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EXECUTIVE SUMMARY  

BACKGROUND AND OBJECTIVES  

In May 2019 Pantoro South Pty Ltd (Pantoro) and the Central Norseman Gold Corporation Pty Ltd (CNGC) 
announced a joint venture in the operation of the Norseman Gold Project (NGP), located at the town of Norseman 
in the Western Australian Goldfields.  Pantoro intend to further develop the Scotia deposit and also initiate the 
development of the Cobbler project in the near future.  In order for this development to occur Pantoro requires 
approval to discharge mine water from the Scotia pits into the nearby Lake Dundas playa system and also to 
construct a small open pit, causeway, flood bund and waste rock dump (WRD) on the Cobbler sub-basin within 
the larger Lake Cowan playa system.  
 
The focus of this report is an ecological risk assessment (ERA) for the planned Scotia dewater discharge and 
Cobbler development.  For the Scotia pit dewatering, the assessment characterised the physicochemical 
properties of the water to be discharged and considered the existing environmental values and condition of the 
receiving environment to determine whether the discharge is likely to present an unmanageable risk to the 
condition of lake sediments, associated biota, and the general health of the lake ecosystem.  This assessment 
also considered the potential effects of the proposed development within the Cobbler sub-basin on loss of habitat, 
contribution of WRD seepage, runoff to the lake and alteration to the lake hydrology.   

SPECIFICS OF PROPOSED DEVELOPMENTS  

The Scotia deposit is located approximately 30 km south of Norseman townsite and currently comprises two 
flooded pits (North Scotia and South Scotia) and an underground mine.  The new Scotia pit covers a disturbance 
area of 1,140 m x 280 m x 160 m (length x width x depth).  It is anticipated that dewatering will occur over a three-
year period at a maximum rates of between 20-23 L/sec, after which dewatering rates and requirement to 
discharge is expected to decline substantially.  Mine water will be utilised for dust suppression and road 
maintenance, with the remainder discharged to the Lake Dundas playa system, a large salt lake (approximately 
280 km2).  
 
The Cobbler gold deposit is located in the southern extent of Lake Cowan, 4 km northwest of the Norseman town 
site.  The Cobbler deposit lies within a 33 km2 playa sub-basin (Cobber sub-basin), segregated from the main 
body of Lake Cowan by the Coolgardie-Norseman Highway causeway.  The development of the Cobbler deposit 
requires the excavation of a pit and establishment of a WRD on the playa surface within a project area of 
approximately 3.5 km2.  The Cobbler pit will be excavated to a depth of approximately 77 m (262 mRL - 185 mRL) 
which will include the excavation of approximately 974,000 tonnes of ore and 2,380,000 cubic metres (BCM) of 
waste of which sediment will contribute approximately 7% (176,000 BCMs).  The bulk of the extracted sediment 
and waste rock will be deposited in the WRD which will cover a disturbance area of 36 ha.  The WRD will be built 
to height of 12 m with sediments encapsulated within the WRD. 

ECOLOGICAL VALUES AND RECEPTORS  

Three main environmental values were identified that have the potential to be impacted by the proposed 
developments, which include: 

• Sediment quality and benthic habitats 

• Surface water quality and distribution 

• Groundwater quality and distribution 
 
In addition, biota that inhabit the lake system have the potential to be impacted by the proposed discharge.  Based 
on ecological survey data, three key receptor groups were identified: 
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• Aquatic and benthic algae and invertebrates 

• Transient avifauna 

• Riparian vegetation 

SCOTIA P IT  DEWATERING ASSESSMENT  

Discharge of Mine Water  

Potential contaminants such as copper, lead, and zinc were present in the Scotia pit water at concentrations up to 
10-fold higher applicable guideline values (80% species protection default guideline values (DGVs) for saline 
environments - Australia & New Zealand Guidelines for Fresh & Marine Water Quality).  This is likely to represent 
a short-term risk to surface water inhabiting organisms within the inundation zone.  In the greater context of Lake 
Dundas, however, the expected impacts are less significant given that the inundation zone represents <0.34% of 
the 280 km2 lake surface area.  Furthermore, the total volume of water that drains into Lake Dundas annually 
(from rainfall and runoff within the catchment) is between 48,000 - 110,000 ML in an average to above-average 
year, which considerably exceeds the 670 ML discharged from the Scotia pit annually.  Consequently, rainfall 
events within the catchment are almost certain to dilute contaminants derived from the discharge thus significantly 
minimising associated ecotoxicological risks. 
 
The release of Scotia pit water is also unlikely to have a significant effect on the quality of sediments within the 
Lake Dundas playa.  Background concentrations of elements such as copper, lead, and zinc in sediments were 
well below trigger values (sediment quality trigger values, Australia & New Zealand Guidelines for Fresh & Marine 
Water Quality) and will not exceed these values regardless of whether the planned discharge occurs.  Other 
elements such as chromium and nickel were present in elevated concentrations in some sediment samples; 
however, these elements were not present in elevated concentrations in Scotia discharge water and thus the 
ecological risks associated with the accumulation of these elements in sediments is also low. 
 
While there are likely to be localised effects on benthic and aquatic biota within areas of the playa inundated by 
discharged water, these effects will ultimately be of minor ecological significance to the greater Lake Dundas 
ecosystem.  This is again due to the inundation area being relatively very small (<0.3% of 280 km2 lake surface 
area) and the fact the aquatic biological assemblage at the point of discharge is not unique at the local, regional, 
or state level.  Furthermore, any decline in aquatic biodiversity within this area is likely be temporary as the re-
colonisation of these habitats following rainfall events is likely to negate the effects of the discharge over the long 
term. 

Discharge of Hypersaline Mine Water  

The hypersaline water from the Scotia is unlikely to significantly compromise the ecological integrity of the Lake 
Dundas playa system.  When the predicted salt loads in the Scotia discharge are compared to those deposited 
into the lake from annual rainfall and runoff within the catchment, up to 10-fold more salt would be deposited into 
the lake in an average year than from the planned discharge.  Furthermore, the estimated salinity of groundwater 
in the area is in the vicinity of 300,000 mg/L TDS (total dissolved solids) and thus salt loads within the lake itself 
and within the catchment as a whole are orders of magnitude higher than in the water that is to be discharged. 

Alteration of Hydrological Patterns and Lake Surface Morphology 

Changes in hydrological patterns and the morphology of the lake surface are likely to have some effects on 
organisms inhabiting the inundation zone.  These effects, however, are likely to be ecologically insignificant given 
that discharge volumes from average annual rainfall and runoff significantly exceed planned discharge volumes.  
Western Australian salt-lakes are known to cycle between periods of inundation and periods without standing 
water, hence hydrological patterns within these lakes are highly variable and can be considered a normal function 
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of the environmental system.  Consequently, the relatively small volume of water to be discharged is likely to be 
insignificant in terms of altering ecological processes and systems within Lake Dundas.   

COBBLER DEVELOPMENT ASSESSMENT  

Construction of the Pit, WRD and Supporting Infrastructure.  

The development of the Cobbler project is likely to have a number of localised effects on biota in the direct vicinity 
of the project.  For example, the construction of the pit, WRD and associated infrastructure involves the excavation 
of sediments which will result in localised habitat loss for sediment inhabiting biota (primarily diatoms, algae and 
invertebrates), whilst changes in hydrology as a consequence of development could result in localised habitat 
loss/alteration.   

Alteration of Hydrological Patterns 

Construction activities will have a relatively minor effect on the hydrology within the basin as a whole given the 
total development area accounts for less than 10% of the surface area of the sub-basin (<0.2% of the Lake Cowan 
system).  Western Australian salt lakes only have sporadic surface water coverage and thus are dry for significant 
periods of time.  Therefore, the system is necessarily adapted to hydrological fluctuations and minor alterations to 
hydrology are unlikely to significantly impede ecosystem integrity.  More broadly, this development will have a 
negligible effect on the hydrology of the larger Lake Cowan system given that the lake covers a surface area of 
approximately 1,800 km2, compared with the project disturbance footprint of 3.5 km2.  
 
The potential for localised habitat alteration as a result of alterations to hydrological patterns within the Cobbler 
sub-basin (e.g., from dewatering the pit) is not considered to present an unacceptable risk to the ecosystem 
integrity of the Lake Cowan system given that the ecological communities present within and adjacent to the 
Cobbler basin are not considered to be unique in the context of the Lake Cowan region.  Any loss in species 
diversity and abundance in areas of the sub-basin not directly affected by permanent habitat loss/alteration is 
unlikely to have a detrimental effect to biodiversity at the local or regional level and is likely to be reversed in the 
long term through recolonisation after rainfall. 

Excavation and Disturbance of Sediments  

The development of the WRD within the Cobbler sub-basin has the potential to generate localised sediment, 
surface and/or groundwater contamination if excavated sediments contain elevated concentrations of metals and 
or metalloids.  In addition, benthic and aquatic biota could be influenced by the dispersion and deposition of 
sediments which could result in habitat loss or alteration.  The inherent risk of these processes as determined by 
the ERA was classified as high.  To mitigate these risks, Pantoro plans to encapsulate all excavated sediments 
with waste rock within the WRD, which significantly reduces the likelihood that sediments will be deposited within 
the playa after significant rainfall events and it also reduces the risk of contaminant leaching into surface and 
groundwater.  Consequently, the residual risks related to these events is classified as medium.  It is recommended 
that Pantoro investigate the sediments to be disturbed for acid sulfate soils (ASS), to provide additional certainty 
around the potential for metal/metalloid mobilisation from excavated sediment. 
 
Aquatic and benthic communities in areas directly affected by significant disturbance (Cobbler WRD and pit) are 
unlikely to recover without extensive rehabilitation activities (e.g., filling of the pit and removal of WRD) due to loss 
of habitat.  However, the proposed development within the Cobbler sub-basin is considered likely to have an 
acceptable level of impact on the ecological integrity of the Lake Cowan system as a whole, so long as 
consideration is given to potential cumulative impacts arising from further future disturbance on Lake Cowan.   
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1.  INTRODUCTION  

1.1 PROJECT OVERVIEW AND BACKGROUND  

In May 2019 Pantoro South Pty Ltd (Pantoro) and the Central Norseman Gold Corporation Pty Ltd (CNGC) 
announced a joint venture in the operation of the Norseman Gold Project (NGP) located in the Eastern Goldfields 
of Western Australia, at the town of Norseman (Figure 1).  Pantoro intend to develop the Scotia deposit which has 
a history of periodic mining (open cut and underground) since the 1890s, with two main pits still present on the 
site.  The development of the Scotia project requires the dewatering of these pits to facilitate mining, with the 
intention to discharge the water within the neighbouring Lake Dundas playa.  
 
In addition to developing the Scotia deposit, Pantoro is proposing to develop the Cobbler project (Cobbler), which 
involves the construction of a small open pit, causeway, flood bund and waste rock dump (WRD) on the Cobbler 
sub-basin within the larger Lake Cowan playa system. 
 
Approval is required for the discharge of surplus mine water into Lake Dundas and the development of the 
Cobbler project, which is the focus of the ecological risk assessment (ERA) detailed in this report. 

1.2 OBJECTIVES AND SCOPE  

MBS Environmental (MBS) was commissioned to undertake an ERA covering both the Scotia pit dewatering and 
the Cobbler development.  In the context of the Scotia pit dewatering this assessment characterised the 
physicochemical properties of the discharge water and considered the existing environmental values and condition 
of the receiving environment, to determine whether the discharge presented an unmanageable risk to lake 
ecosystem (i.e., condition of lake sediments, associated biota, and the general system health).  This assessment 
also considered the potential effects of the proposed development within the Cobbler sub-basin on loss of habitat, 
contribution of WRD seepage and runoff to the lake and alteration to the lake hydrology. 
 
The assessment is aligned with the guidance set out in:  

• Australian & New Zealand Guidelines for Fresh & Marine Water Quality Management Framework (ANZG, 
2018).  

• National Environment Protection (Assessment of Site Contamination) Measure 1999 Schedule B5a - 
Guideline on Ecological Risk Assessment.  

 
The scope of work for the ERA included:  

• A review of baseline studies (e.g., flora and vegetation surveys, fauna surveys, hydrogeological studies, 
etc.) that detailed the environmental context for the assessment.  

• An assessment of mine water quality results including comparison to relevant criteria (i.e., Tier 1 
assessment).  

• Identification of environmental values and sensitive receptors associated with the receiving environment.  

• An assessment of the potential risks to environmental receptors (i.e., sediment quality, flora, fauna) as a 
result of the release of water (e.g., volumes, potential contaminants, and stressors) into the environment 
(i.e., Tier 2 assessment), following the source-pathway-receptor principle and conceptual model approach.  

• Identification of management implications, based on the above, that should be considered when 
developing dewater discharge strategies and management plans.  

• A high-level assessment of potential risks to environmental values and receptors as a result of disturbance 
for the proposed Cobbler Pit, WRD, access causeway and flood bund on Lake Cowan.  
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1.3 ASSUMPTIONS AND L IMITATIONS OF THE ASSESSMENT  

The following key assumptions and limitations are pertinent to the assessment: 

• This ERA is a desktop assessment only with no associated field studies or site visit, other than those to 
inform baseline studies. 

• All data and reports provided to MBS were accurate and current. 
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Figure 1:  Map of Norseman Gold Project  
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2.  PROBLEM IDENTIF ICATION  

2.1 DEWATERING OF SCOTIA P IT  

2.1.1 Specifics of Proposed Discharge 

The Scotia mine deposit area currently comprises a partially backfilled pit, two flooded pits (North Scotia and 
South Scotia) and an underground mine which is accessed via a portal in the Scotia North pit.  The new Scotia pit 
(encompassing all three pits) will cover a disturbance area of approximately 1,140 m x 280 m x 160 m (length x 
width x depth) and include the excavation of a section of waste rock dump.   
 
It is anticipated that significant dewatering will occur over a three-year period, after which dewatering requirements 
are expected to significantly diminish due to the low predicted groundwater inflow rates.  Mine water is expected to 
be dewatered at a rates of between 20-23 L/sec, with discharge to Lake Dundas (Figure 2 and Figure 3) occurring 
at a slightly slower rate (18-21 L/sec) as a result of some of the mine water being used for dust suppression and 
road maintenance.  It is proposed that water will be discharged to a small embayment located 3 km to the north-
northwest of the Scotia deposit, and it is expected that discharge will drain in a northerly direction to an existing 
depression on the lake surface ('low spot') located within the northwestern extension of the main lake body (Figure 
3).  Water is likely to naturally impound at this location to a maximum depth of about 0.3 to 0.4 m before spilling to 
the southeast into the main body of the lake (GRM 2020a).   
 
Groundwater Resource Management performed a hydrological modelling assessment of different discharge 
regimes for the Scotia discharge (Table 1).  These regimes were utilised in this ERA in order to gain an 
understanding of the potential for the lake environment to be impacted by the discharge.  Important aspects of the 
hydrological model are as follows: 

• Infiltration rate: two rates (0.01 and 0.001 m/day) which were based on a combination of the predicted 
seepage into Lake Dundas sediments and the average pan to lake evaporation rate (monthly). 

• Salt balance: is coupled to the water balance, based on a pit lake and groundwater salinity of 300,000 
mg/L total dissolved solids (TDS), estimated as the sum of ions from recent pit lake water samples, and a 
rainfall runoff salinity of 25 mg/L.   

 
The values presented in Table 1 for lake volume, area and depth represent the maximum possible volume, area, 
and depth of the lake under each of the discharge scenarios.  The predicted inundation areas for are presented 
the four model scenarios in Appendix 1. 

Table 1:  Detai ls of  Scotia Pit  Dewatering Discharge Models  

Model Scenario 
(Run Number) 

Max 
Dewatering 
rate (L/sec) 

Max Lake 
Discharge 

Rate (L/Sec)  

Infiltration 
Rate (m/day) 

Lake 
Volume (ML)  

Lake Area 
(ha) 

Lake Depth 
(m) 

WB001 20.1 18 0.01 3.6 14.3 0.006 

WB002 20.1 18 0.001 20.6 82.4 0.035 

WB003 23.3 21.2 0.01 4.2 16.7 0.007 

WB004 23.3 21.2 0.001 23.9 95.8 0.04 
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Figure 2:  Map of Proposed Scotia  Pi t  Dewatering  
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Figure 3:  Locations of Discharge and Inundat ion Area ( af ter  GRM 2020a)  

 

2.1.2 Physicochemical Characteristics of Scotia Pit  Water 

Selected physicochemical properties of the Scotia pit water are detailed in Table 2.  Potential contaminants such 
as lead and zinc exceeded the default guideline values (DGVs) established under the Australia & New Zealand 
Guidelines for Fresh & Marine Water Quality (ANZG 2018) for 80th percentile species protection in saline 
environments when sampled at all depths, whilst only water from near the existing lake surface (1.5 m) contained 
copper concentrations exceeding the DGV.  Cadmium concentrations were also found to exceed the 95th 
percentile species protection DGV for saline environments. 
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Table 2:  Composit ion of Scotia Pi t  Water  

Analyte Units Marine DGV  
(80% Species 

Protection) 

Water Samples  Average 

1.5m  10m  20m  

pH pH Units N/A 7.2 7.3 7.3 7.3 

EC µS/cm N/A 242,000 240,000 242,000 241,333 

TDS* mg/L N/A 155,000 154,000 155,000 154,000 

Nitrate + Nitrite mg/L N/A 0.2 0.2 0.2 0.2 

Total Nitrogen mg/L N/A 1.2 0.2 0.2 0.5 

Total Phosphorus mg/L N/A 0.27 0.12 <0.1 0.2 

Antimony mg/L N.G <0.005 <0.005 <0.005 <0.005 

Arsenic mg/L N.G 0.02 0.02 0.02 0.02 

Cadmium mg/L 0.036 0.01 0.01 0.01 0.01 

Cobalt mg/L 0.15 0.01 0.01 0.01 0.01 

Chromium mg/L 0.085 <0.005 <0.005 <0.005 <0.005 

Copper mg/L 0.008 0.05 <0.01 <0.01 0.05 

Manganese mg/L N.G 0.38 0.28 0.31 0.32 

Mercury mg/L 0.0014 <0.0002 <0.0002 <0.0002 <0.0002 

Nickel mg/L 0.56 0.04 0.04 0.04 0.04 

Lead mg/L 0.012 0.18 0.18 0.18 0.18 

Selenium mg/L N.G 0.01 0.01 0.01 0.01 

Zinc mg/L 0.043 0.49 0.44 0.45 0.46 

Carbonate mg/L N/A <1 <1 <1 <1 

Bicarbonate mg/L N/A 97 95 99 97 

Calcium mg/L N/A 965 1040 982 996 

Chloride mg/L N/A 143,000 144,000 142,000 143,000 

Potassium mg/L N/A 588 600 592 593 

Magnesium mg/L N/A 9,040 9,310 9,290 9,213 

Sodium mg/L N/A 102,000 106,000 105,000 104,333 

Sulfate mg/L N/A 8,650 8,820 8,740 8,737 

Concentration exceeds DGV for 80th percentile (marine) species protection 

*TDS estimated from EC using a conversion factor of EC x 0.640. 

N.G. - No applicable guideline value 

2.1.3 Physicochemical Characteristics of Lake Dundas Playa  

The receiving environment for the proposed dewatering of the Scotia pits is Lake Dundas (Figure 1).  Lake 
Dundas is a large salt lake, with a surface area of approximately 280 km2, and a catchment area of approximately 
3,564 km2.  It is located in the Goldfields-Esperance regional administrative division of Western Australia, and the 
Coolgardie Interim Biogeographic Regionalisation for Australia (IBRA) region (WRM 2020a and references within). 
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Lake Dundas is characterised by open playa in the northern basin, which is approximately 10 km long and 2.7 km 
wide and drains north to south (WRM 2020a and references within).  The small basin (also referred to as an 
embayment, Figure 3) proposed as the receiving area for dewatering discharge is located at the southwestern 
corner of the northern basin.  It is approximately 0.59 km2 in area, 0.21 % of the total area of Lake Dundas, and 
drains in a northeast direction through a narrow (~80 m wide by 500 m long) channel into the north basin.  It is 
understood that this was the discharge location used by previous operators to release excess mine water to Lake 
Dundas (GRM 2020a).  The north basin discharges in a southeasterly direction into the main lake body.  The main 
body is approximately 40 km long and 14 km wide and features numerous small, low-lying, sparsely vegetated 
islands (WRM 2020a and references within). 
 
A shallow water table exists within about one metre of the lake surface (sediment surface).  Prior to rainfall, the 
lake typically has a crusted salt layer, typically a few centimetres thick, over the red-brown surface mud (WRM, 
2020a and references within).  During rainfall, even with little or no runoff to the lake, the crusted salts are 
dissolved, and some infiltration is likely to occur.  The consequence of the variable and intermittent nature of the 
inflows of surface water to Lake Dundas is that the salinity of any surface water in the lake will vary substantially.  
In general, it can be expected that major events would result in the formation of a large, continuous, freshwater, or 
brackish water body, which would gradually become saline through evaporation (WRM 2020a and references 
within).  Lesser rainfalls have the observed effect of developing discrete, shallow ponds in low areas of the lake.  
The salinity of the water which collects on the lake surface from these small events can be expected to vary 
considerably, according to the magnitude of the rainfall and the thickness of the salt crust which has been 
dissolved by the rain (WRM 2020a and references within).  
 
Details on the physicochemical composition of Lake Dundas surface water and sediments are presented in Table 
3 and Table 4 respectively. 
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Table 3:  Composit ion of Lake Dundas Surface Water  (2020)  

Analyte Units Marine DGV  
(80% Species Protection) 

Concentration Range 

pH pH Units N/A 7.2 - 8.2 

EC µS/cm N/A 136,000 - 226,000 

TDS* mg/L N/A 87,000 - 145,000 

Nitrate + Nitrite mg/L N/A <0.01 

Total Nitrogen mg/L N/A 0.8 - 1.9 

Total Phosphorus mg/L N/A 0.3 

Antimony mg/L N.G <0.005 

Arsenic mg/L N.G <0.02 

Cadmium mg/L 0.036 <0.002 

Cobalt mg/L 0.15 <0.005 

Chromium mg/L 0.085 <0.01 

Copper mg/L 0.008 <0.005 - 0.01 

Manganese mg/L N.G 0.02 - 0.23 

Mercury mg/L 0.0014 <0.005 

Nickel mg/L 0.56 <0.05 

Selenium mg/L N.G <0.02 

Zinc mg/L 0.043 <0.05 

Carbonate mg/L N/A <1 

Bicarbonate mg/L N/A 29 - 35 

Calcium mg/L N/A 574 - 845 

Chloride mg/L N/A 67,600 - 186,000 

Magnesium mg/L N/A 3,830 - 4,420 

Sodium mg/L N/A 37,200 - 115,000 

Sulphate mg/L N/A 5,560 - 8,110 

Concentration exceeds DGV for 80th percentile (marine) species protection 

*TDS estimated from EC using a conversion factor of EC x 0.640. 

N.G. - No applicable guideline value 
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Table 4:  pH, EC, Nutrient and Contaminant Status of Lake Dundas Sediments (2020)  

Analyte Units 

ANZG 
Sediment 

Quality Trigger 
Values (Low) 

Lake Dundas Sediment Samples (2020) 

LDP1 LDP2 LDP3 LDP4 LDP5 LDP6 LDP7 LDP8 

pH pH Units N/A 6.4 6.4 6.7 6.7 7.0 6.8 7.0 6.7 

EC µS/cm N/A 24,800 24,700 21,900 26,400 56,700 28,700 33,400 31,800 

Nitrate + Nitrite mg/kg N/A 4.7 1.6 <0.05 0.18 <0.25 <0.05 3.8 0.13 

Total Nitrogen mg/kg N/A 170 100 60 170 940 90 570 270 

Total 
Phosphorus 

mg/kg N/A 91 88 98 97 140 98 270 200 

Arsenic mg/kg 20 4.7 3.1 14 6.5 4.5 4.2 13 9.3 

Cadmium mg/kg 1.5 <0.05 <0.05 <0.05 <0.05 0.18 <0.05 <0.05 <0.05 

Chromium mg/kg 80 37 51 59 27 29 21 90 61 

Cobalt mg/kg N.G. 5 5.1 11 5 7.3 11 15 12 

Copper mg/kg 65 12 15 25 9.5 16 17 31 25 

Mercury mg/kg 0.15 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 

Nickel mg/kg 21 16 15 17 11 17 13 50 34 

Lead mg/kg 50 12 11 5.6 4.7 14 6.8 12 9.5 

Selenium mg/kg N.G. 0.53 0.59 0.46 0.27 0.28 0.12 0.34 0.21 

Zinc mg/kg 200 15 17 50 12 18 12 48 35 

Concentration exceeds ANZG sediment quality trigger value - Low 

Note: Location of individual sampling sites can be viewed in Figure 8. 

N.G. - No applicable guideline value 

 



PANTORO SOUTH PTY LTD  NORSEMAN GOLD MINE 

  SCOTIA DEWATERING DISCHARGE AND COBBLER PIT DEVELOPMENT ERA 

Pantoro NGP ERA Report.docx 11 

2.1.4 Potential Ecological Risks Associated with Mine Dewatering  

Mine dewatering activities have the potential to significantly impact salt-lake environments and their associated 
ecosystems.  A brief description of these potential impacts is presented below in Table 5 whilst a simplified 
conceptual schematic diagram for the site is presented in Figure 4. 

Table 5:  Summary of Potent ial  Environme ntal  Effects of Mine Dewatering  

Environmental Component Key Impacts 

Lake Surface Water 

• Metal contamination 

• Salinisation  

• Increased turbidity 

Sediment 

• Metal contamination 

• Salinisation 

• Erosion 

Groundwater 
• Metal contamination 

• Salinisation 

Lake Hydrology 
• Flooding 

• Altered flow pathways 

Aquatic Organisms 

• Toxicity (metals and salt) 

• Loss of habitat 

• Altered habitat 

Regional Fauna 

• Toxicity (metals and salt) 

• Food web disruption 

• Loss/alteration of habitat 

Riparian Vegetation 

• Toxicity (metals and salt) 

• Inundation from flooding 

• Loss/alteration of habitat 

Stygofauna • Toxicity (metals and salt) 

 



PANTORO SOUTH PTY LTD  NORSEMAN GOLD MINE 

  SCOTIA DEWATERING DISCHARGE AND COBBLER PIT DEVELOPMENT ERA 

Pantoro NGP ERA Report.docx 12 

 

Figure 4:  Conceptual  Site Model  of  Scotia Pi t  Dewatering  

 
 

2.2 DEVELOPMENT OF COBBLER P IT  AND CREATION OF WRD 

2.2.1 Specifics of Proposed Project  

Pantoro intend to develop the Cobbler gold deposit located in the south of Lake Cowan, 4 km northwest of the 
Norseman town site.  The Cobbler deposit lies within a 33 km2 playa sub-basin (hereafter called the Cobber sub-
basin), segregated from the main body of Lake Cowan by the Coolgardie-Norseman Highway causeway (Figure 
5).  The development of the Cobbler deposit will require the excavation of a pit and establishment of a WRD on 
the playa surface within a project area of approximately 3.5 km2.  The Cobbler pit will be excavated to a depth of 
approximately 77 m below ground level (mbgl) (262 - 185 mRL), which will include the excavation of approximately 
974,000 tonnes of ore and 2,380,000 bulk cubic metres (BCM) of waste, approximately 7% of which will comprise 
sediment (176,000 BCMs).  The bulk of the extracted sediment and waste rock will be deposited in the WRD 
which will cover a disturbance area of 36 ha.  The WRD will be built to a height of 12 m with sediments 
encapsulated within the WRD to minimise sediment runoff and dispersion. 
 
Mine pit dewatering discharge will be piped north to discharge in the existing Pandoro Project Lake Cowal 
discharge facility (Figure 6).   
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Figure 5:  Cobbler  Project  -  Proposed Site Layout  
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Figure 6:  Cobbler Project Mine Dewater ing Discharge Infrastructure   
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2.2.2 Physicochemical Characteristics of Cobbler Sub-basin 

The Cobbler sub-basin and surrounding catchment area have previously been subjected to anthropogenic 
activities and development, resulting in ground disturbance to the playa surface and catchment area (WRM 2020b 
and references within).  Approximately 2 km southeast of the Cobbler project area, several water harvesting 
trenches and old tailings storage facilities are present, which were associated with an old mine processing plant.  
Pits related to the Abbotshall Mine, which last operated around 1997, are located 400 m from the southern edge of 
the sub-basin and 8 km south of the Cobbler project area (WRM 2020b and references within).  The Norseman 
town site is located on the eastern side of the sub-basin, and its proximity and position within the catchment may 
influence water and sediment quality via stormwater runoff, as well as encouraging recreational vehicle use on the 
playa.  There is also an airport runway located on the eastern side of the playa adjacent to the town, and a 
causeway road (Mort Harslett Drive) which crosses the playa in an east to west direction, 2 km south of the 
Cobbler project area (WRM 2020b and references within). 
 
Details of selected physicochemical properties of Cobbler sub-basin sediments are presented in Table 6.  No 
surface water was present in the basin at the time of sampling (mid-2020) and thus recent surface water data is 
not available. 

2.2.3 Physicochemical Characteristics of Lake Cowan Playa  

The Lake Cowan catchment is internally draining (endorheic); therefore, water is not discharged to another water 
body such as a river or the ocean, but it is retained within the lake, with water loss via seepage into groundwater 
or evaporation (Umwelt 2018).  Lake Cowan has a surface area of approximately 1,800 km2, the total water 
storage volume is estimated at 7,200 GL, and the catchment area is estimated at 4,460 km2, comprising 
numerous creeks and small wetlands that drain into the lake.  The topography of the catchment comprises gently 
undulating plains, with occasional stony ridges and hills.  Sediments beneath the lake are primarily red- brown 
silts, clays, sands, and gravels of up to 26 m thick, whilst the lake margins contain dune deposits of quartz sand 
and gypsum (Anand & Paine 2002).  Archaean granitoid rocks underlie playa lake sediments, and mafic and 
ultramafic dykes intrude in some areas (Anand & Paine 2002).  
 
Lake Cowan, including the Cobbler sub-basin, has an irregular flooding regime, related to the semi-arid climate of 
the region.  The lake may become inundated after intense winter rains or ex-tropical lows over the summer 
months.  Monthly rainfall exceeding 100 mm is required to generate a flood event (Aquaterra 2006), which 
approximates to a 100 year ARI event lasting at least 12 hours (GRM 2020b).   
 
Details of selected physicochemical properties of Lake Cowan sediments are presented in Table 7. 
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Table 6:  pH, EC, Nutrient and Contaminant Status of Cobbler  Sub -Basin Sediments (2020)  

Analyte Units 
ANZG Sediment 
Quality Trigger 
Values (Low) 

CBP1 CBP2 CBP3 CBP4 CBP5 CBP6 CBP7 Average 

pH pH units N/A 6.8 6.8 6.7 7.1 7.1 7.0 7.0 7.0 

EC µS/cm N/A 25,400 21,900 25,500 25,000 25,600 23,300 24,200 24,414 

Nitrate + Nitrite mg/kg N/A 1.6 0.2 0.2 1.0 1.0 1.0 1.8 1.0 

Total Nitrogen mg/kg N/A 310 190 210 420 500 370 430 347 

Total Phosphorus mg/kg N/A 63 53 88 77 57 66 82 69 

Arsenic mg/kg 20 4 4 5 4 7 5 7 5 

Cadmium mg/kg 1.5 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 

Chromium mg/kg 80 89 81 110 72 59 75 86 82 

Cobalt mg/kg N.G 11 9 12 8 7 8 11 9 

Copper mg/kg 65 18 16 18 13 11 14 17 15 

Mercury mg/kg 0.15 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 

Nickel mg/kg 21 42 38 41 27 23 30 40 34 

Lead mg/kg 50 2.1 1.8 2.2 2.6 1.9 2.1 2.4 2.2 

Selenium mg/kg N.G 0.16 0.13 0.18 0.2 0.16 0.19 0.2 0.2 

Zinc mg/kg 200 18 14 20 15 12 16 20 16 

Concentration exceeds ANZG sediment quality trigger value - Low 

N.G. - No applicable guideline value 
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Table 7:  pH, EC, Nutrient and Contaminant Status of Lake Cowan Playa S ediments (2020)  

Analyte Unit 
ANZG Sediment 
Quality Trigger 

Values 

Impacted Sites Control Sites 

CM1 CM2 CM3 CM4 CM5 CM6 CM7 

pH pH units N/A 8.3 8.3 8.1 7.5 7.1 6.8 8.4 

EC µS/cm N/A 41,400 63,700 75,400 49,600 51,200 20,200 31,200 

Nitrate + Nitrite mg/kg N/A 0.07 0.1 0.09 0.09 0.08 1.2 0.07 

Total Nitrogen mg/kg N/A 170 1130 740 250 <50 <50 250 

Total Phosphorus mg/kg N/A 160 160 110 110 64 34 88 

Arsenic mg/kg 20 (low); 70 (high) 8 21 7.3 4.9 8.4 1 3.1 

Cadmium mg/kg 1.5 (low); 10 (high) <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 

Chromium mg/kg 80 (low); 370 (high) 150 140 96 120 120 300 120 

Cobalt mg/kg N.G. 20 26 16 13 12 12 17 

Copper mg/kg 65 (low); 270 (high) 33 45 29 17 17 10 32 

Mercury mg/kg 0.15 (low); 1 (high) 0.03 0.07 0.03 <0.02 <0.02 <0.02 <0.02 

Nickel mg/kg 21 (low); 52 (high) 53 68 43 39 24 52 45 

Lead mg/kg 50 (low); 220 (high) 7.4 13 5.8 4.1 4.3 2.7 5.5 

Selenium mg/kg N.G. 0.29 0.5 0.41 0.21 0.54 0.1 0.37 

Zinc mg/kg 200 (low); 410 (high) 42 89 44 33 22 19 76 

 Concentration exceeds ANZG sediment quality trigger value - Low 

 Concentration exceeds ANZG sediment quality trigger value - High 

N.G. - No applicable guideline value 
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2.2.4 Potential Ecological Risks Associated with Pit Construction  

Pit excavation, waste sediment deposition and infrastructure development for the project has the potential to 
impact the aquatic ecological values of the Cobbler sub-basin within and adjacent to the project area.  A brief 
description of these potential impacts is presented below in Table 8 and a simplified conceptual schematic 
diagram for the site is presented in  
Figure 7. 
 

Table 8:  Summary of Potent ial  Environmental  Effects of the Cobbler  Develop ment  

Process Key Impacts 

Pit Development 

• Altered Lake Hydrology 

• Habitat Loss (within and surrounding lake) 

• Increased Groundwater Seepage 

Translocation of Sediments 

• Sediment and Groundwater Contamination 

• Habitat Loss/Alteration 

• Altered Lake Hydrology 

Construction Activities 
• Altered Lake Hydrology 

• Habitat Loss/Alteration (within and surrounding lake) 

 
 

 

Figure 7:  Conceptual  Site Model  of  Proposed Cobber Sub -Basin Development  
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3.  ENVIRONMENTAL SETTING  

3.1 LOCALITY  

The NGP is located near the town of Norseman in the Eastern Goldfields Region of Western Australia.  The 
operation is located within the Shire of Dundas Local Government Area of the Goldfields-Esperance Region.  
(Figure 1). 

3.2 CLIMATE  

The NGP is located in an arid climatic zone which has an annual average rainfall of approximately 289 mm/year 
(Chart 1).  Rainfall is fairly constant across the year with between 20-30 mm falling on average each month.  
Rainfall during winter months is more reliable seasonal rain compared with that of the summer months, which is 
less frequent and results from remnants of tropical cyclones that occur in the north of the state during this period.  
Average temperatures are highest in January-February (15.9 - 32.6 ºC) and lowest during July (5.1 - 16.8 ºC) 
(BOM 2020). 
 

 

Chart 1 :  Cl imate Stat is t ics for  Norseman (012065) f rom 1897 -2012 

3.3 GEOLOGY  

The NGP is located within the Goldfields Province of the Yilgarn Craton and is typified by north-west trending belts 
of greenstone and local gneissic rocks, intruded by granitoid rocks of Archaean age.  Both are intruded by large 
east-west dolerite dykes of Proterozoic age.  Overlying the hard rock are alluvial, colluvial, eolian or lacustrine 
deposits of Cainozoic age (Biota 2020 and references within). 
 
Six geological units exist within the immediate discharge location (Scotia dewater) at Lake Dundas, which include 
(Biota 2020 and references within): 
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• Quartz sand and gypsum dune deposits - 46% (of project area) 

• Saline and gypsiferous evaporite deposits interbedded with sand and clays - 36% 

• Lake Dundas monzogranite - 8% 

• Colluvium (sand, gravel, soil) - 6 % 

• Banded iron formation - 3% 

• Clastic and sedimentary rocks - 1% 
 
The geology at the Cobbler deposit is located along the contact between the Talbot Island ultramafic unit 
composed of amphibolite, with talc and chlorite alteration, and a mafic footwall unit.  A porphyry intrudes along and 
into the mafic unit towards the Jimberlana dyke to the north, which cross cuts the mafic at depth.  A shear zone 
coincides with the contact between the ultramafic and mafic units.  Gold mineralisation is related to echelon shoots 
primarily in the mafic unit.  The bedrock sequence is overlain by a 5 m thick veneer of Tertiary clay lacustrine 
sediments (Biota 2020 and references within). 

3.4 HYDROLOGY AND HYDROGEOLOGY  

The NGP is located within the Balladonia Catchment (area 34,810 km2) in the south-central part of the internally 
draining Salt Lake Basin No. 24 (area 441,000 km2) which extends across much of central Western Australia.  The 
Salt Lake Basin comprises several large salt lake drainage systems that extend from a regional divide to the west 
of Wiluna Sandstone and either drain into Ponton Creek (Raeside and Rebecca system) or terminate at the edge 
of sand plains (Carey/Minigwal system).  These drainages have very low gradients and contain variably sized 
large playa lakes.  The lakes may fill following occasional intense rainfall as a result of tropical cyclones or 
depression related events, which are estimated to affect the area every fifteen years or so (GRM 2020a).  
 
The most significant hydrological features in the vicinity of the NGP are Lake Cowan to the north of Norseman and 
Lake Dundas to the south as shown in (Figure 1).  These endorheic salt lakes drain a combined catchment area of 
about of 15,225 km2, with Lake Cowan having a surface area of some 1,800 km2 with few islands and Lake 
Dundas having a surface area of about 280 km2 and comprising about 75 km2 of islands. 
 
The Lake Cowan lakebed has a nominal surface elevation of about 265 mAHD in the northern part of NGP, while 
typical elevations on Lake Dundas are about 245 mAHD.  Surface gradients are very low over the lakes (typically 
less than 0.01%).  Similarly, the land adjoining the lake is also relatively flat with average slopes of less than 1%.  
The natural surface water flow direction on both lakes is from north to south, which is contrary to the groundwater 
flow direction. 
 
Although local drainage is towards Lake Cowan and Lake Dundas, there are no major river systems in the vicinity 
of the NGP deposits and much of the runoff from local catchments reports to the lakes by a combination of shallow 
sheetflow and channelized flow via minor creeks and watercourses.  The Lake Dundas catchment area covers 
some 3,564 km2 and comprises a variety of land surface types.  It is located low in the landscape, with lakebed 
elevations of between 240 and 245 mAHD.   
 
Observations of Lake Dundas suggest that subtle bed topography may act to localise and direct runoff into 
shallow, discrete sub-basins, which is typical of such lakes.  Although water level data are not collected over Lake 
Dundas, anecdotal information suggests that maximum flooding depths in the order of 0.5 to 1.0 m are credible, 
though typically they are significantly less, in the order of a few hundred millimetres (GRM 2020a and references 
within).   
 
There is little hydrogeological information for the Cobbler deposit, although groundwater exploration work has 
been recently commissioned by Pantoro with the final outcomes and report currently pending.  However, 
conditions are expected to be similar to those encountered at the historic HV1 mine pit, which is also located on 
Lake Cowan, about 6 km north northeast of Cobbler.  The hydrogeology at the HV1 pit is dominated by fractured 
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rock aquifer related to Archean bedrock regional structures and mineralised shears (Central Norseman Gold 
Corporation 2000). 
 
Hydrogeological mapping of the area shows the location of the Cowan palaeochannel which connects Lake 
Cowan to Lake Dundas to the south and extends northwards towards the Lefroy palaeochannel.  Under normal 
conditions, the lake would be expected to act as a regional groundwater sink with the water table levels beneath 
the lake being lower than the levels in the surrounding groundwater environment.  However, under flood 
conditions the hydraulic gradient may be reversed resulting in groundwater outflow from the lake, particularly 
within the higher permeability palaeochannel sands (GRM 2020a and references within). 

3.5 ECOLOGY  

3.5.1 Vegetation 

Pantoro commissioned Biota Environmental Sciences (Biota) to undertake a baseline flora and vegetation 
assessment of areas that may be impacted by the activities and development (primarily dewatering and discharge) 
associated with the Scotia Gold Mine.  The assessment consisted of both a field survey and a desktop review that 
focused on a 248-ha area comprising salt flats and littoral vegetation within the anticipated disturbance area. 
 
The field survey and desktop review were conducted by two botanists in mid-August 2020.  The field survey 
included quadrat sampling (ten standard 20 x 20 m flora quadrats), mapping of vegetation types and vegetation 
condition, and targeted searches for significant flora (native and introduced) while traversing the site on foot.  The 
study area was focused on the embayment of Lake Dundas where Pantoro propose to discharge of mine water 
from Scotia (shown in Figure 3).  Data from a previous flora and vegetation assessment undertaken by Mattiske 
(2000) were also reviewed. 
 
Seven vegetation types were identified within the study area which include: 

• MS: Melaleuca tall open shrubland - 18% of project area. 

• E2: Eucalyptus open forest over Exocarpos, Cratystylis low open shrubland - 14% of project area. 

• E1: Eucalyptus open forest over Alyxia, Oleara shrubland over Lepidosperma sedgeland - 13% of project 
area. 

• E3: Eucalyptus (Mallee) open woodland over Melaleuca, Acacia, Eremophila and Grevillia shrubland - 7% 
of project area. 

• E4: Eucalyptus open forest over Melaleuca tall open shrubland over Senna, Acacia open shrubland - 7% of 
project area. 

• E5: Eucalyptus open forest over Cratystylis, Eremophila open shrubland and low Chenopodiaceae shrubs - 
5% of project area. 

• SS: Samphire shrubland - 2% of project area. 

• SL & RT: Salt lake bed and roads and tracks (non-vegetated) - 35% of project area. 
 
The five different Eucalyptus open forest vegetation types (E1 to E5) were present as a mosaic on plains 
surrounding the lake; these encompassed differing dominant Eucalypt species in the tree canopy and slight 
changes in dominant mid and lower levels.  The MS vegetation type occurred along the salt lake margins, with 
three small SS (samphire shrubland) areas scattered through the site.   
 
The majority of the study area (150.7 ha, or 60.7%) was comprised of ‘pristine’ vegetation condition with no signs 
of human disturbance or presence of introduced flora.  Less than 5% of the study area was rated as ‘excellent’ 
(the E5 vegetation type only) due to the presence of the weed, Pentameris airoides.  The non-vegetated salt lake 
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bed, covering just over a third of the study area, was not assigned a condition rating due to it being naturally non-
vegetated. 
 
Database and physical surveys of the project area confirmed the absence of threatened ecological communities 
(TECs) or priority ecological communities (PECs).  The nearest known PEC is located approximately 12 km north, 
namely the Priority 1 Allocasuarina globosa assemblages on greenstone rock, which was not recorded in the 
study area. 
 
A total of 136 native vascular flora taxa from 68 genera and 41 families were recorded from the study area.  In 
addition, one introduced flora species (Pentameris airoides) was recorded.  No Commonwealth listed threatened 
flora were found within the study area; however, one State listed priority species was recorded, Eremophila 
purpurascens (Priority 3).  Two plants were recorded at two separate locations in the E5 vegetation type.  These 
records are over 70 m from the salt lake margin on a raised hill crest and are highly unlikely to be impacted by the 
proposed dewatering activities.  One potential State-listed Priority species, Lepidosperma lyonsii (Priority 1), was 
not able to be confirmed through the formal identification process as the taxonomic revision for the genus is not 
yet complete.  A small population of this species was found within the MS vegetation type along the central 
western edge of the study area. 
 
Earlier in 2020 (March) Mattiske Consulting Pty Ltd (Mattiske) was commissioned to undertake an assessment of 
the flora and vegetation present within the NGP, including a review of previous assessments in the area.  The 
assessment included a review of database and survey data for the Cobbler project area, which covered areas to 
be disturbed for the proposed construction of the Cobbler pit, WRD, causeway and an island located to the west of 
the proposed Cobbler pit location (Figure 5). 

 
Within the Cobbler survey area, the review indicated: 

• A total of 89 vascular plant taxa and 15 vegetation communities are present or potentially present. 

• No Threatened flora species are indicated as present. 

• Four Priority flora species are potentially present or found nearby: 

− Eucalyptus websteriana subsp. Norsemanica (P1) 

− Grevillea phillipsiana (P1) 

− Micromyrtus papillosa (P1) 

− Notisia intonsa (P3) - located 500 m northwest of Cobbler survey area. 

• One introduced flora species. 

• No TECs were found to have the potential to occur. 
 
The Priority species identified are unlikely to be directly affected by disturbances relating to the proposed Cobbler 
development on Lake Cowan since they are typically found on rocky rises or outcrops (E. websteriana, M. 
papillosa) and granite hills (G. phillipsiana).  Notsia intonsa, an annual herb found in brown saline loams, was 
found on the western fringe of the lake (Mattiske 2020) where is not expected to be directly impacted if present. 

3.5.2 Aquatic Biota 

Aquatic biota communities were assessed for both Lake Dundas and the Cobbler Sub basin (plus the greater Lake 
Cowan) by Wetland Research & Management (WRM) in July 2020. 
 
Seven diatom species and two aquatic biota resting stage taxa were recorded from the Lake Dundas sampling 
sites (Figure 8).  The most widespread and abundant species was Navicula aff. incertata, which was detected at 
all eight sites, and was highly abundant within the proposed inundation area.  Hantzschia amphioxys was the 
second most abundant diatom and was present at all small basin/west side sites but was not detected from the 
east side north basin sites.  Both of these species are known to have broad tolerances to environmental variations 
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and have been commonly recorded in Goldfields salt lakes (WRM 2020a plus references within).  Navicula aff. 
incertata is one of the dominant diatom species found in Coolgardie region salt lakes, the other being Amphora 
coffeaeformis, which was not detected at Lake Dundas in July 2020.  Navicula sp. 1, recorded at LDP1 and LDP2, 
and Navicula sp. 2, recorded from LDP2, been detected previously at Lake Lefroy (WRM 2020a plus references 
within).  Hantzachia virgata and Pinnularia sp., recorded at LDP3 and LDP4, and Luticola sp., recorded at LDP3, 
have also been recorded during the Lake Lefroy surveys (WRM 2020a plus references within).  Seven diatom 
species were recorded from Lake Dundas sediment samples collected in July 2020.  Diatom diversity and 
abundance was notably higher among the small basin/west side north basin sites compared to the east side of 
north basin.  This variation may be related to the higher proportion of mud and greater sediment moisture content 
at the east side sites, conditions that have been associated with lower diatom abundance.  All seven diatom 
species recorded in this survey have been collected elsewhere in the Goldfields region 
 
Two aquatic biota resting stage taxa were recorded at Lake Dundas: the antheridia of Chara charophyte algae and 
cysts of Parartemia brine shrimp.  Both taxa were recorded within the small basin and in the greater Lake Dundas 
north basin.  Abundance was low in the small basin compared to north basin sites, LDP5 and LDP6, where 
productivity appeared to be high, likely supported by the persistence of water in this area.  No aquatic biota 
species recorded in July 2020, nor any aquatic biota recorded during previous surveys, are currently listed on the 
DBCA (Department of Biodiversity, Conservation and Attractions) Threatened and Priority Fauna Rankings.   
 
The major outcome from the WRM report was that dewatering discharge operations pose a low risk to the 
receiving environment within the small basin, and a very low risk to the greater Lake Dundas ecosystem.  The 
small basin does not appear to support a distinct aquatic biota assemblage, in the context of the greater Lake 
Dundas ecosystem and other Goldfields salt lakes.  There will inevitably be some localised impacts on biota at the 
discharge zone, which will decrease in intensity with distance from discharge.  Any effects are, however, likely to 
be short-term as the maximum discharge is expected to last no longer than three years (Section 2.1.1), after which 
the requirement for ongoing discharge will decrease substantially. 
 
The baseline ecological assessment of the Cobbler sub-basin playa environment indicated that the ecological 
values of the area are likely “low” in significance.  Diatom and aquatic biota resting stage taxa richness at Cobbler 
were consistent with previous studies conducted in Lake Cowan and in nearby lakes.  Four diatom species 
(Ampora coffeaeoformis, Hantzschia amphioxys, Navicula aff.  incertata, and Navicymbulla pusilla), one algae 
taxon (Chara spp.) and one crustacea taxon (Parartemia spp.) were recorded from Cobbler sediment samples 
collected in July 2020, across the seven survey sites.  All of these taxa have been recorded from Lake Cowan in 
previous surveys.  Biota diversity and abundance was notably higher among the southern sites in the survey area 
compared to the northern sites (Figure 8), though there did not appear to be any association between sediment 
quality and biota diversity or abundance.  This is typical of salt lake biota, particularly diatoms, which are known to 
naturally exhibit a highly random and patchy distribution (WRM 2020b plus references within).   
 
WRM also concluded that the excavation of the playa surface and placement of waste dumps will disturb aquatic 
biota resting stages and diatoms within the project area, and post-mine recovery in areas of high disturbance is 
unlikely without extensive rehabilitation activities (e.g. filling of pit/s, removal of waste dumps).  Stormwater runoff 
from WRDs may carry and deposit minerals into the wider sub-basin area, altering the playa surface sediment and 
water quality, which may affect the emergence and replenishment of aquatic biota resting stages.  Sedimentation 
from waste dumps may also disrupt the integrity of biological soil crusts and algal mats and bury diatom 
communities (WRM 2020b plus references within).  
 
However, if all reasonable precautions are undertaken to limit the loss of eroded sediments to the surrounding 
environment, and if the concentrations of any chemical stressors in the WRD sediments are below the ANZG 
(2018) DGV-low trigger values, then the risk to remainder of the sub-basin would be low.  Additionally, the 
ecological values of sub-basin outside of the project area, that are not anticipated to be exposed to ground 
disturbance, have the potential to recover from possible sediment quality changes following rainfall and flushing 
events (WRM 2020b plus references within). 
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3.5.3 Fauna 

Salt lakes within the Goldfields region of Western Australian are known to be a periodic habitat for avifauna, 
generally during periods of inundation.  It is, however, widely accepted that salt lakes do not provide a permanent 
habitat for these organisms.  A wetland significance, the Rowles Lagoon system, is located in the Coolgardie IBRA 
region, around 230 km north northwest of Lakes Dundas and Cowan in the Rowles Lagoon Conservation Park.  
Up to 41 species of waterbirds, including eight species protected under international agreements (i.e., Japan-
Australia Migratory Bird Agreement (JAMBA), China-Australia Migratory Bird Agreement (CAMBA), Republic of 
Korea Migratory Bird Agreement (ROKAMBA), Bonn Convention), have been recorded using Rowles Lagoon 
(WRM 2020a and references within).  Given the relative proximity of this wetland to the Lake Dundas/Cowan 
systems it is likely that some of these species could inhabit Lake Dundas and the study area during periods of 
inundation.  However, given the sporadic nature of standing water on Lake Dundas/Cowan and the availability of 
other habitats, it is almost certain that the proposed dewatering and construction activities would have little impact 
on avian populations (WRM 2020a and references within). 
 

 

Figure 8:  Aquat ic Biota  Sampling /Survey Points Within Lake Dundas  
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4.  ECOLOGICAL RECEPTORS AND CONTAMINANTS OF 

POTENTIAL CONCERN  

4.1 ECOLOGICAL VALUES AND RECEPTORS  

Three main environmental values were identified that have the potential to be impacted by the proposed 
developments, which include: 

• Sediment quality and benthic habitat 

• Surface water quality and distribution 

• Groundwater quality and distribution 
 
In addition, biota that inhabit the lake system have the potential to be impacted by the proposed discharge.  Based 
on ecological survey data, three key receptor groups were identified: 

• Aquatic and benthic algae and invertebrates 

• Transient avifauna 

• Riparian vegetation 

4.2 CONTAMINANTS OF POTENTIAL CONCERN  

Contaminants of potential concern (CoPCs) were identified based on the data presented for the Scotia pit water 
(Table 2), Lake Dundas surface water (Table 3), Lake Dundas sediments (Table 4) and Cobbler sub basin 
sediments (Table 6). Broadly, CoPCs could be divided into three groups: environmental stressors (e.g., pH, 
salinity, sulfates); nutrients (nitrogen, phosphorus) and metals/metalloids (listed in Table 2).  
 
Preliminary assessments indicated that the majority of CoPCs in the 'stressor' group are not of immediate 
concern.  For example, pH values were near-neutral in discharge water, salinity was within the typical range 
observed in salt lake environments and chloride:sulfate ratios were approximately 16:1, suggesting a similar level 
of sulfate to that present naturally (DOW 2011). 
 
Similarly, nutrients such as nitrogen and phosphorus were found in concentrations that are 'typical' of those in WA 
salt lake ecosystems (DOW 2009).  Given that biological production is generally limited in salt lakes as a 
consequence of the high salinity, significant environmental effects associated with excessive algal growth are 
unlikely. 
 
Metals and metalloids were considered a CoPC if they exceeded ANZG (2018) guideline values either in 
discharge water and surface water (80% species protection default guideline values (DGVs) for marine/saline 
environments) or where discharge is likely to result in sediment concentrations exceeding 'low' or 'high' sediment 
quality trigger values (ANZG 2018).  CoPCs were determined for both the proposed Scotia dewater discharge and 
Cobbler development as detailed in Table 9 
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Table 9:  Detai ls of  Contaminants of Potentia l  Co ncern  

Activity Element Source Rationale 

Scotia Pit Dewatering 

Lead Discharge Water 
Lead concentration in discharge water up to 15-
fold higher than DGV. 

Zinc Discharge Water 
Zinc concentration in discharge water up to 11-
fold higher than DGV. 

Copper 
Discharge Water    
Lake Surface Water 

Copper concentrations up to 6-fold higher than 
DGV in discharge water and 1.25-fold higher in 
surface water. 

Chromium Lake Sediments 
Chromium concentrations exceed low DGV at one 
of eight sample sites. 

Nickel Lake Sediments 
Nickel concentrations exceed low DGV at two of 
eight sample sites. 

Cobbler Development 
Chromium Lake Sediments 

Chromium concentrations exceed low DGV at four 
of seven sample sites. 

Nickel Lake Sediments 
Nickel concentrations exceed low DGV at all 
seven sample sites. 

4.3 PWATER AND SEDIMENT QUALITY CRITERIA  

Surface water and sediment quality was assessed using the Australian & New Zealand Guidelines for Fresh & 
Marine Water Quality Management Framework  and guidelines for saline water and sediment quality, respectively 
(ANZG 2018).  Salt lake environments are typically hypersaline environments and Lakes Cowan and Dundas have 
been previously impacted by mining activity and infrastructure development (Section 2.1.3 and 2.2.3) and are 
therefore consistent with 'high disturbed systems' as detailed in ANZG (2018).  Correspondingly, the 80% species 
protection DGVs were utilised throughout this assessment for risks associated with contaminated surface water.  
The water quality DGVs and sediment quality trigger values (low and high) are presented in Table 10. 

Table 10: Adopted Water and Sediment  Quali ty Guidel ine Values  

Element 

Water Quality Guidelines - 
Saline/Marine Ecosystems (mg/L) 

Sediment Quality Guidelines (mg/kg) 

80% Species Protection DGV Low Trigger High Trigger 

Antimony N.G. 2 25 

Arsenic N.G. 20 70 

Cadmium 0.036 1.5 10 

Chromium 0.085 80 370 

Cobalt 0.15 N.G N.G 

Copper 0.008 65 270 

Lead 0.012 50 220 

Mercury 0.0014 0.15 1 

Nickel 0.56 21 52 

Zinc 0.043 200 410 

N.G. - No applicable guideline value 

Values outlined in the Australian & New Zealand Guidelines for Fresh & Marine Water Quality Management Framework 
(ANZG, 2018) 
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5.  ECOLOGICAL R ISK ASSESSMENT CRITERIA  

5.1 METHODOLOGY  

The assessment was completed with consideration of the International Standard ISO 31000:2018 - ‘Risk 
Management – Guidelines’ (ISO 2018).  Risk was determined based on an assessment of the consequence and 
likelihood of a potential impact using procedures summarised below: 

• Prioritise the lists of receptors, CoPCs and release scenarios to identify those combinations critical to 
achieving the environmental outcomes expected by key stakeholders. 

• Establish ‘base case’ setting for each scenario combination assessed.  These conditions typically relate to 
design specifications of infrastructure, aspects of the Mine Closure Plan and results from baseline studies. 

• Establish appropriate scenarios for sensitivity analysis, where necessary, whereby the variable conferring 
the most substantial influence on the potential ecological outcomes is modified to reflect a ‘worst case’ 
situation.   

• Undertake assessment of inherent risks, based on base case conditions, for each scenario. 

• Identify appropriate mitigation measures for control of unacceptable inherent risks and assess residual risk. 

• Recommend alternative potential mitigation measures and identify requirements for further investigation to 
address any unacceptable residual risks if necessary. 

5.1.1 Consequence Scale 

Several aspects were considered in determining the consequence of each potential impact, including: 

• Type of impact (direct or indirect). 

• Geographic extent, size, and scale.  

• Duration, frequency, and reversibility of the potential impact. 

• Whether the potential impacts are from planned or unplanned events.  

• Sensitivity of the receptor/resource and the value of the receptor/resource.   

The consequence ratings for impacts to ecological function of each receptor site varied from Insignificant, through 
to Catastrophic as defined in Table 11.  

Table 11: Risk Assessment Consequence Scale  

Descriptor Explanation 

Insignificant 
Minor changes to water and/or sediment quality, but no measurable changes to species 
diversity and ecosystem function. 

Minor 
Minor changes to water and/or sediment quality, but only short term (e.g., during periods of 
drought or after pit overtopping), reversible impacts to sensitive species.  No impact to 
ecosystem function. 

Moderate 
Minor to moderate, short term changes to water and/or sediment quality (e.g., during 
periods of drought).  Some short-term chronic impacts to sensitive species.  Minor short-
term impacts to ecosystem function. 

Major 
Moderate to short term major changes to water and/or sediment quality over extended 
periods.  Potential loss of sensitive species from acute impacts.  Minor longer-term impacts 
to ecosystem function. 

Catastrophic 
Major changes to water and/or sediment quality over extended periods.  Loss of key species 
due to acute or long-term chronic impacts.  Major changes to ecosystem function. 
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5.1.2 Likelihood Scale 

Likelihood reflects the probability of exposure to CoPCs resulting in potential harm (i.e., consequence) to sensitive 
receptors and, indirectly, ecosystem function.  Where practicable, likelihood was determined using quantitative 
information or data.  Definitions for likelihood are presented in Table 12.  

Table 12: Risk Assessment L ikel ihood Scale  

Descriptor Explanation 

Rare  Highly unlikely, but it may occur in exceptional circumstances 

Unlikely Not expected, but there is a slight possibility it may occur at some time 

Possible 
The event might occur at some time as there is a history of occurrence at similar 
projects. 

Likely 
There is a strong possibility the event will occur as there is a history of frequent 
occurrence at similar projects. 

Almost Certain 
Very likely.  The event is expected to occur in most circumstances as there is a 
history of regular occurrence at similar projects. 

5.1.3 Risk Rating 

Inherent and residual risk ratings were determined by assessing the likelihood and consequence of an impact 
before and after the application of mitigation or management measures.  The level of risk was determined using 
the matrix shown in Table 13. 

Table 13: Risk Level  Matrix  

Likelihood 
Consequences 

Insignificant Minor Moderate Major Catastrophic 

Rare  Low Low Medium Medium High 

Unlikely  Low Low Medium High High 

Possible  Low Low Medium High Extreme 

Likely Low Medium High Extreme Extreme 

Almost Certain Medium Medium High Extreme Extreme 
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6.  R ISK ASSESSMENT OF SCOTIA P IT  DEWATERING  
The potential impacts assessed in relation to discharge of Scotia pit water to Lake Dundas were: 

• Impacts on aquatic biota due to increased concentrations of CoPCs (copper, lead, and zinc) in surface 
waters. 

• Impacts on aquatic biota as a result of the accumulation of CoPCs (copper, lead, and zinc) in lake 
sediments. 

• Impacts on aquatic and terrestrial biota as a consequence of the discharge of hypersaline water into the 
lake. 

• Impacts on aquatic and terrestrial biota as a consequence of alterations to lake hydrology resulting from 
the discharge. 

6.1 SURFACE WATER QUALITY  

Potential contaminants such as copper, lead and zinc were present in the Scotia pit water (Table 2) at 
concentrations that were between 6-15-fold higher than the ANZG guideline values (80th percentile - saline 
environments, Table 10).  Sensitive organisms within the inundation area have the potential to impact surface 
water inhabiting organisms, particularly if there are periods of high evaporation that may concentrate CoPC 
concentrations in surface water, noting also that a significant proportion of the dewater would infiltrate into 
sediments.  Although these effects may have highly localised impacts on aquatic receptors, is it unlikely that they 
would be significant on an ecosystem scale given that: 

• The potential surface area to be inundated by dewater represents a very minor proportion of the system.  
The area impacted by dewatering is predicted to account for <0.5% (1.5 km2) of the total surface area (280 
km2) of Lake Dundas (Table 1).   

• The total volume of water that drains annually into Lake Dundas as a consequence of rainfall within the 
catchment is between 48,000 - 110,000 ML per year which significantly exceeds the expected volumes 
discharged from the Scotia pit, which will be approximately 670 ML per year.  Consequently, one or more 
significant rainfall events in the region will almost certainly dilute contaminants introduced to the lake from 
the discharge, significantly reducing the risk to aquatic organisms. 

6.2 SEDIMENT QUALITY  

Initial assessments of the composition of Lake Dundas sediments suggested that on the whole the sediments 
were not contaminated.  Naturally enriched level of nickel (20 to 25 mg/kg) in sediments is typical of mafic-derived 
clays and silts, based on previous experience.  Only two of eight sediment sampling sites (LDP7 and LDP8 which 
are beyond the northern extent of the proposed discharge area) were found to contain nickel concentrations 
exceeding the ANZG low trigger value (21 mg/kg), whilst one of these sites (LDP7) contained chromium. 
concentrations exceeding the ANZG low trigger values (Table 4)  Chromium and nickel concentrations in Scotia pit 
water are, however, very low and thus concentrations of both elements in lake sediments should remain largely 
similar to baseline conditions over the three-year life of mine (Table 14, details on 'runs' present in Table 1). 
 
Concentrations of lead (0.18 mg/L) and zinc (0.44 - 0.49 mg/L) and to a lesser extent copper (up to 0.05 mg/L), 
were shown to be elevated in the Scotia pit water (Table 2).  However, background concentrations of these 
elements in Lake Dundas sediments are very low (Table 4) and thus the accumulation of these elements as a 
result of the planned discharge will not result in concentrations exceeding the sediment quality trigger values (low 
or high) in any of the sampling sites.  As such, these elements are unlikely to significantly influence the ecological 
values of the Lake Dundas system (Table 14). 
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Table 14: Predicted Nutrient and Contaminant  Concentrat ions in L ake Dundas Sediments During and Post Dewater ing  

 

Details on each run can be found in Table 1. 

N.G. - No applicable guideline value 

Values outlined in the Australian & New Zealand Guidelines for Fresh & Marine Water Quality Management Framework (ANZG, 2018) 

* Predicted concentration is generated from the analytical limit of detection (LOD) value (0.02 mg/kg). 

 
 

Analyte  

(mg/kg) 

ANZG Sediment 
Quality Trigger 

Values 

2020 
Background 

Concentration 
(mg/kg) 

WB001 WB002 WB003 WB004 

Year 1 Year 3 Year 1 Year 3 Year 1 Year 3 Year 1 Year 3 

Nitrate + Nitrite N.G. 1.3 ± 1.9 6.8 18 2.3 4.2 6.9 18 2.3 4.2 

Nitrogen N.G. 296 ± 307 310 339 299 304 311 339 299 304 

Phosphorus N.G. 135 ± 66 140 151 136 138 140 151 136 138 

Arsenic 20 (low); 70 (high) 7 ± 4 8 9 7 8 8 9 7 8 

Cadmium 1.5 (low); 10 (high) 0.1 ± 0.05 0.3 0.9 0.1 0.2 0.4 0.9 0.1 0.2 

Chromium 80 (low); 370 (high) 47 ± 23 47 47 47 47 47 47 47 47 

Cobalt N.G. 9 ± 4 9 9 9 9 9 9 9 9 

Copper 65 (low); 270 (high) 19 ± 7 20 22 19 19 20 22 19 19 

Mercury 0.15 (low); 1 (high) <0.02 0.03* 0.04* 0.02* 0.02* 0.03* 0.04* 0.02* 0.02* 

Nickel 21 (low); 52 (high) 22 ± 13 23 25 22 22 23 25 22 22 

Lead 50 (low); 220 (high) 9 ± 3 14 24 10 12 14 24 10 12 

Selenium N.G. 0.4 ± 0.2 0.6 1.2 0.4 0.5 0.7 1.3 0.4 0.5 

Zinc 200 (low); 410 (high) 26 ± 16 38 62 28 32 38 63 28 32 

 Concentration exceeds ANZG sediment quality trigger value - Low 
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6.3 D ISCHARGE OF HYPERSALINE WATER  

Whilst the Scotia pit water is hypersaline (154,000 mg/L TDS, Table 2), the relative potential impact of discharging 
hypersaline water into Lake Dundas is marginal, given a baseline lake water salinity of 87,000 - 145,000 mg/L 
TDS (Table 3).  The salt load within run-off resulting from catchment rainfall into Lake Dundas was compared to 
the predicted salt loads derived from the Scotia pit discharge (Table 15).  In an average (median) or 1-in-100 wet 
year the total salt load derived from rainfall run-off is five-to-tenfold higher than that from the dewatering discharge, 
based on the salt loading from maximum discharge rate from Scotia (i.e., 21.2 L/s).  In a 1-in-100 dry year the salt 
loading from discharge would be in the order of 30% lower than that from runoff.  Also, it is estimated that the 
salinity of groundwater in the project area is in the order of 300,000 mg/L and thus salt loads within the lake itself 
and the catchment as a whole are orders of magnitude higher than in the water that is to be discharged.  

Table 15: Predicted Discharge Volumes and Salt  Loads  

Scenario Discharge volume to lake (ML) Total Salt Load (tonnes/year) 

Average Discharge (21.2 L/s) 670 160,000 

100 ARI - dry 9,088 230,000 

Median Annual Rainfall 48,114 1,200,000 

100 ARI - wet 110,484 2,760,000 

 

6.4 EFFECTS ON LAKE HYDROLOGY  

Mine water discharges have the potential to disrupt the ecological integrity of the receiving ecosystem by 
influencing the distribution of water within the salt lake.  However, the maximum likely discharge volume of 993 
ML/year for the Scotia pit dewatering (Table 15) represents around 2% of the input volume from runoff and direct 
rainfall in an average year (median rainfall) or around 9% of the natural inputs to the lake in a 1-in-100 dry year.  In 
addition, the proposed discharge has been calculated to impact at most 0.5% of the total surface area of Lake 
Dundas (Table 1), which demonstrates that any effect of the discharge on the hydrology will be minimal at the 
ecosystem scale.  

6.5 EFFECTS ON LAKE B IOTA  

Ultimately, for the processes detailed throughout section 6 to have a significant ecological impact they need to 
have a detrimental effect on the organisms that inhabit the lake itself and surrounding environment.  Assessments 
discussed in Sections 6.1 to 6.4 demonstrated that the effects of the proposed discharge on surface water quality, 
sediment quality and hydrology would be confined to a very small area of the lake and would likely be of short 
duration, subject to expected rainfall events.  
 
The potential impact of dewatering upon receptors in the immediate vicinity of the discharge was considered.  Two 
aquatic biota resting stage taxa and seven diatom species were recorded from Lake Dundas sediment samples 
collected in July 2020.  All of these species are considered common across the Goldfields region of Western 
Australia and therefore the point of discharge within Lake Dundas does not appear to support a distinct aquatic 
biotic assemblage.  Whilst organisms within the immediate area of the discharge are likely to be impacted, any 
change in biodiversity within this area is unlikely to persist, given that re-colonisation following major rainfall events 
is likely to negate the effects of the discharge in the long-term. 
 
Given the relatively small area inundated by the discharge and the predicted flow path of discharged water, no 
significant impacts to riparian vegetation are anticipated as a result of altered lake hydrology.   
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Overall, significant, and persistent impacts to ecosystem function as a result of the proposed Scotia pit discharge 
are unlikely. 

6.6 ECOLOGICAL R ISK ASSESSMENT  

The results of the ecological risk assessment for the Scotia pit dewatering based on the methodology detailed in 
section 5 is detailed below in Table 16. 
 



PANTORO SOUTH PTY LTD  NORSEMAN GOLD MINE 

  SCOTIA DEWATERING DISCHARGE AND COBBLER PIT DEVELOPMENT ERA 

Pantoro NGP ERA Report.docx 33 

Table 16: Ecological  Risk Assessment Table for Scot ia Pit  Discharge  

Risk Event / Pathway Receptors Potential Impacts 

Risk Assessment (Inherent) 

Rationale 

Likelihood Consequence Risk Rating 

Elevated concentrations of 
metals/metalloids in discharge water 

Surface Water 
Surface water contamination 

within lake 
Likely Insignificant Low 

Discharge volumes and inundation areas are small compared to discharge volumes entering Lake Dundas annually 
from rainfall and the overall size of Lake Dundas.  Standard rainfall events will significantly dilute contaminants. 

Sediments Contamination of lake sediments Unlikely Minor Low 
Discharge volumes and inundation areas are small compared to discharge volumes entering Lake Dundas annually 
from rainfall and the overall size of Lake Dundas.  Sediments generally have low background concentrations of most 

potential metal/metalloid contaminants. 

Groundwater Contamination of groundwater Rare Insignificant Low 
Discharge volumes and inundation areas are small compared to discharge volumes entering Lake Dundas annually 
from rainfall and the overall size of Lake Dundas.  Sediments likely to trap the majority of contaminants entering the 

environment from discharge.  Groundwater in area likely to be similar composition as discharge water. 

Benthic and Aquatic Biota 
Mortality, various sub-lethal 

effects 
Likely Insignificant Low 

Inundation area is small relative to lake surface area.  Benthic communities in the discharge area are not unique at 
local, regional, and state level.  Any decline in species richness and/or population size is likely to be reversed after 

significant rainfall which is likely to bring re-colonising organisms.  Rainfall will also dilute contaminants thus reducing 
exposure risks. 

Aquatic Fauna 
Mortality, various sub-lethal 

effects 
Rare Insignificant Low 

Inundation area is small relative to lake surface area.  Aquatic fauna in the discharge area are likely to be transient 
species (mainly avifauna) which are not unique at local, regional, and state level. Rainfall will also dilute contaminants 

thus reducing exposure risks.  Surface water is hypersaline so not used as a drinking water by transient avifauna. 

Terrestrial Vegetation 
Mortality, various sub-lethal 

effects 
Rare Insignificant Low 

Discharge area is a considerable distance from riparian vegetation. Riparian communities will only become inundated 
after significant rainfall which will also significantly decrease contaminant concentrations. Majority of species have 

evolved to be highly tolerant to metal exposure. 

Elevated Salt Concentrations in 
discharge water 

Surface Water Generation of hypersaline water Rare Insignificant Low 
Receiving environment is already saline.  Significant rainfall events will effectively dilute salt content.  Surface and 

groundwater likely to have similar or greater salinity than discharge water. 

Sediments Formation of thick salt crust Possible Insignificant Low 
Inundation area is small relative to lake surface area.  Salt content within sediments, surface water and groundwater 

comparable or exceeds that of discharge water. Discharge may contribute to salt crust formation; however, this 
process will occur within the receiving environment irrespective of discharge events occurring. 

Groundwater Saline seepage into groundwater Rare Insignificant Low 
Majority of salt likely to be trapped within sediment.  Salinity of groundwater likely to be similar or even exceed that of 

discharge water.  Volume of water discharged is small compared with annual rainfall which deposits significantly 
greater salt loads into the playa system. 

Benthic and Aquatic Biota 
Mortality, various sub-lethal 

effects, habitat loss/degradation 
Possible Insignificant Low 

Planned discharge may contribute to salt crust formation, however, this process will occur within the receiving 
environment irrespective of discharge events occurring. 

Aquatic Fauna 
Mortality, various sub-lethal 
effects, habitat degradation 

Unlikely Insignificant Low 
Area already highly saline so discharge unlikely to significant contribute to salinity.  Aquatic species are likely to be 

transient avifauna thar do not use the hypersaline lake water as a drinking water source. 

Terrestrial Vegetation 
Mortality, various sub-lethal 
effects, habitat degradation 

Unlikely Insignificant Low 
Discharge unlikely to reach riparian vegetation communities.  Species present are typically salt tolerant.  These 

communities receive greater exposure from salt being transported in annual rainfall than in the proposed discharge. 

Altered lake hydrological patterns 

Benthic and Aquatic Biota 
Habitat loss/alteration, food-web 

alteration 
Almost 
Certain 

Insignificant Medium 

Although localised effects will occur, they are likely to be short-lived as usual rainfall events are likely to cause 
equivalent changes to habitats as the planned discharge.  Benthic communities are not considered unique at local, 
regional, or state level and thus any temporary loss of species diversity or populations is not significant. Affected 

areas likely to be re-colonised and re-populated by benthic organisms post rainfall events and post-closure. 

Aquatic Fauna 
Habitat loss/alteration, food-web 

alteration 
Unlikely Insignificant Low 

Avifauna utilise environment on temporary basis.  Unlikely that discharge will affect all potential habitats within project 
area, leaving unimpacted alternative forage areas. 

Terrestrial Vegetation Habitat loss/alteration Unlikely Insignificant Low 
Discharge is a significant distance from riparian vegetation.  Habitat loss and alteration from flooding is unlikely to be 

significantly enhanced by the planned discharge. 
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7.  R ISK ASSESSMENT OF COBBLER P IT  DEVELOPMENT  
The potential impacts assessed in relation to development of the Cobbler Pit were: 

• Impacts on lake biota due to construction of the pit, WRD and supporting infrastructure. 

• Impacts on lake biota as a result of significant alterations to lake hydrology. 

• Impacts on lake biota as a result of the disturbance of sediments  

7.1 EFFECTS ON LAKE HYDROLOGY  

Initial assessments indicate that the Cobbler pit will be excavated to a depth of 77 metres below ground level 
(mbgl) that will result in the transfer of approximately 2.4 million BCMs of sediment and waste rock to the newly 
created waste landform, which will cover an area of just under 36 ha.  The pit will extend several tens of metres 
below the groundwater level, nominally 250 mAHD (GRM 2020b), and therefore the pit will need to be dewatered 
during operations with discharge to Lake Cowan (pers. com. Kevin Dockery, Pantoro). 
 
Within the Cobbler sub-basin itself, pit excavation and dewatering will result in inflows of surface and sediment-
entrained water, which may reduce water levels in sediments surrounding the Cobbler pit (GRM 2020b).  It is also 
anticipated that the construction of the WRD and associated roads/causeways will also alter localised runoff 
patterns.  Mining of Cobbler, and the pit dewatering (discharged to Lake Cowan under existing license), is 
scheduled to commence in late 2024 and cease in late 2025, after which dewatering will cease.  
 
It remains unlikely, however, that construction will have a significant effect on the hydrology within the sub-basin 
as a whole, given the total development area accounts for around 10% of the surface area of the basin.  
Furthermore, salt lakes such as the Cobbler sub-basin only have sporadic surface water coverage and thus are 
dry for significant periods of time, and biological communities are necessarily adapted to variability in lake surface 
water status.  Therefore, minor changes to hydrology within the system outside the direct disturbance area (pit, 
causeway, waste landform etc.) are unlikely to significantly impact the system's ecological integrity.  Overall, this 
development is likely to have little to no effect on the hydrology of Lake Cowan as a whole, given that the lake 
covers a surface area of approximately 1,800 km2 compared to the project disturbance footprint of 3.5 km2. 

7.2 SEDIMENT QUALITY  

Planned construction activities within the Cobbler basin have the potential to alter sediment quality within the 
project area; however, based on the proposed activities many of the inherent risks can be successfully mitigated.  
 
For example, the disturbing of sediments during the construction of the pit and WRD has the potential to trigger 
the mobilisation of metals and metalloids both through changes in reduction-oxidation (redox) potential and 
drainage of interstitial water.  In this instance, this risk is particularly relevant for chromium and nickel as these 
elements were found to exceed the low DGV for sediments (ANZG 2018).  Due to uncertainties in the relative 
potential release of metals and metalloids from sediment, other elements could potentially be released at 
concentrations that are environmentally deleterious.  
 
Excavated sediments will, however, be encapsulated within the WRD which significantly reduces the likelihood 
that metals/metalloids from sediments will leach into the environment at environmentally significant 
concentrations.  It has been assumed that bunding and encapsulation will be undertaken using suitable material to 
significantly decrease risks associated with sediment dispersion and deposition when significant rainfall events 
occur.  
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7.3 ECOLOGICAL EFFECTS  

The development of the Cobbler project is likely to have a number of ecological effects in the direct vicinity of the 
project.  For instance, the construction of the pit, WRD and associated roads/causeways will involve the 
excavation of sediments which will result in localised habitat loss for sediment inhabiting biota (primarily diatoms, 
algae, and invertebrates), whilst changes in hydrology as a consequence of the development could result in short-
term (dewatering is expected to continue for one year) localised secondary sediment habitat alteration.  
 
The ecological community present within the Cobbler basin is not unique in the context of the greater Lake Cowan 
region and thus any localised loss in species richness, diversity and abundance is very unlikely to have a 
detrimental effect to regional populations of affected species. 
 
The transfer of sediment from the construction of the Cobbler pit to the WRD is unlikely to result in significant 
ecological damage through the deposition of sediment and subsequent mobilisation of metals and metalloids as 
discussed previously (Section 7.2).  Hypothetically, it is possible that sediment runoff from the WRD could 
detrimentally influence benthic communities via burial and also water-column communities through increased 
turbidity (e.g. resulting in a decreased photosynthetic activity).  Sediments are, however, to be encapsulated within 
the WRD making it highly unlikely that these effects will actually occur. 
 
Effects on both benthic and water-column inhabiting communities are likely to be temporary with sediments likely 
to be re-colonised and re-populated with organisms following significant rainfall events.  Any short-term losses in 
species richness, diversity and abundances are unlikely to be ecologically significant at the regional scale as the 
species present are common throughout Western Australian salt lake systems.   

7.4 SURFACE WATER QUALITY  

Although the Cobbler sub-basin was dry when surveyed, surface water is present on the surface over much of the 
year.  Consequently, there is a risk that surface water could become contaminated with metals and/or metalloids if 
excavated sediments and waste rock are exposed to air and water.  Any contamination of surface water is likely to 
be short-lived as significant rainfall in the catchment will almost certainly dilute contaminants within the larger lake 
Cowan system, significantly reducing any potential environmental impacts.  

7.5 ECOLOGICAL R ISK ASSESSMENT  

The results of the ecological risk assessment for the Cobbler sub-basin development based on the methodology 
detailed in section 5 is detailed below in Table 17. 
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Table 17: Ecological  Risk Assessment Table for Cobbler  Sub -Basin Development  

Risk Event / Pathway Receptors Potential Impacts Risk Assessment (Inherent) Comments Proposed Risk 
Management 

Risk Assessment (Residual) 

Likelihood Consequence Risk Rating Likelihood Consequence Risk Rating 

Construction of Cobbler Pit, 
WRD and roads/causeways 

Surface Water 

Altered basin hydrology Likely Minor Medium 

Small disturbance area 
relative to Lake Cowan 

system.  Pit to be developed 
in centre of basin which will 

minimise effects on 
surrounding environment 

e.g. riparian vegetation.  Pit 
development has potential to 
significantly alter sub-basin 
hydrology.  Dewatering will 
be short-term (expected to 

last one year) but 
hydrological alterations 

proximal to the pit are likely 
long-term without in-filling. 

Not applicable. Likely Minor Medium 

Mobilisation of 
contaminants from 

sediments/rock 
Possible Major High 

Background concentrations 
of contaminants considerably 
below trigger values for most 

elements.   

Sediments and waste rock 
to be encapsulated in 

WRD.  Pit dewatering plan 
proposed. 

Unlikely Moderate Medium 

Sediment 

Contaminant release after 
exposure to air/water 

Possible Major High 

Background concentrations 
of contaminants considerably 
below trigger values for most 

elements.  Potential for 
contaminant mobilisation due 

to disturbance (e.g. redox 
fluctuations). 

Sediments and waste rock 
to be encapsulated in 

WRD. 

Sediments to be 
investigated for presence 
of acid sulfate soils (ASS). 

Possible Moderate Medium 

Dispersion and deposition 
of sediments 

Likely Moderate High None 
Sediments and waste rock 

to be encapsulated in 
WRD 

Unlikely Minor Low 

Altered lake surface 
morphology 

Likely Insignificant Low 
Small disturbance area 
relative to greater Lake 

Cowan system.   
Not Applicable Likely Insignificant Low 

Groundwater 

Altered groundwater 
recharge 

Unlikely Insignificant Low 

Disturbance area is very 
small relative to Lake Cowan 
and surrounding catchment. 
Contribution to groundwater 

likely to be very small. 

Not Applicable Unlikely Insignificant Low 

Contaminant 
accumulation in 

groundwater 
Unlikely Insignificant Low 

Concentrations of most 
contaminants in groundwater 

likely to be equivalent or 
higher to those which are 

leachable. 

Sediments to be 
encapsulated in WRD, 

contaminants are unlikely 
to leach into groundwater.  

Pit dewatering program 
planned 

Unlikely Insignificant Low 
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Risk Event / Pathway Receptors Potential Impacts Risk Assessment (Inherent) Comments Proposed Risk 
Management 

Risk Assessment (Residual) 

Likelihood Consequence Risk Rating Likelihood Consequence Risk Rating 

Benthic Organisms 
Habitat loss and/or 

alteration 
Likely Minor Low 

Localised effects on benthic 
habitats are inevitable.  
Project area is small 

relatively to Lake Cowan 
overall and benthic biological 
communities in project area 

are not unique at local, 
regional, or state level. 

Significant rainfall events are 
likely to re-populate 

communities disrupted by 
construction activities 
outside areas directly 

affected by pit and WRD. 

Sediments and waste rock 
to be encapsulated in 

WRD 
Likely Minor Low 

Aquatic Fauna 
Habitat loss and/or 

alteration 
Unlikely Insignificant Low 

Aquatic fauna in the region 
are predominantly avian and 

are temporary residents. 
These species inhabit the 

project area opportunistically 
and thus the loss of any 

habitat is likely to be 
insignificant. 

Not Applicable Unlikely Insignificant Low 

Riparian Vegetation 
Habitat loss and/or 

alteration 
Unlikely Insignificant Low 

Planned Construction 
activities are well away from 

riparian vegetation 
communities.  Those 

communities likely to be 
affected are not considered 
unique at local, regional, or 

state level. 

Pit to be developed in 
centre of basin which will 

minimise effects on 
surrounding environments 
e.g., riparian vegetation. 

Unlikely Insignificant Low 

 



PANTORO SOUTH PTY LTD  NORSEMAN GOLD MINE 

  SCOTIA DEWATERING DISCHARGE AND COBBLER PIT DEVELOPMENT ERA 

Pantoro NGP ERA Report.docx 38 

8.  SUMMARY AND CONCLUSIONS  
This ERA was conducted to assess the impact of both the planned mine dewater discharge from the Scotia pit to 
Lake Dundas and the development of the Cobbler deposit within Lake Cowan.   

8.1 SCOTIA DEWATER D ISCHARGE  

For the Scotia pit dewatering three major risks were identified, which included the contribution of salts, 
metals/metalloids to the lake and alteration of lake hydrological patterns as a consequence of the discharge.  
Within the Lake Dundas system, a range of physical (surface water, sediment, groundwater) and ecological 
(benthic, avian fauna and riparian vegetation) variables were identified and assessed.  Overall, the ecological risks 
were rated as low to moderate, largely because of the following characteristics of the proposed discharge and 
receiving environment: 

• Proposed discharge volume is relatively low (670 ML) when compared to the annual run-off into the Lake 
Dundas system from rainfall within the catchment (48,000-110,000 ML). 

• The area likely to be inundated due to the discharge represents <0.5% of the surface area of Lake Dundas. 

• The discharge point appears to have been previously used during the initial 1980's and 1990's Scotia 
mining operations with no publicly recorded long term environmental impacts.  

• Sediments within the inundation area have low background concentrations of the CoPC's present in 
discharge water (e.g., copper, lead, and zinc) which means that concentrations of these elements in 
sediments are unlikely to exceed sediment DGVs as a result of the planned discharge. 

• Biological communities within and adjacent to the inundation area are not considered unique at local, 
regional, or state levels. 

 
The assessment identified that any effects on environmental values and receptors will be localised and temporary, 
with significant rainfall events in the region likely to alleviate the vast majority of effects.  Given that the major 
dewatering program is proposed to run for a three-year period, it is considered unlikely that the discharge will 
significantly impact the ecosystem integrity of Lake Dundas.   

8.2 COBBLER DEVELOPMENT  

This assessment also considered the environmental effects of the proposed development of the Cobbler pit, WRD 
and associated roads/causeways within the Cobbler sub-basin of Lake Cowan.  In this instance the major risk 
identified was the planned construction activities with receiving environments largely mirroring those discussed 
above for the Scotia pit dewatering.  The inherent risks related to the loss of sediment habitat, mobilisation of 
contaminants from exposed sediments, the alteration of hydrological patterns within the basin and 
dispersion/deposition of sediments during and after rainfall was classified as high risk (Table 17).  
 
Pantoro plan to manage these potential risks, where possible, by constructing flood control bunds around all 
operational areas and then encapsulating sediments within the WRD and removal of causeways on mine 
completion.  The residual risk ratings were therefore low to medium as outlined in Table 17.  However, it is 
recommended that Pantoro investigate the sediments to be disturbed for acid sulfate soils (ASS), to provide 
additional certainty around the potential for metal/metalloid mobilisation from excavated sediment. 
 

Again, many of the identified ecological risks were rated as low largely because: 

• The disturbance area is minor relative to the size of the Lake Cowan system. 

• Sediments contain low background concentrations of potential contaminants, except for chromium and 
nickel. 
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• Biological communities within and adjacent to the disturbance area, and likely affected by the proposal, are 
not considered unique at local, regional, or state levels. 

 
It is important to note that aquatic and benthic communities in areas affected by significant disturbance (Cobbler 
WRD and pit) are unlikely to recover without extensive rehabilitation activities (e.g., filling of the pit and removal of 
WRD) due to loss of habitat.  However, the proposed development within the Cobbler sub-basin is considered 
likely to have an acceptable level of impact on the ecological integrity of the Lake Cowan system as a whole, so 
long as consideration is given to potential cumulative impacts arising from further future disturbance on Lake 
Cowan. 
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10.  TECHNICAL GLOSSARY  

Term Explanation 

Alluvial 
Loose, unconsolidated soil or sediment that has been eroded, reshaped by water in some 
form, and redeposited in a non-marine setting. 

ANZG Australia - New Zealand guidelines for water and sediment quality. 

Archaean The aeon that constitutes the earlier (or middle) part of the Precambrian aeon. 

Benthic 
The benthic zone is the ecological region at the lowest level of a body of water such as 
an ocean, lake, or stream, including the sediment surface and some sub-surface layers. 

BIF 
Banded Iron Formation.  Layered rock formed from banded deposits of iron rich sediment 
laid down at the bottom of primordial oceans. 

Chlorite 
A dark green mineral consisting of a basic hydrated aluminosilicate of magnesium and 
iron. 

Colluvial 
Is a general name for loose, unconsolidated sediments that have been deposited at the 
base of hillslopes by either rainwash, sheetwash, slow continuous downslope creep, or a 
variable combination of these processes 

CoPC Contaminants of Potential Concern 

Diatoms A single-celled alga which has a cell wall of silica. 

Dolerite 
A mafic, holocrystalline, subvolcanic rock equivalent to volcanic basalt (but larger 
grained) or plutonic gabbro. 

Echelon 
Describes an arrangement where a set of short linear features overlap or are staggered 
in a line that runs obliquely to the strike of the individual features 

Eolian 
Pertain to wind activity in the study of geology and weather and specifically to the wind's 
ability to shape the surface of the Earth 

ERA Ecological Risk Assessment 

Footwall The top of the rock stratum underlying a vein or bed of ore. 

Granite 
A coarse-grained, intrusive igneous rock composed primarily of light-coloured minerals 
such as quartz, plagioclase, orthoclase, and muscovite mica. 

ha Hectare 

Lacustrine 
Lacustrine deposits are sedimentary rock formations which formed in the bottom of 
ancient lakes. 

Littoral 
Relating to or denoting the zone of the seashore between high- and low-water marks, or 
the zone near a lake shore with rooted vegetation. 

Mafic 
Descriptive of igneous rock containing a high content of ferromagnesian silicate minerals, 
but less than those present in ultramafic rocks.  Common mafic rocks include basalt, 
dolerite, and gabbro. 

mRL Metres relative level 

Palaeochannel 
A remnant of an inactive river or stream channel that has been filled or buried by younger 
sediment. 

Playa Denotes a dry lake or flat that may periodically fill with water to form a lake. 

Porphyry A hard-igneous rock containing crystals of feldspar in a fine-grained groundmass. 

PEC Priority Ecological Communities 

Resting stage taxa 
A resting spore is a resistant cell, used to survive adverse environmental conditions. 
Resting spore is a term commonly applied to both diatoms and fungi. 
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Term Explanation 

Riparian vegetation 

Riparian vegetation grows along banks of a waterway extending to the edge of the 
floodplain (also known as fringing vegetation). This includes the emergent aquatic plants 
growing at the edge of the waterway channel and the ground cover plants, shrubs and 
trees within the riparian zone. 

Talc 
Talc is a clay mineral, composed of hydrated magnesium silicate with the chemical 
formula Mg₃Si₄O₁₀(OH)₂. 

TEC Threatened Ecological Communities 

Trigger Value Metal/metalloid concentration in sediments that requires further ecological investigation. 

Ultramafic 
An igneous rock with very low silica content and rich in minerals such as hypersthene, 
augite, and olivine.  These rocks are also known as ultrabasic rocks. 

WRD Waste Rock Dump 

 
 
 



PANTORO SOUTH PTY LTD  NORSEMAN GOLD MINE 

  SCOTIA DEWATERING DISCHARGE AND COBBLER PIT DEVELOPMENT ERA 

Pantoro NGP ERA Report.docx  

APPENDICES 
 
 



PANTORO SOUTH PTY LTD  NORSEMAN GOLD MINE 

  SCOTIA DEWATERING DISCHARGE AND COBBLER PIT DEVELOPMENT ERA 

Pantoro NGP ERA Report.docx  

APPENDIX 1: LAKE DUNDAS DISCHARGE MODELLING FIGURES 
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