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Disclaimer 

The mine closure plan (MCP) has been prepared by Leichhardt Industrials Group 
Pty Ltd, on behalf of Lake MacLeod Pty Ltd (Proponent), specifically for the Lake 
MacLeod Operations within Mineral Lease ML245SA granted under the Evaporites 
(Lake MacLeod) Agreement Act 1967 (Agreement Act), and miscellaneous licences 
granted under the Mining Act 1978. 

This mine closure plan is an update to the 2019 and 2010 mine closure plans 
prepared by Dampier Salt Limited (DSL).  
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1 Project Summary 

1.1 Introduction 

Lake MacLeod Pty Ltd (LMC) is a wholly owned subsidiary of Leichhardt Industrials 
Group Pty Ltd (LIG). LMC is an Australian-owned company that has entered into a 
binding Asset Sale Agreement to acquire the Lake MacLeod Operations (the ‘Site’), 
located in the Gascoyne region of Western Australia, from Dampier Salt Limited 
(DSL). LIG is also currently completing studies and approvals for the Eramurra Solar 
Salt Project located near Karratha.  

Lake MacLeod is located, approximately 900 kilometres (km) north of Perth as 
shown in Figure 1-1 and is within Mineral Lease ML245SA granted under the 
Evaporites (Lake MacLeod) Agreement Act 1967 (State Agreement), and 
miscellaneous licences granted under the Mining Act 1978. 

The Lake MacLeod salt operation is located in the southern portion of Lake 
MacLeod off Blowholes Road, approximately 40 km north of the town of Carnarvon. 
Lake MacLeod itself occupies an area of 225,000 hectares and is approximately 110 
km long and 40 km wide. Lake MacLeod is a predominantly dry salt lake, with 
permanent water bodies located at the Northern Ponds (Cygnet and Ibis Ponds). 
The Lake MacLeod Operation was first developed in 1965, primarily as a potash 
production facility.  

The Lake MacLeod Operation has three separate facilities as shown in Figure 1-1  

1. a salt operation, including brine collection ditches; 

2. a gypsum operation; and 

3. a port and ship loading facility . 

The salt operation is located in the southern end of Lake MacLeod, and sources lake 
brine that flows down-gradient from the northern part of the lake for use in the salt 
operation.  

The gypsum operations are located within Lake MacLeod, approximately 18 km 
north of the salt operations.  

The ship loading facility is located at Cape Cuvier, approximately 16 km west of the 
gypsum operations as shown in Figure 1-1. 

The approved production capacity of the Lake MacLeod Operation, as stated in the 
Department of Water and Environmental Regulation (DWER) Licence 
L7178/1997/11, is 6.1 million tonnes per annum (Mtpa) of both salt and gypsum 
combined, which is shipped from Cape Cuvier.  

DSL (a subsidiary of Rio Tinto) is currently in the process of divesting the Lake 
MacLeod operation to LMC. It is expected that this MCP will be enlivened following 
successful transfer of ownership to LMC; however many existing legal and 
obligatory documents still retain the DSL name and have been referred to in this 
MCP as such. 
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Throughout this MCP, LMC is deemed to be the future owner, operator, and 
manager of the Lake MacLeod site. LMC will continue to operate the three areas 
with the same general approach and methodology as DSL. 

1.2 Purpose 

This MCP has been produced as an update to the 2019 MCP, to reflect LMC Site 
ownership, and to demonstrate LMC’s closure planning understanding and 
commitment to closure related activities.  

This MCP is a conceptual site-level closure plan for the Lake MacLeod Operation, 
providing a knowledge base and closure strategy applicable to the operation as a 
whole, based on the information available at the time of publication.  

The life of mine is considered as an ongoing resource due to the lack of a 
traditional mining ore body or similar. Therefore, a life of mine (LOM) or closure 
year has not been stated. Additionally, completion criteria are not yet fully 
developed. Draft criteria have been presented in this MCP, however they will be 
reviewed and revised once the site confirms a LOM and closure planning 
progresses. 

There are a variety of reasons why a site may enter into closure and this MCP 
provides the necessary preliminary information towards rehabilitation and 
closure of the Lake MacLeod Site. 
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Figure 1-1: Lake MacLeod Operation Location Plan (Umwelt, 2019)  
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1.3 MCP Structure 

The MCP is structured as follows: 

1. Project summary 

The Project is introduced. Site history, land tenure and Site domains are also 
described. 

2. Identification of closure obligations and commitments 

The legal framework that guides closure planning for the Site is established and 
legally binding closure conditions are presented. 

3. Stakeholder engagement 

Stakeholders are identified and engagement outcomes are presented. The 
strategy for ongoing stakeholder engagement is also presented. 

4. Baseline and closure data and analysis 

Environmental, social and technical information for the Site is presented to 
provide context for the completion criteria and to support the development of 
closure plans.  

5. Post-mining land use(s)  

The closure vision and post-mining land use (PMLU) for the Site are presented. 

6. Closure risk assessment 

The results of the mine closure risk assessment are presented, and management 
options are described. 

7. Closure outcomes and completion criteria 

Closure outcomes and associated completion criteria are presented. 

8. Closure implementation  

Closure activities are described for decommissioning and demolition of 
infrastructure, contamination management, landform reshaping, and 
rehabilitation of disturbed areas. 

9. Closure monitoring and maintenance 

This section details the post-closure monitoring and maintenance strategy. 

10. Financial provisioning for closure 

A summary of the closure cost framework and methodology is provided, 
including cost assumptions and limitations. 

11. Management of information and data 

Data management and storage requirements are discussed. 
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12. Reviewed mine closure plans 

The MCP updates that have been made since the previous MCP revisions are 
described, along with responses to Department of Energy Mines, Industry 
Regulation and Safety (DEMIRS) feedback. 

13. Appendices  

Supporting information relevant to the MCP is presented, including the MCP 
Checklist (Appendix A). 

1.4 Site Overview 

1.4.1 Lake MacLeod Operation Infrastructure 

The Lake MacLeod Operation is comprised of three separate facilities: the salt 
operation, including brine collection ditches; the gypsum operation; and the port 
and ship-loading facility at Cape Cuvier (Figure 1-1). A summary of the infrastructure 
present in each area is provided below. 

The Lake MacLeod Salt Operation is located in the south of Lake MacLeod as shown 
on Figure 1-1. The layout of the Lake MacLeod Salt Operation is shown in Figure 1-2. 
Infrastructure located in the Salt Operation area includes: 

• Salt operation administration area – administration building, parking areas, 
training centre, workshops, laboratory, warehouse, fuel farm, reverse osmosis 
plant, power transmission station and associated services (Figure 1-3). 

• Salt wash plant – includes the wash plant, wet salt dump bridge, radial stacker 
and wet salt stockpile(Figure 1-3). 

• Salt production area – this includes the brine recovery trenches (BRT), brine 
and bitterns channels , Pump Stations 3, 4, 5, and 7, lime storage and plant, 
potassium permanganate storage and dosing plant, north-east sump, 
crystalliser ponds, bitterns storage area, lake fuel farm, production crib room, 
underground power lines, weather station, bore 6 and the lake bore dam 
(Figure 1-2). 

• 30,000 flood levee – approximately 30 km in length and extends from Pump 
Station 3 along the north, east and south sides of the salt production area and 
to the western lake shore (Figure 1-2).  

• Salt roads – salt haul road extending from the Salt Operation to Cape Cuvier, 
the salt access road from Blowholes Road, and access roads to borrow pits, 
etc. (Figure 1-1). 

• Borrow pits and quarries – used for sourcing gravel, rock and soil, 
predominantly for the Salt Operation (Figure 1-2). 

• Airfield (located on miscellaneous lease L09/17) (Figure 1-2). 

• Decommissioned potash production facility – this includes an old building 
that is lined with asbestos sheeting, old concrete tanks that have been subject 
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to significant corrosion, a bore and a water storage dam that is still in use 
(Figure 1-4). 

• Decommissioned salt production ponds located approximately 10 km south of 
the current salt production area (Figure 1-5).  

The Lake MacLeod Gypsum Operation is located approximately 18 km north of the 
salt operation. The gypsum production area includes the following infrastructure: 

• Gypsum dredge area – this includes the dredged areas and associated 
electrical lines (not in use), (Figure 1-6). Note: the dredge has previously been 
removed offsite. 

• Gypsum mine area – this comprises the areas subject to gypsum mining, the 
gypsum heap leach stockpiles and associated access roads (Figure 1-6). 

• Gypsum infrastructure – this includes the groundwater bores, portable reverse 
osmosis plant, water storage ponds, crib room, generators, fuel farm, truck 
wash, and associated infrastructure (Figure 1-6). 

• Gypsum roads – the gypsum haul road extending from the Gypsum Operation 
to Cape Cuvier (under miscellaneous licence L09/00011), and access roads 
from the edge of the lake to the gypsum mining areas as well as from the salt 
operations to the gypsum operations as shown in the initial location map 
(Figure 1-1). 

The Lake MacLeod ship-loading facilities are located at Cape Cuvier (Figure 1-1). 
Infrastructure associated with Cape Cuvier is more clearly shown in Figure 1-7 and 
includes: 

• Ship-loading facilities – this includes the jetty, licenced mooring buoys (for 
tugs), warping buoys for ship-berthing, and the ship-loader.  

• Salt facilities at Cape Cuvier – consists of the collector conveyor, stacker 
conveyor, dry salt stockpile and dump bridge. 

• Gypsum facilities at Cape Cuvier – this includes stacker conveyors 3 and 4, the 
dry gypsum stockpile and gypsum dump bridge. 

• Supporting infrastructure including access roads, heavy machinery and 
equipment washdown facility, crib room, switch room, lighting towers, riggers 
huts, old tunnel remains, radio tower and fuel installation and rill hopper.  

The remaining areas in lease ML245SA are not used for any operational purpose 
and have no disturbance requiring closure. 
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Figure 1-2: Lake MacLeod Salt Operation Existing Site Layout 
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Figure 1-3: Lake MacLeod Salt Operation – Administration, Salt Wash Plant and Stockpile Area (Umwelt, 2019) 
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Figure 1-4: Decommissioned Potash Production Facility (Umwelt, 2019) 
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Figure 1-5: Decommissioned Salt Process Ponds (and external Beta-carotene Facility) (Umwelt, 2019) 
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Figure 1-6: Lake MacLeod Gypsum Operation Existing Site Layout 
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Figure 1-7: Cape Cuvier Operations Existing Site Layout (Umwelt, 2019) 
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1.4.2 Salt Production Process 

Lake MacLeod has approvals to produce up to 6.1 Mtpa of salt and gypsum from 
brine extracted from the underlying Texada Halite aquifer and from the solid 
gypsum deposit on the surface of the lake. Brine within the aquifer has a salinity 
approximately ten times more concentrated than seawater. This eliminates the 
need for concentration ponds at Lake MacLeod.  

Seawater seeps through an underground karst system into the Northern Ponds, 
and is then concentrated by evaporation before entering the underlying aquifer as 
brine. Further details about the Lake MacLeod hydrogeological processes are 
provided in Section 4.1.7.5. 

The brine is collected in brine recovery trenches that penetrate through the surface 
Ibis Gypsite geological layer and access the underlying Texada Halite aquifer (refer 
to Figure 1-2). Due to the upward pressure of brine within the Texada Halite aquifer, 
brine flows out of the aquifer into the trenches. Pump Station Three (PSN3) then 
pumps the brine further south through the brine recovery trenches at a rate of 
approximately 3400 m3/hr. Bore water is added at Pump Station 3 to prevent salt 
crystallisation on the pump.  

Brine pumped from PSN3 flows along the brine channels and passes through 
Pump Station Four (PSN4), where lime and potassium permanganate are added. 
Lime is used to adjust the pH and for removing soluble magnesium and iron salts 
as precipitated hydroxides (Kaumann, 1960). Potassium permanganate is a strong 
oxidant that removes iron and hydrogen sulphide from the brine. The precipitates 
formed during brine dosing, and any excess reagents (lime and potassium 
permanganate), collect in the base of the channels between PSN4 and the 
crystallisers. Precipitate from the brine channels – known as lime residue – is 
periodically excavated and stored in stockpiles near the channels (locations shown 
in Figure 1-2).  

Treated brine flows from PSN4 into the crystallisers and is concentrated by 
evaporation, with both solar and wind energy contributing significantly to the 
evaporation potential. Brine is maintained at a depth of approximately 300 mm in 
the crystallisers. Sodium chloride crystalises out of solution from the brine. When 
the specific gravity of the brine reaches approximately 1.25, it is classed as bitterns 
solution and is pumped to the bitterns storage area (Figure 1-2, and further 
discussed in Section 1.4.4).  

Approximately 240 mm of salt is grown in the crystallisers in an average year. Salt 
production typically commences in September and continues until approximately 
May of the following year. There is generally no abstraction of brine between June 
and August due to increased fresh water inflow from winter rainfall and reduced 
winter evaporation (Logiden Pty Ltd, 1994). The salt grown in the crystallisers is 
harvested throughout the year and is washed and stored in the wet salt stockpile 
prior to transport by road to the dry salt stockpile at Cape Cuvier for export. Salt is 
loaded onto ships at Cape Cuvier using a conveyor system and ship-loader.  



Document:  Lei-oper-plan-001 Page 22 of 258 
 
 

1.4.3 Gypsum Production Process  

Gypsum production at Lake MacLeod commenced in 1996. During operations, 
gypsum was dredged from deposits located on the surface of the lake bed and 
then stockpiled. The stockpiled gypsum was washed with bore water and potable 
water (attained from a reverse osmosis water plant) to remove any salt. The wet 
gypsum was then drained and transported by road to a dry gypsum stockpile 
located at Cape Cuvier. The final dry gypsum product was loaded onto ships using 
the same conveyor system as that used for salt.  

Gypsum production has operated intermittently since it was commissioned in 
1996. The dredging method has been replaced with an excavation and heap 
leaching mining process and gypsum is excavated from the surface of the lake bed, 
stockpiled and subject to heap leaching using bore water to remove salt residue. 
The leached gypsum is then transported to the dry gypsum stockpile at Cape 
Cuvier for shipping.  

1.4.4 Bitterns Storage Area  

1.4.4.1 Bitterns Storage 

Bitterns solution produced at Lake MacLeod is pumped to the bitterns storage 
area where bitterns salt precipitates out of solution, and water evaporates. Bitterns 
are the last component of marine salt to precipitate, after carbonate, gypsum and 
halite, and are enriched in magnesium, potassium and sulphate. The bitterns 
storage area has an area of approximately 845 hectares and is underlain by the 
Upper Ibis Gypsite aquifer (Groundwater Resource Management, 2014)  

Groundwater monitoring in the vicinity of the Bitterns Storage Area has identified 
a complex interaction between the stored bitterns and surrounding groundwater 
system. When the lake is dry monitoring indicates relatively high quality (brackish) 
groundwater immediately down-gradient of the Bitterns Storage Area. This 
indicates that there is little lateral seepage from the Bitterns Storage Area to the 
groundwater environment when Lake MacLeod is dry (Groundwater Resource 
Management, 2014). 

After flood events when water levels in the Bitterns Storage Area are elevated 
groundwater conditions along the northern, eastern and southern sides of the 
Bitterns Storage Area change from brackish to hypersaline. This indicates seepage 
of bitterns does occur periodically, most likely in response to high water heads in 
the Bitterns Storage Area (Groundwater Resource Management, 2014). 

The Bitterns Storage Area is a temporary storage area for bitterns at Lake MacLeod. 
The site is not currently licensed to discharge bitterns solution from the Lake 
MacLeod Operation and final bitterns salt disposal options for the operation have 
not been determined or approved. Options for the disposal of bitterns salt and 
rehabilitation of the bitterns storage area need to be considered in planning for 
closure.  
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• L09/11 – Gypsum Haul Road 

• L09/11 – Airstrip 

• L09/18 – Site Access Road.  

The land underlying Lake MacLeod salt lake is classified as unallocated Crown 
Land, which is not subject to any interest, other than Native Title interests under 
the Native Title Act 1993 (Cth), and is not reserved or declared under the Land 
Administration Act 1997 (WA). The Department of Planning, Lands and Heritage 
(DPLH) administers unallocated Crown Land in Western Australia.  

The tenements are the subject of the Gnulli native title determination: Peck on 
behalf of the Gnulli Native Title Claim Group v State of Western Australia [2019] FCA 
2090. Pursuant to that native tile determination, the Baiyungu People hold native 
title rights and interests in the land the subject of the Tenements and are 
represented by the Nganhurra Thanardi Garrbu Aboriginal Corporation. 

Lake MacLeod Operation areas located west of the salt lake are situated on the 
Quobba Pastoral Lease. Locations of Quobba and other pastoral stations near to 
the Lake MacLeod Operation are discussed in Section 4.1.3.  

The DPLH, the Baiyungu People, and the Quobba pastoral lease owner have been 
identified as key stakeholders. Further discussion of potential stakeholders and 
future consultation requirements are provided in Section 3.  

Table 1-2 lists the leases held by LMC at the Lake MacLeod Operation, including the 
tenure type, expiry date, purpose and area of the leases. The leases cover 
approximately 220,000 hectares, which is most of the surface of Lake MacLeod, 
although only approximately 2,200 hectares are currently occupied by operational 
infrastructure. The extent of the leases is shown in Figure 1-8. 
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Figure 1-8: Lake MacLeod Operation Lease Boundaries  
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1.7 Closure Domains 

Closure domains are disturbance areas that have the same rehabilitation 
requirements and are likely to have the same PMLUs. The closure domains 
developed for Lake MacLeod are: 

• General infrastructure. 

• Salt operations. 

• Gypsum operations. 

• Cape Cuvier operations. 

• Haul roads, access roads, borrow pits. 

Figure 1-9 to Figure 1-12 provide the locations of closure domains with 
descriptions of each provided in Table 1-3. 

1.8 Project Contact 

The Project contact regarding mine closure is: 
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Figure 1-9 Lake MacLeod Closure Domains – Cape Cuvier 
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Figure 1-10 Lake MacLeod Closure Domains – Gypsum Operation 
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Figure 1-11 Lake MacLeod Closure Domains – Salt Operation
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Figure 1-12 Lake MacLeod Closure Domains – Roads and Borrow Areas
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2 Identification of Closure Obligations and Commitments 

2.1 Legislation  

The Lake MacLeod Operation is managed in accordance with the terms and 
conditions set forth by the relevant State and Commonwealth Acts and 
Regulations.  

The Lake MacLeod Operation is approved and administered under the State 
Agreement and associated leases and lease conditions. In addition, four 
miscellaneous licences have been granted under the Mining Act 1978. Tenements 
that have been granted under the Mining Act 1978 are required to be managed in 
accordance with the conditions of the tenement and the requirements of the 
Mining Act 1978.  

Section 1.6 summarises the relevant site leases and tenements, with the locations 
shown in Figure 1-1.  

2.1.1 Commonwealth Legislation  

The Environment Protection and Biodiversity Conservation Act 1999 (EPBC Act) 
protects matters of national environmental significance from actions that may 
have a significant impact on their environmental or heritage values. Any action, 
including closure activities, that is likely to have a significant impact on any matter 
of national environmental significance should be referred under the EPBC Act.  

There is currently no known EPBC approval in place. This is likely as the Lake 
Macleod Site was operating when the legislation was introduced in 2000, and 
either the Site is considered: 

• Authorised under the grandfathering exemption section 43A (actions with 
prior authorisations). 

• Not likely to have a significant impact on matters of national environmental 
significance provided for in the EPBC Act. 

• Authorised under the grandfathering exemption section 43B (lawful 
continuation of use of land). 

Further information on matters of national environmental significance relevant to 
the Lake MacLeod Operation are provided in 4.1.8.  

The Native Title Act 1993 allows Native Title to be claimed over Crown land under 
certain circumstances. Indigenous owners from the regional area are identified as 
stakeholders (refer to Section 3 for further information).  

2.1.2 Evaporites (Lake MacLeod) Agreement Act 1967 (WA) 

The Lake MacLeod Operation is conducted under the State Agreement, under 
which Mineral Lease ML245SA was granted. This Act has clauses relating to default 
on the Agreement, the effect of determination of the Agreement (Table 2-1), and 
the length and potential extension of the Lake MacLeod Mining Lease (Table 2-2).  
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Of particular importance to closure planning are Clauses 10(r) and 10(s) of the State 
Agreement. These clauses are presented in Table 2-1 with an interpretation of what 
the requirements mean for LMC. These clauses are applicable to operations on the 
Mineral Lease granted under the State Agreement.  

The State Agreement is administered by the Minister for State and Industry 
Development, or future equivalent. The Minister is supported by the Department 
of Jobs, Tourism, Science and Innovation (JTSI).  
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contamination issues as a result of the historical use/s of lands currently under lease 
tenure at the Lake MacLeod Operation will be the liability of LMC. 

The CS Act is administered by the DWER. Under the Act, LMC is obliged to report and 
provide the DWER all investigations, management and remediation plans in relation to 
soil and ground water contamination issues. The DWER classifies the contamination 
status of the site in terms of levels of restriction upon land use and/or the necessity for 
remedial action. Land parcels at the Lake MacLeod Operation have been classified as 
“contaminated – remediation required”. Further information about management of 
contaminated sites at the Lake MacLeod Operation is provided in Section 4.3.2.  

2.1.6 Dangerous Goods Safety Act 2004 (WA) 

The Dangerous Goods Safety Act 2004 (WA) and related regulations describe the 
requirements for safe storage, handling and transport of dangerous goods. This may be 
relevant at closure for handling and transport of dangerous goods that are located at the 
Lake MacLeod Operation.  

2.1.7 Aboriginal Heritage Act 1972 (WA) 

It is an offence under the Aboriginal Heritage Act 1972 to excavate, destroy, damage, 
conceal or alter an Aboriginal site unless acting with the consent of the Minister for 
Aboriginal Affairs under Section 18 of the Act. In order to undertake any development on 
land where an Aboriginal site is located, an application needs to be submitted for consent 
from the Minister for Aboriginal Affairs under Section 18 of the Act. An Aboriginal site is as 
defined in Section 5 of the Act, and includes places that are or were used by Aboriginal 
people and are of historical, anthropological, archaeological or ethnographic interest. It is 
the responsibility of LMC to ensure that they do not disturb any Aboriginal sites without 
obtaining consent under Section 18 of the Act. Information about Aboriginal sites at the 
Lake MacLeod Operation is provided in Section 4.2.1.1. 

2.1.8 Work Health and Safety Act 2020 (WA) 

The Work Health and Safety Act 2020 (WA) establishes a framework to ensure 
workplace health and safety in Western Australia. It outlines duties for employers, 
workers, and others to manage risks, prevent harm, and ensure compliance. The Act 
promotes consultation, accountability, and penalties for breaches to safeguard all 
stakeholders. This Act is relevant to progressive rehabilitation and closure execution 
activities. 

2.1.9 Rights in Water and Irrigation Act 1914 (WA) 

DSL currently holds a licence to take water under the Rights in Water and Irrigation Act 
1914 (WA) (RIWI Act) for abstraction of groundwater. Following transfer of ownership, LMC 
will continue to comply with the requirements of the licence to take water during closure 
(see Section 2.2). Other requirements of the RIWI Act that may be relevant during closure 
are that a licence is required to construct, enlarge, alter or deepen any well and to take 
underground water for purposes other than fire-fighting.  

2.2 Licences and Leases 
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LMC conducts the Lake MacLeod Operation in accordance with the requirements of site-
specific leases and licences, which include: 

• Mineral Lease ML245SA, granted under the State Agreement, administered by the 
JTSI. This Mineral Lease is issued under the provisions of the Mining Act 1978, with 
modifications to terms and conditions as specified in the State Agreement. A copy of 
the title page to the Deed of Covenant transferring the rights from Dampier Salt 
Limited to Lake MacLeod Pty Ltd which was signed on the 20 November 2024 is 
provided in Appendix B. There are no changes to the State Agreement with this 
transfer. There are no conditions relating to closure requirements on the lease, 
additional to the requirements outlined in Section 2.1.2 above.  

• Miscellaneous Licences (L09/10, L09/11, L09/17, L09/18) administered by the DEMIRS. 
These licences have conditions primarily related to construction and maintenance of 
roads, and do not have any specific conditions relating to closure planning or 
management.  

• DWER Licence to Operate No. L7178/1997/11 (Category 14 – Solar salt manufacturing, 
Category 58A – Bulk material loading or unloading (salt), Category 64 – Class II or III 
putrescible landfill site), granted under the Environmental Protection Act 1986 (refer 
to Appendix C). The current DWER Licence to Operate for Lake MacLeod states that 
the combined production capacity of salt and gypsum is 6.1 Mtpa and includes 
conditions pertaining to pollution control.  

• Groundwater Well Licence No. GWL56934(6), issued under Section 5C of the Rights 
in Water and Irrigation Act 1914 and administered by DWER (refer to Appendix D). 
The licence permits the abstraction of groundwater by the Lake MacLeod Operation 
and includes five artesian bores, two of which are used for gypsum production and 
three for salt production.  

• Dangerous Goods Licence No. DGS006031 issued in accordance with the Dangerous 
Goods Safety Act 2004 and regulations, administered by DEMIRS. The licence 
permits the storage of diesel (up to a total of 310,000 litres) and 15 kilo litres of 
flammable liquids of packing group II or III. These storage vessels will need to be 
decommissioned appropriately.  

• Clearing Permits (CPS 4203, CPS 5310, CPS 5979, CPS 8122). Permits to Clear Native 
Vegetation under the Environmental Protection Act 1986, administered by DEMIRS. 

• Initial jetty licence issued on 29 May 1972 and deemed to commence on 1 February 
1968. Current Jetty Licence 1379 granted on 2 May 2000 for a term of 21 years, 
commencing on 1 April 2000, subject to the same terms and conditions as the 
previous jetty licence issued in 1985. The jetty licence was renewed in September 
2021 by Dampier Salt Limited. Transfer of the jetty licence from Dampier Salt Limited 
to Lake MacLeod Pty Ltd was granted and commenced on 2 December 2024 and is 
provided in Appendix E.  

2.3 Project Approval Conditions and Commitments 

The DWER Licence to Operate (Licence No. 7178/1997/11) states that the approved 
premises production capacity is 6.1 Mtpa of combined salt and gypsum production. A 
licence amendment to increase salt and gypsum production capacity from 3.1 Mtpa and 
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0.5 Mtpa respectively, was approved by DWER on 20 March 2018 with the issue of 
Amendment Notice 1 bringing the total approved production capacity to 6.1 Mtpa. 

There is no EP Act Ministerial Statement for the operations at Lake MacLeod.  
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3 Stakeholder Engagement 

3.1 Stakeholders  

A list of stakeholders that are relevant to the Lake MacLeod Operation has been 
developed by LMC and this will be regularly reviewed and updated by LMC. The current 
LMC list of potential stakeholders associated with the closure of the Lake MacLeod 
Operation (which are also relevant to ongoing operations) are listed below. 

• Indigenous Owners: Baiyungu peoples, the Nganhurra Thanardi Garrbu Aboriginal 
Corporation (acting in trust on behalf of the Baiyungu people, the Gnulli native title 
claimants, the Yinggarda Aboriginal Corporation, and the Yamatji Marlpa Aboriginal 
Corporation). 

• Federal Representative: Federal Member for Durack. 

• State Representative: Member for the North West. 

• Local Government: Shire of Carnarvon. 

• State Government Departments: These include the Department of Jobs, Tourism, 
Science and Innovation (JTSI) as administrators of the State Agreement; DWER 
(administers the prescribed premises licence, licence to take water, and is the 
regulator of the CS Act); DEMIRS (administers mining tenements); DPLH 
(administers unallocated Crown Land and assists the Minister for Aboriginal Affairs 
with administration of the Aboriginal Heritage Act 1972). 

• Port Authorities: Mid-West Ports Authority, Fremantle Port Authority. 

• Adjacent Pastoralists: Quobba, Gnaraloo, Minilya, Boologooro and Boolathana 
stations. 

• Nearby Towns and Local Communities: People living in Carnarvon and Exmouth 
and surrounding areas.  

• Non-government organisations: Pastoralists and Graziers Association, World Wide 
Fund for Nature. 

• Employees: Approximately 130 employees are currently based residentially 
(Carnarvon primarily). The welfare of LMC employees and their families must be 
considered in the event of closure. 

• Contractors: consideration for contractors and contract management. 

• Other Major Industries: The beta-carotene production facility (Beta Nutrition 
Limited) to the south of the Lake MacLeod Operation.  

• Customers: salt and gypsum customers. 

• Local Business: small and medium sized businesses providing goods and services to 
Lake MacLeod as well as indirect support such as local cafes or tourism enterprises.  
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3.2 Stakeholder Management  

Due to the ongoing mining status of the Lake MacLeod Operation, a formal stakeholder 
consultation program that specifically addresses closure has not been developed, 
although engagement on closure will be conducted as appropriate through the 
operation’s Stakeholder Engagement Plan (SEP), which is currently being developed.  

Consultation will be undertaken in accordance with the LMC Community Policy; in 
particular:  

‘Engaging early, openly, honestly, and regularly with communities impacted by our 
operations and considering their views in our decision-making to minimise social 
impacts’.  

The internal LMC Communication and Consultation Standard also provides guidance to 
engagement and consultation with contracting partners to improve alignment on 
HSECQ activities and initiatives. This will be reviewed and integrated as the site 
progresses towards closure execution.  

These documents are reviewed regularly and updated as required and will also form the 
basis of developing a closure specific stakeholder strategy, when required in the future. 

Once a closure timeframe has been identified, the stakeholder management processes 
will be updated to include consultation and strategies regarding closure as appropriate 
to the timeframe to closure. 

A meeting between LMA, DWER’s Industry Regulation division, and DSL was held on 11 
November 2024 to discuss the approvals pathway and to address any further queries on 
the transfer of the operating licence L7178/1997/11 from DSL to LMC. The licence transfer 
application was then submitted on 20 November 2024 and was formally transferred from 
Dampier Salt Limited to Lake MacLeod Pty Ltd on 12 December 2024.   

Formal stakeholder consultation specific to closure will be undertaken by LMC when a 
LOM is identified at Lake MacLeod. A closure-specific engagement plan will be developed, 
and the objective of the engagement will be to: 

• Communicate potential closure outcomes or scenarios with relevant stakeholders 

• Receive feedback and input on closure-related outcomes 

• Maintain communication with stakeholders so they are well informed about the 
potential effects of closure. 

• Ensuring that stakeholder priorities at the time of closure inform the evaluation of 
potential closure outcomes. 

General stakeholder engagement will continue throughout the life of the operation. A 
SEP is being developed by LMC to guide engagement with community groups and other 
stakeholders. The SEP will include strategies for engagement with stakeholders on 
specific matters including closure planning. General stakeholder engagement meetings 
will continue to be held by LMC and include: 
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• Periodic meetings with the JTSI, and meetings with other regulators and 
Government departments as required. 

• Meetings with the Mid West Port Authority, Australian Maritime Safety Authority, 
Australian Customs, the Carnarvon Local Emergency Management Action 
Committee, and the Shire of Carnarvon as required. 

• Meetings with the Shire of Carnarvon, Shire of Exmouth their Chambers of 
Commerce as well as local business owners and other interested parties. 

• Meetings with Indigenous organisations including the Nganhurra Thanardi, Garrbu 
Aboriginal Corporation, Yinggardi Aboriginal Corporation and Yamatji Marlpa 
Aboriginal Corporation (YMAC). 

Closure planning will be discussed in these regular stakeholder meetings as appropriate. 

LMC intends to finalise a Relationship Management Agreement with the Baiyungu 
people, which had commenced with DSL. The Relationship Management Agreement will 
set out processes for engagement between LMC and the Baiyungu on various matters 
related to the Lake MacLeod operations including closure planning.  

3.3 Employee Information, Communication and Consultation 

A Human Resources Strategy will be developed to address workforce and industrial 
relations issues associated with closure within an appropriate timeframe if a decision is 
made to close the operation. 

3.4 Planned Closure Engagement 

Engagement regarding operational aspects has been previously undertaken by DSL. 
The current focus for LMC is to introduce a new Lake MacLeod operating company to 
stakeholders, therefore limiting closure-specific engagement in the short-term. 

LMC will continue operational stakeholder engagement and over time, introduce and 
develop rehabilitation and closure concept awareness as the site progresses towards 
closure. Proposed closure engagement is outlined in Table 3-1  

Stakeholder engagement outcomes will be detailed in future submissions of the Annual 
Environment Report (AER) and the MCP.  
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4 Baseline and Closure Data and Analysis 

4.1 Environmental Context 

4.1.1 Regional Context 

The Lake MacLeod Operation is located within the Western Carnarvon Basin, a large 
sedimentary basin sloping gently towards the coast and extending from approximately 
Exmouth in the north to Kalbarri in the south and inland to the Kennedy Range (Payne, 
Curry, & Spencer, 1987).  

Lake MacLeod is a large, flat, inland playa (dry lake bed) and temporary salt lake covering 
an area of approximately 225,000 hectares. The lake is approximately 120 km in length, 
approximately 10 to 40 km wide, and with the long axis orientated north-south. Lake 
MacLeod is located approximately 15 km inland and is separated from the Indian Ocean 
by a natural land barrier known as the Quobba Ridge or Barrier. The height of the Quobba 
Ridge ranges from 20 metres to 60 metres above sea level (Logan, The MacLeod 
Evaporite Basin, Western Australia, 1987).  

The lake surface is extremely flat, with a downward slope of approximately 1 metre over 
120 km north to south (approximately -3 mAHD to -4 mAHD). The floor of Lake MacLeod 
is an evaporite deposit consisting of carbonate, overlain by halite, and gypsite. Lake 
MacLeod supports little vegetation except for the area surrounding the Northern Ponds.  

The lake surface is typically dry, except for two permanent ponds in the north of the lake, 
namely Cygnet and Ibis Ponds, also referred to as the Northern Ponds. The location of the 
Northern Ponds are shown in (Figure 4-1). 

Water in the Northern Ponds is supplied by subterranean links to the ocean. A number of 
ephemeral rivers and creeks discharge into Lake MacLeod, including Lyndon River, 
Minilya River, Cardabia Creek and Boolathanna Creek (Figure 4-1). 

These rivers and creeks deliver water to Lake MacLeod intermittently as a result of 
summer cyclonic activity or winter rainfall. After significant rain events, the entire surface 
of Lake MacLeod becomes inundated with a flood sheet up to 2 metres deep. A flood 
sheet may develop approximately one year in six, on average (Logan, The Lake/DSL 
System Interactions and Impacts 1968 to 2013, 2003). More details about surface hydrology 
are provided in Section 4.1.7.7.  

4.1.2 Biogeographic Region 

The biogeographic region classification system defines a bioregion based on geology, 
landforms, climate, vegetation and fauna. The Lake MacLeod Operation is in the 
Carnarvon Biogeographic Region.  

The operation is located in the Wooramel or Carnarvon 2 subregion of Australia 
(Department of Environment and Water Resources, 2004). This subregion is described as:  

Composed of quaternary alluvial, Aeolian and marine sediments overlying 
Cretaceous strata. A mosaic of saline alluvial plains with samphire and saltbush 
low shrublands, Bowgada low woodland on sandy ridges and plains. Snakewood 
scrub on clay flats, and tree to shrub steppe over hummock grasslands on and 
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between red sand dune fields. Limestone strata with Acacia stuartii or A. bivenosa 
shrubland outcrop in the north, where extensive tidal flats in sheltered 
embayment’s support mangal…[in] small areas around Lake MacLeod and near 
Carnarvon (Desmond & Chant, 2001). 

4.1.3 Land Use 

Lake MacLeod was originally a natural salt lake with associated saltpans incorporating 
samphire, mangrove and saltmarsh communities (HLA-Envirosciences Pty Limited, 
2004). The majority of the lake still retains this form.  

The area underlying Mineral Lease 245SA is predominantly comprised of Lake MacLeod 
salt lake, which is Unallocated Crown Land (formerly known as Vacant Crown Land). 
Responsibility for Unallocated Crown Land resides with the Western Australian DPLH. The 
areas surrounding Lake MacLeod are pastoral leases. These pastoral leases are Quobba 
and Gnaraloo to the west and Minilya, Boologooro and Boolathana to the east and south 
(Figure 4-1).  

LMC’s operations west of Lake MacLeod are within the Quobba Pastoral Station.  

The land the subject of the Tenements are the subject of the Gnulli native title 
determination. Pursuant to native tile determination, the Baiyungu People hold native 
title rights and interests in the land the subject of the Tenements. 

At the southern end of Lake MacLeod, Beta Nutrition Limited (BNL) has a facility for 
growing, harvesting and extracting beta-carotene from the algae Dunaliella salina. The 
facility is operated under a Permit for Non-pastoral Use on Boolathana Station and was 
granted a lease in 2005, which is just outside the extent of ML245SA. The facility is located 
approximately 10 km south of the current LMC salt production area and 1 km west of the 
decommissioned salt production ponds, on the western edge of Lake MacLeod (Figure 
1-5). 
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Figure 4-1: Lake MacLeod Operation Regional Setting 
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4.1.4 Land Systems 

Land system mapping is an ecological approach, as it considers the inter-relationships 
between land characteristics and processes. Land systems are classified according to 
landform, soil, vegetation and drainage, and are subdivided into land units. Identification 
of land systems and land units is undertaken by the study of aerial photography, followed 
by extensive ground-truthing surveys. 

LMC’s Lake MacLeod Operation is located primarily within the Lake MacLeod salt lake 
(Figure 4-1). 

Lake MacLeod is classified as being within the Lake Land System (Payne, Curry, & Spencer, 
1987). The Lake Land System is characterised by extensive lake beds and salt pans 
supporting little perennial vegetation and having narrow marginal sandy banks which 
support spinifex hummock grassland (Payne, Curry, & Spencer, 1987). The Lake Land 
System is prone to flooding and has very low potential for successful pastoral activities 
(Payne, Curry, & Spencer, 1987). It is noted that the lake bed itself would have negligible 
potential for pastoral activities given that it is made up of an evaporite deposit. 

Other land systems in the vicinity of Lake MacLeod, and a brief description of the land 
type and vegetation, are provided in Figure 4-2. Land units associated with each land 
system, including information on soils, landform, vegetation and major flora species 
associated with each land unit, are listed in Appendix F. 

The location of the majority of the Lake MacLeod Operations on the Lake Land System 
suggests that alternative land uses such as pastoralism (on the salt lake) or industrial 
developments are unlikely to be successful.  

4.1.5 Topography 

Lake MacLeod is separated from the Indian Ocean in the west by approximately 15 km of 
rocky outcrops (mainly Tertiary limestone) and coastal sand dunes extending in a north-
south orientation (Logan, 1987). This coastal strip separating the Indian Ocean from Lake 
MacLeod is referred to as the Quobba Ridge and in places it rises to approximately 
60 mAHD (Logan, 1987).  

Lake MacLeod is very flat, with a downward gradient of approximately 1 in 100 sloping 
north to south. The highest areas in Lake MacLeod are the north-western and 
north-eastern ends, at -2.8 mAHD. The Northern Ponds, located in the north-west of the 
lake, and Ralph Sink, located in the north-east of the lake (Figure 4-1), are low points at -
3.2 mAHD to -4.0 mAHD. 

There is a ridge at approximately -3.0 mAHD, called the Swan Promontory that divides 
these two low areas in the north of the lake. The central area of the lake is very flat, with a 
slight gradient down to the southern portion of the lake. According to (Logan, 2003), the 
lowest point in Lake MacLeod occurs in the southernmost extent of the lake at an area 
known as the Texada Sink. 

At this location the ground level is approximately -4.3 mAHD. LMC’s salt and gypsum 
operations are located in the central flat area of Lake MacLeod. The port is located on the 
far side of Quobba Ridge on the coast at Cape Cuvier.   
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Figure 4-2: Lake MacLeod Operation Regional Land Systems 
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4.1.6 Areas of Environmental Significance 

The Ningaloo coast to the north is the only areas of significance near the Site. The 
southern extremity is approximately 25 km north of Cape Cuvier. Further information on 
the Ningaloo coast and area of significant online search results is provided in Appendix 
F.  

4.1.7 Abiotic Characterisation 

4.1.7.1 Climate 

Detailed climate information is derived from the Bureau of Meteorology (BoM) Carnarvon 
Airport meteorological station (station number 006011), located approximately 40 km 
south of Lake MacLeod (shown in Figure 4-3 and Table 4-1). The Carnarvon Airport 
meteorological station is located at latitude 24.89OS and longitude 113.67OE, at an 
elevation of 4 metres. The station commenced operating in 1945 and is currently still in 
use. 

The Lake MacLeod region experiences low summer and winter rainfall and is classified as 
semi-desert (Payne, Curry, & Spencer, 1987). Carnarvon’s climate is significantly influenced 
by south-easterly winds, in combination with southerly coastal breezes which persist 
throughout most of the year. The annual average rainfall of 230 mm mainly falls in the 
winter months from cold fronts from the south. Tropical cloud bands from the north also 
bring rainfall during summer. The period of lowest rainfall is between September and 
December. Mean monthly rainfall and potential evaporation for Carnarvon Airport 
meteorological station are plotted in Figure 4-3. 

Early summer is generally dominated by anticyclones and in this period no significant 
rainfall occurs anywhere in the Carnarvon Basin (Payne, Curry, & Spencer, 1987). In 
midsummer and autumn, the high temperatures of the northern areas in the Carnarvon 
Basin are interrupted by thunderstorms and/or the south-eastward passage of tropical 
cyclones. Rains that result from these events are generally localised (Payne, Curry, & 
Spencer, 1987). Summers in the coastal and southern areas of the Carnarvon Basin are 
typically very dry, though the heat is lessened by diurnal sea-breezes (Payne, Curry, & 
Spencer, 1987). 

Winter weather patterns (May to October) in the Carnarvon basin typically comprise calm, 
fine, anticyclonic weather with cool nights and mild days (Payne, Curry, & Spencer, 1987). 
These mild weather patterns are sometimes interrupted by the eastward passage of 
frontal systems bringing rain (Payne, Curry, & Spencer, 1987). In May, rainfall tends to fall 
further north and inland as a result of the path taken by depressions and their associated 
fronts from the Indian Ocean (Payne, Curry, & Spencer, 1987). Heavy winter rains tend to 
fall between the months of May and July due to the interaction between some of the 
stronger and more northerly fronts and middle-level tropical disturbances approaching 
from the north-west (Payne, Curry, & Spencer, 1987). Towards the end of winter, 
depressions travel southwards and rain-bearing fronts become weak at the northern 
ends of the Carnarvon Basin, bringing little rain to the northern extent (Payne, Curry, & 
Spencer, 1987). 
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During spring, stable anticyclonic conditions are generally re-established over the 
Carnarvon Basin, typically bringing warm and very dry weather during September to early 
November (Payne, Curry, & Spencer, 1987). 

An understanding of the regional climate is important when planning closure activities 
such as earthworks and revegetation. Earthworks should be planned to coincide with 
periods of low rainfall and reduced risk of cyclones. If undertaking revegetation, the 
species should be selected to suit the regional climate, and planting should be 
undertaken in Depending on species-specific requirements, planting should generally 
take place in late autumn (April to May) to give the plants a winter season to settle in 
before the dry hot summer.  

4.1.7.2 Climate Change Impacts  

Climate projections for the Central-west region, in which Lake MacLeod is located, show 
a drying trend out to 2100, forecasting reduction of annual rainfall between 1% and 26% 
and a temperature rise between 1.9°C and 3.3°C, depending on model scenario 
(Department of Water, 2015). However, the Department of Water (2015) noted that this 
was in contrast to the observed trend of increased rainfall in interior stations, and that 
long-term climate records may be more applicable than the climate model in water 
resource planning.  

The Dampier Salt Ltd Climate Change Report (Rio Tinto, 2014b) provides a summary of 
climate change modelling scenarios to 2060. The report is based on CSIRO and BoM 
climate modelling available at the time. The model predictions applicable to the Lake 
MacLeod Operation are: 

• Tropical cyclones appear to reduce, but inter-decadal variability overshadows the 
slight changes in the frequency of the total numbers of tropical cyclones for the 
region. A potential increase in the proportion of high intensity tropical cyclones is 
anticipated. 

• Quasi-biennial and 3–4-year oscillations in the future climate temperature and 
rainfall records. This effect is likely to be passed on to the air temperatures through 
associated changes in the strength of the Leeuwin and Ningaloo Currents. 

•  Significant multi-decadal scale oscillations were observed in the rainfall climates, 
both historical and future, for many months of the year. 

• A warming trend was predicted for the region around Lake MacLeod, although it was 
predicted to be significantly less than for the inland locations near Tom Price and 
sightly below that for the Dampier region. 

• A sustained drying of the climate was predicted for the Lake MacLeod region for the 
months from January to August inclusive. 

Possible warming and drying of the climate would be conducive to increased salt 
production, due to more favourable conditions for evaporation. However, higher intensity 
tropical cyclones would not only be adverse for salt production, but would be more likely 
to cause damage to the Lake MacLeod Operation.  
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If the Lake MacLeod Operation experiences significant damage from extreme weather 
events, it may be a trigger for the operation to enter care and maintenance or closure (see 
Section 8.6).  
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Figure 4-3: Carnarvon Airport Average Climate Data (Umwelt, 2019) 
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scenario tide and wave data at Cape Cuvier to ensure that the infrastructure is likely to be 
resilient at the exposed location.  

The Department of Transport published a study in 2010 Sea Level Change in Western 
Australia – Application to Coastal Planning. The study recommended that coastal 
planning within Western Australia should use the upper bound of the Intergovernmental 
Panel on Climate Change (IPCC) Fourth Assessment Report (AR4) global average sea level 
rise projections to estimate future sea level rise. For Western Australia, the projected sea 
level rise over 100 years between 2010 and 2110 was 0.9 m vertical, and for every year 
beyond 2110 the rate of sea level rise was assumed to be 0.01 m/year (Department of 
Transport, 2010). The projected sea level rise should be considered when planning any 
long-term coastal infrastructure or development, which may be associated with 
alternative land-use scenarios for Cape Cuvier.  

The rocky coastline at Cape Cuvier provides some resilience to coastal landform variability 
(Demara WA Pty Ltd, 2012). However, high sediment / sand availability between 
Carnarvon and Point Quobba is subject to high variability in supply and distribution, 
particularly associated with flooding of the Gascoyne River (Demara WA Pty Ltd, 2012). 
Overall, Cape Cuvier is considered to have low to moderate susceptibility to landform 
change due to climate variation and sea level rise (Demara WA Pty Ltd, 2012).  

4.1.7.4 Geology and Geomorphology 

Lake MacLeod is a large saline playa which was once open to the sea at both ends. A playa 
is a dry lake bed at the bottom of a desert basin, sometimes temporarily covered with 
water. Playas have no vegetation and are among the flattest geographical features in the 
world (Houghton Mifflin Company, 2005).  

The lake was created by the formation of a barrier at the northern end through a 
combination of anticline uplift and increased dune migration, and the more recent 
blocking of the southern end by beach ridge progradation (i.e. migration seawards). 
Erosional sea-level terraces warped by tectonism occur around Lake MacLeod. An oblique 
bar built on shelly limestone, thought to have been originally formed as a tombolo or at 
the meeting point of two flood-tide systems divides Lake MacLeod into two basins 
(Hocking, Moors, & Van De Graaff). 

The Lake MacLeod basin includes an evaporite sequence at least 12 metres thick, 
containing salt, gypsum and sylvite (Hocking et al, 1987). Deposits of gypsum in the Lake 
MacLeod basin are widespread and thick (Hocking, Moors, & Van De Graaff). Figure 4-4 is 
a broad-scale (1:500,000) map indicating the geology of Lake MacLeod. 

The low-lying area running parallel to the coast and extending south from Exmouth Gulf 
through Lake MacLeod to Shark Bay is known as the Bullara Sunkland (Gascoyne 
Development Commission, 1997; Hocking, Moors, & Van De Graaff). An extensive 
longitudinal dunefield lies between Exmouth Gulf and Lake MacLeod. The dunefield 
comprises younger, unlithified, slightly calcareous dunes which overlie an older field of 
calcreted, larger dunes (Hocking, Moors, & Van De Graaff). 
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Figure 4-4: Geology of Lake MacLeod 
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4.1.7.5 Hydrogeology 

4.1.7.5.1 Aquifer layers 

Major hydrogeological and surface water features of Lake MacLeod are shown Figure 4-5. 

Further description of these features is provided in Section 4.1.7.7. The underlying geology 
of Lake MacLeod is referred to as MacLeod Evaporite, which is comprised of Ibis Gypsite, 
Texada Halite and Cygnet Carbonate (Logan, 2003). The MacLeod Evaporite covers the 
majority of Lake MacLeod. Cross sections of the MacLeod Evaporite are shown in Figure 
4-6.  

Ibis Gypsite is the uppermost layer of the MacLeod Evaporite and forms the surface of 
Lake MacLeod. The gypsite layer has low permeability and varies in thickness from 
two metres to six metres across the lake. The low permeability Ibis Gypsite acts as an 
aquiclude above the Texada Halite aquifer, limiting movement of brine from the aquifer 
to the lake surface. Pressure in the Texada Halite aquifer can drive brine levels up to 
one metre above the aquifer surface when the Ibis Gypsite layer is ruptured (Logan, 2003). 

The Texada Halite aquifer is a rock salt aquifer which underlies the Ibis Gypsite. The aquifer 
is five to six metres (Logan, 2003) and is contained under pressure between the overlying 
low permeability Ibis Gypsite and the underlying impermeable Cygnet Carbonate (Figure 
4-6). The brine used in production of salt at Lake MacLeod is drawn from the Texada Halite 
aquifer. 

The bottom layer of the MacLeod Evaporite is a low permeability carbonate layer 
approximately one metre thick, known as Cygnet Carbonate (Figure 4-6) (Logan, 2003). 
The Cygnet Carbonate provides the bottom hydroseal layer of the MacLeod Evaporite and 
prevents exchange of groundwater with underlying strata. 

Located in the southern extent of the MacLeod Evaporite is the Texada Sill. Cross sections 
through the Texada Sill are shown on Figure 4-7. South of the Texada Sill is the Texada 
Sink Figure 4-5. 

At the Texada Sink, the underlying geological layers are Boolathanna Formation Pilot 
Member, calcrete horizon, and Quobba Sands. The Boolathanna Formation Pilot Member 
is the surface layer, approximately one to two metres thick, and is comprised of 
calcareous quartz sand interlayered with clay, gypsite and skeletal sand. The calcrete 
horizon is a 0.05 metre to 0.2-metre-thick layer of laminar calcrete that acts as a low 
permeability hydroseal. The hydroseal is maintained in the north by overlap with the 
Cygnet Carbonate. The hydroseal is essentially continuous, although there are some 
solution holes that provide limited hydraulic connection across the hydroseal (Logan, 
1987). 

Seawater Seepage Inflow and Recharge of the Texada Halite Aquifer 

The primary inflow to Lake MacLeod is seawater seepage, through four currently active 
seepage faces: Gnaraloo, Cygnet Marsh, Quobba and Bejaling (Logan, 1987). The location 
of the four active seepage faces and cross-sections through each seepage area are shown 
on Figure 4-8. 
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The rate of seepage through the seepage faces is controlled by the permeability of layers 
along the seepage path. The seepage rates through the Gnaraloo, Quobba and Bejaling 
seepage faces are generally less than the potential evaporation rate, resulting in no net 
long-term expression of surface water. During winter, the seepage rate at the Bejaling 
seepage face is greater than the evaporation rate, resulting in formation of brine sheets 
and ephemeral ponds at the Texada Sink (Logan, 1987).  

In contrast, the Cygnet Marsh seepage face provides net seepage of approximately 
270 GL/yr to Lake MacLeod and is the primary source of brine for the Texada Halite aquifer 
(Logan, 1987). Seepage of seawater through the Cygnet Marsh recharges Cygnet Pond. 
The seawater is then concentrated to hypersaline levels in Cygnet Pond via evaporation, 
with average seepage inflow rates of 270 GL/yr reduced to average discharge rates of 
approximately 210 GL/yr (Logan, 2003). Water flows from Cygnet Pond to Ibis Pond over 
the Cygnet Sill, which controls the water level in Cygnet Pond. 

Ibis Pond has a large surface area, resulting in high evaporation and further concentration 
of brine from Cygnet Pond. During winter, the Ibis Pond expands towards the south and 
east due to fresh water inflow from increased rainfall and reduced evaporation. At its 
furthest extent, Ibis Pond covers the Karst Plain and Wall, shown in Figure 4-5. 

The Karst Plain and Wall is an area of high porosity through the surface Ibis Gypsite layer, 
allowing infiltration of hypersaline water (brine) from Ibis Pond into the Texada Halite 
aquifer. Approximately 18 GL/yr of brine is discharged from Ibis Pond to the Karst Plain 
and Wall and recharges the Texada Halite Aquifer (Logan, 2003).  

The brine used in production of salt at Lake MacLeod is derived from the Texada Halite 
Aquifer, which is recharged from seawater seepage concentrated by evaporation from 
the Cygnet and Ibis Ponds. The Cygnet Sill is located between the Cygnet Pond and the 
Ibis Pond, and controls water level in the Cygnet Pond. The Cygnet Sill acts as a weir and 
provides hydraulic separation between the Lake MacLeod Operation and the Cygnet 
Pond (Groundwater Resource Management, 2014). The Texada Halite Aquifer is recharged 
from overflow of the Ibis Pond, such that brine for the operations is recharged via passive 
processes and is not abstracted or pumped from the Northern Ponds.   
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Figure 4-5: Hydrogeological Features of Lake MacLeod 
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Figure 4-6: Cross-Sections of Lake MacLeod Evaporite 



Document:  Lei-oper-plan-001 Page 68 of 258 
 

 

Figure 4-7: Cross-Section South to North through the Texada Sink Sill 
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Figure 4-8: Seepage Faces into Lake MacLeod
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4.1.7.6 Groundwater 

A shallow and deeper groundwater system are present below Lake MacLeod. The shallow 
system comprises the Ibis Gypsite and Texada Halite aquifers. These are underlain by the 
low permeability Cygnet Carbonate, which in the area of the salt field restricts flows to 
the deeper groundwater system comprising the Quobba Aquifer and Trealla Limestone 
(Groundwater Resource Management, 2014). 

Laterally the very high permeability Texada Halite pinches out against the overlying Ibis 
Gypsite and Cygnet Carbonate. However, the gypsite does on-lap onto the Quobba 
Aquifer to the north, east and west; and is contiguous with the Boolathanna Formation 
to the south, thereby facilitating lateral flows between the shallow and deep systems 
along these margins (Groundwater Resource Management, 2014). 

The deeper groundwater system extends beyond the footprint of the lake and overlies 
the Krojon and Toolonga Calcarenites, which are considered to be aquitards and provide 
a base to the deeper system. The Trealla Limestone outcrops along the coast and include 
karst structures that hydraulically link Cygnet Pond to the Indian Ocean (Groundwater 
Resource Management, 2014). 

Horizontal groundwater flows in the shallow groundwater system are generally to the 
south and east from the recharge zones near to and south of Cygnet and Ibis Ponds, 
towards the regional depressions in the lake surface at the Ralph and Texada Sinks. The 
vertical flow regime is poorly understood (Groundwater Resource Management, 2014). 

Groundwater recharge to the near surface lake deposits will be from infiltration from 
brine sheets flowing south from Ibis Pond and from periodic infiltration of brackish to 
saline water from flood sheets (Groundwater Resource Management, 2014). 

Separate to the aquifers supplying production brine is the aquifer that supplies raw water, 
which is used for washing the salt and gypsum, and supplies the reverse osmosis plants. 
This water is sourced from the Birdrong Sandstone Aquifer, which is the most significant 
aquifer within the Carnarvon Artesian Basin. The aquifer is approximately 50 m thick at 
Lake MacLeod, at a depth of more than 200 m below the lake surface (Groundwater 
Resource Management, 2014). The Birdrong Aquifer is artesian, confined below the 
Muderong Shale low-permeability unit (Groundwater Resource Management, 2014). 
Water quality is generally brackish.  

4.1.7.7 Surface Hydrology 

4.1.7.7.1 Surface Water Features in Lake MacLeod 

Lake MacLeod, covering 225,000 hectares and with a surface level up to five metres below 
sea level, represents a major point of internal regional drainage (Gascoyne Development 
Commission, 1997). The lake is normally dry, except when the Gascoyne, Minilya or Lyndon 
Rivers are in flood. Two permanent water bodies are present in the north-western area of 
the lake – the Ibis and Cygnet Ponds. Some of the key surface water bodies and features 
at Lake MacLeod are shown on Figure 4-5 and include Cygnet Pond, Ibis Pond, the Ralph 
Sink and the Texada Sink. 

Cygnet Pond is a permanent water body in the north of Lake MacLeod with water level at 
approximately -2.6 m AHD (Logan, 1987) (Figure 4-5). 



Document:  Lei-oper-plan-001   Page 71 of 258 
 
 

Cygnet Pond has an average water depth of 0.4 metre and the surface area of the pond 
is approximately 1200 hectares (Logan, 1987). Cygnet Pond is separated from Ibis Pond by 
a low permeability sill, which acts as a weir and is thought to isolate Cygnet Pond from 
Ibis Pond and the downstream brine abstraction that supplies the salt operation 
(Groundwater Resource Management, 2014).  

Ibis Pond is situated south of Cygnet Pond, and has a water level of 
approximately -2.9 m AHD (Logan, 1987) (Figure 4-5). 

The average water depth is 0.8 metre, with the deepest section of the pond in the north 
near the Cygnet Sill. The surface area of the pond varies considerably from summer to 
winter. Summer surface area is approximately 3200 hectares, and winter surface area is 
26,000 hectares (Logan, 1987).  

The ponds are recharged by marine discharge, with the Cygnet Pond receiving the 
majority of the marine discharge. Water from this pond subsequently overflows into Ibis 
Pond, which overflows to the south onto the lake surface (Groundwater Resource 
Management, 2014).  

The Ralph Sink is located in the north-east of Lake MacLeod (Figure 4-5). 

Ralph Sink is located in a topographic depression, with ground elevation approximately -
3.5 mAHD (Logan, 1989). During summer, the brine surface is usually suppressed below 
the ground level (Logan, 1989). However, in winter there is usually a flood sheet or brine 
pool at the Ralph Sink (Logan, 1989). The Ralph Sink is the most important location for 
seepage of brine out of Lake MacLeod (Logan, 1989). Brine may be transported to Ralph 
Sink by seepage through underlying aquifers; or direct overland flow, particularly under 
the influence of south-westerly winds (Logan, 2003).  

The Texada Sink is located in the south of Lake MacLeod at Texada Sill. Texada Sink is 
located in a topographic depression in the lowest part of Lake MacLeod with elevation 
ranging from -3.6 m AHD to -4.3 m AHD (Logan, 1987). During summer, the brine surface 
at the Texada Sink is reduced to a thin 0.05 metre to 0.1 metre sub-surface layer above 
the hydroseal. In winter, ephemeral ponds 0.05 metre deep above the lake surface are 
formed by flow of brine into the sink from the Bejaling seepage face or discharge of 
floodwater from Boolathanna Creek (Logan, 1987). 

The Northern Ponds comprise permanent saline waters (maintained by groundwater 
seepage), covering around 2.5 % of the lake. In contrast, the southern part of the lake tends 
to remain dry without the occurrence of substantial flooding. 

Cygnet and Ibis Ponds are located approximately 16 km north of the Gypsum Operation 
and 38 km north of the Salt Operation. Texada Sink is approximately 5 km south of the 
southern portion of the 30,000 levee that surrounds the Salt Operations. It is unlikely that 
closure activities would impact on any of these key surface water features.  

4.1.7.7.2 Rivers 

The major rivers in the vicinity of Lake MacLeod are the Minilya River, Lyndon River and 
Gascoyne River (Figure 4-1). 
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The Minilya, Lyndon and Gascoyne Rivers are all ephemeral, with only occasional 
permanent water holes. The Minilya River and the Lyndon River discharge directly into 
Lake MacLeod at its northern end. Figure 4-9 shows Lake MacLeod in December 2000, 
when the Lyndon and Minilya Rivers discharged into Lake MacLeod (US Geological 
Survey, 2009).  

The mouth of the Gascoyne River, featuring a significant delta, lies approximately 15 km 
south of the southern end of Lake MacLeod (Hocking, Moors, & Van De Graaff). The 
Gascoyne River is the region’s largest river, with a total catchment area of 6.7 million 
hectares, including tributaries, and flows only occasionally between February and August 
(Gascoyne Development Commission, 1997). The Gascoyne River discharges to the coast 
near Carnarvon; however, in large flood events, the Gascoyne River also discharges to Lake 
MacLeod via Boolathanna Creek and Cardabia Creek (Logan, 2003). Figure 4-10 shows 
Lake MacLeod in April 2000, with the Gascoyne River flowing and a hydraulic connection 
via the floodplain of the Gascoyne River to Boolathanna and Cardabia Creeks, which are 
discharging into Lake MacLeod (US Geological Survey, 2009).  

The LMC Salt Operation is located approximately 45 km north of the Gascoyne River. The 
Lyndon and Minilya Rivers discharge into Lake MacLeod approximately 35 km north of 
the LMC Gypsum Operation (Figure 4-1). 

It is unlikely that closure activities would impact on any of the regional rivers.  

4.1.7.7.3 Flooding 

In addition to seepage inflow to Lake MacLeod, flood events intermittently add surface 
water to the lake system via a combination of discharge from the major rivers and ‘intra-
basinal rainfall’ (Logan, 1989). ‘Intra-basinal rainfall’ was used by Logan (Logan, 1989; 
Logan, 2003) to refer to the combination of direct rainfall to the lake surface and inflow 
from the immediate lake catchment. Flows into the lake initially accumulate in the Ralph 
Sink and the Texada Sink in the north and south of the lake respectively (Figure 4-5). 

The sinks accommodate approximately 50 million cubic metres of water in total before 
the perimeters of the flood sheets begin to extend out over the surface of Lake MacLeod 
(Logan, 1989). 

Figure 4-11, reproduced from Logan (2003), provides a summary of the average depth of 
flood sheets in Lake MacLeod for the period from 1960 to 2000. According to Logan (2003), 
virtually every year there is a low volume (<500 million cubic metres) shallow flood sheet 
of up to 0.3 metres in depth (flood elevation of approximately - 2.9 mAHD) somewhere on 
the lake bed. This is a result of either intra-basinal rainfall and/or minor river discharge 
caused by winter rainfall or a cyclonic event in late summer (Logan, 2003). As shown in 
Figure 4-11, larger floods occur less frequently; there were 14 flood sheets with average 
depths of between 0.3 metres and 1.5 metres (flood elevation of approximately 
- 2.9 mAHD to - 1.8 mAHD) between 1960 and 2000. Flood sheets with average depths of 
between 0.7 metres and 1.5 metres (elevation of approximately - 2.5 mAHD to - 1.8 mAHD) 
have occurred on five occasions between 1960 and 2000.  

According to Logan (2003), the more voluminous floods are the most important in terms 
of the hydrology and chemistry of the lake, as these events link all of the hydrologic 
entities of Lake MacLeod, rapidly dissolve salt crystals on the lake bed, and move high 
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concentration salt loads around the lake from the flood peak until eventual evaporation 
of the flood waters. Infiltration of flood waters into the halite aquifer may also occur at the 
Karst Plane and Wall and wherever the Ibis Gypsite layer has been breached. Due to the 
very large, open area at Lake MacLeod, wind can have a strong influence on flood waters, 
resulting in mixing of flood waters and build up in certain areas of Lake MacLeod, 
depending on wind direction. As described in Section 4.1.7.1, the climate of Lake MacLeod 
is characterised by southerly winds throughout much of the year, which result in flood 
waters accumulating in the Ralph Sink and the Northern Ponds (Logan, 1989).  

The 30,000 Levee protects the Lake MacLeod Salt Operation from ingress of water due to 
flood events on Lake MacLeod. However, large flood events may temporarily halt the 
gypsum operations, which are not protected by a flood levee. In addition, if a high rainfall 
event occurs over on the salt operations, this would also temporarily halt salt production. 
Salt and gypsum operations would resume after the surface water subsides, unless there 
was significant damage to infrastructure, which may trigger the operations entering care 
and maintenance or unexpected closure in the event of severe damage (see Section 8.6 
for more information about unexpected closure). 
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Figure 4-9: Lyndon and Minilya Rivers Discharging to Lake MacLeod in December 2000 
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Figure 4-10: Gascoyne River Discharging to Lake MacLeod via Boolathanna and Cardabia 
Creeks in April 2000 



Document:  Lei-oper-plan-001 Page 76 of 258 
 
 

 

Figure 4-11: Average Depth of Flood Sheets in Lake MacLeod, 1960 to 2000 
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4.1.7.8 Soils 

Sandy calcareous soils, which are low in organic matter, dominate the coastal area in 
which Lake MacLeod is located (Gascoyne Development Commission, 1997). The soils 
within and adjacent to Lake MacLeod are mostly classified as Salt Lake Soil (Soil Group 
102) (Schoknecht, 2002). According to Schoknecht (2002), Salt Lake Soil is typically wet to 
within 80 cm of the surface level for a major part of the year, has variable textures, is often 
gypseous and/or calcareous and highly saline, with primary areas of salinity occurring on 
salt lake beds and adjacent flat saline areas. The latter areas are often vegetated with salt-
tolerant flora species (halophytes). 

Figure 4-12 is a broad-scale map of soils potentially occurring within and around the Lake 
MacLeod Operation (CSIRO Australia, 2009). LMC operational areas are located on 
hydrosols, chromosols and rudosols. 

Hypersalic hydrosols occur at land areas bordering Lake MacLeod (Schoknecht, 2002). 
Some borrow pits and quarries at the Lake MacLeod Operation are located on this soil 
type. High salinity and seasonal waterlogging render this soil unsuitable for most plants, 
except for specialist flora species such as halophytes in fringing areas (Schoknecht, 2002).  

Borrow pits and quarries are also located on land with soils classified as chromosols 
(Figure 4-12). 

According to the Australian Soil Classification, chromosols are soils with a strong texture 
difference between the upper and lower horizons, with the latter not being either sodic 
or strongly acidic (Isbell, 1996). 

The coastal plain west of the salt and gypsum operations is typified by rudosols (Figure 
4-12). The port at Cape Cuvier is located on this soil type. Rudosols are soils with 
rudimentary development of soil horizons and little colour or texture change with depth. 
Many rudosols in the Lake MacLeod area are highly saline, rendering them unsuitable for 
most plant species except for halophytes adapted to highly saline conditions. The data 
available on rudosols is very limited. 

The LMC Operation is primarily located on the salt lake, where there is little natural 
vegetation. Areas of disturbance that may require revegetation are the locations of 
borrow pits, quarries and roads, and the port at Cape Cuvier, which are located on 
hydrosols, chromosols and rudosols. However, no site-specific soil analysis has been 
undertaken. In planning for closure, LMC should consider undertaking soil mapping to 
assist in planning appropriate revegetation methods. 

4.1.7.9 Acid Sulphate Soils 

In Western Australia, acid sulphate soils (ASS) are most commonly found in low-lying 
wetlands, estuaries, back-swamps, tidal flats and salt marshes (Department of 
Environment Regulation, 2016). No baseline studies have been conducted regarding the 
potential for ASS to occur within the Lake MacLeod Operation lease areas.  

A broad-scale map of ASS potentially occurring in and around the Lake MacLeod 
Operation was obtained from the Australian Soil Resource Information System (ASRIS) 
(CSIRO Australia, 2009) and is presented in Figure 4-13.   
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Figure 4-12: Soil Classification for the Lake MacLeod Region 
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Figure 4-13: Acid Sulphate Soil Risk Map for the Lake MacLeod Region 
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Based upon the ASRIS acid sulphate soil regional mapping, a significant risk of the 
presence of acid sulphate soils exists on the fringes of Lake MacLeod at the base of the 
Quobba Ridge (Figure 4-13).  

In planning for closure, an acid sulphate soil management plan should be developed if 
any excavations or earthworks are planned for the western fringe of Lake MacLeod, which 
may disturb acid sulphate soils. 

4.1.8 Biotic Characterisation 

4.1.8.1 Vegetation Communities  

4.1.8.1.1 Threatened and Priority Ecological Communities 

Database searches were conducted through the Commonwealth Department of Climate 
Change, Energy, the Environment and Water (DCCEEW); and the Western Australian 
Department of Biodiversity, Conservation and Attractions (DBCA) for Threatened 
Ecological Communities (TECs) and Priority Ecological Communities (PECs). The 
requested search area included the Lake MacLeod Operation and lease areas.  

The results presented below are protected ecological communities identified within the 
Lake MacLeod salt lake, or within 50 km of the Lake MacLeod Operation.  

No TECs have been recorded within Lake MacLeod or within 50 km of the LMC Operation. 

Five PECs have been recorded within the area of interest: 

• Lake MacLeod Invertebrate assemblages, Priority 4(ii), located in the north of Lake 
MacLeod, approximately 15 km north of the Gypsum Operations 

• Lyell Land System, Priority 3(iii), located south of Lake MacLeod, approximately 13 km 
south and southeast of the Salt Operations  

• Subtropical and Temperate Coastal Saltmarsh, Priority 3(iii), located south of Lake 
MacLeod, approximately 43 km south of the Salt Operations  

• Barrabiddy Land System, Priority 3(iii), located east of Lake MacLeod, approximately 
80 km northeast of the Gypsum Operations  

• Marloo Land System, Priority 3(iii), located north of Lake MacLeod, approximately 
100 km north of the Gypsum Operations.  

The locations of the PECs are shown on Figure 4-16. 

Further details regarding the two PECs within 20 km of the Lake MacLeod Operation are 
provided below.  

The ‘Lake MacLeod invertebrate assemblages’ PEC is described as a: 

Saline aquatic community with strong marine affinities with particularly rich 
copepod elements, is effectively a well-developed, very rich birrida community with 
strong marine and terrestrial components with especially rich hypactacoid 
community. Distinctive but lacks threats (Desmond & Chant, 2001).  
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The ‘Lyell Land System’ PEC is described as: 

Sandplains with reticulate dunes and saline interdunal plains supporting tall and 
low acacia shrublands and saltbush. Threats: over grazing, weed invasion (Buffel 
grass) (Department of Biodiversity, Conservation and Attractions, 2017). 

It is not considered likely that there will be any impacts on these ecological communities 
during operations or closure, however these communities will guide the species seed 
mixes required in locations where revegetation is necessary.  

It is unlikely that there would be any opportunities to enhance habitat or provide 
additional protection for these ecological communities as part of the PMLU.  
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Figure 4-14: Location of Priority Ecological Communities with 50 km of Lake MacLeod 
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Figure 4-15: Vegetation Associations occurring within and around Lake MacLeod 
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4.1.8.2 Flora  

This section provides information collected from site surveys. For database and online 
search data for the Lake MacLeod Site plus information on the Northern Ponds area, refer 
to Appendix H.  

If any native vegetation clearing is required to be undertaken as part of closure activities, 
a targeted flora survey should be undertaken prior to vegetation clearing to determine 
whether any threatened flora species occur within the proposed area of clearing.  

Where practicable and relevant to the landform and ecological communities, 
rehabilitation methods will seek to establish suitable habitat to support threatened flora 
species that may be likely to occur.  

4.1.8.2.1 Flora and Vegetation – Lake MacLeod Operation Surveys  

No baseline vegetation, flora or fauna surveys were undertaken at the Lake MacLeod 
Operation prior to the commencement of operations in 1965.  

In a survey conducted on behalf of DSL by (Streamtec Pty Ltd, 1988), the flora surrounding 
Lake MacLeod was described as spinifex (Triodia) grasslands with moderately dense 
Acacia, Senna, Eremophila and Banksia shrublands further away from the lake’s edge. It 
was noted during the same survey that introduced Buffel grass (Cenchrus ciliaris) readily 
invaded disturbed areas, though native species were able to out-compete the weed in 
undisturbed areas (Streamtec Pty Ltd, 1988).  

Table 4-6 summarises the outcomes from site-specific flora surveys that have been 
undertaken since 1998. Key details relating to the flora and vegetation are described 
below.  

The southern section of Lake MacLeod (Quobba and Boolathanna stations) was surveyed 
in 2010 to obtain baseline information for flora and vegetation condition (Outback 
Ecology, 2010). Limestone ridges and calcrete flats in the northwest of the survey area 
were dominated by scattered Acacia species over Frankenia and Atriplex shrublands. 
Tecticornia species, particularly T. halocnemoides and T. peltata, formed shrublands on 
lake margins and extensive areas in the south-west and south of Lake MacLeod (Outback 
Ecology, 2010).  

Vegetation across the southern Lake MacLeod survey area was dominated by Acacia 
tetragonophylla, which occurred in almost every vegetation type except low lying heaths 
and on mud flats. In many cases it was the dominant species, forming tall thick 
shrublands extending across large distances. Low lying areas within A. tetragonophylla 
shrublands, particularly in proximity to the lake edge, were dominated by low heathlands 
of Atriplex spp. and Frankenia, often with a Tecticornia component (Outback Ecology, 
2010). 

Flora surveys undertaken at Lake MacLeod have recorded three priority species: Abutilon 
sp. Hamelin (P2) (not recorded from DPAW database search), Lepidium biplicatum (P3) 
and Stackhousia clementii (P3) (Table 4-6). The locations of the recorded priority flora are 
shown in Figure 4-18. 
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In planning for closure, the vegetation communities and flora species recorded in similar 
landforms to the Lake MacLeod Operation will be reviewed to develop suitable 
rehabilitation species lists for areas of disturbance outside of the salt lake, such as the 
borrow pits and the port. No revegetation will be undertaken within the salt lake itself.  

4.1.8.2.2 Invasive Flora Species 

A search of the DCCEEW database for matters of national environmental significance 
protected under the EPBC Act included a list of Weeds of National Significance and other 
introduced plants that are considered to pose a threat to biodiversity. The weeds of 
national significance that were identified in the EPBC Act Protected Matters Report as 
likely to occur in the search area were: 

• Buffel grass (Cenchrus ciliaris). 

• Prickly pear (Cylindropuntia spp.). 

• Mesquite (Prosopis spp.). 

• Athel pine (Tamarix aphylla). 

Buffel grass is the only one of these listed species that has been recorded in the Lake 
MacLeod Operation area, based on the results of flora surveys listed in Table 4-6. Buffel 
grass should be monitored and managed in rehabilitation areas as required to ensure 
that the presence or abundance of buffel grass doesn’t compromise closure objectives.  
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Figure 4-16: Locations of Priority Flora Recorded from Flora Surveys at Lake MacLeod 
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4.1.8.3 Fauna 

This section provides information collected from site surveys. For database and online 
search data for the Lake MacLeod Site plus information on the Northern Ponds area, refer 
to Appendix H.  

4.1.8.3.1 Fauna – Regional Level  

Lake MacLeod has been identified as providing habitat to diverse populations of fish and 
bird species, and is considered an important resting spot for trans-equatorial waders 
(Gascoyne Development Commission, 1997; Department of the Environment, Water, 
Heritage and the Arts', 2009). The main area of ecological significance at Lake MacLeod is 
the Northern Ponds.  

Cygnet Pond in the north of Lake MacLeod (refer to Figure 4-1), is rich in aquatic 
invertebrates, including amphipods, gastropods, bivalves, copepods, polychaets and 
forminifera (Logan, 2003). Cygnet Pond contains three species of fish and is an important 
stopover for migratory waterbirds. More than 70 bird species have been observed at Lake 
MacLeod (Phillips, Butcher, Hales, & Coote, 2005; Dampier Salt Limited, CALM, WWF-
Australia, 2006). The peak period for migratory birds is mid-August to end-October. 

In comparison to Cygnet Pond, Ibis Pond has low biodiversity, comprised predominantly 
of thin cyanobacteria mats and occasional migratory birds and fish (Logan, 2003). Logan 
(2003) indicated that the lower biodiversity at Ibis Pond was likely due to the large 
seasonal fluctuations in salinity in Ibis Pond. 

The majority of LMC’s operations occur on the playa / salt lake, which has a limited 
diversity of habitat to support native fauna. It is unlikely that native fauna would be 
dependent on the saline and barren environment of the salt lake.  
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4.1.8.3.2 Fauna Survey 

Outback Ecology undertook a terrestrial fauna assessment around the southern 
perimeter of Lake MacLeod in 2010 (Outback Ecology, 2011e). This work was based on an 
earlier desktop study of the same area (Outback Ecology, 2009). The fauna survey was 
carried out in November 2010 and identified a total of 81 vertebrate fauna species, 
comprising 13 mammals (8 native, 5 introduced), 34 birds and 34 reptile species.  

Two conservation significant vertebrate fauna species were recorded within the Study 
area: the common sandpiper (Tringa hypoleucos) and the oriental pratincole (Glareola 
maldivarum). Both of these species are currently listed under the EPBC Act. An additional 
54 conservation significant fauna were considered to potentially occur in the area 
assessed (Outback Ecology, 2011e). 

Ten broad fauna habitat types were identified within the Study area (Figure 4-19), with 
the majority of these being widely represented throughout the Carnarvon bioregion. 
Significant fauna habitats in the assessment area included soak (water dependent 
vegetation), stands of inland mangroves and low coastal shrubland/heath. These habitats 
are considered less common within the landscape and a range of conservation significant 
fauna may reside within them (Outback Ecology, 2011e).  

Terrestrial invertebrate fauna were also recorded from the study site. A total of 
185 invertebrate specimens from the targeted groups, comprising 13 mygalomorph 
spiders, 19 scorpions, 22 slaters and 131 terrestrial snail specimens. Based on current 
scientific knowledge, four invertebrate species, including two spiders, one scorpion and 
one isopod have been identified as putative Short-Range Endemic (SRE) species from 
within the assessment area. Of these species, the spider Aname ‘MYG214’ was considered 
less likely to be a SRE as it was collected in two different habitats. Likewise, the scorpion 
and isopod were considered less likely to be SRE as they were found in Chenopod 
shrubland and Acacia tetragonaphylla shrubland on red sand dune, respectively. These 
habitats are relatively widespread within and adjacent to the study area (Outback 
Ecology, 2011e). 

Where practicable and relevant to the landform and ecological communities, 
rehabilitation methods will seek to establish suitable habitat to support native fauna 
species that may be likely to occur.  
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Figure 4-17: Fauna habitat types recorded within and around Lake MacLeod 
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Aquatic invertebrate assemblages on Lake MacLeod have not been identified as 
conservation-significant and are likely to be tolerant of wide-ranging salinity and 
inundation regimes, due to the natural salt lake habitat. Closure activities are not 
expected to have any impacts on aquatic invertebrate assemblages on Lake MacLeod, 
including in the Northern Ponds.  

4.1.8.3.6 Aquatic Biota 

Sampling of the southern extent of Lake MacLeod after a flood event detected thirteen 
phytoplankton taxa, representing three phyla including Bacillariophyta (diatoms), 
Cyanophyta (blue green algae) and Chlorophyta (green algae). These taxa are 
cosmopolitan, salt tolerant genera. Bacillariophyta and Cyanophyta were the dominant 
groups (with six and five taxa respectively), while Chlorophyta representatives were 
limited (two taxa). The blue-green alga Oscillatoria was recorded in high numbers from 
the majority of sites. The diversity of taxa is comparable to that recorded for other salt 
lakes in Western Australia (Outback Ecology, 2011a). 

The periphyton assemblage included twenty-three taxa, with several prominent genera 
including Amphora, Navicula and Nitzschia. Sites located in close proximity to each other 
recorded the most similar diatom assemblages, a reflection of habitat availability and 
colonisation preferences. All of the taxa recorded were common and widespread 
(Outback Ecology, 2011a). 

To assess the aquatic biota at of the Northern Ponds area of Lake MacLeod, eight ponds, 
that represented the change in spatial scales of the ponds found at Lake MacLeod, were 
investigated (Centre for Ecosystem Management, 2016).  

The ponds were primarily composed of marine taxa, as well as those from deep oceans, 
freshwater, hypersaline and terrestrial ecosystems. Each of the ponds contained different 
assemblages of bacteria (benthic and planktonic), and to a lesser degree, ciliates. In total, 
171 bacterial operation taxonomic units (OTUs) were detected and 30 ciliates OTUs were 
detected. Five bacterial OTUs were present in all of the ponds, whereas only a single ciliate 
OTU was detected in every pond. Each pond assemblage appears to be on its own 
evolutionary trajectory, with ecological drift likely playing a role in structuring each 
community (Centre for Ecosystem Management, 2016).  

Closure activities are not expected to have any impacts on aquatic biota at the Northern 
Ponds. 

4.1.8.3.7 Stygofauna 

Outback Ecology undertook a pilot stygofauna survey of the southern region of Lake 
MacLeod, comprising the Texada Halite and Quobba Sands aquifers, in September 2010. 
The stygofauna survey recorded three invertebrate taxa:  

• Copepod - Apocyclops dengizicus 

• Ostracod - Diacypris sp. 

• Insecta - Chironomidae 
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The specimens were collected from two bores located south of the salt operations, in the 
Quobba Sands aquifer. All of these taxa are known from surface waters. In particular, the 
cyclopoid copepod Apocyclops dengizicus is a well-documented cosmopolitan species, 
occurring in various regions throughout the world. It is likely that high salinities and 
unsuitable physical habitat associated with the two aquifer systems preclude the 
presence of stygofauna within the Lake MacLeod study area (Outback Ecology, 2011b). 

4.1.8.3.8 Animal Pests 

The major animal pests considered likely to occur in the Lake MacLeod area are feral cats, 
foxes, feral goats and rabbits. Protection of areas of revegetation should be considered in 
the establishment stages if herbivores are causing damage.  
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4.2 Social and Communities Context 

4.2.1 Cultural Environment 

4.2.1.1 Aboriginal Heritage 

The traditional owners of the land underlying the Lake MacLeod Operation are Baiyungu 
People, who are represented by the Nganhurra Thanardi Garrbu Aboriginal Corporation. 
The Tenements are the subject of the Gnulli native title determination: Peck on behalf of 
the Gnulli Native Title Claim Group v State of Western Australia [2019] FCA 2090. Pursuant 
that native tile determination, the Baiyungu People hold native title rights and interests 
in the land the subject of the Tenements.  

 
 
 

 

 
 
 
 

Registered Aboriginal Sites (6060 Cape Cuvier and 7138 Quobba Dunes), and a Lodged 
Site (6061 Lake Macleod) exist within or near the Lake MacLeod operating leases. As 
closure planning progresses, and prior to closure execution, LMC will review Aboriginal 
Sites and Heritage Places databases for additional or revised locations and ensure closure 
works do not adversely impact or disturb these areas. No Section 16 or Section 18 Consents 
under the Aboriginal Heritage Act 1972 have been granted for Lake MacLeod operations. 

4.2.1.2 Historic Heritage 

There are no known areas of historic heritage in proximity to the Lake MacLeod Operation. 

4.2.2 Regional Socio-Economic Characterisation 

Regional socio-economic characterisation provides an overview of the population 
characteristics and economics of the region. This information can be useful to guide 
closure planning, so that the proposed PMLU is consistent with the characteristics of the 
region.  

The Strategic Plan 2022-26 released in 2022 by the Gascoyne Development Commission 
(GDC), provides key information on the region including population, contributions made 
by each sector of the region’s economy, and economic opportunities.  

The population of the Gascoyne region is approximately 9,260 (Gascoyne Development 
Commission, 2022), with 3,536 people living and working within the Gascoyne region, but 
had a usual residence outside of the region, predominantly elsewhere in Western 
Australia (Australian Bureau of Statistics, 2018b).  
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The top five major industries include resources; construction; agriculture, forestry and 
fishing; transport, postal and warehousing; and tourism and hospitality. Salt is the largest 
mined commodity. 

The Gascoyne Strategic Plan 2022-26 identified that “… the Gascoyne Region is 
strategically placed to support new mineral, resource and renewable industry projects. 
Exmouth and Carnarvon already play a key role in the resource sector supply chain, 
supporting offshore oil and gas in the Carnarvon Basin, high-value salt operations at 
Useless Loop in the Shire of Shark Bay and Lake MacLeod in the Shire of Carnarvon. Rare 
earths, gypsum, limestone, and other basic raw materials also present significant 
opportunity as part of the region’s resource base”. Additionally, tourism and food 
production are also seen as opportunity areas for the region (Gascoyne Development 
Commission, 2022). 

4.2.3 Local Socio-Economic Characterisation 

The local socio-economic characterisation of Lake MacLeod is based upon the nearby 
town of Carnarvon, 40 km south of Lake MacLeod. Carnarvon has a population of 
approximately 5,077 people and is the accommodation location for Lake MacLeod 
personnel.      

When closure planning identifies a LOM, LMC will undertake a baseline community 
assessment that will inform a transition plan for those community individuals and 
businesses that may be impacted by cessation of the Lake MacLeod operations. 

4.3 Operations Data 

4.3.1 Groundwater Monitoring 

The salt and gypsum operations rely on deep artesian bores, screened 500 to 600m below 
ground level, targeting the regionally extensive Birdrong Sandstone aquifer, for their 
water supplies. Three production bores (4, 5 and 6) are used to supply the salt operation 
and two production bores (VGH 900 and VGH 901) supply the gypsum operation, 19km to 
the north. The two borefields, referred collectively as the Lake MacLeod Borefield, are 
situated in the Gascoyne Groundwater Management Area (DSL, 2023).  

Groundwater production from the Lake Macleod Borefield is subject to the terms and 
conditions of License No. 0056934(4) issued by the DWER on 29 July 2013. An application 
was submitted on 26 June 2023 to extend the Licence, that was valid until 23 July 2023, 
and it is currently under review by DWER (DSL, 2023).  

Condition 1 of GWL0056934(6) states that the licensee shall comply with the 
commitments or requirements of the operating strategy as prepared by the licensee and 
approved by the Department of Water on 29 July 2013, including any modifications to the 
strategy as approved during the term of the licence. Condition 1 of GWL0056934(6) states 
that the licensee shall comply with the commitments or requirements of the operating 
strategy as prepared by the licensee and approved by the Department of Water on 29 
July 2013, including any modifications to the strategy as approved during the term of the 
licence (DSL, 2023).  
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A report is prepared annually which summarises the groundwater monitoring data that 
is collected at the Site (DSL, 2023) in the period between January and December. 
Groundwater abstraction recorded in 2023 was 1,165,049kL from the salt operations and 
1,074,701kL from the gypsum operations. Total groundwater abstraction in 2023 was 
2,239,750kL. This represents 67% of the licensed allocation of 3,350,000kL per annum and 
a decrease of 51,694kL when compared to the 2022 period (DSL, 2023). 

Groundwater samples were taken once during the 2023 review period as per the DWER 
licence. Samples were tested for basic parameters (pH, EC, dissolved oxygen), salts, 
nutrients and metals. During 2023, all parameters were within normal historical ranges 
(DSL, 2023).  

4.3.2 Contaminated Land Investigations 

In 2015, parts of the Lake MacLeod Operation were classified under the Contaminated 
Sites (CS) Act 2003 as “contaminated – remediation required”. The parts of the site that 
were classified comprise the Cape Cuvier Port, Salt Operations and Gypsum Operations. 
The reasons for classification refer to a series of investigation reports prepared between 
2009 and 2015, including a preliminary site investigation, detailed site investigation, 
groundwater monitoring events and a site management plan. The reasons for 
classification state that the investigation reports show that the site has been 
contaminated, and remediation is required to reduce unacceptable risks to human 
health or environmental values.  

The contaminated sites investigation reports that have been undertaken for the Lake 
MacLeod Operation are listed below. This section provides a summary of contaminated 
sites information only; the listed reports should be consulted for more detailed 
information.  

• Preliminary Site Investigation, Lake MacLeod Operations (URS, 2009) 

• Lake MacLeod Operations: Detailed Site Investigation (URS, 2010) 

• Detailed Site Investigation, Lake MacLeod WA (OTEK, 2012) 

• Lake MacLeod, Western Australia Groundwater Monitoring Event – August 2013 and 
Soil Investigation (GHD, 2014) 

• Dampier Solar Salt Operations Lake MacLeod 2014 Groundwater Monitoring Event 
(GHD, 2015a) 

• Lake MacLeod Operations Groundwater Monitoring Event 2015 (GHD, 2015b)  

• Lake MacLeod Solar Salt Operation 2016 Groundwater Monitoring Event (GHD, 2017) 

• Lake MacLeod Operations, Contaminated Site Management Plan 2018 (Ralph 
Consulting, 2018). 

The location of the contaminated sites investigations are shown in Figure 4-18 and Figure 
4-19, with a summary of the outcomes presented in Table 4-9.  
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A conceptual site model developed in 2018 (Ralph Consulting) concluded that the risk to 
human health and/or the environment is low or not unacceptable which can be 
attributed to a combination of factors including: 

• No foreseeable change to the land use; 

• No impact to sensitive receptors; 

• Stable to shrinking plumes; and 

• Decreasing hydrocarbon concentrations over time. 

However, under the CS Act classification, remediation is required as contamination has 
been identified at site and remediation is required to reduce unacceptable risks to human 
health, the environment or any environmental value to acceptable levels. 

The identified contaminated sites are primarily being managed using basic low-cost 
remediation technologies including Monitored Natural Attenuation (MNA). The 
performance of MNA is being reviewed periodically, consistent with national guidance, to 
confirm the initial assumptions are still valid, and that regulatory support for the strategy 
continues (Ralph Consulting, 2018). Any areas of contamination will need to be 
remediated prior to relinquishment of mining tenements. 



Document:  Lei-oper-plan-001 Page 103 of 258 
 
 

 

Figure 4-18: Contaminated Sites Investigation Areas – Lake MacLeod Operation 
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Figure 4-19: Contaminated Sites Investigation Areas – Salt Operation Detail 













Document:  Lei-oper-plan-001 Page 110 of 258 
 
 

The most recent contaminated sites assessment was completed in 2022 (ERM, 2024). 
The assessment generally aligned with the Site Management Plan (SMP) developed by 
Ralph Consulting in 2018.  

The assessment identified groundwater hydrocarbon impacts at the heavy and light 
vehicle refuelling farm and the workshop areas which were consistent with previous 
assessments in 2018 and 2020. The risk to the receptors was considered to be low and 
the plume stability assessment indicated that the plume was stable with evidence of 
natural attenuation (ERM, 2024).  

Concentrations of PFAS were identified in shallow soils, sediment and surface water at 
the heavy and light vehicle refuelling farm and the workshop areas, and results were 
consistent with previous assessments. Concentrations of PFOS in groundwater exceed 
the adopted human health assessment criteria, however it was considered implausible 
that the PFAS impacts would pose a risk to human health as the water is unlikely to be 
used for non-potable or recreation uses (ERM, 2024).  

4.4 Closure Investigations 

4.4.1 Levee Breaching Analysis  

It is proposed to breach the flood levees and internal levees as part of closure activities to 
facilitate degradation of the salt and gypsum ponds, ditches and salt crystallisers, and 
promote return to a salt lake playa landform.  

Breaching of levees and dissolution of solids salt stocks at the Salt Operation may lead to 
release of high salinity water, which could compromise aquatic ecology of the salt lake 
and impact on aquatic biota, if it is not managed appropriately. A study of the aquatic 
ecology of Lake MacLeod was undertaken by Outback Ecology in 2011. The study and a 
subsequent memo identified that the majority of aquatic biota in salt lakes require lower-
salinity water (<50,000 mg/L total dissolved solids) during flood events to hatch and 
mature (Outback Ecology, 2011a), (Outback Ecology, 2012b). This includes salt-sensitive 
biota and the juvenile stages of more salt-tolerant biota.  

A closure water and solute balance was modelled by Groundwater Resource 
Management (2014) to determine the salinity of water that would result from dissolution 
of salt stocks at the Salt Operation at 2-year Average Recurrence Interval (ARI) flood 
events, and at 10 year ARI flood events. The water and solute model used the flood sheet 
volumes calculated by Groundwater Resource Management that are summarised in 
Table 4-10, and the volume of salts in the solid pavements at the Salt Operations that are 
calculated in Table 4-11.  
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considered that levee breaching and dissolution of solid stocks can be managed by 
staging of levee breaching and partial dissolution of solid stocks per flood event to 
minimise adverse impacts on salt lake ecology.  

The likely timeframe for complete dissolution of solid stocks would depend on the 
frequency and magnitude of flood events at Lake MacLeod following the decision to close 
the operations.  

4.4.2 Mineral Waste Investigation 

GHD undertook an assessment of waste materials at the wash plant pond sediment, lime 
residue storage and bitterns solution in 2008 (GHD, 2008). The assessment included in 
situ field testing and laboratory analysis for a range of constituents including 
environmental, mineralogical and geotechnical parameters.  

The management approach for elevated minerals and/or metals within mineral waste is 
considered in Section 8 and with appropriate dissolution of bitterns and managed natural 
attenuation, the management of mineral waste is not expected to constitute a 
contamination risk; pending on-going favourable monitoring results.  

4.4.2.1 Wash plant ponds sediment 

The sediment from the four wash plant ponds and the stockpile were assessed in 2008 
(GHD, 2008), and the sediment from the four ponds was chemically similar. The 
sediments were strongly alkaline consisting of clastic gypsum, brucite, calcite and quartz. 
With the exception of zinc, concentrations of most metals were low (GHD, 2008).  

The metals present within the sediments were not considered to present a significant 
hazard to the environment. The metals are not present in large quantities, and the 
alkalinity of the sediment and stockpile reduces the mobility of the metals. The levels of 
zinc present within the leachate are within an order of magnitude of those observed 
within the samples taken from Lake MacLeod and were considered unlikely to pose a 
significant environmental hazard (GHD, 2008). 

4.4.2.1 Lime residue storage 

Two areas, the lime ditch residue and the lime residue stockpile were sampled within the 
lime residue storage area (GHD, 2008). 

The lime ditch residue was found to be predominantly composed of gypsum with minor 
components of calcite and hydrocalumite. The leachate tested contained no metals 
above detection limits. The dominate ionic species were chloride, calcium, sodium and 
sulphate. The material is extremely alkaline, but otherwise poses no significant 
environmental or health hazards (GHD, 2008). 

The lime residue stockpile was also extremely alkaline. Minerology differed between 
stockpile samples, some areas dominated by gypsum and brucite and others dominated 
by halite. Concentrations of zine and manganese were detected in the lime residue 
stockpile leachate. The dominant ionic species in the leachate samples were sodium, 
chloride, sulphate and calcium (GHD, 2008). 
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The bitterns contain levels of arsenic, chromium, copper, nickel and vanadium exceeding 
the adopted guideline levels3. Some samples also exceeded lead, zinc and manganese 
guidelines (GHD, 2008). It should be noted that Lake MacLeod surface water also 
exceeded the adopted guidelines for arsenic, chromium, cobalt, copper, manganese, 
nickel, vanadium and zinc. Typically, the observed concentration levels of metals were 
lower than that observed in the bitterns samples (GHD, 2008). 

4.4.2.3 Bitterns Long-Term Management  

GHD recommended the following actions, and, where relevant, these are included in the 
knowledge gaps in Section 1.1 (GHD, 2008): 

• Develop a staged release of bitterns to the natural lake system. 

• Consider options for final disposal of bitterns salts if staged release will not meet 
desired closure outcomes.  

• Review options and methods for rehabilitation of the lake surface within the bitterns 
storage area.  

In considering options for final disposal of bitterns salt from the Lake MacLeod Operation, 
it is noted that opportunities may exist for the recovery of metals, trace metals and 
minerals from the bitterns salt. Several studies have highlighted potential for the 
extraction of valuable materials from bitterns. It is recommended that the potential to 
recover metals, trace metals and minerals from the bitterns be investigated as a part of 
bitterns salt disposal options identification and evaluation for the Lake MacLeod 
Operation.  

Further to potential bitterns reuse, the current closure implementation activities will be 
reviewed to ensure they remain effective and appropriate. Further studies may be 
required to better understand the potential contamination risk and management 
requirements of a bitterns reuse operation risk at closure. 

  

 

3 Guidelines used in GHD (2008): DEC (2003) Assessment Levels for Soil, Sediment and Water; 
ANZECC and ARMCANZ (2000) Guidelines for Fresh and Marine Water Quality 99% and 95% 
trigger values, and ‘Other Guideline Levels’. 
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4.5 Implications for Closure 

In consideration of the collection of baseline and operational data and the closure 
investigations, the following have been considered during the development of closure 
plans: 

• Baseline vegetation information will be used to inform seed lists and revegetation 
plans for disturbed areas not on the lake playa.  

• Due to the age of operations, and the absence of topsoil stockpiling practices, it is 
unlikely that sufficient topsoil will be available for revegetation activities. 

• Breaching of levees and dissolution of solids salt stocks at the Salt Operation may 
lead to release of high salinity water, which could compromise aquatic ecology of the 
salt lake and impact on aquatic biota, if it is not managed appropriately. 

• The ionic composition of the bitterns solution is not comparable to natural lake 
quality and requires careful management on closure.  

• Closure plans for the Salt Operations will require careful management of surface 
water release so that saline water higher than 50,000 mg/L TDS will not be permitted 
to flow onto the salt lake during the initial stages of flood events, when the flood 
water salinity is less than 50,000 mg/L.  

• The jetty transition arrangements are not clear, and although the State Agreement 
refers to handover of infrastructure back to the State, this arrangement needs to be 
further reviewed and tested. 

• When the Site transitions to closure, the environmental approvals in place at the 
time need to enable closure activities. Currently, closure activities should be 
allowable activities, however, if the jetty is to be removed, this may trigger additional 
approval requirements.   
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5 Post-mining Land Use 

5.1 Closure Planning 

A closure vision provides LMC and stakeholders with an understanding of LMC’s intention 
towards the closure of the Lake MacLeod Operation. The closure vision for the Site is: 

To leave a safe and sustainable post-mining land use through consultation with 
stakeholders, that meets the requirements of LMC and relevant stakeholders.  

The closure vision will continue to be reviewed and refined during subsequent updates 
of this closure plan to ensure it is aligned with the most current information, legal and 
other requirements as well as taking into account the current expectations of key 
stakeholders.  

The Lake MacLeod closure vision aligns with the DEMIRS objective for rehabilitation and 
closure such that mining activities are rehabilitated and closed in a manner to make them 
physically safe to humans and animals, geo-technically stable, geo-chemically non-
polluting/non-contaminating, and capable of sustaining an agreed post-mining land use 
without unacceptable liability to the State (DEMIRS, 2020). 

The proposed final landform should aim to return the salt and gypsum operations to a 
landform hydrologically compatible with the surrounding salt lake, and the port to a 
landform that is compatible and in alignment with the surrounding coastal landscape, 
unless specifically agreed otherwise with stakeholders. All disturbed areas (except the 
lake bed) will be rehabilitated with native vegetation.  

In addition, selection of the PMLU will consider the generic closure objective of the 
DEMIRS, as stated in the Statutory Guidelines for Mine Closure Plans (Department of 
Mines and Petroleum and Environmental Protection Authority, 2015): 

“…objective for rehabilitation and closure is that mining activities are rehabilitated and 
closed in a manner to make them physically safe to humans and animals, geo-
technically stable, geo-chemically non-polluting/non-contaminating, and capable of 
sustaining an agreed post-mining land use without unacceptable liability to the State.”  

As the site knowledge of contaminants and waste material improves (through ongoing 
monitoring), LMC will determine the most appropriate remediation activities required to 
manage the site into (and beyond) closure execution. LMC expect that the majority of the 
site would be classed (under the CS Act) as Not Contaminated, Decontaminated, or 
Remediated for Restricted Use. The preference will be to achieve Decontaminated status 
for areas  contaminated during operations. 

5.2 Closure Options and Proposed Post-Mining Land Use 

5.2.1 Beneficial Land Use  

A beneficial use for Lake MacLeod may include industrial, ecotourism (economic 
benefits), alternate community use (local community benefits) or establishment of 
habitat for protected species (environmental benefits).  

Several “net positive impact” (NPI) studies were undertaken by DSL including: 
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• Net Positive Impact Review Report: Dampier Salt Limited (International Union for 
Conservation of Nature (IUCN), 2012). 

• Net Positive Impact Assessment for Dampier Salt Ltd (The Biodiversity Consultancy 
Ltd, 2012). 

These documents identified that the primary biodiversity values at Lake MacLeod are 
associated with the natural Northern Ponds system; while the Northern Ponds are located 
within the operational lease, they are not part of the constructed operational facilities 
(International Union for Conservation of Nature (IUCN), 2012).  

As discussed in Section 4.1.7, the Lake MacLeod Operation is hydraulically separated from 
the Northern Ponds. Therefore, if the Lake MacLeod Operation is closed, it is likely to have 
a neutral impact on biodiversity values. 

Where a beneficial land use cannot be provided or achieved (e.g. environmental harm 
and/or costs outweigh the benefits, or it is not practicable), the objective is to establish a 
post-mining landform that will be safe, stable and non-polluting with minimal 
maintenance and management requirements. Alternative land use options are outlined 
in Section 5.2.2. 

5.2.2 Identification of Alternative Post-mining Land Use Options 

Potential PMLU options were identified during a DSL options identification session in 
2018. LMC will regularly review and refined to the appropriate level of detail as more 
knowledge is gathered and as the operation approaches closure: 

• Salt lake disturbance areas: return to natural salt lake via levee breaching and natural 
degradation (base case scenario) 

• Jetty: retain and hand over to alternate user/the State as stated in the State 
Agreement. This could support export of mineral resources (e.g. from new mine 
developments), construction materials (e.g. sand, gypsum as produced by third 
parties) 

• Infrastructure: pastoral use of bores and dams, possibly reverse osmosis plant(s) 

• Ecotourism land uses: Northern Ponds, Cape Cuvier – recreational or commercial 
fishing, bird watching, whale watching, cruise ship, Indigenous trekking (walking 
heritage trail)  

• Aquaculture land uses: lake disturbance areas – carotene (southern end of lake), 
brine shrimp (gypsum area or further north for brine shrimp due to salinity profile) 

• Recreational land uses: salt lake – off-road racing, land speed records, paragliding, 
sky diving, camel riding, hunting, novelty dry lake racing  

• Agricultural land uses: pastoral lease areas – goat farm/cheese production 

• Alternative mining (or re-mining) land uses: salt lake – potash, bitterns, magnesium 
brine (dust suppression for regional unsealed roads). 
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6 Closure Risk Assessment 

A risk assessment workshop was undertaken during June 2024. The purpose of the risk 
assessment was to assess mine closure related risks for the Site. The risk assessment 
workshop was attended by Mine Earth, RED OHMS Group and LMC representatives. The 
method adopted aligned with the Australian and New Zealand Risk Management 
Standard (ISO 31000:2018), and the risk matrices used were sourced from the International 
Council on Mining and Metals (ICMM) planning for integrated mine closure toolkit (ICMM, 
2019).  

The ICMM, in its mine closure best practice guidance, states that the main closure risks 
for consideration fall into the broad categories of health and safety, legal and regulatory, 
environmental, social, financial and reputational risks. While the description of 
consequence levels is broad, consideration of all environmental factors can be 
undertaken using these risk matrices. 

The objectives of the risk assessment were to: 

• Identify and rank inherent risks. Inherent risk is described as a risk event prior to 
implementing risk controls. 

• Identify risk controls for those inherent risks that could compromise the 
achievement of closure objectives. 

• Assess residual risk after risk controls have been implemented.  

The Site closure risk assessment is provided in Appendix I. Risk events were ordered by 
domain and from highest to lowest residual risk rating. The outcomes of the risk 
assessment were used to inform the development of closure activities for relevant 
domains (Section 8). 

The risk categories in order of lowest risk to highest risk were: ‘Low’ – ‘Medium’ – 
‘Significant’ – ‘High’. There were no risk events with a ‘High’ residual risk ranking, however 
the following residual risk event was assessed as ‘Significant’: 

• Stakeholder unwilling to accept jetty transfer. 

The control options identified to mitigate against this significant risk event included 
ongoing maintenance to promote successful transfer (to State or other third party); and 
undertaking ongoing stakeholder engagement. 

It should be noted that knowledge gaps still remain and as the closure knowledge base 
increases for Lake McLeod, the risks should be reviewed and reassessed with clear links 
to outcomes and specific risk pathways. 
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7 Closure Outcomes and Completion Criteria 

Closure performance will be measured against agreed closure outcomes and criteria and 
will be reported to relevant stakeholders as evidence to support tenement 
relinquishment.  

The aspects, outcomes, criteria and standards required to measure closure performance 
relate to each other as follows: 

• Aspects are the themes that need to be considered for closure.  

• Outcomes describe the intent of the mine closure program in relation to each 
aspect. 

• Criteria describe specific elements that can be measured or certified to have 
occurred and that are critical to achieving the objective. Each objective may have 
more than one criterion. 

• Standards may be either an agreed value that is measurable and is regarded as the 
minimum that must be achieved, or a certification that closure works comply with 
an agreed design. 

LMC aims to meet all closure outcomes and criteria and finalise monitoring twenty years 
after the completion of closure works. A final monitoring report will be developed at the 
end of the closure monitoring period, in conjunction with inspections by the DEMIRS, to 
document the achievement of closure outcomes. 

Closure outcomes, criteria and standards for Lake MacLeod are site-specific and have 
been developed based on licence requirements (such as groundwater and EP Act Part V 
licences), as well as for aspects that were identified in the closure risk assessment as 
having a residual risk of medium or above, including: 

• Legal compliance 

• Safety 

• Heritage 

• Infrastructure 

• Vegetation 

• Surface water 

• Groundwater 

• Fauna 

• Geotechnical stability 

• Contaminated sites. 
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As the Lake MacLeod Operation is considered as an ongoing resource, closure outcomes 
and criteria are conceptual only (Table 7-1). Final closure outcomes and completion 
criteria will be developed in consultation with relevant stakeholders, within an 
appropriate timeframe if a decision is made to close the operation.  

Closure outcomes and criteria will be refined and updated over time as monitoring data 
is collected and if operational monitoring programs identify additional impacts. The Site’s 
completion criteria have also been developed in consideration of the “Framework for 
developing mine-site completion criteria in Western Australia” developed by WABSI 
(Young, et al., 2019). 

A number of the standards presented in the following sections relate to a “Close Out 
Report”, which will be developed to demonstrate that closure works have been 
implemented in accordance with the detailed MCP, specifically in relation to 
deconstruction, earthworks, revegetation or miscellaneous closure tasks. 
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8 Closure Implementation 

Closure implementation involves the following activities, depending on the domain: 

• Decommissioning and demolition of infrastructure. 

• Identification and remediation of contamination. 

• Landform reshaping. 

• Ground preparation, revegetation and rehabilitation of disturbed areas. 

The activities are described in the following sections based on a PMLU that targets the 
environment and topography that existed pre-mining. The PMLU and corresponding 
activities will be reviewed and revised with each MCP update. 

8.1 Infrastructure Decommissioning 

Decommissioning comprises the removal of all unwanted infrastructure and services, 
and may include:  

• Decommissioning and demolition, deconstruction and removal (or burial in landfill 
accordance with lease and licence conditions) of all structures not being transferred 
to a new owner.  

• Management of hazardous materials including contaminated land identified 
following demolition.  

• Disposal of waste. 

Closure activities for each facility have been outlined in Table 8-1. 

All infrastructure will be decommissioned and demolished unless a new owner is 
identified (this may include the State), and a legal agreement is documented. It should 
be noted that clause 10(s) of the State Agreement requires that LMC is required to give 
three months’ prior notice to the State if LMC intends to remove any plant or equipment 
(to allow the State an option to purchase the items).  
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8.2 Soil and Groundwater Remediation 

Monitoring and management of contaminated land is undertaken during operations, 
and is intended to operational remediation activities (and reduce those required at 
closure); however, there may be locations where this is not possible.  

Areas that will potentially have contamination remaining at closure include: 

• High salt concentration in soils or on natural ground surface. 

• High alkalinity from gypsum operational and stockpile areas.  

• Asbestos at old potash facility. 

• Hydrocarbons at fuel storage areas and vehicle washdown areas across the site.  

At closure, these areas will be tested and remediation appropriate to the findings will be 
undertaken in accordance with the CS Act. The preference will be to achieve 
Decontaminated (or Remediated for Restricted Use) classification for areas contaminated 
during operations that will enable achievement of the preferred PMLU. 

Techniques to ameliorate contaminated soils, particularly hydrocarbons, may include 
land farming and mixing hydrocarbons with green waste to achieve bio-remediation. 
Deep ripping and aerating, then application of fresh water may assist the remediation of 
heavily salted ground. 

8.3 Landform Reshaping  

Landform reshaping is the process of undertaking earthworks to reshape disturbed 
ground to meet the requirements of the proposed PMLU. It will occur following the 
decommissioning, demolition, and remediation activities as required. 

Making the site safe and stable, while enabling the areas to be sustainable in the long-
term are the priority for landform reshaping. 

Landforms requiring reshaping have been grouped into two categories and are discussed 
in the following sections: 

1. Salt lake / playa footprint 

2. All other surfaces.  

8.3.1 Salt lake / playa footprint 

Previously identified alternate closure options were also reviewed including partial 
breaching of the 30,000 Levee or allowing all constructed surfaces to naturally attenuate 
over time to a ‘new natural’ topography. 

The current option to rehabilitate the salt lake / playa disturbance areas is outlined in 
Table 8-2 and is based upon a managed dissolution and release of bittern and pond water. 
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Further investigation and refinement is required to confirm the most appropriate 
approach. This has been identified as a gap and is listed in the Knowledge Gaps (Section 
12.1). 
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Figure 8-1: Indicative Final Landform and Types of Revegetation at the Lake MacLeod 
Operation 
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8.4.1 Topsoil and Growth Media 

There are currently no known topsoil stockpiles at site. Therefore, the source of topsoil 
should be investigated. Further to this, if topsoil material is not identified or available, use 
of potential subsoil material plus ameliorants or amendments may be required where 
growth media is required. Investigation into topsoil and subsoil availability has been 
included in the knowledge gaps (Section 1.1). 

If topsoil becomes available through closure activity works, its use would be limited to 
areas of similar topsoil and vegetation type. 

8.4.2 Species Mix 

A seed mix will be developed that prioritises seed from species that are endemic to the 
site, or naturally located in adjacent areas. The list will be regularly reviewed and refined 
following monitoring and may also be influenced on market availability and seed quality 
and viability. 

8.4.3 Weed and Pest Management  

Weed hygiene will be undertaken during all closure activities including machinery 
movements and topsoil/subsoil use. 

Non-native or naturalised flora will be removed from rehabilitation activity areas. 
Monitoring will be undertaken as outlined in Section 9. 
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8.5 Implementation Issues and Management 

8.5.1 Security 

Restrictions to site access would continue during closure execution, and would continue 
for as long as needed for safety and environmental reasons. Decisions on the post closure 
access to site would be made after negotiations with key stakeholders in an appropriate 
timeframe prior to closure. A site security plan would be developed and implemented 
during closure activities.  

8.5.2 Dust Management 

Areas that require dust suppression are generally unsealed thoroughfares that receive a 
high volume of traffic and are prone to erosion. Currently, at the Lake MacLeod Operation 
dust suppression generally follows the haul fleet and is also required at the Cape Cuvier 
Operations. Brine is used to control dust in preference to fresh water during operations. 
As most areas are likely to require rehabilitation at closure, fresh water may be used for 
dust suppression instead of brine. Dust suppression would occur during closure 
implementation as required. 

In the short term, directly following rehabilitation earthworks, dust may be an issue at the 
site during windy conditions. As vegetation becomes established, it is likely that airborne 
dust events will become less frequent. Dust management would therefore continue as 
required throughout the closure process. 

8.6 Unplanned or Unexpected Closure 

In the event that LMC decides to suspend operations or put the site into care and 
maintenance, LMC will:  

• Notify the relevant Environmental Officer at the DEMIRS of its intentions. 

• Notify the district inspector of mines as required under the Mines Safety Inspection 
Act 1994. 

• Undertake a risk assessment and an audit of the Site. 

• Commit to making the site safe. 

• Continue to undertake monitoring. 

• Prepare a Care and Maintenance Plan and submit this to the DEMIRS within three 
months of notification. 

• Establish an inspection/monitoring schedule. 

• Update the Emergency Response Plan. 

If the Site is to be permanently closed following unplanned or unexpected closure, the 
activities will be reviewed and revised to facilitate complete closure with the goal to 
achieve the identified PMLU. 
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9 Closure Monitoring and Maintenance 

Once the closure program of works has been implemented for each domain as described 
in Section 8, closure performance will be measured against agreed closure outcomes and 
completion criteria. Post closure performance will be reported to relevant stakeholders as 
evidence to support tenement relinquishment. The post closure monitoring and post 
closure maintenance plan for each closure aspect is presented in Table 9-1. Monitoring 
will continue until relevant completion criteria have been achieved.  

Monitoring will be undertaken by specialist consultants and be in line with relevant 
standards and guidelines.  

Post closure, monitoring data will be compiled and reported in the Site’s AER. In addition, 
every three years the MCP will be updated and LMC’s progress to meeting completion 
criteria will be described.  

Development of the closure monitoring program will utilise existing monitoring data as 
a baseline, where appropriate. 
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10 Financial Provisioning for Closure 

The closure cost estimate (CCE) was updated in 2024 to include current rates and 
review assumptions and calculations, and to align the costed tasks with those 
presented within this MCP. 

The Class IV CCE provision estimate was prepared in a Microsoft Excel workbook. 
Separate worksheets were established to divide the Site into different domains. 
Within each of these worksheets, specific disturbance areas were broken into a 
series of line items which reflected the closure tasks that would be required to 
meet the closure plan as specified in Section 8. The CCE includes demolition and 
removal of relevant infrastructure, rehabilitation earthworks, application of 
rehabilitation resources including soil, and rehabilitation treatments, including 
ripping and seed application.  

The costing worksheets were established as a bill of quantities. Each line item 
consisted of a quantity and a unit rate. The relevant quantity for each line item was 
determined from existing and planned disturbance GIS data sourced from the 
landform closure designs, aerial photography and input from LMC personnel.  

The CCE was developed by applying a schedule of rates to relevant groups of 
closure tasks, in accordance with the scope of closure works outlined in Section 8. 
The CCE accounts for the following costs: 

• Deconstruction (LMC owned assets): 

o Preparing assets for deconstruction. 

o Deconstructing above ground assets. 

o Packing assets for offsite transport. 

o Transporting equipment offsite. 

o Removal of scrap. 

• Earthworks: 

o Breaking up concrete slabs and footings. 

o Removing concrete slabs and footings as required. 

o Remediation of impacted soils. 

o Re-profiling landforms. 

o Spreading topsoils and subsoils. 

o Shaping and contouring for surface water management. 

o Ripping and scarifying compacted surfaces. 

• Revegetation: 
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o Seeding. 

• Management costs for the closure program of works. 

• Contractor mobilisation and demobilisation costs. 

• Post closure costs including maintenance, monitoring, reporting and 
management. 

• Contingency. 

The CCE assumes that the Jetty infrastructure at Cape Cuvier will be handed over 
to the state as per the State Agreement. 

The CCE will be progressively updated to ensure that cost settings reflect the most 
recent level of understanding. LMC maintains thorough documentation of the 
CCE, and has made adequate provision within company accounts for the full cost 
of mine closure. 
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11 Management of Information and Data 

LMC will prepare the following environmental and compliance reports for the Lake 
MacLeod Operation: 

• AER to DWER. 

• Annual Audit Compliance Report (AACR) to DWER. 

• AER to DEMIRS. 

• Native Vegetation Clearing Permit Reports to DEMIRS. 

• National Greenhouse and Energy Report to the Clean Energy Regulator. 

• National Pollutant Inventory to DWER. 

• Reptile Removalist Licence Report to Department of Biodiversity, 
Conservation and Attractions.  

• Environment Indicators Survey and Energy, Water and Environment Survey to 
Australian Bureau of Statistics. 

• Annual Groundwater licence report to DWER. 

Progress of closure at the Lake MacLeod Operation will be communicated through 
the reports listed above, and other reporting mechanisms as appropriate. The 
relevant reports include a summary of areas rehabilitated and analysis of 
monitoring results. Further closure-related information will be reported if and 
when closure activities commence.  

LMC will maintain internal electronic systems for recording and retaining data 
related to closure.  
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12 Reviewed Mine Closure Plans 

The previous MCP was submitted in 2019. This MCP has been updated to align with 
the DEMIRS guidelines and in response to feedback received on the 2019 MCP. 
Several other changes have been made to this MCP and these are summarised in 
Table 12-1. 

Responses to comments received on the 2019 MCP have been described in Table 
12-2. 

Multi Agency responses to comments received on the 2024 MCP, this MCP 
submitted to support the transition from Dampier Salt Limited to Lake MacLeod 
Pty Ltd have been described in Table  12-3.
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12.1 Knowledge Gaps  

This section provides a summary of the gaps identified in the MCP and will be filled 
prior to closure. Table 12-4 provides a summary of knowledge gaps identified and 
includes the potential implications for closure planning.  

Priority has been assigned based on the complexity and risk associated with the 
knowledge gap. The progress towards filling the knowledge gaps has also been 
described.
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APPENDIX A  MINE CLOSURE CHECKLIST  
Refer to Table 13-1 for the Mine Closure Checklist plus cross-references to 
document locations. 
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Corporate Endorsement:  

I hereby certify that to the best of my knowledge, the information within this Mine Closure Plan and checklist is true and 
correct and addresses all the requirements of the Guidelines for the Preparation of a Mine Closure Plan approved by the 
Director General of the DEMIRS.  

 

Name:      Signed:  

 

Position:     Date:  

 

(NB: The corporate endorsement must be given by tenement holder(s) or a senior representative authorised by the tenement 
holder(s), such as a Registered Manager or Company Director)  
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APPENDIX B  MINERAL LEASE 245SA AGREEMENT 

 

Title page, signed by both parties on 20 November 2024 
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APPENDIX C  PRESCRIBED PREMISES LICENCE 
L7178/1997/11 
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APPENDIX D  LICENCE TO TAKE WATER 
GWL56934(6)  
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APPENDIX E  JETTY LICENCE 
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APPENDIX F  LAND SYSTEMS  
Brown Land System 

The majority of the area covered by the Brown land system (within the survey area) 
is located around the southern quarter of Lake MacLeod. The system is dominated 
by flat to gently undulating sandy plains of yellowish red to dark red sands with 
longitudinal dunes. These sandy plains support tall shrublands (2 – 3 m) of Acacia 
spp. Other land units present are longitudinal dunes, swales, and alluvial plains – 
the latter being the only area susceptible to water erosion when degraded. 
Condition was assessed as mostly good (54%) to fair (38%). 

Cardabia Land System 

This land system lies along the length of the coastline parallel to Lake MacLeod and 
spans the area between the coast and the southern half of the Lake’s western edge. 
Most of the system (75%) comprises undulating sandy plains, which supports 
hummock grassland with scattered tall shrubs (2 – 3 m) of Acacia spp. And 
Exocarpus aphyllus, and mixed low shrubs (< 1.5 m). Hummock grasslands on 
sandy plains are a combination of hard spinifex (mostly Triodia basedowii) and soft 
spinifex (mostly Triodia pungens), but comprise soft spinifex only on the three 
other land units present (1. longitudinal dunes, 2. stony rises, and 4. Calcrete plains). 
Grassland associations on the land units 1, 2 and 4 include scattered low shrub on 
calcrete plans and longitudinal dunes, very scattered low Ficus platypoda trees on 
stony rises, and close tall shrublands of Acacia ramulosa. The system was largely 
assessed as being in good condition (87%), however longitudinal dunes are highly 
susceptible to wind erosion when lacking vegetation cover and there is the 
potential to improve sites with appropriate management, particularly regarding 
the use of fire. 

Chargoo Land System 

This land system comprises low-lying alluvial and flood plains, largely found around 
the top north, northeastern shore of Lake MacLeod. Soil profiles include from 
brown to greyish-brown clays at alluvial plains, dark reddish-grey or reddish-brown 
clays at Gilgai plains, heavy brown clays at drainage depressions, and reddish-
brown duplex, loamy sand at flood plains. A large proportion (55%) of the system is 
alluvial plain, which supports low saltbush shrubland dominated by Atriplex spp., 
Chenopodium auricomum and perennial grasses (Sporobolus mitchellii, 
Eragrostis setifolia, Eriachne benthamii, Cenchrus ciliaris). Land units 3, 5 and 6 
(Gilgai plains, drainage depressions, drainage floors) are characterised by tussock 
grassland, dominated by Sporobolus mitchellii (3 and 5), or Eriachne benthamii (6). 
Flood plains support scattered low woodlands dominated by Acacia cuspidifolia. 
The system is periodically flooded and susceptible to water and wind erosion in the 
absence of perennial vegetation cover. The system was assessed as being in good 
(44%) or fair (43%) condition. 
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Coast Land System 

This system largely comprises large long-walled dunes and interdunal corridors 
with sandy floors (i.e. sandy swales) on the coast. Vegetation cover on the both the 
dunes and in the sandy swales varies from very scattered to close, and is 
characterised by low shrubland, which on the dunes is dominated by Acacia 
coriacea. The sandy swale supports a variety of chenopod species including 
Atriplex bunburyana, which is a key feature of the low shrub layer. The system is 
stable when vegetated but highly susceptible to wind erosion, particularly when 
denuded or disturbed. The system was assessed as being in a largely good (72%) 
condition. 

Lake Land System 

The majority of the Lake MacLeod Operation is located on the Lake land system 
which is characterised by unvegetated broad pans, lakebeds and playas composed 
of clay, silt, sand and gravel deposits. The major pans and lakebeds unit, of which 
this system is largely comprised, exhibits occasional patches of tall Melaleuca spp. 
shrub and Eragrostis australasica grass. The sandy banks that fringe the lakebed 
support irregular clumps of tall Melaleuca leiocarpa, and soft spinifex hummock 
grasslands of Triodia pungens and Eragrostis eriopoda. A minor proportion of the 
system comprises patchy shrubland dominated by Melaleuca spp. (inflow zones) 
or Melaleuca spp. and Eucalyptus coolabah (claypans). The system was assessed 
as being in a largely good (78%) condition. 

McLeod Land System 

This land system comprises the sandy banks, saline plains, mudflats and slopes 
that surround Lake MacLeod. The mudflats are largely lacking in vegetation and 
are subject to seasonal flooding. The remaining vegetated area is broadly 
composed of low shrubland dominated by Maireana polypterygia, Atriplex 
vesicaria and/or Halosarcia spp. (typically Halosarcia halocnemoides). The land 
system was assessed as almost entirely in good (99%) condition. 

Trealla Land System 

This land system is located to the east and west of the upper third of Lake MacLeod. 
The system comprises flat to gently sloping plains over limestone, interspersed by 
drainage depressions, stony outcrops and elevated limestone plains, and changing 
to drainage slopes and lower footslopes as the system approaches the lakeshore. 
Tall mixed shrublands dominated by Acacia spp. are present across the majority 
system, except for some drainage depressions which support low Eucalyptus 
coolabah woodlands, and the lower footslopes which are dominated by low 
Maireana polypterygia shrub. Acacia sclerosperma is the dominant tall shrub on 
the flat plains over limestone, whereas A. victorae, A. xiphophylla dominate on 
limestone plains and dissected drainage slopes, respectively. The lower stratum of 
the tall mixed shrubland supports a high diversity of low shrubs and perennial 
grasses; Ptilotus obovatus being the most common low shrub. The system was 
assessed as being in good (66%) or fair (29%) condition. 
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Warroora Land System 

This land system is discontinuously located along the eastern and western shores 
of Lake MacLeod, the largest area being on the south-eastern side of the lake. The 
system is characterised by flat to gently sloping plains, with major depositional 
areas of calcareous alluvium and colluvium, and minor areas of sandy banks and 
limestone outcrops. The system is a diverse assemblage of the following units 1. 
limestone outcrop plains, 2. low sandy banks, 3. alluvial plains, 4. saline plains and 
5. ephemeral swaps and drainage depressions. Units 1, 3 and 4 support low 
shrublands dominated by saltbush (Maireana polypterygia; units 1 and 3), 
samphire (Atriplex vesicaria with Halosarcia spp.; unit 4), and/or bluebush 
vegetation communities (Atriplex vesicaria; unit 3, with Acacia xiphophylla; unit 1). 
Tall shrubland grows on units 2 and 5, where Acacia tetragonophylla, A. 
sclerosperma and Atriplex paludosa dominate on sandy banks and Melaleuca 
uncinata or Acacia tetragonophylla dominate ephemeral swaps and drainage 
depressions. The system was assessed as being in a largely good (89%) condition. 
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The full EPBC Act Protected Matters Report is included in Appendix H. Any action, 
including closure activities, that is likely to have a significant impact on any matter 
of national environmental significance should be referred under the EPBC Act.  

Lake MacLeod is an area of conservation significance due to its provision of habitat 
for a variety of flora and fauna, particularly migratory shorebird species (refer to 
Section 4.1.8.3 for further details).  

The Ningaloo Coast is listed as World Heritage Property as well as National Heritage 
Property. The Ningaloo Coast World Heritage Area is characterised by the 
aesthetically striking contrast between the lush ocean and the arid terrestrial 
environment. The dominant marine feature is the Ningaloo Reef, which supports 
an large population of whale sharks, a high diversity of marine habitats and tropical 
and temperate fauna and flora, including coral reefs (Department of the 
Environment and Energy, 2011). The main terrestrial feature is the extensive karst 
system and network of underground caves and water courses of the Cape Range 
(Department of the Environment and Energy, 2011).  

The Ningaloo Coast World Heritage Area is recognised for meeting the following 
criteria (Department of the Environment and Energy, 2011): 

• Contains superlative natural phenomena or areas of exceptional natural 
beauty and aesthetic importance – including mostly intact landscapes and 
seascapes, providing a stark contrast to each other.  

• Contains the most important and significant habitats for in situ conservation 
of biological diversity – including the largest known aggregation of whale 
sharks in the world, important aggregations of other fish and marine species, 
and taxonomically diverse and rare subterranean species within the terrestrial 
karstic system.  

The boundary of the Ningaloo Coast World Heritage Area extends along the coast 
from Exmouth as far south as the northern portion of Quobba Station (Figure 4-1). 

Cape Cuvier is the closest part of the Lake MacLeod Operations to the World 
Heritage Area; the World Heritage Area is approximately 20 km north of Cape 
Cuvier. It is not likely that closure activities or the PMLU at Cape Cuvier or any other 
part of the Lake MacLeod Operations would impact on the Ningaloo Coast World 
Heritage Area.  

Lake MacLeod is identified as a nationally important wetland in the Directory of 
Important Wetlands in Australia (wetland reference number WA009) 
(Environment Australia, 2001). Lake MacLeod is described as an outstanding 
example of a major coastal lake that is inundated by fresh water on regular 
intervals including permanent saline wetlands and inland mangrove swamps that 
are maintained by subterranean waterways and a unique assemblage of wetland 
types in Australia.  

Lake MacLeod was chosen as a nationally important wetland due to meeting the 
following criteria: 



 

Document:  Lei-oper-plan-001  
 
 

• It is a good example of a wetland type occurring within a biogeographic 
region in Australia. 

• It is a wetland which plays an important ecological or hydrological role in the 
natural functioning of a major wetland system/complex. 

• It is a wetland which is important as the habitat for animal taxa at a vulnerable 
stage in their life cycles, or provides a refuge when adverse conditions such as 
drought prevail. 

• The wetland supports 1% or more of the national populations of any native 
plant or animal taxa. 

• The wetland is of outstanding historical or cultural significance. 

Further information about the significance of Lake MacLeod as an Important 
Wetland is provided in Section 4.1.8.3.  

State Conservation Registers 
In 1975, the Conservation Through Reserves Committee made recommendations 
to the Environmental Protection Authority (EPA) on locations that should be 
protected in reserves (Department of Industry and Resources, 2005). These areas 
are referred to as the Red Book Recommendations. Lake MacLeod was listed as a 
Red Book Recommendation (number 9.4) (Department of Mines and Petroleum, 
2009b). In 1990, the state government directed that all EPA Red Book 
Recommendations were to be implemented as nature reserves or national parks 
(Department of Industry and Resources, 2005). Some of the EPA Red Book 
Recommendations have not yet been implemented; these are primarily in the 
Pilbara and Murchison region, and include the recommended Lake MacLeod site 
(Department of Industry and Resources, 2005).  
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APPENDIX H  THREATENED SPECIES, COMMUNITY 
AND EPBC ACT PROTECTED MATTERS REPORTS 
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Flora and Vegetation – Northern Ponds  
The Northern Ponds – Cygnet and Ibis Ponds – are the only areas of significant 
vegetation within Lake MacLeod. Although these areas are more than 15 km north 
of the Lake MacLeod Operation, it is valuable to have an understanding of the 
ecology of this system. The Northern Ponds have high ecological value and are 
located within the same catchment and flood sheet area as the salt and gypsum 
operations.  

The vegetation at Cygnet Pond resembles communities typically found at 
intertidal flats in hyper-saline environments. The taxonomic diversity is very low. 
The flora at Cygnet Pond is comprised of Avicennia mangroves, stunted 
halophytes, Ruppia (estuarine seagrass) and green algae (Logan, 2003). Cygnet 
Pond supports Australia’s largest inland community of mangroves (also referred to 
as mangals) and Lake MacLeod as a whole supports the largest area of inland 
mangroves in the world (Ellison & Simmonds, 2003; Logan, 2003). Only one 
mangrove species grows at Lake MacLeod and this is Avicennia marina (Ellison & 
Simmonds, 2003). According to (Semenuik, 1993), the stunted communities of 
Avicennia marina at Lake MacLeod represent the only mangrove species to extend 
that far south on the Western Australian coast.  

In comparison to Cygnet Pond, Ibis Pond has low biodiversity, comprised 
predominantly of thin cyanobacteria mats (Logan, 2003).  

As discussed in Section 4.1.7.7, Cygnet Pond is separated from the downstream 
salt operation by a low-permeability sill between Cygnet and Ibis Ponds. 
Therefore, it is not considered likely that there will be any impacts on the flora at 
Cygnet Pond due to closure of the Lake MacLeod Operation. It is also unlikely that 
there would be any opportunities to enhance habitat at the Northern Ponds as 
part of the PMLU. Nevertheless, alternative land use options will consider any 
opportunities to provide a net positive biodiversity impact and enhance 
biodiversity outcomes. 
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EPBC Act Protected Matters Reports 
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APPENDIX I  CLOSURE RISK MATRIX AND RISK 
REGISTER 

 

 




















