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Executive Summary 

Transport for NSW proposes to upgrade the M5 Motorway westbound between Moorebank Avenue and the 

Hume Highway to improve connectivity between the M5 Motorway and the Hume Highway (the ‘proposal’). 

The proposal would aim to ease congestion and improve safety for motorists travelling westbound on the M5 

Motorway between Moorebank Avenue and the Hume Highway.  

The purpose of  this report is to describe the proposal, to document the likely impacts of  the proposal on the 

surface water and groundwater environment, impacts of  the surface water and groundwater environment on 

the proposal and to detail suitable mitigation measures to minimise the predicted impacts, if  required.  

The proposal is located on the eastern and western sides of  the Georges River in a f loodplain with medium-

high f lood risk and probability of encountering Acid Sulfate Soils. A former landf ill site and the ABB site may 

have resulted in contaminated groundwater in the proposal area. The section of  the Georges River within 

and around the proposal area is used for recreational activities  and Key Fish Habitat (both upstream and 

downstream of  Liverpool Weir). 

This report includes the assessment of  key environmental factors controlling and inf luenced by groundwater 

conditions, including climate conditions, local catchments and drainage, geological units, aquifer conditions, 

soil landscapes, groundwater dependent ecosystems (GDEs), and contamination sources.  

The existing conditions of  the surface water are that the majority of  water quality parameters are within the 

ANZG guidelines with the exception of  pH, dissolved oxygen, total nitrogen, total phosphorus and turbidity. 

Groundwater levels are currently poorly def ined within and around the proposal area, with literature-based 

sources indicating varying levels between 0 and 12 metres Below Ground Level. Aquifer vulnerability is 

considered high due to the unconf ined nature of  the alluvial deposits which form principal aquifers for the 

landscape and ecology within and around the proposal.  

Potential impacts f rom the proposal relevant to groundwater and surface water include: 

◼ Impacts to surface water quality (aquatic ecosystems and Key Fish Habitats) due to disturbance during 

bridge construction within the Georges River channel (construction phase) 

◼ Impacts to physical characteristics of  surface watercourse due to scouring and erosion because of  

earthworks, temporary instream structures and an increase of  impermeable surfaces leading to increased 

surface runof f  (construction and operation phases) 

◼ Impacts to groundwater quality and aquifer interference due to piling for construction of  bridge footings 

(construction phase) 

◼ Impacts to surface and groundwater quality because of  over-ground f lows of  sediments and contaminant 

laden stormwater (construction and operation phases). 

Due to the predicted potential impacts and uncertainty around baseline conditions, baseline groundwater and 

surface water monitoring would be undertaken to def ine existing conditions and undertake further 

assessment of  the potential impacts f rom the proposal on the groundwater quality, groundwater interactions, 

and groundwater dependent ecosystems. Surface water sampling would be undertaken through the 

construction period to monitor surface water contamination due to construction disturbance and stormwater 

discharges. Groundwater monitoring is proposed to investigate construction activities impacts such as piling 

and excavations. 
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1 Introduction 

1.1 Proposal overview 

Transport for NSW proposes to upgrade the M5 Motorway westbound between Moorebank Avenue, 

Moorebank and the Hume Highway, Casula. The proposal would ease congestion by improving connectivity 

between the M5 Motorway and the Hume Highway. 

Key features of  the proposal include: 

◼ A new two-lane westbound M5 Motorway exit for Hume Highway traf f ic, located about 1.5 kilometres east 

of  the existing Hume Highway exit. This exit ramp would include:  

− A grade separated underpass beneath Moorebank Avenue 

− A two-lane 290 metre long bridge over the Georges River, Southern Sydney Freight Line, and the T2 

Inner West & Leppington and T5 Cumberland rail lines 

◼ Removal of  the current M5 Motorway westbound Hume Highway exit  

◼ Upgrade of  the M5 Motorway intersection with Moorebank Avenue to cater for future traf f ic demand  

◼ Upgrade of  the Moorebank Avenue westbound entry ramp maintaining access to the M5 Motorway and 

Hume Highway 

◼ A new shared path on the southern side of  the new Hume Highway exit ramp f rom Moorebank Avenue, 

across the Georges River on the new bridge and connecting to the Hume Highway and Lakewood 

Crescent 

◼ Installation of  new drainage inf rastructure including:  

− Kerb and gutters, pits and pipes 

− Installation of  a new operational spill basin under the new bridge, east of  the Georges River 

− Removal of  the existing spill basin near Yulong Close, Moorebank  

◼ Intelligent Transport Systems (ITS) including installation and adjustments to traf f ic/SCATS detection, 

CCTV, a web camera, an emergency breakdown telephone and stopping bay, variable message signs 

(VMS) and backbone conduit 

◼ Ancillary work associated with the proposal including:  

− Relocating, adjusting or protecting existing utility services that are in conf lict with the proposal 

− Installation of  new street lighting and various road furniture 

− Delineation including signage, line-marking and other items to facilitate road user safety of  the new 

inf rastructure 

− Landscaping 

− Property adjustments where necessary. 

Construction is expected to take about 40 months to complete, assuming no unforeseen disruptions. 

Construction would be staged to minimise disruptions to transport customers and the community. There 

would be six construction areas across the proposal, with constructio n stages occurring concurrently to 

reduce construction time. 
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1.2 Proposal background 

The M5 Motorway currently operates as the key through-traf f ic arterial connection for south west Sydney. It 

is used by local and regional motorists, f reight carriers and businesses  and supports economic and 

residential growth in the Western Sydney region. The section of  the M5 Motorway between Moorebank 

Avenue and the Hume Highway (the proposal area) accommodates a variety of  traf f ic movements in both 

directions of  the Hume Highway and both directions of  Moorebank Avenue, in addition to heavy thro ugh-

traf f ic activity.  

Congestion is experienced predominately in the af ternoon period by motorists travelling westbound through 

Moorebank. Merging and weaving of  vehicles entering the M5 Motorway f rom Moorebank Avenue and those 

exiting onto the Hume Highway results in safety and connectivity issues for motorists . It is anticipated that 

future increases in heavy vehicle traf f ic f rom the proposed Moorebank Logistics Park, forecast growth of 

Liverpool Central Business District and regional traf f ic growth would also add to congestion.  

1.3 Purpose of this report 

This surface and groundwater technical assessment working paper has been prepared to assess the 

potential surface and groundwater impacts of  the proposal. It will support a REF being prepared by Transport 

for NSW under Division 5.1 of  the Environmental Planning and Assessment Act 1979 (EP&A Act). 

1.4 Report structure 

The structure of  this report is outlined below:  

◼ Chapter 1 – Introduction  

◼ Chapter 2 – Methodology 

◼ Chapter 3 – Relevant legislation, policy and guidelines 

◼ Chapter 4 – Existing environment 

◼ Chapter 5 – Site inspection 

◼ Chapter 6 – Proposal drainage design 

◼ Chapter 7 – Impact assessment 

◼ Chapter 8 – Management of  impacts 

◼ Chapter 9 – References.  
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Figure 1-1  Location of the proposal
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Figure 1-2  The proposal
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Figure 1-3  Construction features 
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2 Methodology 

2.1 Overview of approach 

The surface water and groundwater assessment report includes the following activities: 

◼ Planning instruments: Summary description of  relevant planning instruments, council management 

plans/strategies, licencing or approval requirements to undertake work relevant to the proposal in 

consideration of  surface water and groundwater resources 

◼ Constraints analysis: Review of  potential constraints and considerations relevant to key legislation, 

including: 

− Georges River Floodplain Risk Management Study and Plan (Bewsher, 2004) 

− New South Wales (NSW) State Groundwater Quality Protection Policy (1998) 

− NSW Groundwater Dependent Ecosystems Policy (2002) 

− NSW Protection of the Environment Operations Act 1997 and NSW Aquifer Interference Policy (2012) 

− NSW Environmental Planning and Assessment Act 1979 

− NSW Water Management Act 2000 

◼ Existing conditions: A review and description of  the study area under existing conditions, using public 

access data and any reference materials provided by Transport for NSW, including: 

− Existing catchment context (surface water and groundwater) 

− Local climate and weather conditions, including variations in annual precipitation and evaporation, and 

summary of  climate trends, including potential variations resulting f rom climate change 

− Local hydrology, including major / minor waterways, wetlands, local drainage features, g auging 

stations, and f low records 

− Soil landscape characteristics and modelled soil properties, including potential acid sulfate soil risk, 

potential contamination issues, development limitations, and land management constraints / 

opportunities 

− Geological and hydrogeological landscape characteristics, including aquifer occurrence, water table 

depth, groundwater chemistry, potential contamination issues, hydraulic f low rates, gradients and 

pathways, land salinity, salinity hazard, salt export, and land management constraints/opportunities  

− A review of  available publicly accessible data to identify boreholes, groundwater dependent 

ecosystems and groundwater users (if  any) within one kilometre of  the proposal 

− Identif ication of  local surface water receiving environments, associated Water Quality Objectives 

(WQOs), ANZG (2018) trigger values, water quality indicators, and key stressors for receiving 

environments 

− Identif ication of  baseline water quality conditions for receiving surface water / groundwater 

environments, including physical / chemical stressors and toxicants and any potential existing 

contamination issues 

◼ Potential construction and operational impacts: An assessment of  potential construction and 

operational impacts to the environment associated with the proposal, including assessment and summary 

of : 

− Potential hydrological and hydraulic impacts, including changes to local hydrology and scour risk along 

and at the outlets of  stormwater drainage lines  
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− Potential erosion and sediment discharge impacts through review of  high-level erosion and sediment 

impact calculations in accordance with the Managing Urban Stormwater: Soils and construction – 

Volume 1 (the “Blue Book”) (Landcom, 2004) and Transport for NSW’s PN 143P Erosion and 

Sedimentation Management Procedure, to inform assessment of  potential impacts to surface waters 

and sensitive receiving environments 

− Potential impacts f rom f looding, based on f lood modelling results contained in the Hydrology and 

Flooding Assessment Report (Aurecon, 2022) – to inform assessment of  potential impacts to surface 

waters and sensitive receiving environments 

− Potential water quality impacts to receiving environments including storm-water runof f  quality issues 

and an assessment of  consistency with relevant WQOs 

− Potential local groundwater impacts due to any proposed dewatering requirements during 

construction, including acid sulfate soil leachate generation, salinity, and potential groundwater 

contamination 

− Potential cumulative impacts to surface and groundwaters and sensitive receiving environments for 

both construction and operation stage activities 

◼ Management measures: Review and summary of  recommended management measures to address 

potential construction and operational stage impacts, including: 

− Identif ication of  site management documents and general contents: For example, Surface Water 

Management Plan (SWMP), Groundwater Management Plan, and Erosion Sediment Control Plan 

(ESCP) 

− Preparation of  a preliminary erosion and sedimentation management procedure (in accordance with 

Transport for NSW’s PN 143P Erosion and Sedimentation Management Procedure) 

− Water quality control structures, including potential treatment trains  

− Performance measures for hydrology and water quality, including attenuation of  peak f lows and 

treating nutrient, pH and suspended solids levels 

◼ Gap analysis and recommendations for further investigation: Review of  limitations of  available data 

and consideration of  potential actions required to adequately characterise existing surface and 

groundwater conditions and / or potential impacts to surface water, including limitations on the current 

def inition and understanding of  groundwater systems, GDEs, and groundwater-surface water interactions 

around the Georges River. 

2.2 Study area  

The study area considered during the preparation of  this surface and groundwater assessment report is 

shown in Figure 2-1 and def ined below: 

◼ Georges River f rom Titalka Park Drainage Channel conf luence to Liverpool Weir. Note, Georges River 

tidal limit is typically at this point. Water backs up behind the weir in basef low conditions with higher 

residence times. Impacts down-gradient f rom this point are likely to be extremely low due to dilution, size 

of  the waterbody and tidal f lushing 

◼ Groundwater up to 1 km f rom the centroid of  the proposal area 

◼ Titalka Park Drainage Channel f rom Bapaume Road (west-end) to Georges River conf luence 

◼ Amiens Wetland, located within Titalka Park. 

These are the main waterbodies present in and adjacent to the proposal area that may be impacted by the 

proposal. 
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Figure 2-1  Study area 
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3 Relevant legislation, policy and guidelines 

This chapter presents relevant regulations, legislation and policy governing management of  groundwater and 
surface water pertinent to the proposal. 

3.1 NSW framework 

Table 3-1 presents the NSW legislation, policies, guidelines and statutory requirements associated with 

surface water and groundwater assessments within the state of  NSW, along with the relevance of  these 

f rameworks with respect to the proposal. 

Greater detail on the legislation, guidelines and policies listed above and relevance to the pro posal are 

presented in detail in Table A1 – Appendix A. 

Table 3-1 NSW legislation, policy, and guidelines (groundwater and surface water) 

Document Relevance 

Fisheries Management Act 1994 
(FM Act) 

Development of the site may require a Department Planning and Environment 
(DPE) permit under the FM Act due to the classification of the Georges River as 
Key Fish Habitat. Site construction and development has the potential to trigger 
requirement for a DPE Permit if dredging activity is required or activities would 
temporarily or permanently obstruct fish passage. 

Greater Metropolitan Regional 
Environmental Plan No.2 – 
Georges River Catchment 

This plan was prepared under the Environmental Planning and Assessment Act 
1979 and influences the land use and environmental planning and management 
decisions taken where land within the Catchment is affected. The aims include 
maintaining and improving the water quality and river flows of the Georges River 
and its tributaries. 

NSW Aquifer Interference Policy 
(2012) 

Aquifer interference projects (ie activities with the potential to interfere with 
groundwater aquifers) are required to assess their impact on groundwater-
dependent ecosystems and culturally significant sites that are groundwater-
dependent. 

NSW State Groundwater 
Dependent Ecosystems Policy 
(2002) 

Construction and operation of the proposal should account for the principles and 
processes expressed in this policy in protecting GDEs. 

NSW State Groundwater Quality 
Protection Policy (1998) 

Construction and operation of the proposal should account for the principles and 
processes expressed in this policy in protecting groundwater quality. 

NSW Water Quality and River 
Flow Objectives 

The NSW Water Quality Objectives are the agreed environmental values and 
long-term goals for NSW's surface waters. They set out: 

◼ The community's values and uses for our rivers, creeks, estuaries and lakes 
(ie healthy aquatic life, water suitable for recreational activities like swimming 
and boating, and drinking water) 

◼ A range of water quality indicators to help assess whether the current 
condition of a waterway supports those values and uses. 

The River Flow Objectives are the agreed high-level goals for surface water flow 
management. They identify the key elements of the flow regime that protect river 
health and water quality for ecosystems and human uses. 

The RFOs and WQOs for the Georges River are adopted in this assessment. 

Protection of the Environment 
Operations Act 1997 

The activities required for this proposal do not trigger the requirement for an 
environmental protection licence (EPL) with respect to groundwater and surface 
water; however, the proposal is a scheduled activity (Road Construction) under 
clause 35 of Schedule 1 of the Protection of the Environment Operations Act 
1997, and therefore an EPL is required. 

Water Act 1912, Water 
Management Act 2000 and Water 
Management (General) 
Regulation 2018 

Construction of the bridge includes Instream works which are regulated by the 
controlled activity provisions of the Water Management Act 2000. The proposal 
is considered an exempt controlled activity by clause 41 of the Water 
Management (General) Regulation 2018 because Transport for NSW is a public 
authority.  
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Document Relevance 

Water Sharing Plan for the 
Greater Metropolitan Region 
Groundwater Sources (2011) 

Water sharing plans provide a legislative basis for sharing water between the 
environment and consumptive purposes. Under the Water Management Act 
2000, a plan for the sharing of water must protect each water source and its 
dependent ecosystems and must protect basic landholder rights.  

The proposal is located within the Sydney Basin Central Groundwater Source as 
per the Water Sharing Plan. 

Water Sharing Plan for the 
Greater Metropolitan Region 
Unregulated River Water Sources 
(2011) 

Under the Water Management Act 2000 the sharing of water must protect the 
water source and its dependent ecosystems and must protect basic landholder 
rights. Sharing or extracting water under any other right must not prejudice these 
rights. Therefore, water for licensed water users is effectively the next priority for 
water sharing. Water sharing plans provide a legal basis for sharing water 
between the environment and consumptive purposes. 

This proposal is located within the Southern Sydney Rivers Water Source as per 
the Water Sharing Plan. 

3.2 National framework 

Table 3-2 presents Australian legislation, policies, guidelines and statutory requirements associated with 

surface water and groundwater assessments, along with the relevance of  these f rameworks with respect to 

the proposal. 

Table 3-2  NSW legislation, policy, and guidelines (groundwater and surface water) 

Document Relevance 

Guidelines for groundwater quality 
protection in Australia (2013) 

These guidelines are designed to support the overall objective of the National 
Water Quality Management Strategy 2018 (NWQMS), focusing on protecting 
and enhancing groundwater quality to support the nominated environmental 
values and preventing groundwater contamination. 

National Water Quality 
Management Strategy (2018) 

The proposal has the potential to impact water quality within the Georges River. 
As such, the proposal should integrate water quality management strategies 
(consistent with NWQMS) such that the environmental values of the sensitive 
receiving waterways are not adversely impacted. 

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

Given the absence of site-specific guideline values, the ANZG’s give directions 
to default guideline values (DGVs) for a range of stressors relevant to different 
community values, such as aquatic ecosystems, human health and primary 
industries. 
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4 Existing environment 

4.1 Climate 

4.1.1 Historical records 

The Bureau of  Meteorology climate database (Bureau of  Meteorology, 2020) was used to identify weather 

observation stations close to the study area. The identif ied stations were further assessed to determine the 

most representative set of  records. The results are summarised in Table 4-1. 

Table 4-1 Local rainfall gauges metadata 

Gauge 
ID 

Station Name Distance from the 
study area 
(kilometres [km])  

Elevation 
(metres 
[m]) 

Years Active Percent 
complete 
(%) 

MAP 
(millimetres 
[mm]) 

066161 Holsworthy Aerodrome 
AWS 

5.0 68 2012 – present 99.6 792.1 

066168 Milperra Bridge 5.4 Unknown 1963 – present 83.3 683.4 

066137 Bankstown Airport AWS 6.1 7 1968 – present 98.7 900.05 

066190  Ingleburn (Sackville 
Street) 

9.1 75 1992 – 2019 30 ND 

Table note: MAP = Mean Annual Precipitation. MAP is calculated over the years with complete datasets; ND = No data, 

insufficient data for calculations 

The following primary factors were used to assess the data records: 

◼ Completeness of  rainfall record 

◼ Distance f rom the proposal 

◼ Elevation compared to the proposal (about 6 – 17 metres above Australian Height Datum; AHD) 

◼ Record length. 

Considering the above factors, the Bankstown Airport AWS station’s data record was selected as having the 

more representative records, given the longer and more complete dataset. 

Representative evaporation data was sourced f rom the Scientif ic Information for Land  Owners database 

(SILO, 2020). The metadata associated with the station closest to the study area (Bankstown Airport AWS) is 

summarised in Table 4-2. 

Table 4-2  Details of gauges with available evaporation data close to study area 

Gauge 
ID 

Station Name Elevation (m) Data availability MAE (mm) 

066137 Bankstown Airport AWS 7 July 1968 – present 1,512 

Table note: MAE = Mean Annual Evaporation. MAE is calculated over the years with complete datasets 

The annual total rainfall and pan evaporation values over the 1969 to 2019 monitoring period (includes all 

years) are shown in Figure 4-1. 

A review of  the historical data associated with this station reveals  the following: 

◼ A variable annual rainfall rate (long term 50 year mean 866 mm / annum) 

◼ Wetter than average years recorded rainfall in excess of  900 mm (up to more than 1,300 mm) 

◼ Drier than average years recorded rainfall less than 900 mm (down to less than 600 mm) 

◼ The pan evaporation data f luctuates between 1,250 mm and 1,900 mm per annum with an increasing 

trend observed in the total annual evaporation since 2012 
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◼ Relatively warm and dry years on record for Sydney in the previous 15 years included 2005, 2006, 2009, 

2010, 2014, 2017, 2018 and 2019 (BoM, 2021). The high temperatures experienced were likely due to 

the inf luence of  the El Niño 

◼ Slightly wetter than average years included 2007, 2011, 2013, 2016 and 2020 resulting f rom East Coast 

Lows developing and establishment of  La Nina events in the Pacif ic Ocean (BoM, 2021) 

◼ Years when rainfall and temperature were close to average included 2008, 2010, 2012 and 2015 (BoM, 

2021). These years began with La Nina conditions in the Pacif ic Ocean and it is typical for La Nina years 

to be cooler with more cloud than usual. 

The above trends have implications for hydrological behaviour, with a net def icit of rainfall to support 

stormwater runof f  to surface water bodies and inf iltration / recharge to the groundwater system on an annual 

basis. 

  

Figure 4-1  Average annual evaporation and rainfall measured – Bankstown Airport AWS (1969 – 2019) 

To visualise the distribution of  the rainfall and evaporation data for each calendar month, a box and whisker 

and plot chart was developed (only includes datasets with full years of  data) (Figure 4-2). This monthly 

breakdown suggests high variability but generally wetter than average conditions f rom November to June 

and distinctly drier conditions f rom July to October.  

Figure 4-2 also indicates that in all the months the average evaporation exceeds the median rainfall with 

December and January having the highest evaporation rates. Evaporation shows a strong seasonal trend 

and low variability with highest evaporation rates in December and January and lowest evaporation rates in 

June and July. These seasonal trends have implications for hydrological behaviour, with stormwater runof f  to 

surface water bodies and inf iltration / recharge to the groundwater system more likely when rainfall is 

relatively high and evapotranspiration is relatively low. It suggests that pooled water sourced f rom f lash 

f looding is unlikely to develop on the site on a long-term basis. In addition, given the size of  the Titalka Park 

Drainage Channel catchment, this watercourse is likely to be ephemeral and only f low during periods of  

intense rainfall.  
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Figure 4-2  Range of total monthly rainfall and evaporation for Bankstown Airport AWS (1969-2019) 

Figure note: Data taken from years with total datasets. Whiskers show 10 th and 90th percentiles. Boxes depict median 

values, upper and lower quartiles. Trend lines reflect monthly averages. 

Maximum and minimum monthly temperatures are presented in Figure 4-3. Analysis of  all the climate 

records indicate a temperate climate with warm to hot summers (average maximum temperatures around 

29°C) and cooler winter periods with average maximum temperatures below 20°C and minimum 

temperatures averaging around 6°C. 

Comparison of  Figure 4-2 and Figure 4-3 indicates there is a trend between temperature and evaporation 
rates. Evaporation rates are higher at higher temperatures because as temperature increases .  

 

Figure 4-3  Monthly maximum and minimum temperature ranges for Bankstown Airport AWS (1969-2019 

excluding 1994 due to low data record) 

4.1.2 Climate change 

Consideration of  potential climate change is a crucial factor in assessing the impacts f rom this proposal, as it 

has the potential to inf luence the general environmental water balance as well as groundwater availability, 

soil and water salinity and water quality. Study results documented in “Climate change impacts on surface 

runoff and recharge to groundwater” (Of f ice of  Environment and Heritage, 2015) have been used in this 

working paper to assess expected local climatic changes in the proposal area. 

NARCliM (the NSW and ACT Regional Climate Modelling project) predicted near future (2020-2039) and far 

future (2060-2079) changes to rainfall, runof f  and recharge to groundwater (Of f ice of  Environment and 

Heritage, 2015). Table 4-3 presents a summary of  the statistical analysis for Metropolitan Sydney  (region the 

proposal is within).  
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Table 4-3  Per cent changes to multi-model mean annual rainfall, surface runoff and recharge 
 

Per cent change in near future (%) 

(2020-2039) 

Per cent change in far future (%) 

(2060-2079) 

State planning region Rainfall Runoff Recharge Rainfall Runoff Recharge 

Metropolitan Sydney +0.4 +4.0 -5.0 +8.1 +17.6 +12.5 

Understanding of  the physical processes that cause extreme rainfall, coupled with modelled projections, 

indicate with high conf idence a future increase in the intensity of  extreme rainfall events, altho ugh the 

magnitude of  the increases cannot be conf idently projected. The publication does not provide details 

regarding changes to f lood-producing rainfall events other than to conf irm that changes to rainfall intensity 

are predicted. 

The hydraulics and hydrology working paper states that the ARR 2019 predicts a worst-case increase in 

rainfall intensity of  nine per cent and 19.7 per cent (20 per cent) for the years 2050 and 2090, respectively. 

Climate change has been accounted for in the f lood modelling results (Aurecon, 2022). 

The results f rom the “Practical Consideration of Climate Change” (NSW Government Department of  

Environment and Climate Change, 2007) publication showed a trend of  increased rainfall intensities for the 

40-year Average Recurrence Internal one‐day rainfall event across NSW (Table 4-4). 

Table 4-4  CSIRO indicative change in rainfall and evaporation one-day total (CSIRO, 2007) 

Location 40 Year 1-day rainfall 
total projected change 
2030 

40 Year 1-day rainfall 
total projected change 
2070 

Evaporation 
projected 
change 2030 

Evaporation 
projected 
change 2070  

Sydney Metropolitan -3% to +12% -7% to +10% +1% to +8% +2% to +24% 

NSW Average -2% to +15% -1% to +15% +1% to +12%  +3% to +38% 

These expected rainfall and evaporation changes largely support the NARCliM predictions (Table 4-3) as 

higher intensity storms will result in higher runof f  volumes, whereas the increased evaporation rates will likely 

lead to reduced recharge, as suggested in the near future results. 

The ef fect of these climate change predictions on hydrological behaviour will be important in considering the 

surface water and groundwater operational phase impacts for the proposal (Section 7.4). Runof f  volume 

f rom the proposal area to receiving surface watercourses will increase, although the quantum of  change is 

dif f icult to determine. The speed with which stormwater will reach these receiving watercourses is also likely 

to increase, due to lower interception, leading to a f lashier hydrological response to rainfall.  It is predicted 

that recharge to groundwater which would reduce groundwater table levels in the near future will decrease 

which may in turn have a reduction in base f low of  the Georges River. That, paired with higher surface runof f  

rates, would create a situation of  greater variability in river water levels. In the far future, recharge levels are 

expected to increase, thus creating overall higher groundwater levels. 

Temperature projections for Eastern Australia indicate higher average temperatures for the near future 

(2030) with the daily average expected to rise between 0.5 and 1.4°C above the average value recorded 

between 1986 and 2005. By late in the century (2090), for a high emission scenario (RCP8.5) the projected 

range of  warming is 2.8 to 5.0 °C. Under an intermediate scenario (RCP4.5) the projected warming is 1.3 to 

2.6 °C (Of f ice of  Environemnt and Heritage, 2014). As average temperatures are predicted to rise in the 

future because of  climate change, evaporation rates can be assumed to rise as well. 
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4.2 Geology and soils 

4.2.1 Local geology 

Review of  the published 1:100,000 Penrith Geological Map (Clark & Jones, 1991) indicates that Triassic 

bedrock sequences including the Ashf ield shale, Minchinbury Sandstone, and Bringelly Shale are present at 

outcrop and directly underlying the western portion of  the proposal area, to the west of  the Georges River. 

Quaternary age alluvial deposits are present within and along the Georges River, and across the eastern 

portion of  the proposal area (east of  the Georges River). 

Table 4-5 presents a summary of  the geological units within and around the proposal area, including  relative 

age, geological mapping symbols, and unit descriptions. 

Tertiary alluvium is present on the Georges River f loodplain and east of  Moorebank Avenue, described as 

“clayey quartoze sand and clay”. A zone of  Quaternary alluvium is shown between Moorebank Avenue and 

the M5 Motorway Eastern bridge abutment over the Georges River. This is described as “medium-grained 

sand, clay, silt”. 

Table 4-5 Summary of Geological Units 

Age Geological 
Symbol 

Geological Strata / 
Unit 

Typical Description 

Quaternary QH_af Alluvial floodplain 
deposits 

Silt, very fine to medium grained lithic to quartz-rich sand, 
clay 

Q_af Alluvial floodplain 
deposits 

Silt, very fine to medium grained lithic to quartz-rich sand, 
clay 

CZ_a Alluvium Unconsolidated alluvial clay, silt, sand and gravel deposits 

Middle Triassic Twib Bringelly Shale Shale, carbonaceous claystone, laminate, lithic sandstone, 
rare coal 

Middle Triassic Twim Minchinbury Sandstone Fine- to medium-grained lithic sandstone 

Middle Triassic Twia Ashfield Shale Black to light grey shale and laminate 

Aquifer and aquifer properties related to the above geological units are discussed in Section 4.4.1 

4.2.2 Soil landscapes 

The Soil Landscapes of  Penrith 1:100,000 Sheet (Chapman, et al., 2009) shows the proposal intersects the 

Blacktown and Berkshire Park, Luddenham and Richmond soil landscapes. Figure 4-5 shows the proposal 

area relative to NSW soil landscape mapping. 

The key characteristics and limitations to development of  the NSW soil landscapes are presented in Table 

4-6 (NSW Off ice of  Environment and Heritage, n.d.). 

Table 4-6  Summary of soil landscape key characteristics and key limitations. 

Soil 
Landscape 

Key Characteristics Key Limitations of soil landscapes 

Blacktown Shallow to moderately deep (>100 cm) 
hardsetting mottled texture contrast soils, red 
and brown podzolic soils (Dr3.21, Dr3.31, 
Db2.11, Db2.21) on crests grading to yellow 
podzolic soils (Dy2.11, Dy3.11) on lower 
slopes and in drainage lines. 

◼ Low to moderate fertility 

◼ Moderate erodibility 

◼ Erosion hazard for non-concentrated flow is slight 
to moderate but ranges from low to very high and 
for concentrated flows is moderate to high 

◼ Localised seasonal waterlogging 

◼ Localised water erosion hazard 
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Soil 
Landscape 

Key Characteristics Key Limitations of soil landscapes 

Berkshire 
Park 

Weakly pedal orange heavy clays and clayey 
sands, often mottled. Ironstone nodules 
common. Large (up to 20 cm) silcrete 
boulders occur in sand/clay matrix. Solods 
(Dy3.41), yellow podzolic soils (Dy4.11, 
Dy2.11, Dy2.21, Dy2.22), red podzolic soils 
(Dr4.11), chocolate soils (Dr4.11, Dr4.61), 
structured plastic clays (Uf6.11, Uf6.12), 
structured clays (Uf5.23, Gn4.11 and 
Gn3.11). 

◼ Low fertility 

◼ Very high wind erosion hazard if cleared 

◼ Gully, sheet and rill erosion on dissected areas 

◼ Localised seasonal waterlogging 

◼ Localised flood hazard 

◼ Impermeable subsoils 

Luddenham Shallow (<100 cm) dark podzolic soils 
(Dd3.51) or massive earthy clays (Uf6.71) on 
crests; moderately deep (70–150 cm) red 
podzolic soils (Dr2.11, Dr2.41, Dr3.11) on 
upper slopes; moderately deep (<150 cm) 
yellow podzolic soils (Dy4.22) and prairie 
soils (Gn3.26) on lower slopes and drainage 
lines. 

◼ Water erosion hazard 

◼ Localised steep slopes 

◼ Localised mass movement hazard 

◼ Localised shallow soils 

◼ Localised surface movement potential  

◼ Localised impermeable highly plastic subsoil 

◼ Moderately reactive 

Richmond Poorly structured orange to red clay loams, 
clays and sands. Texture may increase with 
depth. Ironstone nodules may be present. 
Plastic clays (U46.12) in drainage lines. Deep 
acid non-calcic brown soils (Gn3.14, Gn4.34), 
red earths (Gn2.11) and red podzolic soils 
(Dr2.41), occur on terrace surfaces with 
earthy sands (Uc5.21, Uc1.23) on terrace 
edges. 

◼ Localised flood hazard 

◼ Localised seasonal waterlogging 

◼ Localised water erosion hazard on terrace edges 

The soil landscapes discussed in Table 4-6 inherently have characteristics which af fect the interaction 
between surface water and groundwater impacts, respectively. Soil erosion hazards are discussed in 
Section 6. 
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Figure 4-4  1:100,000 Penrith Geological Map – M5WBU  
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Figure 4-5  Soil Landscapes of Penrith 1:100,000 Sheet – M5WBU
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4.2.3 Acid sulfate soils 

There is a low probability of Acid Sultafe Soils (ASS) occurrence on the western bank of  the Georges River 

(Naylor, et al., 1998; NSW Off ice of Environment and Heritage, n.d.). However, data supplied by Liverpool 

City Council suggests there are recorded Category 1 (along the riverbed) and Category 5 (adjacent to the 

river) ASS located within the proposal area (Liverpool City Council, n.d.). 

4.2.4 Hydrological soil groups 

The proposal is located in an area containing group C and D soils f rom the hydrologic soil group 

classif ication (Department of  Planning, Industry and Environment, 2021). Group C soils are more likely on 

the western side of  the proposal and Group D soils are more likely on the eastern side of  the proposal (NSW 

Off ice of  Environment and Heritage, n.d.). The hydrological characteristics of  these soils will af fect surface 

water runof f  and groundwater recharge due to their moderate to high runof f  potential when saturated. These 

af fects are most relevant to the construction phase of  the proposal. 

Soils in group C have moderately high runof f  potential when saturated. Water movement through the soil is 

somewhat restricted. Group C soils typically have between 20 per cent and 40 per cent clay and less than 

50 per cent sand and have loam, silt loam, sandy clay loam, clay loam, and silty clay loam textures.  

(Department of  Planning, Industry and Environment, n.d) 

Soils in group D have high runof f  potential when saturated. Water movement through the soil is restricted or 

very restricted. Group D soils typically have greater than 40 per cent clay, less than 50 per cent sand, and 

have clayey textures. (Department of  Planning, Industry and Environment, n.d)
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Figure 4-6   Acid Sulfate Soil Risk Map – M5WBU (NSW Office of Environment and Heritage, n.d.; Naylor, et al., 1998) 
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Figure 4-7  Hydrologic soil groups – M5WBU 
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4.3 Catchment and surface water 

4.3.1 Regional surface water environment 

The proposal is located within the Georges River catchment which drains 930 square kilometres (km2) of  

land, including parts of  14 local government areas, and covering a signif icant portion of  the Greater 

Metropolitan Region (Figure 4-8). The Georges River itself  extends about 60 km south-west of  Sydney 

f lowing northward for approximately half  its length and then in an easterly direction f rom Liverpool to its 

mouth into Botany Bay.  

The Georges River catchment is one of  Australia's most urbanised and developed catchments and this has 

led to poor water quality conditions throughout the lower portion of  the catchment. Land use within the lower 

catchment varies, and includes residential, industrial, agricultural, mining and Defence activities . Protected 

areas such as drinking water catchments and conservation land dominates the upper portion of  the 

catchment. 
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Figure 4-8  Georges River Catchment – M5WBU (NSW Department of Planning and Environment) 
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4.3.2 Local topography 

In the proposal area, the Georges River forms a north-south aligned U-shaped valley with an elevation of  

about seven metres above Australian Height Datum (mAHD). Figure 4-9 depicts the local topography of the 

local area and key drainage features, including the Georges River.  

Generally, the local topography is split into three areas, comprising a) the Georges River b) a broad plain, 

including local f loodplain east of  the Georges River, and c) higher elevation areas west of  the f loodplain.  

The Georges River is about 48 m wide in the vicinity of  the proposal. Ground levels on the f loodplain within 

the proposal area are generally between 6 to 8 mAHD rising gently eastward to a maximum elevation of  

30 mAHD. The western side is characterised by steeper slopes forming topographic boundaries to the 

Georges River with a maximum elevation of  about 65 mAHD.  

4.3.3 Local surface water environment 

Waterways 

Waterways in close proximity to the proposal include the Anzac Creek, the Georges River and an unnamed 

tributary (hereaf ter called ‘Titalka Park Drainage Channel’ for the purposes of  easier reference in this 

assessment) to the south of  the proposal.  

The Georges River is a 7th order perennial waterway. Liverpool Weir (about 1.7 km downstream from the 

proposal area) forms the uppermost tidal limit and presence of  salt water on the Georges River. At the 

proposal’s crossing of the Georges River, f luvial f reshwater f lows in a unidirectional manner towards 

Liverpool weir. Because of  the weir, the river height is controlled in the proposal area. Water in this section is 

‘backed-up’ in most f low conditions forming an over-widened channel with a characteristic f ine sediment 

depositional environment. The river is about 45 m wide where it intersects the proposal area. Georges River 

lies in a laterally unconf ined valley setting with terrace / cohesive planform continuous f loodplain (DPI, 2021). 

The channel has low sinuosity and f ine-grained sediment bed. Stream condition, f ragility and recovery 

potential are all classif ied as ‘moderate’. 

Anzac Creek is located about 640 m east of  the proposal area (at the closest point). It is an ephemeral 

tributary (1st Strahler order) of  the Georges River with a catchment of  10.6 km2. The creek headwaters are in 

the RAE Golf  Course at Moorebank. The channel f lows in a north-easterly direction, ultimately draining to 

Lake Moore on the Georges River, about 3 km downstream from the proposal (Parsons Brinkerhof f , 2016). 

No River Styles information is available for Anzac Creek (DPI, 2021). It is included in this assessment for 

completeness, but no part of  the proposal area lies within the Anzac Creek catchment and therefore no 

impacts are predicted to this waterway. 

Titalka Park Drainage Channel is an ephemeral 1st order tributary for stormwater drainage. No River Styles 

information is available for this channel (DPI, 2021). 

Key surface water features of  the proposal are shown in Figure 4-10. 

Stormwater drainage 

The Georges River f lows in the northerly direction through the proposal and is the main receiving waterway 

for discharge f rom the proposal and surrounding areas. 

Review of  the local topography and existing drainage shows that the Moorebank Business Park, to the 

south-east of  Moorebank Avenue and M5 Motorway intersection, drains though the proposal drainage 

system and into the Georges River, just south of  the proposal area as shown on Figure 4-11. Section 5 

identif ies a number of  drainage ditches and depressions used to direct overland f lows f rom the Moorebank 

Business Park. Stormwater drainage direction is generally to the west on the eastern side of  Georges River, 

and to the east on the western side of  the Georges River.  

https://en.wikipedia.org/wiki/Liverpool_Weir
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There are two existing retention basins on the eastern side of  the Georges River within the proposal area. 

This includes an existing basin on the north side of  the M5 Motorway which captures road runof f  f rom the 

eastbound side of  the M5 Motorway. The second retention basin just south-east of  the other basin which 

captures water f rom the westbound side of  the M5 Motorway, this basin would be relocated as part of  the 

proposal. There is a third basin on the western side of  the Georges River, which collects road runof f  on the 

northern side of  the M5 Motorway, draining towards the Georges River (Figure 4-11).  

The site inspection (Section 5) identif ies another basin located on the north side of  the proposal underneath 

the bridge on the east side of  Georges River. However, this basin is not connected to the existing stormwater 

drainage system and its use is assumed to be for contaminated land remediation, not related to stormwater 

drainage of  the M5 Motorway.  

Wetlands – Amiens wetland 

The Amiens wetland (Titalka Park Wetlands) is a small (4,855 m2) f reshwater wetland on the Georges River 

f loodplain located south-west of  the intersection of  Moorebank Avenue and the M5 Motorway (the water body 

adjacent to proposal shown on Figure 4-9). Waters are discharged f rom the Amiens wetland via a piped 

connection to the Georges River (Parsons Brinkerhof f , 2016). 

The wetland consisted of  about 44 per cent open water and 56 per cent f loating vegetation based on a f ield 

inspection for the Moorebank Precinct West project on 25 May 2016 (Arcadis, 2016). 

The wetlands main inf low is overland f low received f rom the surrounding areas. The wetland provides a 
stormwater treatment function through the storage of  stormwater and retention of  nutrients, sediment and 
other pollutants. 
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Figure 4-9  Local topography and drainage – M5WBU  
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Figure 4-10  Key surface water features of Georges River and surrounds – M5WBU  
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Figure 4-11  Stormwater Drainage Points of Interests – M5WBU 
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4.3.4 Surface water quality 

Environmental values and guidelines 

The NSW Water Quality Objectives (WQOs) are the agreed environmental values and long-term goals for 

NSW's surface waters. They set out: 

◼ The community's values and uses for rivers, creeks, estuaries and lakes (eg aquatic foods, healthy 

aquatic ecosystems, industrial, irrigation, livestock water supply, water suitable for recreational activities 

like swimming and boating, and drinking water) 

◼ A range of  water quality indicators to help assess whether the current condition of  a waterway supports 

those values and uses. 

There are two kinds of  WQOs that are applicable to the proposal area: 

◼ Catchment specif ic objectives based on the maintenance of  environmental values 

◼ DGVs included in the Australian and New Zealand Guidelines for Fresh and Marine Water Quality 

(ANZG, 2018) which provide a threshold or a range of  desired values to achieve WQOs for dif ferent 

community values including aquatic ecosystems, human health and primary industries.  

Default guideline values have been derived for f resh and marine waters but not for groundwater or brackish or 

hypersaline surface waters. 

For the Georges River catchment, there are four main sub-catchment categories, each with a set of  

environmental values that describe the water quality  goals relevant to each sub-catchment. The Independent  

Inquiry into the Georges River – Botany Bay System (Healthy Rivers Comission, 2001) determined that the 

proposal is located within a sub-catchment classif ied as a ‘waterway af fected by urban development’. 

The key WQOs and nominated environmental values relevant to the Georges River include:  

◼ Protection of Aquatic Ecosystems: ecological condition of waterways and the riparian zone. Physical 

and chemical water quality stressors can cause degradation of  aquatic ecosystems. For the purpose of  

this assessment, indicators include dissolved oxygen, metals, nutrients, pH, salinity and turbidity. 

◼ Protection of Visual Amenity: aesthetic qualities of  waters. For the purpose of  this assessment, 

indicators include colour, odour and transparency. 

◼ Protection of primary and secondary contact recreation: water quality for recreational activities, 

where primary contact recreation implies direct contact with the water via bodily immersion or submersion 

with a high potential for ingestion (eg swimming, diving and water skiing), and secondary contact 

recreation implies some direct contact with the water would be made but ingestion of  water is unlikely (eg 

boating, f ishing and wading). Bacteriological indicators are used to assess the suitability of  water for 

recreation. 

The NSW WQOs for lowland rivers and estuaries of  the Georges River relevant to the proposal are 

summarised in Appendix B.  

Moorebank Logistics Park monitoring data 

A surface water monitoring program for the Moorebank Logistics Park project was carried out between 

June 2013 to May 2016 (Parsons Brinkerhof f , 2014). The Moorebank Logistics Park was a project located 

immediately south of  the proposal and the data collected of fers some insight to baseline surface water 

quality of  the Georges River. Some of  the results of  the surface monitoring program are shown on Table 4-7. 
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Table 4-7  Typical water quality monitoring results (from January 2014 sampling round) (Parsons Brinkerhoff, 

2014) 

Site Chlorophyll-
a  
(μg/L) 

TP 
(µg/L) 

TN  
(µg/L) 

DO  
(% 
saturation) 

pH 
(pH 
units) 

Turbidity 
(NTU) 

Electrical 
Conductivity 
(µScm-1) 

Lowland 
River DGVs 

3 25 350 85-110 6.5- 8.0 6-50 125- 2,200 

SW01 <1 <10 400 74 7.5 2 390 

SW02 <1 <10 400 86 8.1 2 367 

SW05 9 170 1,800 57 7.5 28 360 

Estuarine 
DGVs 

4 30 300 80-100 7.0- 8.5 0.5-10 N/A 

SW03 5 50 600 75 7.5 6 5,053 

SW04 3 50 600 80 7.5 9 9,210 

Key 

Measured concentration within DGV range Measured concentration at threshold for DGV range 

Measured concentration outside DGV range No DGV 

No major exceedances for metals have been recorded  (not shown in Table 4-7). Other discrete 

exceedances have been recorded but none indicating unusual or long -term trends of  concern (Parsons 

Brinkerhof f , 2016). For instance, although median pH levels were within ANZG guidelines at most sites, the 

minimum and maximum values for pH were outside the ANZG guideline range. Samples across all sites 

exceeded these guidelines for 10 – 26 per cent of  the time over the monitoring period (Parsons Brinckerhof f , 

2016). Dissolved oxygen median saturation levels were outside (below) the ANZG guidelines at all sites for 

70 – 80 per cent of  samples collected during the monitoring period. This ref lects the classif ication of  the 

Georges River in the proposal area as a ‘disturbed ecosystem af fected by urban development’ (Parsons 

Brinckerhof f , 2016). 

Other Georges River water quality data f rom NOW and DPE indicates that while some water quality 

parameters are within the ANZG guidelines, others, such as total nitrogen, total phosphorus and turbidity, are 

consistently exceeding the guidelines. This is consistent with the lower Georges River’s status as a 

deteriorated urban waterway (Parsons Brinkerhof f , 2016). 

Liverpool City Council monitoring data 

Liverpool City Council collected water quality data f rom October 2017 until October 2020. Data is presented 

in Table 4-8. The locations of  the monitoring sites are presented in Figure 4-12. The data supplied by the 

council for the three sites closest to the proposal area (GR1, GR1.5 and GR2) were analysed. 
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Figure 4-12  Location of Liverpool City Council Monitoring Data (supplied by Liverpool City Council) 

Table 4-8  Summary of Liverpool City Council Surface Water Monitoring 

Site  Statistic pH EC DO Turbidity Temperature 

pH units µS/cm % saturation NTU °C 

GR1 
(freshwater) 

Minimum 7.1 170 30 1 11.6 

Median 7.9 418 73 5 21.7 

Maximum 9.9 2,017 149 20 32.7 

GR1.5 
(freshwater) 

Minimum 6.4 163 49 1 13.7 

Median 8.1 279 86 9 21.5 

Maximum 9.2 644 111 27 31.0 

GR2 

(estuarine) 

Minimum 6.7 168 14 0 12.6 

Median 8.2 391 70 3 22.0 

Maximum 9.1 1,236 114 15 30.7 

Key 

Measured concentration within DGV range Measured concentration at threshold for DGV range 

Measured concentration outside DGV range No DGV 

Numerous values of  pH, dissolved oxygen and turbidity fall outside adopted guideline values which is 

consistent with the f indings of  other previous studies. 
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Georges River Keeper monitoring data 

Georges River Keeper complete f ieldwork to inform river health grading. There are 17 estuary sites and 34 

f reshwater sites in the sampling network (Georges River Keeper, 2020). The captured data is used to grade 

conditions along the Georges River in terms of  riparian vegetation, water quality and macroinvertebrate 

quality. These f indings are presented in annual water quality report cards and a ‘state of  the river’ report 

(Georges River Keeper, 2020). 

The two most recently published report cards (Georges River Keeper, 2018) showed an overall B+ (or 

‘Good’) grade for the Lower Freshwater Section in both years (Figure 4-13a). Georges River Estuary was 

also allocated a B+ grade in 2018 and an A grade in 2020 (or Good-Excellent’) (Figure 4-13b) (on a scale of  

A – Excellent to F – Poor). Water quality at the f reshwater site closest to the proposal area (Cambridge 

Avenue about 3.5 km upstream), however, was lower in both 2018 and 2020 with a C+ (or ‘Fair) grade. 

 

 

 Lower Freshwater Section 2018  Georges River Estuary Section 2018 

 

 

 Lower Freshwater Section 2020  Georges River Estuary Section 2020 

Figure 4-13  River Health Grades (adapted from Georges River Keeper, 2018) 

These results may not be a true ref lection on longer-term water quality conditions due to lower rainfall in the 

catchment in this period (Georges River Keeper, 2018). It is noted that stormwater generated f lows in this 
urban catchment, with a population close to 1.5 million, transfers high pollutant loads into the river. Lower 
rainfall recorded during 2017-2018 mean that these pollutant loads were not washed into the river.  Improved 

grades in the estuarine section indicates that tidal f lushing leads to an improvement in water quality due to 
lower residence times, dilution of  polluted stormwater and removal of  polluted stormwater. 
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4.3.5 Surface water hydrology 

River flow objectives 

The NSW River Flow Objectives are the agreed high-level goals for surface water f low management. They 

identify the key elements of  the f low regime that protect river health and water quality for ecosystems and 

human uses. The following river f low objectives have been set for ‘waterway af fected by urban development’ 

within the Georges River catchment: 

◼ Maintain natural f low variability 

◼ Maintain natural rates of  change in water levels 

◼ Maintain wetland and f loodplain inundation 

◼ Minimise ef fects of weirs and other structures. 

Unlike WQO’s (Section 1.1.1), there a no quantitative thresholds set for the River Flow Objectives so 

assessment of  impact would need to be completed on a qualitative basis. 

Georges River hydrology 

The Georges River is one of  the most populated catchments in Australia. The river and its tributary creeks 

represent Sydney’s most immediate f lood problem, both in terms of  the number of  properties af fected by 

f looding and the potential for increased f lood damage due to develop ment pressures within the catchment 

(Bewsher Consulting Pty Ltd, 2004). 

Within the proposal area, the Georges River is perennial, with land surrounding the river being historically 

subject to f looding. Regionally, f lood records date back as far as the 1860s. The most recent major f lood 

occurred in 1988 and was estimated to have an annual exceedance probability (AEP) of  f ive per cent This 

f lood resulted in inundation of  more than 1,000 properties along the Georges River (Parsons Brinkerhof f , 

2016). 

A summary of  the baseline scenario results for the f lood modelling conducted by Aurecon and presented in 

the Hydrology and Flooding Assessment Report (Aurecon, 2022) can be characterised as follows: 

◼ Peak f low velocities of  about 3.5 metres per second (m/s) and 4.5 m/s are predicted at the location of  the 

existing bridge in a one per cent AEP design event and the PMF event respectively  

◼ Peak f lood levels of  up to 10.4 metres and 12.4 metres AHD are predicted just upstream of  the existing 

bridge in a one per cent AEP design event and the PMF event respectively  

◼ Minor break out is predicted f rom the eastern bank of  the Georges River in a one per cent AEP design 

event about 300 metres upstream of  the bridge 

◼ No inundation of  the existing M5 Motorway is predicted in a one per cent AEP design event. However, 

minor inundation and overtopping are anticipated in the PMF event  

◼ The existing bridge is not predicted to be submerged in the f lood events up to and including the PMF 

event. 

4.3.6 Sensitive receiving environments 

Key Fish Habitats (FM Act) are located within Georges River to the west of  the proposal (under the Sydney 

area map sheet). The Key Fish Habitat comprises the length of  the Georges River (both upstream and 

downstream) into Botany Bay. The areas are identif ied as those aquatic habitats that are important to the 

sustainability of  the recreational and commercial f ishing industries, the maintenance of  f ish populations 

generally and the survival and recovery of  threatened aquatic species (Department of  Primary Industries, 

n.d.). There are, however, no threatened aquatic species mapped in the vicinity of  the proposal area nor 

downstream from the proposal area (DPI Fisheries, 2016). The closest threatened species designation for 

Macquarie Perch is at Minto Heights, about 20 km upstream. 
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A review of  the Department of  Climate Change, Energy, the Environment and Water (DCCEEW) protected 

matters search tool has not revealed any wetlands of  international importance in relation to the proposal area 

(Aurecon, 2022). In addition, there are no wetlands of  national signif icance within the proposal area f rom a 

search of  the Directory of  Important Wetlands in Australia database within the proposal area. The Towra 

Point Wetlands (mangroves) do feature on the Directory of  Important Wetlands in Australia and it holds 

Ramsar designation (Department of  Planning, Industry and Environment, 2018). The Towra Point Nature 

Reserve Ramsar site is located about 36 km downstream from the proposal and consists of  386.5 hectares 

of  wetlands that lie on the southern shore of  Botany Bay. It contains four nationally threatened species, and 

24 threatened species and f ive endangered ecological communities protected under NSW legislation 

(Department of  Environemnt, Climate Change and Water Conservation, 2010). Key limits of  acceptable 

change include maintaining the geomorphological, hydrological and physicochemical conditions of the 

wetland types at Towra Point that support its biota. 

The length of  the Georges River within and immediately surrounding the proposal has been classif ied as 

Environmentally Signif icant Land under the Liverpool Local Environmental Plan 2008 (Liverpool LEP). A 

small area of  forest 780 m south of  the proposal adjacent to Georges River (upstream) has been identif ied as 

Coastal Wetlands as def ined by the maps within State Environmental Planning Policy (Resilience and 

Hazards) 2021 (Aurecon, 2022).  
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Figure 4-14  Designated key fish habitat
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4.4 Hydrogeology 

4.4.1 Aquifers and aquifer properties 

Alluvial deposits occur in valleys, creeks and riverbeds in the region. The alluvial deposits are shallow, 

discontinuous and relatively permeable. They are likely to be responsive to rainfall and stream f low with the 

shallow alluvium hydraulically connected to the Georges River. The existence of  the Amiens Wetland south 

of  the proposal (Section 4.3.3), which is fed by groundwater recharge, conf irms the shallow groundwater 

conditions (Parsons Brinkerhof f , 2014).  

Regionally and locally, the Ashf ield shale has a low hydraulic conductivity and groundwater within the shale 

has high salinity and thus behaves as an aquitard, restricting groundwater f low into the underlying 

Hawkesbury Sandstone unit (Parsons Brinkerhof f , 2014). 

The Hawkesbury Sandstone is a dual porosity regional aquifer system that occ urs across the whole of  the 

Sydney Basin. Groundwater f low is variable throughout the Hawkesbury Sandstone, and is generally 

dominated by secondary porosity and f racture f low associated with structures such as faults and f racture 

zones. The primary porosity of the rock matrix is generally low (Parsons Brinkerhof f , 2014).  

It is possible that the Ashf ield Shale aquitard is present above the Hawksbury Sandstone at points which can 

act as a barrier for groundwater f low between the overlying alluvial aquifer and the underlying sandstone 

aquifer. 

4.4.2 Hydrological Landscape Mapping 

Hydrogeological Landscapes (HGL) are def ined by similar areas of  salt stores and pathways for salt 

mobilisation, relying on several factors for their characterisation: geology, soils, slope, regolith depth, and 

climate. The combination of  these factors provides a structure for understanding how salinity manifests in the 

landscape, the dif ferences in salinity development, and the impacts (land salinity  / salt load / water electrical 

conductivity) in the landscape. The proposal is located within the ‘Moorebank’, ‘Upper South Creek Variant A’ 

and ‘Denham Court’ HGLs. 

A review of  HGL mapping presented in Figure 4-15 are summarised in Table 4-9. 

Table 4-9  Summary descriptions of HGLs relevant to the proposal 

HGL Description 

Denham Court The Denham Court HGL is characterised by steep low hills on Triassic Wianamatta Group rocks 
(predominately Bringelly Shale). Quaternary alluvial soils (fine-grained sands, gravels, silts and 
clays) are present along drainage lines. 

Groundwater flow is unconfined along structural features (bedding, joints, faults etc) in the 
fractured bedrock, predominantly moving laterally through the shale layers (although vertical 
movement through fracturing does occur) and vertically through interbedded sandstone and 
sandstone fracturing. Lateral flow occurs through alluvial sediments on slopes and plains. 

Depth to water table is intermediate (2-6 mBGL). Land salinity is moderate, groundwater is 
generally fresh (EC less than 0.8 dS/m). 

Upper South 
Creek Variant A 

The Upper South Creek Variant A HGL is characterised by low, undulating hills with colluvial/ 
alluvial foot slopes and plains (often ponding) and drainage lines on Triassic Wianam atta Group 
rocks (predominately Bringelly Shale).  

Groundwater flow is unconfined along structural features (bedding, joints, faults) in the fractured 
bedrock, predominantly moving laterally through the shale layers (although vertical movement 
through fracturing does occur) and vertically through interbedded sandstone and sandstone 
fracturing. Lateral flow occurs through alluvial sediments on slopes and plains. 

Depth to water table is intermediate (2-6 mBGL). Land salinity is high, groundwater is generally 
brackish to saline (EC between 1.6-4.8 dS/m). 
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HGL Description 

Moorebank The Moorebank HGL is characterised by alluvial deposits associated with the Georges River, 
including broad, flat alluvial plains intersected by present day drainage channels. Unconsolidated 
materials comprise Neogene alluvial sediments (sands and clays) overlying small areas of Triassic 
Hawkesbury Sandstone and Wianamatta Group shales (predominately Ashfield Shale). 

Groundwater flow is unconfined through unconsolidated alluvial sediments. Localised perching of 
water tables occurs above clay lenses during wetter periods. Unconfined to semi -confined flow 
also occurs along structural features (bedding, joints, faults) in the fractured bedrock. 

Depth to water table is shallow to intermediate (0-8 mBGL) with seasonal variation. Land salinity is 
moderate, groundwater is generally fresh (EC between 0.8-1.6 dS/m). 
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Figure 4-15  Hydrogeological Landscapes
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4.4.3 Groundwater flow 

Groundwater level ranges based on licenced bores, hydrological landscapes and previous investigations 

within the area are presented in Table 4-10. 

Table 4-10  Groundwater levels recorded from previous investigations (Parsons Brinkerhoff, 2014) 

Source Groundwater level range (m BGL) 

Aquifer Alluvium Ashfield Shale Hawkesbury Sandstone 

Registered bores (BoM) 0.9 to 5.1 – – 

HLA (2003) 2.7 to 11 – – 

GHD (2004) 1.4 to 14.7 3.0 to 5.4 7.0 to 8.2 

Earth Tech (2006) 4.8 to 13.3 – – 

Parsons Brinkerhoff (2011) 5.2 to 12.4 – – 

Liverpool City Council (2019) 4 to 13 

Moorebank HGL (Department of Planning, 
Industry and Environment, n.d) 

0 to 8 

Upper South Creek Variant A HGL (Department of 
Planning, Industry and Environment, n.d) 

2 to 6 

Denham Court HGL (Department of Planning, 
Industry and Environment, n.d) 

2 to 6 

The Project-specif ic geotechnical site investigations, which included measurement of  groundwater levels, 

has not yet been completed. Based on previous investigations in the area, the local groundwater f low 

direction is considered to trend to the northwest towards the Georges River (Parsons Brinkerhof f , 2014).  

On a regional scale, groundwater f low in the alluvium is likely to be generally north-north-east trending 

following the f low direction of  the Georges River. Regional groundwater f low direction in the Ashf ield Shale is 

likely to be to the north-west, inf luenced by the dip of  the strata (Parsons Brinkerhof f , 2014). 

4.4.4 Groundwater quality 

Salinity in the alluvium is generally low but is typically higher in the Ashf ield Shale (brackish) than the 

quaternary alluvium. Total dissolved solids (TDS) within the shales typically exceeds 3,000 milligrams per 

litre (mg/L), while in the Hawkesbury Sandstone, TDS is typically below 500 mg/L (Sydney Catchment 

Authority, 2007). The measured salinities for the Hawkesbury Sandstone are also high and are likely to be 

inf luenced by the overlying Ashf ield Shale. 

Previous groundwater investigations for the study area indicate that pH in the alluvial deposits ranges 

between 4.3 and 8.0 (HLA Envirosciences, 2003), while electrical conductivity (EC) ranges between 31 and 

24,500 μS/cm. Groundwater investigations conducted by GHD in 2004 indicate that pH within a range of  

aquifers to the south of  the proposal area is acidic, ranging between 4.76 and 5.83 (GHD, 2004). 

Water quality measurements f rom monitoring wells installed in the Ashf ield Shale and the Hawkesbury 

Sandstone indicated both f resh and salty water quality (up to18,500 μS/cm). The higher salinity in the 

sandstone is probably due to leakage of  saline groundwater f rom the overlying shales (HLA Envirosciences, 

2003). 

Previous groundwater investigation  

A groundwater investigation was conducted by Transport for NSW on 12 September 2019 as part of  the 

Contamination Assessment and Preliminary Waste Classif ication, M5 Motorway, Moorebank, NSW (JBS&G, 

2019). A monitoring well was installed, summarised in Table 4-11. 
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Table 4-11  Groundwater bore details (JBS&G, 2019) 

Well reference Easting Northing Ground RL Coordinate System 

BH3A/MW01 307781.1 m 6242620.6 m 7.90 mAHD MGA94 56 

A summary of  groundwater conditions encountered during site investigations is presented in Table 4-12 and 

Table 4-13 below. Groundwater was initially encountered at 5.5 metres below ground level (m BGL) in silty 

sand. 

Table 4-12  Groundwater Field Physicochemical Parameters (JBS&G, 2019) 

Well 
reference 

Dissolved Oxygen 
(mg/L) 

Electrical 
conductivity 
(μS/cm) 

pH Oxidation Reduction 
Potential (mV) 

Temperature 
(C) 

MW01 0.42 682 6.06 -25.1 18.3 

During the groundwater monitoring event, the standing water level was 5.1 m bgs. This data indicated that 

the groundwater was marginally f resh and generally of  poor quality when considered for drinking purposes. 

The groundwater was slightly acidic with slightly reducing conditions. MW01 was installed in the identif ied 

landf ill material within the investigation area on 12 September 2019.  

Table 4-13  Groundwater Observations (JBS&G, 2019) 

Well reference Odour Sheen Turbidity 
Light non-aqueous phase liquid 
(LNAPL) 

MW01 Organic odour Organic Sheen Turbid No measurable LNAPL observed 

All Contaminants of  Potential Concern (CoPC) were below applicable Limits of  Reporting except for some 

metals, BTEX, polycyclic aromatic hydrocarbons and per- and polyf luoroakly substances (PFAS) 

compounds, as discussed below.  

◼ All CoPC concentrations in groundwater were reported below the adopted f reshwater ecosystem criteria, 

except for the following metals: 

− Copper with a concentration of  0.002 µg/L (criterion of  0.0014 µg) 

− Zinc with a concentration of  0.1 µg/L (criterion of  0.008 µg/L) 

◼ Low concentrations of  toluene, xylenes and the polycyclic aromatic hydrocarbons (naphthalene and 

phenanthrene) were reported above Limits of  Reporting but below health and ecological criteria. 

Eight PFAS compounds were reported above the Limit of  Reporting; however, all results were below adopted 

assessment criteria where available including Perf luorooctanoic acid, Perf luorohexanesulfonic acid and 

Perf luorooctanesulfonic acid. 

All CoPC concentrations in groundwater were reported below adopted human health criteria.  These data are 

ref lective of  the site location, within a landf ill site with historic leg acy contamination issues and are also 

typical of  groundwater quality in urban environments.  

4.4.5 Groundwater users 

A search of  Realtime Water NSW on the 18 November 2020 indicated there were 35 registered boreholes 

within one kilometre of  the proposal, f ive of which are for water supply uses (four are specif ied for industrial 

purposes), four bores for irrigation (three currently in use) and one for recreational use (Water NSW, n.d.).  

The bores are shown on Figure 4-16. 

Table C-1 (Appendix C) provides a summary of  groundwater bores within a one kilometre radius of  the 

proposal and associated groundwater levels collated f rom bore records held by Water NSW.  
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Figure 4-16  Summary of groundwater bore locations and purpose (Water NSW, n.d.)
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4.4.6 Groundwater dependent ecosystems 

Groundwater underlying the proposal and the wider region is probably interconnected. 

A search of  the Australian Government’s Atlas of  Groundwater Dependent Ecosystems was undertaken on 

16 November 2020. Several aquatic and terrestrial GDEs with potential reliance on subsurface groundwater 

were identif ied in the locality (Figure 4-17). No terrestrial GDEs were present within 500 m (up-gradient) and 

1,300 m of  the proposal area. 

The Cumberland Riverf lat Forest adjoining the Georges River was identif ied as having a high potential for 

groundwater interaction. This terrestrial GDE is located about 500 m south of  the proposal (upstream). The 

Georges River is also identif ied as having a high potential for groundwater interaction and this aquatic GDE 

passes through the proposal (Figure 4-17). No data on subterranean GDEs was available for the locality 

(BoM, 2021).  

Amiens Wetland, discussed in Section 4.3.3 is not identif ied as a GDE in the Atlas of  Groundwater 

Dependant Ecosystems as it is mainly fed f rom stormwater outf low f rom the M5 Motorway, and it’s 

connectivity with groundwater is unknown.  
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Figure 4-17  Groundwater dependant ecosystems (Bureau of Meteorology, n.d.) 
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4.5 Contamination 

Based on review of  the previous investigations and results of  the limited LFG investigation, conducted by 

Aurecon, the CSM is summarised in Section 11.2 of  the PSI and LFG assessment (Aurecon, 2022). The 

CSM provides a description of  the SPR linkages and an evaluation of  overall risk considering: 

◼ The identif ied subsurface impacts below the M5 Motorway Georges River bridge and along the proposal 

area are attributable to of f -site sources and other responsible parties. Therefore, based on the CLM Act, 

the identif ied subsurface impacts are not Transport for NSW’s liability.  

◼ There are potential risks to consider during the concept design phase for construction and operation of  

the bridge piers, new services and the associated ancillary structures. The CSM present ed below 

focusses on these risks. 

◼ Potential risks to ecological receptors should be appropriately managed during implementation of  the 

REF. However, potential ecological receptors have not been considered in the CSM presented.  

For further analysis and discussion on contamination, refer to the Preliminary Site Investigation and LFG Gas 

Assessment report (Aurecon, 2022) 
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5 Site inspection 

A site walkover inspection of  the proposal area was undertaken on 3 September 2020. In the fourteen days 

prior to the walkover, only 0.4 mm rainfall was recorded at Bankstown Aerodrome AWS. Due to health and 

safety requirements, the site walkover inspection was limited to the southern side of  the proposal.  

Photographs f rom the site walkover are presented in Figure 5-1. 

The Georges River was observed to be highly turbid (brown) with no visual staining or odours.  A large 

diameter (>1.5 m diameter) stormwater outlet was observed on the eastern bank of  the Georges River, 

immediately south of  the bridge (Figure 5-1 a and b). The stormwater outlet was dry (non-f lowing) at the 

time of  inspection. 

The eastern bank of  the Georges River contained a large, f lat, low-lying area understood to be subject to 

historical landf illing (Figure 5-1 c). Soil quality within this area appeared to be poor with large patches of  

exposed earth, loose soils and evidence of  recent erosion. A water quality basin potentially associated with 

the historical landf illing was identif ied on the eastern bank of  the Georges River on the north facing side of  

the bridge (Figure 5-1 f). The water quality within the basin appeared to be poor and discoloured at the time 

of  inspection; however, no sheen or odour were identif ied, and sediment depth was not measured. 

On the western side of  the Georges River, hardstanding has been established along with channel 

stabilisation measures to accommodate Powerhouse Road and a rail corridor (Figure 5-1 g, h, I, j). 

Stormwater drainage was observed but no stormwater outlet was identif ied on the western channel bank.  

Topography was noted to rise much more steeply on the western channel bank than the eastern channel 

bank of  the Georges River. 

East of  the Georges River, land was observed to rise gradually towards Moorebank Avenue (Figure 5-1 k, l, 

m). Stormwater runof f  east of  Moorebank Avenue, particularly along the current M5 Motorway appears to 

drain towards the Georges River via a stormwater pit and culvert which undercuts Moorebank Avenue at the 

intersection with the Motorway (Figure 5-1 n). There was no evidence of  gross contamination in the 

stormwater pits that were inspected east of  Moorebank Avenue. 

  

a) Georges River and eastern channel bank facing 

south-east f rom south side of  bridge 

b) Georges River facing and channel banks 

north-west f rom south side of  bridge. 

Stormwater outlet to Georges River located in 

centre of  picture. 
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c) Georges River f loodplain and historic landf illing 

area f rom south side of  bridge 

d) Bridge facing west f rom south side on eastern 

bank of  Georges River 

 

e) Under bridge east side of  Georges River, facing 

east 

 

f ) Water quality basin, east side of  Georges 

River, north side of  bridge facing west 

 

g) Georges River f rom eastern channel bank facing 

west 

 

h) Georges River f rom eastern channel bank 

facing north-west 
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i) Rail corridor on western side of  Georges River 

facing south-east f rom south side of  bridge 

j) Powerhouse road facing south-east f rom 

south side of  bridge f rom western side of  River 

 

k) Easement and stormwater drainage ditch on 

south side of  proposal east of  Moorebank 

Avenue draining west 

 

l) Easement and stormwater drainage 

depression on south side of  proposal east of  

Moorebank Avenue draining west 

 

m) Easement and stormwater drainage depression 

with pit on south side of  proposal east of  

Moorebank Avenue draining west 

 

n) Stormwater drainage pit on south side of  

proposal east of  Moorebank Avenue draining 

west 

Figure 5-1  Site inspection – selected photographs 
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6 Proposal drainage design 

A conceptual stormwater drainage design has been developed for the proposal, which would include the 

following road drainage inf rastructure:  

◼ Longitudinal drains, which would run along the length of  the road and are designed to remove water f rom 

the road surface as quickly as possible. This would include a system of  pits and pipes within the median 

and kerb of  the road 

◼ Water quality management and stormwater treatment measures that could include:  

− Spill basins including connecting to existing basin on the west side of  Georges River and the 

installation of  a new basin on the east side of  Georges River (Figure 6-1) 

− Grass swale, located on the south side of  the proposal, just north of  Amiens Wetland to direct overland 

f lows running over the batters into the drainage system. 

A schematic representation of  the key features of  the conceptual stormwater drainage design is shown in 

Figure 6-1. 
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Figure 6-1  Drainage design and flow directions 
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7 Impact assessment 

7.1 Preliminary Environmental Investigation 

A preliminary environmental investigation (PEI) (SLR, 2015) was prepared for the proposal. The PEI 

identif ied the following water quality and hydrological issues: 

◼ Development in f lood prone areas and associated drainage work, including climate change adaptation 

◼ A new crossing of  the Georges River and associated water quality and hydrology issues  

◼ Potential presence of  groundwater and associated dependent ecosystems  

◼ Pollution sources during construction and operation, including sediment and hydrocarbon run of f . 

The PEI recommended the following surface water and groundwater issues be considered during 

development of  the proposal (SLR, 2015): 

◼ Consideration of  the f lood history of the region and the potential ef fects of climate change throughout the 

options assessment and concept design phases of  the proposal (this has been considered in the 

Hydrology and Flooding Assessment Report (Aurecon, 2022)) 

◼ A f looding assessment should be completed by a qualif ied professional to ensure the new Georges River 

crossing is designed with adequate f lood immunity and climate change protection, and that the bridge 

does not af fect the f lood risk of  the study area (this has been considered in the Hydrology and Flooding 

Assessment Report (Aurecon, 2022) 

◼ The design should incorporate measures to limit any aquifer interference (ie there is minimal impact on 

the water table, water pressure and water quality) (this recommendation has been considered in Section 

7.5 of  this report) 

◼ A groundwater assessment should be carried out by a qualif ied professional to determine the potential for 

aquifer interference, and the probable connectivity between the Georges River and the groundwater (this  

recommendation has been considered in Section 7.5 of  this report) 

◼ Adequate road drainage provisions should be included in the design to avoid direct runof f  discharge to 

the river and drainage lines (this recommendation is considered in Section 7.5 of  this report) 

◼ A surface water assessment should be completed by a qualif ied professional to ensure the design does 

not af fect the morphology or hydrology of the river or increase erosion or scour along the riverbed or 

banks (this requirement is considered in Section 7.5 of  this report). 

The proposal’s potential impacts to surface water and groundwater are assessed in Section 7.3 

(construction impacts) and Section 7.4 (operational impacts). 

7.2 Impact assessment ratings 

The proposal’s surface water and groundwater impacts have been rating using the following categories: 

◼ Low: Potential adverse impact could result in a minimal decline in the resource/quality of  a resource in 

the study area. Probability of  event occurring is not anticipated.  

◼ Medium: Potential adverse impact could result in a slight decline in the resource/quality of  a resource in 

the study area. Probability of  event occurring  is unlikely. Research, monitoring, and/or recovery initiatives 

would not normally be required.  

◼ High: Potential adverse impact could result in a decline in the resource resource/quality of  a resource to 

lower-than-baseline/worse-than-baseline but stable levels in the study area. Probability of  event occurring  

is probable/possible. Regional management actions such as research, monitoring and/or recovery 

initiatives may be required.  
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7.3 Potential impacts during construction 

Construction is expected to take about 40 months to complete, assuming no unforeseen disruptions. 

Construction would be staged to minimise disruptions to transport customers and the community . There 

would be six construction areas across the proposal, with construction stages occurring concurrently to 

reduce construction time.  

The six construction areas are shown in Figure 1-3. More information about construction is provided in 

Chapter 3 of  the Project REF. 

Construction impacts assessed in this section are described with reference to their location within a specif ic 

construction area.  

The largest potential surface water and groundwater impacts of  the proposal are anticipated to be 

encountered during construction of  the new bridge across the Georges River (construction area 4). A multi 

span bridge is proposed and foundations for the piers and abutments would need to be piled due to the 

deep, variable strength alluvial soils and residual soils encountered in the Georges River f loodplain.  

Piles for the bridge are expected to be bored and socketed into the underlying shale bedrock. Some of  the 

bridge piers would also be constructed through the Helles Park former landf ill site. However, the subsurface 

ground conditions along most of  the route alignment are generally favourable for the use of  bored cast 

concrete in-situ piles.  

No bridge piers would be located directly within the Georges River. However, the following construction 

activities would be carried out within the waterway and have the potential to interact with the banks and bed 

of  the Georges River: 

◼ Sheet piling along Powerhouse Road near Pier 5, with temporary ground anchors back underneath 

Powerhouse Road (construction area 4) 

◼ Mobilisation of  a barge for construction activities (construction area 4) 

◼ Construction of  a temporary wharf  to provide construction access to the barge (including access for a 

crane and pile rigs). The temporary wharf  would comprise a sheet piled structure with possible tie-back 

anchors (construction area 4) 

◼ Anchors and spuds are required to secure the barge for loading  (construction area 4) 

◼ Sheet piling along the bank in f ront of  Pier 5 (construction area 4) 

◼ Installation of  piles f rom the barge (permanent steel casing, reinforcement and concrete) (construction 

area 4) 

◼ Placement of  scour protection at the pile to pier interface (construction area 4). 

Other construction activities with lesser potential impacts include the clearance of  vegetation, earthworks and 

excavation and under-boring for utilities. These activities would be carried out within all six construction 

areas. 

Construction phase surface water and groundwater impacts are assessed in Section 7.3 and summarised in 

Table 7-4. 

7.3.1 Soil preliminary erosion and sedimentation assessment 

A Preliminary Erosion and Sedimentation Assessment (PESA) was carried out for the proposal in 

accordance with Transport for NSW’s PN 143P Erosion and Sedimentation Management Procedure and the 

“Blue Book”. The f indings of  the PESA are summarised in Figure 7-1, Figure 7-2 and Table 7-1. The PESA 

indicated that the proposal is considered to have a low erosion risk; however, appropriate erosion and 

sedimentation controls would be required to manage surface water runof f  in the proposal area.  
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Figure 7-1  Assessment of potential erosion hazard (western side of Georges River) 

 

Figure 7-2  Assessment of potential erosion hazard (eastern side of Georges River) 
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Table 7-1  PESA 

Triggers Yes/No Comments to support decision 

1. Does the complexity or size of the 
project result in it being inherently high 
risk as ongoing installation and 
maintenance of controls will require 
extensive coordinated resources? 

No The proposal is located within and next to an existing 
road corridor. The proposal is not of a complexity or size 
that would result in it being inherently high risk. The 
ongoing installation and maintenance of controls is 
unlikely to require extensive coordinated resources. 

2. Assess the erosion hazard of each 
catchment to be disturbed for the 
proposed project using Attachment 1b 
(of RTA, 2008). Are any of the 
proposed construction areas defined as 
“High Erosion Hazard”? 

No The proposal was assessed as having a low erosion 
risk, as shown in Figure 7-1 and Figure 7-2. The 
assessment was based on slopes of 2.5% (western 
bank of the Georges River) and 4.7% (eastern bank of 
the Georges River), a calculated R value of about 1,700 
and a mapped R value of 2,500.  

3. Are there known site constraints that 
limit the implementation of appropriate 
erosion and sedimentation control 
measures? 

No Site is generally flat (away from the riverbanks) and 
there are a number of spill basins already within the 
proposal boundary. There are spatial constraints in 
relation to the Proposal, however, due to the topography 
and low erosion risk, alternative erosion and 
sedimentation controls could be utilised as appropriate 
mitigation measures.  

4. Are there identified sensitive receiving 
environments that will receive 
stormwater discharge from the 
construction project? 

No Discharge flows into the Georges River which is a highly 
disturbed system. No identified coastal wetlands or 
other sensitive receiving environments in the direct 
vicinity.  

 

Construction of  the proposal would increase the potential for soil erosion due to the clearing of  vegetation 

and earthworks.  

Factors af fecting the rate of  soil erosion by water include: 

◼ Rainfall droplet size and rainfall intensity 

◼ Soil characteristics (erodibility) 

◼ Topographic characteristics (slope gradient and length) 

◼ Soil conservation practices (eg surface roughness) 

◼ Ground cover (protection of  soils from wind and water erosion). 

An estimation of  likely soil loss f rom the proposal area was calculated in accordance with the “Blue Book”. 

The computed soil loss and erosion hazard for a site may be def ined through the Revised Universal Soil 

Loss Equation (RUSLE). This equation considers f ive key factors in determining erosion hazard, namely:  

◼ Rainfall Erosivity Factor (R-Factor): A measure of  rainfall erosivity based on intensity, duration, and 

droplet size f rom average annual rainfall data (adopts 2-year, 6-hour storm event intensity) 

◼ Soil Erodibility Factor (K-Factor): A measure of  soil erodibility determined soil properties including soil 

texture, organic matter content, soil structure, soil permeability  

◼ Slope Length and Gradient Factor (LS Factor): An analysis of  slope and gradient to determine 

topographic induced erodibility 

◼ Soil Conservation Practice Factor (P-Factor): Based on surface condition of  soils (eg compacted, 

loose) 

◼ Ground Cover Factor (C-Factor): A measure of  the ef fectiveness of  ground cover. 

It should be noted that the RUSLE equation applies only to erosion risks f rom non-channelised f lows (eg 

sheet erosion, rill erosion) and ignores soil dispersibility.  

Table 7-2 presents the RUSLE inputs and factor values used to estimate soil loss f rom the proposal area.  
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Table 7-2  RUSLE Input Value 

Factor Input Value Factor Value 

R Factor 8.56 mm/hr 1704 

K Factor East: Blacktown 

East: Berkshire Park (adopted) 

West: Luddenham (adopted) 

0.038 

0.048 

0.038 

LS Factor East: Assume 80m with 3% gradient  

West: Assume 80m with 5% gradient 

13.85 

P Factor Assume compacted and smooth soil 1.3 

C Factor Assumes no grass cover (bare earth) 1.0 

 

The results of  the estimation of  soil loss rate are presented in Table 7-3 along with the catchment area 

triggers for the requirement of  a sedimentation basin.  

Table 7-3  RUSLE Calculation Results 

Estimated Soil Loss Catchment area to trigger requirement for Sediment 
basin (assuming density of 1.3g/cm) 

East: 69.1 tonnes/ha/year 

West: 100.2 tonnes/ha/year 

East: 2.82 ha 

West: 1.95 ha 

 

During construction, if  the catchment areas of  disturbed land are greater than 1.95 ha on the western side 

and 2.82 ha on the eastern side of  the Georges River respectively, consideration for sedimentation basins or 

alternative control measures should be investigated. This analysis would be conducted in the detailed design 

stage of  the proposal. The potential impacts on surface water quality as a result are discussed in the 

following sections. Mitigation measures, including the development of  progressive Erosion and Sediment 

Control Plans (ESCP) are discussed further in Section 7.5. 

7.3.2 Surface water quality 

Vegetation removal and earthworks 

Removal of  vegetation, stripping of topsoil and earthworks along the entire length of  the proposal could 

potentially lead to erosion of  soils and mobilisation of sediment to nearby surface waters. This could lead to 

turbidity and an increase of  total suspended solids (TSS) in the Georges River, which is identif ied as a Key 

Fish Habitat and an aquatic GDE. The rate of  erosion is estimated using the RUSLE Calculation presented in 

Section 7.3.1.  

Discharges of  sediment-laden stormwater f rom cleared areas / constructed hardstand areas / roads in Areas 

2 and 3 have the potential to be mobilised by overland f lows to the Amiens Wetland. Establishment and 

operation of  the ancillary facilities have the potential to create erosion and sedimentation hazards for both 

the Titalka Park Drainage Channel and the Georges River. This is discussed further below.  

Vegetation removal and earthworks in Areas 5 and 4 have the highest likelihood of  causing erosion and 

sedimentation impacts. There is potential for sediment-laden stormwater to discharge to the Georges River. 

This would result in an increase of  particulate-bound contaminant (sedimentation) loading to natural 

waterways. Sedimentation of  waterways may also cause water quality impacts, such as water pollution and 

toxicity issues to resident ecological species in the Georges River. Sedimentation may also cause stimulation 

of  the growth of  nuisance plants, algae and cyanobacteria f rom an increase in nutrients in both Amiens 

Wetland and Georges River upstream from Liverpool Weir (ie where residence time is higher and f lushing is 

limited during low-f low periods). 
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The removal of  vegetation and tree canopies along the site boundary (less than ten hectares of  combination 

vegetation) may be impacted (Aurecon, 2022)) would result in less potential for interception, water uptake 

and subsequent evapotranspiration. This could lead to increased surface water runof f  during wet-weather 

events to Amines Wetland, Georges River and Titalka Park Drainage Channel (for the ancillary equipment 

area) and a larger variance f rom the natural site water balance.  

Earthworks in areas in close proximity to known contaminated sites, including the Helles Park former landf ill 

and the ABB Site, have the potential to expose contaminates to the environment and be transported to 

Georges River by overland f lows. These activities may be governed by an EPL. The groundwater and soils in 

the Helles Park former landf ill have elevated contaminant concentrations (eg ACM, TRH, PAHs, heavy 

metals, PCBs, VHCs, VOC’s, PFAS, acetone, carbon disulf ide, ammonia and dissolved gases).  The ABB 

site is regulated under the Contaminated Land Management Act 1997 with identif ied PCB impacts in soil. 

Elevated PCBs have been detected in soil samples collected along the project alignment. During earthworks 

Area 3, this is a risk of  uncontrolled release of  PCB impacted soil to Amiens Wetland, Georges River and 

Titalka Park Drainage Channel (Aurecon, 2022).  

There are sensitive receiving environments downstream of  the proposal, as identif ied in Section 4.3. The 

Towra Point Nature Reserve Ramsar site is located 36 km downstream (Section 4.3.6). Any changes to the 

surface water quality within Georges River Estuary due to spills and leaks, stormwater runof f , or impacts 

f rom the Ancillary facilities, would have the potential to af fect the ecological condition and visual amenity of  

the wetlands. 

These impacts would result in a reduction of  the visual amenity and the ecological condition of the Georges 

River during the construction phase. Water quality impacts may also reduce the potential for the Georges 

River to be used for contact recreation. A Soil and Water Management Plan (SWMP) would be prepared as 

part of  the CEMP. The SWMP would outline mitigation measures proposed to reduce or mitigate the impacts 

discussed above to the WQOs of  aquatic ecosystem, visual amenity and contact recreation which are 

def ined in Section 4.3.4. The mitigation measures are discussed in Section 8.2. 

Construction on waterfront land 

Construction work on waterf ront land adjacent to the Georges River (Area 4 and ancillary facilities) and 

Titalka Park Drainage Channel (ancillary facilities) present the highest risk to waterways as a result of  

erosion and sedimentation. This could result in water quality impacts, including turbidity impacts. These 

activities include the construction and operation of  the ancillary facilities, bridge construction, and 

construction of  a new culvert as part of  the drainage design.  There is potential for water quality to be 

impacted in Titalka Park Drainage Channel during ancillary facilities construction and storage at the southern 

part of  the proposed ancillary facilities location, as presented in Figure 1-3. Any release of  alkaline concrete 

wash water stored on waterf ront land would reduce surface water quality. Waste materials, such as concrete, 

plasterboard, timber, asbestos and contaminated soil, spreading via surface run-of f  to site drainage 

pathways would reduce water quality. Ancillary facility impacts are discussed further below. 

The construction of  the bridge would include works f rom within the Georges River. Activities include piling 

and construction of  piers, sheet piling, and the construction of  a temporary wharf  to allow construction 

activities to occur f rom a barge. Construction activities f rom the banks and on waterf ront land associated with 

the bridge construction, including machinery driving and storage of  equipment, have the potential to cause 

damage to existing vegetation. This may cause a decrease in land cover not associated with vegetation 

removal, which would increase erosion of  soils, increasing the amount of  soil loss within the proposal area.  

The works would permanently and temporarily alter the bed and banks of  the waterway of  Georges River. 

The piling works for the piers and the sheet piling for the stabilisation of  the banks and Powerhouse Road 

have the possibility to increase localised sedimentation during the construction. Alterations to erosion and 

deposition zones around temporary structures during construction, such as the anchors that are required to 

secure the barge, may lead to localised habitat modif ication in the Georges River channel bed . These 

activities may also lead to temporary poor water quality events downstream of  the proposal in the waterway 

until the work area is suitably stabilised. If  appropriate mitigation measures are not implemented, these 

works have the potential to impact on the WQOs, by reducing the ecological condition of the Georges River 

and temporarily reducing the aesthetic qualities of  the waters. 



 

 Project number 509608  File M5WBU-AUR-NWW-WA-RPT-000002, 2022-08-03  Revision 5   56 

Spills and leaks f rom construction equipment and materials on the wharf  and on the barge may also impact 

water quality downstream of  the proposal. The movement f rom the barge coming into and leaving the wharf  

would create wash. This has the potential to destabilise the bank at the location of  the wharf .  Water quality 

impacts resulting f rom leaks and spills f rom construction areas are discussed below. The use of  construction 

equipment within the waterway, alterations to the banks including sheet piles, and the construction of  the 

wharf  and structural anchors may result in hydraulic and f lood impacts. The potential impacts of  construction 

activities within waterf ront land are further discussed in the Hydrology and Flooding Assessment Report 

(Aurecon, 2022). Mitigation measures associated with construction on water f ront land are discussed in 

Section 8.2.  

Ancillary facilities and stockpiles 

The proposed ancillary facilities are located 40 m f rom the Georges River (Aurecon, 2022). As a result, the 

ancillary facility location is within the f loodplain and based on the f lood modelling conducted, it may be prone 

to f looding in the f ive per cent AEP (20-year ARI). This area therefore is likely to experience f looding during 

more f requent f lood events (Aurecon, 2022). The ancillary facilities have potential to impact local f looding 

conditions by altering f low depths, velocities or f low paths. Alternatively, portable buildings and large 

unsecured construction objects have the greatest potential to af fect flooding. They can be carried away by 

deep f loodwaters and worsen local f lood conditions by blocking bridges, culverts and f lood control structures 

downstream. Further f looding impacts are assessed in the Hydrology and Flooding Assessment Report 

(Aurecon, 2022).  

Surface water quality impacts are possible as a result of  storage/location of  the ancillary facility. The 

construction of  the facility would increase soil erosion risk resulting in higher sedimentation of  the Georges 

River. Loose material generated f rom earthworks and stored within the ancillary facility has the potential to 

cause sedimentation within adjoining watercourses. This may result in habitat degradation along natural 

waterways which would reduce the ecological condition of the Georges River.  Discharges of  sediment-laden 

stormwater f rom stockpiles within the ancillary facility would result in an increase of  particulate-bound 

contaminant loading to natural waterways. Leakage f rom construction worker ablution and toilet facilities or 

wastewater collection points, with subsequent runof f  into receiving watercourses, would also result in 

contaminant loading in natural waterways. Contaminant loading is likely to degrade water quality and cause 

toxicity impacts to resident ecological species, as well as stimulate the growth of  nuisance plants, algae and 

cyanobacteria due to an increase in nutrients which af fects the NSW WQOs of  aquatic ecosystems, visual 

amenity and both contact recreations. 

Leaks and spills 

Potentially harmful chemicals and substances used during construction could be accidentally released into 

waterways during construction stages. This could occur as a result of  maintenance work, refueling and 

inappropriate chemicals and materials storage or handling. Examples of  such substances include fuels for 

machinery, lubricants, and construction materials, including concrete/cement. Construction within Areas 4 

and 5 and the ancillary facility location present the highest risk, due to their proximity to either Georges River 

and/or Titalka Park Drainage Channel. Other areas of  concern are Areas 2 and 3 due to their proximity to 

Amiens wetland. During construction, overland f lows may transport material that has spilled or leaked to the 

Amiens Wetland during high rainfall events and cause poor water quality events or contamination. Mitigation 

measures to prevent and manage leaks and spills during construction would be presented in a CEMP and 

are discussed further in Section 8.2.    
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Discharges from water quality treatment controls 

Construction work would disturb soils and would result in the erosion of  soils during rainfall events. Water 

quality treatment controls, such as sediment control basins, may form part of  the proposed mitigation 

measures. Sediment control basins may be proposed to intercept stormwater f low and capture the 

sediments, before discharging to waterways. The requirements for sediment basins, including size and 

location, would be investigated during the detailed design stage and would inform the ESCPs. Discharges 

f rom these basins have the potential to cause turbidity in the receiving waterways. Increased turbidity would 

reduce the aesthetic quality of  the Georges River. If  dewatering is required during excavations, discharges to 

the environment of  the dewatered water may, depending on water quality and any exposure to contaminants 

f rom contaminated sites, result in discharge of  water with high levels of  salinity or TSS/TDS. This could 

cause poor water quality events in the receiving waterway. The introduction of  these chemical and physical 

stressors may cause degradation of  the aquatic ecosystem of  the Georges River and reduce the level of  

protection for contact recreation. Assessment of  these discharges would be conducted during detailed 

design/pre-construction in accordance with the Guideline for Assessing the Impacts of  Treated Water 

Discharge f rom Water Quality Treatment Controls (TfNSW, 2020). Mitigation measures proposed to minimise 

or prevent impacts as a result of  these discharges are discussed in Section 8.2.  

7.3.3 Groundwater 

Earthworks, piling, dewatering 

The local groundwater f low directions may be impacted by excavation works. Excavation works for the new 

services are anticipated to a maximum depth of  3-4 mbgl. The shallow groundwater levels identif ied in 

Section 4.4.1 indicate that excavation works are likely to interact with the water table. This interaction is most 

likely in Area 4 (east side of  Georges River). Therefore, dewatering may be required during excavation due 

to groundwater interaction with the alluvial aquifer. Due the spatial scale of  the project within the alluvial 

aquifer and the timeframe for construction, dewatering is considered to be localised and short term. 

Dewatering would therefore not have an ongoing impact on water availability post construction. Dewatering 

at a rate greater than 3ML/water year would require a water access license to be obtained f rom the Natural 

Resources Access Regulator. Water extracted during dewatering activities may require treatment, depending 

on the water quality and EPL discharge limits. Impacts as a result of  discharges are discussed in the 

Discharges section.  

It is unlikely that ASS would be encountered (NSW Off ice of  Environment and Heritage, n.d.; Naylor, et al., 

1998) (Figure 4-6). However, any mobilised ASS could pose a substantial hazard to the environment, 

particularly to the Georges River. Dewatering and drawdown impacts could likely expose PASS and ASS in 

Area 4. 

The local f low directions may be impacted by piling works of  the bridge footings in Area 4.  The groundwater 

levels identif ied in Section 4.4.1 indicate that piling is likely interact with the water table and have local 

groundwater f low impacts. The installation depth of  the new bridge piers has not been f inalised. Piling has a 

potential to introduce construction contaminants directly into the groundwater. 

Potentially harmful chemicals and substances could accidentally be released during construction and leach 

contaminants to groundwater through surface water transport. The interception of  contaminants f rom the 

historical contaminated sites, being the ABB site and the historical landf ill discussed in Section 4.5, may 

occur and result in the leaching of  contaminants into the groundwater f rom within the soils. 

7.3.4 Summary of construction impacts 

A summary of  the potential impacts to the environment and the assessed impact signif icance, prior to the 

implementation of  proposed management measures, is provided in Table 7-4.
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Table 7-4  Summary of impact assessment outcomes and significance (construction phase) 

Activity/item Potential Impact prior to mitigation Impact Type / 
Significance  

Relevant Frameworks 

Clearance of vegetation, 
earthworks 

Erosion of soil and scouring (erosion) / alteration to 
morphology.  

Surface water 

Soils 

Severity: High 

i) NSW WQOs – Aquatic Ecosystem, Visual Amenity and Primary and 
Secondary Contact Recreation 

ii) NWQMS 

iii) Water Management Act 2000 – Controlled Activity 

iv) NSW DPE-Water Guidelines for watercourse crossings on 
waterfront land 

v) NSW DPE-Water Guidelines for instream works on waterfront land 

vi) “Blue Book” (Landcom, 2004; DECC, 2008; DECC, 2008) 

vii) Protection of the Environment Operations Act 1997 

Discharges of sediment-laden stormwater from cleared areas / 
constructed hardstand areas / roads.  

Water pollution and toxicity issues to resident ecological 
species in the Georges River plus stimulation of the growth of 
nuisance plants, algae and cyanobacteria from increased 
nutrients.  

Surface water  

Severity: High 

i) NSW WQOs – Aquatic Ecosystem, Visual Amenity and Primary and 
Secondary Contact Recreation 

ii) NWQMS 

iii) Water Management Act 2000 – Controlled Activity 

iv) NSW DPE-Water Guidelines for watercourse crossings on 
waterfront land 

v) NSW DPE-Water Guidelines for instream works on waterfront land 

vi) Guidelines for outlet structures on waterfront land 

vii) Protection of the Environment Operations Act 1997 

Reduced vegetation and tree canopies along the site boundary 
(less than 10 hectares of combined vegetation) may be 
impacted (Aurecon, 2022)) would result in less potential for 
interception, water uptake and subsequent evapotranspiration, 
leading to increased surface water runoff.  

Surface water 

Severity: Low 

i) NSW DPE-Water Guidelines for watercourse crossings on 
waterfront land 

ii) NSW DPE-Water Guidelines for instream works on waterfront land 

The local flow directions may be impacted by excavation work.  Groundwater 

Severity: Low 

i) NSW State Groundwater Quality Protection Policy (1998) 

ii) NSW State Groundwater Quantity Management Policy (1998) 

iii) NSW Aquifer Interference Policy (2012) 

iv) Water Management Act 2000 

Dewatering of groundwater. Groundwater 

Severity: Low 

i) NSW State Groundwater Quality Protection Policy (1998) 

ii) NSW State Groundwater Quantity Management Policy (1998) 

iii) NSW Aquifer Interference Policy (2012) 

iv) Water Management Act 2000 
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Activity/item Potential Impact prior to mitigation Impact Type / 
Significance  

Relevant Frameworks 

Encountering ASS during construction.  Groundwater 

GDEs 

Severity: Low  

i) NSW State Groundwater Quality Protection Policy (1998) 

ii) NSW State Groundwater Quantity Management Policy (1998) 

iii) NSW State Groundwater Dependent Ecosystems Policy (2002) 

iv) NSW Aquifer Interference Policy (2012) 

Construction across 
waterways 

Construction work across the Georges River could potentially 
lead to erosion or disturbance of the bed and banks of 
watercourses which could alter the channel form and stability 
and lead to sedimentation in the watercourse potentially 
resulting in water quality impacts. 

Surface water 

Severity: High 

i) FM Act 

ii) NSW WQOs – Aquatic Ecosystem, Visual Amenity and Primary 
and Secondary Contact Recreation 

iii) NWQMS 

iv) Protection of the Environment Operations Act 1997 

v) “Blue Book” (Landcom, 2004; DECC, 2008; DECC, 2008) 

Work across waterways could obstruct flow paths increasing 
the potential for flooding, hydraulic changes and localised 
scour and erosion.  

Surface water 

Severity: High 

i) Fisheries Management Act 1994 

ii) NSW WQO – Aquatic Ecosystem, Visual Amenity and Primary and 
Secondary Contact Recreation 

iii) NWQMS 

iv) Water Management Act 2000 

Construction within 
waterways 

Disturbance and destabilisation of the banks causing potential 
water quality impacts. 

The stabilisation and use of construction equipment within the 
waterway, temporary wharf structures and alterations to the 
banks would have hydraulic and flood impacts with increased 
potential for localised scour and erosion. 

Surface water 

Severity: High 

i) Fisheries Management Act 1994 

ii) NSW WQOs – Aquatic Ecosystem, Visual Amenity and Primary 
and Secondary Contact Recreation 

iii) NWQMS 

iv) Water Management Act 2000 

v) Guidelines for instream works on waterfront land 

vii) Protection of the Environment Operations Act 1997 

viii) Code of Practice – Minor Work in NSW Waterways (RMS, 2014) 

General construction 
work 

Discharges of any required dewatering activities may mobilise 
sediments and contaminants and increase the turbidity of the 
receiving waters. 

Surface water 

Groundwater 

Severity: Low 

i) NSW WQOs – Aquatic Ecosystem, Visual Amenity and Primary and 
Secondary Contact Recreation 

ii) NWQMS 

iii) Protection of the Environment Operations Act 1997 

iv) Australian and New Zealand Guidelines for Fresh and Marine 
Water Quality (ANZG, 2018) 
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Activity/item Potential Impact prior to mitigation Impact Type / 
Significance  

Relevant Frameworks 

Release of alkaline concrete wash water, which may cause 
localised groundwater or surface water contamination. Control 
measures would be used to manage potential impacts. 

Groundwater / 
Surface Water 

Severity: High 

i) NSW WQOs – Aquatic Ecosystem, Visual Amenity and Primary and 
Secondary Contact Recreation 

ii) NWQMS 

iii) Protection of the Environment Operations Act 1997 

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

v) NSW State Groundwater Quality Protection Policy (1998) 

vi) NSW State Groundwater Quantity Management Policy (1998) 

Waste materials such as concrete, plasterboard, timber, 
asbestos and contaminated soil spreading via surface run-off 
to near site drainage pathways. 

Surface water 

Severity: Medium 

i) NSW WQOs – Aquatic Ecosystem, Visual Amenity and Primary and 
Secondary Contact Recreation 

ii) NWQMS 

iii) Protection of the Environment Operations Act 1997 

Construction / operation 
of ancillary facilities  

Leakage from construction worker ablution and toilet facil ities 
or wastewater collection points with subsequent runoff into 
receiving watercourses. 

Surface water 

Severity: Medium 

i) NSW WQOs – Aquatic Ecosystem, Visual Amenity and Primary and 
Secondary Contact Recreation 

ii) Protection of the Environment Operations Act 1997 

iii) NWQMS 

Ancillary facility location is within the floodplain and based on 
the flood modelling conducted it may be prone to flooding in 
the 5% AEP (20-year ARI). This area therefore is likely to 
experience flooding during more frequent flood events. 

Surface water  

Severity: High 

i) Water Management Act 2000 – Controlled Activity 

ii) NSW DPE-Water Guidelines for watercourse crossings on 
waterfront land 

iii) NSW DPE-Water Guidelines for instream works on waterfront land 

Discharges Water which requires discharging to the environment has the 
potential to impact water quality. Discharges may occur from 
sediment basins, dewatering and water quality treatment 
plants. 

Surface water  

Severity: Medium 

i) NSW WQOs – Aquatic Ecosystem, Visual Amenity and Primary and 
Secondary Contact Recreation 

ii) NWQMS 

iii) Protection of the Environment Operations Act 1997 

iv) Guideline for Assessing the Impacts of Treated Water Discharge 
from Water Quality Treatment Controls (TfNSW, 2020) 

Leaks and Spills Potentially harmful chemicals and substances could 
accidentally be released to the stormwater system during 
construction. Fuels, leaks from equipment and chemicals used 
during construction works within the waterway may accidently 
be released to the George River. 

Surface water 

Severity: Medium 

i) NSW WQOs – Aquatic Ecosystem, Visual Amenity and Primary and 
Secondary Contact Recreation 

ii) NWQMS 

iii) Protection of the Environment Operations Act 1997 

Potentially harmful chemicals and substances could 
accidentally be released and leach contaminants to 
groundwater. 

Groundwater 

Severity: Medium 

i) NSW State Groundwater Quality Protection Policy (1998) 

ii) NSW State Groundwater Quantity Management Policy (1998) 

iii) NSW Aquifer Interference Policy (2012) 
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Activity/item Potential Impact prior to mitigation Impact Type / 
Significance  

Relevant Frameworks 

Release of historical 
legacy contamination to 
receiving watercourses 
during earthworks 

There are known contaminated sites in proximity to the 
proposal, thus uncovering the contamination may cause 
surface water impacts. 

Surface water 

Severity: High 

i) NSW WQOs – Aquatic Ecosystem, Visual Amenity and Primary and 
Secondary Contact Recreation 

ii) NWQMS 

iii) Protection of the Environment Operations Act 1997 

iv) Contaminated Land Management Act 1997 

Piling The local flow directions may be impacted by piling work of the 
bridge footings, piling is likely to interact with the water table 
and have local groundwater flow impacts. 

The installation depth of the new bridge piers has not been 
finalised. 

Groundwater 

Groundwater 
Dependent 
Ecosystems 

Severity: Medium 

i) NSW State Groundwater Quality Protection Policy (1998) 

ii) NSW State Groundwater Quantity Management Policy (1998) 

iii) NSW Aquifer Interference Policy (2012) 

iii) Water Management Act 2000 

Stockpiles Loose material generated from earthworks and stored within 
the ancillary facility have the potential for sedimentation within 
adjoining watercourses and habitat degradation along natural 
waterways.  

 

Surface water 

Severity: Medium 

i) NSW WQOs – Aquatic Ecosystem, Visual Amenity and Primary and 
Secondary Contact Recreation 

ii) Fisheries Management Act 1994 

iii) NWQMS 

iv) Protection of the Environment Operations Act 1997 

Controlled discharges Disposal requirements for excess site water including 
stormwater collected in retention basins or dewatering of 
groundwater from deeper excavations. 

Potential requirement for Environmental Protection Licence. 

Surface water 

Severity: High 

i) NSW WQOs – Aquatic Ecosystem, Visual Amenity and Primary and 
Secondary Contact Recreation 

ii) NWQMS 

iii) Protection of the Environment Operations Act 1997 

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

Erosion and 
sedimentation 

Surface runoff during rainfall events, stormwater overflow and 
the disturbance of topsoil due to construction activities have 
the ability to increase erosion and the migration of sediments 
to nearby waterways.  

Surface water 

Soils 

Severity: Medium 

i) “Blue Book” (Landcom, 2004; DECC, 2008; DECC, 2008) 

ii) Protection of the Environment Operations Act 1997 

Sensitive Receiving 
Environments 

The Towra Point Nature Reserve Ramsar site is located 36 km 
downstream (Section 4.3.6). Any condition changes of the 
surface water within Georges River Estuary due to spills and 
leaks, stormwater runoff, or impacts from the Ancillary facilities 
would have the potential to affect these wetlands. 

Other environments downstream (Section 4.3.6) including Key 
Fish Habitats and GDEs would also have to same impacts. 

Surface water 

Sensitive receiving 
environment 

Severity: Medium 

i) Fisheries Management Act 1994  

ii) EPBC Act 1999 

iii) NSW WQOs – Aquatic Ecosystem, Visual Amenity and Primary 
and Secondary Contact Recreation 

iv) NWQMS 

v) Protection of the Environment Operations Act 1997 

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

vii) Environment Protection and Biodiversity Conservation Act 1999  
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7.4 Potential impacts during operation 

The proposal would result in a larger area of  impervious surfaces due to several design elements, including 

but not limited to: 

◼ A new exit for westbound traf f ic on the M5 Motorway including two new lanes through an underpass  

◼ A new bridge structure 

◼ Pedestrian and cycling paths 

◼ Retaining walls and noise walls. 

Additional impacts potentially arising during the operational phase are outlined in the following sections and 

indicated in Table 7-5. 

7.4.1 Surface water 

Stormwater runoff 

The proposal is estimated to increase impervious surfaces in the proposal area by about 29 per cent (based 

on spatial analysis of  the 80 per cent concept design). This would result in an increased volume of  

stormwater runof f  f rom the proposal area and, ultimately, an increased pollutant load entering the drainage 

system. 

The key pollutants contained in road runof f  include: 

◼ Suspended solids as a result of  pavement wear, atmospheric deposition and deposition f rom vehicles  

◼ Microplastics f rom tyre wear 

◼ Heavy metals bound to dust particles washed of f  pavement surface 

◼ Oil and grease and other hydrocarbons deposited by vehicles  (f rom everyday use as well as spills) 

◼ Nutrients as a result of  atmospheric deposition. 

Stormwater f rom about 90 per cent of  the increased impervious surfaces would be directed to one of  the 

following spill basins, their locations are presented in Figure 1-2:  

◼ Existing spill basin on the eastbound side of  the M5 Motorway in Liverpool near Lakewood Crescent  

◼ Existing spill basin near the Hume Highway intersection on the eastbound side of  the M5 Motorway, on 

the western side of  Georges River 

◼ New spill basin would be installed under the new bridge over the eastern side of  Georges River. 

These basins are only designed for spill scenarios and as a result, would only provide retention for 

hydrocarbons in specif ic spill events with low f lows. 

Currently, there is no proposed treatment measures for stormwater besides the spill basins. As a result of  the 

increased road area, there would be a marginal increase of  pollutants to the surrounding environment, 

namely the Georges River. This would cause negative ef fects to aquatic ecosystems, and a reduction of  both 

visual amenity and contact recreation in the short term af ter wet-weather events, which are the identif ied 

WQOs of  the Georges River. However, due to the size of  the catchment (Figure 4-8) and the marginal 

increase of  pollutants f rom the proposal, the impacts to the ecological condition of the wider Georges River 

catchment are low. Water quality treatment may be investigated further during detailed design. 
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Scour, erosion and bridge structure  

Alterations to erosion and deposition zones around the bridge structure may lead to habitat modif ication in 

the Georges River channel bed. This impact is envisaged to be localised (ie circa 20m upstream and 

downstream of  the footings). In addition, existing channel bed sediments are expected to be fairly 

homogenous, with little particle size sorting due to the backing up of  f low caused by Liverpool Weir. The 

bridge piers could lead to local formation of  turbulent f lows and secondary f low circulation patterns around 

the footings, winnowing out f iner sediments on the upstream side of  the footings and reduced velocities on 

the downstream side leading to elevated deposition of  f iner sediments. These changes would be localised 

and the overall impact on the generation of  bed load and sediment transport within the Georges River is 

expected to be negligible. However, the bridge structure is expected to af fect the River Flow Objectives of  

the Georges River on a local spatial scale, as it would slightly alter water levels by increasing f loodplain 

inundation af ter wet weather events. However, these af fects are considered to be localised due to the 

catchment’s existing conditions. Refer to the subsequent Flooding section for further detail.  

The proposal has been designed in accordance with Australian Rainfall and Runof f  (ARR) guidelines and 

standards. No discernible changes to f low velocities are predicted in the Georges River Channel as a result 

of  the Proposal (Aurecon, 2022). Minor changes in f low rates are modelled to the outfall f rom Amiens 

Wetland and Titalka Park Drainage Channel into Georges River. The drainage design would be further 

developed as part of  the detailed design. Scouring and erosion of  Titalka Park Drainage Channel and 

Georges River at the entry of  stormwater discharges is a potential impact, due to higher rates of  water f low 

because of  the increased surface area of  impervious surfaces.   

New structures, including outlets, are subject to souring and erosion if  not designed accordingly. Scour and 

erosion for outf low points as part of  the drainage design would be mitigated through the design. Scour and 

erosion protection is incorporated to reduce any localised impacts. These would not cause a notable 

increase in impacts to aquatic ecosystems, visual amenity or contact recreation of  the Georges River. 

Flooding 

An increase in peak f lood levels of 20 mm within the Georges River has been modelled for a one per cent 

AEP design event generated by the new bridge design, however, no additional properties are expected to be 

impacted by the increase in peak f lood levels (Aurecon, 2022).  

Refer to the Hydrology and Flooding Assessment Report for a detailed assessment of  the operational 

f looding impacts (Aurecon, 2022). 

Accidental Spills 

Accidental spills of  oils and other hydrocarbons associated with the increased traf f ic volumes would increase 

the risk of  poor water quality and ecological conditions within the surrounding waterways and waterbodies, in 

particular, Amiens Wetland and the Georges River. Mitigation measures for such incidents are in the form of  

drainage design and spill basins.   

Accidental spills of  oils or other chemicals being transported could potentially lead to contaminants being 

released. Spills would be released into either the spills basins, as described in the section above, or to 

Amiens Wetland, Titalka Park Drainage Channel, the Georges River or drainage lines. The spill basins would 

not provide ef fective hydrocarbon contamination treatment, only onsite retention. Spills could lead to poor 

water quality events within Georges River. This would negatively af fect the ability to achieve NSW QQOs 

due to impacts to aquatic ecosystems, reduction of  visual amenity and reduction of  the potential for contact 

recreation in the short term af ter wet-weather events.  

It is not envisaged that the extent or magnitude of  an operational spill as a result of  the proposal would be 

signif icantly worse than a spill f rom the existing carriageway, however, it is acknowledged that an increase in 

traf f ic volume results in a proportionally greater risk of  spills. Conversely, the upgrade would aim to ease 

congestion and improve safety for motorists travelling westbound on the M5 Motorway between Moorebank 

Avenue and the Hume Highway. As such, the risk of  spills as a result of  incidents may reduce.  
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Groundwater 

The local f low directions may be impacted by the existence of  the bridge footings in Area 4 which would likely 

be interacting with the water table. Given the depth of  the groundwater, it is expected that groundwater 

would interact with the proposed new piers. The installation depth of  the new bridge piers has not been 

f inalised as of  the date of  this report and would be conf irmed during detailed design. 

Potentially harmful chemicals and substances could accidentally be released as result of  maintenance work,  

for example during refuelling and inappropriate storage or handling of  materials. This could potentially lead to 

contamination of  exposed soils and therefore leaching of  contaminants to groundwater.  This contamination 

risk is low and would be managed by standard work practices.  

7.4.2 Summary of operation impacts 

A summary of  the potential operational impacts and the assessed impact signif icance, prior to the 

implementation of  the proposed management measures, is provided in Table 7-5
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Table 7-5  Impact assessment outcomes and significance (Operational phase) 

Event / Condition Potential Impact prior to mitigation Impact Type / 
Significance  

Relevant Frameworks 

Aquifer interference The local flow directions may be impacted by the existence of the bridge 
footings which would likely be interacting with the water table. 

Groundwater 

Severity: Low 

i) NSW State Groundwater Quality Protection Policy (1998) 

ii) NSW State Groundwater Quantity Management Policy 
(1998) 

iii) NSW Aquifer Interference Policy (2012) 

Discharge associated 
with wet weather 
stormflows 

Increased pollutant loading to the receiving waterways due to the increased 
road footprint.  

Surface water 

Severity: Medium  

i) NSW WQOs – Aquatic Ecosystem, Visual Amenity and 
Primary and Secondary Contact Recreation 

ii) Fisheries Management Act 1994 

iii) NWQMS 

iv) Protection of the Environment Operations Act 1997 

Increase in the volume, frequency and rate of runoff to the receiving 
waterways due to increased road footprint.  

Surface water 

Severity: Medium 

i) NSW WQOs – Aquatic Ecosystem, Visual Amenity and 
Primary and Secondary Contact Recreation 

ii) FM Act 

iii) NWQMS 

Leaks and Spills Accidental spills of oils or other chemicals being transported could 
potentially lead to contaminants being released into the spills basins (which 
would not provide effective hydrocarbon contamination treatment, only 
onsite retention) Amiens Wetland, Titalka Park Drainage Channel, the 
Georges River or drainage lines, which could lead to poor water quality 
events within Georges River. 

Surface water 

Severity: Low 

i) NSW WQOs – Aquatic Ecosystem, Visual Amenity and 
Primary and Secondary Contact Recreation 

ii) Fisheries Management Act 1994 

iii) NWQMS 

iv) Protection of the Environment Operations Act 1997 

Potentially harmful chemicals and substances could accidentally be 
released as result of maintenance work, refuelling and inappropriate 
storage or handling. This could potentially lead to contamination of exposed 
soils and therefore leaching of contaminants to groundwater. 

Groundwater  

Severity: Low 

i) NSW State Groundwater Quality Protection Policy (1998) 

ii) NSW State Groundwater Quantity Management Policy 
(1998) 

iii) NSW Aquifer Interference Policy (2012) 

iv) Protection of the Environment Operations Act 1997 

In-channel flow 
modifications caused 
by structural 
emplacements 

In-channel structures have the potential to increase localised erosion and 
sedimentation risk and flooding risks. 

Surface water 

Severity: High 

i) Water Management Act 2000 – Controlled Activity 

Alterations to erosion and deposition zones around bridge structure leading 
to localised habitat modification in the Georges River channel bed which 
could lead to formation of turbulent flows and secondary flow circulation 
patterns around the footings. The overall impact on the Georges River is 
expected to be negligible. 

Surface water 

Severity: Low 

i) Water Management Act 2000 – Controlled Activity 

ii) NSW DPE-Water Guidelines for watercourse crossings on 
waterfront land  

iii) NSW DPE-Water Guidelines for instream works on 
waterfront land  

iv) “Blue Book” (Landcom, 2004; DECC, 2008; DECC, 2008) 
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7.5 Residual impacts 

After the implementation of  mitigation measures discussed in Section 8, the residual impacts of  construction 

are deemed to be medium to low. Since the construction of  the proposal includes work over and within the 

Georges River, there would still be disturbance of  riverbed and banks of  Georges River. These impacts are 

considered minor and are temporary for the construction phase.  The location of  the ancillary facilities also 

have residual impacts, since they are located within the f loodplain with no other suitable area for their 

location, the ancillary facilities are at risk of  f looding and storage of  materials and chemical should take into 

account possible f looding. 

A summary of  key receptors and sensitive receiving environments that have the potential to be impacted by 

this proposal: 

◼ Alluvium aquifer 

◼ Amiens Wetland, with signif icance as an example of  one of  the last remaining remnant natural f reshwater 

f loodplain wetlands (Arcadis, 2016) 

◼ Georges River as a key f ish habitat 

◼ Titalka Park Drainage Channel 

◼ Towra Point Ramsar Site. 

Operational residual impacts f rom the proposal are deemed to be medium to low. These include local water 

quality impacts to the area of  Georges River near the stormwater outf low point on the east side of  the 

Georges River if  stormwater treatment is limited. This may impact on the NSW WQO of  pro tecting aquatic 

ecosystems, as stormwater discharges include higher levels of  nutrients and hydrocarbons. Operational 

impact signif icance as a result of  f looding is discussed in the Hydrology and Flooding Assessment Report 

(Aurecon, 2022). 

7.6 Cumulative impacts 

Cumulative impacts have the potential to arise f rom the interaction of  individual aspects of  the site and the 

ef fects of the proposal with other projects in the local area. The major project that should be considered 

when identifying and assessing cumulative impacts is the Moorebank Logistics Park project located south of  

this proposal. Due to the timing, the MLP project is currently under construction and thus the cumulative 

impacts are considered minor. 
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8 Management of impacts 

8.1 Overview of approach 

A Soil and Water Management Plan (SWMP) would be prepared and implemented as part of  the 
Construction Environmental Management Plan (CEMP). The SWMP would identify all reasonably 
foreseeable risks relating to soil erosion and water pollution during construction and describe how these risks 

would be managed.  
The SWMP would include progressive Erosion and Sediment Control Plans (ESCP) that would be prepared 
in consultation with a Soil Conservation Consultant. The ESCP would delineate the specif ic erosion and 

sediment controls to be implemented in accordance with Erosion and Sedimentation Management Procedure 
PN 143P. 

A site-specif ic emergency spill plan would be developed as part of  the SWMP to manage spill events during 

construction and operation. The plan would include spill control measures and emergency response 

measures. 

The design and construction of  work within and around watercourses would be undertaken in accordance 

with relevant Transport for NSW guidelines and specif ications and with consideration to Department of  

Primary Industries – Of f ice of  Water guidelines for controlled activities on waterf ront land.  

The layout and detail of  the drainage system including drainage, water quality basins, spill containment, 

swales, discharge points and outlet scour protection measures would be ref ined during detailed design in 

consultation with the Transport for NSW Environment Manager. 

8.2 Construction stage management measures 

A number of  management measures are recommended to mitigate risks to and f rom soils, surface water and 

groundwater across the project alignment during the construction phase. These are outlined below in 

Table 8-1 

Table 8-1  Summary of mitigation measures 

Impact Environmental safeguard Responsibility Timing 

Soil erosion and 
water pollution 

A Soil and Water Management Plan (SWMP) would be 
prepared and implemented as part of the CEMP. The SWMP 
would identify all reasonably foreseeable risks relating to soil 
erosion and water pollution and describe how these risks 
would be addressed during construction. 

The SWMP would address impacts of: 

◼ Water quality for sensitive receiving environments 

◼ Stockpiles 

◼ Ancillary facilities 

Contractor Detailed 
design / pre-
construction 

Soil erosion and 
water pollution 

Site-specific Erosion and Sediment Control Plans would be 
prepared and implemented as part of the Soil and Water 
Management Plan. 

The Erosion and Sediment Control Plans would include 
arrangements for managing wet weather events, including 
monitoring of potential high-risk events (such as storms) and 
specific controls and follow-up measures to be applied in the 
event of wet weather. 

Contractor Detailed 
design / 
Pre-
construction 

Accidental spill A site-specific emergency spill plan would be developed and 
include spill management measures in accordance with the 
Transport for NSW Code of Practice for Water Management 
(RTA, 1999) and relevant EPA guidelines. The plan would 
address measures to be implemented in the event of a spill, 
including initial response and containment, notification of 
emergency services and relevant authorities (including 
Transport for NSW and EPA officers). 

Contractor Detailed 
design / 
Pre-
construction 
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Impact Environmental safeguard Responsibility Timing 

Soil erosion and 
water pollution 

An assessment of the requirement for a temporary 
construction sediment basin would be conducted to inform the 
ESCP as part of the SWMP and CEMP. Investigation of 
alternative erosion and sedimentation control measures would 
be undertaken in the event that spatial constraints restrict the 
implementation of basins. 

Contractor Detailed 
design 

Stormwater 
discharges 
leading to 
pollution 

Control measures for stormwater discharges during 
construction to the nearby Georges River either controlled or 
due to overland flows manage potential impacts would be 
included in the SWMP. 

Possible mitigation measures include having water quality 
control structures downstream of excavation points near 
waterways, including potential treatment trains. 

Contractor Enabling 
work -
Earthworks - 
Construction 

Piling work of the 
bridge footings 
and excavation 
work to impact 
groundwater flow 
patterns 

Control measures for interaction, dewatering and treatment of 
groundwater would be outlined within the Groundwater 
Management Plan (GMP). 

The piling methodology would be chosen to reduce 
groundwater interface with groundwater flow. 

Piling activities would be closely monitored to ensure that 
contamination through leaks, spills or ambient groundwater 
does not accumulate within pile borings resulting in point 
source pollution with the potential to impact GDEs. 

Monitoring may include regular inspections of pile borings to 
monitor for any light non-aqueous phase liquids (LNAPL), oils, 
staining, or odours. Groundwater monitoring is advised. 

Contractor Detailed 
design / pre-
construction 

Construction 
within the 
waterway 

Control measures and mitigation measures that relate to 
working within the waterways would be outlined in the SWMP 
and in particular an Environmental Work Method Statement 
(EWMS) would be completed.  

Construction work should take into consideration the 
Guidelines for instream works on waterfront land (DPI, 2012). 
Instream erosion and sedimentation controls would be 
considered in line with Code of Practice – Minor work in NSW 
waterways (RMS, 2014) to keep sedimentation within the work 
area. Due to the higher risk of water quality impacts, water 
quality monitoring to be conducted during the construction 
would include visual monitoring and monitoring of turbidity.    

As the instream works are within a key fish habitat DPI-
Fisheries would be consulted prior to work commencing, as 
per the code of practice (RMS, 2014). 

Contractor 

 

 

 

 

 

 

 

 

 

Transport for 
NSW 

Detailed 
design / pre-
construction 
/ 
construction 

Discharges The discharges from any sediment basins would be assessed 
in line with the Guideline for Assessing the Impacts of Treated 
Water Discharge from Water Quality Treatment Controls 
(TfNSW, 2020). The results of such assessment would inform 
design of sediment basins to adhere to EPL discharge 
requirements. 

Contractor Detailed 
design / pre-
construction 

Groundwater 
dewatering 

It is predicted that dewatering would be required at some 
excavation points. The volume of dewatering should be 
estimated before dewatering occurs. If above 3 ML / day, 
further approvals under the Water Act 2000 would be 
required.  

Treatment of extracted groundwater or removed stormwater 
would likely be required before removed water can be 
discharged. Interaction, dewatering and treatment of 
groundwater would be outlined within the GMP and the 
SWMP for discharging to the environment. 

Alternatively, dewatered material would be disposed of at a 
licensed waste facility. 

Contractor Detailed 
design / 
Pre-
construction 

Encountering ASS It is unlikely that ASS would be encountered so no specific 
mitigation measures are proposed. However, if ASS are 
encountered during construction an unknown finds process 
would be followed until an ASS management plan is written. 

Contractor Enabling 
work -
Earthworks - 
Construction 
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Impact Environmental safeguard Responsibility Timing 

Construction 
across waterways 
leading to erosion 
or disturbance of 
the bed and banks 

NSW DPE-Water Guidelines for watercourse crossings on 
waterfront land and NSW DPE-Water Guidelines for instream 
works on waterfront land guidelines as well as Blue Book 
Volume 4D (DECC, 2008) should be adhered to for 
constructions across the Georges River. 

Further control measures for work across the Georges River 
would be included in the SWMP and the ESCP. 

Water quality control structures would be implemented 
downstream of bridge work and lower bank work, including 
potential treatment trains. 

Contractor Enabling 
work -
Earthworks - 
Construction 

Accidental leaks 
and spills causing 
down-gradient 
water pollution 

Measures to minimise the potential impacts associated with 
accidental leaks and spills during construction would be 
incorporated into a Site-Specific Emergency Spill Plan 

Contractor Detailed 
design / 
Pre-
construction 

Disturbance of 
historical legacy 
contamination 
leading to water 
pollution 

A contamination management plan would be prepared prior to 
the commencement of construction and implemented during 
construction by the construction contractor. 

Contractor Detailed 
design / 
Pre-
construction 

8.3 Operational stage management measures 

A number of  management measures are recommended to mitigate risks to and f rom soils, surface water and 

groundwater across the project alignment during the construction phase. These mitigation measures are 

outlined in Table 8-2. 

Table 8-2  Proposed soil, surface water and groundwater management measures 

Impact Environmental safeguard Responsibility Timing 

Aquifer 
interference from 
bridge footings 

Design should consider impacts to groundwater and piles 
be chosen to have the least amount of impact as possible 
on the aquifer. 

Contractor Detailed 
design / Pre-
construction 

Discharge 
associated with 
wet weather 
stormflows 
leading to water 
pollution 

Design suitable stormwater infrastructure including pipes, 
culverts, pits, grass swales and appropriately sized water 
quality basin (sediment basin) to manage stormwater 
runoff from the site and reduce loads of suspended solids 
entering waterways.  

Contractor Detailed 
design / Pre-
construction 

Reduced 
vegetation and 
tree canopies 
leading to 
increased surface 
water runoff 

The design of spill basins receiving stormwater would 
buffer the impact of increased flow volumes. 

Contractor Detailed 
design / Pre-
construction 

In-channel flow 
modifications 
caused by 
structural 
emplacements 

The design of the bridge would consider impacts to flow 
modification and reduce interference of the Georges 
River. 

Contractor Detailed 
design / Pre-
construction 
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8.4 Monitoring procedures 

It is recommended that a baseline surface water and a groundwater monitoring program is implemented. 

This baseline groundwater assessment would be used to further identify and quantify groundwater-surface 

water interactions, groundwater level variations in areas where excavations are proposed and bridge piling, 

understanding the existing groundwater quality in these areas, potential risks and  impacts associated with 

groundwater levels and groundwater quality within the proposal area. The baseline surface water 

assessment would be used to identify and quantify surface water quality in the area and potential risks and 

impacts associated with surface water quality. The monitoring procedures are presented in Section 8.4.1 

and Section 8.4.2. 

8.4.1 Groundwater monitoring 

It is recommended that a baseline groundwater monitoring program is implemented before construction is 

commenced. It is recommended that the existing wells are monitored with the following procedures, if  the 

existing wells cannot undergo the following monitoring procedure, it is recommended that three (3) 

monitoring wells (along the alignment of  proposed piling activities), to at least a 12 m depth are installed 

around the proposal area to establish baseline conditions along the proposal alignment. This bas eline 

assessment would be used to further identify and quantify groundwater-surface water interactions, GDE 

potential, and potential risks and impacts associated with groundwater levels and groundwater quality within 

and around the proposal area.  

Groundwater monitoring wells should be placed along the area that piling activities would be undertaken.  

Groundwater monitoring wells should be installed by an appropriately experienced hydrogeologist or 

environmental scientist to ensure that the installation is f it-for-purpose in monitoring both groundwater levels 

and groundwater quality. 

Groundwater levels 

Gauging of  groundwater levels should be undertaken prior to construction to determine the onsite 

groundwater levels and seasonal f luctuations. Groundwater gaug ing should include installation of  continuous 

loggers within at least three (3) monitoring wells, and regular (monthly) gauging using manual techniques to 

validate / calibrate loggers. 

Given that groundwater is currently expected to be encountered between 0 and 12 m below the surface, an 

accurate understanding of  groundwater levels across the proposal area would determine whether 

management measures are required or appropriate for shallow excavations within the f ill material, and piling.  

It would also provide useful quantif ication of  the volumes of  dewatering required.  

Groundwater contamination 

Groundwater sampling should be undertaken on all groundwater monitoring wells installed as part of  a 

baseline groundwater monitoring program. Groundwater sampling should include at least three (3) monthly 

sampling events, with all groundwater samples tested for the following parameters:  

◼ Benzene, Toluene, Ethylbenzene, Xylene, Naphthalene (BTEXN) 

◼ Heavy metals (arsenic, cadmium, chromium, copper, lead, nickel, zinc, mercury – dissolved and total) 

◼ Nutrients (total nitrogen, ammonia, total phosphorus) 

◼ Organochlorine pesticides and organophosphate pesticides (OCPs and OPPs) 

◼ PFAS (short suite only) 

◼ Total recoverable hydrocarbons (C6-C40). 

These compounds should be screened against relevant water quality criteria (ANZG, 2018; PFAS NEMP 

V2.0; NEPM, 2013 GILs) to inform the baseline assessment of  groundwater quality and potential risks.  
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Groundwater sampling should also include testing of  physical parameters, including pH, electrical 

conductivity, dissolved oxygen, and oxidation-reduction potential.  

8.4.2 Surface water monitoring 

It is recommended that a baseline surface water monitoring program is implemented before construction is 

commenced. It is recommended that one site upstream and one site downstream of  the proposal area is 

monitored to establish baseline conditions. During construction, additional monitoring points are to include 

the sedimentation basins before any release. 

In addition to the core sampling, it is recommended that site observations are recorded by a qualif ied aquatic 

scientist / geomorphologist to include: 

◼ Rapid geomorphic survey, including aquatic macrophyte mapping, bank erosion, channel stability and 

sediment deposition 

◼ Stormwater discharges into the receiving watercourses, including an estimate of  f lows, visual appearance 

and handheld meter testing on an opportunistic basis  

◼ Visual and olfactory pollution (eg oil sheens, coarse debris, odours). 

The surface water monitoring must be carried out in relation to the instream works as a minimum.   

Surface water contamination 

Surface water sampling should be undertaken at the upstream, downstream and sediment basin locations 

during construction phase (sediment basin only prior to release). Surface water samp ling should include at 

least three (3) monthly sampling events (ideally targeting ‘low f low’, ‘intermediate f low’ and ‘high f low’ 

conditions), with all surface water samples tested for the following parameters:  

◼ Benzene, Toluene, Ethylbenzene, Xylene, Naphthalene (BTEXN) 

◼ E. Coli (indicator of  faecal contamination) 

◼ Heavy metals (arsenic, cadmium, chromium, copper, lead, nickel, zinc, mercury  – total and dissolved) 

◼ Nutrients (total nitrogen, ammonia, total phosphorus) 

◼ Organochlorine pesticides and organophosphate pesticides (OCPs and OPPs) 

◼ Total recoverable hydrocarbons (C6-C40). 

These compounds should be screened against relevant water quality criteria (ANZG, 2018; NSW WQOs) to 

inform the baseline assessment of  surface water quality and potential risks.  

Surface water sampling should also include testing of  physical parameters, including pH, electrical 

conductivity, dissolved oxygen and turbidity with a calibrated handheld meter.  
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9 Conclusion and recommendations 

9.1 Key Findings of the impact assessment 

The key potential impacts of  the proposal on surface water and groundwater are as follows: 

◼ The proposal would cause an increase the area of  impervious surfaces, with subsequent risks for 

stormwater quality and natural waterways water quality of  the Georges River. This would be managed 

with the design of  spill basins and water quality controls.  

◼ No signif icant changes in f lood behaviour is anticipated as a result of  the proposal. The proposal results 

in increases in peak f lood levels of up to 20 millimetres upstream of  the proposed bridge in the f lood 

events up to and including the PMF. However, no additional properties are expected to be impacted by 

the increase in peak f lood levels. 

◼ General bridge construction activities including within and on the banks of  the Georges River have the 

ability to disturb the waterways and associated f low paths. This would be managed through the creation 

of  a SWMP and adherence to guidelines specif ied in Section 8.2. 

◼ During construction, the key activities that have the potential to af fect stormwater quality and downstream 

waterways include the potential mobilisation and erosion of  soils in the proposal area due to land 

disturbance and instream works. This would be managed with a ESCP and SWMP. 

◼ Piling activities in the Georges River for the construction of  the bridge also have the potential to mo bilise 

sediment on the riverbed and interact with the aquifer causing local groundwater f low dif ferences. This 

would be managed with a ESCP and SWMP. 

◼ Accidental spills of  chemicals and other hazardous construction materials, and uncontrolled discharge of  

contaminants to receiving waterways, could also have an adverse impact on water quality unless carefully 

managed. This would be managed by Plans within the CEMP as outlined in Section 8.2. 

◼ Location of  the ancillary facilities have the potential to impact f looding behaviour, including being swept 

away during f looding events and blocking water ways and stormwater inf rastructure, as well as 

construction chemicals being mobilised into Georges River. This would be managed by Plans within the 

CEMP as outlined in Section 8.2. 

◼ The proposal has the potential to impact a number of  sensitive receiving environments including Georges 

River as a key f ish habitat, Amiens wetland, a signif icant remnant f reshwater wetland and Towra Point 

Nature Reserve Ramsar site. Which impacts to water quality have the potential to impact these sensitive 

receiving environments. This would be managed with GMP, ESCP and SWMP. 

Residual impacts f rom the proposal are considered low af ter the implementation of  management measures 

as presented in Section 8. 

9.2 Summary of recommended management measures 

The mitigation measures are presented in Section 8, however a summary provided below of  the key items: 

◼ Utilisation of  mitigation measures summarised in Table 8-1 

◼ A baseline groundwater monitoring program and baseline surface water monitoring program be 

completed as described in Section 8.4.1 and Section 8.4.2. 

◼ The following site management documents should be prepared prior to construction commencing:  

− SWMP 

− GMP  

−  ESCP. 
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Appendix A – Relevant legislation policy and guidelines 
Table A1 presents a summary of  the relevant legislation and guidelines that are applicable to the proposal with respect to water quali ty and soils. 

Table A1 – Relevant legislation, policy and guidelines – detailed summary 

Document Brief Description  Relevance 

Environmental 
Planning and 
Assessment Act 1979 

The Environmental Planning and Assessment Act 1979 was passed in the Australian state of NSW. It is an "Act to institute a system of environmental planning and assessment for the State of 
New South Wales"  

The objects of this Act are as follows— 

(a) To promote the social and economic welfare of the community and a better environment by the proper management, development and conservation of the State’s natural and other resources, 

(b) To facilitate ecologically sustainable development by integrating relevant economic, environmental and social considerations in decision-making about environmental planning and 
assessment, 

(c) To promote the orderly and economic use and development of land, 

(d) To promote the delivery and maintenance of affordable housing, 

(e) To protect the environment, including the conservation of threatened and other species of native animals and plants, ecological communities and their habitats, 

(f) To promote the sustainable management of built and cultural heritage (including Aboriginal cultural heritage), 

(g) To promote good design and amenity of the built environment, 

(h) To promote the proper construction and maintenance of buildings, including the protection of the health and safety of their occupa nts, 

(i) To promote the sharing of the responsibility for environmental planning and assessment between the different levels of government in the State, 

(j) To provide increased opportunity for community participation in environmental planning and assessment. 

RMS requires the PSC to deliver the concept design 
REF. RMS requires qualified and experienced 
personnel to prepare the REF to fulfil the 
requirements of Part 5, Division 5.1 of the 
Environmental Planning and Assessment Act 1979 
and to take into account all matters affecting, or 
likely to affect, the environment as a result of the 
proposal. 

NSW Water Quality 
Objectives and River 
Flow Objectives 

The NSW Water Quality Objectives are the agreed environmental values and long-term goals for NSW's surface waters. They set out: 

◼ the community's values and uses for our rivers, creeks, estuaries and lakes (ie healthy aquatic life, water suitable for recreational activities like swimming and boating, and drinking water); and  

◼ a range of water quality indicators to help us assess whether the current condition of our waterways supports those values an d uses. 

The River Flow Objectives are the agreed high-level goals for surface water flow management. They identify the key elements of the flow regime that protect river health an d water quality for 
ecosystems and human uses. 

The RFOs and WQOs for the Georges River are 
adopted in this assessment. 

Water Management 
Act 2000 

The objects of the Water Management Act 2000 are to provide for the sustainable and integrated management of the water sources of the state for the benefit of both presen t and future 
generations.  

Water sharing plans, also known as water management plans, have been developed for rivers and groundwater systems across NSW under the Water Management Act 2000. The plans set out 
how much water is available for extraction and establish rules for sharing the water between dif ferent types of water use - such as town supply, rural domestic supply, stock watering, industry and 
irrigation - and the environment. DPE Water is accountable for water sharing plans (WSPs), which define the rules for sharing the water resources of each regulated river valley between 
consumptive users and the environment. 

They cover matters such as 

◼ Water sharing – including the rules under which water can be taken (the rates, times and circumstances, etc ), the rules for the buying and selling of licences and for annual allocations, basic 
landholder rights, and the requirements for environmental water. 

◼ Water use – including the identification of activities which might cause environmental degradation, such as soil erosion, native vegetati on damage and salinity. 

◼ Drainage management – including the identification of the hydrological regimes in the area, any existing works, and the cumulative impacts on water  quality. 

◼ Floodplain protection – including the identification of natural flooding regimes (frequency, duration and extent), the ecological benefits that flooding brings (particularly to wetlands), the 
identification of existing flood works and any proposals to modify or remove them. 

In many cases, a water access licence will be needed in order to access the available water governed by the water sharing plan. A water access licence also entitles the holder to take water at 
specified times, at specified rates, or in specified circumstances, which is called the “extraction component”. A range of wa ter access licences can be issued. Different categories of water access 
licences have different levels of water security. 

A water access licence can be obtained by either: 

◼ Applying to the Minister (eg for a specific purpose access licence), or 

◼ Acquiring the right to use an existing licence 

The proposal is considered an exempt controlled 
activity by clause 41 of the Water Management 
(General) Regulation 2018 because Transport for 
NSW is a public authority. 

The NSW State 
Groundwater Policy 
Framework (1998) 

This framework aims to achieve efficient and sustainable management of groundwater resources. The framework includes the Groun dwater Quality Protection Policy, the Groundwater Quantity 
Management Draft, and the Groundwater Dependent Ecosystems Policy. 

This Policy is the overview of the listed policies to 
the left which are relevant to the proposal. 
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Document Brief Description  Relevance 

NSW State 
Groundwater Quality 
Protection Policy 
(1998) 

The NSW Groundwater Quality Protection Policy 

The NSW Groundwater Quality Protection Policy adopts the principles outlined in the NSW State Groundwater Policy Framework Document in relation to groundwater quality protection, and 
specifically the following management principles:    

◼ All groundwater systems should be managed so that the most sensitive identified beneficial use (or environmental value) is maintained.  

◼ Town water supplies should be afforded special protection against contamination.  

◼ Groundwater pollution should be prevented so that future remediation is not required.  

◼ For new developments, the scale and scope of work required to demonstrate adequate groundwater protection shall be commensurate with the risk the development poses to a groundwater 
system and the value of the resource.  

◼ A groundwater pumper shall bear the responsibility for environmental damage or degradation caused by using groundwaters that are incompatible with soil, vegetation or receiving waters.  

◼ Groundwater dependent ecosystems will be afforded protection.  

◼ Groundwater quality protection should be integrated with the management of groundwater quantity.  

◼ The cumulative impacts of developments on groundwater quality should be recognised by all those who manage, use, or impact on  the resource; and  

◼ Where possible and practical, environmentally degraded areas should be rehabilitated, and their ecosystem support functions restored  

The construction and operation of the proposal 
should account for the principles and processes 
expressed in this policy in protecting groundwater 
quality. 

 

NSW State 
Groundwater Quantity 
Management Policy 
(1998) 

The NSW Groundwater Quantity Management Policy 

The NSW Groundwater Quantity Protection Policy adopts the principles outlined in the NSW State Groundwater Policy Framework D ocument in relation to groundwater quantity protection, and 
specifically the following management principles:   

◼ Total use of groundwater in a water source or zone will be managed within the sustainable yield, so that groundwater is avail able for future generations, and dependent ecological processes 
remain viable.  

◼ Significant groundwater dependent ecosystems must be identified and protected.  

◼ Total licensed entitlements will not exceed 125% of the sustainable yield in currently over-allocated groundwater sources or zones.  

◼ Groundwater access must be managed in such a way that it does not cause unacceptable local impacts.  

◼ Artificial recharge of groundwater will be strictly controlled.  

◼ Landholders overlying an aquifer will have basic right to access groundwater for domestic and stock purposes. 

◼ Access to groundwater will be managed according to an established priority of use.  

◼ All rights (excepting basic rights) to access and extract groundwater must be licensed and metered.  

◼ In systems that are not subject to a licence embargo or a Ministerial order, groundwater access licences will be issued on the basis of demonstrated need, within the sustainable yield.  

◼ Groundwater access licence holders have resource stewardship obligations and are required to abide by the conditions of their  licence.  

◼ Permanent and temporary transfer of groundwater access will be permitted within sustainable yield constraints, if the transfer does not cause unacceptable impacts on other users, water 
quality or dependent ecosystems. Inter-aquifer transfers will not be permitted.  

◼ Within environmental and interference constraints, the management of groundwater access should provide business flexibility for existing users through carryover and borrowing provisions on 
annual entitlements.  

◼ Approvals must be obtained before any groundwater access licence can be activated at a particular location.  

◼ All activities or works that intersect an aquifer and are not for the primary purpose of extracting groundwater, need an aquifer i nterference approval 

The construction and operation of the proposal is 
not considered to require any groundwater 
abstraction, as such this policy is not directly 
relevant to the proposal; however the proposal 
should account for this policy if any groundwater 
take is subsequently required during construction or 
operation (eg dewatering). 

The NSW State 
Groundwater 
Dependent 
Ecosystems Policy 
(2002) 

The NSW Groundwater Dependent Ecosystem Policy 

GDEs refer to both terrestrial and aquatic ecosystems that require access to groundwater to meet all or some of their water requirements for their ecological processes and ecosystem services.  

The GDE Policy adopts principles outlined in the NSW State Groundwater Policy Framework Document and provides a framework the management of GDEs in NSW, including:  

◼ The scientific, ecological, aesthetic and economic values of GDEs, and how threats to them may be avoided, should be identifi ed and action taken to ensure that the most vulnerable and the 
most valuable ecosystems are protected.   

◼ Groundwater extraction should be managed within sustainable yield of aquifer systems, so that the ecological processes and bi odiversity of their dependent ecosystems area maintained 
and/or restored. Management may involve establishment of threshold levels that are critical for ecosystem health, and control s on extraction in the proximity of groundwater dependent 
ecosystems.    

◼ Priority should be given to ensuring that sufficient groundwater of suitable quality is available at the time when it is needed, for:    

◼ Protecting ecosystems which are known to be, or are most likely to be, groundwater dependent.    

◼ For the GDEs which are under an immediate or high degree of threat from groundwater-related activities.    

◼ Where scientific knowledge is lacking, the Precautionary Principle should be applied to protect GDEs. The development of adap tive management systems and research to improve 
understanding of these ecosystems is essential to their management.    

◼ Planning, approval and management of development and land use activities should aim to minimise adverse impacts on GDEs by.  

◼ Maintaining, where possible, natural patterns of groundwater flow and not disruption groundwater levels that are critical for ecosystems.    

◼ Not polluting or causing adverse changes in groundwater quality.    

◼ Rehabilitating degraded groundwater systems where practical 

The construction and operation of the proposal 
should account for the principles and processes 
expressed in this policy in protecting GDEs. 

Water Sharing Plan 
for the Greater 
Metropolitan Region 
Groundwater Sources 
(2011) 

Water sharing plans provide a legislative basis for sharing water between the environment and consumptive purposes. Under the  WMA 2000, a plan for the sharing of water must protect each 
water source and its dependent ecosystems and must protect basic landholder rights. 

The proposal is located within the Sydney Basin 
Central Groundwater Source as per the Water 
Sharing Plan 
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Document Brief Description  Relevance 

Water Sharing Plan 
for the Greater 
Metropolitan Region 
Unregulated River 
Water Sources (2011) 

Under the Water Management Act 2000 the sharing of water must protect the water source and its dependent ecosystems and must protect basic landholder rights. Sha ring or extracting water 
under any other right must not prejudice these rights. Therefore, water for licensed water users is effectively the next prio rity for water sharing. Water sharing plans provide a legal basis for 
sharing water between the environment and consumptive purposes. 

This proposal is located within the Southern Sydney 
Rivers Water Source as per the Water Sharing Plan. 

NSW Aquifer 
Interference Policy 
(2012) 

The Aquifer Interference Policy details the way the NSW Office of Water will assess aquifer interference projects to determine their potential impacts on water resources. It also explains the 
information and modelling that proponents will need to provide to enable the impacts to be assessed. 

Will assess aquifer interference projects to assess 
impacts on groundwater-dependent ecosystems 
and culturally significant sites that are groundwater-
dependent which may be impacted by the 
construction phase of the proposal 

Protection of the 
Environment 
Operations Act 1997 

The Protection of the Environment Operation Act 1997 (POEO Act) is administered by the Environment Protection Authority. The POEO Act regulates air and water pollution, noise control and 
waste management. A core provision under the POEO Act is the issuing of environmental protection licences.  

The proponent engaged in scheduled activities is required to hold an environment protection licence and comply with condition s of that licence. The proposal is not a scheduled activity as it does 
not meet relevant criteria for road construction under item 35 of Schedule 1 of the POEO Act. 

Under the POEO Act, there is a legal responsibility to ensure that runoff leaving a site meets an agreed water quality standa rd, including water being discharged from sedimentation ponds after 
storm events. 

The activities required for this proposal do not 
trigger the requirement for an environment 
protection licence, in reference to groundwater and 
surface water activities. However, the proposal is a 
Scheduled Activity and therefore triggers the 
requirement an EPL. . 

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

The Water Quality Guidelines provide authoritative guidance on the management of water quality for natural and semi -natural water resources in Australia and New Zealand.  

The 2018 revision of the Water Quality Guidelines is presented as an online platform, to improve usability and facilitate upda tes as new information becomes available.   

Where site-specific guideline values are not present, the ANZG’s give directions to DGVs for a range of stressors relevant to different community values, such as aquatic ecosystems, human 
health, and primary industries. 

The guidelines include water quality and sediment 
quality which have the possibility to be disturbed 
though the construction phase of the proposal and 
outline DVGs that can be adopted. 

Guidelines for 
groundwater quality 
protection in Australia 
(2013) 

These guidelines are designed to support the overall objective of the NWQMS, focusing on protecting and enhancing groundwater quality to support the no minated environmental values and 
preventing groundwater contamination. 

This guideline should be followed in the 
management of impacts from the construction and 
operational phase of the proposal.  

Georges River 
Floodplain Risk 
Management Study 
and Plan (Bewsher, 
2004) 

The Georges River is one of the most populated catchments in Australia. The river and its tributary creeks represent Sydney’s most immediate flood problem, both in terms of the number of 
properties affected by flooding and the potential for increased flood damage due to development pressures within the catchmen t. 

Numerous flood investigations have been undertaken on the Georges River over the years. Most have focused on specific problem areas along the river, and in many cases flood mitigation 
schemes have been developed to tackle these problems. Many of the schemes have since been implemented or are in the process of being implemented. Whilst there has been substantial 
progress in reducing the extent of flooding problems along the river, there remains a significant flood risk to many properti es. There has also been no overall strategic floodplain risk management 
study that considers the broader catchment-wide measures, such as flood warning, emergency management measures, public awareness and consistent planning controls for fu ture development. 

The proposal is located on the Georges River and 
may be impacted by flood risk. 

Fisheries 
Management Act 
1994 

The Fisheries Management Act 1994 (FM Act) is administered by DPI-Fisheries within the Department of Planning and Environment (DPE). Development activities requiring a permit include: 

◼ boardwalks or walking tracks that cross intertidal areas, mangrove wetlands, seaweeds or seagrasses 

◼ boat ramps and boat sheds (ie reclamation) 

◼ bridges, culverts, causeways (both piped and unpiped) or other road crossing of waterways (temporary or permanent) which requ ire placing material on the bed of the waterway (ie 
reclamation) and/or which may obstruct the free passage of fish 

◼ channelisation, relocation or realignment of waterways 

◼ dams, weirs, floodgates or levee banks (ie obstruction of fish passage) 

◼ development that may affect marine vegetation by cutting, removing, destroying, transplanting, shading or damaging in any way, eg trimming mangroves. 

◼ dredging for winning sand, gravel or other materials for private or commercial use 

◼ dredging navigation channels, whether for maintenance of an existing channel or construction of a new one, or to open an intermittently opening waterway 

◼ fish hatcheries or grow-out facilities, including yabby farms, grow-out ponds, 'fish-out' facilities and oyster farms, but not including aquariums for display or pet shops 

◼ foreshore stabilisation (eg seawalls, retaining walls) where 'water land' may be filled or marine vegetation may be harmed  

◼ installation of pipelines across a waterway involving dredging or reclamation 

◼ installation of stormwater outlets involving reclamation of the bed or bank of a waterway 

◼ jetties - where part of the structure includes a rock or concrete structure or revetment (ie reclamation) or where marine vegetation may be harmed during construction, for example, by 
establishing piles, dredging an access channel, the deck results in shading of marine vegetation  

◼ marinas, ie dredging for access, reclamation for a wall, harming marine vegetation 

◼ stream bed or bank stabilisation works involving dredging or reclam ation to halt erosion 

Due to the construction of the Proposal within the 
Georges River, and the location being a Key Fish 
area identified by the FM Act, consultation with DPI-
Fisheries is required. Protections must be 
considered in line with this Act. 
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Appendix B – NSW WQOs 
Indicator Numerical Criteria (trigger values) Supporting information 

Aquatic ecosystems 

Total phosphorus ◼ Upland rivers: 20 µg/L 

◼ Lowland rivers: 25 µg/L for rivers flowing to the coast; 50 µg/L for rivers in the Murray-Darling Basin 

◼ Lakes & reservoirs: 10 µg/L 

◼ Estuaries: 30 µg/L 

◼ The ANZECC 2000 Guidelines advocate a risk-based approach to water quality assessment and 
management. That is, the intensity of assessment of current water quality status or impacts on water quality 
should reflect the risk of impacts on the achievement/protection of the Water Quality Objective.  

◼ The ANZECC 2000 guidelines were in force when the WQOs were created, most triggers still use the 
ANZECC 2000, while some updated values are presented in ANZG 2018, at the time of this document, these 
include chemical toxicants such as metals, these values from ANZG 2018 should be adopted.  

◼ Trigger values are the numeric criteria that if exceeded indicate potential for harmful environmental effects to 
occur. The default trigger values provided in ANZECC 2000 Guidelines are essentially conservative and 
precautionary. If they are not exceeded, a very low risk of environmental damage can be assumed. If they are 
exceeded, further investigation is "triggered" for the pollutant concerned. Assessing whether the exceedance 
means a risk of impact to the Water Quality Objective requires site-specific investigation, using decision trees 
provided in the Guidelines. 

◼ For Protection of Aquatic Ecosystems in NSW, the ANZECC 2000 Guidelines provide default trigger values for 
major physico-chemical stressors in Tables 3.3.2 and 3.3.3 (pages 3.3-10 & 11) and for Toxicants in Table 
3.4.1 (page 3.4-5). 

◼ Note for turbidity trigger values: In general values in the lower part of the range will be found in rivers and 
streams during low flows and/or in more vegetated catchments. Values in the higher part of the range will be 
found in rivers and streams in high flows and lower in the catchment (particularly inland catchments). For lakes 
and reservoirs, in general the higher values will be found in waterbodies that are shallow or in areas with 
dispersive soils. 

◼ Note that pH varies naturally. Whilst 6.5-8.5 is the default trigger range, values outside this range should be 
investigated to assess whether they reflect natural variation. For example, some streams in sandstone areas 
have natural pH ranges as low as 4.5. 

◼ The approach to protecting the aquatic ecosystem should consider the whole range of interacting factors - 
such as variability of water quality over time, sediment interactions, river flow, local geology, land use, the 
needs of sensitive habitats, and people's uses for water. 

◼ Assessing ecosystem health also requires using a range of indicators and considering local modifying factors-
such as basalt soils that result in naturally higher nutrient levels, or estuary opening patterns that affect water 
quality. However, information on a full range of indicators may not be available from regular monitoring. 

◼ Although modified, many non-pristine environments contain important aquatic ecosystems. Well-functioning 
aquatic ecosystems also benefit people using these waters, such as by reducing blue-green algal blooms. 

◼ Reducing diffuse pollutant loads during rainfall and runoff periods should be a key focus for improving water 
quality. It is also important in managing longer term impacts, such as sedimentation and polluted sediments. 

◼ The choice of toxicant indicators for use in each management situation is related to known past or current 
activities. Impacts are detected by measuring water, sediment or biota. Natural sources should also be 
considered. 

◼ Protecting aquatic ecosystems requires mimicking natural river flow patterns as closely as possible. 

Total nitrogen ◼ Upland rivers: 250 µg/L 

◼ Lowland rivers: 350 µg/L for rivers flowing to the coast; 500 µg/L for rivers in the Murray-Darling Basin  

◼ Lakes & reservoirs: 350 µg/L 

◼ Estuaries: 300µg/L 

Chlorophyll-a ◼ Upland rivers: not applicable 

◼ Lowland rivers: 5 µg/L 

◼ Lakes & reservoirs: 5 µg/L. 

◼ Estuaries: 4 µg/L. 

Turbidity ◼ Upland rivers: 2–25 NTU (see supporting information) 

◼ Lowland rivers: 6–50 NTU (see supporting information) 

◼ Lakes & reservoirs: 1–20 NTU 

◼ Estuaries: 0.5–10 NTU 

Salinity (electrical conductivity) ◼ Upland rivers: 30–350 µS/cm 

◼ Lowland rivers: 125–2,200 µS/cm 

Dissolved oxygen ◼ Upland rivers: 90–110% 

◼ Lowland rivers: 85–110% 

◼ Freshwater lakes & reservoirs: 90–110% 

◼ Estuaries: 80–110% 

Note: Dissolved oxygen values were derived from daytime measurements. Dissolved oxygen concentrations may vary 
diurnally and with depth. Monitoring programs should assess this potential variability . 

pH ◼ Upland rivers: 6.5–8.0 

◼ Lowland rivers: 6.5–8.5 

◼ Freshwater lakes & reservoirs: 6.5–8.0 

◼ Estuaries: 7.0–8.5 

Changes of more than 0.5 pH units from the natural seasonal maximum or minimum should be investigated. 

See supporting information 

Temperature See ANZECC 2000 Guidelines, table 3.3.1. 

Chemical contaminants or toxicants See ANZECC 2000 Guidelines, chapter 3.4 and table 3.4.1 or where updated values existing within ANZG 2018, the 
lightly to Moderately Disturbed Rivers level of protection should be utilised, these values are presented in the table 
below. 

Biological assessment indicators This form of assessment directly evaluates whether management goals for ecosystem protection are being achieved 
(eg maintenance of a certain level of species diversity, control of nuisance algae below a certain level, protection of 
key species, etc). Many potential indicators exist and these may relate to single species, multiple species or whole 
communities. Recognised protocols using diatoms and algae, macrophytes, macroinvertebrates, and fish populations 
and/or communities may be used in NSW and interstate (eg AusRivAS). 

Visual Amenity  

Visual clarity and colour Natural visual clarity should not be reduced by more than 20%. 

Natural hue of the water should not be changed by more than 10 points on the Munsell Scale. 

The natural reflectance of the water should not be changed by more than 50%. 

◼ Visual amenity will be improved by protecting aquatic ecosystems and improving stormwater management. 

◼ Visual amenity also needs to be protected to maintain water quality for primary and secondary contact 
recreation. 

Surface films and debris Oils and petrochemicals should not be noticeable as a visible film on the water, nor should they be detectable by 
odour. 

Waters should be free from floating debris and litter. 



 

 Project number 509608  File M5WBU-AUR-NWW-WA-RPT-000002, 2022-08-03  Revision 5   81 

Indicator Numerical Criteria (trigger values) Supporting information 

Nuisance organisms Macrophytes, phytoplankton scums, filamentous algal mats, blue-green algae, sewage fungus and leeches should not 
be present in unsightly amounts. 

Secondary contact recreation  

Faecal coliforms Median bacterial content in fresh and marine waters of < 1000 faecal coliforms per 100 mL, with 4 out of 5 samples < 
4000/100 mL (minimum of 5 samples taken at regular intervals not exceeding one month). 

 

Enterococci Median bacterial content in fresh and marine waters of < 230 enterococci per 100 mL (maximum number in any one 
sample: 450-700 organisms/100 mL). 

Algae & blue-green algae < 15 000 cells/mL 

Nuisance organisms Use visual amenity guidelines. 

Large numbers of midges and aquatic worms are undesirable. 

Chemical contaminants Waters containing chemicals that are either toxic or irritating to the skin or mucous membranes are unsuitable for 
recreation. 

Toxic substances should not exceed values in tables 5.2.3 and 5.2.4 of the ANZECC 2000 Guidelines. 

Visual clarity and colour Use visual amenity guidelines. 

Surface films Use visual amenity guidelines. 

Primary contact recreation 

Turbidity A 200 mm diameter black disc should be able to be sighted horizontally from a distance of more than 1.6 m (about 6 
NTU). 

◼ Maintain water quality in all areas where water quality levels for swimming are currently achieved. 

◼ The immediate focus should be on improving swimming water quality at recognised recreation sites, with an 
emphasis on meeting targets during the bathing season. 

◼ Over the longer term, water quality will need to improve to meet swimming objectives at more locations. 

◼ Bacterial water quality tests are used to indicate the possible presence of human pathogens. DEC considers 
that the use of faecal coliforms and enterococci as indicators provides a suitable expression of the disease 
risks presented by contaminated bathing waters and allows for international comparisons to be made. It will, 
however, monitor closely scientific developments in this area. 

◼ Achieving water quality levels that are safe for swimming will also result in safer water quality for non-potable 
uses in homesteads. 

◼ Note that pH in ambient waterbodies varies naturally across the landscape and with time. The goal should be 
to retain the natural range of pH. 

◼ The National Health and Medical Research Council released new guidelines for recreational water quality in 
2005. However, these have not yet been adopted for use in NSW. Contact Beachwatch or NSW Health public 
health units for current information on recommended guidelines. 

 

 

Faecal coliforms Beachwatch considers waters are unsuitable for swimming if: 

◼ the median faecal coliform density exceeds 150 colony forming units per 100 millilitres (cfu/100 mL) for five 
samples taken at regular intervals not exceeding one month, or 

◼ the second highest sample contains equal to or greater than 600 cfu/100 mL (faecal coliforms) for five samples 
taken at regular intervals not exceeding one month. 

ANZECC 2000 Guidelines recommend: 

◼ Median over bathing season of < 150 faecal coliforms per 100 mL, with 4 out of 5 samples < 600/100 mL 
(minimum of 5 samples taken at regular intervals not exceeding one month). 

Enterococci Beachwatch considers waters are unsuitable for swimming if: 

◼ the median enterococci density exceeds 35 cfu/100 mL for five samples taken at regular intervals not exceeding 
one month, or 

◼ the second highest sample contains equal to or greater than 100 cfu/100 mL (enterococci) for five samples taken 
at regular intervals not exceeding one month. 

ANZECC 2000 Guidelines recommend: 

Median over bathing season of < 35 enterococci per 100 mL (maximum number in any one sample: 60-100 
organisms/100 mL). 

Protozoans Pathogenic free-living protozoans should be absent from bodies of fresh water. (Note, it is not necessary to analyse 
water for these pathogens unless temperature is greater than 24 degrees Celsius). 

Algae & blue-green algae < 15 000 cells/mL 

Nuisance organisms Use visual amenity guidelines. 

Large numbers of midges and aquatic worms are undesirable. 

pH 5.0-9.0 (see supporting information) 

Temperature 15°-35°C for prolonged exposure. 

Chemical contaminants Waters containing chemicals that are either toxic or irritating to the skin or mucus membranes are unsuitable for 
recreation. 

Toxic substances should not exceed the concentrations provided in tables 5.2.3 and 5.2.4 of the ANZECC 2000 
Guidelines 2000. 

Visual clarity and colour Use visual amenity guidelines 

Surface films Use visual amenity guidelines 

https://www.environment.nsw.gov.au/ieo/GeorgesRiver/maptext-03.htm#support2
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Indicator Numerical Criteria (trigger values) Supporting information 

Faecal coliforms Beachwatch considers waters are unsuitable for swimming if: 

◼ the median faecal coliform density exceeds 150 colony forming units per 100 millilitres (cfu/100mL) for five 
samples taken at regular intervals not exceeding one month, or 

◼ the second highest sample contains equal to or greater than 600 cfu/100mL (faecal coliforms) for five samples 
taken at regular intervals not exceeding one month. 

ANZECC 2000 Guidelines recommend: 

Median over bathing season of < 150 faecal coliforms per 100 mL, with 4 out of 5 samples < 600/100 mL (minimum of 
5 samples taken at regular intervals not exceeding one month). 

 

Enterococci Beachwatch considers waters are unsuitable for swimming if: 

◼ the median enterococci density exceeds 35 cfu/100 mL for five samples taken at regular intervals not exceeding 
one month, or 

◼ the second highest sample contains equal to or greater than 100 cfu/100mL (enterococci) for five samples taken a t 
regular intervals not exceeding one month. 

ANZECC 2000 Guidelines recommend: 

Median over bathing season of < 35 enterococci per 100 mL (maximum number in any one sample: 60-100 
organisms/100 mL). 
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ANZG 2018 DVGs 

Chemical Trigger Value (mg/L) 

Aluminium (pH >6.5) 0.055 

Ammonia 0.9 

Arsenic (III) 0.024 

Arsenic (V) 0.013 

Benzene 0.95 

Cadmium  0.0002 

Chromium 0.001 

Copper 0.0014 

Lead 0.0034 

Manganese 1.9 

Nickel 0.011 

Napthalene 0.016 

Xylene 0.035 

Zinc 0.008 
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Appendix C –National Groundwater Information System (NGIS) registered boreholes 
Table C-1  Summary of groundwater bores within one kilometre of the proposal 

Bore ID Easting Northing Purpose Bore Depth (m) Reference Elevation (AHD) Water Level (m) Status 

GW016682 308691 6242741 Water Supply 3.9 13.21 3.9 USE 

GW016829 308350 6243074 Water Supply 5.4 13.36 3.6 UNK 

GW017321 309953 6242582 Irrigation 5.4 10.43 0.9 UNK 

GW017324 309980 6242521 Irrigation 6.7 10.49 ND UNK 

GW017325 309878 6242457 Irrigation 9.1 12.6 2.1 NON 

GW017423 309717 6242793 Water Supply 3.0 8.94 ND USE 

GW017424 309691 6242823 Irrigation 7.6 9.51 0.9 USE 

GW031063 309691 6243143 Water Supply 2.4 9.53 ND USE 

GW031293 309733 6243286 Water Supply 2.4 8.05 ND UNK 

GW102053 309897 6243033 Other 12.0 7.58 2.4 UNK 

GW110386 307864 6242396 Monitoring 8.5 13.12 6 UNK 

GW110387 307897 6242475 Monitoring 10.0 12.62 8 UNK 

GW110388 307799 6242460 Monitoring 10.0 11.29 7.6 UNK 

GW110389 307916 6242407 Monitoring 10.0 13.85 7.9 UNK 

GW110390 307849 6242487 Monitoring 9.0 11.7 7.2 UNK 

GW110391 307916 6242439 Monitoring 8.7 13.57 7.5 UNK 

GW110392 307902 6242504 Monitoring 8.5 12.62 7.25 UNK 

GW110393 307931 6242475 Monitoring 9.0 13.00 7.8 UNK 

GW110394 307802 6242402 Monitoring 10.0 12.17 9.4 UNK 

GW110395 307830 6242502 Monitoring 8.5 11.31 6.8 UNK 

GW111872 308517 6242996 Monitoring 6.0 0.00 ND FUN 

GW111873 308546 6242914 Monitoring 7.2 0.00 ND FUN 

GW111874 308496 6242900 Monitoring 6.0 0.00 ND FUN 

GW111957 310074 6242316 Monitoring 17.7 0.00 4.4 USE 

GW113200 307932 6243603 Monitoring 10.0 0.00 ND FUN 

GW113296 309535 6242808 Monitoring 8.0 0.00 ND FUN 

GW113297 309575 6242775 Monitoring 6.0 0.00 ND FUN 

GW113298 309595 6242812 Monitoring 7.5 0.00 ND FUN 

GW114196 308815 6242771 Monitoring 10.0 0.00 ND FUN 

GW114197 308846 6242745 Monitoring 6.0 0.00 ND FUN 

GW114198 308847 6242764 Monitoring 4.0 0.00 ND FUN 

GW114199 308857 6242744 Monitoring 4.0 0.00 ND FUN 

GW114200 308840 6242740 Monitoring 5.0 0.00 ND FUN 

GW114201 308819 6242733 Monitoring 2.0 0.00 ND FUN 

GW114202 308825 6242750 Monitoring 2.0 0.00 ND FUN 

1: unknown whether data pertains to mBGL or metres below top of  casing 
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