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Chapter 10 
Surface water 

 Overview  
This chapter describes the surface water environment within and surrounding the project site and defines 
key surface water features and environmental values. It describes potential construction and operational 
impacts of the project on these values, and measures that were taken to avoid and minimise these impacts. 
This chapter is based on the findings of the hydrogeological and hydrological impact assessment 
(Appendix B), prepared by Water Technology Pty Ltd.  

The project is situated within the Shaw River and Moyne River catchments. The Shaw River is the main 
surface water feature within the project site, which is fed by Kangaroo and Carmichael creeks. Back Creek, 
a tributary of the Moyne River, is another surface water feature that passes through the project site. During 
summer, these watercourses would typically consist of a series of isolated pools with limited or no base 
flow. There are also several smaller tributary drainage lines that join the Shaw River and Back Creek.  

Due to the relative flat topography of the project site and influence of lava flows and stony rises, there are 
depressions within the site that can become inundated during winter and spring, forming ephemeral 
wetlands during some years. These areas then dry and form modified grasslands, which are commonly 
grazed by sheep and cattle during drier months. Within the central part of the project site there is a series of 
low-lying areas that can become linked during periods of high rainfall. This area is known as 
Cockatoo Swamp. These wetland areas are ephemeral (fluctuating with rainfall) and are typically vegetated 
with Common Tussock Grass (Poa labillardierei), introduced pasture grasses and sedges.  

Key impact pathways to surface water features during project construction and operation include physical 
disturbance from watercourse crossings, reduced water quality from sediment laden from runoff from 
construction works areas during periods of high rainfall, accidental spills of hazardous materials such as 
fuels and oils, and uncovering of soils containing iron sulfides which have the potential to produce acid 
sulfate soils if not appropriately managed. Construction of project infrastructure also has the potential to 
alter the existing hydrology of the site.  

Flood behaviour within the project catchments was assessed using hydrologic modelling and hydraulic 
modelling to inform the siting of infrastructure to avoid areas of potential flooding. Other design mitigations 
include designing the project with buffers around all mapped wetlands, and minimisation of watercourse 
crossings through siting of access tracks.  

With the implementation of management controls, impacts to the Shaw River, Back Creek, Moyne River 
and ephemeral wetlands were assessed to range from negligible to low. Residual effects during operation 
primarily relate to maintaining current drainage patterns. Impacts to the existing hydrology of the site were 
assessed to be very low with hydraulic modelling to be used as part of the detailed design to inform the 
placement and design of culverts and other infrastructure.  
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 EES objectives and key issues 
The EES scoping requirements specify the draft evaluation objective and key issues, outlined in Table 10.1, 
relevant to surface water that have guided this assessment. 

Table 10.1 EES draft evaluation objective and key issues 

Draft evaluation objective 
Catchment values and hydrology: To maintain the functions and values of aquatic environments, surface 
water and groundwater quality and stream flows and avoid adverse effects on protected beneficial uses 

Key issues • Potential for the project to have a significant effect on surface water and/or 
groundwater and its beneficial uses, including through the temporary on-site 
quarry. 

• Potential for the project to have significant impact on wetland systems, including, 
but not limited to, Seasonal Herbaceous Wetlands (EPBC Act listed community), 
and the ability for wetland systems to support habitat for flora species listed under 
the FFG Act and EPBC Act. 

 Legislation, policy and guidelines 
Key legislation, policies and guidelines relevant to the surface water impact assessment are summarised in 
Table 10.2. 

Table 10.2 Relevant legislation, policies and guidelines 

Legislation and 
guidelines  

Description Relevance to project 

Environment 
Protection Act 
2017   

The Environment Protection Act 2017 
establishes the legislative framework for 
protecting the environment in Victoria. The 
Environment Protection Amendment Act 
2018 amended the Environment Protection 
Act 2017 and introduced the general 
environmental duty in relation to risks of 
harm to human health and the environment 
from pollution or waste. 

The project is being developed under the 
provisions of the Environment Protection 
Act 2017 that relate to the project’s general 
environmental duty, and is required to 
demonstrate it is implementing measures 
so far as ‘reasonably practicable’ to meet 
the general environmental duty. 

Environment Reference Standard The Environment Reference Standard 
(ERS), made under the Environment 
Protection Act 2017, identifies 
environmental values to be achieved and 
maintained, and how these values are to 
be assessed. The ERS is comprised of 
many ‘reference standards’, including 
water (surface water and groundwater) 
(Part 5 of the ERS). With minor changes, 
the ERS adopts the environmental values, 
segments, indicators and objectives of the 
former State Environment Protection 
Policy (Waters).  
The project design and construction would 
need to consider and apply the ERS 
relevant to the project. This is further 
discussed in Section 10.3.1 below. 
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Legislation and 
guidelines  

Description Relevance to project 

Catchment and 
Land Protection 
Act 1994 

The Catchment and Land Protection Act 
1994 defines requirements to avoid land 
degradation, conserve soil, protect waste 
resources, and to eradicate and prevent the 
establishment and spread of noxious 
weeds and pest animals.  
The Catchment and Land Protection Act 
1994 integrates management and 
protection of catchments through 
catchment management authorities.  

The project is located within the Glenelg 
Hopkins Catchment Management Authority 
boundary. 
Weeds listed as noxious under the 
Catchment and Land Protection Act 1994 
were recorded during the flora and fauna 
assessment. A Weed Management Plan 
and a pest fauna eradication plan may be 
required. 

Planning and 
Environment Act 
1987 

The Moyne Planning Scheme contains 
Victoria Planning Provisions within the 
Planning Policy Framework relevant to 
surface water. 

The following Clauses of the Planning 
Policy Framework are relevant to the 
surface water assessment for the project: 
• 12.03-1S River corridors, waterways, 

lakes and wetlands: objective is “to 
protect and enhance river corridors, 
waterways, lakes and wetlands”. 

• 14.02-1S Catchment planning and 
management: objective is “to assist the 
protection and restoration of 
catchments, water bodies, 
groundwater, and the marine 
environment”. 

• 14.02-2S Water quality: objective is “to 
protect water quality”, with a key 
strategy to “ensure that land use 
activities potentially discharging 
contaminated runoff or wastes to 
waterways are sited and managed to 
minimise such discharges and to 
protect the quality of surface water…”. 

Water Act 1989 Victoria’s Water Act 1989 promotes the 
orderly, equitable and efficient use of water 
resources to make sure that water 
resources are conserved and properly 
managed for sustainable use for the benefit 
of present and future Victorians. The Water 
Act 1989 regulates the impacts on and use 
of surface water and groundwater.  
Under the Water Act 1989, works and 
activities on or near a designated waterway 
require a licence from the relevant 
catchment management authority. The 
Water Act 1989 defines a ‘designated 
waterway’ as “a natural channel in which 
water regularly flows, whether or not the 
flow is continuous”. 

The project is located within the Glenelg 
Hopkins Catchment Management Authority 
boundary. 
The Glenelg Hopkins Catchment 
Management Authority has statutory 
responsibilities under the Water Act 1989. 
The project would include a crossing over 
Shaw River and Back Creek, as well as 
other waterway crossings associated with 
access tracks and electrical cables. 
A licence to construct works across 
designated waterways or to construct a 
bore as part of the project would be 
required from the Glenelg Hopkins 
Catchment Management Authority.  
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Legislation and 
guidelines  

Description Relevance to project 

Glenelg Hopkins 
Catchment 
Management 
Authority 

The Glenelg Hopkins Catchment 
Management Authority has developed the 
following relevant strategies: 
• ‘Glenelg Hopkins Waterway Strategy 

2014-2022’, which provides a single 
planning document for river, estuary 
and wetland management in the region.  

• ‘Glenelg Hopkins Regional Floodplain 
Management Strategy 2017’, which 
seeks to improve management and 
reduce flood risks across the region. 

• ‘Glenelg Hopkins Draft Regional 
Catchment Strategy 2021-2027’, which 
provides an overarching plan for 
integrated catchment management, and 
outlines policy directions, challenges 
and opportunities for the community, 
water, biodiversity, land, and marine 
and coast.  

The project is located within the Glenelg 
Hopkins Catchment Management Authority 
boundary. 
Works would be undertaken in accordance 
with Glenelg Hopkins Catchment 
Management Authority Works on a 
Waterway permit licence requirements. 

Australian and 
New Zealand 
Guidelines for 
Fresh and Marine 
Water Quality 
(ANZECC, 2018) 

The Australian and New Zealand 
Guidelines for Fresh and Marine Water 
Quality were prepared as part of Australia’s 
National Water Quality Management 
Strategy, and contain guidelines for water 
and sediment chemical and physical 
parameters, and biological indicators to 
assess water quality. The key aim of the 
guidelines is to develop management 
frameworks for protecting environmental 
values of water resources in Australia and 
New Zealand. 

Where indicators and objectives are not 
prescribed in the ERS, trigger values for 
physical and chemical stressors for south-
east Australia for slightly disturbed 
ecosystems (lowland rivers) were used in 
the assessment of water quality.  

EPA Victoria 
Publication 1834: 
Civil construction, 
building and 
demolition guide 

Outlines controls for civil construction and 
earthworks to manage risks and obligations 
under the general environmental duty in 
relation to air, noise, land and water. This 
includes controls regarding the 
management of stormwater flows, 
stockpiles, works within waterways, and 
storage and handling of chemicals. 

Measures for the management of surface 
water were developed in accordance with 
controls contained in EPA Victoria 
Publication 1834. 

EPA Victoria 
Publication 1893: 
Erosion, sediment 
and dust: 
treatment train 

Outlines measures to eliminate or reduce 
the risk of harm from erosion, sediment and 
dust using a treatment train approach. 

Measures to limit erosion and 
sedimentation of surface water, 
considering the treatment train approach, 
have been proposed. 

EPA Victoria 
Publication 1894: 
Managing soil 
disturbance 

Provides information about managing soil 
disturbance and how to eliminate or reduce 
the risk of harm from erosion, sediment and 
dust. 

Measures to reduce the risk of harm from 
erosion, sediment and dust from ground 
disturbance have been proposed. 

EPA Victoria 
Publication 1895: 
Managing 
stockpiles 

Provides information about managing 
stockpiles and how to eliminate or reduce 
the risk of harm from erosion, sediment and 
dust. 

Measures for managing stockpiles to 
reduce the risk of harm from erosion, 
sediment and dust have been proposed. 

EPA Victoria 
Publication 1896: 
Working within or 
adjacent to 
waterways 

Provides information about how to eliminate 
or reduce the risk of harm from erosion, 
sediment and dust when working within or 
adjacent to waterways. 

Measures for conducting works within or 
adjacent to waterways have been 
proposed. 
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10.3.1 Environment Reference Standards 
The ERS is a legislative tool that identifies 
environmental values that the Victorian 
community want to achieve and maintain and 
provides a way to assess those environmental 
values in locations across Victoria (see info box). 
The ERS identifies four types of surface waters: 
rivers and streams, wetlands (including lakes and 
swamps), estuarine, and marine. To define the 
environmental values relevant to water, each of 
these surface water types are comprised of 
‘segments’ in the ERS. For surface water, these 
segments are based on geographical regions or 
characteristics. 

Surface water within the project site falls within 
the ‘Murray and Western Plains’ segment of the 
‘rivers and streams’ surface water type, and 
‘lakes’ and ‘swamps’ segments of the ‘wetlands’ 
surface water type. The ‘Murray and Western 
Plains’ segment comprises river and stream 
reaches of lowlands that are generally below 
200 metres in altitude, including the Glenelg, 
Hopkins and Portland Coast basins. The ‘lakes’ 
and ‘swamps’ wetland segments comprise of 
areas defined in the Victorian Wetland Inventory 
as ‘lacustrine’ and ‘palustrine’, respectively. 

Environmental values applicable to these 
segments and considered relevant to the project 
are: 

• Water dependent ecosystems and species – water quality that is suitable to protect the integrity and 
biodiversity of water dependent ecosystems. 

• Agriculture and irrigation – water quality that is suitable for agricultural activities such as stock watering 
and irrigation, as well as a range of other uses such as the irrigation of domestic gardens, commercial 
agriculture, parks and golf courses. 

• Traditional Owner cultural values – water quality that protects the cultural values of Traditional Owners, 
which may include traditional aquaculture, fishing, harvesting, cultivation of fresh water and marine 
foods, fish, grasses, medicines and filtration of water holes. 

Indicators and objectives are defined in the ERS to protect these environmental values. Indicators are 
parameters that can be measured and used to understand the existing conditions of waterways and 
waterbodies, and to assess impacts both via modelling and water testing. Objectives are the level, load, 
concentration, amount benchmark or character of an indicator against which the achievement, maintenance 
of, or risk to, an environmental value is assessed. 

The water dependent ecosystems and species of the Murray and Western Plains segment are classified as 
being ‘slightly to moderately modified’ and have a different set of indicators and objectives to segments that 
are ‘largely unmodified’ (e.g., aquatic reserves) and ‘highly modified’ (e.g., urban waterways).  

 Investigation area 
The surface water investigation area includes the project site and surrounding areas, comprising of the 
Moyne River catchment (eastern portion of the project site) and Shaw River catchment (western portion of 
the project site) (Figure 10.1). While the Moyne River does not intersect the project site, tributaries of this 
river (including Back Creek) are within the project site. Shaw River and its tributaries flow through the 
project site. Wetlands, including the Cockatoo Swamp complex, are also contained within the project site. 

Beneficial uses/environmental values 
Prior to the introduction of the new 
Environment Protection Act 2017, State 
Environment Protection Policies were 
established under the Environment Protection 
Act 1970 to protect environmental values and 
human activities, referred to as ‘beneficial 
uses’. In particular, State Environment 
Protection Policy (Waters) sought to protect 
and manage surface water and groundwater 
in Victoria and their beneficial uses through 
the establishment of environmental quality 
objectives. 

The new Environment Protection Act 2017 
and subordinate legalisation came into force 
on 1 July 2021, which includes the ERS. With 
minor changes, the ERS adopts the 
environmental values, segments, indicators 
and objectives of the former State 
Environment Protection Policy (Waters). A key 
change is that the previous term ‘beneficial 
uses’, defined in State Environment Protection 
Policy (Waters), are now referred to as 
‘environmental values’ in the ERS. 
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Figure 10.1 Regional catchments 
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 Method 
A combination of desktop information, modelling and field-based surveys were used to characterise surface 
water within the investigation area. The methodologies for these assessments are described below. 

10.5.1 Desktop assessment 
A desktop review of the following databases, maps and reports was undertaken to develop an 
understanding of the surface water environment within the project site: 

• climate data (rainfall and evapotranspiration) from the Bureau of Meteorology 

• water quality data from relevant Southern Rural Water/DELWP stream flow gauges on Moyne River 
(from 1948 to present day) 

• historical flood records 

• aerial imagery and topography based on Light Distance and Ranging (LiDAR) topographic data 
(specifically captured for the project site) and state-wide VicMap 20-metre Digital Terrain Model. These 
topographic datasets were merged for the project hydraulic modelling, with the 1-metre resolution LiDAR 
used for the project site, and 20-metre resolution Digital Terrain Model used for the project site and 
surrounds 

• VicMap Hydro – Watercourse Rivers, which provides a visual representation of drains, channels, creeks, 
rivers and water storages in Victoria at a capture scale of 1:25,000 

• Glenelg Hopkins Catchment Management Authority mapping of designated waterways 

• DELWP Victorian Wetland Inventory (‘current wetlands’) database 

• relevant previous studies and investigations, including the Port Fairy Regional Flood Study (Water 
Technology, 2008), Shaw River Power Station Project EES (Ecology and Heritage Partners, 2009) and 
Glenelg Hopkins Region 3rd Index of Stream Condition Report for 2004–2010 (Department of 
Environment and Primary Industries, 2013) 

• CSIRO Australian Soil Resource Information System database to determine the potential for the project 
site to be within an acid sulfate soil risk area. 

10.5.2 Surface water modelling  
To determine the potential flooding impacts, flood behaviour within the project catchments was assessed 
using two types of modelling: 

• Hydrologic modelling (rainfall runoff) of the Moyne River catchment for the 10% and 1% Annual 
Exceedance Probability (AEP) events using modelling software RORB. A flood with a 1% AEP has a 
one in a hundred chance of being exceeded in any year, whereas a flood with a 10% AEP has a ten in a 
hundred chance of being exceeded.  

This modelling is used to define the existing flood conditions within a catchment by estimating the runoff 
generated during a rainfall event, and takes into consideration the land cover, topography and soil types 
within the catchment. 

• Hydraulic modelling (rain-on-grid, or direct rainfall) of the Shaw River catchment and the project site 
using hydraulic modelling software TUFLOW, run for a range of flood events.  

This modelling is used to establish the extent of the floodplain and streamflow characteristics for 
different flood events by simulating runoff generated, including: 

̵ flood level (referred to as afflux) – how high the flood waters get  
̵ velocity – how fast the water is flowing 
̵ duration – how long the flood event lasts. 

This model considers factors such as vegetation, floodplain geometry (e.g., topography) and structures 
(e.g., bridges, culverts) within the catchment. For the project, this model was used to identify how 
wetlands and other depressions are filled, their maximum size and their interconnectivity. 
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Both modelling software are widely used. They are the preferred modelling packages for the 
Glenelg Hopkins Catchment Management Authority and are often used in the flood modelling projects they 
manage (e.g., Upper Mt. Emu Creek Flood Investigation (Water Technology, 2018), Ararat Flood 
Investigation (Water Technology, 2017)).  

Data used in the model development included:  

• rainfall data from the Bureau of Meteorology 
• historical flood events using streamflow gauge data on the Moyne River, used to calibrate the RORB 

model (Water Technology, 2008) 
• existing RORB Model developed for the Port Fairy Regional Flood Study (Water Technology, 2008) 
• high-resolution topographic LiDAR 
• Moyne Shire Council planning zones and overlays 
• aerial imagery and land use types (to define the hydraulic roughness). 

Quarry 

Hydraulic modelling was used to assess the potential surface water impacts to the quarry site, watercourse 
crossing points and wind turbine locations for the 1% AEP event.  

The on-site storage requirements for the quarry to manage surface water and groundwater inflows were 
assessed using a MUSIC water balance model for the operational and decommissioning phases of the 
project. The MUSIC model is used to represent the project catchment area for the purpose of stormwater 
modelling, incorporating the proposed project drainage design including stormwater treatments. 

10.5.3 Field surveys  
As part of the fauna impact assessment (provided in Appendix D – Biodiversity), field surveys were 
undertaken to survey fish and identify potential aquatic and semi-aquatic habitats. These surveys, 
undertaken in December 2009, December 2018 and February 2019, included fish sampling, field-
verification of the wetlands mapped within the DELWP Victorian Wetland Inventory (‘current wetlands’) 
database, and the identification of other aquatic habitats within the project site such as creeks and 
ephemeral drainages. Water quality and waterbody types (i.e., permanent or temporary) were considered in 
the assessment of suitable aquatic habitat. 

A site inspection and soil sampling for acid sulfate soils was undertaken on 20 and 21 March 2021 at four 
sampling sites to a depth of approximately 1,200 millimetres. These samples were analysed to identify 
potential acid sulfate soil. The sampling and testing were undertaken in accordance with methods outlined 
in EPA Victoria Publication 655.1 Acid Sulfate Soil and Rock. 

10.5.4 Impact assessment 
Potential hydrological and water quality impacts from the construction, operation and decommissioning of 
the project were assessed for each identified surface water feature (i.e., watercourses, drainages and 
ephemeral wetlands) within the surface water investigation area. This assessment of impacts was based on 
the flood modelling results, as well as the flora and fauna impact assessment in relation to existing aquatic 
habitats.  

 Existing conditions 

10.6.1 Catchments  
The project site is within the Glenelg Hopkins Catchment Management Authority management area. 
Bound by the Great Dividing Range to the north and coastline to the south, the region supports agriculture, 
supplies water to neighbouring regions, and includes national parks and state forest. Three river basins 
form the Glenelg Hopkins region: Hopkins, Portland Coast and Glenelg basins. The project is located within 
the Portland Coast basin, where large areas have been cleared for agriculture (primarily for sheep and 
cattle grazing).  
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The Portland Coast basin is comprised of four main catchments, of which two intersect the project site: 

• Moyne River catchment, which covers the eastern extent of the project site  
• Eumeralla-Shaw River system, which covers the western extent of the project site. 

The Victorian government, in conjunction with the catchment management authorities, have undertaken a 
state-wide benchmark of the environmental condition of Victoria’s major rivers and streams. The 
benchmarking process provides an integrated measure of river condition, referred to as the Index of Stream 
Condition. The Index of Stream Condition provides scoring on five key aspects (or sub-indices) of river 
condition:  

• Hydrology – refers to the amount of water within the river channel at a specific location and point in time. 
It considers seasonality and variability of flows. 

• Streamside zone – measures characteristics of woody vegetation within 40 metres of the river’s edge, 
including fragmentation, tree cover and presence of weeds. 

• Physical form – considers the condition of the riverbank and in-stream habitat, including presence of 
artificial barriers. 

• Water quality – considers total phosphorus, turbidity, salinity (electrical conductivity) and pH levels. 
• Aquatic life – based on the number and type of aquatic macroinvertebrates in the river.  

Each sub-index is scored out of 10, with higher scores indicating better river condition. These scores are 
combined to give an overall Index of Stream Condition Score between 0 and 50, which are then categorised 
into five broad condition bands (i.e., excellent, good, moderate, poor or very poor) for sections of rivers in 
Victoria, referred to as ‘reaches’.  

The latest Index of Stream Condition report found that the majority (84%) of stream lengths within the 
Portland Coast basin were in moderate condition, with 15% in poor condition and 0.4% in very poor 
condition. 

A summary of the latest Index of Stream Condition report findings for reaches within the Portland Coast 
basin (Department of Environment and Primary Industries, 2013) is provided in Table 10.3 below. The Index 
of Stream Condition report information for reaches directly relevant to the project is contained in 
Section 10.6.2.  

Table 10.3 Summary of stream reach sub-indices assessed within the Portland Coast basin 
(Department of Environment and Primary Industries, 2013) 

Sub-indices Summary 

Hydrology Basin has some of the most climate-stressed streams in Victoria. Drought-affected streams 
were Shaw River, Eumeralla River and Fitzroy River. All streams showed moderate 
variations to natural flow regimes. 

Physical Form Physical condition of reaches predominantly either excellent (46%) or good (46%). Two 
reaches (8%) scored moderately, with poor levels of in-stream woody habitat, poor bank 
stability and/or fish barriers.  

Streamside 
Zone 

Majority of reaches were in poor (50%) or moderate (42%) condition, with one reach rated 
as good and one in near reference condition. 
Poor condition of streamside vegetation and a lack of large trees along most reaches. 

Water Quality Two reaches were found to be in moderate and excellent condition.  
One reach had extremely high levels of phosphorus and salinity. 

Aquatic Life 23% of reaches were in good or excellent condition. This reflects the extent of land cleared 
for agriculture and urban development. 
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Shaw River catchment 

The Shaw River catchment covers a rural area of approximately 234 square kilometres within the 
Portland Coast basin. The Shaw River catchment is comprised largely of agricultural land dominated by 
dryland sheep and cattle grazing, as well as dryland cereal cropping.  

The location of the Shaw River catchment in relation to the project site is shown in Figure 10.1. 
Approximately 25% of wind turbines and associated infrastructure and the on-site quarry are located within 
the Shaw River catchment. 

Moyne River catchment 

The Moyne River catchment covers a rural area of approximately 758 square kilometres within the 
Portland Coast basin, with significant tributaries including Murray Brook, Nardoo Creek and Back Creek. 
Back Creek is the only waterway within this catchment that flows through the project site.  

Most of the catchment area is agricultural land used for a mixture of dryland sheep and cattle grazing and 
cereal cropping, dominated by volcanic origin landforms. The catchment is characterised by a relatively 
gentle topography with a maximum elevation of approximately 250 metres Australian Height Datum.  

Wetlands and swamps within the Moyne River catchment provide significant floodplain storages. These 
wetlands predominately correspond to areas between stony rises associated with lava flows along the 
western side of the catchment. Many low-lying areas have previously been drained for farming. 

The location of the Moyne River catchment in relation to the project site is shown in Figure 10.1. 

10.6.2 Watercourses  
Watercourses in the investigation area range from well-defined, permanent flowing rivers to poorly defined, 
small ephemeral drainage channels. Watercourses can broadly be defined as: 

• rivers (Moyne River and Shaw River) 
• major ephemeral creeks (Back Creek and Kangaroo Creek) 
• minor creeks and drainage channels. 

The existing condition of rivers, creeks, wetlands and surface water drainage systems within the project site 
is discussed in the following sections, and the location of these surface water systems is shown in 
Figure 10.4. While key fauna habitat within these watercourses is summarised below, further discussion is 
contained in Chapter 12 – Biodiversity and habitat.  

Shaw River 

The Shaw River is a perennial designated waterway, as mapped by the Glenelg Hopkins Catchment 
Management Authority (Waterway 37/09-02), that flows through the north-western part of the project site 
(Figure 10.4). The Shaw River originates near Ripponhurst and is fed by Kangaroo Creek and Carmichael 
Creek upstream of the project site, flowing through the Cockatoo Swamp complex within the project site 
before discharging into Lake Yambuk and Portland Bay.  

Example images of Shaw River within the project site are provided in Figure 10.2 and Figure 10.3 below. 

Physical form and hydrology 

The Shaw River stretches for approximately 50 kilometres and is a narrow watercourse, typically between 
5 and 10 metres in width. The river has a mixture of substrate types and a diversity of isolated pools located 
along its length during summer.  

The Shaw River catchment contains no streamflow gauges. However, there have been numerous anecdotal 
large floods on the Eumeralla/Shaw River system, which have included: 1946 (largest on record), 1954, 
1976, 1978 and 1983. 

Hydraulic modelling of flooding events for the Shaw River within the project site predicted a peak flow rate 
of 41.2 cubic metres per second for the 1% AEP event, and 2.3 cubic metres per second for the 10% AEP 
event. Based on feedback from landowners along the Shaw River during periods of high flow, the river is 
known to back-up and spill over the riverbank into surrounding areas. 



 

Willatook Wind Farm | Environment Effects Statement 
Surface water  

10-11 

 

Water quality 

Previous water quality sampling of the Shaw River by Ecology and Heritage Partners (2009) has shown the 
water to be of poor quality with elevated concentrations of a range of parameters. Ecology and Heritage 
Partners note high nutrient concentrations may be caused by current land practices, such as the use of 
fertilisers and pesticides, and through erosion from livestock movement. 

The river at this time was reported to have high salinity (poor quality) during summer when flows are low, 
and lower salinity during winter when flows are higher. This is expected to be largely driven by dilution 
effects during winter and by evaporation effects during summer. Water quality is likely to be highly variable 
dependent on rainfall, flow rates, agricultural inputs on surrounding land (e.g., fertilisers) and physical stock 
disturbance.  

Figure 10.2 
 Shaw River in the western area of the 

project site, looking north-west 
(upstream) 

 

Figure 10.3 
 Shaw River in the south-west area of 

the project site, looking south 
(downstream) 
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Figure 10.4 Local hydrology 
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Environmental values 

Macro-invertebrate sampling by Ecology and Heritage Partners (2009) at two locations on the Shaw River 
recorded 19 and 20 macroinvertebrate (‘water bug’) families. This produced a Stream Invertebrate Grade 
Number – Average Level (or SIGNAL) score of 3.3 and was indicative of severe pollution. SIGNAL scoring 
is used by Waterwatch Victoria and others to provide an indication of water quality, based on the richness of 
macroinvertebrates. Scores higher than 6 indicate a healthy habitat. 

The riparian and in-stream vegetation of this watercourse comprises both introduced and endemic species. 
Aquatic fauna is found within a range of environs present at this watercourse, such as the shallow 
backwaters, macrophyte beds and isolated pools. Macrophytes are aquatic plants large enough to be seen 
by the naked eye. 

The deep sections of the Shaw River are likely to be used as a refuge for aquatic animals as flows reduce 
over the dry summer and early autumn periods. Ecology and Heritage Partners (2009) noted there was a 
high cover of macrophytes with several different structural types present, such as floating plants, 
submerged aquatic plants, and emergent aquatic plants. The Shaw River provides suitable habitat for 
EPBC Act and FFG Act listed species Little Galaxias (Galaxiella toourtkoourt) and Yarra Pygmy Perch 
(Nannoperca obscura), and may also be used as a movement corridor for Growling Grass Frog (Litoria 
raniformis) (EPBC Act and FFG Act listed as vulnerable) following heavy rainfall events (Chapter 12 – 
Biodiversity and habitat). 

Scattered areas of remnant native riparian vegetation and a eucalypt plantation are located along the banks 
in the southern reaches of Shaw River within and adjacent to the project site. Riparian vegetation grows 
along the banks of a waterway extending to the edge of the floodplain. 

Summary 

Two reaches assessed in the Index of Stream Condition report are located on the Shaw River  
(see Figure 10.1), with the Index of Stream Condition parameters for these sites shown in Table 10.4.  

Table 10.4 Shaw River Index of Stream Condition 

River Hydrology Physical 
form 

Streamside 
zone 

Water quality Aquatic 
life 

Index of 
Stream 

Condition 

Shaw River 
(upstream) 

7 9 5 Not assessed 6 Moderate 

Shaw River 
(downstream) 

7 7 4 Not assessed 4 Moderate 

Back Creek 

Back Creek, a designated waterway by Glenelg Hopkins Catchment Management Authority  
(Waterway 37/11-11), is narrow with reaches that have relatively undefined banks. This shallow, ephemeral 
flowing tributary of the Moyne River enters the project site from the north, flowing in a southerly direction, 
before joining the Moyne River approximately 7 kilometres south of the project site (Figure 10.4).  

An example image of Back Creek within the project site is provided in Figure 10.5 below. 
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Figure 10.5 
 Back Creek towards the southern 

extent of the project site, 
looking north-west 

 

Physical form and hydrology 

Back Creek consists of a silt/clay substrate and meanders through a relatively flat topographical area. 
Sections of Back Creek are associated with areas mapped as ‘current wetlands’ by DELWP that are 
periodically inundated, with broader areas of adjacent swamp and narrower areas of more defined creek 
banks. During summer, Back Creek consists of several deeper pools. Areas of Back Creek are associated 
with sections of mapped alluvium material, with the waterway alignment generally contained within Newer 
Volcanic Group stony rises. 

Hydraulic modelling of flooding events (peak flows) for the 1% AEP event was completed at three locations 
within the project site. Peak flows ranged between 24.9 and 42.9 cubic metres per second, and between 
1.6 and 3.4 cubic metres per second for the 10% AEP event (Appendix B – Hydrology and hydrogeology).  

Water quality 

Previous water quality sampling of Back Creek has shown the water to be of poor quality with elevated 
concentrations of total phosphorus and dissolved oxygen and high salinity. Like the Shaw River, Ecology 
and Heritage Partners note high nutrient concentrations may be caused by current land practices, such as 
the use of fertilisers and pesticides, and through erosion from livestock movement. Water quality is likely to 
be highly variable dependent on rainfall, flow rates, agricultural inputs on surrounding land (e.g., fertilisers) 
and physical stock disturbance.  

Environmental values 

Back Creek has been subject to grazing, with the riparian and in-stream vegetation consisting of both 
introduced and endemic grasses and rushes. 

Macro-invertebrate sampling by Ecology and Heritage Partners at one location on Back Creek recorded 
23 macroinvertebrate families. This produced a SIGNAL score of 3.0 and was indicative of severe pollution.  

A high cover of macrophytes is present with several different structural types such as floating plants 
(e.g., Pacific Azolla (Azolla filiculoides)), submerged aquatic plants (e.g., Milfoils (Myriophyllum spp.)), and 
emergent aquatic plants including Water Ribbons (Triglochin spp.) and Common Reed 
(Phragmites australis). 

There are two threatened aquatic species that have been found in Back Creek: EPBC Act and FFG Act 
listed species Yarra Pygmy Perch and Little Galaxias. These species are found in slow moving to still 
waterways where there is an abundance of in-stream submerged macrophytes and trailing bank vegetation. 

Back Creek is known to support habitat for Growling Grass Frog (EPBC Act and FFG Act listed) in the 
eastern part of the project site. 
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Summary 

One reach assessed in the Index of Stream Condition report is located on Back Creek (see Figure 10.1), 
with the Index of Stream Condition parameters for this site shown in Table 10.5.  

Table 10.5 Back Creek River Index of Stream Condition 

River Hydrology Physical 
form 

Streamside 
zone 

Water quality Aquatic 
life 

Index of 
Stream 

Condition 

Back Creek  7 6 3 Not assessed 5 Poor 

Moyne River 

The Moyne River is classified as a designated waterway by Glenelg Hopkins Catchment Management 
Authority (Waterway 37/11-23). Moyne River originates north of Gerrigerrup, being fed by various tributaries 
before it discharges into the Moyne River estuary and the ocean at Port Fairy.  

The eastern part of the project site is within the Moyne River catchment and is approximately 1.5 kilometres 
west of Moyne River at its closest point (Figure 10.4). 

Physical form and hydrology 

The physical form and hydrology of Moyne River is similar to other waterways within the region, being a 
clear flowing river that meanders within a broad floodplain defined by stony rises to the west and undulating 
terrain to the east. 

There have been numerous large floods on the Moyne River, which have included: 1946 (largest on 
record), 1951, 1953, 1955, 1976, 1978 and 2001. There are two stream flow gauges on the Moyne River: 
Moyne River at Willatook (237208) and Moyne River at Toolong (237200), which provide water quality data 
as well as stream flow. The Willatook gauge has recorded flow data from 1974 to 1985, while the Toolong 
gauge has flow data spanning from 1948 to present day. 

Water quality 

The two stream flow gauges on the Moyne River provide information on key water quality indicators, 
including water temperature, pH, dissolved oxygen and turbidity.  

The water quality indicators exceed the ERS water quality objectives for salinity, and total phosphorous and 
nitrogen (75th percentile). The Index of Stream Condition report also identified extremely high levels of 
phosphorus and salinity in a cleared tract of the Moyne River at two locations (see Figure 10.1).  

Environmental values 

Macro-invertebrate sampling by Ecology and Heritage Partners at two locations on the Moyne River 
recorded nine and 18 macroinvertebrate families. This produced a SIGNAL score of 2.9 and 3.2 and was 
indicative of severe pollution.  

The riparian and in-stream vegetation of this relatively shallow watercourse consists of introduced and 
indigenous species, including planted (revegetated) species. Stock grazing has resulted in a lack of aquatic 
vegetation. Aquatic fauna tends to concentrate in the deeper pools and reaches as flows reduce over the 
dry summer and early autumn periods. 

The Moyne River has the potential to support Swamp Skink (Lissolepis coventryi) and Hairy Burrowing 
Crayfish (Engaeus sericatus) (both FFG Act listed), while Yarra Pygmy Perch (EPBC Act and FFG Act 
listed) have been observed (Ecology and Heritage Partners, 2018). Additionally, this river may be used as a 
movement corridor for Growling Grass Frog (EPBC Act and FFG Act listed) following heavy rainfall events 
(Chapter 12 – Biodiversity and habitat).  
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Summary 

Three reaches assessed in the Index of Stream Condition report are located on Moyne River, with the Index 
of Stream Condition parameters for these sites shown in Table 10.6. 

Table 10.6 Moyne River Index of Stream Condition 

River Hydrology Physical 
form 

Streamside 
zone 

Water quality Aquatic 
life 

Index of 
Stream 

Condition 

Moyne River 
upstream 

5 9 3 Not assessed 7 Moderate 

Moyne River 
downstream 

5 10 4 6 7 Moderate 

Moyne River 
downstream (at 
coast) 

6 10 3 Not assessed 7 Moderate 

Smaller drainage systems and dams 

As a result of the local topography, there are areas of small depressions with drainage lines within the 
project site that create several small independent localised catchments. These catchments are ephemeral, 
susceptible to periods of inundation (typically only carrying water after heavy rainfall), and rely on infiltration 
and evaporation to disperse the water. Constructed drainage and farm dams are also located within the 
project site. The habitat within farm dams and drainage lines is of low to moderate value for fauna based on 
the habitat assessment by Nature Advisory (Appendix D), with some dams and drainage lines supporting 
aquatic or fringing vegetation, typically surrounded by grazing and cropped land.  

Excluding the Shaw River and Back Creek, there are also smaller drainage lines of varying sizes, located 
entirely or partially within the project site, that feed into Shaw River and Moyne River (Figure 10.4). These 
waterways range in length from approximately 600 metres to 6 kilometres. Surface water flows during 
flooding events for five of these ephemeral drainage lines at proposed infrastructure crossing locations 
within the project site were modelled for the 1% and 10% AEP. Peak flows ranged from 0.3 to 12.1 cubic 
metres per second for the 1% AEP event, and between 0.01 and 5.2 cubic metres per second for the 
10% AEP event (Appendix B – Hydrology and hydrogeology). 

These drainage lines flow intermittently, immediately during and immediately post rainfall events, then 
ceasing to flow within several hours or days of the rainfall stopping. There is high variability in 
characteristics within the drainage lines with some being steep, attributed with high velocities and flow 
rates, and others with flatter grades consisting of a series of discontinuous pools. How these features 
interact with the project is highly location specific. 

Cultural areas of sensitivity 

Land within 200 metres of Shaw River, Moyne River, Kangaroo Creek, Back Creek and Cockatoo Swamp is 
defined under the Aboriginal Heritage Regulations 2018 as being an area of cultural heritage sensitivity. 

Based on previous heritage investigations, Moyne River, Shaw River and other waterways in the region 
have been identified as focal points of past Aboriginal occupation. The clustering of Aboriginal places, noted 
in the Aboriginal cultural heritage impact assessment (Appendix J – Aboriginal cultural heritage), could 
reflect the importance of this resource to the Aboriginal people occupying the region. Knowledge provided 
by Aboriginal communities regarding Aboriginal heritage of the project site indicates that the waterways 
within the region would have provided essential resources, such as materials and food (particularly riparian 
flora providing habitat for small mammals, fish, birds etc.), necessary to sustain a group while moving 
through the area. 

No physical cultural heritage sites were recorded from subsurface testing undertaken for the project in 
areas with the potential to contain Aboriginal cultural heritage. Further discussion of Aboriginal heritage 
relevant to the project is provided in Chapter 18 – Aboriginal cultural heritage.  
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10.6.3 Wetlands 
Wetlands of international importance, or Ramsar wetlands, are 
those that contain rare or unique wetland types, or are 
important for conserving biological diversity. There are no 
Ramsar listed wetlands located within the project site, with the 
closest being the Glenelg Estuary and Discovery Bay Wetlands 
approximately 60 kilometres west of the project site. 

The Directory of Important Wetlands in Australia, managed by 
the Department of Agriculture, Water and the Environment, 
identifies wetlands of national importance that meet at least 
one of six defined criteria (e.g., are of cultural significance, provides important fauna habitat, etc.). There 
are no wetlands listed on this directory within the project site. The closest nationally important wetlands are 
the Yambuk Wetlands, which consist of an estuary between Port Fairy and Portland approximately 
15 kilometres south-west of the project site and receive freshwater inflows from the Shaw and Eumeralla 
rivers. 

Due to the relative flat topography, influence of historic lava flows and stony rises, there are areas within the 
project site that are inundated in some years during winter and spring. The larger swampy areas are known 
to hold water for approximately three to four months in these seasons. These areas then dry and form 
modified grasslands, which are grazed by sheep and cattle. During drier years these wetlands do not fill and 
remain modified grasslands.  

Wetlands identified within the DELWP 
Victorian Wetland Inventory (‘current 
wetlands’) database within and 
surrounding the project site are 
shown in Figure 10.6. The complex 
series of wetlands surrounding the 
project site can become linked during 
periods of high rainfall. This occurs 
through both natural and constructed 
channels that capture localised runoff 
from isolated sub-catchment areas or 
receive flood overflows from Shaw 
River. This includes a dense wetland 
area referred to as the Cockatoo 
Swamp complex (Figure 10.7). This 
complex is located on agricultural 
land immediately north of the western 
part of the project site, to the west of 
Landers Lane, and contains emergent 
vegetation grazed by cattle. 

In many cases wetlands have been drained in the past to increase the area of land available for agricultural 
production. Most seasonal wetlands within the project site are ephemeral (fluctuating wet and dry with 
rainfall) and are densely vegetated with Common Tussock Grass, introduced pasture grasses and sedges. 
While typically lacking floristic diversity, the wetlands within the project site still support many fauna species, 
with the low-lying areas typically inundated during the wetter months. 

Hydraulic and hydrological water balance modelling was also completed for the project site to determine the 
spatial extent of wetlands suitable for Brolga breeding. Results of this modelling are presented in 
Chapter 11 – Brolga.  

 

Wetlands can be natural, modified 
or artificial (formed by human 
activities), and may be permanently 
or temporary inundated. Water 
within wetlands can move slowly or 
be standing.  

The DELWP Victorian Wetland Inventory (‘Current 
wetlands’) database, last updated in 2017, shows the 
extent and types of wetlands in Victoria, incorporating 
local and regional wetland datasets. Wetlands in the 
DELWP database are categorised based on: 

• wetland system type (lake, marsh/swamp, marine, 
estuarine) 

• salinity regime (e.g., fresh, saline) 
• water regime (permanent or periodically inundated) 
• water source (e.g., groundwater, river) 
• dominant vegetation 
• wetland origin (naturally occurring or human-made). 

Source: DELWP Waterways and Catchments & ‘The 
Victorian wetland classification framework 2014’ (DELWP, 
2016) 
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Figure 10.6 Ephemeral wetlands 
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Four ecological vegetation communities (EVCs) that occur in ephemeral wetlands and swamps have been 
mapped within the investigation area. Details of these EVCs and their relevance are described more fully in 
Appendix D – Biodiversity and Chapter 12 – Biodiversity and habitat, however the relevant water-related 
attributes are described below: 

• Aquatic Herbland (EVC 653): This EVC occurs in ephemeral wetlands and dries out over summer, 
occurring in wet depressions away from watercourses. Water levels fluctuate seasonally according to 
rainfall. This EVC was recorded on private land within the project site. 

• Swamp Scrub (EVC 53): This EVC occurs in ephemeral wetlands and dries out over summer. Two 
patches were recorded along Woolsthorpe-Heywood Road. 

• Tall Marsh (EVC 821): Remnants of Tall Marsh were found within Back Creek south of Kangertong 
Road and a small patch west of Tarrone North Road and along Landers Lane. Flows of Back Creek 
fluctuate seasonally with rainfall. 

• Plains Grassy Wetland (EVC 125): This EVC qualifies as the EPBC Act listed community, Seasonal 
Herbaceous Wetland of the Temperate Lowland Plain. These wetlands are ephemeral and dry out over 
summer. Patches of this EVC were mapped throughout the project site, occupying low lying areas 
between stony knolls and on the flats and with some associated with DELWP ‘current wetland’ areas. 
One wetland on the Moyne River relies on flooding for water but water level fluctuates seasonally.  

Figure 10.7 
 Aerial view of Cockatoo Swamp, 

looking north towards Shaw River 
 

Figure 10.8 
 Cockatoo Swamp, looking west  

 

Summary 

A summary of the surface water features applicable to the project within and downstream of the project site 
is provided in Table 10.7. 
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Table 10.7 Surface water features applicable to the project and the values they support 

Surface water 
features  

Description Features  Values 

Shaw River  • Designated waterway by Glenelg Hopkins 
Catchment Management Authority. 

• Catchment covers approximately 
234 square kilometres. 

• Narrow ephemeral waterway. 
• Flows through the north-western extent of 

the project site. 

• Catchment largely comprised of agricultural 
land. 

• Isolated pools located along its length during 
summer. 

• Scattered areas of remnant native riparian 
vegetation and a eucalypt plantation located 
along the banks. 

• Dense wetland vegetation in-stream 
dominated by Bulrush (Typha spp.) and 
Common Reed. 

• Cultural heritage significance 
(Appendix J – Aboriginal cultural 
heritage). 

• Suitable habitat for Yarra Pygmy Perch 
and Little Galaxias identified (Appendix D 
– Biodiversity). 

• Growling Grass Frog may use Shaw 
River after heavy rainfall as a movement 
corridor (Appendix D – Biodiversity). 

• Little Galaxias identified in Kangaroo 
Creek (flows into Shaw River) 
(Appendix D – Biodiversity). 

Moyne River • Designated waterway by Glenelg Hopkins 
Catchment Management Authority. 

• Catchment covers approximately 
758 square kilometres. 

• Flowing river, relatively shallow, 
meanders within a broad floodplain 
1.5 kilometres east of the project. 

• Catchment is dominated by landforms of 
volcanic origin. 

• Riparian and in-stream vegetation consists of 
introduced and indigenous species, including 
planted (revegetated) species.  

• Evidence of stock grazing. 
• Water quality indicators exceed the ERS water 

quality objectives for electrical conductivity, 
and total phosphorous and nitrogen 
(75th percentile) (237200 Toolong gauge). 

• Yarra Pygmy Perch identified 
(Appendix D – Biodiversity). 

• Potential Swamp Skink habitat 
(Appendix D – Biodiversity). 

• Growling Grass Frog may use Moyne 
River after heavy rainfall as a movement 
corridor (Appendix D – Biodiversity). 

• Hairy Burrowing Crayfish may use the 
Moyne River (Appendix D – Biodiversity). 

Back Creek  • Tributary of the Moyne River. 
• Narrow and relatively shallow ephemeral 

flowing waterway. 
• Flows north-south through the eastern 

extent of the project site. 

• Grazed banks. 
• Riparian and in-stream vegetation consisting 

of introduced and endemic species. 

• Growling Grass Frog identified as 
present and potential habitat mapped 
along the creek (Appendix D – 
Biodiversity). 

• Provides suitable habitat for Little 
Galaxias (Appendix D – Biodiversity). 
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Surface water 
features  

Description Features  Values 

Smaller drainage 
systems and dams 

• Small depressions with informal drainage 
lines (ephemeral). 

• Farm dams (typically permanent water). 

• Support low levels of aquatic vegetation. 
• Banks steep, mostly bare earth/muddy 

margins. 
• Heavily grazed. 
• Surrounded by pasture grasses and rushes. 
• Some dams and drainage lines support 

aquatic or fringing vegetation. 

• Habitat is of low to moderate value for 
fauna. 

• Waterbirds and frog species are 
expected to use these habitats 
(Appendix D – Biodiversity). 

Ephemeral wetlands 
(including 
Cockatoo Swamp) 

• 501 hectares of wetlands (ephemeral), 
mapped as ‘current wetlands’ by DELWP, 
within project site. 

• Many have been drained to increase the 
area of land available for agricultural 
production. 

• Some would rarely hold water or would be 
unlikely to retain water for long after 
winter. 

• Largest area of area of wetlands in the 
project site is associated with Cockatoo 
Swamp (ephemeral), within the central 
area of the project site. 

• Cockatoo Swamp is within the Shaw 
River floodplain, receiving water from 
river when water levels in the river are 
high. 

• Prone to soil salinity. 
• Area of high acid sulfate soil probability. 
• Heavily grazed. 
• Densely vegetated with Common Tussock 

Grass, introduced pasture grasses and 
sedges. 

• Low-lying areas typically inundated during 
wetter months. 

• Typically lacking floristic diversity, 
however may still support many fauna 
species. 

• Four EVCs (ephemeral) mapped to occur 
in these areas (Appendix D – 
Biodiversity). 

• Brolga nest identified within Cockatoo 
Swamp (Appendix C1 – Brolga). 
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10.6.4 Soils 
Soils within the investigation area have been mapped as having good internal soil drainage (Baxter and 
Robinson, 2001). However, standing surface water does occur in depressions for parts of the year. 
During winter there are areas of waterlogged soil. 

Baxter and Robinson (2001) reported the potential for soil erosion by water (sheet erosion) as low for most 
of the investigation area, with areas of moderate potential only occurring on the more deeply weathered 
lavas surrounding the Mount Rouse lavas outside the project site. The entire area was classed as having 
low susceptibility to gully erosion and wind erosion. 

A review of the Atlas of Australian Soils indicates there is 
an extremely low probability of acid sulfate soil existing 
across the majority of the project site, with low confidence. 
Areas of high acid sulfate soil probability is indicated in 
Cockatoo Swamp in the northern wetland area, outside of 
the project site. The potential for saline groundwater or 
surface water providing suitable conditions for inland acid 
sulfate soil to have developed or have the potential to 
develop is also considered low. 

Based on field observations by Water Technology, the soil 
samples contained no evidence of discolouration 
associated with acid sulfate soil, no visible pyrite and no 
obvious sulfureous odour. 

Laboratory analysis results showed that the pH of soils at 
the sampling locations were at or greater than 5. This 
suggests that it is unlikely these soils were producing acid. 
However, laboratory testing of the samples identified that 
potential acid sulfate soil (PASS) may be present at three 
of the locations sampled (Table 10.8). Potential acid sulfate soils are soils containing iron sulfides 
(commonly pyrite) which have the potential to produce acid if they are drained or excavated. Actual acid 
sulfate soils have already undergone oxidation to produce acid, resulting in a soil pH of less than 4. 

Table 10.8 Potential acid sulfate soil identified at sampled sites  

Sample 
ID 

Geology Soils Sample site photograph 

PASS #1 
(quarry 
site) 

Newer 
Volcanic 
Group stony 
rises basalt 

Sandy silt to 
600 mm over 
clay 

 

Acid sulfate soil are naturally 
occurring soils, sediments and peats 
that contain iron sulfides, 
predominantly in the form of pyrite 
materials. Without oxygen, these 
materials remain and do not pose a 
significant risk to human health or the 
environment. However, if acid sulfate 
soil is disturbed and exposed to 
oxygen, the iron sulfides in the 
material produces sulfuric acid. The 
acidification of the soil from this 
process can impact the environment, 
land use, infrastructure and human 
health. 
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Sample 
ID 

Geology Soils Sample site photograph 

PASS #2 
(along 
Riordans 
Road) 

Swamp and 
lake deposits 

Sandy silt to 
300 mm over 
clay 

 

PASS #3 
(west of 
Landers 
Lane) 

Newer 
Volcanic 
Group stony 
rises basalt 

Sandy silt to 
200 mm over 
clay 

 

 Impact assessment 

10.7.1 Impact pathways 
The construction, operation and decommissioning of the project has the potential to impact surface water 
environments and their capacity to support environmental values. These impact pathways relate to changes 
to streamflow hydrology (flow rate and volume) and water quality. More specifically they include: 

• hydrological changes to surface water flows due to: 

̵ the introduction of impermeable surfaces associated with project infrastructure 
̵ physical disturbance from construction of waterway crossings for access tracks and cables 

• reduced water quality (e.g., turbidity, dissolved oxygen) due to: 

̵ surface water runoff (erosion) and sedimentation from stockpiles and earthworks for infrastructure, 
tracks and hardstands  

̵ damage to stream beds and banks at watercourse crossing locations, leading to surface water runoff 
(erosion) and sedimentation 

̵ disposal of collected water of poor quality into waterways or waterbodies 
̵ accidental spills of hazardous waste during construction and operation 
̵ uncovering of potential acid sulfate soil during earthworks for infrastructure, access tracks and 

hardstands. 
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Hydrology 

The construction of access tracks and larger infrastructure has the potential to alter existing drainage 
patterns if not accounted for during design. Prolonged changes to drainage patterns can lead to permanent 
changes to vegetation structure. Hydrological effects have the potential to occur over a large area due to 
the nature of the shallow topographical relief of floodplain systems. 

Depending on the watercourse characteristics and construction crossing method, there is likely to be 
temporary disruption to surface water flows (within flowing watercourses). To enable crossings of 
watercourses, partial or complete diversion may be required if the watercourse is flowing at the time of 
construction.  

Construction of impervious hardstand areas and infrastructure (e.g., wind turbines) also has the potential to 
alter flow paths.  

Water quality 

Changes in water quality may affect the environmental values protected by the ERS. The primary impact 
pathway to water quality is the potential for a temporary increase in sedimentation from construction at the 
watercourse crossing locations, and to a lesser extent other construction works areas upstream. 
A secondary and less likely impact pathway relates to contamination of surface water resources during the 
construction and operation phases.  

Increased sedimentation has the potential to reduce water quality, which can cause impacts for other users 
of a watercourse or for aquatic flora and fauna. Sedimentation may result from general construction or 
operations activities, such as runoff from stockpiles or cleared areas, or from watercourse crossing 
construction or use. The latter has the potential to result in direct disturbance to streambeds, banks or 
floodplains. 

Contamination of surface waters has the potential to occur from spills of hydrocarbons (e.g., fuels and 
lubricants) or other chemicals if construction controls and spill prevention techniques are not properly 
implemented. Uncontrolled release of water that has been collected in construction works areas 
(e.g., foundations and trenches) also has the potential to reduce water quality if it is more saline or turbid 
than receiving waters. 

Significant rainfall events (e.g., flash flooding) are likely to result in increased erosion and sedimentation. 
These events can also mobilise trace amounts of hydrocarbon- or chemical-impacted sediments 
contaminated by construction activities. 

10.7.2 Design mitigation  
Elimination of potential impacts through design has been central to the development of the project. The 
approach has been to firstly avoid potential impacts if feasible and practical, then to minimise the severity of 
the impact over space and time, followed by the application of targeted management controls. The aim of 
the design measures is to protect identified surface water values and meet the EES scoping requirement 
evaluation objectives. Key design measures are identified in square parentheses e.g., [SWD01].  

The surface water modelling estimated the inundation depth, velocity and flow rates at each project 
infrastructure location. This modelling was used determine the location and sizing of culverts and bridges, 
the location of access tracks, wind turbines and hardstand areas (to avoid areas susceptible to inundation), 
and the watercourse cable crossing methodology.  
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Flooding avoidance and minimisation 

Proposed access tracks and cable routes would traverse low-lying flat areas that are subject to flooding. 
These would also cross a number of waterways, which flood during large storms or periods of prolonged 
rainfall. 

Inundation across the project site is generally less than 300 millimetres in a 1% AEP event, with some 
localised areas exceeding 1 metre due to ponding (e.g., wetlands) and within the major flow paths 
(e.g., creeks and rivers). Figure 10.9 shows the 1% AEP flood depth and extent within the project site, and 
the maximum flood depth found at each proposed turbine location. Based on this hydrological modelling, a 
number of turbine locations were moved and access tracks re-designed to avoid areas of predicted 
inundation during a 1% AEP event [SWD01]. Other infrastructure sites were also preferentially located in 
areas that would not be inundated.  

In areas where inundation is predicted, hardstands would be designed to ensure drainage flows away from 
wind turbine locations. Hardstands would be slightly raised above the surrounding ground level and, in 
several instances, foundations would be raised further to ensure floodwaters do not reach the base of the 
wind turbine in a 1% AEP event [SWD02].  

For the on-site quarry, hydraulic model results for the 1% AEP event demonstrate that the site experiences 
inundation up to a maximum of 300 millimetres in the localised depressions and flow paths across the site.  

Permanent surface structures, including the on-site substation and the battery energy storage system, 
would be designed to maintain existing overland flow paths and not result in increased flood levels 
upstream of the sites [SWD03]. 

Climate change 

The future impacts of climate change are becoming increasingly clear as climate projection modelling has 
advanced. There is still significant uncertainty in how quickly the world would be able to curb greenhouse 
gas emissions, and so a set of 40 global climate projection models are used around the world to assist in 
the analysis and representation of future temperature, evaporation and rainfall. The project’s 
hydrogeological and hydrological modelling used Representative Concentration Pathway (RCP) 8.5 
scenario (i.e., with little curbing of global emissions and carbon dioxide concentrations continuing to rise 
rapidly) as it provides the most conservative assessment of the available scenarios. 

The modelling shows that with a pessimistic climate change scenario there will be greater severity of 
extreme weather events, which would result in greater flooding. With the inclusion of climate change 
modelling in flood modelling, there is predicted to be relatively minor increases in flood depth across the 
project site. The largest increases are within lower depressions and wetlands, including the Cockatoo 
Swamp complex, and increase flooding depths across drainage channels, waterways and in lower 
depressions, particularly for the 1% AEP events (see Figure 10.10). One turbine location is located in an 
area where the flooding depth is predicted to increase by more than 20 centimetres by 2090 (i.e., 40 years 
post-decommissioning). This will be taken into consideration during the detailed design phase.  
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Figure 10.9 Modelled flood inundation for a 1% AEP event 
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Figure 10.10 Differences in predicted flood depths for a 1% AEP in 2090 
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Waterway crossings 

The proposed access tracks and cable alignments intersect with Shaw River, Back Creek and several 
tributary creeks or drainage lines (see Figure 10.11). These waterways were assessed to determine the 
most appropriate construction method for each crossing to minimise impacts on each waterway and their 
receiving waters. Watercourse crossings have been minimised through the siting of the access tracks. The 
proposed crossings are necessary to provide access to infrastructure and would prevent vehicles, including 
trucks from the on-site quarry, being diverted onto public roads. Dependent on the size of the flow path, 
either bridges or culverts are proposed to maintain flow paths for access track crossings.  

Bridges and culverts would be designed to allow flow beneath the roads along their natural flow paths 
informed by the results of hydrological modelling [SWD04]. The construction method for the watercourse 
crossings would be dependent on the site conditions of the crossing location.  

The primary considerations in determining the proposed waterway crossing infrastructure and construction 
method included: 

• the magnitude of expected changes to water quality (e.g., the amount of sediment entering the 
downstream waterway) 

• the magnitude of expected changes to watercourse hydrology (e.g., temporary interruption of flows) 
• the sensitivity of the watercourse including the presence of ecological or other environmental values 

within or downstream of the proposed crossing  
• the ability of the waterway bed and banks to be adequately reinstated after construction to avoid future 

erosion. 

Two main crossings are proposed to cross the Shaw River and Back Creek. Concept designs have been 
prepared for these crossings informed by modelling of water depth and velocity (Attachment III – 
Project map book) as well as findings from the flora and fauna assessment and the Aboriginal cultural 
heritage assessment.  

Crossings of minor drainages would be perpendicular to the flow and located at the narrowest part of the 
stream, where possible. Culverts would be installed at crossing points, with the access tracks being 
constructed over the culvert. Structures would be sized to accommodate the required design capacity, 
based on peak water velocity and depth estimates predicted by hydrological modelling. These would been 
designed to a 10% AEP design criteria [SWD05].  

Rock protection would be installed on the bed and banks to at least the height of the crossing level, 
extending downstream of the culvert at least 1.5 times the width of the waterway crossing [SWD06]. 

Electrical cables between wind turbines and the on-site substation would need to cross the Shaw River and 
numerous minor tributary drainage channels. Proposed crossing methods for watercourses have been 
based on an assessment of the environmental, cultural heritage and technical constraints. Geotechnical 
conditions would influence the design of an appropriate crossing method, and further detailed geotechnical 
investigations would be conducted to inform the final crossing method of each watercourse.  

The three options for crossing watercourses, drainage lines and roads for electrical cables are:  

1. open cut trenching  
2. directional boring 
3. using above ground conduits (e.g., co-locating cables within above ground crossings). 

The least intrusive construction option is directional boring, which has a negligible impact on a waterway 
and minimal ground disturbance. However, the geology of the project site, being shallow basalt, means that 
directional boring is not likely to be feasible in most (if not all) instances. Trenching across a waterway 
creates a greater disturbance, however sediment deposition in the downstream waterway can still be 
minimised if appropriate controls are implemented, including undertaking the works in dry periods where 
possible and immediately reinstating the affected area.  
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Figure 10.11 Watercourse crossing 
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Final designs of waterway crossings would be refined during detailed design when the construction 
contractor is engaged and the requirements of the crossing are better defined. Development of the detailed 
drainage design would occur in consultation with the Glenelg Hopkins Catchment Management Authority, 
considering best practice design guidelines [SWD07]. Design measures would include, but not be limited to: 

• designing permanent surface structures to maintain existing overland flow paths and not cause 
increased upstream flood levels 

• installing culverts parallel to the alignment of the banks of the waterway 
• installing fish friendly culverts (see Chapter 12 – Biodiversity and habitat) 
• using a reduced-width construction right-of-way at watercourse crossings and aiming to avoid any 

standing water 
• micro-siting the crossings of Back Creek to avoid deeper pools where possible to prevent potential 

effects on Yarra Pygmy Perch, Little Galaxias and Growling Grass Frog.  

Further detail on watercourse crossing methods is provided in Chapter 5 – Project description. 

Water management 

On-site quarry 

The quarry is proposed to be a ‘zero discharge’ site, with all surface water and groundwater managed using 
retention basins. Surface water management in the on-site quarry would include use the use of swale 
drains, bunding, sediment traps and sumps to ensure surface water in contact with disturbed areas is 
captured within the work authority area [SWD08]. 

Water collecting at the quarry sump (i.e., low point) would be pumped to a storage dam or tanks close to the 
processing plant. It is proposed that two water retention basins would be established to capture water runoff 
from the quarry site and to contain water from quarry dewatering.  

The on-site storage requirements to manage surface water and groundwater inflows were assessed using a 
model for the operational and post operational phases of the quarry. Modelling demonstrated the storages 
can hold both a 90th and 99th percentile surface water inflow year and a groundwater inflow of 
77 cubic metres per day.  

Post operation, the quarry pit would be converted to a water storage for on-farm use. During flooding events 
spills from the dam would occur over a grassed spillway as per standard agricultural dam design [SWD09].  

Construction 

As discussed in Chapter 9 – Groundwater, there is potential for shallow groundwater to flow into 
foundations and open trenches. There is also the possibility that rainfall during construction may collect in 
foundations and trenches. As such, it may be necessary to pump water from these excavations 
(i.e., dewater). This water would be tested for turbidity, salinity, pH and, if necessary, disposed in 
accordance with the Environment Protection Regulations 2021.  

During construction, water for the concrete batching plants and dust suppression is intended to be sourced 
via dewatering of the quarry, subject to the water quality and quantity being suitable and with necessary 
approvals in place. The project would require a licence from Southern Rural Water to take and use the 
water. Should the water available from the on-site quarry not be sufficient or appropriate for use, water 
would be obtained from other local sources, subject to relevant approvals. 

A key element of water management during construction is to divert water along stable diversion drains, 
banks or bunds around or away from exposed areas of soil or loose material.  
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Avoidance of environmentally sensitive locations 

In the initial project design phase, a range of environmental and social aspects were identified as potential 
constraints where impacts should be avoided. These constraints have been further defined through the 
technical impact assessment process and have been incorporated into the design and siting of project 
infrastructure to minimise or avoid potential impacts of the project, while also achieving the desired project 
outcomes.  

Wetlands 

The DELWP Victorian Wetland Inventory was used as the primary data source for wetland mapping. 
Delineation of wetlands in this data source was developed using aerial photographs (from between 2007 
and 2011) supplemented with existing geospatial datasets that provided context and informed the 
identification of wetland boundaries (e.g., vegetation mapping, topography).  

A 100-metre buffer was placed around all mapped wetlands to exclude all project infrastructure [SWD11]. 
This area was selected as a means of: 

• avoiding physical disturbance to wetlands and their fringes  
• limiting surface water runoff, and entrained sediment loads reaching these ephemeral wetlands from 

construction works zones  
• reducing disturbance to fauna from construction activities (for example noise, movement and light from 

construction) 
• limiting the potential for birds and bat collisions within turbines while foraging in these ephemeral 

wetlands.  

A single, larger buffer was placed around a series of wetlands that form the Cockatoo Swamp complex in 
response to the potential breeding of Brolga. The total buffered area around the Cockatoo Swamp complex 
is 2,658 hectares and maintains connectivity between wetlands. A detailed explanation of the buffering 
methodology and rationale can be found in Chapter 11 – Brolga. While designed to avoid potential impacts 
to Brolga, these buffers also further reduce potential impacts to these ephemeral wetland areas. 

Watercourses and riparian zones 

Watercourses and riparian zones are known to be important habitats for biodiversity, both aquatic and 
terrestrial. Watercourses and drains were defined using the VicMap Hydro data, which contains line 
features delineating hydrological features including channels, rivers and streams.  

Except for required watercourse crossings, watercourses including the Shaw River, Back Creek and 
tributary drainage streams were buffered by 100 metres [SWD12] to:  

• prevent unnecessary disturbance to the watercourses or their banks  
• limit potential downstream effects from construction activities such as sedimentation of waterways. 

Except for required watercourse crossings, ephemeral drainages were buffered by 30 metres to: 

• limit physical disturbance to the drainages  
• limit surface water runoff, and entrained sediment loads reaching these ephemeral drainages from 

construction works zones. 

10.7.3 Management controls 
Where feasible, engineering design measures have been included to avoid potential surface water impacts. 
To further minimise potential impacts to surface water features (and their supporting values), management 
controls would be implemented during the design, construction, operation and decommissioning phases of 
the project. Committed management measures are outlined in Table 10.9. 
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Table 10.9 Surface water management control measures 

Impact 
pathway 

Project phase Management measures Number 

Alternation of 
existing 
drainage lines 
and flow 
paths  

Detailed design Development of the detailed drainage design in 
consultation with Glenelg Hopkins Catchment 
Management Authority, considering best practice design 
guidelines. 
Design measures would include, but not be limited to: 
• permanent surface structures designed to maintain 

existing overland flow paths and not cause increased 
upstream flood levels 

• culverts installed parallel to the alignment of the banks 
of the waterway 

• the use of a reduced-width construction right of way at 
watercourse crossings and aim to avoid any standing 
water 

• micro-siting crossings of Back Creek to avoid deeper 
pools where practicable to prevent potential effects on 
Yarra Pygmy Perch, Little Galaxias and Growling 
Grass Frog.  

SW01 

Construction Works within a designated watercourse require a Works 
on a Waterway licence from Glenelg Hopkins Catchment 
Management Authority. Works would be undertaken in 
accordance with the requirements of the Catchment 
Management Authority licence. 

SW02 

Construction Where essential wind farm infrastructure (e.g., access 
tracks and electrical cables) crosses a creek, measures 
for avoiding and minimising impacts would be 
documented in the Construction Environmental 
Management Plan, including: 
• preferentially schedule works during drier months of 

the year and lowest flow of the waterway 
• avoiding undertaking of works when high rainfall 

events are expected 
• maintaining adequate flow rates and water levels in 

waterway to be crossed (as determined in consultation 
with the relevant authorities) to minimise impacts on 
aquatic ecosystem and environmental values 

• restoration of temporarily disturbed waterways and 
vegetation (removing any obstructions to waterway 
flow) as soon as practicable following the open cut 
trenching works to at least its pre-construction 
condition 

• design measures to minimise future erosion in areas 
where trenching occurred (e.g., use of riprap made of 
stones to stabilise the waterway, geofabric to prevent 
erosion and scour until establishment of vegetation. 

• avoiding the creation of continuous rows of stockpiled 
materials and providing gaps to allow flow. 

SW03 
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Impact 
pathway 

Project phase Management measures Number 

Erosion and 
sedimentation 
(surface water 
runoff, 
destabilisation 
of waterway 
banks) 

Design,  
pre-construction, 
construction 

Development and implementation of a Sediment, Erosion 
and Water Quality Management Plan, in consultation with 
Glenelg Hopkins Catchment Management Authority and 
EPA Victoria.  
Erosion and sediment control measures within the 
construction site would adopt a treatment train approach 
and would include: 
• phasing of ground-disturbing works to periods of lower 

rainfall, where possible  
• maintaining watercourse and wetland buffers (with the 

exception of watercourse crossings) and adopt other 
measures consistent with EPA Victoria Publication 
1896: Working within or adjacent to waterways 

• minimising clearance of vegetation, particularly along 
drainage lines, waterways and steep slopes. 
Vegetation, including within the watercourse and 
riparian zones, would be reinstated as quickly as 
practicable as open cut trenching works are completed  

• installation of primary, secondary and tertiary 
treatment control measures based on site-specific 
hazards consistent with EPA Victoria Publication 
1893: Erosion, sediment and dust: treatment train 

• design and designating an area for stockpiles before 
construction commences ensuring that stockpiles and 
batters are designed with slopes no greater than 
2:1 (horizontal/vertical) 

• implementing management controls for stockpiles 
consistent with EPA Victoria Publication 1895: 
Managing stockpiles 

• stabilising exposed soils and implement other 
management controls for managing ground 
disturbance in accordance with EPA Victoria 
Publication 1894: Managing soil disturbance 

• installing sediment fencing during construction to 
protect riparian zones if works are to be undertaken 
within 30 metres of creeks 

• installing sediment treatment control measures as 
appropriate (including around stockpiles) to 
adequately capture sediment loads 

• managing vehicle movements to designated roads 
and access areas 

• directing stormwater within a constructed lined 
channel or sediment basin where applicable to reduce 
the velocity of runoff water 

• monitoring surface water quality upstream and 
downstream from the works area, and confirm 
effectiveness of established controls and if 
environmental values are being protected 

• development of contingency measures for works 
within a waterway or floodplain, including controls to 
be implemented when a storm event is forecast. 

SW04 
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Impact 
pathway 

Project phase Management measures Number 

Design, 
construction, 
operation, 
decommissioning 

Implement an approved Quarry Work Plan that includes 
risk treatment plans to manage and monitor surface water 
impacts in accordance with the Work Authority. These 
measures are likely to include, but are not limited to: 
• dam storage be properly designed by an accredited 

dam engineer and constructed to meet the relevant 
construction standards 

• weekly record of storage water levels should be kept 
throughout the operation of the quarry 

• management of surface water inflows through in-pit 
sump pumping during quarry operation. 

SW05 

Exposure of 
potential acid 
sulfate soil 

Construction Implement a risk-based approach to management of 
potential acid sulfate soil and potentially contaminated 
soils, in accordance with EPA Victoria Publication 655.1: 
Acid sulfate soil and rock, which may include:  
• identification of high-risk locations through mapping 

and soil testing 
• implementing targeted measures at high-risk locations 

such the handling and stockpiling of material, 
protocols to neutralise soil acidity, monitoring and 
contingencies 

• development of an acid sulfate soil management plan. 
If acid sulfate soil or contaminated soil is encountered it 
would be managed as a priority waste in accordance with 
EPA Victoria Publication 1968: Guide to classifying 
industrial waste. 

SW06 

Waterway 
contamination 
(from 
accidental 
spills) 

Construction, 
operation, 
decommissioning 

Measures to manage potential pollutants from entering 
waterways include: 
• spills risk assessment and response plan, 

incorporating measures for the use, storage, transfer 
and disposal of hydrocarbons and chemicals (in 
accordance with EPA Victoria Publication 1698: Liquid 
storage and handling guidelines) 

• storage of liquid fuels and chemicals within 
containment facilities (e.g., bunded areas) more than 
100 metres from waterways in designated areas within 
the project site 

• spill response kit, to be located at waterway crossings, 
at locations where machinery/plant are operating, and 
refuelling and fuel/chemical storage areas during 
construction 

• incorporation of spill containment measures into the 
drainage design. 

SW07 
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Impact 
pathway 

Project phase Management measures Number 

Disposal of 
collected 
water 

Construction Water collected dewatering of excavations would be 
managed in accordance with the Environment Protection 
Regulations 2021. These measures would be 
incorporated into the Construction Environmental 
Management Plan and would include, but not be limited 
to:  
• monitoring of water quality of captured water (e.g., pH, 

salinity, suspended solids) 
• approval would be sought from relevant authorities to 

discharge water  
• disposal of water at a site that is lawfully able to 

receive it  
• use of sediment control devices, where required. 
EPA Victoria would be consulted in the preparation 
Construction Environmental Management Plan before 
construction commences. 

SW08 

Managing 
drainage 
design 
measures and 
works on 
waterway 
requirements 

Prior to 
construction, 
construction 

As part of the Sediment, Erosion and Water Quality 
Management Plan (SW04) there would be: 
• regular inspection and maintenance of any on-site 

wastewater management system 
• inspection and monitoring program, including regular 

checks of sediment controls to ensure effectiveness, 
and remediation of any localised erosion  

• complaint investigation and response plan. 

SW09 

10.7.4 Residual effects 
Following the development of design measures and management controls, an assessment of residual 
effects and impacts was completed describing the changes to the surface water environment brought about 
by the construction, operation and eventual decommissioning of the project, and rating the significance of 
these effects based on the criteria outlined in Table 10.10. 

Table 10.10 Impact significance criteria for surface water impacts 

Very low/ 
negligible 

Low Moderate High Very high 

Project results in 
negligible changes 
to waterway flow 
and/or quality. 
Negligible reduction 
in the extent of a 
water resource that: 
• has a negligible 

impact on the 
current or future 
use of the water 
resource for 
third-party 
users; and/or  

• results in 
negligible or 
temporary 
adverse effect 
on aquatic 
ecosystems. 

Project results in 
minor (isolated) 
changes to 
waterway flow 
and/or quality. 
Minor reduction in 
the extent of a 
water resource that: 
• results in a 

short-term 
(temporary) 
reduction of the 
current or future 
use of the water 
resource for 
third-party 
users; and/or 

• results in short-
term adverse 
effect on 
aquatic 
ecosystems. 

Project results in 
changes to 
waterway flow 
and/or quality in a 
local area. 
Reduction in the 
extent of a water 
resource that: 
• results in a 

medium-term 
(temporary) 
reduction of the 
current or future 
use of the water 
resource for a 
number of third-
party users; 
and/or 

• results in 
medium-term 
adverse effect 
on aquatic 
ecosystems. 

Project results in 
significant changes 
to waterway flow 
and/or quality in 
local and 
downstream areas. 
Significant 
reduction in the 
extent of a water 
resource that: 
• results in a 

long-term 
reduction of the 
current or future 
use of the water 
resource for a 
number of third-
party users; 
and/or 

• results in long-
term adverse 
effect on 
aquatic 
ecosystems. 

Project results in 
extensive changes 
to waterway flow 
and/or quality in the 
catchment. 
Significant 
reduction in the 
extent of a water 
resource that: 
• results in a 

permanent 
reduction of the 
current or future 
use of the water 
resource for a 
number of third-
party users; 
and/or 

• results in 
permanent 
adverse effect 
on aquatic 
ecosystems. 
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The greatest likelihood of impacts to the waterways and wetlands is from construction activities associated 
with watercourse crossings, and to a lesser extent, from general construction activities. These activities 
have the potential to result in physical streambed disturbance and water quality impacts from stormwater 
runoff containing sediments entering waterways.  

The following section assesses the likely residual effects to key surface water features, assuming design 
measures (outlined in Section 10.7.2) and management controls (outlined in Section 10.7.3) are 
implemented.  

Shaw River 

Shaw River crossing 

Due to the need to cross the Shaw River for vehicle and cable connectivity, impacts to this waterway would 
be unavoidable. However, Water Technology concluded that these impacts would be localised to the single 
crossing, occur for a short duration, and be of low severity in the context of the existing conditions. Based 
on the dimensions and flows of the Shaw River, it is proposed that this and other crossings would consist of 
crossings such as culverts with co-located cables. This crossing has been sized to accommodate a 
10% AEP event predicted by hydrological modelling. Detailed design of these structures would conform to 
relevant local Council and Glenelg Hopkins Catchment Management Authority guidelines. Considering the 
moderate physical and ecological condition of this waterway within the project site and the poor to moderate 
existing water quality, the significance of this impact was assessed to be low.  

Runoff entering Shaw River 

During construction there is the potential for a temporary increase in sedimentation (and to a lesser extent 
other contaminants), which has the potential to reduce water quality and cause impacts for other users of a 
watercourse or for aquatic and semi-aquatic flora and fauna (assessed in Chapter 12 – Biodiversity and 
habitat).  

Sedimentation is most likely to occur from runoff from stockpiles or cleared areas including hardstand 
areas, access tracks and cable trenches. This would most likely occur during periods of intense rainfall. 
Through the implementation of watercourse buffers, most project infrastructure are located away from 
tributary drainage channels, except for a small number of tributary watercourse crossings for access tracks 
and cables. With the implementation of sediment control measures and avoiding watercourse crossings 
during high flow periods, the impacts to the Shaw River via transport of poor water quality in drainage 
channels was assessed to be localised and unlikely to reach Shaw River itself, for a short duration during 
periods of high rainfall and of low severity/intensity. Considering the existing condition and the temporary 
and localised effects predicted within the project site, the significance of this impact was assessed to be 
low. 

The likelihood of encountering acid sulfate soil within project work areas was assessed to be very low. 
Laboratory analysis at one sampling location near the proposed on-site quarry location showed that the pH 
of soils was unlikely to produce acid (Section 10.6.4). However, laboratory testing identified that potential 
acid sulfate soil (PASS) may be present. Potential acid sulfate soils are soils containing iron sulfides 
(commonly pyrite) which have the potential to produce sulfuric acid if they are drained or excavated. Further 
soil pH testing prior to construction would be conducted to confirm the absence of potential acid sulfate soil. 
If potential acid sulfate soil were encountered, further targeted measures would be developed including the 
handling and stockpiling of material, protocols to neutralise soil acidity, monitoring and contingency 
measures.  

Alteration of existing drainage patterns 

The construction of access tracks and hardstand areas has the potential to alter existing drainage patterns 
if not accounted for during design. Hydrological effects have the potential to occur over a larger area, due to 
the nature of the shallow topographical relief of floodplain systems. The exclusion of wind turbines and 
other infrastructure from the entire Cockatoo Swamp complex area would largely mitigate this potential 
impact. Furthermore, hydrological flood modelling was used to inform the placement of turbine locations 
and other infrastructure outside water flow paths. There is one crossing of the Shaw River and Back Creek, 
and several other designated waterway crossings in the Shaw River catchment. Modelling of flood and flow 
velocity has been considered for the sizing of culverts to ensure flow pathways are not affected 
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(e.g., blocked) by project infrastructure. With the implementation of these measures, the magnitude of 
potential impacts to altering the hydrology within the Shaw River catchment was assessed to be of very low 
significance, with any impacts likely to be localised, for a short duration and of low severity. 

Impacts of on-site quarry 

The on-site quarry is located within the Shaw River catchment. Hydraulic flood modelling has shown that 
during a 1% AEP event (i.e., 1 in 100 years) the quarry is not within an area of inundation, with limited 
localised depressions predicted to experience up to 300 millimetres in the localised depressions and flow 
paths across the site. 

The quarry has been designed as a zero-discharge facility. In other words, water entering the site via 
overland flows, groundwater and rainfall would not flow (or be discharged) from the work authority area. In 
terms of water management for the quarry during its operation, water collecting at the quarry sump 
(i.e., low point) would be pumped to a storage dam or tanks close to the processing plant.  

Two water retention basins would be established to capture water runoff from the quarry site and to contain 
water from quarry dewatering. The onsite storage requirements to manage surface water and groundwater 
inflows were assessed using a model for the operational and post operational phases of the project. Water 
balance modelling demonstrated that during operation a 1.75-hectare storage can hold both a 90th and 
99th percentile surface water inflow per year and the predicted groundwater inflow (see Chapter 9 – 
Groundwater). If inflows are greater than predicted, additional water storage retention basins would be 
required, or a portion of the pit could be used. Noting the uncertainties surrounding the hydraulic 
conductivity, groundwater and surface water inflows would be monitored to check they are within the 
predicted range and plan for additional storage if they are not. 

Post operation, the quarry pit would be converted to a water storage. Water Technology (Appendix B – 
Hydrology and hydrogeology) concluded that water spills from the dam were not considered to be a hazard 
as the dam would comprise of natural inflows and undisturbed water. Spills would occur over a grassed 
spillway as per standard agricultural dam design. Considering the volume and that groundwater recharge 
would occur when the pond level increases above the groundwater level, the impact was assessed to be 
negligible. 

Water within the quarry and the on-site storages would be a combination of groundwater and surface water. 
Groundwater salinity is expected to be in the order of 1,000 mg/L (suitable as use for livestock water) based 
on regional salinity mapping and salinity of agricultural bores located in proximity to the quarry. When mixed 
with surface water, lower salinities can be expected. Turbidity within the storages is likely to be dependent 
on the type of drains and operational management of the quarry and surrounds. Some settling of 
suspended solids would occur during the life of the storages and they would be designed to ensure no 
external site discharge. 

Through the incorporation of conservative assumptions and contingency measures into the design of the 
quarry, no impacts are predicted to receiving waters within the Shaw River catchment as a result of the 
quarry.  

Back Creek 

Back Creek crossings 

The key impact pathway to the Back Creek would be physical disturbance to the creek bed and associated 
aquatic habitats at a single crossing point for an access track and cable. During the design process, the 
number of crossing points was minimised and tracks and cables re-designed to limit disturbance to Back 
Creek. This removed five watercourse crossings from the current design. To minimise potential 
environmental impacts, this waterway crossing has been designed and constructed to maintain appropriate 
flow capacity of drainage lines, minimise the extent of disturbance and vegetation removal within the 
waterway, and rehabilitate disturbed areas following completion of works to the satisfaction of the Glenelg 
Hopkins Catchment Management Authority. Construction works would also be timed to avoid periods of 
high flow periods, where possible.  
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If Back Creek is flowing at the time of construction, water would be diverted through use of a temporary 
upstream coffer dam with piped flow around the construction works area. Excavation through the creek bed 
would then occur followed by installation of the culvert or cable followed by immediate reinstatement and 
rehabilitation of the creek banks. Downstream sediment control measures, including sediment traps, would 
also be installed in accordance with best practice guidelines outlined in Section 10.7.3. Water pollution 
would be minimised by reducing land disturbance and maintaining areas of vegetation.  

With the implementation of design and control measures, the potential impacts to Back Creek via physical 
disturbance of waterway crossings and generation of poor water quality runoff was assessed to be localised 
(mainly at crossing points), for a short duration (expected to be over several weeks) and of low to moderate 
severity. Considering the poor condition of this waterway within the project site, the significance of this 
impact was assessed to be low. 

Runoff entering Back Creek 

During construction of wind farm infrastructure (excluding watercourse crossings discussed above) there is 
the potential for a temporary increase in sedimentation (and to a lesser extent other contaminants), which 
has the potential to reduce water quality that can cause impacts for other users of a watercourse or for 
aquatic and semi-aquatic flora and fauna (assessed in Chapter 12 – Biodiversity and habitat).  

Sedimentation is most likely to occur from runoff from stockpiles or cleared areas including hardstand 
areas, access tracks and cable trenches. This would most likely occur during periods of intense rainfall. 
Through the implementation of watercourse buffers, wind turbines and other infrastructure are situated 
away from Back Creek and tributary drainage channels, except for watercourse crossings for access tracks 
and cables. With the implementation of sediment control measures and avoiding watercourse crossings 
during high flow periods, the impacts from construction runoff to Back Creek were assessed to be low with 
localised effects. 

As for the Shaw River, the likelihood of encountering acid sulfate soil within project work areas would be 
very low. Further soil testing prior to construction would be conducted to confirm the absence of potential 
acid sulfate soil. If potential acid sulfate soil were encountered, further targeted measures would be 
developed including the handling and stockpiling of material, protocols to neutralise soil acidity, monitoring 
and contingency measures.  

Alteration of existing drainage patterns 

During operation of the project, impacts to Back Creek would largely relate to potential hydrological 
modification in the catchment as a result of altered drainage patterns, if these are not accounted for during 
design. With the implementation of these measures, potential impacts associated with altering the 
hydrology of Back Creek was assessed to be localised around wind turbines and unlikely to alter the overall 
dynamics of the catchment. 

The construction and operation of the project is not predicted to impact the physical form (via hydrological 
modification) of Back Creek. With measures in place, the significance of these impacts was assessed to be 
low during construction, reducing to very low during operations.  

Moyne River 

Runoff entering Moyne River 

The Moyne River is similar to other major waterways within the region in that it meanders within a broad 
floodplain, which is defined by stony rises to the west and undulating terrain to the east. The Moyne River is 
located approximately 1.5 kilometres west of proposed project infrastructure. As such direct impacts to this 
watercourse in terms of physical disturbance are unlikely to occur. However, most of the project is located 
within the Moyne River catchment and therefore any changes to downstream water quality or hydrological 
impacts to its tributaries located within the project site, including Back Creek, may indirectly impact 
Moyne River. 
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During construction there is the potential for a temporary increase in suspended sediments (and to a lesser 
extent other contaminants), which has the potential to reduce water quality. This is most likely to occur 
immediately downstream of stockpiles or cleared areas during periods of intense rainfall. The most effective 
measure to limit this potential impact is the implementation of watercourse buffers from work areas. Other 
measures to limit potential impacts include the installation of cut-off or intercept drains to redirect 
stormwater away from cleared areas, installing erosion and sediment control measures prior to construction 
in accordance with best practice standards, and rehabilitating disturbed areas. With these measures in 
place, changes to water quality in the Moyne River are not predicted. Any downstream transport of 
sediments would likely settle in grassed swales within agricultural areas before reaching the main 
Moyne River approximately 3 to 10 kilometres downstream. Therefore, any potential impacts are predicted 
to be negligible.  

Alteration of existing drainage patterns 

During the project design, hydrological flood modelling was used to inform the placement of wind turbine 
locations and other infrastructure. Similarly, modelling of flood and flow velocity has been considered for the 
sizing of culverts to ensure flow pathways are not affected by the project. As such, permanent changes to 
hydrological drainage patterns within the Moyne River catchment are not predicted. During construction, 
earthworks and stockpiles also have the potential to impede natural drainage. Measures that would be 
implemented include avoiding the creation of continuous rows of stockpiled materials and providing gaps to 
allow flow, and minimising the length that stockpiles are in place to minimise this hazard.  

Considering the nature and scale of works required to construct the project, hydrological changes are not 
predicted to impact the Moyne River, with any changes highly localised and temporary around ephemeral 
drainage channels within the project site. The significance of these changes was assessed to be very low.  

Ephemeral wetlands 

Potential impacts to ephemeral wetlands from the construction and operation of the project are: 

• disruption of hydrology and flows reaching these areas, influencing the inundation of these areas 
• runoff of poor water quality (e.g., suspended sediments), altering water quality of these ephemeral 

systems.  

To avoid and minimise potential impacts to ephemeral wetlands, a 100-metre buffer was placed around all 
mapped wetlands to exclude all project infrastructure as a means of avoiding physical disturbance to 
wetlands and their fringes and to limit the likelihood of poor-quality surface water runoff from construction 
works zones reaching these areas. A single, larger turbine free area (more than 2,200 hectares in size) was 
created around a series of wetlands that form the Cockatoo Swamp complex in response to the potential 
breeding by Brolga. A detailed justification for this buffer is described in Chapter 11 – Brolga. While 
designed to avoid potential impacts to Brolga, these buffers also further reduce potential impacts to these 
ephemeral wetland areas. 

During the project design, hydrological flood modelling was used to inform the placement of project 
infrastructure, including turbine locations. Similarly, modelling of flood and flow velocity has been 
considered for the sizing of culverts to ensure flow pathways are not affected by the project. Based on this 
modelling, no permanent changes to the hydrological regime for the Shaw River or Moyne River 
catchments within the project site, including ephemeral wetlands, is predicted.  

10.7.5 Impact assessment summary 
A summary of the surface water impact assessment is shown in Table 10.11, with the full assessment 
presented in Appendix B – Hydrology and hydrogeological. 
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Table 10.11 Surface water impact assessment summary 

Watercourse Impact pathway Project phase Mitigation and management Likely impact (considering 
magnitude, extent and 
duration) 

Significance rating 
and justification 

Shaw River and 
associated 
tributaries 

Reduced water quality 
(e.g., turbidity, dissolved 
oxygen) due to bridge 
crossing of Shaw River, 
culvert crossings of 
tributary drainages, and 
sedimentation due to 
stockpiles and 
earthworks for 
infrastructure, access 
tracks and hardstands. 

Construction • Hydrological buffer for all 
infrastructure excluding crossings 
[SWD11,12]. 

• Bridge design based on hydrological 
modelling [SWD04]. 

• Crossing structures would conform 
to relevant local Council, Glenelg 
Hopkins Catchment Management 
Authority guidance. 

• Implement a Sediment, Erosion and 
Water Quality Management Plan, in 
consultation with the Glenelg 
Hopkins Catchment Management 
Authority and EPA Victoria (SW04). 

One access track crossing of 
Shaw River. 
Impacts would be localised, 
occur for a short duration, and 
be of low severity in the 
context of the existing 
conditions. 
Temporary increase in 
sedimentation (and to a 
lesser extent other 
contaminants) from runoff 
from stockpiles or cleared 
areas. This would most likely 
occur during periods of 
intense rainfall which has the 
potential to reduce water 
quality. 

Low 
Considering the 
moderate physical and 
ecological condition of 
this waterway within the 
project site and the poor 
to moderate existing 
water quality, the 
significance of this 
impact was assessed to 
be low. Impacts to the 
Yarra Pygmy Perch and 
Little Galaxias from the 
project are assessed in 
Chapter 12 – 
Biodiversity and habitat.  

Hydrological changes to 
surface water flows due 
to project infrastructure 
with the introduction of 
impermeable surfaces, 
and waterway crossings 
for access tracks and 
linear infrastructure. 

Construction, 
operation 

• Exclusion of wind turbines and other 
infrastructure from the entire 
Cockatoo Swamp complex. 

• Infrastructure would be designed to 
maintain existing overland flow 
paths (SW01).  

• Detailed design incorporating 
hydrological modelling [SWD04]. 

• Flows have been considered for the 
sizing of culverts [SWD05]. 

The magnitude of impacts 
predicted to be localised, for a 
short duration and of low 
severity. 

Very low 
The magnitude of any 
hydrological alterations 
outside turbine free 
buffers was assessed to 
be of very low 
significance. 
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Watercourse Impact pathway Project phase Mitigation and management Likely impact (considering 
magnitude, extent and 
duration) 

Significance rating 
and justification 

On-site quarry 
development influencing 
downstream water quality 
and hydrology. 

Construction, 
operation and post 
closure 

• ‘Zero discharge’ quarry site (all 
surface water and groundwater 
managed using retention basins) 
[SWD08]. 

• Surface water management using 
swale drains, bunding, sediment 
traps and sumps [SWD08]. 

• Water retention basins to capture 
water runoff [SWD08]. 

Quarry is located within the 
Shaw River catchment.  
Quarry is not affected by the 
1% AEP flood event. 
With the implementation of 
measures into the design of 
the quarry, no impacts from 
quarry construction and 
operation are predicted to 
receiving waters within the 
Shaw River catchment. 

Very low 
Impacts to surface 
water are not 
anticipated. 

Back Creek Reduced water quality 
(e.g., turbidity, dissolved 
oxygen) due to bridge 
crossing of Back Creek, 
culvert crossings of 
tributary drainages, and 
sedimentation due to 
stockpiles and 
earthworks for 
infrastructure, tracks and 
hardstands. 

Construction • Minimisation of crossing points in 
the design process. 

• Hydrological buffer for all 
infrastructure excluding crossings 
[SWD11,12]. 

• Crossing design based on 
hydrological modelling [SWD04]. 

• Minimisation of crossing 
construction width (SW01). 

• Implement a Sediment, Erosion and 
Water Quality Management Plan, in 
consultation with the Glenelg 
Hopkins Catchment Management 
Authority and EPA Victoria (SW04). 

One access track crossing of 
Back Creek. 
Localised physical 
disturbances due to 
watercourse crossings and 
resulting sedimentation and 
temporary water quality 
changes.  

Low  
Considering the 
localised predicted 
impacts, the poor 
condition of this 
waterway within the 
project site, but 
acknowledging key 
ecological values that it 
supports, the 
significance of this 
impact was assessed to 
be low. 

Hydrological changes to 
surface water flows due 
to project infrastructure 
with the introduction of 
impermeable surfaces, 
and waterway crossings 
for tracks and linear 
infrastructure. 

Construction, 
operation 

• Infrastructure would be designed to 
maintain existing overland flow 
paths (SW01).  

• Hydrological flood modelling was 
used to inform the placement of 
turbine locations [SWD01]. 

• Modelling of flood and flow velocity 
has been considered for the sizing 
of culverts [SWD03]. 

Temporary modification of 
hydrological drainage (for 
example during watercourse 
crossings). No permanent 
impact the physical form (via 
hydrological modification) of 
Back Creek predicted. 

Low 
Impacts assessed to be 
low during construction, 
reducing to very low 
during operations. 
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Watercourse Impact pathway Project phase Mitigation and management Likely impact (considering 
magnitude, extent and 
duration) 

Significance rating 
and justification 

Moyne River and 
associated 
tributaries 

No direct impact. 
Potential indirect impacts 
to water quality and 
hydrological changes 
during project 
construction and 
operation. 

Construction, 
operation 

• Watercourse buffers from works 
areas [SWD11,12].  

• Placement of flow diversion banks 
upstream of works areas (SW04). 

• Installation of sediment control 
devices (SW04). 

Localised change to 
sedimentation, change to 
flood levels and/or change to 
flow regime up or 
downstream of the 
modification location.  

Very low 
Any downstream 
transport of sediments 
would likely settle in 
grassed drainage 
channels within 
agricultural areas before 
reaching the main 
Moyne River 
approximately 3 to 
10 kilometres 
downstream. 

• Hydrological flood modelling was 
used to inform the placement of 
turbine locations [SWD01]. 

• Infrastructure would be designed to 
maintain existing overland flow 
paths (SW01).  

• Avoiding the creation of continuous 
rows of stockpiled materials and 
providing gaps to allow flow (SW03). 

Permanent changes to 
hydrological drainage 
patterns within the 
Moyne River catchment are 
not predicted. 
Any changes highly localised 
and temporary around 
ephemeral drainage channels 
within the project site. 

Very low 
Any hydrological 
changes would be 
limited to tributary 
drainage lines.  

Ephemeral 
wetlands (including 
Cockatoo Swamp) 

Disruption of hydrology 
and flows 

Construction • Exclusion of wind turbines and other 
infrastructure from the entire 
Cockatoo Swamp. 

• 100-metre buffer around all mapped 
wetlands to exclude all project 
infrastructure [SWD11,12]. 

• Infrastructure would be designed to 
maintain existing overland flow 
paths (SW01).  

• Detailed design incorporating 
hydrological modelling [SWD04]. 

Permanent changes to 
hydrological drainage 
patterns are not predicted. 
Temporary modification of 
flows around project 
infrastructure, particularly 
during construction, but these 
would be unlikely to effect the 
inflows to these wetlands 
overall.  

Negligible  
Changes to hydrological 
drainage patterns are 
not predicted. 
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Watercourse Impact pathway Project phase Mitigation and management Likely impact (considering 
magnitude, extent and 
duration) 

Significance rating 
and justification 

Potential impacts to water 
quality and hydrological 
changes during project 
construction and 
operation. 

Construction, 
operation 

• Implement a Sediment, Erosion and 
Water Quality Management Plan, in 
consultation with the Glenelg 
Hopkins Catchment Management 
Authority and EPA Victoria (SW04). 

• Implementing an acid sulfate soil 
management plan (SW06). 

Any changes highly localised 
and temporary around 
ephemeral drainage channels 
within the project site. 

Negligible  
Impacts to surface 
water are not 
anticipated. 

All Waterway contamination 
from accidental spills of 
hazardous waste, 
resulting in impacts to 
water quality. 

Construction, 
operation 

• Implement a spills risk assessment 
and response plan (SW07). 

• Storage of liquid fuels and 
chemicals within containment 
facilities more than 100 metres from 
waterways (SW07). 

• Spill response kit, to be located at 
waterway crossings, at locations 
where machinery/plant are 
operating, and refuelling (SW07). 

• Incorporation of spill containment 
measures into the drainage design 
(SW07). 

With control measures in 
place any spills are predicted 
to be localised and could be 
readily remediated.  

Low 
Uncontrolled releases 
are unlikely using best-
practice construction 
and operational 
management measures. 
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 Conclusions 
Construction and operation of the project has the potential to impact surface water systems and supporting 
environmental values through distinct impact pathways, which may result in physical disturbance of 
watercourses, reduced water quality and altered flows. 

Flood behaviour within the project catchments was used to inform the siting of infrastructure to avoid areas 
of potential flooding. Other design mitigations include designing the project with buffers around all mapped 
wetlands, and minimisation of watercourse crossings through siting of access tracks. Detailed designs 
would be completed in accordance with best practice guidelines and in consultation with relevant 
authorities. Residual effects of watercourse crossings and to a lesser extent reduced water quality from 
construction works were assessed to be localised and temporary resulting in impacts ranging from very low 
to low. 
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