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Document Information 
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Project Name: Barbara Surprise Pit Dewatering Discharge Works Approval Application (Revision 1.0) 

Premises: Freehold Hampton Location Lot 103 (on Plan 40395) 

Job Reference: 2024/130 

Disclaimer 
This document and its contents are to be treated as confidential and are published in accordance with 

and subject to an agreement between Botanica Consulting (BC) and the client for whom it has been 

prepared and is restricted to those issues that have been raised by the client in its engagement of BC. 

Neither this document nor its contents may be referred to or quoted in any manner (report or other 

document) nor reproduced in part or whole by electronic, mechanical, or chemical means, including 

photocopying, recording or any information storage system, without the express written approval of the 

client and/or BC. 

This document and its contents have been prepared utilising the standard of care and skill ordinarily 

exercised by Environmental Scientists in the preparation of such documents. All material presented in 

this document is published in good faith and is believed to be accurate at the time of writing. Any person 

or organisation who relies on or uses the document and its contents for purposes or reasons other than 

those agreed by BC and the client without primarily obtaining the prior written consent of BC, does so 

entirely at their own risk. BC denies all liability in tort, contract or otherwise for any loss, damage, or 

injury of any kind whatsoever (whether in negligence or otherwise) that may be endured as a 

consequence of relying on this document and its contents for any purpose other than that agreed with 

the client. 
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FMR have an existing Special Lease – Pipeline and Water Monitoring Bore Access Agreement (dated 

1 August 2024) which authorises FMR to construct, operate and maintain the Barbara Surprise 

Pipelines to access the Barbara Surprise Pit water and provide the Greenfields Processing Site 

(Greenfields Site) with an alternative water source. An Access Agreement is currently being prepared 

for FMR to recommence mining at the Barbara Surprise Project.  

The FMR / NSR Access Agreement is submitted in accordance with Section 2.8 of the DWER 

Application Form (Attachment 1A: Proof of Occupier Status). It is provided separately as Attachment 

11 – Confidential or Commercially Sensitive Information and should not be published as part of this 

application.   

3 Premises Details 

The Barbara Surprise Project is located within the Shire of Coolgardie in the Goldfields of Western 

Australia (WA). The Barbara Surprise Prescribed Premises is approximately seven (7) kilometres (km) 

east of Coolgardie, 17km south of Kurrawang and 24km south-west of the City of Kalgoorlie-Boulder 

(Figure 3-1) which are the nearest occupied townsites. The Prescribed Premises is not located within 

any Pastoral Stations (Figure 3-1). 

 

Figure 3-1: Project Regional Location 

Prescribed Premises Maps (Figure 3-2, Figure 3-3, and Figure 3-4) show the prescribed premises 

boundary, layout of key infrastructure, and identified emission, discharge, and monitoring points and 

are submitted in accordance with Section 3.4 of the DWER Application Form (Attachment 2: Premises 

Maps). 
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Figure 3-2: Prescribed Premises Boundary – Tenure 
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Figure 3-3: Prescribed Premises Boundary – Coordinates 
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Figure 3-4: Prescribed Premises Activities 
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FMR are currently planning to re-commence mining at the Bakers Flat and Shirl Pits which will require 

the advanced dewatering of the existing pit lakes. It is planned to transfer excess dewater to the Surprise 

Pit for storage prior to use as a supplementary source of water for the Greenfields Site and for dust 

suppression during future mining operations.   

4.2 Prescribed Premises Infrastructure 

The Barbara Surprise Pit Dewatering Discharge is classified as a Prescribed Premises under Category 

6 in Schedule 1 of the EP Regulations. Category 6 applies for Mine Dewatering where more than 50,000 

tonnes per year of water is extracted and discharged into the environment to allow mining of ore. It is 

planned that the discharge of mine dewater will be up to 1,500,000kL per year for the advanced 

dewatering of existing pit lakes into the Surprise Pit and for dust suppression during mining operations.  

Prescribed Premises Maps (Figure 3-2, Figure 3-3, and Figure 3-4) show the layout of key infrastructure 

and are submitted in accordance with Section 4.10 of the DWER Application Form (Attachment 2: 

Premises Maps). 

4.2.1 Category 6 

4.2.1.1 Pit Dewatering Discharge 

FMR plans to initially transfer the existing Bakers Flat Pit lake into Surprise Pit to enable the 

recommencement of mining operations. During and following the initial transfer from the Bakers Flat 

Pit, water will be abstracted from the Surprise Pit for use at the Greenfields Site for mineral processing.  

After the water transfer from the Surprise Pit to the Greenfields Site is complete, continued dewatering 

of Surprise Pit is planned to manage the groundwater inflows, keeping phreatic levels depressed and 

optimising storage capacity for the future dewatering of the Shirl Pit. Bakers Flat Pit will also require 

dewatering during mining, this dewater will primarily be used for mining / dust suppression with any 

shortfall sourced from the Shirl and/or Surprise Pits. 

Progressive dewatering of the Shirl Pit lake will be undertaken into Surprise Pit to enable a smooth 

mining transition. During this transfer period, water will continue to be abstracted from the Surprise Pit 

for use at the Greenfields Site. Shirl Pit will also require dewatering during mining, this dewater will be 

used for mining / dust suppression with any shortfall sourced from the Bakers Flat and/or Surprise Pits. 

4.2.1.1.1 Barbara Surprise Pits 

The Barbara Surprise Mining Area has a long history of mining, including both underground and open 

pit operations. At open pits that are mined below the natural groundwater level and following the 

cessation of dewatering, pit lakes will form from a combination of groundwater inflow, rainfall and 

surface water runoff. The rate of pit lake formation and the volume is influenced by a range of factors 

such as rainfall, evaporation, hydrogeology, and pit geometry (CMW, 2024). 

Pit lakes in semi-arid settings are usually classified as ‘flow-through’ or ‘terminal sinks’. Terminal sinks 

form in arid environments where the potential evaporation is higher than the mean precipitation, and 

the lake catchment is small, leading to a pit lake water elevation below the surrounding pre-mining 

groundwater level (CMW, 2024). 
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At the Barbara Surprise Mining Area, current pit lake levels are approximately 10.5m and 13.5m below 

pre-mining groundwater levels at Bakers Flat Pit and Surprise Pit respectively, and around 16.5m below 

the surrounding groundwater level at Shirl Pit. Based on available aerial imagery, it appears that the pit 

lakes reached full recovery by 2018 (CMW, 2024). 

The Barbara Surprise pit lakes exhibit characteristics of terminal sinks, understood to be primarily 

controlled by evaporation rates, as evidenced by the Shirl Pit showing the greatest magnitude of 

drawdown due to its larger surface area. It is also noted that the combination of generally gentle slopes 

in conjunction with relatively low intensity rainfall is not expected to produce a surface run-off flow 

reporting to the Barbara Surprise Pits (CMW, 2024). 

The Surprise deposit was mined via underground methods in the 1950’s and open pit methods in the 

1980’s. The Surprise Pit has partially filled with water (groundwater inflow and incidental rainfall). In the 

early 2000’s water was initially abstracted for dust suppression at the nearby Gala mining operation and 

later during mining of the Bakers Flat Pit excess water was discharged into the Surprise Pit. 

A study completed in 2000 by Aquaterra indicates that there is little to no information on whether the 

Surprise Pit required dewatering or had significant inflows. However, it was believed that the pit does 

not intersect a major aquifer although there are some groundwater inflows occurring. 

4.2.1.1.2 Water Balance 

In 2024, CMW Geosciences (CMW) completed a Pit Lake Hydrology Study to determine whether the 

Surprise Pit has sufficient capacity to store the proposed dewatering volumes generated as part of the 

planned mining of the Bakers Flat and Shirl Pits. The current water volume in the Surprise Pit 

(325mAHD) is 34,434kL and at a nominal 6m below the pit crest (350mAHD) the Surprise Pit can 

contain 440,819kL. Water balance modelling indicates that the Surprise Pit has sufficient capacity to 

accommodate the planned staged water transfers from the Bakers Flat and Shirl Pits when combined 

with water abstraction from the Surprise Pit for use at the Greenfields Site (CMW, 2024).  

The recommencement of mining is proposed to start at the Bakers Flat Pit which currently contains 

389,000kL of water requiring dewatering into the Surprise Pit prior to operations. Water balance 

modelling indicates that this can be undertaken over two (2) months and the Surprise Pit lake level 

following Bakers Flat Pit dewatering is modelled to be 340mAHD which provides a substantial freeboard 

of 16m.  

During and following the initial transfer, water will be abstracted as required from the Surprise Pit for 

use at the Greenfields Site. Bakers Flat Pit will also require dewatering during mining of approximately 

10,160kL/month. This dewater will primarily be used for mining / dust suppression with any shortfall 

sourced from the Shirl and/or Surprise Pits. 

The Shirl Pit currently contains the largest volume of water at 2,025,200kL and advanced dewatering is 

required to enable a smooth mining transition. Water balance modelling indicates that the dewatering 

may take two (2) years, and the Surprise Pit lake level following Shirl Pit dewatering is modelled to be 

333mAHD which provides a substantial freeboard of 23m.  
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In addition, FMR has also considered and incorporated the Stakeholder Involvement Principles from 

the Strategic Framework for Mine Closure (ANZMEC/MCA, 2000) into its Stakeholder Engagement 

Strategy. These Principles require that: 

1. Stakeholders and interested parties are identified; 

2. Effective consultation occurs regularly and throughout the life of the mine; 

3. A targeted communication strategy reflects the needs of the stakeholders and interested 

parties; 

4. Adequate resources have been allocated to ensure the effectiveness of the consultation 

process; and 

5. Wherever practical, the company will work with communities to manage the potential impacts 

of mine operations and closure. 

5.2.2 Targeted Stakeholder Engagement Strategy  

The purpose of the FMR Stakeholder Engagement Strategy is to ensure the effective involvement of 

stakeholders throughout the proposed life of the Barbara Surprise Project. This involvement is required 

for all phases of the operation from exploration, planning, and approvals; to construction, 

commissioning, and operation; to final decommissioning and closure.  

The Stakeholder Engagement Strategy is used to: 

• Identify the full range of stakeholders with an interest in the Project; 

• Establish and maintain a consistent and coordinated approach for communication with the local 

community, government agencies, special interest groups and industry; 

• Identify known and emerging environmental, social, and cultural heritage aspects of the Project 

which might be of interest or concern to stakeholders; 

• Inform stakeholders about key environmental, social, and cultural heritage factors associated 

with the Project, the potential impacts and management strategies to minimise or mitigate the 

potential impacts; 

• Consider stakeholder concerns during all phases of the Project decision making process; and 

• Ensure that there is timely and accurate feedback and provision of information on how any 

impacts and issues will be managed. 

A summary of identified Barbara Surprise Project stakeholders, communication tools and key interests 

is provided in Table 5-3. FMR will continue to engage with relevant stakeholders (in conjunction with 

NSR as required) regarding the Barbara Surprise Project to ensure concerns are addressed and 

potential impacts are managed throughout the LoM. The Stakeholder Consultation Register is provided 

in Appendix 12.2.  
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Water balance modelling undertaken by CMW indicates that: 

• The current water volume in the Surprise Pit (325mAHD) is 34,434kL and at a nominal 6m 

below the pit crest (350mAHD) the Surprise Pit can contain 440,819kL.  

• If the dewatering of the Bakers Flat Pit is undertaken over two (2) months, the Surprise Pit lake 

level will be 340mAHD which provides a substantial freeboard of 16m. 

• Some outflow of Surprise Pit lake water to the surrounding groundwater is expected (~75,000kL 

over four (4) months) prior to pit lake levels being reduced via pumping to the Greenfields Site. 

This water will flow back into the pit lake once levels are below the pre-mining groundwater 

level. 

• If the dewatering of the Shirl Pit is undertaken over two (2) years, the Surprise Pit lake level will 

be 333mAHD which provides a substantial freeboard of 23m. 

• Some outflow of Surprise Pit lake water to the surrounding groundwater is expected 

(~217,000kL over 32 months) prior to pit lake levels being reduced via pumping to the 

Greenfields Site. This water will flow back into the pit lake once levels are below the pre-mining 

groundwater level. 

• The Surprise Pit has sufficient capacity to accommodate the planned staged water transfers 

from the Bakers Flat and Shirl Pits when combined with water abstraction from the Surprise Pit 

for use at the Greenfields Site. 

The protection of vegetation requires the depth to groundwater to be maintained so as not to impact on 

the soils from which plants source water (i.e. the root zone). Studies indicate that whilst native 

vegetation species may be relatively tolerant of high saline soils, many are poorly adapted to water 

logging. It is generally accepted that a standing water level (SWL) limit of four (4) mBGL will prevent 

impacts to native vegetation. 

To allow for operational changes during dewatering activities and to ensure that surrounding vegetation 

is protected, FMR will adopt a maximum Surprise Pit lake water level of 350mAHD, which is about 6m 

below the surrounding ground surface. This will avoid impacts on the surrounding vegetation related to 

mounding of pit lake water into the vegetation root zone. No significant changes to groundwater quality 

are anticipated as water quality characteristics are similar across all three (3) pit lakes (Section 

7.3.4.2.1). 

To prevent and minimise the impacts of seepage and overtopping, FMR will: 

• Ensure that the Surprise Pit lake is below the maximum water level of 350m AHD (i.e. 6m below 

the surrounding ground surface); 

• Install flow meters and record the volume of water discharged each month: 

• Monthly monitoring of pit lake water level (freeboard capacity) and quality; and 

• If required, reduce discharge volumes into Surprise Pit and/or prioritise abstraction from 

Surprise Pit. 
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6.2 Risk Assessment  

FMR has a risk assessment process to identify significant risks and ensure that appropriate 

management strategies are implemented to reduce potential impacts to people, the environment or 

community. The risk assessment identifies the hazards associated with planned activities, the likelihood 

of it happening and the consequence of the potential impact. Risk assessments are utilised by FMR to: 

1. Identify activities that could result in safety, environmental or community impacts; 

2. Quantify the level of inherent risk (pre-treatment) of the activity i.e. no control measures 

applied; 

3. Develop appropriate control measures to reduce the residual risk (post-treatment); 

4. Document these processes so they form part of the EMS; and 

5. Routinely monitor and review the effectiveness of these processes and control measures 

aiming for continuous improvement. 

A key outcome of risk management is to rank potential impacts, so that specific management measures 

(controls or treatments) can be developed. The aim of the process is to reduce the residual risk to ‘As 

Low as Reasonably Practicable’ (ALARP). 

The best way to control a risk is to eliminate the hazard altogether, however this is not always 

reasonably practicable. FMR uses the Hierarchy of Control which is widely used as a systematic 

approach to managing risks. It provides a structure to select the most effective control measures to 

eliminate or reduce the risk of identified hazards. 

The Hierarchy of Control ranks risk control measures from the highest level of protection and reliability 

to the lowest level of protection and reliability. Eliminating the hazard is the most effective, followed by 

substituting the hazard with something safer, isolating the hazard or reducing risk using engineering 

controls. Administrative actions (and Personal Protective Equipment) sit as the last line of defence and 

are only used after all other controls have been assessed or as a supplementary control. A combination 

of controls is used whenever a single control measure is not sufficient. 

6.2.1 Risk Assessment Criteria 

Risk levels for identified impacts are evaluated based on the maximum reasonable consequence and 

the likelihood of that consequence occurring. For this Works Approval Application, FMR has used the 

risk assessment criteria outlined in the DWER Guideline – Risk Assessments (DWER, 2017). The 

likelihood and consequence definition tables are provided in Table 6-2 and Table 6-3 respectively. 
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7 Siting and Location 

This Siting and Location Section is provided in accordance with Section 10.4 of the DWER Application 

Form (Attachment 7: Siting and Location). 

7.1 Sensitive Land Uses 

A sensitive land use is a residence or other land use which may be affected by an emission or discharge 

associated with the proposed activities. The WA Environmental Protection Authority (EPA) Guidance 

No.3 – Separation Distances between Industrial and Sensitive Land Uses indicates that mine 

dewatering (Category 6) Prescribed Premises buffer distances are determined on a case-by-case basis. 

The Barbara Surprise Prescribed Premises is approximately seven (7) km east of Coolgardie, 17km 

south of Kurrawang and 24km south-west of the City of Kalgoorlie-Boulder which are the nearest 

occupied townsites. Sensitive Land Uses relative to the Prescribed Premises boundary at a local scale 

are shown in Figure 7-1 and at a regional scale in Figure 7-2. 

 

Figure 7-1: Sensitive Land Uses and Receptors - Local Scale  
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7.2.2 Biodiversity 

The WA Biodiversity Conservation Act 2016 provides for the listing of threatened native flora, native 

fauna and ecological communities that need protection because they are under identifiable threat of 

extinction (species) or collapse (ecological communities). An ecological community is a naturally 

occurring group of flora, fauna and other organisms interacting in a unique habitat. The complex range 

of interactions between the species provides an important level of biological diversity. 

Threatened, Extinct and Specially Protected flora or fauna are species which have been adequately 

searched for and are deemed to be, in the wild, threatened, extinct or in need of special protection, and 

have been gazetted under the Biodiversity Conservation Act 2016.  Species and ecological communities 

may also be listed under the Commonwealth Environment Protection and Biodiversity Conservation Act 

1999 (EPBC Act). The EPBC Act provides a legal framework to protect and manage nationally and 

internationally important flora, fauna, ecological communities, and heritage places - defined as Matters 

of National Environmental Significance (MNES). 

7.2.2.1 Matters of National Environmental Significance 

Australia’s national environmental law, the EPBC Act, requires that a person must not take an action 

that has, will have, or is likely to have a significant impact on a MNES unless the action is taken with 

Commonwealth Government approval. A desktop regional search of MNES was undertaken using the 

Protected Matters Search Tool (PMST) using the Barbara Surprise Prescribed Premises boundary with 

a 10km buffer. The PMST indicates that there are: 

• No World Heritage Properties, Wetlands of International Significance, or Threatened Ecological 

Communities. 

• One (1) National Heritage Place: 

o Goldfields Water Supply Scheme WA, Mundaring to Kalgoorlie (Place ID 106007); 

• Seven (7) Threatened Bird Species; 

o Aphelocephala leucopsis (Southern Whiteface) – Vulnerable; 

o Calidris acuminata (Sharp-tailed Sandpiper) – Vulnerable; 

o Calidris ferruginea (Curlew Sandpiper) – Critically Endangered; 

o Falco hypoleucos (Grey Falcon) – Vulnerable; 

o Leipoa ocellata (Malleefowl) – Vulnerable;  

o Pezoporus occidentalis (Night Parrot) – Endangered; and 

o Tringa nebularia (Common Greenshank) – Endangered. 

• One (1) Threatened Insect Species; 

o Ogyris subterrestris (Arid Bronze Azure Butterfly) – Critically Endangered. 

• One (1) Threatened Mammal Species; 

o Dasyurus geoffroii (Chuditch, Western Quoll) – Vulnerable. 
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The listed threatened species are indicative only and may not occur in the Barbara Surprise Project 

area, further information is provided in the following sections (as applicable).  

7.2.2.2 Threatened and Priority Ecological Communities 

In WA, there are currently 65 listed Threatened Ecological Communities (TECs), and of these 27 are 

also listed in the EPBC Act. The listed TEC Category of Threat and WA Criteria are “presumed totally 

destroyed (PD)”, “critically endangered (CR)”, “endangered (EN)” or “vulnerable (VU)”. Further 

information regarding the subcategories (i.e. A) ii)) is available via the Definitions, Categories and 

Criteria for Threatened and Priority Ecological Communities (DBCA, 2023a). Of the 65 TECs, none are 

located within the Coolgardie IBRA Bioregion (DBCA, 2023b). 

An additional 390 ecological communities with insufficient information available to be considered a TEC, 

or which are rare but not currently threatened, have been placed on the Priority list and referred to 

as Priority Ecological Communities (PECs). Of the 390 PECs, 62 are located within the Goldfields 

Region (DBCA, 2023c). 

A desktop search was undertaken using the PMST Report and the Threatened Ecological Communities 

(DBCA-038) dataset. This search confirms that there are no Commonwealth or State TECs, or State 

PECs located within or near (<80km) the Barbara Surprise Project.  

7.2.2.3 Groundwater Dependent Ecosystems 

Groundwater plays an important role in sustaining aquatic and terrestrial ecosystems, such as springs, 

wetlands, rivers and vegetation. Understanding these groundwater dependent ecosystems (GDEs) is 

essential for groundwater management and planning. The Bureau of Meteorology (BoM) GDE Atlas 

was developed as a national dataset of Australian GDEs to inform groundwater planning and 

management. The Atlas contains information about three (3) types of ecosystems: 

• Aquatic ecosystems that rely on the surface expression of groundwater – this includes surface 

water ecosystems which may have a groundwater component, such as rivers, wetlands and 

springs. Marine and estuarine ecosystems can also be groundwater dependent, but these are 

not mapped in the Atlas. 

• Terrestrial ecosystems that rely on the subsurface presence of groundwater – this includes all 

vegetation ecosystems. 

• Subterranean ecosystems includes cave and aquifer ecosystems. 

A search of the GDE Atlas identified a nearby Salt Lake (called Brown Lake) as a high potential 

terrestrial GDE based on the national assessment. In 2024, CMW Geosciences (CMW) was 

commissioned by FMR to undertake a Hydrological Study (Appendix 12.1) to assess the potential 

impacts arising from the proposed water extraction from the existing Barbara Surprise Pits on local 

surface and groundwater conditions. The Study focused on an impact assessment of baseflow to Brown 

Lake using the conservative scenario of the full dewatering of Bakers Flat, Shirl and Surprise Pits. 

.  
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Brown Lake is classified as a non-perennial surface water feature. Although it typically dries out in the 

summer months, it is considered to be receiving the baseflow component from groundwater that is 

understood to be seasonally lost to evaporation at the lake surface. It also receives storm flows from a 

network of ephemeral streams and run-off from numerous watersheds to the west and south-west 

indicating a significant catchment size. Evaporative losses at Brown Lake are high due to the substantial 

lake area (~6,200,000m2) and potential evaporation is estimated to vary seasonally between 

approximately 16,850m3/day in June to 52,200m3/day in February (CMW, 2024).  

A simplified assessment was undertaken of the potential impact to Brown Lake arising from reduced 

aquifer throughflow reporting as baseflow. Under the conservative scenario considering full dewatering 

of Bakers Flat, Shirl and Surprise Pits, the theoretical groundwater flow net pattern (accommodating a 

150m radius of influence from the pits) was used to approximate a discharge zone affected by 

dewatering. Calculations indicate a baseflow reduction of 2.4km2, which represents approximately 1.7% 

of the Brown Lake groundwater catchment from the higher terrain recharge areas (Figure 7-3), 

calculated to be approximately 142km2 (CMW, 2024). 

 

Figure 7-3: Brown Lake Catchment Area (CMW, 2024) 

The CMW assessment determined that due to the presence of surface water at Brown Lake during the 

wetter and cooler winter months, the combined groundwater baseflow and surface water inflows exceed 

evaporative losses during this period. Despite the planned inter-pit pumping and water transfers, the 

proposed water abstraction by FMR from the groundwater system is ~2,400kL/day to the Greenfields 

Site.  This is calculated to be approximately 1.5 orders of magnitude lower than the average daily lake 

evaporation rate of around 43,750kl/day at Brown Lake. As a result, the impact on the Brown Lake 

water balance is considered minimal (CMW, 2024). 

7.2.2.4 Threatened and Priority Flora 

In 2000, Mattiske Consulting Pty Ltd Pty Ltd were commissioned by New Hampton Goldfields Ltd to 

undertake a Flora and Vegetation Survey of the proposed Bakers Flat Mining Area. In 2009, Natural 

Resource Management Services (NRMS) conducted a Flora and Vegetation Survey in the general 

Barbara Surprise Mining Area. No listed threatened or priority flora was identified within the Project area 

during the Flora and Vegetation Surveys. 
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A desktop search was undertaken using the PMST Report and the Threatened and Priority Flora 

(DBCA-036) dataset. This search confirms that there are no identified Threatened or Priority Flora 

located within or near (<8km) the Barbara Surprise Project (Figure 7-4). 

 

Figure 7-4: Regional Conservation Flora Records 

 

7.2.2.5 Threatened and Priority Fauna 

In 2000, Ninox Wildlife Consulting were commissioned by New Hampton Goldfields Ltd to undertake a 

Vertebrate Fauna Survey of the proposed Bakers Flat Mining Area. This survey identified that there are 

no native fauna species likely to occur within the Project area that may have exceptional regional 

significance.  

A desktop search was undertaken using the PMST Report and the Threatened and Priority Fauna 

(DBCA-037) dataset. While Leipoa ocellata (Malleefowl) was identified in the PMST as known to occur 

and there is a 1996 DBCA recorded observation 4km southeast of the Project, the Fauna Survey noted 

a very low probability of occurrence. Clearing Permit 3391/2 requires an inspection for the presence of 

Malleefowl mounds by a fauna specialist prior to undertaking clearing.  The DBCA Threatened and 

Priority Fauna Database records are shown in Figure 7-5. 
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Figure 7-5: Regional Conservation Fauna Records 

7.2.2.5.1 Short Range Endemic Invertebrates 

Short Range Endemics (SREs) are defined as terrestrial and freshwater invertebrates that have 

naturally small distributions of less than 10,000km2. SRE species are generally at a greater risk of 

changes in conservation status than other more widely distributed species. In recognition of their small 

distributions and ongoing threatening processes, there are 217 invertebrates protected under the 

Biodiversity Conservation Act 2016.  

SREs have specialised habitat characteristics and these types of habitats can occur in all bioregions of 

WA. Vine thickets, boulder piles, isolated hills and other landforms, vegetated gullies and freshwater 

habitats may all harbour SREs (EPA, 2016). The DBCA Threatened and Priority Fauna List (DBCA, 

2024) currently lists eleven (11) protected invertebrates in the Goldfields Region including five (5) 

trapdoor spiders, three (3) fairy shrimps, two (2) butterflies and one (1) slater. Two (2) of these 

invertebrates (Shield-backed Trapdoor Spider and Arid Bronze Azure Butterfly) are also protected 

under the EPBC Act.  

The PMST Report identified that the Ogyris subterrestris petrina (Arid Bronze Azure Butterfly (ABAB)) 

may occur in the Barbara Surprise Project area. At the two (2) known extant sites where the ABAB 

occurs, the vegetation is mature mixed gimlet / salmon gum woodlands (Eucalyptus salubris / E. 

salmonophloia)  on red-brown loam soils, with an open understorey. In addition to gimlet and salmon 

gum, other smooth-barked eucalyptus at these sites which have basal ant colonies include wandoo (E. 

capilosa subsp. wandoo), smooth-barked york gum (E. loxophleba subsp. lissophloia) and ribbon-

barked mallee (E. sheathiana).  
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While no targeted surveys have been undertaken for the ABAB and its associated ant, Camponotus sp. 

nr. terrebrans, FMR will utilise existing disturbance areas, where possible, to reduce the need for 

additional clearing. If required any additional clearing would avoid the removal of mature Eucalypt trees 

to reduce any impacts to potential ABAB habitat. 

7.2.2.6 Conservation Reserves or Other Specially Protected Areas 

The Conservation and Land Management Act 1984 (CALM Act) is legislation dealing with the 

management of National Parks, State Forests and Conservation Reserves. The DBCA administers the 

CALM Act which was established to make better provision for the use, protection and management of 

certain public lands and waters and the flora and fauna thereof, to establish the Conservation and Parks 

Commission, and for incidental or connected purposes. 

A desktop search was undertaken using the following datasets: 

• Directory of Important Wetlands in Australia – WA (DBCA-045);  

• EPA Redbook Rec Cons Reserves 1976-1991 (DBCA-029);  

• Lands of Interest (DBCA-012);  

• Legislated Lands and Waters (DBCA-011); 

• Ramsar Sites (DBCA-010); and 

• Region Scheme Special Areas (DPLH-022). 

This search indicates that there are no gazetted or proposed Reserves or Other Specially Protected 

Areas (i.e. Bush Forever Areas, Water Catchments, Environmental Conditions and Special Control 

Areas) located within the vicinity of the Barbara Surprise Project. The nearest Reserve is the Kangaroo 

Hills Timber Reserve 198/25, located >8km southwest of the Prescribed Premises (Figure 7-6).  

 

Figure 7-6: Project Regional Conservation Areas 
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7.2.3 Heritage 

7.2.3.1 Aboriginal Cultural Heritage 

The Aboriginal Heritage Act 1972 (AH Act) makes provision for the preservation of places and objects 

customarily used by, or traditional to, the original inhabitants of Australia or their descendants.  Of 

relevance is the application of the Act to places which includes both registered and unregistered sites 

of Aboriginal importance and significance. New laws that protect and manage Aboriginal Cultural 

Heritage in WA came into effect as of 15 November 2023.  

The Department of Planning Lands and Heritage (DPLH) Aboriginal Cultural Heritage Inquiry System 

(ACHIS) provides details about Aboriginal Cultural Heritage places including: 

• The location, extent and assessment status of each place; and 

• Any access restrictions or additional information the DPLH holds in relation to the place. 

A desktop regional search was undertaken of the ACHIS and the following datasets: 

• Aboriginal Heritage Protected Areas (DPLH-108);  

• Aboriginal Cultural Heritage Register (DPLH-099); 

• Aboriginal Cultural Heritage Lodged (DPLH-100); and 

• Aboriginal Cultural Heritage Survey Areas (DPLH-080). 

This search indicates that there has been a Aboriginal Cultural Heritage Survey completed and there 

are no listed Aboriginal Cultural Heritage Protected Areas, Registered Sites or Lodged Places located 

within the Barbara Surprise Project area (Figure 7-7).  

 

Figure 7-7: Project Aboriginal Cultural Heritage 
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7.2.3.2 European Heritage Places 

The Heritage Council of WA was established under the Heritage of Western Australia Act 1990. The 

Council is the State’s advisory body on heritage matters and focuses on places, buildings, and sites. Its 

functions include maintaining the State Register of Heritage Places which is a statutory list of places 

that represent the story of WA’s history and development. Places included in the State Register include 

buildings, structures, gardens, cemeteries, memorials, landscapes, and archaeological sites. 

The inHerit database (Heritage Council, 2024) provides information about heritage places and listings 

in WA. inHerit contains detailed information about cultural heritage places entered in the State Register 

of Heritage Places, local government inventories and other lists, the Australian Government's heritage 

list, and other non-government lists and surveys.  

7.2.3.2.1 National Heritage Places 

The Goldfields Water Supply Scheme WA, Mundaring to Kalgoorlie (Place ID 106007) was listed as a 

historic national heritage place on 23 June 2011. It is significant for the economic benefits it brought to 

WA and to the nation, for its demonstration of outstanding technological achievement for its time, and 

for its association with engineer Charles Yelverton O’Connor (CY O’Connor). 

It incorporates the remaining elements of the Coolgardie Goldfields Water Supply Scheme, as designed 

by CY O’Connor, and was completed in 1903. The remaining elements include the former steam 

powered pump stations, reservoirs, tanks and over 560km of pipeline. The Goldfields Water Supply 

Scheme pipeline was identified in the PMST Report and is located approximately 7km northwest of the 

Barbara Surprise Project area.  

 

Figure 7-8: Project European Heritage - National Places 
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7.2.3.2.2 State and Local Heritage Sites 

A desktop regional search was undertaken of the Heritage Council inHerit Database and the following 

datasets: 

• Heritage Council WA State Register (DPLH-006); and 

• Heritage Council WA Local Heritage Survey (DPLH-008). 

According to the inHerit database there are 23 State Registered and 123 other listed places in the 

Coolgardie Shire. There are no listed State or Local Heritage Places in the Barbara Surprise Project 

area. The nearest is local heritage site – Coolgardie-Norseman Track (Place ID 10125) located 

approximately 700m south of the Prescribed Premises (Figure 7-9). This site was adopted in 1995 and 

is listed as an abandoned bush track and is noted as important but not essential to the history of the 

district.  

 

Figure 7-9: Project European Heritage – State and Local Sites 

 

7.2.4 Water Management Areas 

7.2.4.1 Surface Water  

The Waterways Conservation Act 1976 provides for the management of waterways via the declaration 

of defined Management Areas and the establishment of management authorities. There are currently 

five (5) declared Management Areas in WA. The Waterways Conservation Act Management Areas 

(DWER-072) dataset identifies the location of these areas. A desktop review of the dataset confirms 

that there are no declared Management Areas located within or near the Barbara Surprise Project. 
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Under the Rights in Water and Irrigation Act 1914, it is illegal to take water from a proclaimed surface 

water area without a licence. Water can be taken from watercourses in unproclaimed areas without a 

licence as long as the flow is not 'sensibly diminished' and affecting the rights of downstream users. 

The RIWI Act, Surface Water Areas, and Irrigation Districts (DWER-037) dataset identifies the location 

of these areas. A desktop review of the dataset confirms that the Barbara Surprise Project is not located 

within a Proclaimed Surface Water Area. 

Public drinking water source areas (PDWSAs) are areas that have been proclaimed under the 

Metropolitan Water Supply, Sewerage and Drainage Act 1909 or the Country Areas Water Supply Act 

1947 for the management and protection of a water source used for community drinking water supplies. 

Groundwater sources are normally referred to as underground water pollution control areas or water 

reserves, and surface water sources as catchment areas. There are currently over 150 proclaimed 

PDWSAs in WA.  

The Public Drinking Water Source Areas (DWER-033) dataset identifies the location of these areas. A 

desktop review of the dataset confirms that there are no surface water catchment PDWSAs located 

within or near the Barbara Surprise Project. The nearest is more than 55km north of the Project (Broad 

Arrow Dam Surface Water Catchment Area). 

7.2.4.2 Groundwater 

Under the Rights in Water and Irrigation Act 1914, it is illegal to take water from a Proclaimed 

Groundwater Area without a licence. Water can be taken from an underground water source in an 

unproclaimed area without a licence, where the original water sourced is non-artesian. The DWER 

dataset (RIWI Act, Groundwater Areas (DWER-034)) identifies the location of these areas. A desktop 

review of the dataset confirms that the Barbara Surprise Project is located within the Proclaimed 

Goldfields Groundwater Area.  

Process water for the Greenfields Site is abstracted from the Noble 5 Pit, around 9km to the south-

south-east. The Noble 5 Pit is located within the Roe Sub Area of the Proclaimed Goldfields 

Groundwater Area. FMR have been issued GWL173070 by the DWER for the abstraction of 

groundwater from the Noble 5 Pit. In June 2024, FMR applied to the DWER to amend GWL173070 

(Application 065002) to authorise the abstraction from additional water sources at the Barbara Surprise 

Mining Area including the Bakers Flat, Shirl and Surprise Pits.  

According to the Public Drinking Water Source Areas (DWER-033) dataset, there are no groundwater 

catchment PDWSAs located near the Barbara Surprise Project. The closest is the Menzies Water 

Reserve (WB93), located more than 130km north of the Project. The reserve boundaries have been 

determined based on the recharge area for the drinking water production wellfields and consideration 

of surrounding land uses.  

  



FMR Barbara Surprise Pit Dewatering Discharge - Works Approval Application Supporting Information December 2024 

37 
 

7.2.5 Acid Sulfate Soils 

Acid sulfate soils are naturally occurring soils, sediments and peats that contain iron sulfides, 

predominantly in the form of pyrite materials. These soils are commonly found in low-lying land 

bordering the coast or estuarine and saline wetlands and freshwater groundwater-dependent wetlands 

throughout WA (DER, 2015). A desktop regional search was undertaken using the DWER Acid Sulfate 

Soil Risk datasets. The Barbara Surprise Project area is located well outside of the acid sulfate soil risk 

area (>400km southwest). 

7.3 Existing Environment 

7.3.1 Landscape and Ecosystem 

The Barbara Surprise Project occurs in the Coolgardie (COO) Bioregion, as defined by the 

Commonwealth Department of Agriculture, Water and the Environment (DAWE) Interim Biogeographic 

Regionalisation for Australia (IBRA) classification system (DAWE, 2012). The region is divided into 

three (3) subregions and the Barbara Surprise Project lies within the COO03 – Eastern Goldfields 

subregion (Figure 7-10).  

 

Figure 7-10: Project Bioregion - IBRA Subregions 

The COO03 – Eastern Goldfields subregion lies on the Yilgarn Craton's 'Eastern Goldfields Terrains'. 

The relief is subdued and comprises of gently undulating plains interrupted in the west with low hills and 

ridges of Archaean greenstones and in the east by a horst of Proterozoic basic granulite. The underlying 

geology is of gneisses and granites eroded into a flat plane covered with tertiary soils and with scattered 

exposures of bedrock. Calcareous earths are the dominant soil group and cover much of the plains and 

greenstone areas. A series of large playa lakes in the western half are the remnants of an ancient major 

drainage line. The subregional area is 5,102,428 ha (Cowan, 2001). 
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7.3.2 Climate  

The Kalgoorlie Province bioclimate is described as a desert climate, commonly with 12 dry months a 

year. Mean annual rainfall is mostly in the 200-250 mm range, there is an even chance of summer or 

winter precipitation (Tille, 2006). 

7.3.2.1 Climate Zone 

The Bureau of Meteorology (BoM) provide climate classification maps using three (3) methods of 

classifying the climate of Australia. These different classification schemes are based on 

temperature/humidity, vegetation (Köppen) and seasonal rainfall. 

The temperature and humidity zones map (Figure 7-13) show the climate of Australia classified 

according to temperature and humidity properties across the country. This map is based on temperature 

and humidity data collected over the period 1961 to 1990. This method of classification identifies six (6) 

key zones across Australia, based on a set of definitions relating to summer and winter conditions. This 

map indicates that the Greenfields-Gunga Project is within the hot dry summer, cold winter climate 

zone.  

The Köppen classification map (Figure 7-14) show six (6) major groups of climate zones across 

Australia. This method of classification is based on the concept that native vegetation is the best 

expression of climate in an area and the six (6) major classes are identified predominantly on native 

vegetation type. This map indicates that the Greenfields-Gunga Project is within the grassland 

classification zone. 

The seasonal rainfall map (Figure 7-15) use the differences between summer and winter rainfall across 

Australia to identify six (6) major climate zones. These maps use the median annual rainfall (based on 

the 100 year period from 1900 to 1999) and seasonal incidence (the ratio of the median rainfall over 

the period November to April to the period May to October) to identify these six (6) major zones. This 

map indicates that the Greenfields-Gunga Project is within the winter climate zone. 

 

Figure 7-13: Australian Climate Zones based on Temperature and Humidity (BoM, 2005) 
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Figure 7-14: Australian Climate Zones based on Vegetation (BoM, 2005) 

 

Figure 7-15: Australian Climate Zones based on Rainfall (BoM, 2005) 

7.3.2.2 Temperature 

The closest BoM weather station is the Kalgoorlie-Boulder Airport Weather Station (#12038) located 

approximately 26km northeast of the Barbara Surprise Project. Summary temperature data (1939-2024) 

from this weather station is provided in Table 7-4 and indicates the following key statistics regarding 

temperature in the region: 

• Mean daily maximum temperatures range from 33.7°C in January to 16.9°C in July;  

• Mean daily minimum temperatures range from 18.4°C in January to 5.1°C in July;  

• Highest temperature recorded was 46.5°C in January 1990 and February 2024; 

• Lowest temperature recorded was -3.4°C in July 1969; 

• Mean number of days that temperature is ≥40°C is 9 (November to March); and 

• Mean number of days that temperature is ≤2°C is 15.5 (May to October). 

A review of the long term mean temperature trends (1939-2024 compared to 1991-2020) indicates that 

there is has been little variation in the mean maximum temperature (Figure 7-16). Mean minimum 

temperatures (Figure 7-17) are slightly warmer (annual 11.8°C compared to 12.2°C between 1991-

2020). 
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Figure 7-17: Kalgoorlie-Boulder Airport Weather Station Minimum Temperature Long Term 
Trend (BoM, 2024a) 

7.3.2.3 Rainfall 

The Kalgoorlie-Boulder Airport Weather Station (#12038) summary rainfall data (1939-2024) is provided 

in Table 7-5 and indicates the following key statistics regarding rainfall in the region: 

• Mean annual rainfall is 265.5mm; 

• Majority of rainfall is in summer/autumn/winter (January to August); 

• Mean monthly rainfall ranges from 31.7mm in February to 13.4mm in September; 

• Highest monthly rainfall recorded was 307.8mm in February 1948; 

• Highest daily rainfall recorded was 177.8mm in February 1948; 

• Highest mean number of days of rain is 9.1 in July; 

• Lowest mean number of days of rain is 3.9 in December; 

• Mean number of days of rain ≥10mm is 7.2; and 

• Mean number of days of rain ≥25mm is 1.5. 

A review of the long-term rainfall trends (1939-2024 compared to 1991-2020) indicates that there has 

been higher rainfall (1991-2020) between December to March and lower rainfall (1991-2020) in May to 

July (Figure 7-18).  
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Figure 7-19: Australian Annual Average Pan Evaporation (BoM, 2006) 

7.3.2.5 Wind Speed and Direction 

Wind is one of the most highly variable meteorological elements, both in speed and direction. It is 

influenced by a wide range of factors, from large scale pressure patterns to the time of day and the 

nature of the surrounding terrain. Because the wind is highly variable it is often studied by means of 

frequency analyses, provided in the form of wind roses, rather than as simple averages. 

Wind roses are available for the Kalgoorlie-Boulder Airport Weather Station (#12038) based on data 

from 1939 to 2023. During January (i.e. summer), winds are expected to be predominantly east to south-

easterly in the morning (9am) trending towards south-easterly in the afternoon (3pm) (Figure 7-20). 

During July (i.e. winter), winds are expected to be west to north-westerly in the morning (9am) trending 

towards north-westerly in the afternoon (3pm) (Figure 7-21). 

 

Figure 7-20: Kalgoorlie-Boulder Airport Weather Station Wind Roses January 9am and 3pm 
(BoM, 2024a) 
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Figure 7-21: Kalgoorlie-Boulder Airport Weather Station Wind Roses July 9am and 3pm (BoM, 
2024a) 

7.3.3 Geology 

7.3.3.1 Regional Geology 

The Coolgardie Goldfield is located on the western side of the Archaean Norseman-Wiluna Greenstone 

Belt within the Coolgardie Domain. Coolgardie gold deposits occur in a variety of host lithologies, 

including dolerites, gabbros, basalts, ultramafics and diorites (Whyche, 1998). 

The Coolgardie Domain is comprised of an NNW-SSE striking band of mafic to ultramafic volcanic and 

intrusive rocks overlain by felsic volcanic and sedimentary rocks which have been metamorphosed to 

amphibolite facies, which are bounded and intruded by granitoid batholiths. The greenstone belt 

sequence comprises a basal 500 to 600m of high-Magnesium (Mg) basalt, which is intruded by a 500m 

thick iron (Fe) rich differentiated gabbro sill (Porter, 2017).  

This is overlain by approximately 2,000m of massive spinifex textured mafic rocks with interflow black 

shales and cherts. A further 2,500m of felsic volcanics and volcaniclastics overly the basalts. The 

sequence is cut by a series of felsic and mafic porphyries, which include dacite, rhyolite to diorite, 

dolerite, and hornblende lamprophyre. The greenstone belt rocks are intruded by composite granitoid 

batholiths which include monzogranites, tonalites, porphyritic granodiorites and granites (Porter, 2017).  

Many deposits in the Coolgardie Goldfield appear to exhibit spatial zonation with respect to distance 

from the Calooli Monzogranite. Large scale variations between deposits in the distribution and style of 

mineralisation, the gangue and ore mineralogy and alteration zones, and the ore geochemistry are 

correlated with distance from the contact between the greenstone hosts and the Calooli Monzogranite 

(Knight, 2000). 
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7.3.3.2 Local Geology 

The general bedrock geology of the Barbara Surprise Mining Area comprises metamorphosed mafic 

and ultramafic volcanics (gabbro, dolerite and diorite with ultramafic schist) of the Archaean Yilgarn 

Craton. The gold mineralisation is reported to be hosted in a differentiated gabbro sill within a sequence 

of ultramafic rocks. The local geology is completely weathered to a depth of approximately 20m below 

the natural surface, with fresh rock at approximately 50m depth (CMW, 2024). 

The regolith surrounding the Bakers Flat Pit deposit comprises of an approximate 40m thick sequence 

of transported paleochannel sediments unconformably overlying lower saprolite clay and differentiated 

gabbroic and ultramafic bedrock with felsic porphyry intrusive. The mineralisation is reported to be 

hosted within gravelly clays above the basal conglomerate (CMW, 2024). 

Both the Surprise and Shirl Pit deposits exhibit mineralisation that is dispersed across multiple lode 

structures, with both deposits sharing similar structural characteristics. No widespread paleochannel 

sediments have been reported in the vicinity of these pits, suggesting that the overburden is thinner 

compared to the Bakers Flat deposit and primarily consists of undifferentiated saprolite (CMW, 2024). 

7.3.4 Hydrology  

7.3.4.1 Surface Water 

Most of the Kalgoorlie hydrogeological area is gently undulating and of subdued relief, with elevations 

between 360 and 400mAHD. The eastern half of the area comprises low hills with broad valleys 

occupied by saline playa lakes. These broad valleys and playa lakes mark the courses of palaeorivers 

that ceased to flow when the climate became arid during the Tertiary (Kern, 1995). 

Although situated in an arid region with average annual rainfalls of 265.6mm, significant short duration 

rainfall events can occur (daily rainfall >150mm has been recorded Kalgoorlie-Boulder Airport Weather 

Station). Under these conditions, runoff will report to the local ephemeral drainage lines which tend to 

have a shallow, braided, and indistinct main channel and wide, diffuse floodplain and overland flow 

area. Drainage lines also occur as just shallow overland flow paths with no obvious incised channel.  

In general, surface flows are easterly, consistent with topography and seasonal catchment discharge 

ultimately reports to Brown Lake which form part of a system of saline playa lakes. According to the 

BoM GDE Atlas, the Brown Lake area is a high potential terrestrial GDE based on a national 

assessment. The Barbara Surprise Shirl Pit is located along a drainage line which connects to Italian 

Gully, ultimately discharging seasonal catchment run-off into Brown Lake. The Bakers Flat and Surprise 

Pits are within the same catchment zone as the Shirl Pit, with surface runoff flowing eastward consistent 

with the natural topography. 

7.3.4.2 Groundwater 

The Kalgoorlie hydrogeological area covers a part of the Yilgarn Craton that is characterised by north-

north-westerly trending belts of Archaean greenstones intruded by granitoid rocks. Cainozoic surficial 

deposits form an extensive cover over the Precambrian bedrock and conceal Tertiary sedimentary rocks 

preserved in palaeochannels (Kern, 1995).  
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Fractured-rock aquifers occupy the greater part of the Kalgoorlie area, but they generally contain only 

minor groundwater supplies, and these are difficult to locate. The basal sandstone unit in the 

palaeochannels is the most prospective aquifer. The groundwater resources of the Cainozoic surficial 

deposits are very small. Most of the groundwater is saline to hypersaline and is currently used only for 

mining purposes. There is no fresh groundwater, but limited areas of brackish groundwater exist in the 

upper reaches of some catchments (Kern, 1995). 

In 2024, CMW was commissioned by FMR to undertake a Hydrological Study of the Barbara Surprise 

Project. While limited information is available regarding the groundwater conditions, based on the 

regional topography and the relative position of the drainage lines, the groundwater flow direction is 

easterly, and groundwater levels are around 338.5mAHD (approximately 20m to 40m beneath the 

surrounding surface area). 

A study completed in 2000 by Aquaterra indicates that there is little to no information on whether the 

Surprise Pit required dewatering or had significant inflows. However, it was believed that the pit does 

not intersect a major aquifer although there are some groundwater inflows occurring. Based on aerial 

imagery, the Surprise Pit lake began to form around 2005 and reached full recovery by 2018. The 2024 

Surprise Pit lake level is 325mAHD, around 13.5m below pre-mining groundwater levels. The Surprise 

Pit is estimated to have a hydraulic conductivity of 0.25m/day for water balance modelling. 

An assessment of the site hydrogeology for the Bakers Flat Pit area by Aquaterra in 2000 inferred that 

the groundwater table was within horizons of sandy clay, palaeochannel sand, and gravelly clay, and 

ranged from 13.5 to 15mBGL. Rising and falling head slug tests were reported to provide values ranging 

from 0.02 to 0.002m/day, but with most values in the order of 0.01m/day. Based on aerial imagery, the 

Bakers Flat Pit lake began to form around 2009 and reached full recovery by 2018. The 2024 Bakers 

Flat Pit lake level is 328mAHD, around 10.5m below pre-mining groundwater levels. The Bakers Flat 

Pit is estimated to have a hydraulic conductivity of 0.56m/day for water balance modelling. 

No records are available regarding historical Shirl Pit inflows or pit lake level recovery rates, however 

aerial imagery over time enables inferences to be made in relation to volume changes in the pit lake. 

Based on aerial imagery, the Shirl Pit lake began to form around 2009 and reached full recovery by 

2018. The 2024 Shirl Pit lake level is 322mAHD, around 16.5m below pre-mining groundwater levels. 

The Shirl Pit is estimated to have a hydraulic conductivity of 0.3m/day for water balance modelling. 

7.3.4.2.1 Water Quality 

The water quality analysis in 2000 of the Surprise Pit showed a salinity of 49,000mg/L TDS which 

suggests some dilution of the groundwater inflow with incident rainfall and runoff from the pit catchment. 

The results also show the pit water sample to be a sodium chloride type water with magnesium and 

sulphate also in significant (although) much lower concentrations (Aquaterra, 2000). 

In September 2024, FMR sampled the Barbara Surprise Pit lakes (Bakers Flat, Shirl and Surprise) and 

the results are presented in Table 7-7. Water quality characteristics are similar across all three (3) pit 

lakes. When compared to 2000, the Surprise Pit salinity has increased, which is most likely attributable 

to salt accumulation due to the high evaporation and low rainfall rates in the region. 
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8 Category Checklist 

This Category Checklist Section is provided in accordance with Section 12.1 of the DWER Application 

Form (Attachment 9: Category Checklist(s)). 

Applications for certain categories of Prescribed Premises may require additional supporting Category 

Checklists to be submitted with the new instrument or amendment application form. The Checklists 

provide clear instruction on what information is required to assess an application and currently include 

Solid Waste Landfills, Tailings Storage Facilities and Organics Recycling Facilities. No Category 

Checklist is required to be completed for this Works Approval Application. 
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1.0 INTRODUCTION  
CMW Geosciences Pty Ltd (CMW) was commissioned by FMR Investments Pty Ltd (FMR) to undertake a desktop 
study of the water balance strategy for the Barbara Surprise mining area (the Project), where it is planned to 
re-commence mining operations and therefore requires two existing pits to be dewatered in advance.  

FMR operates the Greenfields Mill facility, with an ore processing plant and tailings storage facilities (TSFs), 
located approximately 4 km northeast of Coolgardie, Western Australia. The Greenfields Mill site and the 
Barbara Surprise mining area are shown in Figure 1. 

The phased water management plan considers the transfer of existing pit lake water from the Bakers Flat Pit 
and Shirl Pit into the Surprise Pit. Water from the Surprise Pit would then be pumped to the Greenfields Mill to 
supplement ore processing water requirements. This study aims to provide a high-level water balance, and to 
assess the potential impacts from pit lake water withdrawals, inter-pit water pumping, and transfers, as well as 
the temporary in-pit storage on the site vicinity groundwater and surface water environments.  

1.1 Scope of Work 
The work has been performed according with CMW proposal MEL2023-0233AE (16 September 2024) and 
comprises the following scope: 

 Review, collation and synthesis of pertinent site-specific data related to the Bakers Flat, Barbara, Surprise, 
and Shirl Pit lakes and the regional hydrological and hydrogeological setting. 

 Appraisal of stage-volume curves for Baker Flat, Shirl, and Surprise Pits and to assess current water 
inventories. 

 Identification of groundwater recharge and discharge mechanisms, with particular attention to 
groundwater-surface water interactions involving regional surface water bodies. 

 Evaluating the pit lake hydraulic characteristics and assessing their groundwater interactions. 

 Estimating water balance components, specifically revisiting conceptual models to refine estimates of 
groundwater inflows. 

 High-level quantitative assessment of the proposed water management, and its potential impact on pit 
lake water balances and downstream groundwater discharge to Brown Lake. 

 Preparation of a report, detailing the water balance, simulations, and results. 

1.2 Project Background 
The Barbara Surprise site is located within a historic gold mining area, within the Coolgardie Domain (mineral 
freehold Hampton East Location 59) approximately 15 km southeast of Coolgardie. Historical mining 
operations include the Shirl, Barbara, Surprise, Bakers Flat and Pit28 areas. 

The Barbara and Surprise operations have a long history of both underground and open pit mining and were 
decommissioned before 2005. The Barbara Pit has been partially filled with waste rock (as inferred from aerial 
imagery). At the Shirl and Bakers Flat Pits, mining was previously completed in January 2008. Post-mining, the 
pits having subsequently flooded forming lakes. 

To facilitate the restart of mining operations at the Bakers Flat and Shirl Pits, a staged dewatering approach is 
proposed as part of the water management plan. In the initial phase (Phase 1), the strategy involves dewatering 
Bakers Flat Pit at a rate of up to 300 m³/hr, transferring the water into Surprise Pit. From Surprise Pit, water will 
be pumped at a rate of up to 100 m³/hr to the process water dam at Greenfields Mill. As mining at Bakers Flat 
nears completion, dewatering of Shirl Pit will begin (Phase 2) to enable continued open-pit mining operations. 
Water from Shirl Pit will also be transferred to Surprise Pit for temporary storage, before being pumped to 
Greenfields Mill for use in ore processing.  
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The project site location and proposed water transfer sequence is shown on Figure 1 Aerial imagery showing 
the evolution of mining activity at the Barbara Surprise mining area is shown in Appendix A. 

 

Figure 1 Project location and pit lakes 
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MOD16A2, derived from NASA's MODIS satellite imagery, offers high-resolution (500 m) and frequent (8-day 
composites) evapotranspiration estimates globally. The MOD16 algorithm is based on the logic of the Penman-
Monteith equation which uses daily meteorological re-analysis data and 8-day remotely sensed vegetation 
property dynamics from MODIS as inputs. The MOD16 ET algorithm flowchart, including remote sensing input 
(green), meteorological data (blue) and other intermediate algorithms (such as plant transpiration, net 
radiation, soil evaporation etc.) is shown in Figure 3. 

 

Figure 3 MOD16 ET algorithm flowchart 

The input data was generated using Application for Extracting and Exploring Analysis Ready Samples 
(AρρEEARS), followed by data processing in Excel.  

The annual total actual and potential ET rates between years 2000 and 2020 are calculated to be 156 mm and 
2,026 mm respectively. The monthly distribution is presented in Figure 3 and Table 1. 
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2.3 Geology 

2.3.1 Regional Geology 
The general bedrock geology of the Project area comprises metamorphosed mafic and ultramafic volcanics 
(gabbro, dolerite and diorite with ultramafic schist) of the Archaean Yilgarn Craton. The gold mineralisation is 
reported to be hosted in a differentiated gabbro sill within a sequence of ultramafic rocks. The local geology is 
completely weathered to a depth of approximately 20 m below the natural surface, with fresh rock at 
approximately 50 m depth (Alacer, 2012).  

2.3.2 Pit Geology 
Bakers Flat Pit 

The regolith surrounding the Bakers Flat Pit deposit comprises approximately 40 m thick sequence of 
transported paleo-channel sediments unconformably overlying lower saprolite clay and differentiated gabbroic 
and ultramafic bedrock with felsic porphyry intrusive.  

The following lithological units have been identified (Harmony Australia, 2007): 

1. Upper Gravel unit: Poorly-sorted, rounded quartz, lithic fragments 

2. Upper Clay unit: Very fine-grained, puggy ‘plasticine’ clays with ferruginous overprint 

3. Sand/Silt unit: Fine-grained sand and silt composed of quartz and lithic fragments 

sometimes with weak goethitic overprint 

4. Silcrete: Present in isolated patches up to 2 m thick 

5. Gravelly Clays: Clay material with 5-10% pisolitic and lithic gravel component 

6. Pisolithic (+/- lithic) Gravel: Well-sorted pisolitic gravel +/-10% clay 

7. Reworked Clay unit: Reworked clays after mafic and ultramafic rocks, commonly with 

ferruginous/haematitic overprint 

8. Reduced Sand/Silt unit: Dark grey, quartz-rich reduced sand, typically 1-3 m thick 

9. Basal Conglomerate unit: 3-8 m thick, poorly-sorted gravel comprising magnetic lag, 

lithic (commonly high-magnesium basalt) and quartz fragments and up to 20% 

reworked clays. 

The mineralisation is reported to be hosted within gravelly clays above the basal conglomerate. The local 
geological and structural setting for the Bakers Flat Pit is illustrated in Figure 5. 

Surprise and Shirl Pits  

Both the Surprise and Shirl Pit deposits exhibit mineralisation that is dispersed across multiple lode structures, 
with both deposits sharing similar structural characteristics. No widespread paleochannel sediments have been 
reported in the vicinity of these pits, suggesting that the overburden is thinner compared to Bakers Flat and 
primarily consists of undifferentiated saprolite. The local geological and structural settings for the Surprise and 
Shirl Pits are illustrated in Figure 5. 
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Figure 6 Surface drainage at Bakers Flat area (Harmony Australia, 2007) 

It is noted that the combination of generally gentle slopes in conjunction with relatively low intensity rainfall 
(typically less than 5 mm/day) is not expected to produce a run-off flow reporting to the pits.   

2.5 Hydrogeology 
Fractured-rock aquifers occupy the greater part of the Eastern Goldfields area but are reported to generally 
contain only minor groundwater supplies, with paleochannels being the most prospective aquifer (Kern, 1995). 
Groundwater resources associated with Cainozoic surficial deposits are reported as very small, and saline to 
hypersaline. Limited areas of brackish groundwater are reported to exist in the upper reaches of some 
catchments (Kern, 1995).  

Limited information is available regarding the groundwater conditions and piezometric levels. High-level 
approximation based on the regional topography and the relative position of the drainage lines, suggests the 
groundwater flow direction is easterly and groundwater levels in the Project site vicinity are around 330 m AHD, 
approximately 20-40 m beneath the surrounding surface area. 

An assessment of the site hydrogeology for the Bakers Flat Pit area (Aquaterra, 2000) inferred that the 
groundwater table was within horizons of sandy clay, palaeochannel sand, and gravelly clay, and ranged from 
13.5 to 15 mBGL (meters below ground level), equivalent to RL 338.7 to 338.3 mAHD. Rising and falling head 
slug tests were reported to provide values ranging from 0.02 to 0.002 m/day, but with most values in the order 
of 0.01 m/day. A conservative case of 0.1 m/day was adopted for inflow calculations (Aquaterra, 2000). This 
value (0.1 m/day) is consistent with a theoretical hydraulic conductivity calculated by CMW (2024a) derived 
from the timing of observed groundwater recovery over time in lake pits, indicating a value of 0.12 m/day. 

Groundwater electrical conductivity (EC) for the Bakers Flat bores ranged from 100 to 120 mS/cm, indicating 
salinity from 60,000 to 70,000 mg/L TDS (Aquaterra, 2000). The Surprise Pit water was reported as 49,000 mg/L 
TDS, indicating a likely mix of groundwater and catchment water (Aquaterra, 2000). The hydrogeological 
conditions showing pre-mining groundwater levels around Bakers Flat and Surprise mining areas are shown on 
cross sectional views in Figure 7.
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3.0 HYDROLOGICAL AND HYDROGEOLOGICAL ASSESSMENT 
OF PIT LAKE WATER BALANCE 

3.1 Pit lake formation 
In a typical open pit mine excavated below the groundwater level, following the cessation of dewatering 
operations, the phreatic water levels start to recover and gradually equilibrate to the ambient groundwater 
levels. In addition to groundwater inflows, rainfall and run-off contribute to pit infill.  

The rate of pit lake formation and volume is influenced by a range of factors such as rainfall, evaporation, 
hydrogeology, and the pit geometry. Pit lakes in semi-arid settings are usually classified as ‘flow-through’ or 
‘terminal sinks’ (McCullough et al., 2013). Terminal sinks form in arid environments where the potential 
evaporation is higher than the mean precipitation, and the lake catchment is small, leading to a pit lake water 
elevation below the surrounding pre-mining groundwater level (Niccoli, 2009). Figure 8 depicts the primary 
components of a pit lake water balance.  

 

Figure 8 Conceptual pit lake water balance (Tuheteru et al., 2021) 

 

Based on the available aerial imagery (Appendix A), the Barbara, Surprise, and PIt28 pPit lakes began to form 
around 2005, with Shirl and Bakers Flat Pit lakes appearing by 2009. It is assumed that these lakes reached full 
recovery by 2018. Current pit lake levels, appraised from the DSM (Digital Surface Model) provided by FMR, 
indicate that the phreatic levels are approximately 10.5 and 13.5 m below pre-mining groundwater levels at 
Bakers Flat and Surprise Pits respectively, and around 16.5 m below the surrounding groundwater level at Shirl 
Pit. Subsequently, the Project pit lakes exhibit characteristics of terminal sink-type lakes, understood to be 
primarily controlled by evaporation rates, as evidenced by Shirl Pit showing the greatest magnitude of 
drawdown due to its larger surface area. 
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Figure 9 Stage-volume curves
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3.4 Pit Lake Water Balance 
A series of interlinked pit lake simulation models was developed in Excel3 to simulate time dependent inflow 
and outflow components for the pit lakes. The transient water exchange between pit lakes and the groundwater 
was calculated using Jacob-Lohman equation (Lohman, 1972, Fontaine et al, 2003) for monthly time steps.  

The water exchange solves for lake volume and stage, with groundwater exchange calculated for each time step 
based on the balance between changing hydraulic gradient and changing lake surface area. In addition, 
precipitation and evaporation from the pit lakes were varied according to seasonally distributed values and 
assigned dynamically based on current surface area, relative to lake stage. The lake stages (h) were calculated 
using the Equation 1 : 

ℎ =
𝑉௢ + (𝑉 ௐ + 𝑉௉ − 𝑉ா்)

𝐴ௌ௨௥௙
 

Equation 1  Water balance formula for a lake stage 

where: 

 𝑉௢= initial volume; 

 Groundwater input: 𝑉 ௐ=𝐴௅஺் ∗ (ℎோா஼ை௏ாோா஽ − ℎ) ∗
௄

௅
∗ ∆𝑡; 

 Precipitation input: 𝑉௉=𝐴ௌ௎ோி ∗ 𝑃𝑟𝑒𝑐𝑖𝑝 ∗ ∆𝑡;  

 Evaporation output: 𝑉ா்=𝐴ௌ௎ோி ∗ 𝐸𝑇 ∗ ∆𝑡; and 

 𝐴ௌ௨௥௙= pit cross-sectional area for groundwater flow.   

 

To enable the water balance model to handle artificial recharge from external pumping (up to ~7,200 m³/day), 
an adjustment to the stage calculations was made. For the time corresponding with those events, the change 
in lake stage was assessed using higher resolution (i.e. 1 m intervals) stage-volume data linearly interpolated 
from the original 10 m stages. This higher resolution was applied to enhance the accuracy of the model 
simulating instantaneous release of large water volumes into the hydraulic system, ensuring that the lake stage 
changes are captured in finer detail throughout the dewatering and transfer operations. 

It is noted that for the scenario involving infilling above the current water level (i.e. Surprise Pit), the model 
calculations were time-adjusted to assume that the rate of outflow equals the inverted rate of inflow under a 
comparable hydraulic gradient. Following an adjustment of hydraulic conductivity to match the rate of water 
rebound observed in the pit (as indicated by historical photographs and current lake levels), the model was then 
run using the parameters outlined in Table 3. 

 

 

 

 

 

 
 Water volume calculations were adjusted to consider the partial filling of the initial pit void with low specific-yield material. 
.com/plism/) was used as framework and simplified to remove iterative calculation module. 
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The modelled lake levels and the individual water balance components are presented graphically in  
Appendix B-1. The water balance analytical calculations for groundwater exchange, time series of precipitation 
and evaporation (PET) rates, and time series of volumetric extraction and transfer rates are all detailed in a 
tabular form in Appendix B-2. 

Overall, all models exhibit similar hydrodynamic characteristics consistent with hydrogeological and climate 
setting in the Project area. In particular, an increase in evaporation losses occurs as the lake surface area 
expands over time due to the recovery of water levels. Groundwater inflows are indicated to be most significant 
during the early stages of pit filling, driven by a high hydraulic gradient in relation to the lateral cross-sectional 
area available for groundwater inflow. The highest groundwater inflow rate is indicated for Shirl Pit at 
1,700 m³/day, consistent with its larger pit volume, followed by Bakers Flat at approximately 830 m³/day. It is 
noted, the latter estimate is broadly consistent with the groundwater numerical modelling undertaken by 
Aquaterra (2000) considering higher end range permeability between 0.5 to 1.0 m/day. 

 

3.4.1 Effect of Pit Lake Extractions 
The pit lake extraction scheme was modelled to run sequentially, beginning in January 2026. The water balance 
model estimates indicate a total of 389,000 m³ of water requiring removal from the Bakers Flat Pit lake to lower 
the phreatic level close to the pit floor. The proposed extraction plan includes pumping at a rate of  
216,000 m³/month (7,200 m³/day) for the first month, followed by 173,000 m³/month (5,767 m³/day) in the 
second month to achieve full dewatering.  

A simulation was run to test the impact of the reduced volume of Bakers Flat Pit, due to the presence of partial 
infill (as indicated in aerial images in Appendix A). Under this simulation, no material difference to the monthly 
model dewatering estimates was indicated, assuming this partially filled sector of the pit is highly permeable 
and fully drainable. 

The Surprise Pit water balance indicates that there is a sufficient capacity to accommodate the additional 
discharge from Bakers Flat without the lake surface levels approaching the pit crest with a substantial 
freeboard of 16 m. Simultaneous water transfer from Surprise Pit to the Greenfields Mill at a rate of 100 m³/hr 
was simulated, resulting in a net discharge from Bakers Flat Pit into Surprise Pit of 200 m³/hr. After the water 
transfer from the Surprise Pit to Greenfields Mill is complete, continued in-pit pumping is planned to manage 
the groundwater inflows, keeping phreatic levels in the open pit depressed and optimising storage capacity for 
the future dewatering of the Shirl Pit. 

The dewatering of Shirl Pit is projected to take around 24 months, with pumping rates reduced to 120 m³/hr 
transfer rates to account for the Surprise Pit storage capacity compared to the Shirl Pit water volume. This 
reduction is designed to enable uninterrupted pumping and prevent phreatic levels from rising near the upper 
crest of the pit with a substantial freeboard of 23 m. To ensure a smooth transition ahead of mining, the 
dewatering of Shirl Pit could start earlier, with adjustments to pumping rates to maintain stable operations. 

The model also provides recovery timelines for pit lake levels after cessation of pumping. For Surprise Pit, the 
elevated phreatic levels are expected to take about three years to return to the surrounding groundwater levels 
assuming the maximum in-pit level will reach 333 mAHD. 

The lake levels and associated water transfers between the pits have been presented on a time plots in  
Figure 10.  
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Figure 10 Simulated lake levels over time from inter-pit transfers and water extraction 
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3.4.2 Water balance sensitivity 
Sensitivity analysis is used to determine how changes in independent variables impact model outcomes, i.e., 
how sensitive the model is to variations in parameter values.  

In the water balance analytical modelling, groundwater inflow contributions significantly affect pit lake recovery 
rates. Conversely, lake level reduction under offtake is influenced by the hydraulic conductivity, which governs 
the rate of groundwater inflow to the pit lake. 

The hydraulic conductivity parameter value used to calculate groundwater inflows was set at 0.1 m/day, 
consistent with previous conservative estimates (e.g., Aquaterra, 2000) and the CMW (2024a) recent estimate 
of 0.12 m/day, based on hydrogeological assessments. 

In preliminary water balance calculations for Shirl Pit (CMW, 2024a), sensitivity analysis was conducted on the 
hydraulic conductivity parameter. It was determined that values around 0.01 m/day, which is an order of 
magnitude lower than the initial estimate, were unrealistically low. Modelling results with such low values were 
inconsistent with observed pit lake formation times and would necessitate implausibly high hydraulic gradients 
to account for the observed inflows. Consequently, in the current model iteration, hydraulic conductivity was 
adjusted to a range of 0.25 to 0.56 m/day, which is only marginally above the previously used values, to 
accurately reflect the current pit lake levels. 

A sensitivity scenario was also conducted to address uncertainty regarding the hydraulic gradient by testing the 
model's response to changes in the ‘L’ parameter input to water balance calculations. For the Bakers Flat model, 
it was noted that altering the L value from the initial 31.5 m (representing the plausible radius of influence from 
pit pumping) to 100 m would reduce groundwater inflows from 24,900 m³/month to 7,850 m³/month. Given 
that values below 30 m are unlikely, the groundwater inflows calculated using the input parameters appear to 
be conservative. 

3.5 Brown Lake Impact Assessment 
Brown Lake is classified a non-perennial surface water feature (Geoscience Australia, 2024). Although it typically 
dries out in the summer months (Ref. Appendix C - Brown Lake wet surface index histogram), it is considered 
to be receiving the baseflow component from groundwater that is understood to be seasonally lost to 
evaporation at the lake surface. It also receives storm flows from network of ephemeral streams and run-off 
from numerous watersheds to the west and south-west from the Brown Lake indicating a significant catchment 
size. The Brown Lake surface area in relation to the pit lakes is shown in blue in Figure 11. 

A simplified assessment was undertaken of the potential impact to Brown Lake arising from reduced aquifer 
throughflow reporting as baseflow. Under the conservative scenario considering full dewatering of Bakers Flat, 
Shirl, and Surprise Pits, the theoretical groundwater flow net pattern (accommodating a 150 m radius of 
influence from the pits) was used to approximate a discharge zone affected by dewatering (shown in dark blue 
on Figure 11). Calculations indicate a baseflow reduction of 2.4 km2 (in dark blue), which represents 
approximately 1.7% of the Brown Lake groundwater catchment from the higher terrain recharge areas, 
calculated to be approximately 142 km2 (shown in green).  

Evaporative losses at Brown Lake are high due to the substantial lake area (~6,200,000 m2) and (based on 
published PET data) potential evaporation is estimated to vary seasonally between approximately 
16,850 m3/day in June to 52,200 m3/day in February. 

Due to the presence of surface water at Brown Lake during the wetter and cooler winter months, the combined 
groundwater baseflow and surface water inflows exceed evaporative losses during this period. Despite the 
planned inter-pit pumping and water transfers, the proposed water offtake by FMR from the groundwater 
system—at a rate of 2,400 m³/day (100 m³/hr nominal transfer rate to Greenfields Mill)—is calculated to be 
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approximately 1.5 orders of magnitude lower than the average daily lake evaporation rate of around 
43,750 m³/day at Brown Lake. As a result, the impact on the lake's water balance is considered minimal. 

 

Figure 11 Brown Lake and catchment areas 

4.0 UNCERTAINTY 
All models are subject to uncertainty. In particular, uncertainty arises due to parameter uncertainty, conceptual 
uncertainty, and assumptions.   

Conceptual uncertainty in the model arises because of the limitations necessary in simplifying complex 
hydrogeology and hydrochemistry for the purpose of constructing a practical model. Parameter uncertainty 
arises because the modelling adopts physical and hydraulic parameters which have not been tested in the field. 
At a field scale, actual parameters may vary from those adopted.  

The approach undertaken for this project was deterministic, and uncertainty analysis has not been performed. 
Based on the information available at the time of reporting, the model parameters adopted are considered 
reasonable, but do not necessarily represent a unique solution. Other interpretations are possible. Accordingly, 
the modelling results and predictions made in this report should be considered indicative, and subject to 
interpretation. 

The specific uncertainty pertains to the volume of the Bakers Flat Pit void filled with external material and its 
drainage characteristics. The current model assumes a reduction of approximately 14% in volume due to this 
filling, along with the specification of low specific-yield material, which is not expected to yield significant water 
during pumping conditions. This leads to an overall reduction in the estimated volumes of the pit lake. 
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5.0 SUMMARY 
A study was undertaken using a water balance method to assess the potential impacts of pit lake water transfer 
and abstraction to the surrounding groundwater and surface water environment. The study considered 
transfers from the Bakers Flat and Shirl Pit lakes into the Surprise Pit lake, and subsequent abstraction to the 
Greenfields Mill for processing water supply. 

The model results demonstrate that the Surprise Pit has sufficient capacity to contain the discharge of 
389,000 m³ of water pumped from Bakers Flat Pit at 300 m³/hr over two months with a substantial freeboard. 
The model also indicated that the Surprise Pit has an additional storage buffer to accommodate the water stored 
in the partially backfilled area of Bakers Flat Pit, assuming the infill material has reasonable porosity. If mining 
operations shift to the flooded Shirl Pit, around 2 million m³ of water will need to be dewatered. 

The model suggests that by reducing the nominal pumping rate to 120 m³/hr, the discharged water from Shirl 
Pit could be contained within the Surprise Pit with a substantial freeboard. This assumes that water is also 
being continuously pumped out of Surprise Pit at 100 m³/hr and sent to the Greenfields Mill. Updated water 
balance calculations indicate that approximately two years will be required to fully dewater Shirl Pit under these 
conditions. 

The study's sensitivity analysis indicated that reducing hydraulic conductivity to 0.01 m/day led to unrealistic 
pit lake formation times, supporting the use of higher values (i.e. above 0.1 m/day) for more accurate water 
balance predictions. The proposed water extraction is expected to have minimal impact on groundwater 
discharge zones in the vicinity, representing only 1.7% of the total aquifer throughflow toward Brown Lake. 

Natural seasonal variations in Brown Lake water levels, largely due to evaporation, are expected to continue 
unaffected by the planned water transfers. The lake experiences significant evaporative losses, especially in 
warmer months, but retains surface water during cooler, wetter periods when inflows exceed evaporation. 
FMR's proposed water offtake from Surprise Pit (up to 2,400 m³/day) is substantially lower than Brown Lake’s 
average daily evaporation rate of 43,750 m³/day, indicating that the impact on the lake’s water balance will be 
negligible. 
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