noise levels at four receptors (i.e. all ‘Major’ risk receptors) will exceed the blast limit of 120 dB 
(LZPeak) for a single blast. It is noted that two of the receptors were marginal exceedances. 

The risk classification of receptors has been used to inform suitable mitigation strategies and 

recommendations for reducing the risk associated with each receptor. The ‘Moderate’ and ‘Major’ 

risk receptors identified in the noise impact assessment (Talis, 2020b) will be subject to the full suite 
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of noise control strategies which are already being undertaken by Worsley Alumina for existing 

operations. Measures for managing and mitigating noise impacts on nearby noise sensitive 

receptors are discussed in Section 5.7.5.  
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Refinery 

Airblast overpressure predictions for airblasting the CBME were modelled using the same inputs and 

assumptions as the modelling for the BBM (i.e. under worst-case meteorological conditions, using a 

maximum charge weight of 30 kg). In the model, the blast locations were situated at the northern 

and southern boundaries of the CBME (Talis, 2020a). The applicable assigned noise levels used to 

assess the impact of airblast overpressure at the CBME are shown in Table 5-82, above.  

The modelling assessment found that the airblast overpressure limits of 115 dB (LZPeak) for 9/10 

consecutive blasts, or 120 dB (LZPeak) for single blasts, were not exceeded at any of the receptors. 

Modelled airblast levels at sensitive receptors under worst-case conditions resulted in levels 

between 108.1 and 94.3 dB (LZPeak). 

Given that modelling results were below the threshold at all receptors, compliance with the Noise 

Regulations is expected, and it is considered that mining within the CBME can be adequately 

managed in alignment with the South32 Worsley Alumina Noise Management Plan – Mining and 

Blasting (Worsley 2020c) (see Section 5.7.3.2). 

5.7.4.1.3 Vibration Impacts 

Ground borne vibration from mining activities has the potential to impact on sensitive receptors 

through reduced amenity and the potential to damage the structural integrity of infrastructure at these 

receptors. The largest source of vibration from mining at Worsley Alumina is from blasting.  

In compliance with Worsley Alumina’s commitments around vibration (as discussed in 

Section 5.7.3.2), vibration is monitored during blasting events against an internal limit of 5 mm/sec 

for 90% of all blasts, and 10 mm/sec for 100% of all blasts. The blasting parameters used to 

determine the limits for vibration were calculated using Australian Standard 2187.2-2006 Explosives 

– Storage and Use – Use of Explosives (AS 2187.2-2006) (Standards Australia 2006). The criteria 

are based on no structural damage for measurements less than 5 mm/second, and unlikely structural 

damage for measurements between 5-10 mm/second. Houses and low-rise residential structures 

may be damaged above 10 mm/sec. The selection of the 5 mm/second internal limit is based on 

avoidance of human annoyance rather than structural damage.  

On review of the previous six annual blast reports, it was shown that all vibration measurements 

taken were below the blast threshold levels for structural damage and human comfort (Talis, 2020b). 

Site management practice, as discussed in Section 5.7.3.2, has minimised the potential impact of 

vibration to a non-issue, as demonstrated through the monitoring results.  

Noise sensitive receptors associated with the CBME are not expected to be impacted by vibration, 

as they are located further away than noise sensitive receptors at the BBM, and the blast modelling 

results did not identify the potential for airblast exceedances at any receptor (Talis, 2020a). 

5.7.4.2 Reduced Visual Amenity 

The proposed mining activities and infrastructure have the potential to reduce the quality of the 

existing visual amenity within and surrounding the PAA. The visual components of the Revised 

Proposal within the WMDE and BTC are broadly the same as the existing operations (see 

Section 5.7.3.4.3), with the key differentiating factors being that (1) the mining activities will occur in 

new areas and (2) additional permanent infrastructure including new bridges/crossings, roads, 

buildings and potentially an additional crusher and overland conveyor (as identified in Figure 1-5). 

The visual components of the Revised Proposal within the CBME will include: 
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• Removal of vegetation and disturbance of non-vegetated land; 

• Topsoil, overburden and bauxite stockpiles; 

• Material handling equipment, including mobile mechanical plant and equipment necessary to 
extract and transport the mine bauxite to the processing plant; 

• Mobile equipment, including dump trucks, graders and dozers; 

• Cleared flat areas such as hardstands and access tracks; 

• Extraction areas; and 

• Areas that have been landscaped and rehabilitated.  

Dust emissions also have the potential to impact on visual amenity. Dust emissions are discussed 

in Section 5.6.3.1. 

The potential visual impact ‘during’ and ‘after’ the proposed activities from the selected viewpoints 

was assessed in the LVIA report (Appendix K1; and Appendix K6) and compared to the current 

(‘before’) visual amenity. The LVIA considers ‘after’ mining operations as rehabilitation that has 

achieved the rehabilitation completion criteria and is ready to be handed back to the State (ERM, 

2020b). The LVIA was based on the IDFs within the PAA, for the purposes of impact assessment, 

noting that the IDFs are indicative and subject to change. 

In the LVIA, mining activities were considered as a temporary visual impact since mined areas are 

eventually rehabilitated to pre-mining vegetation complexes. Permanent visual impact considered in 

the LVIA included infrastructure that will be required for the duration of mining and will not be 

rehabilitated in the near term, including fixed equipment, bridges and crossings, hardstands and haul 

roads, and mine rehabilitation. The LVIA also took a conservative approach in assuming that haul 

roads may be visible anywhere within the WMDE, and the potential overland conveyor established 

within the BTC will be visible from anywhere within this sector. 

The results of the LVIA at each viewpoint ‘before’, ‘during’ and ‘after’ the proposed activities is 

provided in Figure 5-69 and Figure 5-70. The definition of visual sensitivity ratings, magnitude of 

change ratings and levels of significance matrix are provided in Appendix K1 and summarised in 

Section 5.7.3.4.3.  

Overall, the majority of visual impact ratings across all phases of the Revised Proposal (before, 

during and after). were ‘Negligible’ (60%). The remaining 40% of visual impact ratings were ‘Minor’, 

meaning the maximum magnitude of the impact may be ‘considerable’, but with ‘low’ sensitivity. No 

viewpoints were considered to be moderately or majorly impacted as a result of the Revised Proposal 

(ERM, 2020b). 

Of the 42 viewpoints assessed ‘during’ the proposed activities, 17 viewpoints were rated as 

‘Negligible’ and 25 were rated as ‘Minor’. The viewpoints that were rated as ‘Minor’ included one 

from the Boddington Town, 16 viewpoints from Pinjarra-Williams Road, five viewpoints from reserves 

or trails and three viewpoints near the CBME (all of which were already ‘Minor’ before the proposed 

activities) (Figure 5-69) (ERM, 2020b).  

‘After’ the proposed activities, 26 were rated as ‘Negligible’ and 16 were rated as ‘Minor’. The 

viewpoints that were rated as ‘Minor’ were all associated with the same viewpoints that were rated 

as ‘Minor’ ‘during’ the proposed activities, and included one viewpoint from the Boddington town, 

eight viewpoints from public roads (mostly minor, local roads), four viewpoints from reserves or trails 

and three viewpoints near the CBME (Figure 5-69) (ERM, 2020b).  

In a comparison of ‘before’ and ‘after’ the proposed activities (Figure 5-69 and Figure 5-70, 

respectively), six viewpoints will be permanently impacted. These viewpoints were originally rated 
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as ‘Negligible’ and are expected to be ‘Minor’ after the proposed activities, and include viewpoints 

on Gold Mine Road (L1), Morts Road (L4), Ashcroft Road (L6) and Lower Hotham Road (L8 and L9), 

as well as the Tullis Bridge (R5). These viewpoints are further discussed below: 

• Gold Mine Road (L1), Morts Road (L4) and Ashcroft Road (L6) – The main visual impact from 
Gold Mine, Morts and Ashcroft Roads during operations will be the removal of trees and alteration 
of the landscape during operations, however viewer numbers from these roads are expected to 
be low. As these viewpoints are located within the BTC, there is potential for an overland 
conveyor and haul road to be constructed that would be visible permanently, so the visual impact 
has been conservatively assessed as ‘Minor’ (ERM, 2020b); 

• Lower Hotham Road (L8 and L9) – Views from the Lower Hotham Road will be impacted by the 
removal of trees and alteration of the landscape during mining operations, however, a haul road 
crossing over the Hotham River is anticipated to be visible from these viewpoints (L8 and L9). 
The constructed bridge will be visually similar to others found in the area. However, as the bridge 
will be present for the duration of mining and will not be removed in the near future, this is 
considered permanent infrastructure and will be noticeable, therefore the visual impact has been 
assessed as ‘Minor’ (ERM, 2020b); and 

• Tullis Bridge (R5) – As the Tullis Bridge is located within the BTC, there is the potential for an 
overland conveyor to be visible at this viewpoint, which would include a crossing of the conveyor 
over the Hotham River. Some other noticeable views of mining operations are not expected to 
dominate the landscape at this location, therefore the visual impact has been assessed as ‘Minor’ 
(ERM, 2020b). 

No viewpoints were identified as ‘Moderate’ or ‘Major’ either before, during or after the Revised 

Proposal, meaning that the LVIA considered that there will be no significant adverse impacts to visual 

amenity during any stage of the Revised Proposal.   
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5.7.4.2.1 Cumulative Impacts 

The presence of multiple mining-related operations in an area can create a cumulative visual impact. 

This can occur when there are either sequential and/or simultaneous views to mining areas from 

publicly accessible viewpoints. There are three mining operations and a Refinery within the 

Boddington region that contribute to the cumulative visual amenity impacts. These comprise the 

BGM, Alcoa Willowdale Bauxite Mine, Alcoa Huntly Bauxite Mine and Alcoa’s Wagerup Alumina 

Refinery.  

Cumulative impacts are predicted from the Revised Proposal at the BGM. There are noticeable views 

to the BGM and Revised Proposal from viewpoints R1, L1 and L3, which may result in simultaneous 

views at these locations resulting in a ‘Minor’ to ‘Negligible’ impact to existing visual amenity. It is 

unlikely that there will be sequential views (viewing a mining area at one location then observing a 

different mining area from a different location) of the BGM and the Revised Proposal from the main 

road network, but there will be from the local road network. Overall, the cumulative visual impacts 

are predicted to be ‘Minor’ (ERM, 2020b). 

5.7.4.3 Disturbance to Heritage and Tourism Areas 

Potential disturbance to heritage and tourism areas occurring within the PAA includes 11 

‘Registered’ Aboriginal heritage sites, 140 ‘Other Heritage Places’ (including 10 ‘Lodged’ sites), eight 

European heritage sites and tourist areas including Tullis Bridge and the Bibbulmun Track. 

5.7.4.3.1 Aboriginal Heritage 

Activities that will occur within the PAA that have the potential to disturb Aboriginal heritage sites 

include the development of new roads and other infrastructure, vegetation clearing, mining activities 

and the construction of new bridges and overpasses. Although location of the activities within the 

PAA are not yet defined, it is assumed that any future impacts or indirect impacts that result from 

mining activity and infrastructure work will constitute a Major Disturbance under the Aboriginal 

Heritage Due Diligence Guidelines (Brad Goode & Associates, 2020b) and disturb areas with cultural 

values as managed under the CALM Act. 

Worsley has been working with the GKB to identify cultural heritage values in the area and to develop 

a Cultural Heritage Management Plan that sets out how Worsley’s activities will be managed to 

avoid, minimise or mitigate harm to cultural values in the area.  The implementation of the Cultural 

Heritage Management Plan will avoid disturbance to ‘Registered’ sites where refined Worsley 

Alumina heritage information is not captured for specific agreement areas (e.g. Mount Saddleback 

[Site ID 17214]) or in the absence of disturbance agreements with heritage partners. Heritage Areas 

are actively avoided or excluded from direct disturbance during mine planning and operations (as 

discussed in Section 5.2.5). Heritage Areas are shown in Figure 5-13 and currently include 

‘Registered’ sites as well as ‘Other Heritage Places’. The Heritage Areas may reflect a refined 

boundary based on Worsley Alumina heritage information (i.e. do not encompass the full DPLH 

buffered extent of the site), for example, the Mount Saddleback (Site ID 17214) Heritage Area is 

based on a refined boundary, as mapped by Goode and Huxtable (2015) (Figure 5-64). 

While the location of mining activities is subject to mine planning, it is known that three Aboriginal 

heritage sites will be impacted by the construction of the river crossings, including: 

• Hotham River (ID 27935), impacted by the construction of three of the proposed river crossings;  

• Mount Saddleback (Mokine) (Site ID 17214), the DPLH extent intersects two of the proposed 
river crossings; and  
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• Dukatj (34 Mile) Creek (ID 21471), which has been assessed as ‘Not a Site’, meaning Worsley 
Alumina have no further obligations for this site.  

The proposed river crossings will be carefully designed through consultation with Traditional Owners 

to minimise impacts to river flow and surface hydrology, with impacts primarily localised within the 

extent of the crossing locations. Consultation undertaken with Traditional Owners and the outcomes 

are outlined in Appendix C, which includes incorporation of preferred crossing locations identified 

by the GKB into the bridge crossing designs. 

The wider Hotham River system and tributaries are unlikely to be directly impacted as a result of the 

Revised Proposal, however indirect impacts may arise from altered surface water drainage 

(discussed in Section 5.5.4.2), erosion (discussed in Section 5.4.4.1.2) and vibration, as discussed 

in Section 5.7.4.1.3.  

Excavation works associated with the construction of proposed river crossings will be monitored by 

Traditional Owners. There is the potential for unidentified artefacts within the PAA to be uncovered 

during ground disturbing activities associated with the Revised Proposal (Brad Goode & Associates 

2021b). A ‘stop work’ procedure will be implemented if any heritage artefacts are uncovered. The 

potential risks of impact to cultural heritage and values will be managed and mitigated in accordance 

with the Cultural Heritage Management Plan (Worsley 2021f). Management and mitigation measures 

are further discussed in Section 5.7.5. 

Under Section 17 of the AHA, it is an offence to disturb any Aboriginal heritage site without consent 

under Section 18 of that Act. Where disturbances to additional areas cannot be avoided, Worsley 

Alumina will seek consent from the Minister for Aboriginal Affairs to disturb the sites under the 

provisions of Section 18 of the AHA. The preparation and submission of any Section 18 applications 

will be done in consultation with the Traditional Owners. Worsley will also work with the GKB to 

review the Cultural Heritage Management Plan to reach an approved or authorised Aboriginal 

Cultural Heritage Management Plan under the recently enacted Aboriginal Cultural Heritage Act 

2021 (WA), once the substantive provisions of that legislation commence. 

5.7.4.3.2 European Heritage 

There are no World Heritage, Commonwealth or State Listed European heritage sites that occur 

within the PAA. However, eight ‘Other Heritage Listings’ occur within the PAA (refer to Table 5-80). 

Due to the locations of these heritage sites being known and their proximity to existing public roads, 

they will be excluded from the IDF, and any direct impact or disturbance will be avoided. No 

European heritage sites will be directly impacted without due consultation with the appropriate 

regulatory authority or community group. For example, a 3.5 km section of the Boddington-

Dwellingup historical railway line (17635) intersects the WMDE and BTC. Worsley Alumina has 

consulted with the Boddington Shire Council about the preservation of the intersecting portion and 

will install an overpass to ensure the historical location can be used in the future as a multi-use trail. 

Worsley Alumina has also provided information to the Railway Heritage Foundation on the 

anticipated crossing, including information about the overpass to ensure the lines would remain 

preserved and intact but also that the underpass would not be sufficiently large enough for a train to 

pass under.  

There is the potential for European heritage sites within the PAA to be indirectly impacted upon as 

a result of altered surface water drainage, blast vibration and reduced amenity. Management of 

these impacts are discussed in Section 5.5.5 and Section 5.7.5. 
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5.7.4.3.3 Tourism Areas 

A 1.1 km section of the Bibbulmun Track intersects the north-western extent of the WMDE. The 

north-western extent of the WMDE is planned to be mined in the long term (more than 10 

years).Should the mining activities expand into this specific area in the future, the 1.1 km track 

section will have a buffer of at least 100 m implemented to prevent any direct disturbance from 

mining activities to the Bibbulmun Track, and where possible, following mine design in the area, will 

increase the buffer to 200 m consistent with the DBCA’s Forest Management Plan. In the event that 

mining activities are underway in that area of the WMDE, Worsley Alumina will establish the same 

blasting protection, signage and procedures as any area where the BBM intersects with the public 

(refer to Section 5.7.5).  

Temporary closure of the track may take place on occasion to provide for the safety commitments 

and normal blasting processes. This will include only carrying out blasting activities during daylight 

hours. This section of the Bibbulmun Track that lies within the WMDE does not include Mount Wells 

Hut, which is located 900 m west of the boundary of the WMDE and is of a more significant 

recreational value. 

Worsley Alumina has commenced early consultation with the Bibbulmun Track Foundation and 

DBCA to the extent possible, with the information known at present (Appendix C). Worsley Alumina 

will commence detailed consultation with the Bibbulmun Track Foundation, DBCA and other 

industries within the area no less than five years before the potential indirect impact to the Bibbulmun 

Track. The consultation will determine the most appropriate management for this area and will 

consider any additional impacts within 5 km of the Bibbulmun Track, to be incorporated into the 

planning process. In this way, the change of concurrent impacts to the recreational use of the area 

by multiple operators will be minimised.  

Potential impacts to the Bibbulmun Track in the near term (under 10 years) are expected to be 

negligible, with no mining noise or impacts to visual amenity identified that would be attributed to the 

Revised Proposal (see Section 5.7.4.1.1 and Section 5.7.3.3, respectively).  

The Ministerial Conditions for the BGM mine expansion (MS 971) require that there are no adverse 

impacts to the recreational values of the Bibbulmun Track as a result of the mine expansion. 

Furthermore, as a condition of MS 971, Newmont are required to develop (in consultation with 

relevant stakeholders)  a Bibbulmun Track Relocation Plan, prior to the commencement of activities 

that may impact the Bibbulmun Track.  

There are no current plans to directly impact the Tullis Bridge for the Revised Proposal. The Tullis 

Bridge is likely to experience a minor impact to visual amenity (see Section 5.7.4.2) and no amenity 

impacts from noise (see Section 5.7.4.1.1) from activities associated with the Revised Proposal. 

5.7.4.4 Changes to Land Use 

Changes to land use may impact on individuals residing in private residential properties within the 

WMDE and BTC. Worsley Alumina will work with these landowners to develop an outcome to 

minimise the impact of the operation. 

As with current existing operations, development within the WMDE and the BTC within areas of 

Crown Land, State Forest, road reserves and timber reserves will be required. Access to these areas 

is included in the State Agreement and processes and practices for informing the relevant agency 

about these activities are well established. The post-mining land use will be refined as part of the 

ongoing closure planning process. It is anticipated that end land uses will be reviewed regularly 
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throughout the life of the Revised Proposal, in consultation with key stakeholders. The end land use 

of the CBME will also be refined as part of closure process for the Refinery. 

There are generally no off-site trucks that will be associated with mining operations under the 

Revised Proposal. The volume of off-site trucks associated with deliveries (for construction, fuel, 

etc.) is not expected to significantly change from existing operations, as there will be no change in 

alumina production rate and therefore no expected change in support activities. Additional road 

transport will be required during the construction phase of the Revised Proposal for development of 

roads and river crossings. Mining operations utilise non-public access roads, however where 

haulage trucks are planned to interact with public roads, in the form of controlled road crossings, 

these crossings are approved in conjunction with the relevant Shires.  

5.7.5 Mitigation 

Mitigation management plans and procedures regarding heritage, noise and visual amenity have 

been in place and implemented at the existing Worsley Alumina mining operation for many years. 

These procedures will continue to be implemented throughout the life of this Revised Proposal. The 

management plans and procedures relevant to Social Surroundings are provided in Table 5-83. 

A summary of key management measures to address potential impacts to Social Surroundings, and 

where they occur in the mitigation hierarchy, are shown in Table 5-84. 

Table 5-83 Management Plans Relevant to Social Surroundings 

Management Plan 
or Procedure 

Environmental Outcomes/Objectives 

Community Standard 

• Understand and engage with communities; 

• Investing in communities; 

• Respecting human rights; and 

• Value cultural heritage. 
 

Noise Management 
Plan (Mining and 
Blasting) 

• Ensure compliance with obligations regarding noise management; and 

• Protect the amenity of nearby residents from significant noise impacts 
resulting from bauxite mining and related activities. 

Screen Planting 
Specification 

• To screen or soften the view of mining operations to the general public; 
and 

• To comply with CER Commitment Number 17: Use vegetation screening 
in areas of significant visual impact where practicable. 

Dust Management 
Plan 

• Maintain the amenity of nearby neighbours; and 

• Compliance with approvals and statutory requirements. 

Cultural Heritage 
Management Plan 

• Ensure that Aboriginal cultural heritage management strategies are 
compliant with statutory requirements of the relevant regulatory 
framework along with any applicable Heritage Agreement/s; 

• Provide a strategic approach to the management of Aboriginal cultural 
heritage located within the Worsley Alumina operating areas, including: 

• providing a clear overview of roles and responsibilities for 
stakeholders, including Worsley Alumina, relevant Representative 
Bodies, and relevant Informants; 

• setting out procedures and processes for initiating Aboriginal cultural 
heritage assessments, managing ground disturbing activities, 
undertaking salvage of Aboriginal cultural heritage as may be required; 
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Management Plan 
or Procedure 

Environmental Outcomes/Objectives 

• recording and summarising areas where previous heritage surveys 
have been conducted and the location and description of Aboriginal 
sites and objects contained within Worsley Alumina’s operational 
footprint; and 

• providing guidance on procedures and protocols relating to the 
engagement of the Informants to assist with and provide input to the 
management of Aboriginal cultural heritage. 

Protected Areas 
Plan 

• Identification and protection of areas of high heritage value within the 
mining areas; and 

• Compliance with legislative requirements. 

Mine Closure Plan 

• Relinquish or otherwise return to State management all areas of State 
Forest and other Crown Land; 

• Return to private management all third-party private land utilised by 
Worsley Alumina in accordance with the provisions of the Consent, 
Compensation and Restoration Agreements; and 

• Return all WJV-owned private land to a condition that satisfies the 
Minister responsible for the Agreement Act and sell it or incorporate into 
State Conservation Estate as agreed for offset purposes. 

5.7.5.1 Noise Management 

Worsley Alumina has a long history of proactively managing noise. For example, Worsley Alumina 

has implemented a range of noise attenuation initiatives for mobile equipment for existing operations, 

which has resulted in the: 

• Inclusion of specifications related to noise and sound suppression for fleet purchasing; 

• Use of broadband (white) reverse alarm on all vehicles, such as light vehicles and small mine 
equipment, including contractor vehicles as part of site access procedures. Broadband reverse 
alarms are approximately 5 dB quieter than standard reversing alarms; 

• Silent horns on all mobile equipment; 

• Duratrays on trucks; 

• Implementation of a noise minimisation procedure, which includes operating techniques for 
machine operators; 

• Use of noise modelling software for managing impacts on mine plans; and 

• Implementation of detailed management standards for blasting that consider blasting single hole 
initiation and restrictive blast design parameters (e.g. blasts are generally optimised for noise 
emission rather than fragmentation). 

Statutory and regulatory requirements that are relevant to noise management for the Revised 

Proposal includes the Noise Regulations (Regulations 7, 8, 11 and 13) and Worsley’s Environment 

Licences (as detailed in Section 5.7.2). 

Regulations 7 and 8 apply to noise emissions from mining, while Regulation 11 applies to noise 

emissions from blasting. Site preparation and construction activities, such as construction of 

conveyors, haul roads and bridges, falls under Regulation 13 of the Noise Regulations. Regulation 

7 does not apply to noise emitted from construction within the PAA, provided the requirements are 

met as described in Table 5-84. 

The proposed overland conveyor which will potentially be constructed within the BTC, can be exempt 

from the Noise Regulations, through a proposal submission to the Minister for approval to operate 
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in accordance with the provisions outlined in Condition 12C of the State Agreement. The State 

Agreement details allowable overland conveyor noise emissions for the existing conveyor, which are 

different to the assigned noise levels defined in the Noise Regulations. Specific management 

measures for the overland conveyor under the State Agreement are detailed in Table 5-84. 

All noise emissions from activities associated with the Revised Proposal are managed, and will 

continue to be managed, through the implementation of the Noise Management Plan (Mining and 

Blasting). The Plan describes strategies and procedures that have been implemented to ensure 

Worsley Alumina complies with its obligations and objectives in regard to noise management. 

MS 719 effectively consolidates the various commitments made by Worsley Alumina in previous 

environmental assessments into a single broad commitment (Commitment 3), which states: 

“Worsley will prepare and implement a Noise and Vibration Management Plan that will address the 

following: 

• The forecasting of operational noise; 

• Measures to ensure compliance with noise regulations, including mine planning and day-to-day 
noise monitoring; 

• Measures to control noise emissions from mining equipment; 

• Monitoring of operational and blast noise (airblast overpressure) and vibration; 

• Implementation of corrective and preventative actions where in-house targets are exceeded; 

• Response to complaints; and 

• Community consultation.” 

Worsley Alumina’s noise management approach is based on MS 719 Commitment 3. The 

forecasting of operational noise and mine planning is informed by noise modelling, and there are a 

number of measures in place to minimise noise emissions including engineering controls, monitoring 

and training. The results of the noise modelling assessment (Talis, 2020b) provided confirmation 

that the management measure of incorporating meteorological conditions into scheduling mining 

activities is a credible and effective mitigation approach. Furthermore, the noise monitoring network 

allows for proactive management and mitigation of noise from Worsley Alumina’s operations. 

Management procedures and practices are in place if modelling or monitoring identifies that noise 

levels are approaching thresholds. 

The effectiveness of noise management is reported through the 10 Year Mine Plan, and Annual 

Environmental Report and the Annual Blast Monitoring Report. 

A summary of key management measures to address potential impacts to sensitive receptors from 

noise are shown in Table 5-84, with more detail around specific management provisions included in 

the Noise Management Plan (Mining and Blasting). 

5.7.5.2 Cultural Values 

Worsley Alumina is committed to work with GKB representatives to facilitate programs for Worsley 

personnel and South32 staff to increase awareness of cultural values associated with the 

Boddington area. Cultural awareness programs will include (but not be limited to) an interpretive 

display at the Worsley Administration office depicting the story of country and the significance of 

Mokine Hill. It is also agreed to acknowledge past and present elders who have shared and continue 

to share their knowledge. 

Additional cultural awareness projects will be developed as the Revised Proposal progresses and 

will include a cultural awareness training program presented by GKB representatives.  
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Worsley will also consult and work with Traditional Owners to understand how or if Worsley can 

support the cultural use (including hunting, gathering, connecting with Boodja and passing on of 

culture to younger generations within the Noongar nation) of the lands in which we operate. 

Management measures for the potential disturbance and impact to cultural values present within the 

PAA are outlined in Table 5-84. Cultural values will also be managed through consultation, as 

outlined in Section 3.3.3. 
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Table 5-84 Proposed Management Measures for Social Surroundings 

Potential Impact  Management Measures 

Noise and 
vibration 
emissions from 
mining activities 

Avoid 

• Comply with Environmental Protection (Noise) Regulations 1997; 

• Consider noise-generating potential of mobile equipment during the purchase or contracting of heavy equipment for mining 
use; and 

• Redirection of mining fleet based on inputs from Noise Sentinel network to avoid impacts to sensitive receptors. 

Minimise  

• Noise modelling to assess planned operational activities for potential noise issues in the long- and medium-term planning 
process under different weather conditions, and for day-to-day decision-making; 

• Continued use of a noise monitoring system to manage operational noise and ensure noise compliance with assigned noise 
levels as outlined in the Environmental Noise Management Standard (Worsley 2015b) and Noise Management Plan – Mining 
and Blasting (Worsley 2020d) and associated operating procedures; 

• Airblast overpressure noise and vibration monitoring and design modifications for all blasts in accordance with the Blast 
Noise and Vibration Monitoring Standard (Worsley 2009), which includes: 

• Assessment of weather conditions prior to each blast to determine whether the blast can proceed on that day or if it 
requires rescheduling; 

• Monitor every blast for noise at the ‘most affected residence’, determined on the basis of distance from the blast, 
prevailing weather conditions, blast pattern orientation and topography. A second site will be monitored if the ‘most 
affected residence’ is unclear or if a complaint has been received (under similar blasting conditions); 

• Monitor ground vibration at the ‘most affected residence’ whenever a new area is being blasted, and if the distance from 
the blast to the monitoring locations is less than 0.7 km; 

• Blasting is modified to decrease charges, depth of capping (stemming) and firing delays in Noise Risk Areas (residences 
within specified distance and environment); and 

• Submission of the results of the blast noise monitoring programme to DWER annually (Annual Blast Monitoring Report), 
in compliance with Environmental Licence for the BBM (5960/1983/11).  

• Flexible planning to allow for operations to be in less noise-sensitive pits during night shifts or based on expected 
predominant (seasonal) wind directions and in doing so, mitigate noise impacts and risk during daily operations; 

• Corrective actions where internal noise limits are exceeded, such as reducing the number of units in operation or slowing 
operations, moving to alternate mining sectors or ceasing mining as outlined in the Worsley Excessive Mining Noise 
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Potential Impact  Management Measures 

Withdrawal Procedure. Corrective actions will be reported in accordance with the Event Reporting Procedure and the Event 
Investigation and Action Management Procedure; 

 

• Maintain noise and sound suppression specifications for heavy equipment where applicable (e.g. duratray liners for the truck 
fleet, silent horns and quieter reversing alarms) and design specification for infrastructure such as bridges; 

• Sound power levels for mobile equipment are measured to ensure no degradation in performance of noise attenuation 
equipment and included in noise modelling to ensure that model accuracy is maintained; 

• Compliance with the Noise Regulations (Regulation 13) during construction of infrastructure, including: 

• Carrying out construction work in accordance with control of environmental noise practices set out in Section 4 of 
Australian Standard 2436-2010 Guide to Noise and Vibration Control on Construction, Demolition and Maintenance Sites 
(AS 2436-2010) (Standards Australia 2010); 

• The equipment used on the premises is the quietest reasonably available; and 

• A construction noise management plan will be implemented if requested by the Chief Executive Officer of DWER, for 
construction activities outside of normal operating hours (1900 – 0700 any day, Sundays or public holidays). The 
construction noise management plan would be prepared in accordance with Regulation 13(6) and provided to DWER no 
later than 7 days prior to construction. 

• Compliance with the Noise Regulations (Regulation 13) during the construction of the overland conveyor (cable hauled), 
including: 

• Evaluating emissions from the overland conveyor at pre-defined measurement locations in order to ensure that the 
overland conveyor complies with the allowable levels; and 

• Equipment used will be of a standard which emits noise at a level less than or equal to that of the existing overland 
conveyor. 

• Noise management and awareness training for relevant personnel; 

• Continued tracking and investigation of community noise complaints in accordance with the Worsley Community Complaints 
Procedure; 

• Inform the EMLG and CLC on matters relating to noise, with regard to current performance and future mine plans; 

• Where practicable measures are insufficient to ensure compliance with noise regulations, Worsley Alumina may enter into a 
compensatory agreement with parties who may be affected by mining noise; and 

• Prior to blasting, a Traffic Management Plan shall be developed where public roads are required to be closed (SJ Traffic 
Management 2019). 
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Potential Impact  Management Measures 

Disturbance to 
heritage and 
tourism areas 

Avoid 

• Comply with the Worsley Alumina Protected Areas Plan (Worsley 2020e); 

• Implement the Cultural Heritage Management Plan to avoid impacts to known Aboriginal and European heritage locations 
unless appropriate approval and consultation mechanisms are applied.  

• Implement a minimum 100 m buffer to protect the Bibbulmun Track from direct ground disturbing activities, and where 
possible, following mine design in the area, will increase the buffer to 200 m consistent with the DBCA’s Forest Management 
Plan.  
 

Minimise  

Management of Aboriginal heritage values as per the Cultural Heritage Management Plan (Worsley 2021f) and associated 

heritage management procedures. In summary: 

• Archaeological and ethnographic Heritage Surveys conducted prior to any new ground disturbing activities 

• To identify Aboriginal Sites and Objects in areas where ground disturbing activities are proposed 

• Aboriginal Sites and Objects identified 

•  Consult with the GKB to identify the location and boundaries of locations with heritage value. 

• Facilitate a constructive working relationship between Worsley Alumina and the GKB. 

• Aboriginal Heritage Survey data is added to Worsley Alumina's GIS database and LandAssist. 

• Follow Management of Ground Disturbing Activities and Newly Identified Cultural Material Procedure to assess risks to 
cultural heritage prior to ground disturbing activities commencing 

• Design and / or relocate any proposed ground disturbing activities away from areas where sites and objects have been 
identified to be at risk of being impacted unlawfully 

• Engage Heritage Monitors to oversee activities that have a likelihood to cause impact to any Aboriginal Site or Object of 
significance 

• Delineate boundaries of Aboriginal Sites and Objects where ground disturbing activities have a potential to cause impact 

• Training provided to Worsley Alumina personnel and contractors to ensure that Management of Ground Disturbance 
Activities and Newly Identified Cultural Material Procedure will be followed 

• That personnel understand the Management of Ground Disturbance Activities and Newly Identified Cultural Material 

Procedure 

• Worsley Alumina has a robust system to manage cultural heritage, CHMPs and policies to support an effective and 

sustainable compliance function. 
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Potential Impact  Management Measures 

• To ensure that procedures associated with the management of Sites and Objects can be consistently applied across all 

Worsley Alumina operations areas. 

• To be able to measure the effectiveness of management processes and procedures in relation to cultural heritage. 

• Worsley Alumina's incident management procedures address and deter non-compliance with the CHMP. 

• Heritage Incidents are objectively assessed, properly investigated and are reported appropriately. 

• That factors causing impact to a Site or Object are reviewed and properly addressed. 

• Final  bridge crossing locations, designs and names incorporate feedback from Traditional Owners. 

• Management and minimisation of impacts to the Hotham River and tributaries as described in Section 5.5.4.2. 

• Excavation work to be monitored by Traditional Owners and a ‘stop work’ procedure will be in place if heritage artefacts are 
uncovered. 

• Consultation with the local community and key stakeholders regarding European heritage values. 

The Bibbulmun track will have a minimum 100 m buffer to assist with the minimisation of noise, dust and amenity issues during 
mining activities adjacent to the track, and where possible, following mine design in the area, will increase the buffer to 200 m 
consistent with the DBCA’s Forest Management Plan. 

 

Changes to land 
use 

Avoid 

• Landholder agreements for land uses that intersect or are in close proximity to the WMDE and BTC; and 

• Relocation of nearby sensitive receptors (i.e. residents). 

Minimise  

• Compliance with the land use requirements as stated in the Mine Closure Plan (Worsley 2021e), including: 

• Return disturbed areas to land uses compatible with a “multiple use native forest”; 

• Provide or maintain recreational values in accordance with approved DBCA plans; and 

• Grow a forest that has the potential for sawlog production (applicable to State Forest only). 

• Final land uses of other forested areas are expected to be consistent with the BFMP (see Section 5.2.5); 

• Return private management to all third-party private land utilised by the Revised Proposal in accordance with the provisions 

of the Consent, Compensation and Restoration Agreements and Private Land Rehabilitation Management completion criteria 

outlined in the Mining Closure Plan. In summary: 
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Potential Impact  Management Measures 

• The landform of the rehabilitated area will be compatible with the surrounding landscape; 

• The pre-mining hydrological regime will be progressively re-established; 

• Soil will be conserved and stable with no increased erosion risk; 

• Pasture productivity levels will be monitored against areas of nil disturbance from mining operations; and 

• An equivalent area of pre-mining remnant vegetation will be restored. 

• Rehabilitate all WJV-owned private land for re-sale or re-integration into the State Conservation Estate in accordance with 
offset arrangements; 

• Implementation of the BBM Traffic Management Plan (SJ Traffic Management, 2019; and as amended in the future) and 
ensure compliance with State and National controls for road going vehicle management, if vehicles (towed, floated or under 
own power) are intending to leave the mine site boundaries. The BBM Traffic Management Plan includes (but is not limited 
to): 

• Road network maintenance requirements and continuous monitoring of the condition of roads; 

• Operational considerations such as radio communication, separation distances, restricted areas, weather management, 

escort vehicles and public roads; and 

• Training requirements. 

• Traffic management will be conducted by specialist vendors in accordance with Australian Standards, a Traffic Management 
Plan and those of the relevant management authorities during (1) the construction of new public road crossings, (2) the 
mobilisation of mining equipment to the CBME (if required), and (3) blasting, where public roads are required to be closed; 
and 

• Continued tracking and investigation of community complaints during traffic management in accordance with the Worsley 
Community Complaints Procedure. 

Reduced visual 
amenity 

Avoid 

• Avoid developing mine pits and establishing infrastructure in areas that are highly visible to the public. 

Minimise  

• Minimise the environmental footprint associated with mine pits and haul roads through environmentally sound designs to 

minimise vegetation clearing; 

• Maintain vegetation buffers and planting of vegetation along boundaries to assist in screening the operations and 

infrastructure where they are visible to the public; 
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Potential Impact  Management Measures 

• A minimum 100 m buffer will be applied from the Bibbulmun Track to protect visual amenity and following mine design in the 

area, will increase the buffer to 200 m consistent with the DBCA’s Forest Management Plan. 

• Consider all proposed mining locations for screening when they are in view of the general public; 

• Plant vegetation for screening in accordance with Screen Planting Specification (Worsley 2005), where significant impacts to 

visual amenity are expected; 

• Schedule screen planting requirements at least five years in advance of clearing activities; 

• Incorporate local provenance species into screening. In some locations, commercial tree crop species may be more suitable; 

• Undertake annual inspections and infill planting on previously screened areas; 

• Progressively rehabilitate disturbed areas as per the BFMP (Worsley 2021c) and Rehabilitation Standard (STA - 021) 

(Worsley 2013f); 

• Integrate mine landforms with the surrounding landscape, in accordance with the Mine Closure Plan (Worsley 2021e); 

• Development and implementation of a CEMP for all construction activities relating to this Revised Proposal; 

• Select the design and colour of buildings and other infrastructure to provide a cohesive appearance with the surrounding 
landscape; and 

• Access roads will be aligned to avoid a direct view of operations, where practicable. 
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5.7.6 Assessment and Significance of Residual Impact 

The predicted outcomes for the Revised Proposal aspects relevant to Social Surroundings are 

described below. 

Noise modelling indicated that, at the majority of residences, the predicted noise emissions for the 

proposed and continuing operations will be able to be managed in compliance with the Noise 

Regulations. For residences where modelling of noise emissions under worst-case conditions 

indicated a risk category of ‘Critical’, ‘Major’ and ‘Moderate’, future control measures will be applied 

in accordance with those outlined in the relevant standards, management plans and operating 

procedures. There is a well-established noise management approach at the BBM, which is 

considered as valid and effective to continue through the Revised Proposal. The results of the noise 

modelling indicate that noise emissions are not likely to impact on sensitive receptors surrounding 

the CBME, and vibration is not expected to impact on sensitive receptors at either the BBM or CBME. 

Mining will unavoidably remain a dominant feature of the landscape through the removal of trees, 

stripping of topsoil and establishment of permanent infrastructure within the PAA. However, the 

visual changes in the Revised Proposed are not likely to be visually discernible from the existing 

visual impacts, with minimal noticeable changes. Most noticeable changes to visual amenity will be 

temporary and progressively rehabilitated. Mitigation through vegetation screening will be 

considered for noticeable, permanent changes as identified in the LVIA. The residual visual impact 

of the Revised Proposal is considered to be negligible to minor (ERM, 2020b).  

Disturbance to Aboriginal heritage sites cannot be avoided within two ‘Registered’ sites (‘Mount 

Saddleback’ [Site ID 17214] and ‘Hotham River’ [Site ID 27935]) due to the proposed river crossings. 

Applications for consent to disturb these sites, and any additional ‘Registered’ sites impacted through 

mining and exploration activities, will be made under Section 18 of the AHA. The preparation and 

submission of any Section 18 applications (or applicable contemporary requirements at the time) will 

be undertaken in close consultation with the Traditional Owners. Impacts to the cultural value of the 

Registered sites will be minimised through implementation of proposed management measures, 

relevant Aboriginal heritage agreements and as per the Cultural Heritage Management Plan 

(Worsley 2021f) and associated heritage management procedures. It is considered that the risk of 

uncovering unknown Aboriginal heritage sites can be adaptively managed on-site and liaison with 

Traditional Owners will be ongoing. 

No direct impacts to European heritage sites will occur without due consultation with the appropriate 

regulatory authority. It is considered that indirect impacts from erosion, vibration and reduced visual 

amenity can be adequately managed. 

A 1.1 km section of the Bibbulmun Track may be indirectly impacted in the long term (more than 10 

years). South32 will implement a buffer of minimum 100 m to the portion of the Bibbulmun Track that 

resides with the WMDE to avoid any direct impacts to the trail and following mine design in the area, 

will increase the buffer to 200 m consistent with the DBCA’s Forest Management Plan. This 

section of the Bibbulmun Track does not include Mount Wells Camp. It is considered that through 

relevant consultation and planning, impacts to the Bibbulmun Track can be adequately managed to 

maintain the values of the track. 

Existing land use and land users will be impacted through the temporary change of land use during 

mining activities. However, this impact will be mitigated in the long-term through progressive 

rehabilitation. It is considered that occasional use of public roads can be adequately managed to 

maintain public safety.  



 

 Worsley Mine Expansion Environmental Review Document 609 
 

5.7.7 Environmental Outcomes 

It is considered that Worsley Alumina’s existing management approach relevant to Social 

Surroundings is applicable to the continued operation of the BBM and the proposed activities within 

the CBME. Worsley Alumina will continue to progress mine planning and engagement openly with 

all stakeholders, as described in Section 2. With consideration of the predicted outcomes as 

described, the Revised Proposal is expected to meet the EPA’s objectives for Social Surroundings. 

Specifically, Worsley Alumina commits to and anticipate the following commitments to become 

outcome based conditions: 

• Implement a minimum 100 m buffer to protect the Bibbulmun Track from direct ground disturbing 
activities and following mine design in the area, will increase the buffer to 200 m consistent with 
the DBCA’s Forest Management Plan; 

• Avoid impacts to known Aboriginal and European heritage locations unless appropriate approval 
and consultation mechanisms are applied; 

• Management of Aboriginal heritage values as per the Cultural Heritage Management Plan 
(Worsley 2021f) and associated heritage management procedures; and 

• Implement the requirements of the Aboriginal Cultural Heritage Act 2021 (WA) and update the 
Worsley Alumina processes and practices to be aligned with the requirements of the new act 
once the substantive provisions of that legislation commence. 

It is also noted that in addition to the above commitments, the Worsley Alumina operations will also 
be required to comply with other legislation and regulations relating to Social Surroundings, including 
the Aboriginal Heritage Act 1972, and Environmental Protection (Noise) Regulations 1997. 
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6 OTHER ENVIRONMENTAL FACTORS OR MATTERS 

6.1 OVERVIEW 

Following the approval of the Environmental Scoping Document (ESD) and during the development 

of this ERD , an additional environmental factor was identified, namely, ‘Greenhouse Gas 

Emissions’. The ‘Greenhouse Gas Emissions’ environmental factor guideline was released by the 

EPA in April 2020 (EPA, 2020c) after the approval of the ESD and is relevant to the Revised 

Proposal. GHG emissions are discussed further in Section 6.2. 

Environmental factors that are not expected to be impacted by any aspect of this Revised Proposal 

are summarised in Table 6-1. 
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Table 6-1 Other Environmental Factors 

Theme Factor EPA Objective Relevance to Revised Proposal 

Sea 

Benthic 
Communities and 
Habitat 

To protect benthic communities and 
habitats so that biological diversity 
and ecological integrity are 
maintained. 

No activities associated with the Revised Proposal will impact the marine 
environment. Therefore, the marine related environmental factors are not 
relevant to the Revised Proposal. 

Coastal 
Processes 

To maintain the geophysical 
processes that shape coastal 
morphology so that the 
environmental values of the coast 
are protected. 

Marine 
Environmental 
Quality 

To maintain the quality of water, 
sediment and biota so that 
environmental values are protected. 

Marine Fauna 
To protect marine fauna so that 
biological diversity and ecological 
integrity are maintained. 

Land 

Landforms 

To maintain the variety and integrity 
of significant physical landforms so 
that environmental values are 
protected.  

It is not considered that the variety and integrity of the existing landforms will be 
impacted due to the Revised Proposal activities. Impacts to environmental values 
that are supported by landforms, such as Threatened species, cultural values 
and visual amenity, are addressed in the Flora and Vegetation (Section 5.2), 
Terrestrial Fauna (Section 5.3) and Social Surroundings (Section 5.7) factors.  

Subterranean 
Fauna 

To protect subterranean fauna so 
that biological diversity and 
ecological integrity are maintained.  

Subterranean fauna are considered unlikely to be impacted by the Revised 
Proposal. A desktop assessment was undertaken for the Newmont BGM Life of 
Mine Extension Project, which is directly to the west of the PAA with some 
intersecting areas in the north-east portion (Strategen Environmental Consultants 
(Strategen) 2013b). The assessment comprised of database searches and a 
literature review covering the project area and broader region in order to assess 
the likely presence of subterranean fauna and their habitat. The assessment 
concluded that it was unlikely that rich subterranean communities would occur in 
the area given the geological and hydrogeological setting (Strategen 
Environmental Consultants (Strategen) 2013b).  
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Theme Factor EPA Objective Relevance to Revised Proposal 

 
The Newmont BGM project area was characterised by a granite geology with a 
seasonal shallow aquifer and a deeper, permanent bedrock aquifer. The karst 
geologies, vuggs (small to medium-sized cavities within rock) and voids, which 
are suitable for subterranean fauna, were noted as being absent from the area 
(Strategen, 2013b).  
 
Given the close proximity of the Newmont BGM expansion area to the PAA, it is 
reasonable to expect that the underlying geology and hydrology characteristics of 
the PAA are similar. This assumption is supported by the technical studies 
undertaken to support this Revised Proposal, as presented in Terrestrial 
Environmental Quality (Section 5.4) and Inland Waters (Section 5.5). These 
technical studies show that the PAA has an underlying granite geology with both 
shallow and deeper aquifers. Therefore, the geological formations within the PAA 
are not considered suitable for subterranean fauna habitat. 
 
The potential for impacts to subterranean fauna occurs through impacts or 
modifications to hydrological processes, water quality, flora and vegetation. 
Impacts to these environmental values as a result of the Revised Proposal are 
addressed in the Inland Waters (Section 5.5), Terrestrial Environmental Quality 
(Section 5.4) and Flora and Vegetation (Section 5.2) factors.  

People Human Health 
To protect human health from 
significant harm.  

The Revised Proposal has the potential to impact human health through air 
emissions (particularly dust emissions). Impacts to human health as a result of 
dust emissions are addressed in the Air Quality factor (Section 5.6). There are 
no other emissions associated with the Revised Proposal activities that have the 
potential to impact human health (e.g. radiation, asbestos or lead). 
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6.2 GREENHOUSE GAS EMISSIONS 

6.2.1 EPA Objective 

The EPA’s environmental objective of the factor ‘Greenhouse Gas Emissions’ is: 

To reduce net greenhouse gas emissions in order to minimise the risk of environmental harm 

associated with climate change. 

The EPA Greenhouse Gas Emissions Environmental Factor Guideline applies to this Revised 

Proposal, and therefore Section 6.2 considers the guideline requirements, in addition to the relevant 

policy and guidance outlined in Section 6.2.2. 

For the purposes of EIA, the EPA Greenhouse Gas Emissions guideline relates to the six categories 

of GHG’s covered by the United Nations Framework Convention on Climate Change (UNFCCC) 

Reporting Guidelines on Annual Inventories. These gases are carbon dioxide (CO2), methane (CH4), 

nitrous oxide (N2O), sulfur hexafluoride (SF6), hydrofluorocarbons (HFCs) and perfluorocarbons 

(PFCs) (EPA, 2020c). 

6.2.2 Relevant Policy and Guidance 

6.2.2.1 EPA Policy and Guidance 
 

• Environmental Factor Guideline – Greenhouse Gas Emissions (EPA, 2020c); 

• Instructions on how to prepare EP Act Part IV Environmental Management Plans (EPA, 
2021c); and  

• Content of a Greenhouse Gas Management Plan (EPA, 2020a). 

6.2.2.2 Other Policy and Guidance 
 

• National Greenhouse and Energy Reporting Act 2007 (NGER Act); 

• National Greenhouse and Energy Reporting (Safeguard Mechanism) Rule 2015 (Cth) 

• National Greenhouse and Energy Reporting Regulations 2008; 

• Emissions Reduction Fund and associated Carbon Credits (Carbon Farming Initiative) Rule 
2015; 

• Greenhouse Gas Emissions Policy for Major Projects (GoWA, 2019b); 

• Western Australian Climate Policy (GoWA, 2020k); 

• WA Environmental Offsets Policy (GoWA, 2011a); and 

• WA Environmental Offsets Guidelines (GoWA, 2014). 

Worsley Alumina have applied the Environmental Factor Guideline for Greenhouse Gas Emissions 

to the activities described within the Revised Proposal. Worsley Alumina have actively taken steps 

to identify areas and apply GHG reduction measures to minimise their operational GHG emissions 

over the life of the Revised Proposal, such as those identified in the Worsley Alumina GHG 

Management Plan Appendix E10 and Section 5.2.5. The protection measures discussed in this 

section – Greenhouse Gas Emissions – demonstrate Worsley Alumina’s commitment to the 

reduction in GHG emissions and assist the Western Australian Governments ambition for Western 

Australia to achieve net zero GHG emission by 2050. 
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6.2.3 South32’s Approach to Climate Change 

Worsley Alumina operates in accordance with South32’s approach to climate change, which includes 

goal of achieving net zero operational GHG emissions by 2050 in support in support of the goals of 

the Paris Agreement. South32 is committed to playing its part by reducing operational GHG 

emissions by shifting to low-carbon energy sources and focusing our portfolio on the commodities 

needed in a low-carbon future, such as the bauxite and alumina produced at Worsley Alumina. 

South32 has been progressively implementing programs to understand, mitigate and adapt to 

climate-related risks, as shown in Figure 6-1. 

As part of its climate strategy, South32 met its first short-term GHG emissions reduction target to 

keep Scope 1, group-wide GHG emissions below the FY15 baseline in FY21.  In May 2021, South32 

announced a new emissions reduction target, to halve its operational GHG emissions (i.e. Scope 

and Scope 2) by 2035 from  FY21 baseline. 

South32 reports annually on its GHG emissions and climate change approach in its Annual Report 

and Sustainability Report, consistent with the recommendations of the GHG Management Plan24 

(TCFD).  

South32’s approach to climate change involves a clear commitment to make a pragmatic and 

responsible transition towards the global goal of achieving net zero GHG emissions. 

 

 

Figure 6-1 South32 Decarbonisation Timeline  

6.2.3.1 Just Transition 

In relation to energy transformation, Worsley Alumina and South32 are committed to supporting a 

just transition for our people, communities and stakeholders. As one of two major industrial users of 

energy coal in Collie, Worsley Alumina’s plans to transition away from coal may impact people and 

local businesses that support the industry. This potential impact can be negative, for example 

 
 
24 Further information is provided at: https://www.south32.net/who-we-are/sustainability-approach/climate-change.  

https://www.south32.net/who-we-are/sustainability-approach/climate-change
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through job losses connected to the shift from fossil fuels to renewable energy, or if well planned, 

positive where it creates new industries and increased investment, as well as a cleaner environment 

in which to live.  

Further details on our just transition planning at Worsley Alumina, including our participation in the 

Collie Just Transition Working Group, can be found in the GHG Management Plan in Appendix E10. 

6.2.4 Receiving Environment 

6.2.4.1 GHG Inventory Context 

Australia currently contributes to approximately 1.27% of global GHG emissions (World Resources 

Institute, 2020). In September 2019, Australian GHG emissions were estimated to be 530.8 million 

tonnes (Mt) CO2-e, a 0.3% decrease in GHG emissions from the previous year (DISER, 2020). Most 

recent domestic estimates for GHG emissions for the year to March 2021 were estimated to be 494.2 

Mt CO2-e, reported to be 5.3% (27.8 Mt CO2-e) less than the previous year (DISER, 2021). The 

Kyoto Protocol (Doha Amendment 2012-2020) and the United Nations Framework Convention on 

Climate Change (UNFCCC) specify six categories of GHG’s relevant to WA industries and 

guidelines, as outlined in Section 6.2.1. Under the UNFCCC Paris Agreement, Australia is currently 

committed to reducing GHG emissions by 26-28% below 2005 levels by 2030, which the Australian 

Government reaffirmed in the lead up to the 26th Conference of the Parties (COP26) in November 

2021, along with committing Australia to net zero GHG emissions by 2050.   

Locally, the Government of WA released the Greenhouse Gas Emissions Policy for Major Projects 

(State Emissions Policy) in August 2019 (GoWA, 2019b) and the Western Australian Climate Policy 

in November 2020 (GoWA, 2020k), which aims to achieve net zero GHG emissions from all sectors 

of the WA economy by 2050 (EPA, 2020c).  

National and international GHG reporting standards categorise emissions (‘scopes’) based on 

emission sources and associated responsibilities (EPA, 2020c). GHG emissions are defined as: 

• Scope 1: GHG emissions released to the atmosphere as a direct result of an activity (also known 
as ‘direct emissions’). These include emissions from the burning of diesel fuel in mining fleets, 
manufacturing processes, fugitive emissions (e.g. CH4 emissions from mines), and production of 
electricity using fossil fuels; 

• Scope 2: GHG emissions from the consumption of an energy commodity (also known as ‘indirect 
emissions’). For example, Scope 2 emissions come from the use of electricity produced by the 
burning of fossil fuels in another facility. Scope 2 emissions from one facility are part of the Scope 
1 emissions from another facility; and 

• Scope 3: indirect GHG emissions other than Scope 2 emissions, that are generated in the wider 
community. Scope 3 emissions occur as a consequence of the activities of a facility, but from 
sources not owned or controlled by that facility’s business.  

6.2.4.2 Worsley Alumina Operational GHG Emissions (Scope 1 and 2) 

The largest source of operational GHG emissions at Worsley Alumina is associated with the Refinery 

operations due to the energy demand to generate steam for the Bayer alumina refining process. 

Process steam is currently generated from a mix of coal fired boilers and a multi-fuel co-generation 

steam and power generation plants (MFC’s). Electricity is generated as a by-product using the 

existing onsite power stations, with electricity either consumed at the Boddington Bauxite Mine 

(BBM) and the Refinery, or exported to the grid.  
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In FY21, operational GHG emissions from the BBM represented only three per cent of Worsley 

Alumina’s net operational emissions with the balance associated with the operation of the Refinery. 

BBM’s emissions sources are attributed to the combustion of coal (plus very minor amount of 

biomass) at the Refinery to generate electricity for use at the BBM, and diesel consumption from use 

of light and heavy mobile equipment and very minor amounts (< 0.1%) from clearing of vegetation. 

A more complete breakdown of operational emission sources and emission intensities can be found 

in Section 3.2 of the draft GHG Management Plan at Appendix E10. 

In FY21, Worsley Alumina’s net operational GHG emissions25 totalled 3.74 Mt CO2-e, just under our 

existing MS 719 authorised emissions limit of 3.75 Mt CO2-e. If Worsley Alumina were to continue 

to operate under the existing authorised limits, sustained its existing mining (i.e. through extraction 

with the approved extended mining areas) and refinery production rates and took no further action 

to reduce its GHG emissions, total Scope 1 and Scope 2 emissions would be in the order of 56.25 

Mt CO2-e over the life of the Revised Proposal (i.e. 3.75 Mt CO2-e per year maximum authorised 

emission over the indicative 15 year period). Through delivering emission reductions in accordance 

with the proposed interim reduction targets (refer to Section 6.2.6.2 and the GHG Management Plan 

at Appendix E10) Worsley Alumina is seeking to reduce the total emissions by a minimum of 

12.75 Mt CO2-e over the life of the Revised Proposal, contributing to Western Australia’s emissions 

reductions and net zero goal.  

A key challenge for decarbonising Worsley Alumina is developing feasible solutions for generating 

process steam at scale (not electricity) in the Bayer alumina refining process. This currently requires 

a significant amount of thermal energy, which cannot be easily met by large-scale renewable energy 

sources such as solar PV and wind, as they do not generate thermal energy directly. To enable the 

utilisation of solar PV and wind, a fundamental change to the energy infrastructure of the Refinery 

would be required, as well as significant expansion of the south-west energy grid. 

These challenges are compounded by the need to integrate feasible solutions with the operation of 

the existing, established infrastructure at the Refinery which was designed and constructed over 40 

years ago. Unlike some other ‘newer’ brownfield projects, where the materials used may allow them 

to more easily switch out the current infrastructure and make use of the cleaner mechanisms that 

are available in today’s markets, the retrofitting of vintage infrastructure presents a series of unique 

challenges that require Worsley Alumina to think differently about how to efficiently reduce and 

transition our energy supply. Section 6.2.6.3 and the GHG Management Plan at Appendix E10 

provide further details of the proposed mitigation measures that will contribute to the reduction of 

Worsley Alumina’s operational emissions.   

6.2.4.3 Value Chain Emissions (Scope 3) 

The Scope 3 emissions associated with Worsley Alumina’s were calculated as 15.1 Mt CO2-e for 

FY2126, which will be representative of the Scope 3 profile over the life of the Revised Proposal. This 

equates to an estimated maximum 226 Mt CO2-e of Scope 3 emissions, assuming the current 

South32 portfolio remains unchanged and in the absence of emission reduction activities 

downstream.  

 
 
25 Net operational emissions include total Scope 1 and 2 emissions (calculated using methodologies and emissions 
criteria in the NGER Safeguard Mechanism Rule 2015 (Cth)), and adjusted to account for the net emissions balance 
between import and export electricity between the Refinery and the SWIS (and may include electricity supplied through 
renewable energy power purchase agreements). 
26 Scope 3 emissions calculated in accordance with the methodologies in the GHG Protocol Technical Guidance for 
Calculating Scope 3 Emissions (World Resources Institute 2013). 
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The most material contributor to Worsley Alumina’s Scope 3 profile for Worsley Alumina (97%) 

relates to processing of sold products (i.e. processing of alumina to aluminium) at South32 (i.e. 

Hillside Aluminium and Mozal Aluminium) and non-South32 operated smelters, and aluminium into 

aluminium ingot / aluminium ingot into aluminium sheet. 

Aluminium smelting involves the electrolytic reduction of alumina to produce liquid aluminium, with 

the electricity required for this process being the largest source of carbon emissions. Achieving net 

zero operational carbon emissions in the aluminium value chain requires the development of low 

carbon electricity at scale, along with commercialisation of alternative processing and energy 

efficiency technologies, such as inert anodes and application of AP3XLE technology. South32 is 

trialling the latter of these technologies at our Hillside Aluminium smelter, which if successful, will 

enable reductions of an estimated 150,000 to 200,000t CO2-e per annum once the pot relining 

program is complete. The most material emission reduction opportunity in South32’s aluminium 

value chain relates to securing low-carbon electricity for Hillside Aluminium, which sources its 

electricity from the thermal coal-fired South African electricity grid. At Mozal Aluminium, most 

electricity is supplied from hydroelectric power generated by Hidroelectric Cahora Bassa, situated 

on the Zambezi River in the northwest of Mozambique.  

Accordingly, in 2020 South32 established a project team to fast-track studies to assess affordable, 

low-carbon electricity options at South32 operated facilities at Hillside Aluminium. Concurrently 

South32 are also engaging with the South African Government, Eskom and other potential partners 

to identify options for renewable energy infrastructure that will support the decarbonisation of the 

South African grid. beyond the South African Government’s decarbonisation commitment, as 

outlined in South Africa’s Integrated Resource Plan (2019). A coordinated approach is critical to 

reduce carbon emissions at Hillside Aluminium while supporting the growth of the South African 

economy as the world transitions to a low-carbon future. 

While these initiatives will not impact Worsley Alumina’s Scope 3 profile due to them already being 

accounted for as a downstream facility in accordance with the GHG Protocol Technical Guidance 

for Calculating Scope 3 Emissions (World Resources Institute, 2013), they do demonstrate 

South32’s commitment to addressing GHG emissions throughout our value chain. 

Beyond South32’s own smelters, South32 are committed to addressing and reducing value chain 

emissions through building partnerships with customers and suppliers, participating in industry 

groups and product stewardship initiatives, and supporting innovative technology solutions. South32 

has also committed to assessing options to set a goal for reducing Scope 3 emissions that 

complements its operational group-wide GHG emission reduction targets and goals.  

6.2.4.4 Benchmarking Analysis 

Worsley Alumina undertook a benchmarking assessment. Noting that no changes to the alumina 

production rate associated with the Refinery are proposed with the implementation of the Revised 

Proposal, the benchmarking assessment was conducted in two parts comprising the continued 

operation of Refinery activities and continued operation and expansion of mining activities at the 

BBM.  

The results of the benchmarking assessment show that the GHG emissions intensity for the Worsley 

Alumina Refinery (0.786 t CO2-e/t alumina, Scope 1 forecast for FY22) is 13% higher than the 

average emissions intensities for all benchmarked alumina refineries and 16% higher than 

benchmarked Australian refineries. It is noted that Worsley Alumina’s energy intensity (10.5 GJ/t 

alumina 5 year average) is lower than the global (11.4 GJ/t alumina) and Oceania (10.7 GJ/t alumina) 

average for alumina refineries (IEA 2020) demonstrating Worsley Alumina is well positioned to 



 

 Worsley Mine Expansion Environmental Review Document 618 
 

improve its relative position against benchmarked refineries in a scenario where it is able to transition 

its current thermal coal consumption for process steam to a lower carbon alternative. 

For the BBM, the GHG emissions intensity (0.00552 t CO2-e/t bauxite, Scope 1 forecast for FY22) 

is the lowest among the benchmarked examples and is approximately 46% lower than the average 

of all benchmarked bauxite mines and approximately 36% lower than the average of the 

benchmarked Australian bauxite mines. The emissions intensity at the BBM is comparable to the 

average emissions intensity at the neighbouring Alcoa Willowdale bauxite mine (0.006 t CO2-e/t 

bauxite). This is assumed to be related to haul distances and proximity to crusher and conveyor 

infrastructure, of comparable mining operations. 

A more detailed summary of the benchmarking assessment and list of the Australian and 

international facilities considered, along with the full report prepared by (Ramboll 2020) is provided 

in the GHG Management Plan at Appendix E10.    

6.2.4.5 Commonwealth Emissions and Energy Reporting 

In addition to Western Australian regulatory requirements, Worsley Alumina is also required to 

comply with the Commonwealth National Greenhouse and Energy Reporting Act 2007 (NGER Act) 

and the Safeguard Mechanism. This includes annual reporting of Scope 1 and Scope 2 GHG 

emissions, energy production and energy consumption in line with NGER Act, and associated 

measurement determination.  

The Safeguard Mechanism provides a framework for regulated facilities to measure, report and 

manage their emissions in accordance with the National Greenhouse and Energy Reporting 

(Safeguard Mechanism) Rule 2015 (as amended). It does this by encouraging large facilities, whose 

net emissions exceed the safeguard threshold (i.e. 100,000 t CO2-e per annum), to keep their 

emissions at or below emissions baselines set by the Clean Energy Regulator (CER). It applies to 

Scope 1 emissions at both the BBM and Refinery, which are treated as a single facility under the 

scheme. 

The data is published by the CER as part of annual Safeguard Mechanism data tables.  

6.2.5 Potential Environmental Impacts 

Worsley Alumina acknowledges that GHG emissions from the Revised Proposal contribute to 

cumulative global emissions. As stated in Section 6.2.3, Worsley Alumina is committed to playing 

its part in reducing GHG emissions as reflected in the reduction targets proposed in Section 6.2.6.2 

and the proposed reduction studies and projects in Section 6.2.6.3. 

When considered in a regional context, the changing global climatic conditions are potentially driving 

both chronic and acute physical impacts in the south-west of Western Australia. Chronic impacts are 

those that incrementally develop over time, such as increasing air temperature or decreasing rainfall 

trends. Acute impacts are the sudden shock events, such as flooding, bushfire and cyclones.  

The health and resilience of habitats and species may be impacted by both chronic and acute climate 
impacts, such as reduced rainfall and increased severity and frequency of bushfires. As well as 
affecting ecosystem function, these impacts may also affect the efficacy of existing and future 
mitigation activities, such as rehabilitation, reforestation or dust suppression. Accordingly, the 
mitigation measures proposed for key environmental factors described in Section 5 take into 
account the potential impacts of climate change to ensure species and habitats are resilient to 
chronic and acute climate impacts, and that associated management activities are effective. 
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Worsley Alumina is committed to reducing its carbon emissions but recognises that even with the 

Revised Proposal delivering a reduction in annual operational GHG emissions of 40% in 15 years, 

that cumulative GHG emissions outside of South32’s operational control will continue to have a direct 

impact on global climatic conditions. This changing climate is likely to indirectly impact the health 

and resilience of ecosystems, habitats and species in the south-west of Western Australia through 

lower rainfall and increased bushfire risk Potential climate impacts on MNES are considered in more 

detail in Section 8, and inform the associated impact assessments and mitigation measures for 

relevant Key Environmental Factors proposed in Section 5. Worsley also understands that impacts 

to climate will affect other Key Environmental Factors and this is discussed further in the Holistic 

Impact Assessment (Section 10). 

At a corporate level, South32’s Environment Standard requires each site to undertake a biodiversity 

and water risk and opportunity analysis at least every five years. This analysis considers climate 

impacts on biodiversity and water amongst other matters and ensures potential impacts from climate 

change are assessed on an ongoing basis. The analysis also supports the design and 

implementation of mitigation measures, including those proposed in the Revised proposal for other 

key environmental factors, to ensure management activities are effective and account for the chronic 

or acute physical impacts that may be realised in the south-west of Western Australia. 

6.2.6 Mitigation 

6.2.6.1 Worsley Alumina Greenhouse Gas Management Plan 

The management and reduction of GHG emissions from the Revised Proposal is intended to be 

managed in accordance with the GHG Management Plan at Appendix B. A summary of the mitigation 

measures included in the GHG Management Plan are provided in Table 6-2. 

The draft GHG Management Plan describes how Worsley Alumina will apply plausible, timely and 

achievable measures to do all that is reasonable and practicable to avoid, reduce and offset GHG 

emissions from the Revised Proposal. If the Revised Proposal is approved and a new Ministerial 

Statement issued, the draft GHG Management Plan will be updated to reflect the associated 

conditions and implemented.  

The objectives of the GHG Management Plan are to: 

• Support the assessment, approval and implementation of the Revised Proposal under Part IV of 
the EP Act; 

• Provide for ongoing GHG emission reductions at Worsley Alumina over the life of the Revised 
Proposal and beyond and in line with South32’s goal for net zero GHG emissions by 2050; 

• Set regular interim targets that drive incremental reductions in net operational emissions over 
the life of the Revised Proposal; 

• Outline current and future strategies and activities that demonstrate all reasonable and 
practicable measures are considered and applied in accordance with the mitigation hierarchy;  

• Provide for the adoption of best practice design, technology and management to mitigate GHG 
emissions over the life of the Revised Proposal;  

• Take account of impacts from the energy transition and seek to realise new opportunities 
including jobs, technologies and emerging industries for affected people, communities and 
businesses; and 

• Set out regular review provisions and prepare a revised GHG Management Plan at least every 
five years.  

Once approved, the GHG Management Plan will be made publicly available on South32’s website 

(www.south32.net). Worsley Alumina will review the GHG Management Plan at least every five years 

http://www.south32.net/
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to ensure the management actions outlined within the plan continue to enable reduction, avoidance 

and mitigation measures that are plausible, timely, achievable and are reasonable and practicable. 

The revised GHG Management Plan will be provided to DWER for approval. 

Revisions of the GHG Management Plan will coincide with the commencement of each interim 

emissions reduction target period and include a summary of progress of the preceding five years in 

an accessible form to be made available on the South32 website (www.south32.net). The summary 

of progress will include a description of: 

• the preceding five years emissions performance and a clear statement as to whether interim 
targets have been achieved; 

• GHG emission reduction measures undertaken by the proponent; 

• updates to the projects and studies portfolio that will support delivery of the next interim target; 
and 

• updated benchmarking of GHG emissions intensity performance against comparable facilities. 

 

Table 6-2 Proposed Management Measures Relevant to GHG Emissions 

Potential Impact  Management Measures 

GHG emissions 
associated with 
continued 
operations 

Implementation of management measures and actions referenced in the draft GHG 
Management Plan: 

• MA1 – Interim Emission Reduction Targets: Establish interim reduction targets over 
five yearly increments to drive performance over the life of the proposal (see 
Section 6.2.6.2 below); 

• MA2 –  Mitigation Measures: Build on existing studies and emission reduction 
activities to develop and implement where reasonably practicable a pipeline of 
projects that support the delivery of the interim targets in accordance with the 
mitigation hierarchy (see Section 6.2.6.3 below); 

• MA3 – Adaptive Management, Monitoring and Review: Use an adaptive 
management approach to optimise the delivery of the proposed and future 
management actions, and commitment to annual and five yearly reviews to monitor 
and review effectiveness of emission reduction measures; 

• MA4 – Just Transition Planning: Participation in Just Transition planning in 
collaboration with multiple stakeholders to support a responsible and fair energy 
transition; and 

• MA5 – Addressing Value Chain Emissions: Working with suppliers, customers and 
industry partners to address value chain emissions. 

 

Revisions of the GHG Management Plan will also give due consideration to changes in EPA 

objectives and State and/or Commonwealth legislation and policy that come into effect throughout 

the life of the proposal. 

6.2.6.2 Worsley Alumina Emission Reduction Targets 

As referenced in the section above and described in detail in the GHG Management Plan at 

Appendix B, Worsley Alumina has proposed specific interim emission reduction targets for its net 

operational emissions (Scope 1 and Scope 2), inclusive of both the BBM and Refinery. The proposed 

interim targets are intended to apply over five-yearly increments, using the existing MS 719 

authorised emissions limit as a baseline (3.75 Mt CO2-e) and aligned with the 15-year indicative life 

of the Revised Proposal.  

The proposed Worsley Alumina interim GHG emissions targets: 

• support South32’s group-wide 2035 target and are aligned with the net zero by 2050 goal; 

http://www.south32.net/
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• are informed by key decarbonisation studies; and 

• reflect what is reasonable and practicable at Worsley Alumina given the nature of the operation 
and the technological and energy market limitations mentioned in Section 6.2.6.2 and detailed 
in the GHG Management Plan at Appendix E10. 

Table 6-3 lists the proposed interim emissions reduction targets in absolute and percentage 

reduction terms for the Revised Proposal against the proposed baseline, as well as a minimum 

cumulative emissions reduction that would be achieved by meeting the proposed interim targets. 

The pipeline of emission reduction studies and projects summarised in Section 6.2.6.3 are designed 

to support Worsley Alumina to meet these targets with an aspiration, where reasonable and practical, 

to deliver reductions beyond the targets. 

Table 6-3 : Interim Emissions Reduction Targets – based on MS719 Baseline (3.75mt CO2-e) 

Milestone 
Interim Reduction 
Target (Mt CO2-e) 

% Reduction from 
Baseline 

Min Cumulative 
Reduction  

(Mt CO2-e)27 

Baseline 3.75 - - 

5-year target (By FY26) 3.45 8% - 

10-year target (By FY31) 3.0 20% 1.5 

15-year target (By FY36) 2.25 40% 5.25 

Realisation of 15 year 
reductions 

  12.75 

The proposed interim targets are not intended to deliver a linear trajectory to net zero GHG emissions 

by 2050, but rather they have been developed to reflect all reasonable and practicable measures to 

decarbonising Worsley Alumina operations in a pragmatic and responsible manner with the goal of 

reaching net zero GHG emissions by 2050. Worsley Alumina will look to accelerate emission 

reductions towards net zero as new technologies and solutions emerge, including lower carbon 

energy and developments in Western Australian energy markets, as they become available.   

It is noted that the indicative life of the Revised Proposal is approximately 15 years. However, the 

already established Worsley Alumina operations have the potential to continue to 2050 and beyond 

under existing authorised extents (i.e. approved extended mining areas). Beyond the indicative life 

of the Revised Proposal, the interim targets will continually be reviewed and evaluated on a minimum 

five-yearly basis and will be aligned with South32’s medium and long-term emission reduction targets 

and goals, and the Western Australian Government’s Climate Policy (2020j).  

Performance against the interim targets will be reported annually as referenced in Section 6.2.7 and 

reviewed on a minimum five yearly basis as described in the GHG Management Planat Appendix 

E10.  

6.2.6.3 Key Emission Reduction Studies and Projects 

This section summarises the key reasonable and practicable emission reduction studies and projects 

that Worsley Alumina are progressing in order to support delivery of the interim reduction targets 

proposed for the Revised Proposal. For a more comprehensive summary of key projects as well as 

 
 

27  The minimum cumulative reduction is calculated using the minimum year on year GHG savings that could be achieved 

across each five year target period versus Worsley Alumina continues to operate at FY21 levels. FYXX years are based 

on draft revised proposal submission and are subject to change in line with the Worsley Environmental Approval. 
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alternative options considered but not progressed, please refer to the GHG Management Plan at 

Appendix E10. 

The emission reduction studies and projects build on previous studies undertaken at Worsley 

Alumina including an initial high-level decarbonisation conceptual study completed in 2019, which 

identified over 80 potential decarbonisation projects comprising short-term and technologically 

mature initiatives (e.g. process efficiency, coal to gas conversion) through to long-term, research 

and development initiatives (e.g. integration of renewables, process electrification).  

The current GHG emission reduction studies and projects for the Worsley Alumina Project and the 

Revised Proposal are focused on three primary themes:  

• process efficiency activities to reduce energy consumption;  

• energy or fuel switching to shift our energy supply to lower carbon alternatives; and 

• over the longer-term, renewable energy, technology and partnerships.  

In the event that it is unreasonable or impracticable for Worsley Alumina to meet the proposed interim 

targets through the execution of emission reduction projects, Worsley Alumina may, if it is 

practicable, seek to acquire and retire carbon offsets to address the remaining shortfall. The use of 

carbon offsets in accordance with the mitigation hierarchy is described in further detail in the GHG 

Management Plan at Appendix E10. 

The expected contribution of key emission reduction projects, to meet the interim targets and achieve 

net zero emissions, is presented in Figure 6-2. This gives consideration to the current maturity, 

status and indicative sequencing of the decarbonisation initiative pipeline and the cost, complexity 

and time required to adapt to changes in process or energy efficiency technologies (including 

technology commercialisation). Worsley Alumina will only consider offsets if the identified abatement 

activities are insufficient to meet the projected reductions. 

 

Figure 6-2 Interim GHG emission reduction targets28 and indicative breakdown of GHG emission reduction 

activities to achieve the targets and net zero goal 

 
 
28 The financial years shown in Figure 6-2 are based on draft Revised Proposal submission and are subject to change in 
line with the Worsley Environmental Approval 
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In the short-term, Worsley Alumina is pursuing energy efficiency projects which are likely to represent 

the most material opportunities to contribute to achieving the first interim emissions reduction target. 

The most mature of Worsley Alumina’s decarbonisation studies is mud washing, an energy efficiency 

project with an estimated abatement potential in the order of 280,000 tonnes of CO2-e per annum.  

Switching Worsley Alumina’s primary source of energy to lower carbon alternatives is a key strategy 

for reducing emissions. This fuel transition is also important to support the development of lower 

carbon energy markets in Western Australia and to improve our long-term energy security. Worsley 

Alumina are completing studies to detail the optimal approach to reduce the use of coal, with a pre-

feasibility study for conversion of the existing coal-fired boilers to natural gas on-track for completion 

in FY22.  

Worsley Alumina will continue to evaluate new and existing initiatives over the life of the Revised 

Proposal and beyond, against a number of criteria, including safety, technical performance, 

operability, emissions reduction, maturity, scale, economic return and time required to adapt to 

changes in process or energy efficiency technologies (including technology commercialisation). Over 

the longer-term, it is anticipated that future technology and renewables will play a role in the GHG 

emission reduction pathway in the medium to long term (potentially beyond the life of the Revised 

Proposal) as technology evolves, and commercialisation of renewable energy sources mature.  

South32 are also engaging in innovative research and development forums to investigate future 

technologies, for example through participation in the ICMM ‘Innovation for Cleaner, Safer Vehicles’ 

(ICSV) initiative, and the Heavy Industry Low-carbon Transition Cooperative Research Centre. In 

FY21, South32 became a founding member of the Electric Mine Consortium to accelerate progress 

toward a fully electrified zero carbon and zero particulates mining operation. South32 are engaging 

with Government, industry and other partners, to support the development of low-carbon energy 

markets and policy that could underpin the decarbonisation of the and the emergence of a hydrogen 

economy.  

Worsley Alumina proposes to provide an update on the status and maturity of these studies (and 

others, as appropriate) each year through the Worsley Alumina Annual Environmental Report, and 

also as part of the five-yearly review of the GHG Management Plan outlined in Section 6.2.6.1. 

6.2.7 Reporting and Public Disclosure 

Worsley Alumina conducts annual reporting of its emissions performance in accordance with existing 

regulatory and voluntary reporting schemes, and will continue to do so. In addition, Worsley Alumina 

will publish an annual summary and progress statement which will include a summary of emissions 

performance for the corresponding financial year, and an update on progress against the interim 

emission reduction targets including any material advancements in the project and study portfolio 

outlined in Section 6.2.6.3. 

A list of key annual reporting requirements associated with the GHG Management Plan are 

summarised in Table 8 of the GHG Management Plan at Appendix E10. The publication of a 

summary of progress as part of the five year revision of the GHG Management Plan is also detailed 

in Section 6.2.7. 

To verify the accuracy of reported emissions, internal and external environmental audits are 

undertaken. Worsley Alumina and South32 gain external assurance for the contents of NGER Act 

reporting and TCFD disclosures on an annual basis. 
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6.2.8 Assessment and Significance of Residual Impact 

Implementation of the Revised Proposal and the proposed emission reduction projects and activities 

in line with the interim reduction targets, is likely to deliver a minimum reduction of 12.75 Mt CO2-e 

over the life of the Revised Proposal compared with a baseline of 56.25 Mt CO2-e (assuming Worsley 

Alumina continued to operate under existing authorised limits, sustained its existing mining and 

production rates and took no further action to reduce its GHG emissions).  

The proposed interim GHG emissions targets are informed by Worsley Alumina’s previous and 

current decarbonisation studies, and reflect what is reasonable and practicable to avoid, reduce and 

offset GHG emissions from the Revised Proposal, given the nature of the operation and the 

technological and energy market limitations in the South-west of Western Australia. A successful 

transition to a low carbon future for Worsley will also ensure the Collie community and surrounding 

regions are supported through the transition in a just and equitable manner. 

South32 and Worsley Alumina will continue assess and investigate opportunities to further reduce 

our operational GHG emissions as new technologies and solutions emerge, focusing on 

decarbonisation initiatives and innovations at the Refinery which remains the largest area of 

opportunity to reduce Worsley Alumina’s GHG footprint. Similarly, the mitigation measures proposed 

in the Revised proposal for other key environmental factors will take into account the potential 

indirect impacts of climate change in their design to ensure that those management activities are 

effective and resilient to the chronic or acute physical impacts that may be realised in the south-west 

of Western Australia. 

6.2.9 Environmental Outcomes 

With the implementation of the GHG Management Plan at Appendix E10, and the proposed 

measures to reduces carbon emissions directly and mitigate indirect impacts on other Key 

Environmental Factors, Worsley Alumina considers that the GHG emissions associated with the 

Revised Proposal will meet the EPA’s objectives for GHG emissions to “ reduce net greenhouse gas 

emissions in order to minimise the risk of environmental harm associated with climate change” and 

support the Western Australian Government’s and South32’s goal of net zero emissions by 2050.  

Specifically, Worsley Alumina commit to and anticipate the following commitments to become 

outcome based conditions: 

• Reduction of emissions on a five yearly basis in line with the targets specified in Table 6-3 

above; and 

• Implementation of  the GHG Management Plan provided in Appendix E10.
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7 OFFSETS 

7.1 OVERVIEW 

Worsley Alumina proposes to implement environmental offsets to compensate for the significant 

residual environmental impacts (SRI) that will likely result from the implementation of the Revised 

Proposal. The EPA and DAWE require environmental offsets in instances where a proposal’s 

residual impacts on conservation significant species are significant after avoidance, minimisation 

and mitigation measures have been pursued. This section of the ERD sets out the approach Worsley 

Alumina has taken to determine the SRI associated with the Revised Proposal, with consideration 

of the impact mitigation measures relevant to conservation significant species. Details of the 

proposed biodiversity offsets, and the management measures proposed to implement and maintain 

them, are provided in the Biodiversity Offset Plan (BOP) (Appendix L1 and summarised in Section 

7.9 to Section 7.13). 

7.2 POLICY AND GUIDANCE 

7.2.1 State and Commonwealth Policy 

As the Revised Proposal is subject to approval by the Commonwealth and Western Australian 

governments, offsets will be provided to compensate for significant residual impacts to conservation 

significant species, which include MNES under the EPBC Act  and species listed under the BC Act. 

Following referral of the Revised Proposal to the Commonwealth Minister for the Environment, and 

to the WA EPA. The BOP has been prepared to be consistent with the EPBC Act Environmental 

Offsets Policy (DSEWPaC, 2012a), specifically relating to the offset principles, offset requirements 

and the offset assessment guide. It has furthermore been prepared to align with the WA 

Environmental Offsets Policy (GoWA, 2011a) and the WA Environmental Offsets Guidelines (GoWA, 

2014) as amended by the release of the DWER WA Environmental offsets calculator (DWER 2021a) 

(DWER, 2021) and the Guideline Environmental offsets metric: Quantifying environmental offsets in 

Western Australia (DWER, 2021b). 

The WA EPA considers that the following additional policies and guidelines relevant to its 

assessment of offsets for the Revised Proposal: 

• Environmental Impact Assessment (Part IV Divisions 1 and 2) Procedures Manual (Government 
Gazette Western Australia (GoWA) 2021); and 

• Environment Protection and Biodiversity Conservation Act 1999 Environmental Offsets Policy 
(DSEWPAC, 2012b). 

The alignment of the BOP with the principles of the State and Commonwealth policies is provided in 

Table 7-5 and Table 7-6 in Section 7.14.    

7.2.2 Sustainable Development Goals 

As a signatory to the 2030 Agenda for Sustainable Development, Australia has committed to the 

Sustainable Development Goals (SDGs) (GCNA, 2015). The SDGs are a suite of 17 aspirational 

actions focussed on balancing economic growth while tackling climate change and working to 

preserve our oceans and forests, as well as eradicating poverty, improving health and education, 

and reducing inequality. The offsets developed for the Worsley Alumina Expansion Project will 

predominantly contribute to SDG 15 ‘Life on land’, which aspires to “protect, restore and promote 
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sustainable use of terrestrial ecosystems, sustainably manage forests, combat desertification, and 

halt and reverse land degradation and halt biodiversity loss.” This will be achieved through the 

protection and restoration of habitat and the reinstatement of connectivity throughout the landscape.  

Depending on location and offset types, offsets may also provide benefit for: SDG 3 “Good health 

and wellbeing”; SDG 13 “Climate action”; and SDG 14 “Life below water”. Where possible, offsets 

will be undertaken in conjunction with Traditional Owners, which will contribute to SDG 8 “Decent 

work and economic growth” and SDG 10 “Reduced inequalities”. 

Further information on how each offset will contribute to the SDGs is provided in the BOP (Appendix 

L1). 

7.3 BIODIVERSITY OFFSET STRATEGY 

To support this approval, and taking account of the long term resource life of Worsley Alumina, there 

is an opportunity to take a long-term, regional approach to offsets that provides greater biodiversity 

value than individual offset projects. Worsley’s  Biodiversity Offset Strategy (BOS) (Worsley 2020b) 

defines the committed strategic vision, which is:  

‘To engage with our partners on an offsets strategy that delivers ecological, community and 

economic resilience across the region with a focus on innovative approaches and enduring 

outcomes.’ 

Achieving desired outcomes requires careful consideration, not only of the most effective ways to 

deliver biodiversity value, but also on how to minimise negative socio-economic impacts and 

generate lasting positive socio-economic impacts. This strategic thinking enables a more 

sustainable/enduring solution, including linkages and strategic partnerships, to support practical on-

ground management. The BOS has been developed to be consistent with the International Open 

Standards for the Practice of Conservation (Conservation Measures Partnership 2020). Worsley 

Alumina is committed to the strategic objectives of the BOS to: 

• Optimise biodiversity outcomes from Worsley Alumina’s offset program by adopting a planned 
regional approach that seeks linkages between areas of remnant vegetation; 

• Maximise opportunities for stakeholder collaboration between industry and Government, to 
facilitate and support the development of broader regional offset initiatives, such as a South 
West environmental offset fund; 

• Pursue positive socio-economic outcomes by seeking: 

• Improved biodiversity outcomes for less land-take; 

• Opportunities for Aboriginal employment through land management activities; and 

• Opportunities to integrate social benefit, amenity and associated employment opportunities 
into biodiversity offset projects or areas. 

For clarity, the BOP (provided as Appendix L1) represents the first BOP1 to be developed under 

the strategic framework of the BOS and is specific to the scope of the Revised Proposal within this 

ERD. This approach ensures a long-term view to guide the most valuable and meaningful offset 

outcomes, tailored to the known values of the Revised Proposal area.  

7.4 OFFSET APPROACH 

The BOP has been prepared to meet environmental offset requirements under both the EPBC Act 

and the EP Act for this Revised Proposal in which offsets are offered to compensate for the residual 

impacts of an action on the environment, after avoidance and mitigation measures are taken.  
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EPA and DAWE take a different approach to valuing rehabilitation for the purposes of determining 

the offsets required under their respective regimes. The EPA policy assesses rehabilitation as a 

mitigation measure whereas the Commonwealth values rehabilitation as if it were an offset.  To 

demonstrate a robust approach for this Revised Proposal the BOP assesses the value of 

rehabilitation using the WA offsets policy and calculators developed by the EPA and DWER, and the 

EPBC offsets assessment guide, and calculator as a tool to demonstrate the relative equivalence in 

the outcome of the calculations. The State’s approach to determining how rehabilitation reduces the 

SRI is discussed in Section 7.7 and the Commonwealth’s approach of assessing the value of 

rehabilitation as if it were  s an offset is described in Section 5.3.7.3.2. 

Regardless of the quantification approach, Worsley Alumina is proposing to offset the SRI (see 

Section 7.7) associated with the direct removal of habitat for conservation significant terrestrial fauna 

relevant to this Revised Proposal. Of the 6,032 ha of vegetated area proposed to be cleared, 

approximately 5,341 ha is remnant native vegetation (including previously approved 942 ha), 

approximately 605 ha is rehabilitation, and 86 ha is plantations. This vegetation is known to contain 

or represent habitat for MNES (EPBC Act) and Specially Protected (BC Act) fauna species, which 

vary in their distribution and abundance within the PAA and surrounding areas.  

It is noted in Section 4.3.2 that at the time of referral of the Revised Proposal in 2019, there remained 

942 ha of clearing allocation within the Pre-existing Approval Area that has already been approved. 

This allocation occurs within the WMDE IDF (and is included in the clearing numbers quoted above) 

which has been used to inform the Revised Proposal impact assessment. This Revised Proposal 

does not seek re-approval to clear the existing 942 ha clearing allocation, therefore 942 ha has been 

removed from the clearing-related residual impact calculations throughout the ERD. However, as 

the intent of this assessment is to gain a consolidated set of contemporised State and 

Commonwealth approvals, and given the past EPBC Act exemptions to the Worsley Alumina 

Expansion Project, Worsley Alumina is committed to providing biodiversity offsets for the remaining 

pre-existing approved area (942 ha), as well as the new elements of the Revised Proposal, to ensure 

full alignment with DAWE and the EPBC Act requirements. However, utilisation of the 942 ha will 

occur through continuing operations under existing approvals until such time that a holistic approval 

is given for the Revised Proposal, and the offsets implementation associated with the 942 ha may 

therefore occur well after the impacts occurring.  

The calculation for the offsets has also taken into consideration the Commonwealth offset guidelines 

(DSEWPAC, 2012a), which typically require an offset area greater than the area of the proposal. 

Where relevant, the quality of the offset site must be at least equal to that of the impact site. 

Direct offsets provided under the BOP have been designed to fully compensate for the SRI as a 

minimum. Indirect offsets (research) will be over and above the direct offsets (to a value of 10% of 

the direct offset value) and therefore constitute a net gain. Worsley Alumina is directing primary 

investment in on-ground land protection and management, to demonstrate the tangible outcome that 

is expected under current offset guidelines, while ensuring the offsets package is guided by a 

balanced and long-term BOS with a portfolio of contributions. 

7.5 MITIGATION HIERARCHY 

7.5.1 State Policy and Guidelines 

The WA Environmental Offsets Policy 2011 and supporting Guidelines (2014) describe the mitigation 

hierarchy as having four steps – Avoid, Minimise, Rehabilitate and Offset and direct proponents 
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developing a project to apply this hierarchy to reduce the potential impact on the environment as a 

result of the project.  

7.5.2 Commonwealth Policy 

The Commonwealth Government requires application of avoidance and mitigation measures prior 

to the use of offsets. Typically within mitigation hierachys (including the WA EPA mitigaion hierarchy) 

rehabilitation is considered a measure taken to reduce the SRI of a proposal.  However the EPBC 

Act Offset Policy (2012a) is silent on rehabilitation and advice received from DAWE indicates that 

they consider rehabilitation to be an offset.  To this end, rehabilitation has been included in the offset 

calculations presented in Appendix L1.   

Worsley Alumina has applied the mitigation hierarchy to reduce the potential environmental impacts 

to conservation significant species include the following mitigation strategies, in order of preference, 

with further detail for each strategy provided in Section 7.6: 

• avoid – measures undertaken within the area likely to be affected by Worsley Alumina to avoid 
negative environmental impacts; 

• minimise – measures undertaken within the area likely to be affected by Worsley Alumina to 
limit the degree or magnitude of an adverse impact on the environment; 

• rehabilitate (as and offset)– measures undertaken within the area likely to be affected by 
Worsley Alumina to restore the maximum environmental value that is reasonably practicable; 
and  

• offset – measures undertaken outside of the area likely to be affected by Worsley Alumina to 
provide environmental benefits to counterbalance significant residual environmental impacts or 
risks remaining after the above measures have been adopted. 

The mitigation hierarchy applied during the assessment, as shown in Figure 7-1, is consistent with 

that provided by the WA Environmental Protection Authority (EPA, 2014; EPA, 2014) Environmental 

offsets metric: Quantifying environmental offsets in Western Australia (DWER, 2021a). This is also 

consistent with various internationally recognised standards, including Guidance Notes to Standard 

on Biodiversity Offsets (BBOP, 2012), Good Practice Guidance for Mining and Biodiversity (ICMM, 

2006), A Framework for Corporate Action on Biodiversity and Ecosystem Services (UN Global 

Compact and IUCN 2012a), and A Cross-Sector Guide for Implementing the Mitigation Hierarchy 

(The Biodiversity Consultancy 2015). In addition, The World Bank Environmental and Social 

Framework (The World Bank 2017) specifies the mitigation hierarchy as consisting of mitigation, 

after impacts have been avoided or minimised, and defines “mitigation” as” measures to improve or 

restore” which, by this definition, would also include the mine site rehabilitation undertaken by 

Worsley Alumina.   

This approach is consistent with section 4.4 of the Commonwealth EPBC Act 1999 Environmental 

Offset Policy (DSEWPAC, 2012b) and supported by the recommendations of the “Samuel Review” 

(2020) of the EPBC Act in relation to the importance of restoration and rehabilitation to achieve the 

objectives of the Act (Samuel, 2020). However, the current EPBC Offset Calculator and advice 

received from DAWE (24 November 2021) during the preparation of this ERD contradicts this 

position. Both the Commonwealth calculator and the advice received from DAWE consider that 

rehabilitation will be considered as an offset after the SRI has been calculated. To accommodate 

this, Worsley Alumina has undertaken SRI and offset calculations using rehabilitation as an offset. 



 

 Worsley Mine Expansion Environmental Review Document 629 
 

 

Source: Adapted from United Nations Global Compact and International Union for Conservation of Nature (2012b). 

Figure 7-1 Schematic of the Mitigation Measures Available to Address Ecological Impacts  

7.6 PLANNING AND IMPLEMENTATION OF MITIGATION MEASURES 

Planning for mining activities, including the application of impact mitigation measures is presented 

in the 10 Year Mine Plan on an annual basis, as described in Figure 1-4, Section 1.3.1.1. Under 

their membership of the EMLG, the plan is reviewed and endorsed by relevant Government 

agencies, including DWER and DBCA, before being implemented and provides an opportunity for 

agencies to contribute to the medium to long-term planning of mining operations. The agencies 

review the plan and provide advice to the Minister for State Development and Minister for 

Environment on the environmental and social acceptability of the operation, and alignment of 

activities to approval and State Agreement conditions. This review signifies acceptance of the plan 

and its requirements for impact mitigation for the planning period. 

Worsley Alumina proposes to avoid, minimise and mitigate potential impacts to environmental 

values, including threatened species and communities, through the implementation of its Biodiversity 

Forest Management Plan (BFMP) (Appendix E1). The BFMP outlines strategies and procedures for 

the avoidance of areas of potential high conservation value (as shown in Figure 5-11), ecological 

linkages/corridors, feral and invasive species management, and the implementation of rehabilitation. 

The BFMP has been developed in consultation with, and is reviewed by, DBCA as part of the 

DBCA/Worsley Working Arrangements. At an operational level, implementation of the Protected 

Areas Plan (Worsley, 2021g) and Threatened Fauna Pre-clearance  Survey and Management 

Procedure (Worsley 2021h) provide for operational procedures to avoid and minimise impacts to 

conservation significant fauna habitat and black cockatoo breeding trees.  Details on the mitigation 

measures applied by Worsley Alumina to address the potential impacts from the project are 

presented in Section 5, Table 5-20 and Table 5-42. 
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The avoidance, minimisation and mitigation (rehabilitation) strategies that are proposed in respect 

of each of the identified conservation significant species are presented in the “Assessment and 

significance of residual environmental impacts” sections for each of the environmental factors 

covered in Section 5. 

7.6.1 Species-specific Threat Avoidance, Minimisation and Rehabilitation 

Section 8 provides a review and assessment of the Revised Proposal in relation to Matters of 

National Environmental Significance.  This section, as well as Table 8-1 and Table 8-2 provide a 

summary of the threats and impacts relevant to each of the identified conservation significant species 

that are affected by the Revised Proposal and summarises the avoidance, minimisation and 

rehabilitation actions that will be implemented to mitigate the significance of the impact. The value 

of rehabilitation has been determined through the EPA offsets calculator and the EPBC calculator 

that accounts for the time horizon (time over which loss is averted) and time lag (time to ecological 

benefit). 

7.7 SIGNIFICANT RESIDUAL IMPACT 

The residual impact of a development is the remaining impact after the hierarchy of controls 

(avoidance and mitigation measures) have been implemented. Biodiversity offsets are required 

where the residual impact is of significance to Commonwealth and State environmental values, 

including conservation significant flora and fauna. This residual impact is termed the  “significant 

residual impact (SRI)” of the proposal.  

Following application of the mitigation hierarchy detailed in the sections above, an assessment was 

undertaken to determine the SRI for conservation significant species that could potentially be 

significantly impacted by the Revised Proposal. This assessment was based on the outcomes of 

baseline and targeted terrestrial fauna and flora and vegetation surveys, and in consideration of the 

Commonwealth Matters of National Environmental Significance: Significance Impact Guidelines 1.1 

(DoE 2013) and the WA EPA Residual Impact Significance Model (GoWA, 2014). 

A complete and systematic summary of fauna and associated habitats, as relevant to MNES, is 

provided in Section 8 of this ERD. A detailed summary of key management measures (grouped by 

the hierarchy of controls) to address potential impacts on fauna, including MNES, is presented in 

Table 5-42.  

The SRI assessment for the Revised Proposal has been undertaken for each conservation 

significant species likely to be affected by the Revised Proposal and is consistent with the WA 

Environmental Offsets Guidelines (GoWA, 2014). The calculation has utilised the newly updated WA 

Biodiversity Offsets Calculator (DWER 2021a) and the Environmental offsets metric: Quantifying 

environmental offsets in Western Australia.  The SRI was calculated using the extent of occurrence 

of each species impacted in the IDF (i.e. where within the PAA does each conservation significant 

species have a high or confirmed likelihood of occurrence), suitable habitat occurrence and habitat 

quality data from vegetation surveys (Mattiske, 2021a), as well as existing data and knowledge for 

relevant species determined from baseline surveys, published data, threatened species plans and 

through discussion with recognised subject matter experts. 

Full description of the SRI calculation, including worked examples is provided in Section 5.3.7. 

The assessment of the Revised Proposal includes project elements that are existing and fully 

functional operations (such as the overland bauxite conveyor and existing mining infrastructure).  

The Revised Proposal also includes minor project elements outside the PAA, such as groundwater 
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bores, fencing infrastructure and continuation of regional exploration programs. These project 

elements (existing operations and low impact activities) are not considered to have an associated 

SRI after the application of the mitigation hierarchy and Worsley Alumina’s existing management 

practices, and are therefore not considered for the application of offsets. Offsets are therefore 

focused on major project elements within the PAA, mainly associated with clearing of native 

vegetation and removal of fauna habitats supporting conservation significant species. 

7.8 OFFSET PROPOSAL 

To inform the design of the BOP, preliminary analyses were undertaken by Worsley Alumina, 

encompassing: 

• An offsets benchmarking exercise, which included a review of 57 offsets projects across 
Australian State and Commonwealth jurisdictions, including approaches, detail, implementation 
and outcomes; 

• A spatial land analysis model was developed that identified land parcels best suited to offsets, 
considering constraints and priorities; and  

• A stakeholder engagement and analysis was undertaken to identify key existing conservation 
programs and initiatives, potential delivery partners and community/social values relevant to 
the design and implementation of the BOP.   

Biodiversity offsets within the BOP were designed to provide a balanced portfolio of targeted offset 

initiatives. The focus of the BOP is on Habitat Protection (Section 7.8.1), Ecological Restoration and 

Management (Section 7.8.2) and installation of Artificial Hollows (Section 7.8.3). A range of direct 

on-ground options have been identified for the Woylie (Section 7.8.4), including translocation, 

enhancements to existing native or introduced populations and threat abatement.  

Additionally, an indirect offset provision of ≤10% will be made for a targeted research program aimed 

at improving the management and protection of impacted conservation significant (Section 7.8.5).  

7.8.1 Habitat Protection 

As an offset, habitat protection, also referred to as ‘averted loss’, involves the protection and 

enhancement of habitat that is otherwise under threat of clearing or disturbance. It involves the 

application of a legal mechanism to prevent clearing of existing areas of vegetated land and in 

alignment with the BOS, it will represent minimum of 25% of the total offset considering application 

of future areas of habitat protection.  Habitat protection will be implemented prior to clearing, with 

the initial provision applied being applicable to the area cleared within the first 5 years of 

implementation of the Revised Proposal. The remainder will be provided in stages prior to the 

commencement of vegetation clearing for mining activities as described in Section 5.1. 

Habitat protection will be implemented to ensure permanence, and legal mechanisms to achieve 

habitat protection in perpetuity are being investigated. It is envisaged that this will include transfer of 

land into the Western Australian conservation estate and/or imposition of conservation covenants, 

as appropriate to the land parcel (these options are described in the BOP and shown in Appendix 

L1. 

Management of protected areas will be targeted at the enhancement of habitat value for conservation 

significant species, such as the abatement of threats and/or improvement of habitat. Management 

activities will be aligned with existing conservation and land management programs and/or recovery 

plans and, in line with adaptive management principles, will be amended in response to regular 

evaluation. 
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As a minimum, offset management activities will deliver appropriate environmental outcomes for the 

period of impact on conservation significant species from mining activities. Where appropriate, 

offsets will involve collaboration with third parties that may continue management of offsets following 

the formal completion of mining by Worsley Alumina, as defined by agreed completion criteria. In the 

event that management of the offset sites are to be transferred to another party (e.g. DBCA) as part 

of the land security mechanism, the approach will be defined and agreed with that party to ensure 

management actions will be appropriately supported (i.e. financially and logistically) via the offset. 

7.8.2 Ecological Restoration 

Ecological restoration is ‘the process of assisting the recovery of an ecosystem that has been 

degraded, damaged, or destroyed’ (Gann et al., 2019). In the context of the BOP, the emphasis of 

ecological restoration is on re-establishment of native vegetation to create habitat and achieve 

substantial recovery of key ecosystem attributes (e.g. species composition, community structure, 

physical conditions, ecosystem function, and external exchanges), and to support landscape scale 

habitat connectivity.  

Ecological restoration will represent 50-55% of land/area based offsets. Worsley Alumina has 

committed appropriate funding to ensure the implementation of ecological restoration (see the BOP 

for details). Scheduling of ecological restoration will be aligned with the vegetation clearing schedule 

for mining activities as described in Section 5.1 of the BOP and will be commenced prior to 

vegetation clearing to ensure timely provision of ecological benefit to impacted conservation 

significant species. Where this is not possible, the time delay between clearing and the 

commencement of the offset will be factored into offset quantum as required by the EPBC Act offsets 

assessment guide. 

Two types of ecological restoration will be undertaken, namely: 

• restoration of previously cleared mined areas (Restored Mined Lands; RML), and  

• targeted ecological restoration of cleared and/or completely degraded areas.  

In undertaking ecological restoration, Worsley Alumina intends to draw on its experience in the 

successful rehabilitation of mined areas since mining commenced in 1984. Worsley Alumina has 

well-established rehabilitation standards and associated operational procedures, and extensive 

rehabilitation monitoring program, and a process to finalise completion criteria in collaboration with 

DBCA to guide offset restoration programs (see ERD Section 4.5). 

Management of restored areas will focus on  the enhancement of habitat value for conservation 

significant species through threat abatement and/or  the  improvement of habitat. Management 

activities will be aligned with existing conservation and land management programs and/or recovery 

plans and, in line with adaptive management principles, will be amended in response to regular 

evaluation. As with habitat protection activities, restoration activities will be implemented to deliver 

appropriate environmental outcomes for the life of the impact, as a minimum, and beyond (after 

completion) in collaboration with third parties. Where the management of offsets are transferred to 

a third party, appropriate logistical and financial support will be provided for as part of the offset.  

Fauna will be encouraged to return to restored areas through the establishment of dominant 

vegetation community types comparable with the eastern and northern jarrah forest, and the 

construction of  fauna habitats (e.g. coarse woody debris and logs stockpiled during clearing). 
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7.8.3 Installation of Artificial Hollows  

Ecological restoration is expected to provide habitat suitable for black cockatoo foraging and roosting 

within six to eight years following vegetation establishment. However, restoration of black cockatoo 

breeding habitat (i.e. hollows) will take significantly longer (i.e. >100 - 200 years), (Finn, H. 2011). 

To account for this delay, artificial hollows will be installed to offset for impacts in relation to the 

clearing of breeding habitat, known nesting trees and trees with potentially suitable hollows. Previous 

offsets in the region have successfully implemented the installation of artificial hollows to provide 

nesting structures for black cockatoo species (NBGM, 2014; Talison 2018).In accordance with 

Worsley Alumina’s avoidance commitments against specific habitat values (ERD, Section 5.3.6), ≥ 

90% of confirmed black cockatoo breeding trees within the PAA will be avoided. Worsley Alumina 

will provide artificial hollows for the loss of habitat trees where clearing \cannot be avoided at a ratio 

of at least 3:1. The artificial hollows will be installed before clearing commences to maximise the 

ecological benefit of the offset.  

Artificial nesting hollows can be installed for any of the three threatened black cockatoo species, 

which allows breeding in areas where natural hollows are limited. Key criteria need to be met to 

ensure maximum chance of artificial hollow uptake. These criteria are addressed in the Worsley 

Alumina Threatened Fauna Pre-clearance Survey and Management Procedure  and the Worsley 

Alumina BFMP . These are: 

• The site is in a eucalypt woodland or forest within the known breeding range of the species; 

• Breeding is known or suspected at the site. There must also be evidence that a lack of available 
tree hollows is preventing breeding that would otherwise occur in the area; 

• The artificial hollows can be located in close proximity to adequate feeding areas – within a 12 
km radius; 

• The hollows are placed in secure locations and the necessary long-term security and annual 
maintenance is provided for the entire time that the artificial hollow will be in place; and 

• A suitable artificial hollow design is used. 

In alignment with the black cockatoo recovery plans, other conservation actions which will be 

considered for artificial hollow sites (subject to land access) are: 

• Protecting habitat by fencing and/or rabbit control to encourage regeneration of native vegetation; 

• Controlling competitive species such as galahs, corellas and feral bees that may occupy hollows; 

• Repairing old and damaged natural nesting hollows; 

• Revegetating with preferred food species and nesting trees; and 

• Creating linkages of vegetation between nesting and feeding areas.  

Monitoring and management of artificial hollows will commence immediately (within 12 months of 

installation) and will persist for a minimum of 30 years. Where required, Worsley Alumina will provide 

an endowment to a third party to ensure that monitoring and management of artificial hollows 

continues following this period. 

7.8.4 Woylie Conservation Actions 

There are two key indigenous woylie populations remaining in Western Australia: Dryandra and 

Upper Warren. While others exist (including reintroduced populations both within and outside WA), 

these two populations contain significant numbers and genetic diversity (A. Wayne pers. comm. 21 

July 2021). The Woylie would benefit from measures to protect and/or advantage these two 

‘Indigenous’ populations’ (A. Wayne pers. comm. 21 July 2021). 
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The key threat to Woylie populations in the south west of Western Australia is predation by cats and 

foxes (DEC, 2012e). In the absence of predator control, land protection and ecological restoration is 

likely to be of limited benefit to woylie. Feral cats and foxes are well established throughout Australia 

(Department of the Environment 2015). Effective control at a local scale is infeasible to achieve 

complete eradication. Additionally, long-term baiting techniques can reduce in effectiveness over 

time due to factors such as bait resistance and shyness, and strong selective pressure against 

individuals that take baits (T. Fleming pers. comm. 21 July 2021). On this basis, the most successful 

management measure to provide benefit to woylie populations is through establishment of a 

predator-free exclosure within suitable, secure habitat. 

To promote the conservation of Woylie, a third ‘insurance’ population will be established within a 

dedicated conservation reserve, with aims of: 

• increasing and maintaining abundance of woylie; 

• increase genetic diversity of woylie at this site; and 

• providing an additional source population of genetically diverse, robust individuals to 
surrounding areas/populations. 

Worsley Alumina expect to (conservatively) provide offset benefit for woylie at a ratio of at least 4:1 

individuals. Implementation of the conservation reserve and development of the predator exclosure 

will commence prior to the commencement of mining activities. 

Habitat protection will be implemented to ensure permanence as far practicably possible. 

Management activities will deliver, at a minimum, appropriate environmental outcomes for life of 

impact. Offsets will involve collaboration with third parties that may continue the management of 

offsets following completion by Worsley Alumina. 

7.8.5 Research 

Additional to the suite of direct offsets proposed, Worsley Alumina proposes to support targeted 

research where it will add significant value to the outcomes of on-ground management and the 

understanding of the conservation significant species being impacted. This research is intended to: 

• address specific knowledge gaps relating to conservation significant species conservation and 
management; 

• contribute to addressing priority research questions, in alignment with established recovery or 
threat abatement plans, programs, and as directed by advice from subject matter experts; and 

• involve key community stakeholders in the design, conduct and reporting of research projects 
(e.g. citizen science), where appropriate. 

7.9 PROPOSED OFFSETS 

Several offset options were identified following preliminary analysis to fully account for the SRI to 

conservation significant species from the Revised Proposal, following the implementation of 

avoidance, minimisation and mitigation measures. These offset options were then prioritised 

according to effectiveness, feasibility and scale, and in consideration of risks and additional benefits 

(BOP, Section 4) .  This process has identified the following offsets as providing the lowest risk and 

greatest benefit for impacted conservation significant species: 

• Direct Offset 1 – Provision of Worsley Alumina land (4,175 ha) for habitat protection supporting 
offset for Carnaby’s, Baudin’s and forest red-tailed black cockatoo, chuditch, western ring-tail 
possum and quokka, and 435 ha of ecological restoration of cleared agricultural land supporting 
offset for Carnaby’s, Baudin’s and forest red-tailed black cockatoo, chuditch and quokka (BOP 
Section 4.1). 
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• Direct Offset 2 – Provision of Worsley Alumina land (220 ha) for habitat protection supporting 
offset for Carnaby’s, Baudin’s and forest red-tailed black cockatoo, chuditch, and red-tailed 
phascogale, and 417 ha of ecological restoration of cleared agricultural land supporting offset for 
Carnaby’s, Baudin’s and forest red-tailed black cockatoo, chuditch and red-tailed phascogale. 
(BOP Section 4.2); 

• Direct Offset 3 – Targeted ecological restoration of black cockatoo habitat (4,299 ha) in priority 
locations within the range of the species. This offset also provides benefits for Chuditch (BOP 
Section 4.3); 

• Direct Offset 4 – Strategic installation of artificial hollows (ratio of at least 3:1) in priority locations 
for black cockatoos (BOP Section 4.4); 

• Direct Offset 5 – Woylie conservation reserve and associated actions (BOP Section 4.5); and 

• Indirect Offset – targeted research projects and partnerships aimed at improving the 
management and protection of impacted MNES, enhancing habitat values and/or counteracting 
the impact of clearing MNES habitat (BOP Section 4.6). 

A summary of the proposed offsets is provided in Table 7-1. The benefit represented by these offsets 

for each of the impacted conservation significant species has been summarised in Table 7-2. The 

calculation and valuation of direct offsets is presented in Tables 11 to 13 of the BOP.  The scale of 

the proposed offsets has been determined using a conservative approach for evaluating habitat 

quality and importance, as discussed in Section 5.3.7. It has been informed by both the EPBC Act 

Environmental Offsets Policy (DSEWPaC 2012a) and the WA Environmental Offsets Policy (EPA 

2011). The quantum of offsets required for each species has been determined through the use of 

the EPBC Act Offsets Assessment Guide (DSEWPaC 2012b) and Offsets Calculator.  Records of 

these calculations are included in Appendix L. It should be noted that further offsets activities may 

change over time in line with adaptive management measures as appropriate, or may move away 

from the provision of individual projects to consider opportunities support of broader regional offset 

initiatives; e.g. via a South-west environmental offset fund. These changes will be indicated via the 

Annual Biodiversity Offset Report (ABOR). 

Details of the individual direct offsets are presented in Sections 4.1 to 4.5 of the BOP, including the 

objectives and outcomes, description of actions, success criteria, timelines, milestones and 

monitoring arrangements.     
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Table 7-1  Summary of the Proposed Offsets Including Reference Locations for Further Details (in italics) 

 Offset 1 
Habitat Protection & 

restoration 

Offset 2 
Habitat protection 

and targeted 
ecological 

restoration (Red-
Tailed Phascogale, 
Black Cockatoos 

and Chuditch) 

Offset 3 
Ecological 

Restoration (Black 
cockatoo & 
Chuditch) 

Offset 4 
Artificial Hollows 
(Black Cockatoo) 

Offset 5 
Conservation 

Reserve (Woylie) 

Objectives and 
outcomes 

Provision of Worsley 
Alumina land for both 
habitat protection and 
ecological restoration 
(land that has not 
previously disturbed 
for mining or was 
restored from land 
cleared for agriculture 
prior to mining) 

BOP Section 4.1 

Provision of Worsley 
Alumina land (220 ha) 
for habitat protection 
supporting offset for 
three black cockatoo 
species, chuditch, and 
red-tailed phascogale, 
and 417 ha of 
ecological restoration 
of cleared agricultural 
land supporting offset 
for Carnaby’s, 
Baudin’s and forest 
red-tailed black 
cockatoo, chuditch 
and red-tailed 
phascogale. BOP 
section 4.2 

Targeted ecological 
restoration of black 
cockatoo habitat 
(4,299 ha) in priority 
locations within the 
range of the species. 
This offset also 
provides benefits for 
Chuditch 

BOP Section 4.3 

Strategic installation 
of artificial hollows to 
replace hollows lost 
through clearing at a 
ratio of at least 3:1, in 
priority locations for 
black cockatoo.  

BOP Section 4.4 

Provide a safe haven 
from predation 
(namely, a fenced, 
predator exclosure), 
containing 
foraging/refuge habitat 
for the woylie; 
establish a woylie 
‘insurance’ population 
to supplement existing 
extant Indigenous 
populations within 
south-west WA (i.e. 
Dryandra, Perup) and 
complement 
reintroduced 
populations elsewhere 
within Australia 

BOP Section 4.5 

Actions All proposed Offsets require further consultation with EPA and DAWE as to their acceptability.  The Worsley Alumina 
Biodiversity Offset Plan and Offset implementation plans are provided as an appendix to the BOP and list actions, 
timelines/milestones, monitoring and reporting timelines as well as contingency measures and proposed governance 
arrangements  

BOP Section 4 

Timelines/milestones 

Monitoring   



 

 Worsley Mine Expansion Environmental Review Document 639 
 

 Offset 1 
Habitat Protection & 

restoration 

Offset 2 
Habitat protection 

and targeted 
ecological 

restoration (Red-
Tailed Phascogale, 
Black Cockatoos 

and Chuditch) 

Offset 3 
Ecological 

Restoration (Black 
cockatoo & 
Chuditch) 

Offset 4 
Artificial Hollows 
(Black Cockatoo) 

Offset 5 
Conservation 

Reserve (Woylie) 

 
 
 
 

Offset Implementation Plans 

Reporting details & 
timing 

Annual Reporting is proposed for all offsets.  An Annual Biodiversity Offset Report (ABOR) will be provided as an 
appendix to the Worsley Alumina Annual Environmental Report.  This will include implementation progress, reporting on 
monitoring as well as any contingency measures or adaptive management activities that have been implemented 

BOP Section 6.3 

Offset Implementation Plans 

Financial 
Arrangements 

Planning for and implementation of the offsets through the detail outlined in the Offset Implementation Plans will be 
delivered through accounting mechanisms (e.g. annual budgeting processes). In accordance with International Financial 
Reporting Standards or South32’s accounting policies and Worsley Joint Venture Commercial Arrangements.  In addition 
Worsley Alumina has also been exploring options for ensuring funding is available for the long term requirements of the 
offsets.  

BOP Section 5.2  

Risks & Contingency 
measures 

Planning for and implementation of the offsets through the detail outlined in the Offset Implementation Plans will be 
delivered through accounting mechanisms (e.g. annual budgeting processes). In accordance with International Financial 
Reporting Standards or South32’s accounting policies and Worsley Joint Venture Commercial Arrangements.  In addition 
Worsley Alumina has also been exploring options for ensuring funding is available for the long term requirements of the 
offsets.  

Governance 
Arrangements 

BOP Section 5.2 
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Table 7-2 Summary of Expected Benefit from Offsets for Conservation Significant Species 

Conservation significant species 
(EPBC Acta and WA BC Actb) 

Adjusted 
impact (ha)d 

Proposed offset 

Forest red-tailed black cockatoo  

(Calyptorhynchus banksii naso) 
4,795 

4395 ha for habitat protection and management (Direct Offset 1,2) 

5,081 ha for ecological restoration and management (Direct Offset 1,2,3) 

Installation of 200 artificial hollows for the three species of black cockatoo (Direct Offset 4) 

Value of mine site rehabilitation applied as an offset – 4,826 ha 

Baudin’s black cockatoo  

(Calyptorhynchus baudinii) 
4,795 

4395 ha for habitat protection and management (Direct Offset 1,2) 

5,081 ha for ecological restoration and management (Direct Offset 1,2,3) 

Installation of 200 artificial hollows for the three species of black cockatoo (Direct Offset 4) 

Value of mine site rehabilitation applied as an offset – 4,826 ha 

Carnaby’s black cockatoo  

(Calyptorhynchus latirostris) 
4,795 

4395 ha for habitat protection and management (Direct Offset 1,2) 

5,081 ha for ecological restoration and management (Direct Offset 1,2,3) 

Installation of 200 artificial hollows for the three species of black cockatoo (Direct Offset 4) 

Value of mine site rehabilitation applied as an offset – 4,826 ha 

Woylie  

(Bettongia penicillata ogilbyi) 
1,857 

3,586 ha for habitat protection and management (Direct Offset 1) 

Woylie conservation reserve – net gain of 40 individuals (Direct Offset 5) 

Value of mine site rehabilitation applied as an offset – 1,707 ha 

Chuditch  

(Dasyurus geoffroii) 
4,749 

4,395 ha for habitat protection and management (Direct Offset 1,2) 

5,081 ha for ecological restoration and management (Direct Offset 1,2,3) 

Value of mine site rehabilitation applied as an offset – 4,826 ha 

Red-tailed Phascogale 

(Phascogale calura) 
381 

185 ha for habitat protection and management (Direct Offset 2) 

417 ha for ecological restoration and management (Direct Offset 2) 

Value of mine site rehabilitation applied as an offset – 339 ha 

Western ringtail possum  225 3,677 ha for habitat protection and management (Direct Offset 1) 
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Conservation significant species 
(EPBC Acta and WA BC Actb) 

Adjusted 
impact (ha)d 

Proposed offset 

(Pseudocheirus occidentalis) Value of mine site rehabilitation applied as an offset – 205 ha 

Quokka  
(Setonix brachyurus) 

225 

3,677 ha for habitat protection and management (Direct Offset 1) 

297 ha for ecological restoration and management (Direct Offset 1) 

Value of mine site rehabilitation applied as an offset – 205 ha 

a: EPBC Act refers to the Commonwealth Government Environment Protection and Biodiversity Conservation Act 199 

b: BC Act refers to the Western Australian Government Biodiversity Conservation Act 2016 

c: Species status as classified as EN – endangered, VU- vulnerable, CR – critically endangered, T- threatened, MI- migratory species, CD – species of special conservation interest, IA – migratory birds 

protected under an international agreement, S1 – schedule 1 (critically endangered species), S2 – schedule 2 (endangered species), S3- schedule 3 (vulnerable species), S6 – schedule 6 (conservation 

dependent fauna)  

d: Adjusted impact accounts for the remaining impact after avoidance, minimisation and mitigation measures (see ERD section 4 & 5), as well as consideration of habitat quality (condition and importance 

within the landscape context
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7.10 OFFSET IMPLEMENTATION PLANS 

Worsley Alumina, with advice from Western Australian and Commonwealth governments, the 

Worsley Biodiversity Offset Advisory Group (BOAG) and key stakeholders, will coordinate the 

development of Offset Implementation Plans (OIPs) for each direct offset. The purpose of the OIP is 

to outline the management objectives, actions and outcomes necessary to fulfil Worsley Alumina’s 

offset proposal outlined in the BOP.  Worsley Alumina intends to provide offsets in a staged approach 

to progressively account for the residual impact of the operations.  A schematic of how OIPs fit into 

the overall offset process is provided in Figure 7-4. 

 

Figure 7-4 Biodiversity Offset Governance Structure and Function 

The implementation of offsets will be staged to coincide with clearing for mining activities associated 

with the Revised Proposal. The location and extent of clearing and its impact on each species of 

MNES within the BOP will be quantified for each 5-year period and suitable offsets will be scheduled 

for implementation prior to the clearing commencing. This will enable OIPs to be developed and 

submitted for approval within appropriate timeframes. Annual reporting on the progress of each 

offset will be included in the Worsley Alumina Annual Environmental Report (AER). Biodiversity 

South32
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(EMLG including DAWE)
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offset planning will also be incorporated in annual strategic planning via the Life of Operation 

Planning and Plan of Bauxite Mining Operations (10 year) planning processes. 

Each Draft OIP has been provided in Appendix L and final versions will be submitted to DAWE and 

EPA at least 12 months prior to the implementation of that offset and will include: 

• A logic framework that defines intent, goals, objectives, activities and anticipated results; 

• Detail of the SRI associated with the impact the project/plan is intended to offset; 

• Identifying and sourcing land subject to intervention (restoration, protection) and management 
as part of direct offsets; 

• The specific conservation activities to be undertaken as part of the offsets, with associated 
objective targets and completion criteria; 

• Adaptive management response should the objective targets and completion criteria not be 
met; 

• Funding arrangements and timing of funding for conservation activities; 

• Monitoring, evaluation, reporting and auditing requirements for conservation activities; 

• Timing and project scheduling, including agreed reporting and sign off for offsets and how 
implementation will occur alongside Project implementation; 

• The role of Worsley Alumina in delivery of the offset package; and 

• The role of the BOAG and Regulators in review and approval of the offset package. 

7.10.1 Schedule 

The schedule for offsets is aligned with Principle 7 and Principle 8 of EPBC Act Environmental 

Offsets Policy and Principle 5 and Principle 6 of the WA Environmental Offsets Policy, as detailed in 

Section 7.14. Offsets will be implemented prior to clearing activities for mining commencing 

wherever practicable to ensure ecological benefit is provided simultaneously with the impact to 

conservation significant species. Where this is not possible, the time delay between clearing and the 

commencement of the offset will be factored into the amended offset quantum in the appropriate 

OIP through application of  the EPBC Act offsets assessment guide. 

Direct Offsets 1, 2, 4 and 5 will commence prior to vegetation clearing associated with the Revised 

proposal, providing they are acceptable to the relevant regulatory agencies. Direct Offset 3 and 

potentially indirect offsets, if required, will be implemented in a staged process in line with mining 

activities as predicted for each 5-year period and verified in 12 month mining plans. While these 

offsets will be staged, the intention is for offsets to commence prior to the clearing they are intended 

to counterbalance wherever possible. 

The indicative scheduling for the implementation process of each offset is presented in Table 26 to 

Table 30 of the BOP.  

7.10.2 Financial Arrangements   

The OIPs will be delivered through accounting mechanisms (e.g. annual budgeting processes) in 

accordance with International Financial Reporting Standards or South32’s accounting policies and 

Worsley Joint Venture Commercial Arrangements. The commitment to provide finance for offsets 

demonstrates conformance with Principle 3, Principle 6, Principle 7 and Principle 8 of the EPBC Act 

Environmental Offsets Policy and Principle 3 and Principle 6 of the WA Environmental Offsets Policy 

(see Section 7.14). Financial planning will ensure the strategic allocation of funding and/or assets 

(e.g. land) to support cost-effective delivery of activities in alignment with the OIP. 

The general financial provision will provide for offset benefits via strategic land acquisition (e.g. direct 

acquisition, third-party lease agreements), restoration and management of ecological linkages, 
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conservation actions relevant to conservation significant species and actions that provide broader-

scale social and environmental co-benefits (e.g. potential employment opportunities, citizen science, 

integrated landscape-scale threat management). 

The offset strategy includes ongoing requirements for implementing, managing and monitoring the 

performance of biodiversity offset projects.  This may continue after mining ends.  For example: 

a) managing, monitoring and maintaining ecological restoration; 

b) supporting management (including threat abatement and fire management) and monitoring 

(of MNES, threat abatement and against offset criteria) of the environment to facilitate long 

term habitat protection and ecological restoration; 

c) funding long term research and regional conservation programs to achieve an indirect offset;  

d) facilitating the monitoring and management of artificial Black Cockatoo breeding hollows 

established under the Worsley Black Cockatoo Artificial Hollow Plan; 

e) establishing, monitoring and managing a Woylie exclosure in partnership with an appropriate 

third party conservation group; and 

f) Worsley Alumina is exploring options for ensuring funding is available for these long term 

requirements, especially for requirements that may continue after revenue from mining ends.  

These include a trust fund and a bank guarantee.  

Worsley Alumina is considering establishing a charitable trust fund that Worsley Alumina contributes 

to over the life of the project and that may be used to fund offset activities that need to continue after 

mining finishes to achieve specified objectives.  The trustee could potentially be the Public Trustee 

of Western Australia (as for the Great Victoria Desert Biodiversity Trust (GVDB Trust)), or a 

professional independent trustee.  The trust deed may also establish a management panel, 

comprising various stakeholders, to assist the Trustee to make decisions about how to administer 

the funds to achieve the objectives.  

Another option is for Worsley Alumina to obtain a bank guarantee or a performance bond to fund 

activities that achieve the offset objectives after mining is finished, including if Worsley Alumina (or 

the proponent at the time) defaults or becomes insolvent while the various offset maintenance 

obligations are ongoing.  A performance bond or bank guarantee would mean that a third party, such 

as South32, or a bank is obliged to provide the specified funding for purposes specified in the 

contract, should the proponent at the time be in default or unable to meet the relevant offset 

requirements. 

7.10.3 Governance Arrangements 

Offset programs and activities conducted under the BOP will be administered by Worsley Alumina 

(Figure 7-4) with advice from the Worsley BOAG. These proposed offset governance arrangements 

demonstrate Principle 5, Principle 6, Principle 7 and Principle 8 of EPBC Act Environmental Offsets 

Policy and Principle 4, Principle 5 and Principle 6 of the WA Environmental Offsets Policy (see 

Section 7.14). Specifically, the administration of the offset by Worsley Alumina will involve: 

• Reviewing recommendations provided by Worsley BOAG; 

• Ensuring the strategic use of funds for projects that are aligned with Worsley Alumina’s proposed 
BOP and achieving offset outcomes; identifying and detailing which conservation activities are 
to be utilised as an offset, based on Worsley Alumina’s BOS and the BOP; 
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• Approving and disbursing funding for projects and conservation activities in alignment with MNES 
offset principles to be provided as offsets; 

• Providing strategic financial oversight and/or participation with the fund to achieve and validate 
desired BOP objectives; and 

• Approving the overall funding available to each round of funding applications (including both 
open calls for projects and expressions of interest). 

The role of the regulators and the BOAG in the delivery of offsets by Worsley Alumina includes: 

• Input into the development of draft OIPs; 

• Endorsement of the OIP for implementation and 

• Review, input, endorsement of the offset, including acquittal. 

7.10.3.1 Biodiversity Offset Advisory Group 

The BOAG will provide appropriate advice, guidance and independent review of the OIPs to ensure 

they align with the long-term values, objectives and direction of the BOS, the BOP and ultimately 

counterbalance the SRI associated with the Revised Proposal. 

Key stakeholders are likely to be sought from within Worsley Alumina, delivery organisations, 

academic institutions (especially those undertaking relevant research in the region or with relevant 

knowledge in the species relevant to Worsley Alumina’s activities) and other key groups of relevance 

(e.g. DBCA, Traditional Owners, non-government organisations). 

Stakeholders from key relevant groups will provide guidance and advice where they possess 

appropriate regional expertise and/or expertise in matters relevant to Worsley Alumina’s activities.  

It is anticipated that this would involve: 

• Identifying key synergies between existing projects and opportunities for strategic expansion of 
existing projects; 

• Identifying key regional knowledge gaps and projects to address these gaps; 

• Ensuring that projects and activities are aligned with regional plans (or similar), where relevant, 
and contribute to positive environmental and social outcomes across the region; and 

• Potentially reviewing expressions of interest, open call project submissions and making 
appropriate recommendations for funding. 

Governance arrangements for offsets are summarised in Table 7-3. 

Table 7-3 Offset Governance Arrangements 

Element Role  Responsibility 

Provision of funds 
for offsetting 

Establishment of an appropriate funding 
mechanism for offsets 

Worsley Alumina 

Offset 
implementation 

Scheduling of offset commencement Worsley Alumina 

Report to regulators through 5-year and 
annual plans 

Worsley Alumina 

Development of OIP  

Worsley Alumina  

BOAG to review draft 
and endorse 

Regulators (DAWE and 
EPA) to approve final 
OIP 
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Offset works to be undertaken as per OIP 
Worsley Alumina 

BOAG to provide advice 

Collaboration with third parties for 
continuance of offsets  

Worsley Alumina  

BOAG to provide advice 

Review of offset 
outcomes/ 
completion 

Undertake offset monitoring against defined 
objectives and completion criteria set out in 
OIP 

Worsley Alumina 

Review achievement of offset outcomes 
against requirements in OIP. Regular review 
period defined in OIP 

Worsley Alumina 

BOAG to provide advice 

Identify and implement any changes to offset 
needed to deliver counterbalance to SRI in 
response to monitoring/adaptive 
management 

Worsley Alumina  

BOAG to provide advice 

EPA/DAWE to approve 
any amendments to OIP 

Completion of offsets 

Worsley to demonstrate 
in Annual Compliance 
Report how completion 
criteria set out in OIP 
have been met 

Offset Reporting 
Report on offset outcomes in ABOR and AER 
provided to BOAG, EPA and DAWE 

Worsley Alumina 

7.11 MANAGEMENT PROCESS 

Worsley Alumina’s commitment to the offset management process is in alignment with Principle 5, 

Principle 7 and Principle 8 of EPBC Act Environmental Offsets Policy and Principle 5 and Principle 

6 of the WA Environmental Offsets Policy (see Section 7.14). 

7.11.1 Maintenance and Monitoring 

Each OIP will set out its offset management, monitoring, review and reporting requirements.  These 

requirements will be designed to ensure that each offset is implemented to deliver the objective of 

the counterbalancing identified for each SRI and achieves the completion criteria set out in each 

OIP. 

Worsley Alumina will monitor all conservation, management and ecological restoration actions 

undertaken on an annual basis against the requirements in each OIP and the BOP. Maintenance 

and monitoring are required to ensure that the implementation of offsets has occurred as intended, 

and that the implementation has achieved, or is tracking towards, the achievement of the defined 

objectives and completion criteria set out in each OIP. On-going monitoring and maintenance of 

offset areas, where relevant, will ensure that objectives and completion criteria are being met. 

Monitoring of offset areas will be tailored according to the desired land use, ecosystem under 

management, intended offset action and outcomes. The results of the monitoring will be reported on 

annually, as detailed in Section 7.13. Section 6.1 of the BOP provides detail of the objectives, targets 

and performance indicators relevant to monitoring activities, including specific monitoring 

requirements for artificial hollows, ecological restoration and the Woylie conservation reserve.  
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7.12 CONTINGENCY MEASURES AND ADAPTIVE MANAGEMENT 

Contingency measures and adaptive management will be applied via review of the implementation 

of each OIP to ensure that offsets meet the identified outcomes and effectively work towards 

achieving the completion criteria set out in the OIP (which will be designed to counterbalance SRI 

identified in the OIP). This is consistent with Principle 1, Principle 5, and Principle 7 of EPBC Act 

Environmental Offsets Policy and Principle 4, Principle 5 and Principle 6 of the WA Environmental 

Offsets Policy, as detailed in Section 7.14. Contingency measures and adaptive management 

activities will be identified by Worsley Alumina (with advice from the BOAG).  Worsley will 

communicate proposed amendments to the OIPs and BOP to DAWE and EPA for their approval, 

and any approved changes to the OIPs and BOP will be made publicly available through the 

reporting process detailed in Section 7.13. 

Contingency measures will be developed for offsets via a risk assessment process and documented 

in each OIP. These measures will be implemented where monitoring indicates that key objectives 

are at risk of not being achieved (including as advised by the BOAG), following a process that will 

be described in the OIP for each offset. 

Adaptive management will be built into the implementation cycle for each offset, allowing for 

improvement through effective assessment, planning, implementation, monitoring and evaluation, 

and sharing of information. This will be documented in each OIP.  

7.13 REPORTING AND REVIEW 

The BOP will be formally reviewed at five-yearly intervals after approval of the Revised Proposal.  

The reviews will consider the ongoing suitability, adequacy and effectiveness of the overall offset 

plan for counterbalancing the SRI from the Revised Proposal and the associated management 

processes.  Where reviews indicate the need for amendment to the BOP, those amendments will be 

provided to the DAWE and EPA for approval.  

Worsley Alumina will monitor and audit implementation of each OIP to assess whether each offset 

is being implemented in accordance with the OIP and achieving the relevant completion criteria 

identified in the OIP. 

Worsley Alumina will provide offset forecasting and reporting through the ABOR, as described in 

Table 7-4. This reporting and review schedule is consistent with Principle 5, Principle 7 and Principle 

8 of EPBC Act Environmental Offsets Policy and Principle 5 and Principle 6 of the WA Environmental 

Offsets Policy (see Section 7.14). 

Table 7-4 Offset-related Reporting – Overview 

Report Relevance to offsets Frequency Audience 

BOP Details overall offset plan for 
counterbalancing SRI from 
Revised Proposal 

Prepared initially, and 
reviewed every 5 years. 

Worsley 
prepares 

BOAG provides 
advice. 

DAWE, EPA 
approve BOP 
and any 
amendments to 
BOP. 
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Report Relevance to offsets Frequency Audience 

Publicly 
available once 
approved. 

Offset 
Implementation 
Plans (OIP) 

Details particular offset, 
objectives and completion 
criteria for counterbalancing 
defined SRI, scheduling and 
financial provision.  

Prepared initially, and 
will include tailored 
annual monitoring 
program and 5 yearly 
review of OIP to assess 
whether changes are 
needed to achieve 
offset objectives and 
completion criteria. 

Worsley 
prepares, 

BOAG provides 
advice. 

DAWE, EPA 
approve OIP 
and 
amendments to 
OIP. 

Publicly 
available once 
approved 

10-year mine 
plan 

Forecasts the clearing and 
rehabilitation quantum and 
locations over the following 10-
year period against intended 
mine plans. Informs the SRI for 
which offsets will be required 
over the coming year, 5 and 10 
year periods. 

Annually  Provided to 
EMLG, BOAG, 
DAWE, EPA 

Annual 
Environmental 
Report (AER) 

A summary of the offset 
activities undertaken during the 
period of the report. 

Annually Report provided 
to DAWE, EPA 

Annual 
Biodiversity 
Offset Report 
(ABOR) 

Updated assessment of the SRI 
(in line with scheduling set out 
in the 10 year mine plan) and 
the compensation provided by 
offsets committed to in the OIP.  

A detailed acquittal of offset 
activities implemented against 
offset objectives and 
completion criteria set out in 
OIPs. 

Description of contingency 
measures of adaptive 
management activities that 
have been implemented under 
approved OIPs.  

 

Annually Report provided 
to BOAG 
DAWE, EPA 
and 

Publicly 
available once 
approved 
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7.14 DEMONSTRATION OF ALIGNMENT WITH COMMONWEALTH AND STATE OFFSET 

POLICIES 

Worsley Alumina has prepared the BOP to be consistent with the EPBC Act Environmental Offsets 

Policy and the WA Environmental Offsets Policy and associated Guideline. 

Table 7-5 Consistency with the WA Environmental Offsets Policy Principles 

Principle Alignment 

The Western Australian Government’s approach and requirements for environmental offsets are 
outlined in WA Environmental Offsets Policy (GoWA, 2011b). The WA EPA’s assessment and 
decision-making processes in relation to the use of environmental offsets are underpinned by the 
following principles. 

Principle 1. 
Environmental 
offsets will only be 
considered after 
avoidance and 
mitigation options 
have been pursued. 

Worsley Alumina has applied the avoidance and mitigation activities 
specifically considering biodiversity values, and offsets have only been 
proposed after full consideration of the mitigation hierarchy (avoid, 
minimise, mitigate). 

Specific avoidance minimisation and mitigation measures are described 
in Section 5. 

Principle 2. 
Environmental 
offsets are not 
appropriate for all 
projects. 

The proposed offsets are considered sufficient to reliably compensate for 
the significant residual impacts of the Revised Proposal according to both 
the WA Environmental Offsets Policy (GoWA, 2011b), as well as the 
EPBC Act Environmental Offsets Policy (DSEWPAC, 2012a):  

• Worsley Alumina has fully considered and applied the mitigation 
hierarchy (avoid, minimise, mitigate (i.e. rehabilitate)) prior to 
consideration of offsets. Specific avoidance, minimisation and 
mitigation measures are described in Section 5; 

• All conservation significant species for which offsets have been 
proposed have been identified outside of the PAA in the surrounding 
landscape. The removal of suitable habitat for these species is 
reasonably able to be compensated for without long-term detriment to 
the species, as detailed in the RISM (Table 5-52 ); 

• Offsets have only been proposed for impacts to conservation 
significant species that have known activities that reliably provide 
adequate (or better) compensation based on current scientific 
knowledge and precedent (BOP, Section 3); 

• When implemented, the proposed package of offsets will be adequate 
to provide compensation in full for significant residual impacts to 
conservation significant species as identified by the Significant Impact 
Guidelines 1.1 Environment Protection and Biodiversity Conservation 
Act 1999 (BOP, Section 3); and 

• In most cases, the proposed offset packages will provide a net gain 
for impacted conservation significant species. The implementation of 
proposed offsets will also prioritise the provision of other 
environmental and social benefits (BOP, Section 3). 

Principle 3. 
Environmental 
offsets will be cost-
effective, as well as 

Preliminary analyses for offsets have included consideration of cost, 
benefit and risk to ensure that offsets are feasible and cost-effective. 
Literature reviews (threatened species plans, scientific reports) and 
engagement with recognised species experts (through stakeholder 
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Principle Alignment 

relevant and 
proportionate to the 
significance of the 
environmental value 
being impacted. 

engagement) have been used to ensure that the proposed actions to be 
undertaken as offsets are effective and relevant to conservation 
significant species expected to be impacted by actions undertaken for the 
Revised Proposal (BOP, Section 2).  

The scale of offsets has been determined using both the EPBC offsets 
assessment guide, the EPBC Act Environmental Offsets Policy and 
DWER WA environmental offsets calculator to ensure that proposed 
offsets are not only proportionate to the significance of the environmental 
value being impacted, but that compensation will be more than adequate 
(i.e. provide a net benefit) factoring in time, risk and changes in 
environmental quality (BOP, Table 1, Section 3). 

Additionally, financial provisions have been established to provide 
economic certainty in the delivery of offsets and compensatory measures 
if required (Section 7.10.2). 

Principle 4. 
Environmental 
offsets will be based 
on sound 
environmental 
information and 
knowledge. 

Proposed offsets have been informed by relevant baseline studies, 
scientific research, stakeholder engagement (BOP, Appendix A) 
threatened species management plans, species recovery plans and 
knowledge of the Jarrah forest, collated over the last 30 years as well as 
science-based procedures and processes, including for protected areas, 
biodiversity areas of interest, threatened species management and 
restoration of native vegetation and habitat (BOP, Section 2). 

Offsets will incorporate adaptive management with advice from the BOAG 
to ensure that offsets are effective and provide relevant conservation 
outcomes for impacted conservation significant species over the course 
of each offset program (BOP, Section 5.2).  

Worsley Alumina will compile an annual report on all offset actions, 
including performance against objective targets, which will be submitted 
to the DAWE and EPA before being made publicly available (BOP, 
Section 5.3). 

Principle 5. 
Environmental 
offsets will be 
applied within a 
framework of 
adaptive 
management. 

Offsets have been designed to be consistent with Open Standards for the 
Practice of Conservation (Conservation Measures Partnership 2020), 
which includes an adaptive management approach (BOP, Section 5.2). 

Implementation of offsets under the BOP will occur within a framework of 
adaptive management and will be guided by ongoing advice and 
assessment from key stakeholders as part of the BOAG (BOP, Section 
4.3.1).  

The progress of offsets towards conservation outcomes will be reported 
on annually. These reports will be submitted to both DAWE and EPA for 
approval before being made publicly available (BOP, Section 5.3). These 
reports will highlight instances where contingency and adaptive 
management measures have been implemented.  

Principle 6. 
Environmental 
offsets will be 
focused on longer 
term strategic 
outcomes.  

The offsets proposed within the BOP are strategic and sit within a 
broader strategic framework established by the BOS (BOP, Section 
1.1.1.1), which seeks to: 

• optimise biodiversity outcomes from Worsley Alumina’s offset 
program; 

• adopt a planned regional approach that seeks linkages between 
areas of remnant vegetation; 

• pursue positive socio-economic outcomes; and 
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Principle Alignment 

• Further strategic development over the long-term is expected for 
offsets as the BOS has a vision “to co-develop with our partners an 
offsets strategy that delivers ecological, community and economic 
resilience across the region with a focus on innovative approaches 
and enduring outcomes”.  

The locations for offsets have been selected through a strategic 
prioritisation of:  

• habitat restoration sites to maximise landscape connectivity and 
biodiversity value (BOP, Sections 3.1, 3.2 and 3.3); and 

• strategic prioritisation of locations for installation of artificial hollows to 
maximise benefits to the impacted species of black cockatoos (e.g. 
targeted installation to facilitate uptake in areas where hollows are a 
limiting resource; BOP, Section 3.4). 

Offsets will be long-term and implemented and maintained to ensure that 
they, at a minimum, deliver appropriate environmental outcomes for the 
period of impact from mining activities (i.e. 30 years). Some offsets will 
endure past this and will be in effect permanent through the transfer of 
land and/or conservation covenants to protect areas of ecological 
restoration or habitat protection (BOP, Section 3).  

Offsets will involve collaboration with third parties that may continue 
management of offsets following completion by Worsley Alumina. 
Funding for offsets required in perpetuity (e.g. Installation of artificial 
hollows) will be structured to ensure management and maintenance of 
the offsets can continue in perpetuity (BOP, Section 4.2). 

 

Table 7-6 Consistency with the EPBC Act Environmental Offsets Policy 

Principle Alignment 

EPBC Act Principles – The Commonwealth Government’s approaches and requirements for 
environmental offsets are outlined in Environment Protection and Biodiversity Conservation Act 
1999 Environmental Offsets Policy (DSEWPaC, 2012a). The BOP’s specific compliance with 
each of the principles in the EPBC Act Environmental Offsets Policy is outlined below. 

Principle 1. Deliver 
an overall 
conservation 
outcome that 
improves or 
maintains the 
viability of the 
aspect of the 
environment that is 
protected by 
national 
environment law and 

Worsley Alumina propose offsets that will fully compensate for (no net 
loss) and in many cases provide additional benefit to (net gain) impacted 
conservation significant species. 

In total, 4,395 ha will be protected (in perpetuity) and managed (for life of 
impact) to maintain the viability of impacted MNES including black 
cockatoo’s29; Chuditch; western ring-tail possum; and quokka (BOP, 
Section 3.1). 

In total, at least 5,081 ha will undergo targeted ecological restoration and 
management (for life of impact) to recreate, improve and maintain viability 
of habitat for black cockatoo’s, Chuditch and red-tailed phascogales 
(sections 3.1, 3.2 and 3.3). 

 
 
29 The term ‘black cockatoo’s’ refers to Carnaby’s black cockatoo (Calyptorhynchus latirostris), Baudin’s Black Cockatoo 
(Calyptorhynchus baudinii) and forest red-tailed black-cockatoo (Calyptorhynchus banksia naso).  



 

 Worsley Mine Expansion Environmental Review Document 652 
 

Principle Alignment 

affected by the 
proposed action. 

Artificial hollows, at a ratio of at least 3:1, will be strategically placed in 
priority locations and maintained, monitored and managed (for life of 
impact) to offset the impact of the removal of confirmed black cockatoo 
breeding hollows (BOP, Section 3.4).  

A dedicated conservation reserve, including a >500 ha predator-free 
exclosure, for woylie will be established, protected (in perpetuity) and 
managed (for life of impact) (BOP, Section 3.5).  

Although the SRI will be wholly addressed through direct offsets, funding 
will be provided to support key research projects and partnerships related 
to the direct offsets that will enable enhancement of habitat values for 
MNES and/or counteract the impact of clearing MNES habitat (BOP, 
Section 3.6).  

Principle 2. Be built 
around direct offsets 
but may include 
other compensatory 
measures. 

The offset package has been designed with a focus on direct offsets 
(~100% of SRI), providing a combination of habitat protection, targeted 
ecological restoration and management. The remainder of the offset 
package (<10%) will comprise indirect offsets, focussed on research 
projects that fulfil gaps in knowledge for impacted MNES (BOP, Section 
3.6). Where research is to be commissioned, this will: 

• endeavour to improve the viability of the impacted MNES species; 

• be relevant, applicable and inform on-ground conservation and 
management action; 

• be transparent, scientifically robust and timely; and 

• consider best practice research approaches. 

Research that enhances the outcomes of the direct offset package will be 
prioritised. 

Principle 3. Be in 
proportion to the 
level of statutory 
protection that 
applies to the 
protected matter 

Offsets have been designed to compensate for the proportion of impact to 
each impacted MNES and scaled (through the use of the EPBC offsets 
assessment guide and the DWER WA environmental offsets calculator) 
to account for the conservation status of that species (BOP, Table 1, 
Section 3).  

Principle 4. Be of a 
size and scale 
proportionate to the 
residual impacts on 
the protected matter. 

The offset package has been designed to wholly account for an SRI (and 
in some instances greater) calculated for each impacted MNES with 
respect to the quality and quantity of the habitat to be impacted by the 
proposed development (Section 3).  

Principle 5. 
Effectively account 
for and manage the 
risks of the offset not 
succeeding. 

The BOP has accounted for risk via the following measures: 

• use of a detailed and conservative methodology for quantifying offset 
value for all eight significantly impacted MNES (BOP, Section 3) 
including associated risks of loss and confidence in results; 

• investment in preliminary analysis to inform the design of the offset 
structure and emphases, including offset benchmarking, land analysis 
and field reconnaissance of land for inclusion in the direct offset 
(BOP, Section 3.1); 

• planning of offsets is based on current scientific knowledge gained 
through document review and stakeholder engagement as well as 
more than 30 years of Worsley Alumina operational implementation of 
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Principle Alignment 

mine-site rehabilitation, including formal procedures, completion 
criteria and monitoring (BOP, Section 2.1); 

• implementation of a transparent offsets monitoring and evaluation 
framework against which objectives and completion criteria have 
been developed (BOP, Section 5); and 

• provisions for adaptive management including commitments to 
corrective actions and contingencies if completion criteria cannot be 
met (Section 5.2); and implementation of robust structures and 
governance to ensure effective design, implementation, evaluation 
and administration. This includes the BOAG that will involve key 
stakeholders who would provide technical support to ensure that 
offsets are delivered as per ‘best practice’ and that offset outcomes 
are achieved (BOP, Section 4.3.1). 

Principle 6. Be 
additional to what is 
already required, 
determined by law 
or planning 
regulations or 
agreed to under 
other schemes or 
programs (this does 
not preclude the 
recognition of state 
or territory offsets 
that may be suitable 
as offsets under the 
EPBC Act for the 
same action). 

Measures outlined in the BOP are new commitments and not required 
under any other existing approval, scheme or program: 

• offsets have been developed that they are new/additional 
conservation actions in consideration of species recovery plans, 
including their objectives and specific recovery actions, and relevant 
scientific literature, as well as engagement with relevant stakeholders 
(BOP, Section 2); and 

• proposed actions will be guided by the Worsley BOAG, subject matter 
experts and regulators and ensure they achieve benefit for impacted 
MNES (BOP, Section 4.3.1). 

Principle 7. Be 
efficient, effective, 
timely, transparent, 
scientifically robust 
and reasonable. 

• Efficiency and effectiveness of offsets will be achieved by ensuring 
that offsets are guided by Worsley BOAG, subject matter experts and 
regulators (Section 4.3.1); 

• Proposed offset activities build on already established and successful 
conservation and land management practices appropriate for the 
region (Section 2); 

• Timeliness has been achieved by ensuring that all offsets will be 
achieved as soon as practicable, including prior to impact wherever 
possible (BOP, Section 4.1). Further, time to benefit has been 
considered and factored into the quantification offset value (BOP, 
Section 3); 

• Transparency has been achieved by ensuring that the combination of 
the BOP and the OIPs clearly outlines key offset elements for all 
MNES species, methodology, assumptions, monitoring and 
contingency measures. Offset programs will be reported on annually, 
with these annual reports submitted to both DAWE and the EPA, 
before becoming publicly available; 

• Scientific robustness and reasonableness have been achieved 
through the design of the offsets using existing scientific and on-
ground knowledge gained through stakeholder engagement (BOP, 
Appendix A) as well as the proposed ongoing governance of the 
offset program (BOP, Section 4.3); and 
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Principle Alignment 

• Offset design has been developed in consideration of species 
recovery plans, including their objectives and specific recovery 
actions, and relevant scientific literature (Section 2) and proposed 
actions will be guided by the Worsley BOAG, subject matter experts 
and regulators and ensure they achieve genuine benefit for impacted 
MNES (BOP, Section 4.3.1). 

Principle 8. Have 
transparent 
governance 
arrangements 
including being able 
to be readily 
measured, 
monitored, audited 
and enforced. 

The governance of the BOP will be undertaken by Worsley Alumina, with 
input provided by the Worsley BOAG, subject matter experts and 
regulators as relevant to ensure ongoing adaptive management that 
maintains the effectiveness of offsets (BOP, Section 4.3). To ensure 
transparency and ethicality, planning and implementation of the BOP will 
also involve liaison with relevant third parties. 

The measurement and monitoring of offset outcomes will occur at pre-
defined intervals and with defined criteria to ensure that offsets meet key 
performance indicators and to ensure contingency measures are 
implemented should elements of offsets not be delivering tangible 
benefits for threatened MNES. The monitoring results will be provided to 
regulators (EPA and DAWE) in annual reports that will also be made 
publicly accessible following regulator acceptance (BOP, Section 5.3). 

7.15 PREDICTED OUTCOME 

The offsets framework is guided by the BOS, and is aligned with the committed strategic vision to 

engage with partners on an offsets strategy that delivers ecological, community and economic 

resilience across the region with a focus on innovative approaches and enduring outcomes. The 

BOP (Appendix L1) represents the first (BOP1) to be developed under the strategic framework of 

the BOS, to meet environmental offset requirements under both the Commonwealth EPBC Act and 

the WA EP Act for this Revised Proposal.  

The application of the proposed offset is anticipated to address the SRI associated with the Revised 

Proposal, particularly in relation to conservation significant fauna habitat. Offsets are considered 

appropriate to counterbalance the SRI for the impacted MNES species associated with the clearing 

of suitable habitat for each of the impacted species.  The offset implementation plans detail activities 

that intend to maintain the value and viability of habitat for impacted matters over the long term, 

including habitat protection, ecological restoration, on-ground management and installation of 

artificial hollows, with provision being made for a targeted research program.  

Worsley Alumina has included, as part of this Revised Proposal, the first draft of the Offset 

Implementation plans, which have been developed following consultation primarily with DWER, 

DAWE and DBCA from a regulatory and acceptability perspective and also with various subject 

matter experts and stakeholders as outlined in BOP Appendix A. It is expected these OIP’s will be 

further developed during the process of review of the Revised Proposal submission to finalise as 

part of the approval and these will be the agreed plan for counterbalancing the SRI of the Revised 

Proposal.      
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8 MATTERS OF NATIONAL ENVIRONMENTAL SIGNIFICANCE 

8.1 POLICY AND GUIDANCE 

The Commonwealth EPBC Act provides a legal framework for the protection of MNES. The EPBC 

Act requires that all actions that will or may have a significant impact on a MNES are referred to 

DAWE. Protected MNES under the EPBC Act include: 

• World heritage properties; 

• National heritage places; 

• Wetlands of international importance (listed under the Ramsar Convention); 

• Listed Threatened species and ecological communities; 

• Migratory species protected under international agreements; 

• Commonwealth marine areas; 

• Great Barrier Reef Marine Park; 

• Nuclear actions (including uranium mines); and 

• A water resource, in relation to coal seam gas development and large coal mining development. 

The objectives of the EPBC Act are to: 

• Provide for the protection of the environment, specifically MNES; 

• Conserve Australia’s biodiversity; 

• Protect biodiversity at an international scale by controlling the international movement of wildlife;  

• Provide a streamlined national environmental assessment and approvals process; 

• Protect world and national heritage places; and 

• Promote ecologically sustainable development. 

The Matters of National Environmental Significance: Significant Impact Guidelines 1.1 (DoE, 2013b) 

provide guidance on determining whether a proposal is likely to require referral under the EPBC Act. 

The EPBC Act allows for the provision of survey guidelines for Threatened species and ecological 

communities. Those of relevance to the Revised Proposal include: 

• Draft survey guidelines for Australia’s Threatened orchids: Guidelines for detecting orchids listed 
as ‘Threatened’ under the EPBC Act (DoE, 2013a); 

• Survey guidelines for Australia's Threatened birds: Guidelines for detecting birds listed as 
Threatened under the EPBC Act (DEWHA, 2010); and 

• Survey guidelines for Australia's Threatened mammals: Guidelines for detecting mammals listed 
as Threatened under the EPBC Act (DSEWPAC, 2011a). 

Where there remains a Significant Residual Impact to a MNES, the EPBC Act allows for the provision 

of offsets to address the residual risk through the Environmental Offsets Policy (DSEWPAC, 2012b). 

8.2 CONTROLLED ACTION PROVISIONS 

The Revised Proposal has the potential to affect listed Threatened species and, as a consequence, 

DAWE determined that the Revised Proposal is a Controlled Action under the EPBC Act (October 

2019). Therefore, it requires formal assessment under the EPBC Act (EPBC 2019/8437).  

The DAWE determined the relevant controlling provisions to be “listed threatened species and 

communities (sections 18 & 18A)”. 
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Based on the information in the referral, DAWE determined that the Revised Proposal has the 

potential to have a significant impact on the following listed Threatened species: 

• Forest Red-tailed Black-Cockatoo (Calyptorhynchus banksii naso) – Vulnerable; 

• Carnaby’s Black Cockatoo (Calyptorhynchus latirostris) – Endangered; 

• Baudin’s Black Cockatoo (Calyptorhynchus baudinii) – Endangered; 

• Red-tailed Phascogale (Phascogale calura) – Vulnerable; 

• Woylie (Bettongia penicillata ogilbyi) – Endangered; and 

• Western Ringtail Possum (Pseudocheirus occidentalis) – Critically Endangered. 

The DAWE advised on 24 October 2019 that under Section 87 of the EPBC Act the Revised 

Proposal would be assessed through an accredited assessment with the WA Government. 

Refer to Section 2.1.2 for further discussion of the Commonwealth assessment process as relevant 

to the Revised Proposal. 

8.3 SUMMARY OF EXISTING ENVIRONMENTAL VALUES THAT RELATE TO MNES 

Worsley Alumina have undertaken numerous baseline and targeted terrestrial fauna and flora and 

vegetation surveys in the PAA and surrounds since 1980. The surveys undertaken are outlined in 

Section 5.2.3.1 (Terrestrial Flora and Vegetation) and Section 5.3.3.2 (Terrestrial Fauna). Worsley 

Alumina have also undertaken a number of aquatic fauna studies, as outlined in Section 5.5.3 

(Inland Waters). The results from these surveys allow Worsley Alumina to make an informed 

assessment of the presence of EPBC Act listed species within the PAA. 

Based on the outcomes of the surveys, and in consideration of the Commonwealth MNES 

Significance Impact Guidelines 1.1 (DoE, 2013b), the following MNES could potentially be 

significantly impacted by the Revised Proposal: 

• Forest Red-tailed Black-Cockatoo (Calyptorhynchus banksii naso) – Vulnerable; 

• Carnaby’s Black Cockatoo (Calyptorhynchus latirostris) – Endangered; 

• Baudin’s Black Cockatoo (Calyptorhynchus baudinii) – Endangered; 

• Red-tailed Phascogale (Phascogale calura) – Vulnerable; 

• Woylie (Bettongia penicillata ogilbyi) – Endangered; 

• Western Ringtail Possum (Pseudocheirus occidentalis) – Critically Endangered; 

• Chuditch (Dasyurus geoffroii) – Vulnerable; and 

• Quokka (Setonix brachyurus) – Vulnerable. 

It is recognised that two other MNES species, the Threatened flora Caladenia hopperiana and the 

vulnerable Carter’s Freshwater Mussel (Westralunio carteri), occur in the PAA.  

While Caladenia hopperiana has been recorded in the PAA, there will be no direct impacts to the 

species.  Known locations have been mapped in the field and added to the Worsley Alumina 

Protected Areas Plan.  This will ensure that individuals are avoided, and the buffer placed around 

the individuals will ensure indirect impacts such as dust and water table changes are highly unlikely. 

The Carter’s Freshwater Mussel has been identified in the Freshwater Lake (an artificial water 

storage located at the Refinery and is used to support existing operations) and in the Augustus River, 

downstream of the Freshwater Lake and CBME. No direct impacts are expected to this species as 

a result of the Revised Proposal.  No habitat for the mussel will be directly impacted and indirect 

impacts associated with water quality will be avoided through implementation of  proposed mitigation 

measures outlined in Section 5 and current practices employed at the refinery to maintain water 

quality.  
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The Revised Proposal will not materially change the existing values of the Freshwater Lake with 

long-term water quality monitoring data demonstrating that the water body provides favourable 

conditions to support the Carter’s Freshwater Mussel despite being utilised for existing operations. 

Such conditions are expected to be maintained during the Revised Proposal. The Freshwater Lake 

is not considered to provide critical habitat for the Carter’s Freshwater Mussel at a regional scale 

(Stantec, 2021  ) and the species will continue to be supported in other locations throughout the 

southwest.   

Vegetation surveys conducted within the PAA have not identified any EPBC listed Threatened 

Ecological Communities and no further assessment is provided.  

A more detailed summary of existing environmental values relating to MNES is provided in 

Section 5.2.3 (for flora), Section 5.3.3 (for terrestrial fauna) and Section 5.5.3.4.1 (for aquatic 

fauna).  

It is important to note there are existing project elements associated with the Worsley Alumina 

Project that are fully operational that will not undergo any changes as a result of the Revised 

Proposal (e.g. the Refinery OBC and regional exploration). These operations are considered 

inherent in the receiving environment. Refer to Section 1.3 for further discussion. 

8.4  ASSESSMENT OF POTENTIAL IMPACTS ON MNES 

The potential direct and indirect impacts to MNES associated with the Revised Proposal have 

previously been assessed in detail in Section 5.2.4 (for flora), Section 5.3.4 (for terrestrial fauna) 

and Section 5.5.4 (for aquatic fauna).  In summary, the potential significant impacts or threats to 

MNES identified as a result of the Revised Proposal include:  

Direct Impacts 

• Loss of approximately 5,993 ha30 of potential habitat for the three species of Black Cockatoo. 
Native vegetation, rehabilitation and plantation areas are known to be used by the species within 
the PAA. This includes: 

• Approximately 5,200 ha of high value breeding habitat for the Carnaby’s Black Cockatoos;  

• Approximately 5,311 ha of high value breeding habitat for the Forest Red-tailed Black 
Cockatoos; and 

• An estimated 65 breeding trees that may be used by Carnaby’s or Forest Red-tailed Black 
Cockatoos. 

• Worsley will not clear more than 449 ha of the 690.9 ha of Red-Tailed Phascogale habitat 
identified within the PAA and shown on the map in Figure 2 of the Protected Areas Plan, with 13 
individuals recorded in the PAA. All individuals have been recorded within the Quindanning 
Timber Reserve area of the WMDE, east of the Pinjarra-Williams Road (Section 5.3.4.1.1). 
Based on this, the species is considered likely to be restricted to the eastern portion of the 
Quindanning area; 

• Worsley will not clear more than 2,631 ha of the 4,385 ha of Woylie habitat identified within the 
PAA and shown on the map in Figure 1 of the Protected Areas Plan, with the species being 
recorded at seven locations in the northern portion of the PAA in contiguous forest habitat 
surrounding the BGM operation to the north of the Hotham River (Section 5.3.4.1.1); 

• Loss of approximately 236 ha of potential habitat for the Western Ringtail Possum, with two 
individuals recorded in the PAA (CBME) (Section 5.3.4.1.1); 

 
 
30 Refer to the footnote provided to Table 5-34 for clarification of the clearing of vegetation as related to fauna habitat 
types specific to terrestrial fauna, inclusive of MNES. 
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• Loss of approximately 5,915 ha (comprising 5,310 ha is preferred habitat and 605 ha of 
rehabilitation)30 of potential habitat for the Chuditch, with 157 records for the species being 
recorded in the PAA (WMDE and BTC) (Section 5.3.4.1.1); 

• Loss of approximately 236 ha of potential habitat for the Quokka, with the species being recorded 
at eight locations and a single individual captured in the PAA (CBME) (Section 5.3.4.1.1); and 

• Injury, mortality or displacement of fauna due to construction and operations, including vehicle 
strikes (Section 5.3.4.2). 

Indirect Impacts 

• Fragmentation of habitat making it difficult for some species to move through the landscape. 
(Section 5.3.4.1.1); 

• Disturbance of native fauna as a result of dust, noise and vibration generated during construction 
and operations (Section 5.3.4.3);  

• Potential introduction of pests and disease (e.g. dieback) which may lead to poorer habitat quality 
(Section 5.3.4.5); and 

• Increased competition or predation by introduced (feral) species (Section 5.3.4.4). 

Potential indirect impacts to the MNES also includes the influence of climate change which is likely 

to lead to reduced rainfall and increased risk of bushfires (amongst others).  This in turn will 

potentially impact on the resilience and quality of habitat supporting the MNES species.  Worsley 

Almina recognises the potential impact of its operations on climate change, and this is discussed 

further, along with mitigation actions, in Section 6.2.   

Cumulative Impacts 

• Cumulative impacts in relation to the direct loss of suitable habitat for fauna (Section 5.3.4.6.1). 

The development of the Revised Proposal will also contribute cumulatively to impacts to MNES in 

the region, particularly through additional loss of habitat and interruption of ecological linkages when 

combined with Worsley Alumina’s current operations and additional operations such as the NBGM 

and Alcoa. A more comprehensive discussion on cumulative impacts is provided in Section 9 and 

an assessment of the holistic impacts is provided in Section 10. 

8.5 MITIGATION MEASURES 

Worsley Alumina has applied the mitigation hierarchy when developing mitigation measures.  In the 

first instance commitments to avoid significant portions of habitat, for example for the woylie, have 

been made as has amendments to the IDF through review of the Revised Proposal to reduce the 

overall amount of clearing.  

Measures to minimise impacts include provision and reestablishment of ecological linkages to allow 

transfer of MNES species between areas of suitable habitat. Continued implementation of existing 

management plans and procedures such as Biodiversity Forest Management Plan (Worsley, 2021c), 

Native Vegetation Clearing Procedure, pre-clearance surveys, detailed mapping of black cockatoo 

breeding hollows and participation in feral animal control initiatives such as Western Shield. 

Worsley Alumina has implemented a comprehensive progressive rehabilitation program for 

disturbed areas, dating back to 1986. As of the end of 2019, Worsley Alumina had rehabilitated 

approximately 3,200 ha (54%) of areas cleared for mining operations. The rehabilitation program 

commences with planning and includes earthworks to assist with the re-creation of a soil profile 

capable of sustaining vegetation diversity, topsoil management (focussed on maximising direct 

return topsoil, topsoil hygiene and maintaining topsoil condition), broadcast seeding and strategic 

planting of seedlings of poorly germinating and difficult-to-seed species (see Section 4.5.2). Fauna 
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return is encouraged through maximising the species diversity, structure and cover of the 

rehabilitation and the establishment of fauna habitats constructed from forest residues, such as 

coarse debris and logs.  

The rehabilitation program undertaken by Worsley Alumina provides mitigation for the clearing 

undertaken by progressively returning habitat, offering refuge, denning and foraging resources for 

species (including foraging black cockatoos and denning/foraging habitat for Chuditch), while also 

maintaining and restoring habitat connectivity across the landscape. Rehabilitation has been 

demonstrated to provide foraging habitat for black cockatoo species and the Chuditch and a 

summary for each land based MNES species affected by the Revised Proposal is provided in 

Section 8.5.1. 

8.5.1 Use of Rehabilitation areas by Conservation Significant Fauna 

Fauna is encouraged to return to rehabilitated areas through the establishment of dominant 

vegetation community types that comparable with the eastern and northern jarrah forest, by 

providing constructed fauna habitats and minimisation of the time lag between clearing and 

rehabilitation. The utility of rehabilitated land for each conservation significant species identified as 

being potentially impacted by the Worsley Alumina mine has been assessed through literature 

reviews and discussion with subject matter experts, and is presented in more detail in Section 4.5. 

8.5.1.1 Black cockatoos 

As identified during stakeholder engagement to determine offset options, habitat loss has been 

identified as the key threat for black cockatoos (Appendix A to the BOP). The three species of black 

cockatoos have some overlapping areas of occupancy and similar dietary needs. Mine rehabilitation 

has been shown to provide suitable foraging habitat (Lee, et al., 2013; Doherty, et al., 2016) and 

roosting habitat (Lee, et al., 2013) for all three species of black cockatoos, typically within six to eight 

years of revegetation occurring (Lee et al., 2010). This includes the rehabilitated areas within the 

Worsley Alumina operation (Lee, et al., 2013; Doherty, et al., 2016).  

While trees that will likely provide breeding hollows for black cockatoos is included in the suite of 

species planted for rehabilitation, the time required for the development of black cockatoo breeding 

hollows is very lengthy (i.e. ~100–200 year) (Finn, H. 2011) and far greater than the life of mine. As 

the development of these hollows is orders of magnitude larger than the utilisation of rehabilitation 

by black cockatoos for foraging and roosting, the SRI is addressed separately in Section 7.7. 

8.5.1.2 Chuditch 

Chuditch are currently limited by habitat loss (NESP, 2019); however, are known to rapidly recolonise 

rehabilitated mine site habitats (McGregor, et al., 2014), returning as early as two years after 

restoration (Nichols and Grant 2007). Fauna monitoring has recorded Chuditch in mine site 

rehabilitation within the BBM (BIOSTAT, 2018b). 

8.5.1.3 Quokka 

Land clearing can cause localised declines of quokka (DEC, 2013b), Quokka has been recorded 

utilising rehabilitated land at approximately 16–20 years after establishment, with a preference for 

denser understorey (to 2 m) (Hayward, et al., 2005; Craig, et al., 2017). This may be due to greater 

levels of predation by cats and foxes in less dense understory. It should be noted that predator 

control is implemented in rehabilitated areas (baiting etc.) that will likely enhance the utility of 

rehabilitated land for the quokka.  
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8.5.1.4 Red-tailed phascogale 

The provision of dense, mid-storey vegetation in combination with the opportunity for hollows is 

suggested as important to support the red-tailed phascogale (Short, et al., 2011). While there is a 

lack of information on the use of rehabilitation by the species, it is likely that they would utilise these 

areas given their high level of movement through the landscape and short life cycle (M. Edgley, 

personal communication, 7 July 2021).  

8.5.1.5 Woylie  

Rehabilitated habitat is likely to provide a level of value for Woylies given it will provide a suitable 

amount of habitat complexity to provide protection from predators, and also facilitate movement 

between existing patches of undisturbed vegetation. Predator control within rehabilitated sites is also 

likely to elevate habitat quality (as it has elsewhere), given predation is listed as a primary driver of 

decline for this species (DEC, 2012e).  

8.5.1.6 Western ring-tailed possum 

A reduced quality score for rehabilitation has been applied for the western ring-tailed possum (3/10), 

given they are an arboreal species, and thus vegetation of a younger age class (<20 years) will 

provide reduced utility. Once larger trees are established, predator control undertaken at 

rehabilitated sites is likely to have benefits for these species, which may further facilitate 

recolonisation. Revegetation is cited (DPaW, 2017b; Shedley & Williams, 2014) as an activity likely 

to generate suitable habitat for western ring-tailed possums within their range. 

A more comprehensive discussion of mitigation measures is provided in Section 5.3.5. These are 

also presented for each MNES in brief below in Table 8-1. 

Worsley Alumina has determined that a Significant Residual Impact remains after the application of 

the mitigation measures and proposes to counterbalance this through the application of an 

environmental offset proposal for each MNES as discussed in Section 7. Worsley Alumina 

considers the offsets proposed to be relevant and proportionate to the significance of the 

environmental impact. Worsley has applied a precautionary approach in determining those MNES 

species that may require offset, with the assessment of potential or actual significance of the impacts 

taking into account Commonwealth and WA offset guidelines (GoWA, 2014; DSEWPAC, 2012b).  

 

8.6 RECOVERY PLANS, THREAT ABATEMENT PLANS AND CONSERVATION ADVICE 

The EPBC Act provides for the development of Recovery Plans, Threat Abatement Plans and 

Conservation Advice under the EPBC Act. Recovery plans are intended to ensure the recovery of 

Threatened species by setting recovery objectives. Threat Abatement Plans outline objectives for 

the mitigation of threatening processes to native species (or ecological communities) and the actions 

intended to achieve these objectives. Conservation Advice for Threatened species describes the 

species, the threats to the recovery of the species and outlines the research priorities and 

conservation actions to prevent further decline of the Threatened species. Conservation advice are 

developed in consultation with the Threatened Species Scientific Committee (TSSC). 

The Recovery Plans, Threat Abatement Plans and Conservation Advice of relevance to the MNES 

that may be impacted by the Revised Proposal are outlined in Table 8-1 and Table 8-2. Table 8-1 

also includes a summary of the key threats, and discussion of how the Project conforms to the Advice 

or Plan requirements. Alignment of the Revised Proposal with the Plan or Advice is also provided in 
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both tables. As the Plans or Advice often list the same known and potential threats, the management 

measures implemented by Worsley Alumina are applicable to multiple Plans or Advice. As such, 

there is a degree of duplication of management measures detailed in Table 8-1 and Table 8-2 as 

the tables provide a summary against each threat or objective, for completeness. 
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Table 8-1 Relevant Recovery Plans and Conservation Advice for MNES  

Species 
Recovery Plan/ 
Conservation 

Advice 

Known and 
Potential 
Threats  

Relevant 
to the 

Revised 
Proposal 

Demonstration of Alignment as Relevant to the Revised Proposal* 

Black 
Cockatoos: 
Forest 
Red-tailed 
Black-
Cockatoo,  
Carnaby’s 
Black 
Cockatoo 
and 
Baudin’s 
Black 
Cockatoo 
 
 

Carnaby's 
Cockatoo 
(Calyptorhynchus 
latirostris) 
Recovery Plan 
(DPaW, 2013) 

Loss of 
breeding habitat 

Yes The Revised Proposal may exacerbate this threat: 

• A portion of the PAA is a confirmed breeding area for Carnaby’s Black Cockatoo, 
as mapped by DBCA, and the species has been observed breeding within the 
PAA; 

• Disturbance to vegetation (representing fauna habitat) has been minimised 
through appropriate location and design of the mining and supporting infrastructure 
footprints. Where possible future infrastructure will be placed on already cleared 
areas; 

• Approximately 16,450 ha of the PAA is potential Black Cockatoo habitat, of which 
12,845 ha is native vegetation. Approximately 11,850 ha of this native vegetation 
is the species preferred habitat and variously supports breeding (Carnaby’s and 
Forest Red-tailed Black Cockatoo), foraging and roosting habitat for the Black 
Cockatoos; 

• Up to approximately 6,032 ha of potential Black Cockatoo habitat, of which 
approximately 5,341 ha is native vegetation (including 942 ha of pre-existing 
approved area), is to be progressively cleared under the Revised Proposal; 

• Approximately 5,200 ha and 4,699 ha of high value breeding habitat for the 
Carnaby’s and Forest Red-tailed Black Cockatoos, respectively, may be cleared; 
and 

• Up to approximately 65 breeding trees that may be used by Carnaby’s, or Forest 
Red-tailed Black Cockatoos will be cleared as a result of the Revised Proposal. 

 
Avoid 

• Potential breeding trees will be identified in pre clearance surveys and those that 
are not to be disturbed will be clearly identified in the field so as to avoid impact; 
and 

• The Threatened Species Management Plan (Worsley 2021i) will be implemented 
to protect areas of high value habitat for listed Threatened species. 
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Minimise 

• Disturbance to vegetation (representing fauna habitat) will be minimised through 
appropriate location and design of the mining and supporting infrastructure 
footprints which will be located on previously disturbed areas wherever possible; 

• Detailed mapping of Black Cockatoo breeding, roosting and foraging habitat, in 
accordance with the Threatened Fauna Pre-clearance Survey and Management 
Procedure (Worsley 2021h), will be undertaken for the proposed disturbance 
footprints prior to the commencement of clearing to inform planning and design 
considerations; and 

• The Worsley Alumina Protected Areas Plan assists in minimising potential impacts 
to Black Cockatoos species as it identifies areas to be avoided and allows for 
disturbance to no more than 10% of the inferred 654 actively used (confirmed) 
Black Cockatoo breeding hollows as estimated by the Phoenix (2021a) survey and 
report. 
 

Rehabilitate 

• Worsley will rehabilitate all disturbed areas to a like for like or better habitat type. 
For example, cleared native vegetation will be rehabilitated back to native 
vegetation and cleared agricultural land may be restored to native vegetation. 

 
Offset 

• Offsets are proposed to mitigate the loss of habitat (refer to Section 7). Including 
habitat protection and installation of artificial hollows. 

Loss of non-
breeding 
foraging and 
night roosting 
habitat 

Yes The Revised Proposal may exacerbate this threat: 

• The PAA contains suitable foraging habitat for Black Cockatoos and evidence of 
foraging had been observed in the PAA; 

• Disturbance to vegetation (representing fauna habitat) will be minimised through 
appropriate location and design of the mining and supporting infrastructure 
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footprints. Approximately 43% of the PAA has already been cleared for agricultural 
and other purposes; 

• Approximately 16,450 ha of the PAA is potential Black Cockatoo habitat, of which 
approximately 12,845 ha is native vegetation. Approximately 11,850 ha of this 
native vegetation is the species preferred habitat and variously supports breeding 
(Carnaby’s and Forest Red-tailed), foraging and roosting habitat for the Black 
Cockatoos. The majority of this is foraging habitat; 

• Up to approximately 6,032 ha of potential Black Cockatoo habitat, 5,341 ha 
(including the already approved area as outlined in Section 4.3.2), is to be 
progressively cleared under the Revised Proposal; and 

• It is highly likely that roosting by all three Black Cockatoo species occurs 
intermittently and variably in the area. While roosting may occur, it is unlikely that 
clearing associated with the Revised Proposal will significantly impact the species 
as suitable roosting habitat will continue to be available in the surrounding area, 
such as Crossman and the State Forest, and more broadly within the region.  

 
Avoid 

• Worsley Alumina will undertake further targeted surveys for roosting habitat within 
the proposed disturbance footprints prior to the commencement of clearing to 
inform planning and design considerations, and avoid sensitive areas where 
possible, in accordance with the Threatened Fauna Pre-clearance Survey and 
Management Procedure (Worsley 2021h).  

 
Minimise 

• The Threatened Species Management Plan (Worsley 2021i) will be implemented 
to protect areas of high value habitat for listed Threatened species. 

 
Rehabilitate 

• Worsley will rehabilitate all disturbed areas to a like for like or better habitat type. 
For example, cleared native vegetation will be rehabilitated back to native 
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vegetation and cleared agricultural land may be restored to native vegetation; 
and 

• Rehabilitation has been demonstrated to provide foraging habitat for black 
cockatoos. 

 
Offset 

• Offsets are proposed to mitigate the loss of habitat (refer to Section 7). 

Tree health Yes The Revised Proposal may exacerbate this threat. Phytophthora dieback and the 
Australian honey fungus are known to occur within the PAA, and mitigation measures 
are in place to reduce this risk. Measures implemented include strict forest hygiene 
procedures and requirements for a forest disease assessment prior to any planned 
disturbance associated with the Revised Proposal, as detailed in the Forest Hygiene 
Management Procedure (Worsley, 2014) (refer to Table 5-20 for further detail).  

Mining and 
extraction 
activities 

Yes The Revised Proposal may exacerbate this threat as the mine expansion requires the 
removal of up to 6,032 ha of potential Black Cockatoo habitat.  
 
Avoid 

• Taking into account the additional commitments that will be implemented to 
provide further protection of the key environmental values as part of the Revised 
Proposal refinement (refer to Section 4.3.4), vegetation will be avoided. 

 
Minimise 

• The Worsley Alumina Protected Areas Plan assists in mitigating potential impacts 
to Black Cockatoos species as it provides for a maximum removal allowance of 
no more than 10% of the inferred 654 actively used (confirmed) Black Cockatoo 
breeding hollows as estimated by the Phoenix survey and report (2021c) 
(approximately 65 individual trees).   Protection to a minimum of 90% of 
confirmed or high PHTs supporting Black Cockatoo breeding hollows. 
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Rehabilitate 

• Progressive rehabilitation will continue be undertaken in accordance with the 
BFMP (Appendix E1) and 10 Year Mine Plan, which will gradually return the 
vegetation removed during clearing activities. While it is expected to take up to 
approximately 200 years for trees to form suitable breeding hollows within the 
rehabilitation areas, areas suitable for foraging will take significantly less time to 
develop. Mine rehabilitation has been shown to provide suitable foraging habitat 
for Black Cockatoos, as supported by observations of the species regularly 
foraging in rehabilitation areas at the Worsley operation (Lee, et al., 2013; 
Doherty, et al., 2016). Offsets are proposed to mitigate the loss of habitat (refer to 
Section 7). 

Illegal shooting No This threat is not considered relevant to the Revised Proposal and, therefore, will not 
exacerbate this threat. No firearms are permitted on site, unless approval is provided 
by the registered Site Manager. 

Illegal taking No This threat is not considered relevant to the Revised Proposal and, therefore, will not 
exacerbate this threat. Interference with native fauna is prohibited, unless conducted 
by trained personnel. Any required handling or planned interactions with fauna are 
undertaken by dedicated Worsley Environmental Department personnel or specialist 
contractors, who have the appropriate fauna licences and training requirements. 
Access to areas of the mine site is controlled through security and, therefore, public 
access is restricted. 

Climate change Yes There are no proposed changes to approved GHG emission rate limits, production 
rate or mining rate associated with the Revised Proposal, however, the continued 
Worsley Alumina operations will continue to release CO2-e emissions that contribute 
to climate change.  
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Minimise 
Worsley Alumina is committed to investigating and implementing decarbonisation 
initiatives in order to reach the long-term emissions reduction goal of net zero carbon 
emissions by 2050. Worsley Alumina commits to providing an interim emissions 
target to ratchet emissions reductions over the next 5-yearly period. Given the 
emissions reduction activities current and planned, GHG emissions associated with 
the Revised Proposal are considered unlikely to exacerbate this threat. 

Collisions with 
motor vehicles 

Yes The Revised Proposal will not exacerbate this threat.  
 
Minimise 

• Speed limits around the site is used to minimise the incidence and likelihood of 
fauna collision with vehicles/equipment during operations. It is unlikely that 
isolated deaths of individuals would affect the conservation status and distribution 
of any fauna species. The Worsley Alumina site induction and visitor induction 
requires all personnel onsite to notify the site Environmental Department of any 
injured or deceased fauna that occurred a result of operations. These interactions 
are noted in the Fauna Sightings Register. 

Disease 
(biological) 

No This threat is not considered relevant to the Revised Proposal as it is prohibited to 
bring domestic animals and pets (including cats) into the Worsley Alumina operations 
area. Therefore, the Revised Proposal will not exacerbate this threat.  

Forest Black 
Cockatoo 
(Baudin’s 
Cockatoo 
Calyptorhynchus 
baudinii and 
Forest Red-tailed 

Killing by illegal 
shooting 

No This threat is not considered relevant to the Revised Proposal and, therefore, will not 
exacerbate this threat. No firearms are permitted within the Worsley Alumina 
operations area, unless approval is provided by the registered Site Manager. 

Feral 
honeybees 

Yes The Revised Proposal may exacerbate this threat: 

• Up to approximately 65 breeding trees that may be used by Carnaby’s, or Forest 
Red-tailed Black Cockatoos will be removed as a result of the Revised Proposal; 
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Black Cockatoo 
Calyptorhynchus 
banksii naso) 
Recovery Plan 
(DEC, 2008) 

• The general reduction in the number of tree hollows may lead to increased 
competition between native fauna (such as Black Cockatoos) using the hollows 
and feral honeybees; and 

• Disturbance to vegetation (representing fauna habitat) will be minimised. 
 

Minimise 

• Detailed mapping of Black Cockatoo breeding, roosting and foraging habitat, in 
accordance with the Threatened Fauna Pre-clearance Survey and Management 
Procedure (Worsley 2021h), will be undertaken for the proposed disturbance 
footprints prior to the commencement of clearing to inform planning and design 
considerations. European honeybee populations are not proposed to be controlled 
as part of the Revised Proposal.  
 

Offset 

• Worsley has proposed an offset to install artificial breeding hollows.  The number 
can potentially increase should intrusion by honey bees into existing hollows be 
identified as an increased concern. 

Habitat loss Yes The Revised Proposal may exacerbate this threat: 

• Approximately 16,450 ha of the PAA is potential Black Cockatoo habitat, of which 
approximately 12,845 ha is native vegetation. Approximately 11,850 ha of this 
native vegetation is the species preferred habitat and variously supports breeding 
and foraging for the Baudin’s and Forest Red-tailed Black Cockatoos. The majority 
of this is foraging habitat; 

• Disturbance to vegetation (representing fauna habitat) will be minimised, with 
approximately 43% of the PAA already cleared for agricultural and other purposes; 
and 

• The Revised Proposal requires the progressive removal of up to approximately 
6,032 ha of potential Black Cockatoo habitat. 
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Avoid 

• Detailed mapping of Black Cockatoo breeding, roosting and foraging habitat, in 
accordance with the Threatened Fauna Pre-clearance Survey and Management 
Procedure (Worsley 2021h), will be undertaken for the proposed disturbance 
footprints prior to the commencement of clearing to inform planning and design 
considerations. Controls related to clearing will be in place to prevent accidental 
clearing of suitable breeding trees with hollows (see Table 5-42 for further details). 
 

Minimise 

• The Worsley Alumina Protected Areas Plan assists in mitigating potential impacts 
to Black Cockatoos species as it provides for a maximum removal allowance of no 
more than 10% of the inferred 654 actively used (confirmed) Black Cockatoo 
breeding hollows as estimated by the Phoenix survey and report (2021c) (up to 65 
individual trees); and 

• The Threatened Species Management Plan (Worsley 2021i) will be implemented 
to protect areas of high value habitat for listed Threatened species. 

 
Rehabilitate 

• Progressive rehabilitation will continue be undertaken in accordance with the 
BFMP (Appendix E1) and 10 Year Mine Plan, which will gradually return the 
vegetation removed during clearing activities. While it is expected to take up to 
approximately 200 years for trees to form suitable breeding hollows within the 
rehabilitation areas, areas suitable for foraging will take significantly less time to 
develop.  
 

Offsets 

• Offsets are proposed to mitigate the loss of habitat (refer to Section 7). 
 

Nest hollow 
shortage 

Yes The Revised Proposal may exacerbate this threat: 
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• Carnaby’s and Forest Red-tailed Black Cockatoos are known to breed within the 
PAA; and 

• Up to approximately 65 breeding trees that may be used by Carnaby’s, or Forest 
Red-tailed Black Cockatoos will be removed as a result of the Revised Proposal. 

 
Minimise 

• The Worsley Alumina Protected Areas Plan assists in mitigating potential impacts 
to Black Cockatoos species as it provides for a maximum removal allowance of no 
more than 10% of the inferred 654 actively used (confirmed) Black Cockatoo 
breeding hollows as estimated by the Phoenix survey and report (2021c) 
(approximately 65 individual trees); and   

• In accordance with the Worsley Alumina Threatened Fauna Pre-clearance Survey 
and Management Procedure, for any confirmed breeding tree removed by clearing 
(once the tree has been vacated), three artificial hollows will be established in 
locations that best replace or improve areas identified as breeding habitat or close 
to other confirmed breeding hollows. 

Nest hollow 
competition  

Yes The Revised Proposal may exacerbate this threat: 

• Up to approximately 65 breeding trees that may be used by Carnaby’s, or Forest 
Red-tailed Black Cockatoos will be removed as a result of the Revised Proposal; 
and 

• A general reduction in the amount of tree hollows may increase the competition 
between native fauna using the hollows including Black Cockatoos (Carnaby’s and 
Forest Red-tailed), other birds, Western Ringtail Possum, Red-tailed Phascogale 
and Brush-tailed Phascogale.  

 
Minimise 

• The Worsley Alumina Protected Areas Plan assists in mitigating potential impacts 
to Black Cockatoos species as it provides for a maximum removal allowance of no 
more than 10% of the inferred 654 actively used (confirmed) Black Cockatoo 
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breeding hollows as estimated by the Phoenix survey and report (Phoenix, 2021c) 
(approximately 65 individual trees).    

Approved 
Conservation 
Advice for 
Calyptorhynchus 
banksii naso 
(Forest Red-
tailed Black 
Cockatoo) 
(DEWHA, 2009) 

Illegal shooting 
 

No This threat is not considered relevant to the Revised Proposal and, therefore, will not 
exacerbate this threat. No firearms are permitted within the Worsley Alumina 
operations area, unless approval is provided by the registered Site Manager. 

Habitat loss 
 

Yes The Revised Proposal may exacerbate this threat. Refer to the habitat loss discussion 
above as related to the Forest Black Cockatoo (Baudin’s Cockatoo Calyptorhynchus 
baudinii and Forest Red-tailed Black Cockatoo Calyptorhynchus banksii naso) 
Recovery Plan (DEC, 2008). 
 

Nest hollow 
shortage and 
competition 
from other 
species 
 

Yes The Revised Proposal may exacerbate this threat: 

• Up to approximately 65 breeding trees (Carnaby’s and Forest Red-tailed) will be 
removed as a result of the Revised Proposal; and 

• A general reduction in the amount of tree hollows may increase the competition 
between native fauna using the hollows including Black Cockatoos, other birds, 
Western Ringtail Possum, Red-tailed Phascogale and Brush-tailed Phascogale.  

 
Minimise 

• The Worsley Alumina Protected Areas Plan assists in mitigating potential impacts 
to Black Cockatoos species as it provides for a maximum removal allowance of no 
more than 10% of the inferred 654 actively used (confirmed) Black Cockatoo 
breeding hollows as estimated by the Phoenix survey and report (Phoenix, 2021c) 
(approximately 65 individual trees);   

• In accordance with the Worsley Alumina Threatened Fauna Pre-clearance Survey 
and Management Procedure, for any confirmed breeding tree removed by 
clearing (once the tree has been vacated), three artificial hollows will be 
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established in locations that best replace or improve areas identified as breeding 
habitat or close to other confirmed breeding hollows. 

Injury or death 
from Apis 
mellifera 
(European 
honeybees) 

Yes The Revised Proposal will not exacerbate this threat. 

• Up to approximately 65 breeding trees that may be used by Carnaby’s, or Forest 
Red-tailed Black Cockatoos will be removed as a result of the Revised Proposal; 

• A general reduction in the amount of tree hollows may increase the competition 
between native fauna using the hollows and the feral honeybees; and 

• European honeybee populations are not proposed to be controlled as part of the 
Revised Proposal. 

Conservation 
Advice 
Calyptorhynchus 
baudinii Baudin's 
Cockatoo (TSSC, 
2018c) 

Land clearing 
and tree 
harvesting for 
agriculture, 
forestry and 
mining 

Yes The Revised Proposal may exacerbate this threat. Refer to the habitat loss discussion 
above as related to the Forest Black Cockatoo (Baudin’s Cockatoo Calyptorhynchus 
baudinii and Forest Red-tailed Black Cockatoo Calyptorhynchus banksii naso) 
Recovery Plan (DEC, 2008). 

Destruction of 
nesting and 
foraging trees 
from fire events 

Yes The Revised Proposal is not expected to exacerbate this threat based on: 

• There have been no significant bushfires in the PAA as a result of existing 
operations. 

 
Avoid 

• Hot Work Permits are required for all hot works (e.g. welding, soldering, 
cutting/grinding), thereby reducing the risk of unintentional bushfires; 

• Specific controls are provided in the operational clearing procedures to protect 
against bushfire events; and 

• Worsley Alumina abides by the Shire’s fire and prescribed burning procedures. 
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Loss of hollows 
from European 
honeybees 
(Apis mellifera) 

Yes The Revised Proposal may exacerbate this threat: 

• Up to approximately 65 breeding trees that may be used by Carnaby’s, or Forest 
Red-tailed Black Cockatoos will be removed as a result of the Revised Proposal; 
and 

• The general reduction in the number of tree hollows may lead to increased 
competition between native fauna (such as Black Cockatoos) using the hollows 
and feral honeybees. 

 
Minimise 

• Disturbance to vegetation (representing fauna habitat) will be minimised, with 
approximately 43% of the PAA already being cleared for agricultural and other 
purposes;  

• Detailed mapping of Black Cockatoo breeding, roosting and foraging habitat, in 
accordance with the Threatened Fauna Pre-clearance Survey and Management 
Procedure (Worsley 2021h), will be undertaken for the proposed disturbance 
footprints prior to the commencement of clearing to inform planning and design 
considerations; and 

• European honeybee populations are not proposed to be controlled as part of the 
Revised Proposal.  

Nest hollow 
shortage due to 
competition with 
native bird 
species 

Yes The Revised Proposal may exacerbate this threat: 

• Up to approximately 65 breeding trees that may be used by Carnaby’s, or Forest 
Red-tailed Black Cockatoos will be removed as a result of the Revised Proposal; 
and 

• A general reduction in the amount of tree hollows may increase the competition 
between native avifauna using the hollows including Black Cockatoos, Galahs and 
other birds. 
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Minimise 

• The Worsley Alumina Protected Areas Plan assists in mitigating potential impacts 
to Black Cockatoos species as it provides for a maximum removal allowance of no 
more than 10% of the inferred 654 actively used (confirmed) Black Cockatoo 
breeding hollows as estimated by the Phoenix survey and report (2021c) 
(approximately 65 individual trees. 

 
Offset 

• For any confirmed breeding tree removed by clearing (once the tree has been 
vacated), three artificial hollows will be established in locations that best replace or 
improve areas identified as breeding habitat or close to other confirmed breeding 
hollows, as per the Worsley Alumina Threatened Fauna Pre-clearance Survey and 
Management Procedure. 

Shooting by 
orchardists 

No This threat is not considered relevant to the Revised Proposal and, therefore, will not 
exacerbate this threat.  

Phytopathogens 
affecting key 
tree species 

Yes The Revised Proposal may exacerbate this threat. Phytophthora dieback and the 
Australian honey fungus are known to occur within the PAA, and mitigation measures 
are in place to reduce this risk.  
 
Minimise 

• Forest hygiene procedures and requirements for a forest disease assessment prior 
to any planned disturbance associated with the Revised Proposal, as detailed in 
the Forest Hygiene Management Procedure (Worsley, 2014) (refer to Table 5-20 
for further detail).  

Infestation of 
bullseye borer 
(Phoracantha 
acanthocera) 

No This threat is not considered relevant to the Revised Proposal and, therefore, will not 
exacerbate this threat. 
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Climate change 
(reduced rainfall 
and increased 
temperature) 

Yes There are no proposed changes to approved GHG emission limits, production rate or 
mining rate associated with the Revised Proposal, however, the continued Worsley 
Alumina operations will continue to release CO2-e emissions that contribute to climate 
change. Worsley Alumina’s GHG emissions are currently, and will continue to be, 
regulated under the NGER Act and the Safeguard Mechanism.  
 
Minimise 

• Worsley Alumina is also focusing on investigating and implementing 
decarbonisation initiatives in order to reach the long-term emissions reduction goal 
of net zero carbon emissions by 2050. Worsley Alumina commits to providing an 
interim emissions target to ratchet emissions reductions over the next 5-yearly 
period. 

Red-tailed 
Phascogale  

Conservation 
Advice 
Phascogale 
calura Red-tailed 
Phascogale 
(TSSC, 2016) 

Predation by 
feral cats (Felis 
catus) 

Yes The Revised Proposal is not expected to exacerbate this threat. Cats are known to 
occur in the PAA, and a feral animal control program has been established, in 
consultation with DBCA, in the form of a targeted 1080 baiting program within WJV 
managed lands and current operating State Forest areas. The program supplements 
areas under the DBCA Western Shield program. Worsley Alumina has also consulted 
with DBCA with regards to the implementation a broadscale management program for 
feral cats, as Worsley Alumina are aware that DBCA have conducted trials in the 
broader regional area. These discussions are ongoing, and Worsley Alumina will 
continue to look for opportunities to implement cat control methods within WJV areas. 
No domestic animals or pets (including cats) are permitted to be brought on-site by 
Worsley Alumina employees or contractors. Worsley Alumina also require that all 
employees and contractors report sightings of feral animals. 

Habitat loss and 
fragmentation 

Yes The Revised Proposal may exacerbate this threat: 

• The Red-tailed Phascogale has only been recorded in the Quindanning Timber 
Reserve area of the WMDE (east of the Pinjarra-Williams Road), based on the 
comprehensive surveys undertaken to date (BIOSTAT, 2021a). The species is 
unlikely to inhabit the more mesic areas of the CBME. Therefore, it is considered 
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likely that the species presence within the PAA is restricted to suitable habitat in 
the eastern portion of Quindanning area (690.9 ha) (BIOSTAT, 2021a); and 

• Up to 449 ha of habitat for the Red-tailed Phascogale within the eastern portion of 
the Quindanning area may eventually be removed in accordance with the Revised 
Proposal as a result of progressive clearing activities.  

 
Avoid 

• Worsley will not clear more than 449 ha of the 690.9 ha of Red-Tailed Phascogale 
habitat identified within the PAA as outlined in the Protected Areas Plan (refer to 
Section 5.3.5 for further detail). 
 

Minimise 

• Disturbance to vegetation (representing fauna habitat) will be minimised through 
appropriate location and design of the mining and supporting infrastructure 
footprints; 

• Worsley will investigate the installation of artificial habitat or nest boxes for 
conservation significant species such as the Red-tailed Phascogale, in 
consultation with DBCA; 

• The Threatened Species Management Plan (Worsley 2021i) will be implemented 
to protect areas of high value habitat for listed Threatened species; and 

• Localised ecological linkages/corridors will be identified within the PAA and  
communicated through the EMLG (as part of the 10 year mine planning process) 
and managed in accordance with the BFMP (Appendix E1) and Flora and Fauna 
Conservation Procedure (Worsley 2017a). 
 

Rehabilitate 

• Progressive rehabilitation will continue be undertaken in accordance with the 
BFMP (Appendix E1) and 10 Year Mine Plan, which will gradually return the 
vegetation removed during clearing activities and provide fauna habitat; and 

• Constructed fauna habitats (comprised of stumps, hollow logs and available 
debris) are placed at specific densities (9-10 per hectare) in rehabilitation areas 
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(being returned to native vegetation in State Forest or WJV owned land) 
encourage native fauna to return early to the area. 
 

Offset 

• Offsets are proposed to mitigate the loss of habitat (refer to Section 7). 

Climate 
change 

Yes There are no proposed changes to approved GHG emission limits, production rate or 
mining rate associated with the Revised Proposal, however, the continued Worsley 
Alumina operations will continue to release CO2-e emissions that contribute to climate 
change. Worsley Alumina’s GHG emissions are currently, and will continue to be, 
regulated under the NGER Act and the Safeguard Mechanism.  
 
Minimise 
Worsley Alumina is also focusing on investigating and implementing decarbonisation 
initiatives in order to reach the long-term emissions reduction goal of net zero carbon 
emissions by 2050. Worsley Alumina commits to providing an interim emissions 
target to ratchet emissions reductions over the next 5-yearly period. 

Frequent, 
intense fires 

Yes The Revised Proposal is not expected to exacerbate this threat based on: 

• There have been no significant bushfires in the PAA as a result of existing 
operations; 

• Approximately 43% of the PAA has been cleared for agriculture and other 
purposes (e.g. mining) and is unlikely to support a significant fire; 

• Hot Work Permits are required for all hot works (e.g. welding, soldering, 
cutting/grinding), thereby reducing the risk of unintentional bushfires; 

• Specific controls are provided in the operational clearing procedures to protect 
against bushfire events; 

• Worsley Alumina abides by the Shire’s fire and prescribed burning procedures; 
and 

• Worsley Alumina implement detailed prescribed burning programmes within 
private properties owned by the WJV to manage fire risk. Worsley Alumina also 
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support DBCA in undertaking their prescribed burning programmes within the 
timber reserves. 

Predation by 
foxes 

Yes The Revised Proposal will not exacerbate this threat.  
 
Minimise 

• Foxes are known to occur in the PAA, and a feral animal control program has 
been established, in consultation with DBCA, in the form of a targeted 1080 
baiting program within WJV managed lands and current operating State Forest 
areas. The program supplements areas under the DBCA Western Shield 
program; and 

• Worsley Alumina also require that all employees and contractors report sightings 
of feral animals. 

Woylie National 
Recovery Plan 
for the Woylie 
Bettongia 
penicillata ogilbyi 
(DEC, 2012e) 

Predation by 
foxes 

Yes The Revised Proposal will not exacerbate this threat.  
 
Minimise 

• Foxes are known to occur in the PAA, and a feral animal control program has 
been established, in consultation with DBCA, in the form of a targeted 1080 
baiting program within WJV managed lands and current operating State Forest 
areas. The program supplements areas under the DBCA Western Shield 
program.  

Worsley Alumina also require that all employees and contractors report sightings of 
feral animals. 

Predation by 
cats 

Yes The Revised Proposal is not expected to exacerbate this threat.  
 
Minimise 

• No domestic animals or pets (including cats) are permitted to be brought on-site 
by Worsley Alumina employees or contractors; 



 

 Worsley Mine Expansion Environmental Review Document 679 
 

Species 
Recovery Plan/ 
Conservation 

Advice 

Known and 
Potential 
Threats  

Relevant 
to the 

Revised 
Proposal 

Demonstration of Alignment as Relevant to the Revised Proposal* 

• Cats are known to occur in the PAA, and a feral animal control program has been 
established, in consultation with DBCA, in the form of a targeted 1080 baiting 
program within WJV managed lands and current operating State Forest areas. 
The program supplements areas under the DBCA Western Shield program; and 

• Worsley Alumina also require that all employees and contractors report sightings 
of feral animals. 

Habitat 
alteration 
(including land 
clearing, altered 
fire regimes and 
vegetation 
change due to 
dieback) 

Yes The Revised Proposal may exacerbate this threat: 

• The Woylie has only been recorded in larger stands of contiguous native forest 
communities in the area north of Hotham River and surrounding the BGM 
operations. Therefore, while the species preferred suitable habitat exists 
throughout the PAA, the Woylie is only likely to be present in a portion of this 
habitat, i.e. within the contiguous forest remnants surrounding the BGM 
(approximately 4,385 ha); and 

• Worsley will not clear more than 2,631 ha of the 4,385 ha of Woylie habitat 
identified within the PAA as outlined in the Protected Areas Plan 
 

Avoid 

• Worsley will not clear more than 2,631 ha of the 4,385 ha of Woylie habitat 
identified within the PAA as outlined in the Protected Areas Plan (refer to 
Section 5.3.5 for further detail). 
 

Minimise 

• Worsley Alumina will implement a number of mitigation and management 
measures to minimise potential impacts to the Woylie as a result of the Revised 
Proposal. These are discussed in Section 5.3.5 and include measures that relate 
to clearing, ecological linkages/corridors, fire prevention and dieback. The 
Protected Areas Plan and Threatened Species Management Plan (Worsley 2021i) 
are key to mitigating potential impacts to the Woylie.  
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Rehabilitate 

• Progressive rehabilitation will continue be undertaken in accordance with the 
BFMP (Appendix E1) and 10 Year Mine Plan, which will gradually return the 
vegetation removed during clearing activities and provide fauna habitat; and 

• Constructed fauna habitats (comprised of stumps, hollow logs and available 
debris) are placed at specific densities (9-10 per hectare) in rehabilitation areas 
(being returned to native vegetation in State Forest or WJV owned land) 
encourage native fauna to return early to the area. 
 

Offset 

• Offsets are also proposed as impact mitigation and to support conservation and 
protection of this species (refer to Section 7). 

Native 
predators 

No The Revised Proposal will not exacerbate this threat. 

Climate change 
and associated 
stochastic 
events 

Yes There are no proposed changes to approved GHG emission limits, production rate or 
mining rate associated with the Revised Proposal, however, the continued Worsley 
Alumina operations will continue to release CO2-e emissions that contribute to climate 
change. Worsley Alumina’s GHG emissions are currently, and will continue to be, 
regulated under the NGER Act and the Safeguard Mechanism.  
 
Minimise 
Worsley Alumina is also focusing on investigating and implementing decarbonisation 
initiatives in order to reach the long-term emissions reduction goal of net zero carbon 
emissions by 2050. Worsley Alumina commits to providing an interim emissions 
target to ratchet emissions reductions over the next 5-yearly period. 

Disease 
(biological) 

No This threat is not considered relevant to the Revised Proposal as it is prohibited to 
bring domestic animals and pets (including cats) into the Worsley Alumina operations 
area. Therefore, the Revised Proposal will not exacerbate this threat. 



 

 Worsley Mine Expansion Environmental Review Document 681 
 

Species 
Recovery Plan/ 
Conservation 

Advice 

Known and 
Potential 
Threats  

Relevant 
to the 

Revised 
Proposal 

Demonstration of Alignment as Relevant to the Revised Proposal* 

Mining activities Yes The Revised Proposal may exacerbate this threat: 

• The Woylie has only been recorded in larger stands of contiguous native forest 
communities north of the Hotham River and surrounding the BGM operations. 
Therefore, while preferred suitable habitat exists throughout the PAA, the species 
is only likely to be present in a portion of this habitat, i.e. within the contiguous 
forest remnants surrounding the BGM (approximately 4,385 ha). 

 
Avoid 

• Worsley will not clear more than 2,631 ha of the 4,385 ha of Woylie habitat 
identified within the PAA as outlined in the Protected Areas Plan (refer to 
Section 5.3.5 for further detail). 
 

Minimise 

• Worsley Alumina will implement a number of mitigation and management 
measures to minimise potential impacts to the Woylie as a result of the Revised 
Proposal. The Protected Areas Plan and Threatened Species Management Plan 
(Worsley 2021i) are key to mitigating potential impacts to the Woylie.  

 
Rehabilitate 

• Progressive rehabilitation will continue be undertaken in accordance with the 
BFMP (Appendix E1) and 10 Year Mine Plan, which will gradually return the 
vegetation removed during clearing activities and provide fauna habitat. 

 
Offset 

• Offsets are also proposed as impact mitigation and to support conservation and 
protection of this species (refer to Section 7). 

Conservation 
Advice Bettongia 

Predation by 
foxes (Vulpes 
vulpes) 

Yes The Revised Proposal will not exacerbate this threat. Refer to the predation by foxes 
discussion above as related to the National Recovery Plan for the Woylie Bettongia 
penicillata ogilbyi (DEC, 2012e) . 
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penicillata Woylie 
(TSSC, 2018a) 

Predation by 
feral cats (Felis 
catus) 

Yes The Revised Proposal is not expected to exacerbate this threat. Refer to the 
predation by feral cats discussion above as related to the National Recovery Plan for 
the Woylie Bettongia penicillata ogilbyi (DEC, 2012e) 

Inappropriate 
fire regimes 

Yes The Revised Proposal is not expected to exacerbate this threat based on: 

• There have been no significant bushfires in the PAA as a result of existing 
operations. 

 
Minimise 

• Approximately 43% of the PAA has been cleared for agriculture and other 
purposes (e.g. mining) and is unlikely to support a significant fire; 

• Hot Work Permits are required for all hot works (e.g. welding, soldering, 
cutting/grinding), thereby reducing the risk of unintentional bushfires; 

• Specific controls are provided in the operational clearing procedures to protect 
against bushfire events; 

• Worsley Alumina abides by the Shire’s fire and prescribed burning procedures; 
and 

• Worsley Alumina implement detailed prescribed burning programmes within 
private properties owned by the WJV to manage fire risk and support DBCA in 
undertaking their prescribed burning programmes within the timber reserves. 

Habitat loss and 
degradation 

Yes The Revised Proposal may exacerbate this threat: 

• The Woylie has only been recorded in larger stands of contiguous native forest 
communities north of the Hotham River and surrounding the BGM operations. 
Therefore, while the species preferred suitable habitat exists throughout the PAA, 
the Woylie is only likely to be present in a portion of this habitat, i.e. within the 
contiguous forest remnants surrounding the BGM (approximately 4,385 ha). 
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Avoid 

• Worsley will not clear more than 2,631 ha of the 4,385 ha of Woylie habitat 
identified within the PAA as outlined in the Protected Areas Plan (refer to 
Section 5.3.5 for further detail). 

 
Minimise 

• Worsley Alumina will implement a number of mitigation and management 
measures to minimise potential impacts to the Woylie as a result of the Revised 
Proposal. The Protected Areas Plan (Worsley 2021g) and Threatened Species 
Management Plan (Worsley 2021i) are key to mitigating potential impacts to the 
Woylie.  

 
Rehabilitate 

• Progressive rehabilitation will continue be undertaken in accordance with the 
BFMP (Appendix E1) and 10 Year Mine Plan, which will gradually return the 
vegetation removed during clearing activities and provide fauna habitat. 

 
Offset 

• Offsets are also proposed as impact mitigation and to support conservation and 
protection of this species (refer to Section 7). 

 

Competition 
with introduced 
herbivores 
(rabbits) 

Yes The Revised Proposal is not expected to exacerbate this threat. Rabbits are known to 
occur in the PAA. Worsley Alumina require that all employees and contractors report 
sightings of feral animals. 

Climate change Yes Refer to the climate change discussion above as related to the National Recovery 
Plan for the Woylie Bettongia penicillata ogilbyi (DEC, 2012e). Given the emissions 
reduction activities current and planned, GHG emissions associated with the Revised 
Proposal are considered unlikely to exacerbate this threat. 
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Introduced 
disease 
(biological) 

No This threat is not considered relevant to the Revised Proposal as it is prohibited to 
bring domestic animals and pets (including cats) into the Worsley Alumina operations 
area. Therefore, the Revised Proposal will not exacerbate this threat. 

Habitat change 
and resource 
depletion due to 
Phytophthora 
cinnamomi 
(dieback) 

Yes The Revised Proposal may exacerbate this threat. Phytophthora dieback and the 
Australian honey fungus are known to occur within the PAA, and mitigation measures 
are in place to reduce this risk.  
 
Minimise 

• Measures implemented include strict forest hygiene procedures and requirements 
for a forest disease assessment prior to any planned disturbance associated with 
the Revised Proposal, as detailed in the Forest Hygiene Management Procedure 
(Worsley, 2014) (refer to Table 5-20 for further detail). 

Western 
Ringtail 
Possum 

Western Ringtail 
Possum 
(Pseudocheirus 
occidentalis) 
Recovery Plan 
(DPAW, 2017c) 

Habitat loss and 
fragmentation 

Yes The Revised Proposal may exacerbate this threat: 

• The Western Ringtail Possum has been recorded in the CBME. The species is 
unlikely to be present in the WMDE and BTC as the drier forest habitats 
associated with the eastern Northern Jarrah Forest bioregion are outside the 
species typical habitat (BIOSTAT, 2021a). The species has also not been 
recorded in these areas despite extensive survey effort since 1982; 

• The CBME supports approximately 493 ha of suitable habitat for the Western 
Ringtail Possum; and 

• Up to approximately 236 ha of potential habitat for the Western Ringtail Possum in 
the CBME may be cleared under the Revised Proposal, representing 
approximately a 48% reduction of potential habitat in the CBME.  

 
Minimise 

• Controls related to clearing will be in place to prevent accidental clearing of 
suitable breeding trees identified with hollows or dreys (see Table 5-42 for further 
details); 
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• The Threatened Species Management Plan (Worsley 2021i) will be implemented 
to protect areas of high value habitat for listed Threatened species; 

• Worsley will investigate the installation of artificial habitat or nest boxes for 
conservation significant species such as the Western Ringtail Possum, in 
consultation with DBCA; and 

• Localised ecological linkages/corridors will be identified within the PAA and 
communicated through the EMLG (as part of the 10 year mine planning process) 
and managed in accordance with the BFMP (Appendix E1) and Flora and Fauna 
Conservation Procedure (Worsley, 2013b). 

 
Rehabilitate 

• Progressive rehabilitation will continue be undertaken in accordance with the 
BFMP (Appendix E1) and 10 Year Mine Plan, which will gradually return the 
vegetation removed during clearing activities and provide fauna habitat. 
 

Offset 

• Offsets are proposed to mitigate the loss of habitat (refer to Section 7). 

Predation Yes The Revised Proposal is not expected to exacerbate this threat.  
 
Minimise 

• No domestic animals or pets (including cats) are permitted to be brought on-site 
by Worsley Alumina employees or contractors;  

• While not directly undertaken within the CBME, a feral animal control program 
has been established, in consultation with DBCA, in the form of a targeted 1080 
baiting program within WJV managed lands and current operating State Forest 
areas. The program supplements areas under the DBCA Western Shield 
program; and 
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• Worsley Alumina also require that all employees and contractors report sightings 
of feral animals. 

Climate change Yes There are no proposed changes to approved GHG emission limits, production rate or 
mining rate associated with the Revised Proposal, however, the continued Worsley 
Alumina operations will continue to release CO2-e emissions that contribute to climate 
change. Worsley Alumina’s GHG emissions are currently, and will continue to be, 
regulated under the NGER Act and the Safeguard Mechanism.  
 
Minimise 
Worsley Alumina is also focusing on investigating and implementing decarbonisation 
initiatives in order to reach the long-term emissions reduction goal of net zero carbon 
emissions by 2050. Worsley Alumina commits to providing an interim emissions 
target to ratchet emissions reductions over the next 5-yearly period. 

Timber 
harvesting 

Yes The Revised Proposal is not expected to exacerbate this threat as timber harvesting 
is proposed to only occur in those areas that will be cleared, as part of a staged 
clearing process. 

Fire Yes The Revised Proposal is not expected to exacerbate this threat based on: 

• There have been no significant bushfires in the PAA as a result of existing 
operations. 

 
Minimise 

• Approximately 43% of the PAA has been cleared for agriculture and other 
purposes (e.g. mining) and is unlikely to support a significant fire; 

• Hot Work Permits are required for all hot works (e.g. welding, soldering, 
cutting/grinding), thereby reducing the risk of unintentional bushfires; 

• Specific controls are provided in the operational clearing procedures to protect 
against bushfire events; 
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• Worsley Alumina abides by the Shire’s fire and prescribed burning procedures; 
and 

• Worsley Alumina implement detailed prescribed burning programmes within 
private properties owned by the WJV to manage fire risk and support DBCA in 
undertaking their prescribed burning programmes within the timber reserves. 

Competition for 
tree hollows 

Yes The Revised Proposal may exacerbate this threat: 

• A general reduction in the amount of tree hollows may increase the competition 
between native fauna using the hollows including Black Cockatoos, other bird 
species, Brush-tailed Phascogale and other species; and 

• Disturbance to vegetation (representing fauna habitat) will be minimised. 

Habitat tree 
decline 

Yes The Revised Proposal is unlikely to significantly exacerbate this threat in the context 
of the Western Ringtail Possum, which is considered to occur only in the CBME 
(Table 5-34). Dieback has been identified extensively throughout the CBME, with 
approximately 98% of the area affected by dieback (Glevan, 2020). Only two small 
areas totalling approximately 12.4 ha remain uninfested. Measures implemented 
include strict forest hygiene procedures and requirements for a forest disease 
assessment prior to any planned disturbance associated with the Revised Proposal, 
as detailed in the Forest Hygiene Management Procedure (Worsley, 2014) (refer to 
Table 5-20 for further detail). 
 

Un-regulated 
relocation of 
orphaned, 
injured and 
rehabilitated 
Western 

Yes The Revised Proposal is not expected to exacerbate this threat: 
 
Minimise 

• Prior to clearing PHTs with hollows suitable for breeding, a suitably qualified 
environmental professional (fauna spotter) will identify and check all hollows 
suitable for conservation significant fauna (i.e. Black Cockatoos, Western Ringtail 
Possum or Brush-tailed Phascogale). Where nesting animals are identified the tree 
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Ringtail 
Possums 

will be marked and temporarily deferred from clearing until the resident animals 
have moved from the hollow whereby clearing will again be permitted; 

• Injured fauna will be taken to a wildlife carer or vet; 

• The Worsley Alumina site induction and visitor induction requires all personnel 
onsite to notify the site Environmental team of any injured or deceased fauna that 
occurred a result of operations; and 

• Any impacts to conservation significant fauna species are recorded within the 
Worsley Alumina incident and notification system, and notified to the DBCA 
through the submission of the Fauna Reporting Form (Species Community 
Branch, DBCA). 

Disease 
(biological) 

No This threat is not considered relevant to the Revised Proposal as it is prohibited to 
bring domestic animals and pets (including cats) into the Worsley Alumina operations 
area. Therefore, the Revised Proposal will not exacerbate this threat. 

Gaps in 
knowledge 

No This threat is not considered relevant to the Revised Proposal and, therefore, will not 
exacerbate this threat. 

Conservation 
Advice 
Pseudocheirus 
occidentalis 
Western Ringtail 
Possum (TSSC, 
2018d) 

Climate change 
leading to a 
drying climate 

Yes Refer to the climate change discussion above as related to the Western Ringtail 
Possum (Pseudocheirus occidentalis) Recovery Plan (DPAW, 2017c). Given the 
emissions reduction activities current and planned, GHG emissions associated with 
the Revised Proposal are considered unlikely to exacerbate this threat. 

Groundwater 
depletion and 
altered 
hydrology 

No The Revised Proposal is not expected to exacerbate this threat based on: 

• There is no current or proposed groundwater abstraction in the CBME, within 
which suitable habitat for the Western Ringtail Possum exists. As noted above, it is 
considered unlikely that the Western Ringtail Possum exists in the WMDE and 
BTC; 

• Activities within the CBME are not anticipated to significantly affect surface water 
flow regimes in the area; and 
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• The soils proposed to be disturbed within the WMDE IDF are predominantly 
lateritic soils above the groundwater table, which have a low risk of presenting 
current or potential saline conditions (GHD, 2020e). 

Increasing 
temperature 

Yes The Revised Proposal may have indirect effects on climate change, which may lead 
to an increase in average temperatures. However, the Revised Proposal is not 
expected to exacerbate this threat. Refer to discussion above with regards to climate 
change. 

Land clearing 
and habitat 
fragmentation 
caused by 
urbanisation 

No This threat is not considered relevant to the Revised Proposal as it does not relate to 
urbanisation. Therefore, it will not exacerbate this threat. 

Feral predators Yes The Revised Proposal is not expected to exacerbate this threat.  
 
Minimise 

• No domestic animals or pets (including cats) are permitted to be brought on-site 
by Worsley Alumina employees or contractors; 

• Cats are known to occur in the PAA, and a feral animal control program has been 
established, in consultation with DBCA, in the form of a targeted 1080 baiting 
program within WJV managed lands and current operating State Forest areas. 
The program supplements areas under the DBCA Western Shield program; and 

• Worsley Alumina also require that all employees and contractors report sightings 
of feral animals. 

Fire Yes The Revised Proposal is not expected to exacerbate this threat. Refer to the fire 
discussion above as related to the Western Ringtail Possum (Pseudocheirus 
occidentalis) Recovery Plan (DPAW, 2017c).  
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Tree decline 
and insect 
outbreaks 

Yes The Revised Proposal may exacerbate this threat. Phytophthora dieback and the 
Australian honey fungus are known to occur within the PAA, and mitigation measures 
are in place to reduce this risk.  
 
Minimise 

• Forest hygiene procedures and requirements for a forest disease assessment 
prior to any planned disturbance associated with the Revised Proposal, as 
detailed in the Forest Hygiene Management Procedure (Worsley, 2014) (refer to 
Table 5-20 for further detail).  
 

Insect outbreaks are highly unlikely to occur as a result of the Revised Proposal. 

Competition for 
tree hollows 

Yes The Revised Proposal may exacerbate this threat. Refer to the competition for tree 
hollows discussion above as related to the Western Ringtail Possum (Pseudocheirus 
occidentalis) Recovery Plan (DPAW, 2017c). 

Logging Yes The Revised Proposal is not expected to exacerbate this threat as timber harvesting 
is proposed to only occur within those areas that will be cleared, as part of a staged 
clearing process. In the context of the CBME, no logging is currently proposed.  

Domestic dogs No The Revised Proposal is not expected to exacerbate this threat. No domestic animals 
or pets (including dogs) are permitted to be brought on-site by Worsley Alumina 
employees or contractors. 

Ravens No Ravens are considered a threat in urban areas where population numbers have 
increased substantially. This threat is not considered relevant to the Revised Proposal 
and, therefore, it will not exacerbate this threat. 
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Myrtle rust No The Revised Proposal will not exacerbate this threat as myrtle rust is not known to 
occur in the area. 

Injury and 
mortality due to 
vehicle strike 

Yes The Revised Proposal will not exacerbate this threat. 
 
Minimise 

• Speed limits around the site is used to minimise the incidence and likelihood of 
fauna collision with vehicles/equipment during operations. The likelihood of 
vehicle collisions with the Western Ringtail Possum is further reduced by the 
species being recorded only in the CBME; and 

• Vehicle movements within the CBME are likely to be minimal.  
 

It is unlikely that isolated deaths of individuals would affect the conservation status 
and distribution of any fauna species. The Worsley Alumina site induction and visitor 
induction requires all personnel onsite to notify the site Environmental Department of 
any injured or deceased fauna that occurred a result of operations. These 
interactions are noted in the Fauna Sightings Register. 

Un-regulated 
relocation of 
orphaned, 
injured and 
rehabilitated 
Western 
Ringtail Possum 

Yes The Revised Proposal is not expected to exacerbate this threat. Refer to the un-
regulated relocation discussion above as related to the Western Ringtail Possum 
(Pseudocheirus occidentalis) Recovery Plan (DPAW, 2017c). 

Chuditch Chuditch 
(Dasyurus 
geoffroii) 

Land clearing 
and habitat 
alteration 

Yes The Revised Proposal may exacerbate this threat: 

• The PAA supports up to approximately 15,865 ha of suitable habitat for this 
species; and 
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Recovery Plan 
(DEC, 2012a) 

• Up to approximately 5,915 ha of potential habitat for the Chuditch will be 
progressively cleared under the Revised Proposal, which represents 
approximately a 38% reduction in potential habitat within the PAA for this species. 

 
Minimise 

• Disturbance to vegetation (representing fauna habitat) will be minimised through 
appropriate location and design of the mining and supporting infrastructure 
footprints;  

• The Threatened Species Management Plan (Worsley 2021i)  will be implemented 
to protect areas of high value habitat for listed Threatened species; and 

• Localised ecological linkages/corridors will be identified within the PAA and 
communicated through the EMLG (as part of the 10 year mine planning process) 
and managed in accordance with the BFMP (Appendix E1) and Flora and Fauna 
Conservation Procedure (Worsley 2017a). 

 
Rehabilitate 

• Progressive rehabilitation will continue be undertaken in accordance with the 
BFMP (Appendix E1) and 10 Year Mine Plan, which will gradually return the 
vegetation removed during clearing activities and provide fauna habitat; and 

• Constructed fauna habitats (comprised of stumps, hollow logs and available 
debris) are placed at specific densities (9-10 per hectare) in rehabilitation areas 
(being returned to native vegetation in State Forest or WJV owned land) 
encourage native fauna to return early to the area. 

 
Offset 

• Offsets are proposed to mitigate the loss of habitat (refer to Section 7). 
 

Predation by, 
and competition 

Yes The Revised Proposal will not exacerbate this threat. Foxes and cats are known to 
occur in the PAA, and a feral animal control program has been established, in 
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from, introduced 
foxes and cats 

consultation with DBCA, in the form of a targeted 1080 baiting program within WJV 
managed lands and current operating State Forest areas. The program supplements 
areas under the DBCA Western Shield program. Worsley Alumina also require that all 
employees and contractors report sightings of feral animals.  

Deliberate and 
accidental 
death 

Yes The Revised Proposal is not expected to exacerbate this threat based on: 

• All efforts are made to ensure the protection of native fauna within the PAA. 
 
Minimise 

• All personnel contractors are made aware of the native fauna values present within 
the PAA, as communicated through the site induction process; 

• Domestic animals and pets (including cats) are not permitted on site; 

• No firearms are permitted on site, unless approval is provided by the Mine 
Manager; 

• Speed limits around the site is used to minimise the incidence and likelihood of 
fauna collision with vehicles/equipment during operations. The Worsley Alumina 
site induction and visitor induction requires all personnel onsite to notify the site 
Environmental team of any injured or deceased fauna that occurred a result of 
operations. These interactions are noted in the Fauna Sightings Register; and 

• Any impacts to conservation significant fauna species are recorded within the 
Worsley Alumina incident and notification system, and notified to the DBCA 
through the submission of the Fauna Reporting Form (Species Community 
Branch, DBCA). 

Quokka Quokka Setonix 
brachyurus 
Recovery Plan 
(DEC, 2013a) 

Foxes Yes The Revised Proposal will not exacerbate this threat. Foxes are known to occur in the 
PAA and, while not directly undertaken in the CBME, a feral animal control program 
has been established, in consultation with DBCA, in the form of a targeted 1080 
baiting program within WJV managed lands and current operating State Forest areas. 
The program supplements areas under the DBCA Western Shield program. Worsley 



 

 Worsley Mine Expansion Environmental Review Document 694 
 

Species 
Recovery Plan/ 
Conservation 

Advice 

Known and 
Potential 
Threats  

Relevant 
to the 

Revised 
Proposal 

Demonstration of Alignment as Relevant to the Revised Proposal* 

Alumina also require that all employees and contractors report sightings of feral 
animals. 

Feral cats Yes The Revised Proposal is not expected to exacerbate this threat.  
 
Minimise 

• No domestic animals or pets (including cats) are permitted to be brought on-site by 
Worsley Alumina employees or contractors.  
 
Cats are known to occur in the PAA and, while not directly undertaken in the 
CBME, a feral animal control program has been established, in consultation with 
DBCA, in the form of a targeted 1080 baiting program within WJV managed lands 
and current operating State Forest areas. The program supplements areas under 
the DBCA Western Shield program. Worsley Alumina has also consulted with 
DBCA with regards to the implementation a broadscale management program for 
feral cats, as Worsley Alumina are aware that DBCA have conducted trials in the 
broader regional area. These discussions are ongoing, and Worsley Alumina will 
continue to look for opportunities to implement cat control methods within WJV 
managed lands. Worsley Alumina also require that all employees and contractors 
report sightings of feral animals. 

Feral pigs Yes The Revised Proposal is not expected to exacerbate this threat. While feral pigs are 
known to occur in the area, Worsley Alumina do not currently implement measures 
that target the control of feral pig populations. Should DBCA approve the use of baits 
in forest areas, Worsley Alumina would incorporate this into the current baiting 
program. Worsley Alumina also require that all employees and contractors report 
sightings of feral animals. 

Phytophthora 
dieback 

Yes The Revised Proposal may exacerbate this threat. Phytophthora dieback and the 
Australian honey fungus are known to occur within the PAA, and mitigation measures 
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Species 
Recovery Plan/ 
Conservation 

Advice 

Known and 
Potential 
Threats  

Relevant 
to the 

Revised 
Proposal 

Demonstration of Alignment as Relevant to the Revised Proposal* 

are in place to reduce this risk. Measures implemented include strict forest hygiene 
procedures and requirements for a forest disease assessment prior to any planned 
disturbance associated with the Revised Proposal, as detailed in the Forest Hygiene 
Management Procedure (Worsley, 2014) (refer to Table 5-20 for further detail). 

Clearing Yes The Revised Proposal may exacerbate this threat: 

• The Quokka has only been recorded in the CBME, as the WMDE and BTC are 
outside the known range for the species (BIOSTAT, 2021a); 

• The CBME supports approximately 493 ha of suitable habitat for the Quokka; 

• Approximately 236 ha of potential habitat for the Quokka may be cleared for the 
Revised Proposal, representing approximately a 48% reduction in potential 
Quokka habitat in the CBME; and 

• Suitable habitat will continue to remain in the broader CBME, RLA and nearby 
forest blocks. 

 
Minimise 

• Localised ecological linkages/corridors will be identified within the PAA and 
communicated through the EMLG (as part of the 10 year mine planning process) 
and managed in accordance with the BFMP (Appendix E1) and Flora and Fauna 
Conservation Procedure (Worsley 2017a); and 

• Implementation of the Threatened Species Management Plan (Worsley 2021i), 
which includes protection of high value quality vegetation with potential to provide 
significant habitat for Threatened species and Protected Areas. 

 
Rehabilitate 

• Progressive rehabilitation will continue be undertaken in accordance with the 
BFMP (Appendix E1) and 10 Year Mine Plan, which will gradually return the 
vegetation removed during clearing activities and provide fauna habitat; and 

• Constructed fauna habitats (comprised of stumps, hollow logs and available 
debris) are placed at specific densities (9-10 per hectare) in rehabilitation areas 
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Species 
Recovery Plan/ 
Conservation 

Advice 

Known and 
Potential 
Threats  

Relevant 
to the 

Revised 
Proposal 

Demonstration of Alignment as Relevant to the Revised Proposal* 

(being returned to native vegetation in State Forest or WJV owned land) 
encourage native fauna to return early to the area. 

 
Offset 

• Offsets are also proposed as impact mitigation and to support conservation and 
protection of this species (refer to Section 7). 

Altered fire 
regimes 

Yes The Revised Proposal is not expected to exacerbate this threat based on: 

• There have been no significant bushfires in the PAA as a result of existing 
operations. 

 
Minimise 

• Hot Work Permits are required for all hot works (e.g. welding, soldering, 
cutting/grinding), thereby reducing the risk of unintentional bushfires; 

• Specific controls are provided in the operational clearing procedures to protect 
against bushfire events; 

• Worsley Alumina abides by the Shire’s fire and prescribed burning procedures; 
and 

• Worsley Alumina implement detailed prescribed burning programmes within 
private properties owned by the WJV to manage fire risk. Worsley Alumina also 
support DBCA in undertaking their prescribed burning programmes within the 
timber reserves. 

Altered 
hydrological 
regimes 

No The Revised Proposal is not expected to exacerbate this threat based on: 

• There is no current or proposed groundwater abstraction in the CBME, within 
which suitable habitat for the Quokka exists. As noted above, it is considered 
unlikely that the Quokka exists in the WMDE and BTC; 

• Activities within the CBME are not anticipated to significantly affect surface water 
flow regimes in the area; and 
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Species 
Recovery Plan/ 
Conservation 

Advice 

Known and 
Potential 
Threats  

Relevant 
to the 

Revised 
Proposal 

Demonstration of Alignment as Relevant to the Revised Proposal* 

• The soils proposed to be disturbed within the IDF are predominantly lateritic soils 
above the groundwater table, which have a low risk of presenting current or 
potential saline conditions (GHD, 2020e). 

Climate change Yes There are no proposed changes to approved GHG emission limits, production rate or 
mining rate associated with the Revised Proposal, however, the continued Worsley 
Alumina operations will continue to release CO2-e emissions that contribute to climate 
change. Worsley Alumina’s GHG emissions are currently, and will continue to be, 
regulated under the NGER Act and the Safeguard Mechanism.  

Minimise 

Worsley Alumina is also focusing on investigating and implementing decarbonisation 
initiatives in order to reach the long-term emissions reduction goal of net zero carbon 
emissions by 2050. Worsley Alumina commits to providing an interim emissions 
target to ratchet emissions reductions over the next 5-yearly period. 

Disease 
(biological) 

No This threat is not considered relevant to the Revised Proposal as it is prohibited to 
bring domestic animals and pets (including cats) into the Worsley Alumina operations 
area. Therefore, the Revised Proposal will not exacerbate this threat. 

Disturbance 
from recreation 

No The Revised Proposal will not exacerbate this threat. 

* Refer to the footnote provided to Table 5-34 for clarification of the clearing of vegetation as related to fauna habitat types specific to terrestrial fauna, inclusive of MNES. 
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Table 8-2 Relevant Threat Abatement Plans for MNES 

Threat Abatement 
Plan 

Species of 
Relevance 

Objective 
Demonstration of Alignment as Relevant to the Revised 

Proposal 

Threat abatement 
plan for predation by 
the European red fox 
(DEWHA, 2008).  

Red-tailed 
Phascogale, 
Western 
Ringtail 
Possum, 
Chuditch, 
Quokka 

Prevent foxes occupying new areas in 
Australia and eradicate foxes from high-
conservation-value ‘islands’ 

The Revised Proposal will not limit the achievement of this 
objective. Foxes are known to occur in the PAA and a feral animal 
control program has been established, in consultation with DBCA, 
in the form of a targeted 1080 baiting program within WJV 
managed lands and current operating State Forest areas. Worsley 
Alumina also require that all employees and contractors report 
sightings of feral animals. 

Promote the maintenance and recovery 
of native species and ecological 
communities that are affected by fox 
predation 

The Revised Proposal will not limit the achievement of this 
objective. The implementation of the following will assist in 
promoting the maintenance and recovery of species affected by 
fox predation: 

• BFMP (Appendix E1); 

• Flora and Fauna Conservation Procedure (Worsley 2017a); 
and  

• Threatened Species Management Plan (Worsley 2021i).  

Improve knowledge and understanding of 
fox impacts and interactions with other 
species and other ecological processes 

The Revised Proposal will not limit the achievement of this 
objective. 

Improve the effectiveness, target 
specificity, integration and humaneness 
of control options for foxes 

The Revised Proposal will not limit the achievement of this 
objective. 

Increase awareness of all stakeholders of 
the objectives and actions of the Threat 
Abatement Plan, and of the need to 
control and manage foxes 

The Revised Proposal will not limit the achievement of this 
objective. Worsley Alumina require that all employees and 
contractors report sightings of feral animals. 

Threat abatement 
plan for predation by 

Red-tailed 
Phascogale, 

Effectively control feral cats in different 
landscapes 

The Revised Proposal is not expected to exacerbate this threat. 
No domestic animals or pets (including cats) are permitted to be 
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Threat Abatement 
Plan 

Species of 
Relevance 

Objective 
Demonstration of Alignment as Relevant to the Revised 

Proposal 

feral cats (DoE, 
2015) 

Western 
Ringtail 
Possum, 
Woylie, 
Chuditch 

brought on-site by Worsley Alumina employees or contractors. 
Cats are known to occur in the PAA and a feral animal control 
program has been established, in consultation with DBCA, in the 
form of a targeted 1080 baiting program within WJV managed 
lands and current operating State Forest areas. The program 
supplements areas under the DBCA Western Shield program. 
Worsley Alumina has also consulted with DBCA with regards to 
the implementation a broadscale management program for feral 
cats, as Worsley Alumina are aware that DBCA have conducted 
trials in the broader regional area. These discussions are ongoing 
and Worsley Alumina will continue to look for opportunities to 
implement cat control methods within WJV areas. Worsley 
Alumina also require that all employees and contractors report 
sightings of feral animals. 

Improve effectiveness of existing control 
options for feral cats 

The Revised Proposal is not expected to affect the achievement of 
this objective. 

Develop or maintain alternative strategies 
for Threatened species recovery 

The Revised Proposal will not limit the achievement of this 
objective.  

Increase public support for feral cat 
management and promote responsible 
cat ownership 

The Revised Proposal will not limit the achievement of this 
objective.  

Threat abatement 
plan for competition 
and land degradation 
by rabbits (DoEE, 
2016)  

Woylie Strategically manage rabbits at the 
landscape scale and suppress rabbit 
populations to densities below threshold 
levels in identified priority areas 

The Revised Proposal should not affect the achievement of this 
objective. Worsley Alumina require that all employees and 
contractors report sightings of feral animals. 

Improve knowledge and understanding of 
the impact of rabbits and their 

The Revised Proposal will not limit the achievement of this 
objective.  
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Threat Abatement 
Plan 

Species of 
Relevance 

Objective 
Demonstration of Alignment as Relevant to the Revised 

Proposal 

interactions with other species and 
ecological processes 

Improve the effectiveness of rabbit 
control programs 

The Revised Proposal is not expected to affect the achievement of 
this objective. 

Increase engagement of, and awareness 
by, the community of the impacts caused 
by rabbits, and the need for integrated 
control 

The Revised Proposal will not limit the achievement of this 
objective.  

Threat abatement 
plan for predation, 
habitat degradation, 
competition and 
disease transmission 
by feral pigs (Sus 
scrofa) (DoEE, 
2017a)  

Woylie Prioritise key species, ecological 
communities, ecosystems and locations 
across Australia for strategic feral pig 
management 

The Revised Proposal will not limit the achievement of this 
objective.  

Encourage the integration of feral pig 
management into land management 
activities at regional, state and territory, 
and national levels 

The Revised Proposal should not affect the achievement of this 
objective. While feral pigs are known to occur in the area, Worsley 
Alumina do not currently implement measures that target the 
control of feral pig populations. Should DBCA approve the use of 
baits in forest areas, Worsley Alumina would incorporate this into 
the current baiting program. Worsley Alumina also require that all 
employees and contractors report sightings of feral animals.  

Encourage further scientific research into 
feral pig impacts on nationally 
Threatened species and ecological 
communities, and feral pig ecology and 
control 

The Revised Proposal will not limit the achievement of this 
objective. 

Record and monitor feral pig control 
programs, so their effectiveness can be 
evaluated 

The Revised Proposal will not limit the achievement of this 
objective. 
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Threat Abatement 
Plan 

Species of 
Relevance 

Objective 
Demonstration of Alignment as Relevant to the Revised 

Proposal 

Build capacity for feral pig management 
and raise feral pig awareness amongst 
landholders and land managers 

The Revised Proposal will not limit the achievement of this 
objective.  

Improve public awareness about feral 
pigs and the environmental damage and 
problems they cause 

The Revised Proposal will not limit the achievement of this 
objective. 

Threat abatement 
plan for disease in 
natural ecosystems 
caused by 
Phytophthora 
cinnamomi (DoEE, 
2018)    

Woylie Identify and prioritise for protection 
biodiversity assets that are, or may be, 
impacted by Phytophthora 

The Revised Proposal is considered consistent with this objective. 
Worsley Alumina have undertaken studies, as part of existing 
operations and to inform this Revised Proposal, to identify dieback 
infested or at-risk areas. Worsley Alumina implements a strict 
Forest Hygiene Management Procedure (Worsley, 2014), along 
with DBCA/Worsley Working Arrangements and site specific 
training, to avoid spreading dieback as a result of operations. As 
per the procedure, any forest areas are mapped (interpreted) by 
an approved interpreter for the presence of dieback prior to any 
planned disturbance.  

Reduce the spread and mitigate the 
impacts of Phytophthora to protect 
priority biodiversity assets and 
susceptible landscapes 

The Revised Proposal is considered consistent with this objective. 
As outlined above, Worsley Alumina implements a strict Forest 
Hygiene Management Procedure (Worsley, 2014), along with 
DBCA/Worsley Working Arrangements and site specific training, 
to avoid spreading dieback as a result of operations. 

Inform and engage the community by 
promoting information about 
Phytophthora, its impacts on biodiversity 
and actions to mitigate these impacts 

The Revised Proposal is considered consistent with this objective. 
Site specific soil hygiene management training is available for 
required Worsley Alumina personnel and contractors.". 

Encourage research on Phytophthora 
species and options to manage 
infestations and protect biodiversity 
assets 

The Revised Proposal will not limit the achievement of this 
objective. 



 

 Worsley Mine Expansion Environmental Review Document 702 
 

8.7 PREDICTED OUTCOME 

Impacts to MNES have been identified for the Revised Proposal primarily through loss and 

fragmentation of habitat as a result of clearing activities. Other impacts include injury, mortality or 

displacement from clearing, construction and operations including vehicle strikes and disturbance 

through dust and noise.  

Clearing activities will reduce the extent of available habitat at a local scale, however, it is unlikely to 

have a significant impact on MNES on a regional scale as the habitats are more widely represented 

throughout the PAA and the surrounding region with less than 2% of regional vegetation impacted 

by the Revised Proposal, and the application of additional mitigation and offsets (refer to Section 7) 

will further ameliorate residual impacts. The area has also historically been disturbed for agricultural 

and other activities, including logging/timber harvesting and mining. Continuation of rehabilitation 

activities undertaken by Worsley Alumina will also mitigate this impact, and progressively replace 

cleared areas with habitat. The rehabilitation program and its success are discussed in Section 4.5.  

Potential injury, mortality and displacement of Threatened fauna species as a result of clearing and 

mining activities associated with the Revised Proposal is unlikely to have a significant impact on 

MNES. The potential impacts to fauna from these activities are not new, as they are inherent to the 

existing operations, and can be suitably mitigated through the implementation of appropriate 

management measures, as detailed in Section 5.3.5. Despite existing mining activity, a number of 

Threatened fauna species have continued to be recorded within the Revised Proposal throughout 

the years.  

Other threats to MNES described in Section 8.6, such as predation by feral species, fires and the 

spread of invasive pathogens (primarily dieback), are considered broadly comparable to existing 

operating conditions within the PAA. The suite of management and mitigation measures that are 

implemented for existing operations, and which will continue to remain in conjunction with those 

identified within this Revised Proposal, are considered appropriate and are utilised by Worsley 

Alumina personnel and contractors.  

After application of the mitigation measures proposed by Worsley Alumina, there remains a 

Significant Residual Impact to MNES associated with the Revised Proposal.  To account for this, 

Worsley Alumina has proposed a number of offsets including habitat protection, restoration and 

artificial breeding hollows in accordance with the Commonwealth and WA Offset Guidelines. Details 

of the offsets proposed for this Revised Proposal are detailed in Section 7. 
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9 CUMULATIVE ENVIRONMENTAL IMPACT ASSESSMENT 

Amendments to the EP Act in 2021 introduced a new section 3(1B) which states that the 'effect of a 

proposal on the environment includes the cumulative effect of impacts of the proposal'. Therefore, 

consideration of the environmental impact of a proposal requires consideration of its cumulative 

impact on the environment. Cumulative environmental impacts are the successive, incremental and 

interactive impacts on the environment of a proposal with one or more past, present and reasonably 

foreseeable future activities (EPA, 2021a). The EPA defines reasonably foreseeable future activities 

as third party (or proponent) activities which are already approved, are in a government approvals 

process, or are otherwise reasonably likely to proceed (EPA, 2021a). 

The assessment of this ERD is to be considered in the context of the Project as a long-term operation 

that has been operational since the 1980s and has completed progressive mining and rehabilitation 

cycles. Therefore, cumulative impacts are to be considered as part of the contemporisation of the 

environmental, social and cultural setting within which the continuing and expanded activities are 

proposed. This requires placing the proposal in the context of its surrounds, including the cumulative 

impacts with other proposals (and with itself if the proposal is an extension/expansion of an approved 

proposal, as is the case for this Revised Proposal) (EPA, 2021a).  

Cumulative impact assessment is the process of (a) analysing the potential impacts and risks of 

proposed developments in the context of the potential effects of other human activities and natural 

environmental and social influences on values over time, and (b) proposing measures to avoid, 

reduce, or mitigate such cumulative impacts and risk to the extent possible (IFC, 2013). 

Contemporary baseline data provides detail on the cumulative pressures of existing activities in the 

region (mining and non-mining) and may be used to inform impact prediction and identify areas for 

mitigation and management (MCA, 2015). There is also a need to consider the concept of a ‘shifting 

baseline’. The development of a baseline as a snapshot of a system at a particular point in time will 

in most cases represent an already impacted system that may include the effects of past activities. 

The analysis of background data needs to consider the extent to which past activities contribute to 

existing impacts, and whether those activities need to be considered in the assessment. 

It is this concept of ‘shifting baseline’ that is of particular relevance to contextualise cumulative 

impacts for the Worsley Alumina operations. For the purpose of this assessment, Worsley Alumina’s 

ongoing environmental monitoring programs have been used to inform an updated baseline of the 

current state of the environment, so as to provide a contemporary point of reference, against which 

the predicted impacts of this Revised Proposal may be compared. For example, the latest monitored 

data for air quality, noise, soil and water quality (both surface water and groundwater) have informed 

impact assessments in Section 5. Similarly, the visual impact assessment for this ERD has been 

updated based on the current visual landscape. The assessment of biological impacts has taken into 

account historical clearing and rehabilitation practices, and the nature and condition of surrounding 

land uses within a landscape that is highly modified by agricultural, silviculture and mining activities. 

This approach is consistent with the ESD for this Revised Proposal 

Temporal changes associated with ongoing operations at the BBM, Refinery and OBC have been 

considered inherently in the discussion of  existing environment of Section 5 and Section 6. Where 

additional impacts are expected in a cumulative or additive context from continuing operations, these 

have been considered in this assessment, consistent with the context of this Revised Proposal taking 

into account a whole-of-operations review and contemporisation of environmental management. 
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9.1 FLORA AND VEGETATION 

The Worsley Mine operations, as approved under MS 719, covers an area of 22,102 ha  for mining 

in the PBA (based on the 2005 ERMP).  This Revised Proposal represents an extension of the 

existing development envelope by approximately 33% within a highly modified and extensively 

fragmented landscape. Cleared areas, agriculture and plantations account for approximately 44% of 

the PAA.   

As discussed in Section 5.2.4.8 currently approved clearing accounts for up to 5,263 ha within the 

existing PBA, and an additional 8,400 ha within the Extended Mining Areas (subject to conditions of 

MS 719). The proposed additional native vegetation clearing as a result of the Revised Proposal, 

brings the total native vegetation clearing within the PAA to 9,662 ha (9,283 ha within the WMDE). 

To date, Worsley Alumina has undertaken rehabilitation across 3,200 ha. Whilst no change to the 

Extended Mining Areas are proposed as part of the Revised Proposal, they are considered within 

this document to ensure the total cumulative impact is assessed in a holistic manner. Worsley 

acknowledges impacts will occur from native vegetation clearing in these areas, however, Worsley 

maintains a progressive rehabilitation program, typically rehabilitating 70-80% of the proposed 

vegetation clearing within 10 years of clearing thereby minimising the cumulative impacts.  

Cumulative impacts associated with the Revised Proposal have been considered in a regional 

context (Table 9-1 below). The cumulative clearing associated with the Revised Proposal represents 

less than 2% of the current remaining extent of the vegetation complexes within the Southwest 

Forest Region, with the exception of the Cooke complex (approximately 7%), Dwellingup 4 complex 

(approximately 4%), Michibin complex (approximately 2%) and Coolakin complex (approximately 

2%). Therefore, when considering cumulative impacts with respect to regional vegetation 

complexes, the impact of the Revised Proposal in a regional context is low. 

As discussed in Section 5.2.4.8, no significant cumulative impacts are expected on the site 

vegetation types mapped in the PAA, including the Mount Saddleback Heath Communities PEC. No 

cumulative impacts to conservation significant flora are anticipated from implementation of the 

Revised Proposal. As discussed in Section 5.2.4.1.3, individuals proposed to be cleared as a result 

of the Revised Proposal will continue to be present within either the PAA or surrounding area.   

A review of developments within the vicinity was undertaken. Based on the available information, 

none of the surrounding developments will clear any known PECs or TECs. However, it is recognised 

that the Mount Saddleback Heath Communities PEC (mapped as G1 and G3) is likely to occur within 

the bounds of the Newmont BGM, based on review of the site-vegetation types mapped (refer to 

Table 5-19). No cumulative impacts in relation to this PEC are anticipated as Worsley has committed 

to avoiding clearing of this community in accordance with the Worsley Alumina Protected Areas 

Plan. As there will be no clearing of vegetation complexes with <30% remaining as a result of the 

Newmont BGM expansion, there will be no additional cumulative impacts to regional vegetation 

complexes with <30% remaining as a result of the two projects (Table 5-19). Cumulative impacts to 

vegetation will occur within the Northern Jarrah Forest as a result of the Revised Proposal, however, 

they are not expected to be significant at local and regional scales. 

A high level of species diversity and richness was recorded within the Revised Proposal, as 

consistent with the diversity of the Northern Jarrah Forest. The majority of the flora species recorded 

are common throughout the Northern Jarrah Forest and, although recorded at the other 

developments, are not expected to be restricted to these developments and/or their development 

envelopes. Due to the strict hygiene practices that are performed within surrounding mining 

operations, a cumulative impact from the spread of dieback is unlikely. 
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The localised cumulative impact from dust surrounding the Worsley and Newmont BGM operations 

has the potential to impact vegetation in the area. Both Newmont BGM and Worsley Alumina are 

required to adhere to the EP Act and their internal management programs to reduce and manage 

their dust emissions. With consideration that new operations are sufficiently separated from other 

developments, it is unlikely that the cumulative impacts from dust will have an impact beyond local 

impacts.  

The mine is considered sufficiently separated from other developments that there is unlikely to be a 

cumulative impact on the changes in water drawdown and GDEs, with the exception of Newmont 

BGM (refer to Section 5.5.4.1.4). It is recognised there may be an overlap between the Newmont 

BGM and Revised Proposal groundwater drawdown areas in the northern portion of the WMDE, 

however, it is expected that this would comprise a relatively small and localised portion of the overall 

PAA.
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Table 9-1: Cumulative impacts to vegetation complex in the area surrounding the Revised Proposal 

* Note this includes the already approved 942 ha 

** MS 719 has an approved Part B (Extended mining Area) area of disturbance of 8,400 ha.  The figures for each vegetation complex have been estimated based on the percentage composition 
of each vegetation type over the entire Extended Mining Aarea (62,022.7 ha) 

Vegetation 
Complex 

Pre-
European 

Extent (ha) 

Current 
Extent (ha) 

Pre-
European 

Extent 
remaining 

(%) 

Current 
Extent 

Remaining 
within 
DBCA 

Managed 
Land (%) 

Extent of 
current  Cleared 
within Worsley 

operations- Area 
Cleared as of 
Dec 2021 (ha) 

Worsley 
Additional 
Revised 
proposal 

Clearing (ha)* 

Clearing 
proposed 

for 
Worsley 
Part B 
mine 

areas (ha) 

BGM 
clearing 
current 

and 
proposed 

(ha) 

Alcoa 
clearing – 

current and 
proposed 

(ha) 

Cooke 36,779.30 30,304.20 82.40% 62.60% 1,567.30 528.5 289.80 128 504.5 

Coolakin 163,991.70 64,204.70 39.20% 20.10% 750.6 469.7 2,540 0.6  

Dwellingup 
4 

132,415.60 115,661.50 87.30% 70.10% 2,226 2,237.50 1,863.80 1,988  

Michibin 168,040.10 42,996.10 25.60% 5.10% 377.8 431.9 525 27  

Pindalup 167,151.00 128,358.20 76.80% 60.10%  344.7 957 1,145 34.9 

Swamp 53,658.20 40,613.00 75.70% 64.20% 2.6 37.7 151.30 894 1,606 

Williams 28,984.00 7,516.50 25.90% 0.30% 7.9 3.9 65.8 0.5  

Yalanbee 5 126,609.80 83,829.10 66.20% 38.80% 40 648.7 1,325   

Yalanbee 6 197,849.00 92,080.90 46.50% 21.10% 1,495 388.7 681   

Dwellingup 
1 

208,490.90 181,038.80 86.80% 82.30%  140.1  57 8,079.3 

Dwellingup 
2 

        4,951.7 

Goonaping         304.2 

Murray 1 68,695.20 52,296.00 76.10% 64.70%  105.8   1,773.5 

Yarragil 1 80,203.00 64,927.10 81.00% 73.60%  3   3,660 

Yarragil 2         5,692 

Total  903,826.10   6,467.20 5,340.20* 8,400** 4,240.10 26,606.08 
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9.2 FAUNA 

Implementation of the Revised Proposal will have an impact on conservation significant fauna 
(including cumulative impacts to MNES – see Section 8), primarily through loss of suitable habitat, 
at local and regional scales. As discussed in Section 5.3.4, it is recognised there is potential for 
cumulative impacts with regard to habitat loss and displacement, particularly with the proximity of 
Newmont BGM to the Revised Proposal. The other mines in the Northern Jarrah Forest are 
considered sufficiently distant with regard to movements of non-avian fauna.  

At a regional scale, the PAA represents a small portion of the known Black Cockatoo species’ 

distributions for foraging, roosting and breeding. The breeding rate by Carnaby’s Black Cockatoo 

within the PAA  is considered to be naturally low, as the Northern Jarrah Forest is outside the species 

preferred breeding area of the Wheatbelt. Breeding is also limited in the area due to the lack of 

mature nesting tree species with suitable hollows, which relates directly to historic timber harvesting 

activities in the area. Therefore, the cumulative impact of the Revised Proposal to Black Cockatoos, 

in a regional context, is low. 

The Revised Proposal will result in the clearing of approximately 761 ha of high value SRE habitat, 

which represents a reduction of approximately 5.9% within the PAA, and approximately 4,579 ha of 

low value SRE habitat, which represents a reduction of approximately 36% (Phoenix, 2021b) within 

the PAA. No SREs recorded in the surveys relevant to the PAA were listed under the EPBC Act, the 

BC Act or the DBCA Priority species list. Some taxa may however still be considered to be  

conservation significant owing to either the poor state of taxonomic or genetic knowledge for the 

species collected, or the limited ability to identify some specimens. 

The collective surveys for the Revised Proposal (both within the PAA and surrounds), in conjunction 

with those recently undertaken nearby for the Huntly Mine Expansion (approximately 25 km to the 

west-northwest of the PAA), indicate that short-range endemism in the invertebrate fauna in this area 

of the Northern Jarrah Forest is much greater than previously understood (Phoenix, 2021b). The 

surveys within the PAA show that a high diversity of SRE taxa exists in the area, and it is recognised 

that data is only available for a small portion of the proposed disturbance area, as it is impractical to 

characterise the entire area for all invertebrate fauna, due to its large size. The influencing factors 

contributing to the limited distribution of SRE taxa within the PAA and surrounding Northern Jarrah 

Forest are difficult to determine, however, it is most likely a combination of biogeographical (e.g. soil 

and climate) and biological (e.g. powers of dispersal and fecundity) factors (Phoenix, 2021b). 

Overall, the habitat analysis and biological surrogacy found few high risk taxa. 

As the majority of SRE taxa recorded within the PAA typically appear to have small ranges (generally 

<20 km), surveys to date suggest that rehabilitation does not appear to favour cryptic taxa and 

translocation is not considered a viable option for SREs. As a result, the area of occupancy and 

overall distribution of some taxa could be reduced by the Revised Proposal. The distribution, 

abundance or productivity of SRE fauna within the PAA may decline, although SRE taxa are known 

to survive in relatively small remnants. It is also possible that the area of occupancy of the known 

SRE taxa within the PAA may be reduced by the Revised Proposal, given the distinct assemblages 

of the WMDE/BTC and CBME and nearby Huntly survey area and the scale of the Revised Proposal. 

However, only a proportion of the area of available habitat within the PAA will be cleared 

(approximately 46%). Therefore, SREs habitats will only be partially cleared, with approximately 48% 

(following the implementation of the additional commitments to further protect key environmental 

values as discussed in Section 4.3.4) of all SRE habitat types continuing to be represented within 

the PAA. Suitable SRE habitat extends beyond the PAA (refer to Appendix G2) and is expected to 
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be represented throughout the Northern Jarrah Forest. Therefore, the unique species identified 

within the PAA could also reasonably occur beyond the boundaries of the Revised Proposal in similar 

habitats. Surveys have demonstrated that rehabilitation has the potential to provide refugia to SREs 

and support the recolonisation of more ‘common’ SRE species (Phoenix, 2021b). Consequently, 

areas of cleared land adjacent to SRE habitat have an increased value in relation to SREs. 

Worsley Alumina is engaging with Newmont BGM on the management of cumulative impacts as part 

of the Parallel Operations Plan. With respect to terrestrial vertebrate fauna, engagement to date has 

focused on the development fauna linkages through restoration, and feral animal control. A summary 

of the cumulative impacts of developments and activities on terrestrial fauna in close proximity to the 

Revised Proposal, and within the Northern Jarrah Forest, is provided in Table 5-39. 

9.3 AIR QUALITY 

Continuation of operations associated with the Revised Proposal will result in emissions of dust and 

combustion products (including NOX, SO2 and CO) that will contribute to the surrounding local and 

regional airsheds. In the context of this Revised Proposal, the primary source of potential impacts to 

air quality are additional dust emissions associated with expanded mining activities. These 

emissions will contribute to cumulative impacts in the local and regional airsheds associated with the 

PAA (i.e. Collie airshed, Boddington airshed and South West regional airshed). The potential for 

health and amenity related air quality impacts from dust emissions at the BBM is low to minimal, in 

terms of risk that the criterion may be exceeded.  

The localised cumulative impact from dust surrounding the Worsley and Newmont BGM operations 

has the potential to impact vegetation in the area. Both Newmont BGM and Worsley Alumina are 

required to adhere to the EP Act and their internal management programs to reduce and manage 

their dust emissions. With consideration that new operations are sufficiently separated from other 

developments, it is unlikely that the cumulative impacts from dust will have an impact beyond local 

impacts. 

The dispersion modelling demonstrated that the release of combustion products associated with the 

continuation of mining activities are either insignificant (SO2) or well below the air quality assessment 

criteria (NOX and CO). Mining-related combustion products therefore present a very low risk of 

impacting sensitive receptors or have a material cumulative impact on local/regional airsheds. 

The implementation of this Revised Proposal will enable continued operations of the Refinery and 

BRDAs. Particulate and combustion emissions from the Refinery operations will remain consistent 

with existing operations and are managed under the requirements of the EP Act Licence 

(L4504/1981/17). When considering cumulative impacts from the Refinery, it is important to consider 

the context of the landscape and the location of sensitive receptors. The refinery is principally 

surrounded by State forest with some broad scale farming properties, including isolated farmhouses. 

The nearest residence is approximately 7km from the refinery boundary, and the nearest urban 

location is Allanson approximately 11km south of the refinery. The DWER Licence L4504/1981/17 

enforces a number of conditions on the operations including emissions targets and monitoring of 

point source emissions to air from the operations. The decision document for the Licence noted that 

a review of the data provided since 2001 when monitoring commenced has shown that SO2 levels 

at the Willis Station (15km west of the premises) are consistently below the National Environment 

Protection (Ambient Air Quality) Measure (NEPM) standard. NEPM standards are developed around 

cumulative impacts. Although the ongoing operation at the Refinery will continue to produce 

emissions to the local airshed, these can be effectively regulated through the Part V Licence process 

such that the EPA objective for Air Quality is met. 
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Cumulative impacts with nearby operations are also a consideration, particularly the Alcoa Wagerup 

Refinery given its proximity to the Worsley Alumina Refinery. The Wagerup refinery was recently 

assessed by the EPA (Report 1691) in which Air Quality formed a major component of the 

assessment. Alcoa’s air dispersion modelling found that the predicted Ground Level Concentrations 

(GLCs) were well within the NEPM standards for criteria pollutants (including particles as PM10) and 

air toxics. Alcoa’s Health Risk Assessment (HRA) (Alcoa 2005) was based on worst case scenarios, 

and concluded that the predicted GLCs from baseline emissions and expanded emissions would not 

result in adverse health impacts, chronic health impacts or increased cancer risk to the Wagerup 

community. The Department of Health reviewed Alcoa’s HRA and verified the findings. The 

document was also peer reviewed by an independent expert (commissioned by DWER). The peer 

review found that the conclusions were supported and therefore reliable, subject to minor 

amendments which were then undertaken by Alcoa. Whilst noting the conclusions suggested no 

adverse impacts and therefore likely minimal cumulative impacts with the current proposal, the 

Wagerup refinery is subject to a number of conditions under both the Part IV and Part V processes, 

this regulation provides further confidence that the cumulative impacts with the Revised Proposal 

will be minimised. 

The Newmont BGM operations are also a consideration given the proximity to the BBM. The 

Newmont BGM PER (Strategen, 2013b) noted the operations had the potential to exceed NEPM 

criteria at a number of receptors if unmitigated, and would implement an Air Quality Management 

Plan to manage the potential impacts, reflecting the conditions in the Part V Licence L8306/2008/2. 

Following the implementation of the mitigation measures, it was concluded that the Newmont BGM 

Proposal would not exceed air quality guidelines, and would sufficiently be managed under the 

conditions of the Part V Licence. As air emissions from the BBM are minimal (i.e. compliance with 

the air quality assessment criteria across all sensitive receptor locations; see discussion in Section 

5.6.4.2), it is anticipated that cumulative impacts with BGM will not likely to be significant. 

Particulate emissions from BRDAs are not expected to change as a result of the Revised Proposal 

and will continue to be managed in accordance with relevant specific management practices. No 

increase in the cumulative impact on  local or regional airsheds are expected as a result of the 

Revised Proposal.   

Dust emissions associated with exploration activities will remain negligible under the Revised 

Proposal  and will not  lead to a n increase in the  cumulative impact on  local or regional airsheds.  

9.4 SOCIAL SURROUNDINGS 

Noise and Vibration  

Noise and air blast modelling and historic monitoring results indicate that noise and vibrations levels 

resulting from the implementation of the Revised Proposal would be managed in accordance with 

statutory requirements and do not pose a health, safety or structural damage risk to sensitive 

receptors in the vicinity of mining, processing and related operations (Section 5.7.4.1). The Revised 

Proposal represents an extension of current mining practices over time and there will not be an 

increase in rate of mining and associated equipment use which would contribute to noise emissions.  

Given the relatively large distance between major noise generating activities, including those 

associated with other mining operations or farming, cumulative noise and vibration impacts have not 

been identified.  

Cumulative impacts to noise from other operations (NBGM) in the area, were taken into 

consideration during the assessment of noise impacts.  Two sensitive receptors at BBM were 
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identified as having potential to be impacted by both operations and a 5 dbA adjustment was made 

(in line with Noise Regulations) to these premises to account for this. 

Visual Impacts 

In addition to the Revised Proposal, there are three mining operations and a Refinery within the 

Boddington region that contribute to cumulative mining-related visual amenity impacts. They are the 

Newmont BGM, Alcoa Willowdale Bauxite Mine, Alcoa Huntly Bauxite Mine and Alcoa’s Wagerup 

Alumina Refinery. The cumulative impacts predicted as a result of the implementation of the Revised 

Proposal will occur in the northern area of the WMDE, as a result of the mining extension areas; and 

eastern portion of the CBME, with the increase in height across the northern and southern valley 

BRDAs, and expansion of BRDA4 adjacent to the Refinery and contingency mining area. It is unlikely 

that multiple mining areas will be able to be viewed from any single view point, of the Newmont BGM 

and the Revised Proposal from the main road network, however, there are simultaneous  views to 

the Newmont BGM and the Revised Proposal from an number of viewpoints along the local road 

network in the northern PAA, resulting in a ‘Minor’ to ‘Negligible’ impact to existing visual amenity 

(ERM, 2020b).  

Impacts on the Bibbulmun Track 

Potential cumulative  impacts to the Bibbulmun Track may result from the proximate operation of the 

Newmont BGM and the Revised Proposal. Impacts as a result of the Revised Proposal  are expected 

to be negligible in the near term (under 10 years), with no mining noise or impacts to visual amenity 

identified (see Section 5.7.4.1.1 and Section 5.7.3.3, respectively). Additionally, the 1.1 km section 

of Bibbulmun Track, located in the north-western extent of the WMDE will have a buffer of at least 

100 m implemented to prevent any direct disturbance from mining activities, and, following mine 

design in the area, the buffer will increase to 200 m, consistent with the DBCA’s Forest Management 

Plan. 

Cumulative impacts to the Bibbulmun Track in the near term (under 10 years) as a result of the 

Newmont BGM are not anticipated. The Ministerial Conditions for the Newmont BGM mine 

expansion (MS 971) require that there are no adverse impacts to the recreational values of the 

Bibbulmun Track as a result of the mine expansion. Newmont BGM also have a condition under MS 

971 to implement a Bibbulmun Track Management Plan that would prevent Newmont BGM from 

undertaking work within 200 m of the Bibbulmun Track unless prior approval is granted by the DBCA. 

A significant cumulative impact on the Bibbulmun Track is consequently not anticipated.  

9.5 GREENHOUSE GASES 

Net GHG emissions for Western Australia and Australia reported for 2019 were 91.8 and 529.3 Mt 

CO2-e respectively (https://ageis.climatechange.gov.au/). In FY21, Worsley Alumina’s net 

operational GHG emissions totalled 3.74 Mt CO2-e representing 4% of Western Australian emissions 

and 0.7% of Australia’s emissions. If Worsley Alumina were to continue to operate under the existing 

authorised limits, sustain its existing mining and production rates and took no further action to reduce 

its GHG emissions, total Scope 1 and Scope 2 emissions would be in the order of 56.1 Mt CO2-e 

over the life of the Revised Proposal (i.e. 3.74 Mt CO2-e per year over the indicative 15 year period).  

Worsley Alumina is working towards achieving net zero operational GHG emissions by 2050 in 

support in support of the goals of the Paris Agreement (refer to Section 6.2.3). Worsley Alumina is 

committed to reducing operational GHG emissions, shifting to low-carbon energy sources and 

focusing on a low-carbon future. Worsley Alumina has proposed specific interim emission reduction 

https://ageis.climatechange.gov.au/
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targets for its net operational emissions (Scope 1 and Scope 2), inclusive of both the BBM and 

Refinery (Section 6.2.6.3). Through the GHG Management Plan, Worsley Alumina has proposed to 

deliver the following emission reduction targets over the life of the Revised Proposal: 

• 5-year target (By FY26) – 8% reduction from baseline resulting in a 1.5 Mt CO2-e reduction in 
emissions; 

• 10-year target (By FY31) – 20% reduction from baseline resulting in a 5.25 Mt CO2-e reduction in 
emissions; and  

• 15-year target (By FY36) - 40% reduction from baseline resulting in a 12.75 Mt CO2-e reduction 
in emissions. 

The projected GHG emissions from the Worsley Alumina operations over the life of the Revised 

Proposal, cumulatively contributes to GHG’s in a global context and therefore contributes to climate 

change.  

The increase in GHG emissions and the resulting contribution to climate change is predicted to result 

in a drying climate in the southwest of Western Australia.  This has the potential to impact on inland 

waters through reduced availability of water and run off; flora and vegetation through reduced rainfall 

and also increased temperatures; and subsequently terrestrial fauna, as vegetation complexes 

change in response to the dryer conditions. 

The increase in mean average temperatures may impact on social surroundings as the liveability of 

areas changes, as a result of climate change. 

Worsley Alumina has assessed the potential impacts that may arise from the Revised Proposal, and 

have applied the mitigation hierarchy, including that of applying biodiversity and carbon offsets, and 

considered that the residual impacts that will result from the Worsley Mine Expansion will be able to 

be managed appropriately through internal management systems and processes; and approval 

conditions.  
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10 HOLISTIC IMPACT ASSESSMENT 

In preparing this section, Worsley alumina has had regard to the following documents: 

• How to prepare and Environmental Review Document – Instructions , EPA October 2021; and 

• Statement of Environmental Principles, factors, objectives and aims of EIA, EPA October 2021. 

This ERD provides a detailed assessment of the potential environmental impacts associated with 

the Revised Proposal and the management and mitigation strategies for each environmental factor 

(Section 5). Worsley Alumina acknowledges the interrelationships between these environmental 

factors require a holistic approach to achieve positive environmental outcomes. Management and 

mitigation measures have been considered from a holistic perspective. This is of particular relevance 

to this Revised Proposal, given the context that Worsley Alumina has been in operation since the 

1980s and has a relatively long future life of operation. Therefore, the approach applicable to the 

management of key environmental factors in this ERD is a natural extension of the well-established 

site practices but contemporised to reflect current expectations for environmental outcomes to be 

achieved. 

This section outlines the connections and interactions between the environmental factors and their 

values and discuss predicted outcomes in relation to the environmental principles and the EPA’s 

environmental objectives. Interactions between key environmental factors of Flora and Vegetation, 

Terrestrial Fauna, Terrestrial Environmental Quality, Inland Waters, Air Quality, Greenhouse Gas 

and Social Surroundings are discussed. These interactions are presented graphically in Figure 10-1 

below and highlight the complexity of interactions between factors and the link between all factors 

and Social Surroundings, emphasising the significance of the environment to people in the region. 

For example, the impact from the Revised Proposal to Flora and Vegetation through clearing will 

have multiple effects on other factors. Loss of vegetation will reduce habitat for fauna which in some 

instances (related to MNES) will have a significant residual impact. Clearing can also affect soil 

quality through erosion and salinisation resulting from rising water tables and this in turn may impact 

on inland waters and the health of streams.  Therefore, one impact associated with native vegetation 

clearing will have multiple flow on impacts across several key environmental factors.  Importantly, 

the combined impacts will affect people’s perception of the health of the environment and further 

impact on social surroundings.   

It is important to note that Worsley Alumina is already undertaking mitigation measures at its current 

operations which take into consideration the holistic impacts.  This is evident in the rehabilitation 

undertaken where disturbed areas are returned to native vegetation.  The practices employed also 

provide benefit to fauna through direct incorporation of habitat structures and prevent erosion, thus 

minimising impacts to inland waters and terrestrial environmental quality.  The rehabilitation also 

improves visual amenity.  This approach will be extended into the areas covered by the Revised 

Proposal. 

 Worsley Alumina undertakes other management practices particularly in design and planning 

stages to reduce impacts.  Areas of significance are avoided and appropriate buffers are placed 

around areas that are particularly sensitive such as heritage sites and water courses. Incorporation 

of a management buffer into the mine and infrastructure design to maintain appropriate separation 

distances along the major waterways of the Hotham River and key tributaries/streams, as part of the 

Worsley Alumina Protected Areas Plan (Worsley 2021g) is a key element of Worsley Alumina’s 
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holistic management approach. This management buffer provides initial protection to riparian 

vegetation, thereby contributing to the maintenance of water quality, fauna habitats and connectivity, 

heritage and amenity values associated with these features. Specifically, the Hotham River 

(Registered ethnographic Aboriginal heritage site) and the Tullis Bridge (public recreation area and 

European heritage site) will benefit from the protection of riparian vegetation. This management 

buffer is an avoidance measure in the first instance. The intent of this management buffer is a holistic 

outcome that spans multiple environmental, social, and heritage factors of the surrounding 

environment. 

 

 

 

Figure 10-1 Interactions Between Key Environmental Factors of the Revised Proposal 

The connections and interactions between the key environmental factors associated with this 

Revised Proposal have been outlined in Table 10-1 below.  The table also outlines the combined 

effects resulting from these interactions. Whilst mitigation measures are provided for each individual 

key environmental factor, in practice the implementation of a particular mitigation strategy will 

influence other environmental factors as described above.   

The predicted outcomes for each interrelationship in relation to the EPA’s environmental objectives, 

after the application of the EPA’s mitigation hierarchy (avoid, minimise, rehabilitate, offset) are 

summarised in Table 10-1. Where significant residual impacts were identified, offsets have been 

proposed. 
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As identified in Section 7, a significant residual impact remains for several fauna species.  The 

proposed mitigation measures and offsets have been developed to address this SRI, but also to 

address other factors.  Providing habitat for particular species has greater benefit through improved 

land management and reduction of cleared areas. As highlighted above, this leads to other 

environmental benefits.  The mitigation measures and offsets cannot be considered in isolation from 

other key factors as they will provide benefit across a range of  factors and provide a broader 

improved environmental outcome. 

Due to the linkages between the biological and social values of the EPA’s environmental factors of 

the Revised Proposal and the proposed impacts to these values, the application of the EP Act 

precautionary principle, the principle of the conservation of biological diversity and ecological 

integrity and intergenerational equity were relevant considerations in the holistic assessment of this 

Revised Proposal. 

When the separate environmental factors of the Revised Proposal were considered together in a 
holistic assessment and after consideration of Worsley Alumina’s current operational performance 
and management practices, proposed mitigation measures for individual factors, as set out in 
Sections 4.5, 5.2 –5.7, 6.2, 7 and 8 to avoid, minimise and rehabilitate impacts and the provision of 
offsets for factors where SRI remains, it is considered that implementation of the Revised Proposal 
would be consistent with the EPA’s principles and environmental factor objectives. 
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Table 10-1 Connections and Interactions between Key Environmental Factors and Predicted Outcomes 

Key Environmental 
Factor 

Interacting Factors 
Connection and Interaction 
Pathway  

Mitigation and Management Measures  Predicted Outcome 

Flora and Vegetation • Terrestrial Fauna 
 
 

• Inland Waters 
 
 
 
 
 

• Social Surroundings 
 
 
 
 
 
 
 
 
 
 

 
 

• Air Quality 
 

• Terrestrial 
Environmental 
Quality 

 

GHG 

• Provides habitat and 
ecological linkages for 
terrestrial fauna; 

 

• Contribution to maintenance 
of inland water quality and 
terrestrial environmental 
quality (e.g. through 
minimising erosion, reducing 
potential for soil salinisation); 

 

• Contribution to social 
wellbeing (e.g. maintenance 
of air quality or heritage 
sites); 

 

• Has the potential to provide a 
buffer against visual, noise 
and vibration impacts; 

 

• Scientifically and culturally 
important, particularly with 
relevance to conservation 
significant flora and 
vegetation communities; 
 

• Provides cover stabilising 
soils and preventing dust; 
and 
 

• Absorbs CO2 and sequesters 
carbon. 

Avoid 

• Implementation of the Protected Areas Plan  
(Worsley 2021g) to avoid Protected Areas and the 
BFMP to avoid where possible areas of potential 
high conservation value, including disturbance to 
Mount Saddleback Heath Communities (Priority 1 
PEC) and Threatened flora. 

Minimise  

• Minimisation of clearing of native vegetation 
within the design phase to reduce the footprint, 
and the use of existing cleared areas; 

• Minimise the risk of unauthorised clearing through 
continued implementation and compliance with 
internal procedures and standards; 

• Hygiene and weed management procedures to 
prevent the introduction and/or spread of weeds 
and invasive pathogens into fauna habitat; 

• Localised ecological linkages/corridors will be 
identified and communicated through the EMLG 
(as part of the 10 year mine planning process)  
and managed in accordance with the BFMP 
(Worsley 2020a) and Flora and Fauna 
Conservation Procedure (Worsley, 2013b); and 

• Rehabilitation is planned to support local 
ecological linkages. 

Rehabilitate 

• Progressive rehabilitation of cleared where mining 
activities are complete and areas are not 
occupied by utility corridors, buildings or fire-
breaks. 

 

The Revised Proposal will result in clearing of up to an additional 4,399 ha 
of native vegetation.  The removal of this vegetation will impact on native 
fauna through the direct removal of habitat which will also lead to habitat 
fragmentation.  The removal of vegetation may also lead to instability of the 
landform, potential erosion and resulting impact on water quality, impacts 
to visual amenity to surrounding users and increase in GHG emissions 
through burning. 
 
Through implementation of its Protected Area Plan, Worsley Alumina will 
avoid areas of significant vegetation such as old growth forest and the 
Tunnel Road Heath.  Clearing of riparian vegetation will be limited including 
the maintenance of management buffers to separate mine areas from 
nearest waterways.  Further minimisation will be achieved through 
maximising the use of existing cleared, disturbed and rehabilitated areas 
for placement of infrastructure. Worsley Alumina’s comprehensive 
rehabilitation program progressively restores flora, vegetation and the 
resultant fauna habitat (and ecological linkages) to the area again 
minimising the overall disturbance both spatially and temporally. 
 
The PAA, Worsley Alumina operational areas and surrounding area have 
been subject to historical disturbance from agricultural, mining and forestry 
activities, which have been operating in the region over a long period of 
time. Worsley Alumina has been operating within the area for over 35 
years and has consulted extensively with stakeholders (including 
landholders, the broader community, local environmental groups and 
Government) to understand any issues or concerns. The outcomes of the 
consultation have been considered in the design of the Revised Proposal 
so that the impact to the social wellbeing through impacts to flora and 
vegetation are minimised. 
 
Taking into account the key mitigation and management measures 
applicable across the inter-connected factors relevant to Flora and 
Vegetation and given the existing operational context of the continued use 
areas, the holistic impacts associated with the Revised Proposal are 
demonstrated to be manageable. The contemporising of relevant 
Ministerial Conditions will ensure that Worsley Alumina can be subject to a 
whole of operations, consolidated environmental approval to ensure 
effective and efficient environmental management of the operations.  
 
Worsley Alumina considers that the impacts to the health of other 
environmental factors including the values associated with terrestrial fauna, 
inland waters, social surroundings, air quality, terrestrial environmental 
quality and greenhouse gas are unlikely to be inconsistent with the EPA’s 
environmental factor objectives. 

Terrestrial Fauna • Flora and Vegetation 
 
 
 

Social Surroundings 

• Disperse and pollinate flora 
and support the continuation 
of vegetation communities 
within the PAA; 
 

Avoid 

• Implementation of the Protected Areas Plan 
(Worsley 2021g) to avoid Protected Areas and 
the BFMP to avoid where possible areas of 
potential high conservation value, including 
disturbance to high quality vegetation with 

The Revised Proposal has the potential to impact on terrestrial fauna and 
change the relationship between flora and vegetation and reduce people’s 
social surroundings and interactions with nature through the clearing of up 
to 4,399 ha of native vegetation and habitat which supports several 
conservation significant species. 
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Key Environmental 
Factor 

Interacting Factors 
Connection and Interaction 
Pathway  

Mitigation and Management Measures  Predicted Outcome 

• Contribution to social 
wellbeing in highly disturbed 
environments, such as 
agriculture and mining areas; 
and 

 

Scientifically and culturally 
important, particularly with 
relevance to conservation 
significant terrestrial fauna. 

potential to provide significant habitat for 
Threatened species; 

• Amendments to mine layout to avoid 503 ha of 
Woylie habitat in the BGM and surrounds 

• Amendments to mine layout to clear no more 
than 449 ha of the 690.9 ha of Red-Tailed 
Phascogale habitat; and 

• Avoid confirmed Peregrine Falcon nesting sites. 

Minimise  

• Maintain progressive, clearing, mining and 
rehabilitation operations to minimise the loss of 
habitat at any one time; 

• Implement Black Cockatoo management 
measures including (1) avoiding potential 
breeding trees with suitable hollows, where 
practicable, and (2) undertaking detailed habitat 
mapping to inform planning and design 
considerations; 

• Implementation of the Threatened Fauna Pre-
clearance Survey and Management Procedure 
(Worsley 2021h)  to minimise disturbance from 
clearing operations; 

• Preferentially avoiding clearing within areas 
identified as having high breeding habitat value 
during the primary peak breeding period for 
Carnaby’s and Forest Red-tailed Black 
Cockatoos; 

• Consultation with DBCA on proposed 
management measures to minimise potential 
impacts to conservation significant fauna, 
including potential translocation of individuals; 

• Fauna linkage structures will be used to promote 
habitat connectivity; 

• Checking trees with hollows suitable for 
conservation significant fauna prior clearing, and 
deferring clearing until the resident animals have 
moved from the hollow; and 

• Implementation of the targeted feral animal 
control program, in which 1080 baiting is 
undertaken within WJV managed lands and 
current operating State Forest areas. 

Rehabilitate 

• Stumps, hollow logs and available debris 
stockpiled during clearing to be used in fauna 
habitat construction activities in rehabilitation 
areas, to encourage native fauna to return early 
to the area. 

Offset 
Biodiversity offsets provided to mitigate the 
significant residual impacts to the following 

All fauna habitat types will continue to be represented within the PAA and 
broader region, including the neighbouring State Forest. In addition, 
Worsley Alumina’s comprehensive rehabilitation program progressively 
restores fauna habitat and threatened species such as black cockatoo and 
Chuditch have been observed utilising rehabilitated mine areas.  
 
Offsets are proposed for significant residual impacts to the MNES species 
of Black Cockatoos (Forest Red-tailed, Carnaby’s and Baudin’s), Woylie, 
Chuditch, Red-railed Phascogale, Western Ringtail Possum and Quokka, 
as outlined in Section 7. Implementation of offsets, as committed by 
Worsley Alumina in the BOP, will provide net benefits for terrestrial fauna, 
protection of flora and vegetation that comprises their habitat, and broader 
land connectivity of land parcels of ecological, social and cultural value. 
 
By applying the proposed mitigation, management, the recommended 
counterbalancing of impacts on terrestrial fauna through offsets, and the 
consideration of the precautionary principle through avoidance of 
significant habitat where possible, Worsley Alumina considers that the 
impacts to the health of other environmental factors including the values 
associated with social surroundings and flora and vegetation are unlikely to 
be inconsistent with the EPA’s environmental factor objectives. 
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Key Environmental 
Factor 

Interacting Factors 
Connection and Interaction 
Pathway  

Mitigation and Management Measures  Predicted Outcome 

conservation significant species; Black Cockatoos 
(Forest Red-tailed, Baudin’s and Carnaby’s), Woylie, 
Chuditch, Red-tailed Phascogale, Western Ringtail 
Possum and Quokka. 

Terrestrial Environmental 
Quality 

• Flora and 
Vegetation 

 
 

• Inland Waters 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Social Surroundings 

• Soil health and structure 
influences rehabilitation 
outcomes for flora and 
fauna; 
 

• ASS if disturbed and 
unmanaged can result in 
direct and indirect impacts to 
riparian flora, aquatic fauna 
species and 
amenity/heritage values; 

 

• Salinity and resulting loss of 
vegetation and fauna 
habitat; 
 

• Sedimentation and erosion 
can impact inland waters 
(water quality), heritage 
values (particularly the 
Hotham River), and 
flora/vegetation health; 

  

• Spills through inappropriate 
storage and handling of 
chemicals and hydrocarbons 
can have a direct impact on, 
flora and fauna and inland 
waters; and 
 

• Stockpiling can directly 
impact amenity values. 

 

 

Avoid 

• Assessment of the river crossing locations will 
consider bank stability and hydraulic studies to 
ensure bridge designs avoid erosion and 
scouring during flood conditions and standard 
flow characteristics. 

Minimise  

• Maximise direct return topsoil to minimise the 
handling and storage of rehabilitation materials; 

• Clearing, topsoil and overburden handling 
methods in accordance with proven site 
procedures; 

• Minimise the potential for erosion during 
construction of the river crossings through the 
use of sediment traps/curtains located 
downstream of construction location during soil 
disturbing activities; 

• Storage, handling and spill response of chemical 
and hydrocarbons will be in accordance with site 
procedures and relevant legislation; and  

• Adequate identification and management of ASS 
will be integrated into infrastructure crossing 
construction design in areas identified as likely 
risks (including an ASSMP). 

Rehabilitate 

• Progressive rehabilitation of cleared areas; 

• Implement closure landform design specifications 
that stipulate maximum slope angles and 
promote free draining landscapes; and 

Closure landform specifications to ensure 
rehabilitated lands have appropriate drainage and 
protection designs such as perimeter drains and 
sumps.  

Progressive mining and clearing activities associated with the Revised 
Proposal will result in the temporary loss of soil structure and increase in 
landscape erosion/sedimentation potential.  
 
Disturbance to the landscape will be temporary as Worsley undertakes 
progressive rehabilitation of its mining operations. Whilst mining results in 
impacts to visual amenity it also provides other social benefits through 
employment and social programmes supported by the business. 
 
Once rehabilitation is completed impacts to Inland Waters, Flora and 
vegetation and Social Surroundings will be rehabilitated and are expected 
to support native flora and fauna under existing robust closure and 
rehabilitation processes. 
 
On-site management measures associated with ASS, sedimentation and 
erosion during construction of river crossings will minimise impacts water 
quality, amenity and cultural heritage values. 
 
Stockpiling is a visual component of mining and is not considered a 
permanent, noticeable change to the existing visual amenity in the area, 
taking into account the pre-existing land use context of agriculture and 
existing operations. 
 
Worsley has assessed the impacts of the proposal on terrestrial 
environmental quality and in relation to the other factors of flora and 
vegetation, inland waters and social surroundings. Worsley considers that 
with the application of mitigation measures to reduce clearing, erosion and 
through the implementation of existing management practices, the 
proposal would not unreasonably impact terrestrial environmental quality or 
the interrelated factors of flora and vegetation, inland waters and social 
surroundings or be inconsistent with the EPA’s factor objective.  

Inland Waters • Flora and 
Vegetation 

• Terrestrial 
Environmental 
Quality 

• Terrestrial 
Fauna 

 
 
 
Social Surroundings 

• Hydrological regimes: 
o Support fauna, flora and 

vegetation values; and 
o Contribute to inland water 

quality and consequent 
provision of safe drinking 
water. 

 
 
 

• Health of the Hotham River 
and tributaries is important to 

Avoid 

• Management buffers around riparian vegetation 
and larger river systems (such as the Hotham 
River) with the exception of infrastructure for 
required river crossings and other essential 
activities; and 

• The single-span design of river crossing bridges 
proactively avoid the riparian edges of the 
waterways of cultural importance to Traditional 
Owners. 

Minimise  

The implementation of the Revised Proposal has the potential to impact on 
inland waters through minor alterations to stream flow characteristics at the 
BBM and the Refinery. Vegetation clearing has the potential to cause 
temporary and localised groundwater mounding. Groundwater conditions 
are expected to stabilise following establishment of post-mining 
rehabilitation. 
 
The construction of river crossings will disturb the banks of the Hotham 
River and tributaries. It is considered that on-site management measures 
associated with ASS, sedimentation and erosion during construction of 
river crossings will minimise both ecological impacts and impacts to 
amenity and cultural heritage values. River conditions are expected to 
stabilise soon after construction.  
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Key Environmental 
Factor 

Interacting Factors 
Connection and Interaction 
Pathway  

Mitigation and Management Measures  Predicted Outcome 

maintain cultural and amenity 
values. 

 
 

• Detailed bridge designs will ensure flood relief 
culverts under the bridges and erosion protection 
measures on the riverbanks are adequate to deal 
with modelled flood conditions without excessive 
scouring and erosion; 

• Ongoing surface water monitoring will be 
undertaken to detect any alterations in stream flow 
quality as a result of Worsley Alumina’s activities; 

• Ongoing groundwater monitoring with 
investigation trigger levels developed for mining 
areas to monitor salinity increases; 

• Regular hydrological reviews and vegetation 
health assessments for identified PEC vegetation 
communities; 

• Adequate identification and management of ASS 
will be integrated into infrastructure crossing 
construction design in areas identified as likely 
risks (including an ASSMP); and 

• Storage, handling and spill response of chemical 
and hyrocarbons will be in accordance with site 
procedures and relevant legislation.  

 
Worsley has assessed the impacts of the proposal on inland waters and in 
relation to the other factors of flora and vegetation, terrestrial 
environmental quality, terrestrial fauna and social surroundings. Worsley 
considers that with the application of mitigation measures to reduce 
clearing, erosion and through the implementation of existing management 
practices, the proposal would not unreasonably impact inland waters or be 
inconsistent with the EPA’s factor objective. 

Air Quality • Social Surroundings 
 
 
 
 
 

• Flora and Vegetation 

 

• Dust emissions can result in a 
reduction in visual amenity 
(social surroundings); 
 

• Dust emissions can impact 
flora and vegetation health, 
and terrestrial fauna 
behaviour; and 

 

Atmospheric emissions influence 
air quality at a local and regional 
level (from dust and products of 
combustion) and also at a 
broader global level (from GHG 
emissions contributing to climate 
change). 

Avoid 

• Delaying high dust generation potential activities 
(such as topsoil stripping and blasting) during 
unfavourable weather conditions; and 

• Manage activities in accordance with licence 
requirements outlined in the BBM Dust 
Management Plan and Air Quality and Dust 
Management Plan - RLA (where applicable to 
amenity). 

Minimise  

• Dust minimisation is factored into mine operations 
including mitigation measures such as dust 
modelling prior to the commencement of mining in 
new areas and minimising the time between 
clearing and rehabilitation; 

• On-site monitoring and management of 
operational dust in accordance with the Dust 
Management Plan and BBM Dust management 
Plan and Air Quality and Dust Management Plan, 
including corrective actions and investigation of 
community dust complaints; 

• Watering and the use of dust suppressants on 
exposed areas (e.g. haul roads, stockpiles and 
BRDA’s) as required. This provides a holistic 
management response that is relevant across 
public health and amenity, roadside flora and 
vegetation health, associated fauna habitat and 
behaviour; 

• Engineering controls for dust (e.g. covering the 
conveyor system, water sprays, dust collectors) 

Air quality can be impacted as a result of implementation of the Revised 
Proposal through clearing and subsequent exposure of soil and deposition 
of waste into the BRDA’s.  Dust resulting from these practices can lead to 
impacts on vegetation and reduced amenity. 
 
Dust emission modelling has demonstrated that the majority of sensitive 
receptors surrounding the Revised Proposal are at low to minimal risk of 
exceeding the adopted amenity criteria. For the sensitive receptors that are 
expected to be at high risk of exceeding amenity criteria, there are well-
established dust management practices in place which demonstrate 
reasonable alignment with current leading dust management practices. 
Therefore, Worsley Alumina considers that impacts to visual amenity from 
dust can be appropriately managed via existing management strategies. 
 
There are no known significant effects to vegetation health or significant 
impacts to fauna behaviour due to dust emissions as appropriately 
managed. Therefore, no significant residual impacts are expected to flora 
and vegetation or terrestrial fauna due to dust emissions associated with 
the Revised Proposal. 
 
Air emissions such as combustion product emissions present a very low 
risk of impacting air quality, with the most significant contributions to the 
local and regional airsheds being attributed to GHG emissions (discussed 
in the row below). 
 
Worsley has assessed the impacts of the Revised Proposal on air quality 
and its interaction with the other factors of flora and vegetation, and social 
surroundings. Worsley considers that with the application of mitigation 
measures to reduce clearing, erosion and through the implementation of 
existing management practices for dust control and deposition into 
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Key Environmental 
Factor 

Interacting Factors 
Connection and Interaction 
Pathway  

Mitigation and Management Measures  Predicted Outcome 

and combustion products (e.g. mining fleet 
maintenance program); and  

Minimisation of combustion product emissions 
through mine operations to ensure haulage routes are 
optimised for efficiency. 

BRDA’s, the Revised Proposal would not unreasonably impact air quality 
or be inconsistent with the EPA’s factor objective. 

Social Surroundings • Flora and Vegetation 

• Terrestrial Fauna 

• Air Quality 

• Inland Waters 

• Visual amenity values are 
proportionate to the presence 
of flora and vegetation, 
terrestrial fauna and inland 
waters (e.g. Hotham River);  
 

• Cultural heritage values are 
proportionate to the presence 
of flora and vegetation, 
terrestrial fauna and inland 
waters (e.g. Hotham River); 
and 

 

• Noise and vibration 
emissions can impact 
terrestrial fauna behaviour. 

Avoid 

• Avoid developing mine pits that are highly visible 
to the public; 

• Implement the AHA, Worsley Alumina Protected 
Areas Plan and existing Aboriginal heritage 
agreements; and 

• Consider noise-generating potential of mobile 
equipment during the purchase or contracting for 
mining use. 

Minimise  

• Minimisation measures to maintain visual amenity 
values include minimising vegetation clearing, 
maintaining vegetation buffers/ screen planting 
and progressive rehabilitation of mined areas; 

• Minimisation of the potential to impact Aboriginal 
heritage and cultural values are in accordance 
with the Cultural Heritage Management Plan 
(Worsley 2021f) and associated heritage 
management procedures, including obtaining all 
government approvals and consultation with 
relevant community members; 

• Consultation with the local community, key 
stakeholders and Traditional Owners regarding 
European and Aboriginal heritage and cultural 
values; and 

Noise minimisation is factored into mine operations 
including noise modelling, on-site monitoring and 
management in accordance with the Noise 
Management Plan – Mining and Blasting, including 
corrective actions and maintaining sound 
suppression specifications. 

Impacts to flora and vegetation, terrestrial fauna and air quality will have 
flow-on effects to visual amenity and cultural heritage values. Mining will 
unavoidably remain a dominant feature of the landscape, however, with the 
implementation of mitigation measures for permanent, noticeable changes, 
and the continuation of progressive rehabilitation, this impact is considered 
negligible to minor.  

Aboriginal heritage sites that are impacted by changes to the surrounding 
environment are primarily ethnographic sites. Impacts to two ‘Registered’ 
ethnographic Aboriginal heritage sites cannot be avoided; ‘Mount 
Saddleback’ [Site ID 17214] and ‘Hotham River [Site ID 27935]. 
Consultation will be undertaken and relevant government approvals will be 
obtained prior to disturbance of these areas. 
 
Mining operations have the potential to generate dust which can impact on 
amenity values of nearby residents. Implementation of progressive 
rehabilitation reduces the area exposed. 
 
There are no known significant impacts to fauna behaviour due to noise 
emissions as appropriately managed. Therefore, no significant residual 
impacts are expected to terrestrial fauna due to noise emissions 
associated with the Revised Proposal. 
 
Worsley has assessed the impacts of the Revised Proposal on social 
surroundings and its interaction with the other factors of flora and 
vegetation, terrestrial fauna and air quality. Worsley considers that with the 
application of mitigation measures to reduce clearing, noise management 
and avoidance of heritage sites and through the implementation of existing 
management practices for dust control and deposition into BRDA’s, the 
proposal would not unreasonably impact social surroundings or be 
inconsistent with the EPA’s factor objective. 

GHG Emissions • Social Surroundings 

• Flora and vegetation 

• Inland waters 

• Terrestrial fauna 

• Incremental contribution of 
GHG emissions that 
influence climate systems, 
landscapes and habitats in a 
broader context. 

Minimise  
Measures outlined in the GHG Management Plan 
(Appendix E9) including (but not limited to): 

• Interim target setting process and a long-term 
emissions reduction goal of net zero emissions by 
2050; 

• Compliance with condition requirements, NGER 
Act and Regulations and the Worsley Alumina 
Safeguard Mechanism baseline; 

• Focusing on GHG abatement initiatives across 
the business. Decarbonisation initiatives including 
fuel switching, process efficiency, biomass, 
renewables and future technology; 

Worsley recognises that there is an established link between GHG 
emissions and climate change and that emissions associated with the 
Revised Proposal and continued operation will contribute to this. In turn it is 
recognised that changes to climate will have effects on a wide variety of 
environmental factors including flora and vegetation, inland waters 
terrestrial fauna and social surroundings. 
 
GHG emissions from continued mining and refining activities are estimated 
to contribute around 94,566 tCO2-e and 3.6 Mt CO2-e per year, 
respectively. GHG emissions from mining activities can be viewed as a 
benchmark for other bauxite mines. However, the Refinery emissions are 
above benchmarked examples, which is partly due to coal being the 
primary fuel source. 
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• Aiming to ensure that mining equipment is fit for 
purpose and achieves optimal environmental 
performance; 

• Minimising GHG emissions through mine 
operations to ensure haulage routes are 
optimised for efficiency; and 

Continuing to pursue new technology solutions and 
review opportunities to further reduce GHG 
emissions. 

GHG emissions and the resulting contribution to climate change is 
predicted to result in a drying climate in the southwest of Western 
Australia.  This will impact on inland waters through reduced availability of 
water and run off, Flora and vegetation again through reduced rainfall and 
also increased temperatures and subsequently terrestrial fauna as 
vegetation complexes change in response to the dryer conditions. 
 
Predicted changes to climate will impact on Social Surroundings as 
liveability of areas changes. 
 
Worsley Alumina has assessed the impacts of GHG from the Revised 
Proposal recognizing its broader contribution to climate change and the 
resulting impacts across a broad range of factors.  Worsley  Alumina‘s 
commitment to reduce emissions and decarbonise its business is 
consistent with the EPA’s factor objective. 
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11 CONCLUSIONS 

The key environmental features within and surrounding the PAA and Worsley Alumina operations 

are the native vegetation and the Hotham River and associated tributaries. These features provide 

shelter, habitat connectivity and foraging opportunities for fauna (including MNES fauna) and include 

areas with conservation significant vegetation, heritage values and amenity values. Bauxite is not 

typically found in low-lying valley floors, therefore the only direct impacts to the Hotham River and 

associated tributaries are likely to be from infrastructure in the form of river crossings, which are 

discrete and localised. Native vegetation within the PAA will be impacted directly from mining and 

associated activities as described in this Revised Proposal.  

Direct and indirect impacts to areas of high biodiversity conservation value have been avoided using 

the Protected Areas Plan (Worsley 2021g), which ensures compliance with legislative requirements 

and the Worsley Alumina BFMP (Worsley 2021c). Protected Areas include Threatened flora (i.e. 

Caladenia hopperiana), and the Mount Saddleback Heath Communities (Priority 1 PEC). The 

Protected Areas Plan (Worsley 2021g) is the overarching approach to environmental considerations 

during current mine operations and will be continued during the implementation of the Revised 

Proposal. This approach is expected to protect environmental values associated with these areas. 

The majority of the potential direct and indirect impacts identified through the assessment of the 

Revised Proposal can be managed effectively through avoidance, management and mitigation 

measures to ensure that the health, diversity and productivity of the environment is maintained or 

enhanced for the benefit of future generations. Many of these measures are well-established and 

considered effective in managing existing operations at a cumulative and holistic level. The holistic 

impact assessment did not identify any additional management measures other than those identified 

by the assessment of individual Key Environmental Factors. The primary management measures as 

relevant to the key potential impacts include: 

• Management of conservation significant fauna in accordance with the BFMP (Worsley 2021c), 
and specifically for Black Cockatoos through the Threatened Fauna Pre-clearance Survey and 
Management Procedure (Worsley 2021h); 

• Comprehensive internal procedures regarding vegetation clearing, hygiene management, fire 
risk management and feral species in accordance with the BFMP (Worsley 2021c); 

• Progressive rehabilitation of cleared areas in accordance with the BFMP (Worsley 2021c), 
Rehabilitation Standard (STA-021) (Worsley 2013f) and other associated procedures; 

• Continuation of existing water monitoring and management practices, which is directly linked to 
ensuring success of rehabilitation strategies to minimise potential impacts; 

• Compliance with land use requirements as stated in the Refinery and BBM Mine Closure Plans 
Appendix E; 

• Continuation of existing dust and noise monitoring and management practices, to comply with 
statutory requirements, protect the amenity of nearby sensitive receptors and to meet best 
practice principles; 

• Ensuring that impacts to cultural heritage sites are minimised as far as practicable, compliance 
with relevant heritage agreements and appropriate consultation is undertaken, with opportunities 
for feedback provided;  

• Management of GHG emissions in alignment with the GHG Management Plan and with 
continued compliance with the relevant regulatory requirements (e.g. NGER Act and Safeguard 
Mechanism); and 

• On-going consultation with relevant stakeholders and transparency of mine operations and 
operations through reporting in the 10 Year Mine Plan process.  
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Continued operations associated with this Revised Proposal will result in a change in social 

surroundings and amenity values in some locations, including incremental contribution of dust, noise 

emissions in new areas, and changes in visual amenity, relative to the current operations. However, 

in the context of the pre-existing land use of the ongoing mining area and surroundings over the 

previous 35 years, the incremental contribution does not represent a significant cumulative impact 

at a holistic scale for Worsley Alumina operations. 

The continuation and expansion of operations associated with the Revised Proposal will result in a 

cumulative impact for flora, vegetation and fauna, and their habitats. These impacts will occur within 

a landscape that is already highly modified by agricultural, tree farming plantation and mining 

activities, including the Newmont BGM. At a regional scale, the potential cumulative impacts are 

considered low. For example, cumulatively, clearing associated with the Revised Proposal 

represents no more than approximately 7% of the mapped regional vegetation complexes that occur 

in the area. Furthermore, no significant cumulative impacts are expected on the site-vegetation types 

mapped in the PAA, including the Mount Saddleback Heath Communities PEC, or to conservation 

significant flora. The cumulative impact to vegetation and fauna habitats is also progressively 

reduced through the implementation of Worsley Alumina’s comprehensive rehabilitation program, 

which has rehabilitated approximately 3,200 ha (54%) of areas cleared for mining operations as of 

2019.  

Where a significant residual impact associated with the Revised Proposal has been identified, offsets 

are proposed. The biodiversity offsets proposed for this Revised Proposal are discussed in detail in 

Section 7 and relate to the loss of habitat for the MNES species of Black Cockatoos (Forest Red-

tailed, Carnaby’s and Baudin’s), Woylie, Chuditch, Red-tailed Phascogale, Western Ringtail Possum 

and Quokka. Worsley Alumina’s proposed BOP (Worsley 2021d) has been designed to be consistent 

with the contemporary expectation that the majority (notionally 90%) of the total offsets (9,476 ha) is 

delivered via direct offsets (4,395 ha for habitat protection and management (Direct Offset 1,2) and 

5,081 ha for ecological restoration and management.). Direct offsets will be primarily through 

providing agreed land parcels for land protection, ecological restoration and on-ground land 

management, in addition to the implementation of priority on-ground actions for MNES. Indirect 

offsets are proposed as funding to support targeted MNES research programs. Importantly, the 

offsets will be implemented consistent with the broader strategic objectives of the BOS, to: 

• Optimise biodiversity outcomes from Worsley Alumina’s offset program by adopting a planned 
regional approach that seeks linkages between areas of remnant vegetation; 

• Pursue positive socio-economic outcomes by seeking: 

• Improved biodiversity outcomes for less land-take; 

• Opportunities for Aboriginal employment through land management activities; and 

• Opportunities to integrate social benefit, amenity and associated employment opportunities 
into biodiversity offset projects or areas. 

It is through this long-term approach that enduring net benefit outcomes can be best defined, planned 

and delivered, in collaboration with land managers and other relevant stakeholders. 

Carbon offsets will also be considered, which are viewed as a complementary mechanism to support 

decarbonisation of residual and ‘hard to abate’ emissions, as required to ensure compliance with 

regulatory requirements and supporting emissions reduction targets and goals. 

After the mitigation hierarchy has been applied, including avoidance, minimisation and rehabilitation 

of direct, indirect and cumulative impacts to key environmental factors and the proposed offsets, 

Worsley Alumina considers that the Revised Proposal is in accordance with the EP Act 
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Environmental Principles (see Section 4.2) and can be managed to meet the EPA’s objective for all 

environmental factors. The ecological integrity of the area surrounding the PAA is expected to be 

maintained, as demonstrated through the ongoing Worsley Alumina operations. Worsley Alumina 

also recognises that ongoing work will be required to ensure that the Revised Proposal continues to 

be reviewed as it progresses, for example, ensuring that alternative options are considered and the 

potential for environmental impacts are minimised through the route selection and detailed design 

of the proposed OBC (if it is deemed through multi-criteria analyses to be required). Importantly, the 

nature of the Project being over an extended period provides the opportunity for adaptive 

management through monitoring, management and targeted investigations, as supported and 

implemented through the EMPs which are updated according to new information or changing 

circumstances, experiences and lessons. 

Overall, Worsley Alumina considers that the Revised Proposal is environmentally acceptable and 

can be adequately managed through a revised and consolidated set of Ministerial conditions. The 

Ministerial conditions are proposed to be developed to meet the key intent and desired outcomes for 

the Revised Proposal (as described in Section 4).  
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APPENDIX A ENVIRONMENTAL SCOPING DOCUMENT 
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APPENDIX B DEFINITION OF TERMS 

Term Definition Figure 

Revised Proposal 

A revision on the currently approved Proposal, as reported in 

EPA Bulletin 1209, in November 2005. This document is the 

Revised Proposal, which will enable Worsley to continue 

existing mining operations in addition to the proposed changes, 

as outlined in Section 1.3. A history of this Revised Proposal is 

provided in Section 1.2.2. 

N/A 

Maximum 
Disturbance 
Allowance  

Maximum Disturbance Allowance represent maximum 

disturbance (with specific separate Maximum Allowance for 

native vegetation clearing) assessed within their corresponding 

Development Envelopes.  

To develop the Maximum Disturbance Allowance, the entire 

baseline has been considered, then avoidance areas removed, 

and a worst-case scenario (in terms of maximum native 

vegetation clearing) has then been adopted, in order to inform 

a conservative environmental impact assessment. 

An Indicative Disturbance Footprint (IDF) is used as an 

assessment tool to determine the Maximum Disturbance 

Allowance for each Development Envelope (WMDE, BTC and 

CBME). 

All Indicative Disturbance Footprints are based on the mine 

plan and bauxite reserve information at the time of submission. 

It should be noted the actual footprint is subject to change 

based on future detailed geological investigations and mine 

planning. Native vegetation clearing will occur up to the defined 

clearing allocations outlined in Table 1-3. 

N/A 

Boddington Bauxite Mine 

Worsley Mining 
Development 
Envelope (WMDE)  

The WMDE is a revised mining envelope that replaces the 

previous development envelope known as the ‘Pre-existing 

Approval Area’ and allows for additional mining areas at the 

BBM. 

 
Figure 1-1 

WMDE Indicative 
Disturbance 
Footprint 

The indicative area used to determine Maximum Disturbance 

Allowance and inform the impact assessment in the WMDE, 

including mining and associated infrastructure. The WMDE 

Indicative Disturbance Footprint may occur anywhere within the 

WMDE. 

 
Figure 4-2 
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Term Definition Figure 

Bauxite Transport 
Corridor (BTC) 

The BTC is a corridor where a conveyor route, haul road and 

other supporting infrastructure will be developed. The 

development of the BTC will provide a connection from the 

Marradong area to the Hotham North, Nullaga and Central 

North mining areas. The majority of the BTC overlaps the 

WMDE. 

 
Figure 1-1 

BTC Indicative 
Disturbance 
Footprint 

The indicative area used to determine Maximum Disturbance 

Allowance and inform the impact assessment within the BTC, 

including the development of bauxite transport routes and 

associated infrastructure. The BTC Indicative Disturbance 

Footprint may occur anywhere within the BTC. 

 
Figure 4-2 

Pre-existing 
Approval Area  

Variations of the PBA have been approved over the history of 

the mine. The most recent approved PBA area is 22,105 ha in 

the 2005 Environmental Review and Management Programme 

(Ministerial Statement (MS) 719). For the purposes of taking a 

conservative approach, the innermost of the historical 

boundaries have been selected to inform the environmental 

impact assessment. 

An area of 5,263 ha of clearing has been approved within the 

PBA under the 1995 Consultative Environmental Review and 

MS 719. At the time of submission, 942 ha of clearing is still to 

be undertaken. The majority of this clearing is expected to be 

completed by the time a new ministerial statement is issued. 

The remaining 942 ha clearing allocation has already been 

approved under previous mechanisms. The allocation occurs 

within both the PBA and the WMDE Indicative Disturbance 

Footprint, and therefore has been subject to recent biological 

surveys. This Proposal does not seek re-approval to clear the 

existing 942 ha clearing allocation and does not include the 942 

ha in residual clearing impact calculations. 

Section 
1.2 

Worsley Refinery  

Contingency 

Bauxite Mining 

Envelope (CBME) 

The CBME is a development envelope within the existing 

Refinery Lease Area, where it is proposed that contingency 

bauxite mining activities will occur. 

Figure 1-3 

Refinery Lease 

Area 

The Refinery Lease Area is a 2,500 ha leased area which 

includes the Worsley Refinery and associated infrastructure. 

The CBME is within the wider Refinery Lease Area. 

Figure 1-3 
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Term Definition Figure 

CBME Indicative 

Disturbance 

Footprint  

The indicative area used to determine Maximum Disturbance 

Allowance and inform the impact assessment within the CBME, 

including mining and maintenance activities. The CBME 

Indicative Disturbance Footprint may occur anywhere within the 

CBME. 

 

Figure 4-2 

Primary Assessment Area 

Primary 

Assessment Area 

(PAA) 

The three development envelopes together (WMDE, BTC and 
CBME) are referred to as the Primary Assessment Area. 

 

Figure 4-2 

PAA Indicative 

Disturbance 

Footprint 

All Indicative Disturbance Footprints (WMDE, BTC and CBME) 

are collectively referred to as the Primary Assessment Area 

Indicative Disturbance Footprint. There is no overlap of the 

WMDE, BTC and CBME Indicative Disturbance Footprints. 

The PAA Indicative Disturbance Footprint is used as an 

assessment tool for defining potential impacts, and is subject to 

change as per the WMDE, BTC and CBME Indicative 

Disturbance Footprints.  

The PAA Indicative Disturbance Footprint is used to determine 

the Maximum Disturbance Allowance for the Revised Proposal.  

 

Figure 4-2 
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APPENDIX D CONCORDANCE TABLE OF OTHER MATTERS 
REQUIRED BY SCHEDULE 4 OF THE EPBC REGULATIONS 

EPBC 
Regulations 
Reference 

Description Relevant ERD Section 

1 General 

Information 
1.01 The background of the action including: 

 

(a) The title of the action. Section 1 and Table 1-3 

(b) The full name and postal address of the 
designated proponent. 

Section 1.1  

(c) A clear outline of the objective of the action. Section 1.2 and 1.3 

(d) The location of the action. Figure 1-1 

(e) The background to the development of the 
action. 

Section 1.2 

(f) How the action relates to any other actions 
(of which the proponent should reasonably 
be aware) that have been, or are being, 
taken or that have been approved in the 
region affected by the action. 

Section 2.2 

(g) The current status of the action. Section 1.2  

(h) The consequences of not proceeding with 
the action. 

Section 1.4.2.4 

2 Description 2.01 A description of the action, including: 

 

(a) All the components of the action. Section 1, Table 1-3 

(b) The precise location of any works to be 
undertaken, structures to be built or 
elements of the action that may have 
relevant impacts. 

Section 1.3, Figure 1-1 
and Figure 1-2 

(c) How the works are to be undertaken and 
design parameters for those aspects of the 
structures or elements of the action that may 
have relevant impacts. 

Section 1.3 

(d) Relevant impacts of the action. 

Section 8.4, supported by 

Section 5.2.4 (for flora) 

and 5.3.4 (for terrestrial 

fauna)  

(e) Proposed safeguards and mitigation 
measures to deal with relevant impacts of 
the action. 

Section 8.5 and 8.6, 

supported by 

Section 5.2.5 (for flora), 

Section 5.3.5 (for 

terrestrial fauna) and  

Section 7  

(f) Any other requirements for approval or 
conditions that apply, or that the proponent 

Section 8.1, 8.2 and 8.6 
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EPBC 
Regulations 
Reference 

Description Relevant ERD Section 

reasonably believes are likely to apply, to 
the proposed action. 

(g) To the extent reasonably practicable, any 
feasible alternatives to the action, including: 
(i) If relevant, the alternative of taking no 

action. 
(ii) A comparative description of the 

impacts of each alternative on the 
matters protected by the controlling 
provisions for the action. 

(iii) Sufficient detail to make clear why any 
alternative is preferred to another. 

Section 1.4 

(h) Any consultation about the action, including: 
(i) Any consultation that has already taken 

place. 
(ii) Proposed consultation about relevant 

impacts of the action. 
(iii) If there has been any consultation 

about the proposed action – any 
documented response to, or result of, 
the consultation. 

Section 2 

(i) Identification of affected parties, including a 
statement mentioning any communities that 
may be affected and describing their views. 

Section 2 

3 Relevant 

Impacts 
3.01 Information given under paragraph 2.01(d) must include: 

 

(a) A description of the relevant impacts of the 
action. 

Section 8.5 and 8.6, 

supported by 

Section 5.2.5 (for flora), 

Section 5.3.5 (for 

terrestrial fauna) and  

Section 7  

 

 

(b) A detailed assessment of the nature and 
extent of the likely short-term and long-term 
relevant impacts. 

(c) A statement whether any relevant impacts 
are likely to be unknown, unpredictable or 
irreversible. 

(d) Analysis of the significance of the relevant 
impacts. 

Section 5.2.6, 

Section 5.3.6, 

Section5.4.6, 

Section 5.5.6, 

Section5.6.6, 

Section5.7.6 and 

Section6.2.8. 

(e) Any technical data and other information 
used or needed to make a detailed 
assessment of the relevant impacts. 

Appendix G  

and  

Appendix I 

4 Proposed 

Safeguards and 
4.01 Information given under paragraph 2.01(e) must include: 
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EPBC 
Regulations 
Reference 

Description Relevant ERD Section 

Mitigation 

Measures  

 

(a) A description, and an assessment of the 
expected or predicted effectiveness of, the 
mitigation measures.  

Section 8.5 and 8.7 

(b) Any statutory or policy basis for the 
mitigation measures. 

Section 8.6 

(c) The cost of mitigation measures. 
The cost of mitigation 

measures is part of the 

overall project cost. 

(d) An outline of an environmental management 
plan that sets out the framework for 
continuing management, mitigation and 
monitoring programs for the relevant impacts 
of the action, including any provisions for 
independent environmental auditing. 

Appendix E 

(e) The name of the agency responsible for 
endorsing or approving each mitigation 
measure or monitoring program. 

The DWER is responsible 

for approving mitigation 

measures relating to 

EPBC listed Threatened 

fauna. However, the 

DWER may seek technical 

advice and/or 

endorsement from other 

agencies, including DBCA 

and DAWE. 

DWER is responsible for 

the compliance with 

conditions that prescribe 

mitigation requirements as 

part of approvals given 

under the EP Act. 

(f) A consolidated list of mitigation measures 
proposed to be undertaken to prevent, 
minimise or compensate for the relevant 
impacts of the action, including mitigation 
measures proposed to be taken by State 
governments, local governments or the 
proponent. 

A consolidated list of key 

mitigation measures has 

been included in the 

Executive Summary. 

Mitigation measures will 

be the responsibility of the 

Proponent. 

5 Other 

Approvals and 

Conditions 

5.01 Information given under paragraph 2.01(f) must include: 
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EPBC 
Regulations 
Reference 

Description Relevant ERD Section 

 

(a) Details of any local or State government 
planning scheme, or plan or policy under any 
local or State government planning system 
that deals with the proposed action, 
including: 
(i) What environmental assessment of the 

proposed action has been, or is being 
carried out under the scheme, plan or 
policy. 

(ii) How the scheme provides for the 
prevention, minimisation and 
management of any relevant impacts. 

Not Applicable 

(b) A description of any approval that has been 
obtained from a State, Territory or 
Commonwealth agency or authority (other 
than an approval under the Act), including 
any conditions that apply to the action. 

Section 2  

(c) A statement identifying any additional 
approval that is required. 

Section 2.1 and 2.2 

(d) A description of the monitoring, enforcement 
and review procedures that apply, or are 
proposed to apply, to the action. 

Section 8.5 and 8.6, 

supported by 

Section 5.3.5 and 

Appendix E 

6 Environmental 

Record of 

Person 

Proposing to 

Take the Action 

6.01 Details of any proceedings under a Commonwealth, State or Territory law 

for the protection of the environment or the conservation and sustainable use 

of natural resources against: 

 

(a) The person proposing to take the action. Section 1.1 

(b) For an action for which a person has applied 
for a permit, the person making the 
application. 

Section 1.1 

6.02 If the person proposing to take the action is a corporation – details of the 

corporation’s environmental policy and planning framework. 

7 Information 

Sources  

7.01 For information given in the draft public environment report or 

environmental impact statement, the draft must state: 

 

(a) The source of the information. 

Section 8.3, supported by 

Section 5.2.3, Table 5-3 

(for flora) and 

Section 5.3.3, Table 5-24 

(for terrestrial fauna) 

(b) The currency of the information. 

Section 5.2.3, Table 5-3 

(for flora) and 

Section 5.3.3, Table 5-24 

(for terrestrial fauna) 



 

 Worsley Mine Expansion Environmental Review Document  
 

EPBC 
Regulations 
Reference 

Description Relevant ERD Section 

(c) How the reliability of the information was 
tested. 

Section 5.2.3.1 (for flora) 

and Section 5.3.3.2.1 (for 

terrestrial fauna) 

(d) What uncertainties (if any) are in the 
information. 

Section 5.2.3.1 (for flora) 

and Section 5.3.3.2.1 (for 

terrestrial fauna) 
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APPENDIX E WORSLEY ALUMINA ENVIRONMENTAL 
MANAGEMENT PLANS 

 

Appendix E1 Biodiversity and Forest Management Plan  

Appendix E2 Threatened Species Management Plan  

Appendix E3 Threatened Fauna Pre-clearance Survey and Management Procedure  

Appendix E4 Protected Areas Plan   

Appendix E5 BBM Closure Plan  

Appendix E6 Refinery Closure Plan 

Appendix E7 Water Management Plan  

Appendix E8 BBM Dust Management Plan  

Appendix E9 Air Quality and Dust Management Plan – RLA 

Appendix E10 Greenhouse Gas Management Plan  

Appendix E11 Exploration Environmental Management Plan  
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APPENDIX F FLORA AND VEGETATION SUPPORTING 
DOCUMENTS 

 

Appendix F1  Assessment of Flora and Vegetation on Worsley Mine Expansion Primary Assessment Area (Mattiske, 
2021a) 

Appendix F2 WMDE, BTC CBME Phytophthora Dieback occurrence assessment (Glevan, 2020) 

Appendix F3 Assessment of Threatened And Priority Flora on Worsley Mine Expansion Primary Assessment Area – 
Addendum (Mattiske 2021b) 
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APPENDIX G TERRESTRIAL FAUNA SUPPORTING DOCUMENTS 

 

Appendix G1  Worsley Alumina Mine Expansion (PAA) Fauna Assessment (BIOSTAT, 2021a)  

Appendix G2  Four-phase short-range endemic invertebrate fauna survey for the Worsley Mine Expansion Project. 
(Phoenix, 2021b) 

Appendix G3  Black Cockatoo Breeding Habitat Assessment for the Worsley Mine Expansion (Phoenix, 2021a) 

Appendix G4  Potential habitat tree survey and foraging analysis for the Worsley Mine Expansion Proposal (Phoenix, 
2021c) 

Appendix G5 Four-phase short-range endemic invertebrate fauna survey for the Worsley Mine Expansion Project 
Addendum (Phoenix, 2022) 
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APPENDIX H TERRESTRIAL ENVIRONMENTAL QUALITY 
SUPPORTING DOCUMENTS 

 

Appendix H1  Worsley Mine Expansion Revised Proposal: Soil Characterisation Study (GHD, 2020e) 

 



 

 
 

 Worsley Mine Expansion Environmental Review Document  
 

APPENDIX I  INLAND WATERS SUPPORTING DOCUMENTS 

 

Appendix I1  Hotham Bauxite Groundwater and Surface Water Studies (GHD, 2020a) 

Appendix I2  Additional Groundwater Abstraction Memorandum (GHD, 2020b) 

Appendix I3  Desktop review on the Carter’s Freshwater Mussel (Westralunio carteri). (GHD 2019) 

Appendix I4  Worsley Refinery Freshwater Lake – Mercury Bioaccumulation in Carter’s Freshwater Mussel and 
Habitat Values Assessment (Stantec, 2021) 
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APPENDIX J AIR QUALITY SUPPORTING DOCUMENTS 

 

Appendix J1 Worsley Mine Expansion - Revised Proposal: Air Quality Assessment (ETA, 2020a) 
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APPENDIX K SOCIAL SURROUNDINGS SUPPORTING 
DOCUMENTS 

 

Appendix K1  Landscape and Visual Impact Assessment (Environmental Resource Management (ERM) 2020b) 

Appendix K2  Due Diligence Aboriginal Heritage Assessment (Brad Goode & Associates, 2020b) 

Appendix K3  Archaeological Survey of the Priority 1 Bridges and Transport Corridor Areas at Hotham and 
Marradong (Brad Goode & Associates, 2020a) 
*** Please note Appendix K3 has been provided confidentially as part of this submission out of respect 
for the information provided by the Traditional Owners 

Appendix K4  Environmental Noise Impact Assessment: Worsley Mine Expansion - Revised Proposal (Talis, 2020b) 

Appendix K5 Contingency Bauxite Mining Area - Environmental Noise Screening Assessment: Addendum (Talis, 
2020a) 

Appendix K6 Draft Cultural Heritage Management Plan (Worsley 2021f) 

Appendix K7 Landscape and Visual Impact Assessment – BRDA extension (Life of Mine Engineering (LOM) 2021) 

Appendix K8 Addendum to a Report of an Aboriginal Heritage Survey for the Proposed Extensions to the 
Boddington Bauxite Mine at Hotham and Marradong in the Shire of Boddington (Brad Goode & 
Associates 2021a) 
*** Please note Appendix K3 has been provided confidentially as part of this submission out of respect 
for the information provided by the Traditional Owners) 
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APPENDIX L OFFSETS SUPPORTING DOCUMENTS 

 

Appendix L1  Biodiversity Offset Plan (Worsley, 2020l) 

Appendix L2   Western Australian Offsets Calculations 

Appendix L3  Commonwealth Offsets Calculations 

Appendix L4  Preliminary SRI Calculations for Conservation Significant Species 

Appendix L5  South32 Worsley Alumina OIP_Offset 1 

Appendix L6  South32 Worsley Alumina OIP_Offset 2 

Appendix L7  South32 Worsley Alumina OIP_Offset 4 

Appendix L8  South32 Worsley Alumina OIP_Offset 5 

Appendix L9 Application of underpasses to expand nature reserves: responses of a critically endangered marsupial, the 
woylie, Bettongia penicillate (Bateman, et. al., 2017) 

Appendix L10  Can post-mining revegetation create habitat for a threatened mammal (Craig et. al., 2017) 

Appendix L11  Diet of the critically endangered woylie (Bettongia penicillata ogilbyi) in south-Western Australia 
(Zosky, et. al., 2018) 

Appendix L12  Does forest restoration in fragmented landscapes provide habitat for a wide-ranging carnivore 
(McGregor, et. al., 2013) 

Appendix L13  Ecology of Black Cockatoos at a Mine-site in the Eastern Jarrah -Marri Forest, WA (Lee, et al., 2013) 

Appendix L14 Feeding activity of threatened black cockatoos in mine-site rehabilitation in the jarrah forest of south-
western Australia (Finn and Calver, 2013b) 

Appendix L15 Habitat requirements of the endangered red-tailed phascogale, Phascogale calura (Short, et. al., 2013) 

Appendix L16  Habitat use of the Quokka, Setonix brachyurus (Macropodidae-Marsupialia), in the Northern Jarrah 
Forest of Australia (Hayward, et. al., 2005) 

Appendix L17 Mine-site revegetation monitoring detects feeding by threatened black-cockatoos within 8 years (Lee, 
et. al., 2010) 

Appendix L18  National Recovery Plan for the Woylie - Bettongia penicillata ogilbyi (Yeatman and Groom, 2012) 

Appendix L19 - Seasonal home range and habitat us of a critically endangered marsupial (Bettongia penicillata ogilbyi) 
inside and outside a predator-proof sanctuary (Yeatman and Wayne, 2015) 

Appendix L20 - Successional changes in feeding activity by threatened cockatoos in revegetated mine sites (Doherty, et. 
al., 2016) 
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Appendix L21 - The life history of Pseudocheirus occidentalis (Pseudocheiridae) in the jarrah forest of south-western 
Australia (Wayne, et. al., 2005) 

Appendix L22 - Vertebrate Fauna Recolonization of Restored Bauxite Mines - Key Findings from Almost 20 Years of 
Monitoring and Research (Nichols and Grant, 2007) 

Appendix L23 – Re-establishing the mild storey tree Persoonia longifolia in Restored forest following bauxite mining 
southern Western Australia (Chia, et al., 2016) 

Appendix L24 – Ecology, seed dormancy and germination biology of Persoonia longifolis for use in land restoration and 
horticulture (Chia, K. 2016). 

Appendix L25 - Germination of Persoonia species (Chia, K. 2019) 


