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Executive summary  
Transport for NSW propose to upgrade about three kilometres of Mulgoa Road. The 
proposal involves the upgrade and widening of Mulgoa Road across three separate stages: 

• Mulgoa Road upgrade between Glenmore Parkway and Jeanette Street, Glenmore Park 

(about 850 metres) 

• Mulgoa Road upgrade between Blaikie Road and Jamison Road, Penrith (about 1.2 

kilometres) 

• Mulgoa Road upgrade between Jamison Road to Union Road, Penrith (about one 

kilometre). 

This Surface water and Groundwater working paper has been prepared to assess the 

potential surface water and groundwater impacts of the proposal. This report has been 

prepared to support a Review of Environmental Factors (REF) being prepared for Transport 

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

Act). 

Mulgoa Road is in a low-lying area of the Nepean River floodplain and can be subject to 
flooding. Four waterways, traverse the proposal corridor, Showground Channel (1st order 
stream and tributary to Peach Tree Creek), Racecourse Creek Channel (2nd order stream 
and tributary to Peach Tree Creek), Surveyors Creek (4th order stream and tributary to 
Peach Tree Creek) and School House Creek (2nd order stream and tributary to Mulgoa 
Creek). School House Creek and Surveyors Creek are identified as being key fish habitat 
upstream and downstream of the proposal. School House Creek is vegetated and unlined 
and the other waterways are all hard lined within the proposal area. Surveyors Creek is 
grass lined immediately upstream of the proposal area and further downstream. 

The proposal is located within the Richmond Lowlands Hydrogeological Landscape.  
Groundwater levels were reported to be between 4.5 and 25 m BGL within proximity to the 
proposal with varying groundwater salinity ranging from fresh to saline. Groundwater is used 
for stock and domestic uses within the study area. 

The study area is mainly underlain by black to light grey shale and laminate of Ashfield 
Shale from the Wianamatta Group. Alluvial terrace deposits of sand and gravels, silt, clay, 
fluvially deposited sand and polymictic gravels are present just to the north of this area. The 
soil landscapes within the study area consist of Richmond, Luddenham and Blacktown soil 
groups. These soil groups have high dispersibility soils and are generally associated with 
high level of runoff and high erosion risks. 

The key potential impacts of the proposal on surface water, groundwater and soils are as 
follows: 

• surface water quality impacts due to sediment laden runoff being released to waterways 

during construction activities such as earthworks, stockpiling, dewatering, waterway 

crossing construction and transportation of materials 

• surface water quality, groundwater quality and soil impacts during construction as a 

result of an accidental spills 

• direct disturbance of channel form and channel stability during construction of permanent 

and temporary waterway crossings, channel realignment works and drainage outlets at 

School House Creek which is a vegetated (unlined) channel 



 

 

• scour downstream of the culvert and drainage outlets within School House Creek at 

newly proposed stormwater outlet locations and culverts. A low risk of scour occurring is 

likely to occur within the other waterways due to them being hard lined upstream and 

downstream of the proposal area 

• increased runoff volume, frequency, flow rate and pollutant load being discharged to 

receiving waterways as a result of an increased pavement footprint. This is likely to have 

a negligible impact on water quality, waterway stability and aquatic habitat in the 

receiving waterways. 

The key measures proposed to avoid, manage and/or mitigate impacts to surface water, 
groundwater and soils include: 

• management of erosion during construction and operation through the preparation and 

implementation of an Erosion and Sedimentation Management Report (ESMR) and 

Erosion and Sediment Control Plans (ESCPs) 

• preparation of a Soil and Water Management Plan (SWMP) and other aspects of the 

Construction Environmental Management Plan (CEMP) to manage water quality impacts 

during construction  

• preparation of a Water Quality Management Plan (WQMP) to outline water quality 

monitoring necessary to be undertaken before and during construction 

• design of appropriate dissipation and scour protection at new stormwater outlets and 

culverts 

• design of appropriate stabilisation of realignment and channel works at School House 

Creek. 

With the proposed measures in place, soil and water impacts are expected to be negligible 
to minor. 
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PAH Polycyclic aromatic hydrocarbons 
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REF review of environmental factors 

SEED SEED is the NSW Government's central resource for Sharing and 

Enabling Environmental Data. 

SILO SILO is a database of Australian climate data from 1889 to the present 

SWMP Soil and Water Management Plan 

TfNSW Transport for NSW 

the proposal Mamre Road Upgrade Stage 1 

TN Total Nitrogen  

TP Total Phosphorus 

TRH Total recoverable hydrocarbons 

TSS Total Suspended Solids  

UFP Unexpected Find Protocol 

WDE Water Dependent Ecosystems 

WQO Water quality objectives 
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1 Introduction  

1.1 Proposal overview 

Transport for NSW propose to upgrade about three kilometres of Mulgoa Road. The 
proposal involves the upgrade and widening of Mulgoa Road across three separate stages: 

• Mulgoa Road upgrade between Glenmore Parkway and Jeanette Street, Glenmore Park 

(about 850 metres) 

• Mulgoa Road upgrade between Blaikie Road and Jamison Road, Penrith (about 1.2 

kilometres) 

• Mulgoa Road upgrade between Jamison Road to Union Road, Penrith (about one 

kilometre). 

1.2 Proposal description 

Key features of the proposal include: 

• an upgrade of Mulgoa Road to a six-lane divided road (three lanes in each direction) with 

a wide central median 

• upgrade of intersections at the roundabout at Glenmore Parkway, Spencer Street, Batt 

Street, Freedom Furniture site, Jamison Road, Panther Place, Retreat Drive/Ransley 

Street and Union Road  

• upgrade of local road accesses at Gibbs Street (including the removal of Gibbs Street 

Service Road), Willoring Crescent, Stuart Street, Preston Street, McNaughton Street and 

Rodley Avenue  

• new bridge structure over Surveyors Creek  

• reinstatement of bus stops along Mulgoa Road with provision for bus priority at key 

intersections 

• provision of a shared user path on the eastern side and pedestrian path on the western 

side of Mulgoa Road for the length of the proposal 

• drainage and flooding infrastructure upgrades 

• roadside furniture and street lighting 

• noise barriers  

• utility relocations 

• tree planting and landscaping 

• temporary establishment of up to four construction compound sites. 

Figure 1-1 provides an overview of the location proposal.  

Figure 1-2 identifies the key features of the proposal. 

Figure 1-3 provides a schematic representation of the proposed drainage arrangement and 

identifies key hydraulic crossings and waterway realignment works. 
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1.3 Proposal background 

Mulgoa Road is an important arterial connecting the Penrith community, including its central 
business district, with other parts of greater Sydney. The proposal is being undertaken to 
support expected growth in the area, improve road safety, reduce congestion, and improve 
travel times. 

1.4 Purpose of this report 

This Surface water and Groundwater working paper has been prepared to assess the 
potential surface water and groundwater impacts of the proposal. This report has been 
prepared to support a Review of Environmental Factors (REF) being prepared for Transport 
for NSW under Division 5.1 of the Environmental Planning and Assessment Act 1979 (EP&A 
Act). 
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Figure 1-1 Proposal location  
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Figure 1-2 Key features 
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Figure 1-3 Key drainage features – Stage 2 
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Figure 1-4 Key drainage features – Stage 5A 
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Figure 1-5 Key drainage features – Stage 5B



 

17 

Mulgoa Road Upgrade, Stage 2, 5A and 5B: Surface water and groundwater assessment 

2 Methodology  

2.1 Overview of approach 

The surface water groundwater and soils working paper includes the following activities. 

Task Approach overview 

Relevant legislation, policy and guidelines 

General Relevant surface water, groundwater and soil legislation, policy and guidelines 
were reviewed and their relevance to the proposal described. 

Water quality and flow 
objectives 

Water quality objectives for the Hawkesbury-Nepean catchment were obtained 
from the Hawkesbury-Nepean catchment Interim Water Quality Objectives (HRC, 
1998) 

Existing environment 

Climate Historical records of rainfall, temperature and evaporation were collected and 
analysed for the surrounding are from Bureau of Meteorology (BoM) (BoM, 
2021)() and Scientific Information for Land Owners (SILO) (Queensland 
Government, 2021) Climate change effects on these parameters were 
investigated.  

Regional catchment Hawkesbury-Nepean regional catchment available on SEED (NSW Government, 
2021) 

Watercourses and local 
catchment 

Local watercourses were identified using NSW Hydroline GIS data available from 
SEED (NSW Government, 2021). The local catchment was delineated for the 
Hydrology and Hydraulic Assessment Report (SMEC, 2021) 

Wetlands A desktop review was undertaken of the SEED mapping database (NSW 
Government, 2021)for State Environmental Planning Policy (Coastal 
Management) 2018 for coastal wetland, NSW wetland and Ramsar wetlands and 
Nationally Important Wetland datasets 

Surface water quality  Desktop review of water quality data from a WaterNSW monitoring station 
(WaterNSW, 2021) and Penrith City Council was collected to identify baseline 
conditions for the surface water environment in the vicinity to the proposal.  

Flooding Review of the Mulgoa Road Upgrade Stage 2, 5A and 5B Concept Design & REF 
Hydrology and Hydraulics Assessment Report (SMEC, 2021) 

Soils, geology and 
hydrogeology 

Desktop review of the eSpade web database (DPIE, 2021) for geology, soil 
landscapes, acid sulfate soils and hydrogeological landscapes 

Acid sulfate soils Desktop review of the eSpade web database (DPIE, 2021) for geology, soil 
landscapes, acid sulfate soils and hydrogeological landscapes 

Contamination Desktop review of the NSW EPA list of notified sites and record of notices to 
identify contaminated sites in the area (NSW EPA, 2021). 

Review of Mulgoa Road upgrade, Glenmore Parkway to Jeanette Street, Blaikie 
Road to Jamison Road and Jamison Road to Union Road -Contamination 
Detailed Site Investigation Report (Aurecon, 2021) 

Groundwater levels and 
quality 

Review of Australian Groundwater Explorer and WaterNSW real-time data to 
identify boreholes within one kilometre of the proposal area and available 
groundwater information (WaterNSW, 2021; BoM, 2021) 

Groundwater dependant 
ecosystems 

Review of the Groundwater Dependent Ecosystems (GDEs) Atlas to identify 
GDEs within one kilometre of the proposal area  (BoM, 2021) 

Water users Review of WaterNSW groundwater register to identify groundwater users within 
one kilometre downstream of the proposal (WaterNSW, 2021).  
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Task Approach overview 

Construction impact assessment 

Surface water Qualitative assessment of potential impacts to surface water quality and 
hydrology as a result of construction activities. 

Groundwater Qualitative assessment of potential impacts to groundwater quality and levels as 
a result of construction activities. 

Soils Qualitative assessment of potential erosion and sedimentation impacts during 
construction.  

Operational impact assessment 

Surface water MUSIC modelling was undertaken by SMEC to estimate change in flow and 
pollutant loads as a result of the proposal. The modelling results were reviewed 
and assessed qualitatively in terms of stormwater impacts to receiving 
waterways. 

Qualitative assessment of other potential surface water quality and quantity 
impacts during operation. The Penrith Council WSUD Technical guidelines 
(Penrith City Council, 2015)(Penrith City Council 2015) and NSW MUSIC 
modelling guidelines (BMT WBM 2015) (BMT WBM, 2015) were used to 
establish hydrology and pollutant modelling parameters.  

Groundwater Qualitative assessment of potential impacts to groundwater quality and levels 
during operation. 

2.2 Study area 

The surface water assessment study area is limited to the creek crossings, lakes and the 
stretch of the Nepean River from 200 m upstream of the Mulgoa Creek confluence near 
Martin Street to 200 m downstream from Penrith Weir below the confluence with Peach Tree 
Creek.  

The groundwater assessment study area has been defined as the area between Mulgoa 
Road and the Nepean River bounded in the south by Mulgoa Creek and in the north by the 
Great western Highway. There are numerous registered bores in the study area licenced to 
be used for irrigation, monitoring and water supply. 

The study areas are shown in Figure 2-1.   
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Figure 2-1 Surface water and groundwater study areas  
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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 frameworks with respect to the proposal. 

Greater detail on the legislation, guidelines and policies listed and relevance to the proposal 
are presented in detail in 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, Industry and 
Environment (DPIE) permit under the FM Act due to the classification of the 
Nepean River as Key Fish Habitat. Site construction and development has 
the potential to trigger requirement for a DPIE Permit if dredging activity is 
required or activities will temporarily or permanently obstruct fish passage. 

NSW Aquifer Interference 
Policy (2012) 

Aquifer interference projects (i.e. 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 (2006) 

Not directly applicable, as at the time the environmental objectives were 
approved by the Government (September 1999) the Healthy Rivers 
Commission had completed or substantially completed public inquiries for 
the catchments of the Clarence, Hawkesbury-Nepean, Williams and 
Shoalhaven rivers. The Healthy Rivers Commission recommended WQOs 
in its Final Reports for these catchments, as detailed below. 

Protection of the 
Environment Operations Act 
1997 

The activities required for this proposal currently do not trigger the 
requirement for an environmental protection licence with respect to 
groundwater and surface water Should a sediment basin be proposed 
during detailed design, an environmental protection licence would be 
required. 

Water Act 1912, Water 
Management Act 2000 and 
Water Management (General) 
Regulation 2011 

The proposal is considered an exempt controlled activity under the Water 
Management Act 2000 as it is a major project. 

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 2000WMA, 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 Relevance 

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

Under the Water Management Act 2000 Management 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 Hawkesbury and Lower Nepean 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 frameworks with respect to the proposal. 

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

Document Relevance 

Australian and New Zealand 
Guidelines for Fresh and 
Marine Water Quality 
(ANZECC & ARMCANZ, 2000) 

Construction and operation of the proposal must account for the aims of the 
Australian National Water Quality Management Strategy (NWQMS) to 
achieve the sustainable use of Australia’s and New Zealand’s water 
resources by protecting and enhancing their quality. This has been 
superseded by (ANZG, 2018). 

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 Nepean 
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. 

 



 

22 

Mulgoa Road Upgrade, Stage 2, 5A and 5B: Surface water and groundwater assessment 

4 Existing environment 

4.1 Climate 

4.1.1 Historical records 

The Bureau of Meteorology database was used to identify weather observation stations 
close to the study area. The identified stations were further assessed to determine the most 
representative set of records. Orchard Hills Treatment Works (067084) station’s data record 
was selected as the representative record, given the longer and more complete dataset. The 
summary of the chosen rainfall gauge is presented in Table 4-1.  

Table 4-1 Local rainfall gauge metadata 

Gauge 
ID 

Location Distance 
(km) 

Elevation 
(m) 

Years active Percent 
complete 

MAP* 

067084 Orchard Hills Treatment 
Works 

5.8 93 Dec 1970 – Jan 2020 
[50 years] 

97% 780 

*Mean Annual Precipitation (MAP) is calculated over the years with complete datasets 

 

Orchard Hills Treatment Works (067084) station’s data record was selected as the 
representative record, given the longer and more complete dataset. 

Representative evaporation data was sourced from the SILO (Scientific Information for Land 
Owners) database (Queensland Government, 2021). The metadata associated with the 
station closest to gauge site is summarised in Table 4-2. Based on similar considerations 
mentioned above, the Orchard Hills dataset was considered most appropriate and used to 
characterise the expected pan evaporation rates for the project site. 

Table 4-2 Local evaporation gauge metadata 

 

Review of the historical data (1971-2021) associated with this station reveals a variable 
annual rainfall rate. Wetter years, i.e. 1978 and 1990, may experience rainfall in excess of 
1,200 mm and drier years record less than 500 mm. The pan evaporation data fluctuates 
between 1,200 mm and 1,900 mm with an increasing trend observed in the total annual 
evaporation since 2012. 

The monthly rainfall and evaporation data for Orchard Hills are shown in Figure 4-1. This 
monthly breakdown, data suggests rainfall throughout the year but that generally November 
to May” are wetter months and June to October are dryer months.  

Gauge ID Location Elevation (m) Data availability MAE (mm) 

67084 Orchard Hills Treatment Works 93 Jan 1970 – April 2020 1,459 

*Mean Annual Evaporation (MAE) is calculated over the years with complete datasets 
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Figure 4-1 Range of total monthly rainfall and evaporation (1971-2019) 

Notes: Whiskers show 10th and 90th percentiles. Boxes depict median values, upper and 
lower quartiles. Trend lines reflect monthly averages. 

A summary of temperature variation at Orchard Hills Treatment Works (067084) is provided 
in Figure 4-2. Analysis of these records, presented in Figure 4-2, indicates 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. 

 

Figure 4-2 Monthly maximum and minimum temperature ranges (1971- 1989) 

Notes: Whiskers show 10th and 90th percentiles. Boxes depict median values, upper and 
lower quartiles. 
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4.1.2 Climate change 

Consideration of potential climate change is a crucial factor in assessing the future water 
resources, as it has the potential to influence the general environmental water balance as 
well as groundwater availability, soil and water salinity and water quality. The NSW Office of 
Environment and Heritage (OEH) has published several documents detailing the expected 
effects of climate change on water resources. Study results documented in a 2015 report, 
“Climate change impacts on surface runoff and recharge to groundwater” (Office of 
Environment and Heritage, 2015), have been used to assess expected local climatic 
changes. 

Utilising NARCliM (the NSW and ACT Regional Climate Modelling project), which is an 
ensemble of regional climate projections for south-east Australia, the OEH study predicted 
near future (2020-2039) and far future (2060-2079) changes to rainfall, runoff and recharge 
to groundwater. Table 4-3 presents a summary of the statistical analysis for Metropolitan 
Sydney. 

Table 4-3 Percent changes to multi-model mean annual rainfall, surface runoff and recharge  
 

Percentage change in near future 
(2020-2039) 

Percent 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 

 

The results of this model for the Hawkesbury catchment are presented in Table 4-4. In 
summary, the study predicted that changes in near future, were likely to be a reduction in the 
rainfall and recharge to the groundwater and increase in the surface runoff, while in far 
future, the model predicted an increase in all three parameters (rainfall, surface runoff and 
recharge to the groundwater). 

Table 4-4 Percentage change in rainfall, runoff and groundwater recharge for the Hawkesbury 
catchment 

 

Percentage change in near future 
(2020-2039) 

Percent change in far future 

(2060-2079) 

State planning region Rainfall Runoff Recharge Rainfall Runoff Recharge 

Hawkesbury Nepean 
Catchment 

-0.1 0.9 -9.3 6.1 13.4 5.6 

 

Understanding of the physical processes that cause extreme rainfall, coupled with modelled 
projections, indicate with high confidence a future increase in the intensity of extreme rainfall 
events, although the magnitude of the increases cannot be confidently projected. The 
publication does not provide details regarding changes to flood-producing rainfall events 
other than to confirm that changes to rainfall intensity are predicted. 

The ”Practical Consideration of Climate Change” (NSW Government Department of 
Environment and Climate Change, 2007) publication references modelling carried out by the 
CSIRO in 2007 for the NSW Government to assess the impacts of climate change on rainfall 
intensities. The results showed a trend of increased rainfall intensities for the 40-year ARI 
one‐day rainfall event across New South Wales (Table 4-5). 
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Table 4-5 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% 

Hawkesbury Nepean  -3% to +12% -7% to +10% +1% to +8% +2% to +24% 

New South Wales 
Average 

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

 

These expected rainfall and evaporation changes largely support the predictions presented 
in Table 4-4, as higher intensity storms will result in higher runoff volumes, whereas the 
increased evaporation rates will likely lead to reduced recharge, as suggested in the near 
future results. 

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. (Office of 
Environemnt and Heritage, 2014). 

4.2 Geology and soils 

4.2.1 Local geology 

The proposal area is mainly underlain by black to light grey shale and laminate of Ashfield 
Shale from the Wianamatta Group. Alluvial terrace deposits of sand and gravels, silt, clay, 
fluvially deposited sand and polymictic gravels are present just to the north of this area. 
Alluvial fan deposits of quartz lithic sand, silt, gravel and clay is also present in an area along 
and parallel to Glenmore Parkway to the south.  

The remainder of the proposal area is situated on top of alluvial terrace deposits of silt, clay, 
fine to medium grained quartz-lithic sand, polymictic gravel east of Nepean River. 

Local geology is presented in Table 4-6 and Figure 4-3. Table 4-6 presents a summary of 
the geological units within and around the proposal area, including relative age, geological 
mapping symbols, and unit descriptions. 



 

26 

Mulgoa Road Upgrade, Stage 2, 5A and 5B: Surface water and groundwater assessment 

Table 4-6 Summary of geological units (seamless geology) 

Age range Geological 
symbol 

Stratigraphy Description Dominant 
lithology 

Neogene (base) 
to Present (top) 

CZ_ath /Alluvium//Alluvial terrace 
deposits/Alluvial terrace 
deposits - high-stand facies/ 

High-level terrace 
deposits of sand and 
gravel. 

Sand 

Quaternary 
(base) to 
Present (top) 

Q_at /Alluvium//Alluvial terrace 
deposits// 

Silt, clay, (fluvially-
deposited) fine- to 
medium-grained quartz-
lithic sand, polymictic 
gravel. 

Clastic 
sediment 

Middle Triassic 
(base) to Middle 
Triassic (top) 

Twia /Wianamatta Group//Ashfield 
Shale// 

Black to light grey shale 
and laminite. 

Shale 

Quaternary 
(base) to 
Present (top) 

Q_avf /Alluvium//Alluvial valley 
deposits/Alluvial fan deposits/ 

Fluvially-deposited 
quartz-lithic sand, silt, 
gravel, clay. 

Clastic 
sediment 
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Figure 4-3 Local geology  
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4.2.2 Soil landscapes 

The majority of the proposal area is located within the Richmond soil landscape, described 
as Quaternary terraces of the Nepean and Georges Rivers. Mainly flat (slopes <1%). Splays 
and levees provide local relief (<3 m). Tree cover, now almost completely cleared, was 
formerly a low open-woodland (dry sclerophyll). 

The proposal area between Glenmore Parkway and Jeanette street is situated within the 
Luddenham soil landscape, described as undulating to rolling low hills on Wianamatta Group 
shales, often associated with Minchinbury Sandstone. Local relief 50–80 m, slopes 5–20%. 
Narrow ridges, hillcrests and valleys. Extensively cleared tall open forest (wet sclerophyll 
forest).  

A small section, including the proposed laydown area further south along Glenmore Parkway 
is located within the Blacktown soil landscape, described as gently undulating rises on 
Wianamatta Group shales. Local relief to 30 m, slopes usually >5%. Broad rounded crests 
and ridges with gently inclined slopes. Cleared Eucalypt woodland and tall open-forest (dry 
schlerophyll forest). The landscapes are presented in Figure 4-4. 

The key characteristics and limitations to development of the NSW soil landscapes are 
presented in Table 4-7 and soil landscape reports are compiled in Appendix B. 

Table 4-7 Summary of soil landscape key characteristics and key limitations. 

Soil 
Landscape 

Key Characteristics Key Limitations of the soil landscape 

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. 

 Moderate erodibility 

 Erosion hazard for concentrated flows 
is moderate to high 

 Flood Hazard (localised) 

 Seasonal waterlogging (localised) 

 Water erosion hazard (localised) 

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. 

 Moderate to high erodibility 

 Erosion hazard for non-concentrated 
flows is moderate to high 

 Erosion hazard for concentrated flows 
is high to very high 

 Water erosion hazard,  

 steep slopes (localised),  

 Mass movement hazard (localised) 

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. 

 Moderate to high erodibility 

 Erosion hazard for non-concentrated 
flows is slight to moderate 

 Erosion hazard for concentrated flows 
is moderate to high  

 Seasonal waterlogging (localised) 

 Water erosion hazard (localised) 

 Surface movement potential 
(localised). 
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Figure 4-4 Soil landscapes  
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4.2.3 Acid sulfate soils 

Acid sulfate soils include those where the soil pH is below four (actual acid sulfate soil) and 
those which may form actual acid sulfate soil when drained or exposed to oxidisation 
processes (ie the exposure of iron sulfate minerals such as pyrite to oxygen). Acid sulfate 
soil occurs predominantly on coastal lowlands, with elevations generally below five metres.  

A review of information available through eSpade (Department of Planning, Industry and 
Environment, 2021) indicates that the proposal area is not located within an acid sulfate soils 
risk area. 

4.2.4 Hydrological soil groups 

The proposal is located in an area containing group D soils from the hydrologic soil group 
classification (Department of Planning, Industry and Environment, 2021). The hydrological 
characteristics of these soils will affect surface water runoff and groundwater recharge due 
to their moderate to high runoff potential when saturated. These affects are most relevant to 
the construction phase of the proposal, Figure 4-5. 

Soils in group D have high runoff 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 4-5 Hydrological soil groups  
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4.2.5 Salinity 

Salinity is the accumulation of salts in soil and water to levels that impact on human and 
natural assets (e.g. plants, animals, aquatic ecosystems, water supplies, agriculture and 
infrastructure). Salinity occurs where salt in the landscape is mobilised and redistributed 
closer to the soil surface and/or into waterways by rising groundwater. Rising groundwater is 
commonly caused by removal of deep-rooted vegetation such as trees and perennial 
pasture. It is also caused by changes in soil permeability and structure which restrict 
groundwater movement. Compaction and cut / fill works can be contributors.  

The areas around Surveyors Creek (just to the north of Blaikie Road) and School House 
Creek) have been mapped as high salinity potential (Hills Environmental, 2015).This means 
these areas are predisposed to salinity due to soil, geology, topography and groundwater 
conditions. The remainder of the site has a moderate salinity potential, which means that 
scattered areas of scalding and indicator vegetation have been noted but concentrations 
have not been mapped. 

4.3 Catchment and surface water 

4.3.1 Regional surface water environment 

The Nepean River is the longest river within the 21,400 km2 Hawkesbury-Nepean 
catchment. The Nepean River’s headwaters are located near Robertson, NSW at around 
766 m above sea level before flowing northerly through the Nepean Dam around 178 km to 
its confluence with the Grose River where it becomes the Hawkesbury River at around 1.8 m 
above sea level. The Nepean River is fed from a number of westerly flowing tributaries, 
including the Avon, Cordeaux and Cataract rivers (NSW Government, 2010) (Australian 
Government, 2018). Other major tributaries of the Nepean River include the Wollondilly 
River, Nattai River, Bargo River and Coxs River.  

Major water users in the Hawkesbury-Nepean catchment include WaterNSW, local councils, 
agriculture (irrigation), tourism, fishing and oyster industries, and various recreational users 
(DPI, 2021).  

Whilst the catchment is considered unregulated, river flows are heavily controlled by five 
major dams and various major weirs. All of the major storages are located upstream of the 
proposal including the Avon, Cataract, Cordeaux, Nepean, and Warragamba dams (DPI, 
2021). 

Land use within the Nepean River catchment upstream of the proposal is currently 
predominantly forested within the upper catchment supplying the major storages, before 
becoming predominantly rural and agricultural with some peri-urban and urban land 
dispersed throughout the catchment.  

The regional catchment and major tributaries are shown in Figure 4-6.  
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Figure 4-6 Regional surface water environment  



 

34 

Mulgoa Road Upgrade, Stage 2, 5A and 5B: Surface water and groundwater assessment 

4.3.2 Surface water sharing plan 

The proposal area is located within the Lower Nepean River Management Zone designated 
by the Water Sharing for the Greater Metropolitan Region Unregulated River Water Sources, 
2011, where management zone has a high level of economic dependence on water 
extraction for irrigation and town and/or industry water supplies. The access rules relating to 
the Lower Nepean River Management Zone include environmental flow protections, limiting 
access to very low flows for crop survival watering, trading rules and rules relating to 
lagoons. 

4.3.3 Topography 

The site topography along the proposal area is relatively flat, with elevations ranging 
between 28 mAHD to 38 mAHD. In the southern part of the proposal area the topography is 
slightly undulating and slightly more elevated than other areas, before becoming relatively 
flat from Surveyors Creek northwards, Figure 4-7. 
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Figure 4-7 Topography  
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4.3.4 Local surface water environment 

Local watercourses 

Four waterways, traverse the proposal corridor, listed below from north to south: 

• Showground Creek Channel (1st order stream and tributary to Peach Tree Creek) 

• Racecourse Creek Channel (2nd order stream and tributary to Peach Tree Creek) 

• Surveyors Creek (4th order stream and tributary to Peach Tree Creek) 

• School House Creek (2nd order stream and tributary to Mulgoa Creek). 

The tributaries of Peach Tree Creek drain into Peachtree Creek around 600m, 350m and 
one kilometre downstream of the proposal boundary, respectively. Peachtree Creek flows 
north easterly, parallel to the proposal before flowing northerly to its confluence with the 
Nepean River around 1.25 km northwest of the proposal boundary.  

The upper catchment of Surveyors Creek remains undeveloped rural land, with the lower 
catchment containing residential and business land use. The Racecourse Creek Channel 
catchment is predominantly urbanised with residential land and the Showground Creek 
Channel catchment contains a mix of mostly residential, mixed use and commercial land 
use. Surveyors Creek, Racecourse Creek Channel and Showground Creek Channel are all 
hard (concrete) lined within proximity to the proposal. However, Surveyors Creek is grass 
lined immediately upstream of the proposal area and further downstream prior to its 
confluence with Peach Tree Creek.  

School House Creek flows north westerly across the proposal corridor before flowing 
westerly to its confluence with Mulgoa Creek around 1.7 km downstream and 0.9 km from 
the proposal boundary. Mulgoa Creek flows into the Nepean River 30 m further downstream.  
The School House Creek channel is unlined and vegetated upstream and downstream of the 
proposal. School House Creek was observed to be flowing during a Biodiversity inspection 
(refer Biodiversity Report). 

Both School House Creek and Surveyors Creek are designated as key fish habitat along 
with Peach Tree Creek downstream. No threatened species are considered to have a 
moderate or higher likelihood of occurring within the creek lines of the study area (refer 
Biodiversity Report). 

The local waterways are shown in Figure 4-8. 

Wetlands and waterbodies 

There are no mapped natural wetlands within the study area or within proximity downstream 
of the proposal boundary. Three artificial water bodies are located north of Jamison Road 
including two water bodies associated with the Cables Wake Park and Aqua Park and 
another understood to be for Aqua Golf. These are offline water bodies and are shown in 
Figure 4-8. 
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Figure 4-8 Local surface water environment  
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Sensitive receiving surface water environments 

The Biodiversity Report indicated that the creeks within the study area only provide limited 
potential habitat for common riparian species including macroinvertebrates and highly mobile 
water birds. Surveyors Creek, Racecourse Creek Channel and Showground Creek Channel 
are impacted by upstream urban catchments, channelization, installation of culverts and 
other disturbances to hydrological flows and the potential for fish passage.  

Whilst School House Creek is currently designated as key fish habitat, has well established 
riparian corridor, an abundance of aquatic and terrestrial vegetation (refer Biodiversity 
Report) and a natural bed and bank form, its hydrology, fish passage and water quality are 
impacted by its upstream urban catchment and installation of culverts. 

Therefore, none of the receiving waterways are considered to be sensitive environments. 

Sensitive downstream surface water environments 

Peach Tree Creek and the Nepean River are considered to be sensitive downstream 
environments. 

4.3.5 Surface water quality 

Environmental values and guidelines 

The ANZG Water Quality Guidelines (ANZG, 2018) have been used as the basis for the 
surface water assessment. The preferred approaches to deriving guideline values are 
usually through the use of field and/or laboratory biological-effects (toxicity) data ANZG 
2018. These are expensive to collect, however, and require a lengthy period of monitoring so 
the proposed approach in this assessment is to derive catchment-specific guideline values 
based on reference-site data.  

The Hawksbury-Nepean catchment has no defined current water quality objectives (WQOs), 
however interim WQOs for the Hawkesbury-Nepean catchment were defined by the Healthy 
Rivers Commission under Inquiry into the Hawkesbury-Nepean system (HRC, 1998)for 
nutrients and chlorophyll-a and approved by the NSW government in September 1999. The 
inquiry recommended that non nutrient criteria be adopted from Environmental values and 
WQOs and are listed in Table 4-8 

Table 4-8 Environmental values and guidelines (HRC, 1998) 

Environmental 
Value 

Indicator Guideline value Key applicability to the 
proposal 

Aquatic 
ecosystems – 
maintaining or 
improving the 
ecological 
condition of 
waterbodies and 
riparian zones 
over the long 
term. ANZECC 
Guideline 
Trigger Values 
for lowland 
rivers in south-
east Australia 
with slightly 
disturbed 
ecosystems 
indicated. 

Total 
Phosphorus 
(TP) 

30 μg/L  Road runoff during 
operation  

Total Nitrogen 
(TN) 

500 μg/L  Road runoff during 
operation 

Chlorophyll-a  10-15 μg/L  Waterway impact due to 
elevated nutrients in road 
runoff 

Turbidity  6 - 50 Nephelometric Turbidity Unit (NTU)  Sediment laden runoff 
during construction and 
operation. 

Salinity 
(electrical 
conductivity)  

125 – 2,200 μS/cm  Construction discharges 

Dissolved 
Oxygen (DO) 

85 - 110% saturation  Road runoff during 
operation 
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Environmental 
Value 

Indicator Guideline value Key applicability to the 
proposal 

pH 6.5 – 8.0 Construction discharges 

Toxicants As per ANZG 2018 toxicant guidelines for 
slightly to moderately disturbed 
ecosystems 

Heavy metals in road 
runoff 

Visual amenity – 
aesthetic 
qualities of 
waters 

Visual clarity 
and colour 

Natural visual clarity should not be 
reduced by more than 20%. Natural hue 
of 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%. 

Road runoff flowing into 
drainage lines flowing into 
South Creek. 

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 matter.  

Oils and petrochemicals in 
road runoff 

Nuisance 
organisms  

Macrophytes, phytoplankton scums, 
filamentous algal mats, blue-green algae, 
sewage fungus and leeches should not be 
present in unsightly amounts  

No quantitative value specified 

Potential impact in 
waterway as a result of 
nutrient impacts. 

Secondary 
contact 
recreation – 
maintaining or 
improving water 
quality of 
activities such 
as boating and 
wading, where 
there is a low 
probability of 
water being 
swallowed 

Faecal 
coliforms, 
enterococci, 
algae and 
blue-green 
algae  

As per the Guidelines for managing risks 
in recreational water (NHMRC, 2008) 

N/A  

Nuisance 
organisms  

As per the visual amenity guidelines.  

Large numbers of midges and aquatic 
works are undesirable.  

As per the visual amenity 
relevance. 

Chemical 
contaminants  

Waters containing chemicals that are 
either toxic or irritating to the skin or 
mucous membranes are unsuitable of 
recreation.  

Toxic substances should not exceed 
values provided in the Guidelines for 
managing risks in recreational water 
(NHMRC, 2008) 

Heavy metals in road 
runoff 

Visual clarity 
and colour  

As per the visual amenity guidelines.  As per the visual amenity 
relevance.  

Surface films  As per the visual amenity guidelines.  As per the visual amenity 
relevance. 

Primary contact 
recreation – 
maintaining or 
improving water 
quality for 
activities such 
as swimming 
where there is a 

Faecal 
coliforms, 
enterococci, 
algae and 
blue-green 
algae  

As per the Guidelines for managing risks 
in recreational water (NHMRC, 2008) 

N/A 

Protozoans  Pathogenic free-living protozoans should 
be absent from bodies of fresh water.  

N/A 
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Environmental 
Value 

Indicator Guideline value Key applicability to the 
proposal 

high probability 
of water being 
swallowed 

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 values provided in the Guidelines 
for managing risks in recreational water 
(NHMRC, 2008) 

Road runoff flowing into 
drainage lines flowing into 
South Creek. 

Visual clarity 
and colour  

As per the visual amenity guidelines.  As per the visual amenity 
relevance. 

Temperature  16° - 34°C for prolonged exposure.  Road runoff and 
construction discharges 

 

A combination of the WQOs, ANZG 2018 and ANZECC & ARMCANZ (2000) guidelines 
have be present and adopted water quality objectives are presented in Appendix C 
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Liverpool City Council Monitoring Data 

A summary of Liverpool City Council monitoring data within the surface water study area are presented in Table 4-9 and Table 4-10, the site  
locations are presented in Figure 4-8, full dataset is presented in Appendix D. The bolded values are values that exceed the selected WQOs 
(Appendix C). 

Table 4-9 Liverpool city council monitoring data – Rowing Club 

Percentile Rainfall 24 
hours (mm) 

Rainfall 7 days 
(mm) 

pH Temperature  

(°C)  
Conductivity  

(μS/cm) 
Dissolved 
Oxygen (%) 

Dissolved 
Oxygen 
(mg/L) 

Enterococci 
(units/100mL) 

WQOs N/A N/A 6.5-8 16-34 125-2200 85-110 N/A 200 

20% 0 0.2 7.384 22 0.181 98.22 8.33 15 

50% 0 6.4 7.81 23.08 0.27 120.3 9.45 35 

80% 1.6 25.01 8.75 25.46 0.328 129.68 10.93 120 

 

Table 4-10 Liverpool city council monitoring data – Tench Reserve 

Percentile Rainfall 24 
hours (mm) 

Rainfall 7 days 
(mm) 

pH Temperature  

(°C) 

Conductivity  

(μS/cm) 

Dissolved 
Oxygen (%) 

Dissolved 
Oxygen 
(mg/L) 

Enterococci 
(units/100mL) 

WQOs N/A N/A 6.5-8 16-34 125-2200 85-110 N/A 200 

20% 0 0.2 7.37 21.88 0.212 103.9 8.12 5 

50% 0 6.4 7.56 23.25 0.250 111.9 9.55 21 

80% 1.6 25.0 8.38 26.00 0.314 119.3 10.45 130 
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4.4 Hydrogeology 

4.4.1 Aquifer and aquifer properties 

Groundwater in the local area is characterised by two main aquifers defined by the local 
geology. These include an unconfined alluvial aquifer within the quaternary aged sediment 
deposits, including alluvial terraces and the Cranebrook Formation which is underlain by a 
regional aquifer within the porous rock aquifer of the Wianamatta ground shales (Ashfield 
shale). 

The unconfined aquifer comprises unconsolidated fluvial silts, sands, clays and gravels 
associated with the Nepean River floodplain, greater than 16m thick in the proposal area and 
increasing in thickness towards the Nepean River. The aquifer is primarily recharged by 
rainfall, where clay lenses can locally perch groundwater. The hydraulic conductivity is 
generally moderate to high. The aquifer is anticipated to have direct influence on soil salinity 
profiles. It is anticipated that the proposal area may interact with the alluvial aquifer, which 
may have indirect effects upon the porous rock aquifer (Nation Partners, 2014). 

The porous rock aquifer comprises fine-grained sedimentary rocks derived from the 
Wianamatta Group greater than 16m depth below the ground surface Groundwater yield is 
typically low. The aquifer is recharge by infiltration from the overlying soil profile. 

The deep groundwater system comprises the Hawkesbury Sandstone which lies underneath 
the Ashfield Shale. Recharge to the Hawkesbury Sandstone is expected to occur from 
rainfall and surface water interaction along the Lapstone Monocline along the far eastern 
edge of the Blue Mountains (west of the proposal alignment) and to a minor extent vertical 
percolation from the overlying Wianamatta Shale. Groundwater flow direction is expected to 
be north-easterly within the Hawkesbury Sandstone. There are some faults in the area that 
could indicate enhanced connectivity between the shallow and deeper groundwater systems 
(Clark & Jones, 1991). 

4.4.2 Groundwater sharing plan 

The proposal is located within the Hawkesbury Alluvium Groundwater Source as per the 
Water Sharing Plan for the Greater Metropolitan Region Groundwater Sources 2011 
available on SEED (NSW Government, 2021). The groundwater source has specific rules 
relating to the granting and managing of access licences, water allocation accounts, water 
supply works approvals, limiting water availability and water trading rules.  

4.4.3 Hydrological landscape mapping 

The proposal is located within the Richmond Lowlands Hydrogeological Landscape (HGL) 
which is characterised by floodplains and terraces of quaternary alluvium (DPIE, 2021). 
Hydrogeological landscape report is presented in Appendix E. Groundwater flow in this HGL 
is unconfined through unconsolidated alluvial sediments. Localised perching of water tables 
occur above clay lenses during wetter periods. Hydraulic conductivity and transmissivity are 
moderate to high. Groundwater systems are local with short flow lengths. These systems are 
generally aligned with current stream channels and drainage depressions.  

The Richmond Lowlands HGL terraces (Cranebrook Soil Landscape) near the proposal are 
formed on Cranebrook Tertiary Alluvium which is composed of alluvium, sand, clay and silt. 
These form Red Kandosols (Red Earths), Yellow and Brown Sodosols and Chromosols 
(Soloths and Yellow Podzolic Soils), and Stratic Rudosols (Alluvial Soils) A summary of the 
landscape attributes are summarised in Table 4-11.  
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Table 4-11 Summary of Richmond lowlands HGL aquifer attributes 

Attribute Description 

Aquifer Type Unconfined in unconsolidated alluvial sediments (Alluvial aquifer) 

Hydraulic Conductivity Moderate to high 

Range: 10-2 –>10 m/day 

Aquifer Transmittivity Moderate to high 

Range: 10 –>100 m2/day 

Specific Yield Moderate to high 

Range: 10–20% 

Hydraulic Gradient Gentle 

Range: <10% 

Groundwater Salinity Fresh to brackish 

Range: 0.8–4.8 dS/m 

Depth to Water Table Shallow to intermediate (seasonal) 

Range: 0–8 m 

Typical Catchment Size Small (<100 ha) 

Scale (Flow Length) Local 

Flow length: <5 km (short) 

Recharge Estimate High 

Residence Time Short to medium (months to years) 

Responsiveness to change Fast to medium (months to years) 

4.4.4 Groundwater occurrences, level and flow 

Groundwater in the Hawkesbury alluvial aquifer/unconfined aquifer flows are driven by the 
hydrology of the Hawkesbury-Nepean river and the unconsolidated nature of the alluvial 
terraces and deposits that comprise the Cranebrook Formation. The direction is also inferred 
by the general topography. In the porous rock aquifer, the flows are predominantly lateral 
through bedding layers. In the Penrith area groundwater within the regional Hawkesbury 
Sandstone aquifer is expected to flow to the west towards the Hawkesbury-Nepean River 
(Clark & Jones, 1991).  

Geotechnical and contamination studies undertaken in early 2021 associated with this 
proposal installed one groundwater monitoring well at the Mulgoa Road crossing of Surveyor 
Creek indicated a groundwater level of 8.9m BGL at this location (Aurecon, 2021). 

Geotechnical investigation from a previous project located at the Mulgoa Road/M4 Motorway 
intersection indicated that groundwater levels ranged between 8m BGL and 11m BGL (Arup, 
2018)(Appendix F). A search of registered boreholes (shown in Table 4-14) indicate that the 
groundwater levels range between 4.5 and 25 m BGL indicating that groundwater 
interception is likely for excavations.
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4.4.5 Groundwater quality 

Limited groundwater quality data is available, Table 4-12 contains the groundwater parameter collected as part of geotechnical and 
contamination studies of this proposal, the results from BH04W indicated groundwater is marginal at this location which is consistent with the 
groundwater in the Richmond Lowlands hydrogeological landscape is fresh to brackish (0.8 to 4.8 dS/m) (Table 4-11). The groundwater salinity 
from registered bores within the groundwater study area indicate groundwater quality ranging from fresh to saline at different depths and 
geological material which possibly represent different aquifers as shown in Table 4-13. 

Table 4-12 Groundwater parameters from geotechnical and contamination studies  (Aurecon, 2021; SMEC, 2021) 

Borehole ID Date Dissolved 
Oxygen (ppm) 

Electrical 
Conductivity 
(µS/cm) 

Total 
Dissolved 
Solids (mg/L)  

Redox 
Potential (mV) 

Redox 

Potential – 
Calculated 
SHE (mV) 

Temperature (°C) pH  

BH04W 2/03/2021 0.62 1450 870.00 -170.6 34.4 21 7.15 

 Water level (m 
BGL) 

Latitude Longitude Description 

05/02/2021 8.9 -33.767771 150.678238 Slight sewage odour, very slight brown tinge.  
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Table 4-13 Groundwater salinity from registered bores (BoM, 2021; WaterNSW, 2021) 

Borehole ID Salinity (mg/L) Status Depth range of sample (m BGL) Geological Material 

GW109488 1200 Brackish 13-14.5 ND 

GW105004 3000 Saline 10-13 Gravel 

2000 Brackish/Saline 96-97 Sandstone 

700 Marginal 134-135 Sandstone 

450 Fresh 170-171 Sandstone 

GW108829 1400 Brackish 45-46 Clay 

1500 Brackish 60-62 Gravel 

GW111418 1450 Brackish 96-97 Shale 

900 Marginal 138-139 Sandstone 

850 Marginal 168-169 Sandstone 

760 Marginal 188-189 Sandstone 

GW101178 180 Fresh 6-10.5 Gravel 
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4.4.6 Groundwater users 

A search of the NSW DPI water monitoring network and Australian groundwater explorer 
(BoM, 2021) within the groundwater study area indicates there are 31 bores with current 
licences that are used for purposes including groundwater monitoring, stock and domestic 
uses. These bores are owned privately, where the majority are in clusters used for 
monitoring at service stations. They are listed below in Table 4-14. 

Table 4-14 Summary of registered bores 

Bore ID Bore 
Depth 
(m) 

Drilled 
Date 

Purpose Water Level 
(m BGL) 

Latitude Longitude 

GW026231.1.1 8.5 1/01/1966 Irrigation 6 -33.759 150.6864 

GW029710.1.1 7.9 1/04/1969 Water 
Supply/Domestic 

N/A -33.754 150.6901 

GW059108.1.1 6 1/06/1981 Water 
Supply/General 
use 

N/A -33.7601 150.6731 

GW075137.1.1 283 31/10/2006 Monitoring 10 -33.7688 150.6558 

GW100759.1.1 10 29/02/1996 Recreation/irrigati
on  

6 -33.7642 150.6731 

GW101178.1.1 11.2 15/01/1998 Industrial/ 
Recreational 

8 -33.7554 150.6878 

GW103048.1.1 8 1/01/1990 Recreation 6 -33.7569 150.6907 

GW105004.1.1 183 24/09/2003 Recreation 6 -33.7564 150.6792  

GW108484.1.1 11 6/09/2006 Recreation/Industr
ial 

N/A -33.7568 150.6867 

GW108486.1.1 200 16/11/2006 Recreation 50 -33.7767 150.6686 

GW108829.1.1 66 31/01/2007 Water 
Supply/Stock 

25  -33.7599 150.6729 

GW109488.1.1 15 15/02/2008 Water 
Supply/Domestic 

9 -33.7615 150.668  

GW109659.1.1 9.5 30/07/2008 Monitoring 8.6 -33.7667 150.6799 

GW109660.1.1 9.6 1/08/2008 Monitoring 6 -33.7664 150.6796 

GW109661.1.1 5.2 1/08/2008 Monitoring 4.5 -33.7666 150.6794 

GW109662.1.1 12 4/08/2008 Monitoring 9 -33.7669 150.6797 

GW109663.1.1 9.5 1/08/2008 Monitoring 9 -33.7668 150.6793 

GW109664.1.1 5.1 1/08/2008 Monitoring 4.5 -33.7668 150.6799 

GW111129.1.1 10 28/08/2007 Monitoring 8 -33.7666 150.6786 

GW111130.1.1 11.8 28/08/2007 Monitoring 8.5 -33.7666 150.6788 

GW111131.1.1 11.5 29/08/2007 Monitoring 8.5 -33.7669 150.6786 

GW111132.1.1 12.5 30/08/2007 Monitoring 9 -33.7668 150.6784 

GW111418.1.1 204 4/02/2007 Water 
Supply/Domestic 

53 -33.7768 150.6586 

GW111809.1.1 15 30/05/2007 Water 
Supply/Domestic 

13 -33.7539 150.6761 

GW111987.1.1 9 24/03/2010 Monitoring N/A -33.7525 150.691 
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Bore ID Bore 
Depth 
(m) 

Drilled 
Date 

Purpose Water Level 
(m BGL) 

Latitude Longitude 

GW111988.1.1 9 24/03/2010 Monitoring N/A -33.7524 150.691 

GW111989.1.1 9 24/03/2010 Monitoring N/A -33.7525 150.6913 

GW115066.1.1 8.5 14/03/2011 Monitoring 8.2 -33.7748 150.666 

GW115067.1.1 8.85 15/03/2011 Monitoring 8.1 -33.775 150.6659 

GW115068.1.1 5.5 15/03/2011 Monitoring 5.2 -33.7751 150.6662 

GW115069.1.1 9 16/03/2014 Monitoring 6 -33.7749 150.6657 

4.4.7 Groundwater dependant ecosystems 

A review of the BoM Groundwater Atlas indicates there are several Groundwater Dependent 
Ecosystems (GDE) in the vicinity of the proposal area. The GDEs include aquatic and 
terrestrial ecosystems which are described as: 

• aquatic ecosystems – rely on the surface expression of groundwater, which includes 

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

wetlands and springs 

• terrestrial ecosystems – rely on the subsurface presence of groundwater, which includes 

all vegetation ecosystems. 

The aquatic GDE is limited to the Nepean River which is classified as high potential aquatic 
GDE. The terrestrial GDEs within the study areas are classified as high potential GDEs, 
these include the Cumberland Shale Plains Woodland and the Cumberland River Flat Forest 
in areas south of the proposal (BoM, 2021). Groundwater dependant ecosystems (GDEs) 
are presented in Figure 4-9.  
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Figure 4-9 Groundwater 
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5 Impact assessment 

An impact assessment for the construction and the operational phases of this proposal are 
outlined in Section 5.1 and 5.2, respectively. 

Mitigation measure and management procedures for these impacts are presented in 

Section 6. 

5.1 Potential impacts during construction 

If not managed correctly, the following construction activities could potentially lead to 

adverse impacts to the surface water and groundwater environment: 

• vegetation removal and earthworks along the entire extent of the proposal area 

• road cuttings and embankments 

• construction of noise barriers 

• earthworks and channel realignment of School House Creek to facilitate extending the 

School house creek culvert to accommodate additional width for the road upgrade 

• construction across waterways including a new bridge structure over Surveyors Creek 

• earthworks to extend the existing culvert at Showground Creek 

• construction of drainage and flooding infrastructure upgrades, including culverts and 

drainage swales, new outlets and drainage connections 

• provision of temporary crossings, scour protection and removal of redundant culverts 

• leaks and spills within construction areas within the proposal areas 

• construction and operation of ancillary facilities and laydown areas 

• stockpiles 

• transportation of materials 

5.1.1 Surface water potential impacts 

Vegetation removal and earth works 

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 which may lead to turbidity impacts in School House Creek, Surveyors 

Creek, which are identified as key fish habitats. 

Earthworks in proximity to School House Creek and the bridge Works across Surveyors 

Creek (Figure 4-8) present the greatest risk to water quality impacts.  

A Preliminary Erosion and Sedimentation Assessment (PESA) was undertaken (SMEC, 

2021) to assess the erosion hazard of the proposal area. The assessment indicated that due 

to the dispersive nature of the Richmond Soils within the proposal area, the proposal is 

considered to represent a high erosion risk.  
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Erosion and sediment control measures to manage potential impacts and high erosion risk 

across the proposal would be implemented, refer to section 6.1.1.  

Earthworks within potentially contaminated areas could potentially expose contaminants in 

soil which may be mobilised via runoff to the local waterway and through the stormwater 

system if poorly managed, in particular the area of service stations and ex-service stations 

where Mulgoa Rd meets of Batt St, Willoring Cres and Blaikie Rd and immediate 

surrounding areas (refer to Contamination report).  

Soil contamination management measures would be included in the Remediation Action 

Plan (RAP), refer to section 6.1.1. 

Construction within waterways and waterfront land  

The road alignment crosses School House creek, Surveyors Creek, Racecourse Creek 
Channel and Showground Creek Channel and construction activities are expected to occur 
within or adjacent to all these waterways. 

At School House Creek, the proposed widening of the road would require realignment of the 
channel and associated stabilisation works, removal of existing drainage pipes and culvert 
under Mulgoa Road and the construction of a new transverse drainage culvert, grass drains 
and outlets to the creek.  

The proposed channel realignment and drainage works within School House Creek would 
permanently alter the bed and banks of the waterway. There is potential for erosion to occur 
during construction leading to sedimentation and water quality impacts downstream of the 
proposal in the waterway until the work area is suitably stabilised. The works may also 
temporarily obstruct and change flow paths increasing the potential for localised scour and 
erosion. 

A new bridge structure is proposed to be constructed across Surveyors Creek, as well as an 
upgrade of drainage including the construction of new outlets to the waterway, a grass drain 
connection and removal of redundant drainage and outlets. Surveyors Creek is concrete 
lined at the Mulgoa Road crossing, so the proposed new outlets and bridge works are 
unlikely to disturb or result in scour of bed or bank material, and no downstream scouring is 
anticipated, refer to the Hydrology and Hydraulics report, (SMEC, 2021).  

Racecourse Creek Channel adjacent to Jamison Rd is a constructed drainage line which 
ends at the south-east corner of the Jamison Rd/Mulgoa Rd intersection, water flows under 
Mulgoa Rd towards the Nepean River through two pipe culverts. A new outlet is proposed to 
be constructed into Racecourse Creek Channel and various existing outlets would be 
removed / made redundant. The waterway is hard lined within the proposal area, therefore 
the works do not pose a risk of directly disturbing the waterway.  

New outlets and grass drain connections to Showground Creek Channel are proposed with 
some existing outlets made redundant. The waterway is hard lined within the proposal area, 
therefore the works do not pose a risk of directly disturbing the waterway.  

Bridge and drainage work within Surveyors Creek and drainage works at Racecourse Creek 
Channel and Showground Creek Channel are unlikely to result in significant scour or erosion 
due to channels being hard lined, however, any work within the waterfront land of the 
aforementioned waterways increases the risk of sediment and other construction materials 
being mobilised into the waterways, if uncontrolled. This could potentially lead to water 
quality impacts within downstream, vegetated sections of waterway, where aquatic habitat 
may occur.  

Potential impacts associated with establishment of temporary waterway crossings would be 
minimised by designing the structure to include appropriate pipe outlets, scour protection 
and flood immunity. 



 

51 

Mulgoa Road Upgrade, Stage 2, 5A and 5B: Surface water and groundwater assessment 

Measures to manage construction activities across waterways and within waterfront land will 
be included in the Soil and Water Management Plan, refer section 6.1.1. 

Construction and use of ancillary facilities 

There are four proposed construction compounds along the alignment of the proposal, their 
locations are depicted in Figure 1-2. Compound one is located directly adjacent (less than 
50m) of School House Creek just south of the proposal. Compound three is located directly 
adjacent to Showground Channel (less than 50m) and compound four is located in a flat 
area adjacent to Peach Tree Creek (approximately 50m at the closest point). 

Compound site facilities may include portable buildings with amenities such as lunch 
facilities and toilets, secure and bunded storage areas for site materials, including fuel and 
chemicals, temporary stockpile areas and areas for disposal of unsuitable material, batching 
plants, office space, and associated parking. Requirements for temporary infrastructure will 
continue to be refined. 

Compound one and three are subject to possible flooding impacts (refer to Hydrology and 
Hydraulics report for flood impact discussion) which makes them susceptible to overland 
flows to their adjacent waterways, which is a risk to water quality if construction materials 
including fuel, chemicals and ablution from toilet facilities are mobilised by overland flows 
into adjacent waterways  proper procedures are not in place in regards to storage of 
materials including stockpiles which is discussed further below.  

Concrete batching operations can lead to soil and water pollution (increase in pH, TSS, TDS 

and minor levels of Aluminium, Iron and Magnesium oxides) as a result of cement laden 

runoff not being properly contained or being accidentally released to surface waters. Poor 

cement handling, storage and disposal practices can also contribute to the aforementioned 

impacts. Measures for cement handling, storage and disposal procedures will be 

documented within the CEMP. Measures to manage the potential water quality impacts 

associated with runoff and washwater associated with concrete batching would be included 

in the Soil and Water Management Plan. Refer section 6.1.1. 

Stockpiles 

Stockpile sites would be used to temporarily store raw materials, excess spoil and wastes 
before their use or reuse on-site or disposal off-site. Stockpiles of raw materials or spoil 
would be sited within a suitable location to avoid obstruction of local flow paths and 
mobilisation of materials offsite. However, it is assumed that stockpiles will be stored at the 
locations of the compounds. Compounds one and three are subject to potential flood 
impacts (refer Hydrology and Hydraulics report). 

Stockpile sites would be confirmed during detailed design and managed in accordance with 

Environmental Procedure Management of Wastes on Roads and Maritime Services Land 

(RMS, 2014) and Stockpile Site Management Guideline (RMS, 2015). Sediment 

management measures would be used on the stockpile sites to minimise the potential for 

sediment laden runoff to be discharged offsite and lead to sedimentation impacts to 

receiving waters. Further consideration of how to manage stockpiles with respect to 

floodwaters would be undertaken during detailed design.  
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Leaks and Spills 

Potentially harmful chemicals and substances could accidentally be released to the surface 
water environment during construction spills or as result of maintenance works, refuelling 
and inappropriate storage or handling. Leakage from construction worker facilities or 
wastewater collection points with subsequent runoff into receiving waterways. This could 
potentially lead to contamination of exposed soils or mobilisation of contaminated soils and 
liquids into local watercourses which could result in water quality impacts.  

Measures to minimise the potential impacts associated with accidental leaks and spills 

during construction would be incorporated into a site-specific emergency spill plan, refer to 

section 6.1. 

Transportation of Materials 

Spillage of waste or construction materials during transportation could potentially lead to 
pollutants being conveyed in surface run-off to nearby drainage pathways and downstream 
waterways. Measures to manage materials during transport would be included within the 
Construction Environmental Management Plan, refer to Section 6.1. 

Flooding 

Flood impacts are described in detail in the Hydrology and Hydraulics Assessment (Aurecon 
2021). 

5.1.2 Groundwater potential impacts 

Earthworks, construction of ancillary facilities and dewatering 

Groundwater is present at between 4.5 and 25 mBGL according to the search of registered 
bores within the study area. Earthworks associated with road construction are generally 
likely to be shallow and include shaping of the upper soil profile, so groundwater is unlikely 
to be intercepted during most construction activities. The temporary ancillary facilities are 
unlikely to require any significant earthworks and therefore unlikely to impact groundwater. 

Slightly deeper excavations may be required for utility and service trenches, construction of 
drainage infrastructure and piling for construction of the noise barriers and bridge structures. 
There is potential for some minor volumes of groundwater to enter trenches and drainage 
works excavations. Piling associated with the bridge construction at Surveyors Creek has 
the highest likelihood of all construction activities to intercept the water table, although 
groundwater levels were recorded as fairly deep, 8.9m BGL, at Surveyors Creek. Similarly 
piling works are only likely to require minor volumes of groundwater to be extracted.  

Where shallow groundwater is intercepted, the quality of the groundwater must be 
considered during groundwater dewatering, management, and release. However, these 
excavations would be temporary and localised and given the low permeability of the local 
clay soils, inflow volumes are likely to be low.  

As significant dewatering or groundwater extraction is unlikely to be required groundwater 
flows and quality are unlikely to be significantly impacted by the proposed earthworks. 
Therefore, impacts to terrestrial and aquatic groundwater dependant ecosystems within 
proximity to the proposal (refer to Figure 4-9) as a result of changes in groundwater level are 
likely to be minor. Direct impacts associated with removal of terrestrial vegetation located 
within the proposal corridor which are identified as a groundwater dependant ecosystem are 
addressed in the Biodiversity Assessment Report (Aurecon 2021). 
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Groundwater quality/GDEs impacts 

During construction there is the potential for hydrocarbon spills or leaks to contaminate the 
alluvial aquifer as a result of leaks and spills discussed in the section 5.2.1. There are a 
number of Terrestrial GDEs downstream of the proposal on the banks of School House 
Creek, these may also be impacted by surface water contamination and seepage to the 
groundwater system.  

The hydrological soil type (refer section 4.2.4) suggests that seepage is minimal within the 
soils in the proposal area. Given the depth to groundwater and low permeability soils, 
impacts to groundwater quality are likely to be minor as a result of a spill. Measures to 
minimise the potential impacts associated with accidental leaks and spills during 
construction would be incorporated into a site-specific emergency spill plan, refer 
section 6.1. 

5.2 Potential impacts during operation 

Potential impacts and risks to the receiving water environment during the operational phase 
are discussed in for surface water and groundwater respectively. 

The following operational activities could potentially lead to adverse impacts on groundwater 

and surface water: 

• increased impervious surfaces as a result of the road upgrade, including roadway and 

pavements, resulting in increased stormwater runoff volume, frequency and rate and 

associated increases in pollutant loading to receiving waterways. 

• Scour and erosion at new drainage outlets, downstream of new culverts and within grass 

drains and channel realignment works if poorly stabilised or if scour protection is poorly 

constructed 

• accidental spills from motorists and personnel undertaking management tasks 

5.2.1 Surface water potential impacts 

Stormwater runoff 

The proposal has the potential to increase the pollutant load being released from the study 
area as a result of the proposed increase in pavement footprint.  

The key pollutants contained in road runoff include: 

• suspended solids as a result of pavement wear, tyre wear, atmospheric deposition and 

deposition from vehicles 

• heavy metals bound to dust particles washed off pavement surface 

• oil and grease and other hydrocarbons deposited by vehicles 

• nutrients as a result of atmospheric deposition 

The increase in pollutant load could potentially result in water quality impacts such as 
sedimentation, reduced water clarity, increased toxicant and nutrient concentrations and 
lower dissolved oxygen levels within the receiving waterways. Increases in flows (frequency, 
rate and volume) due to an increase in impervious area may also impact waterway health. 
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Due to spatial constraints in the highly developed urban setting, there is limited space for 
treatment devices such as swales, bio-retention swales or bio-retention basins. However two 
locations have been identified to accommodate gross pollutant traps (GPTs) located 
upstream of Surveyors Creek, refer Figure 5-1.However, two locations have been identified 
to accommodate gross pollutant traps (GPTs) located upstream of Surveyors Creek, refer 
Figure 5-1. 

 

Figure 5-1 GPT locations – Surveyors Creek (west of Mulgoa Road) 

A MUSIC model was developed to estimate the change in pollutant load and annual runoff 
volume as a result of the proposal without treatment and with the two potential GPTs 
described above. 

This MUSIC model considered the proposed stormwater treatment strategy as well as 
existing local catchment runoff and pollutant loading. Appendix G shows the modelling 
extents, which only represent a proportion of the wider receiving waterway catchments. The 
results are provided in Table 5-1 and Table 5-2. Further details of the modelling assumptions 
and approach are provided in the Hydrology and Hydraulics Assessment Report (SMEC, 
2021). 

Table 5-1 Summary of pollutant loads - existing and proposed scenario with no treatments 

Parameter Existing Developed  Percentage Increase 
(Residual Load) 

Residual Load Residual Load 

Total Suspended Solids (kg/yr) 126000 132000 4.76% 

Total Phosphorus (kg/yr) 209 219 4.78% 

Total Nitrogen (kg/yr) 1370 1400 2.19% 

Gross Pollutants (kg/yr) 19100 19300 1.05% 
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Table 5-2 Summary of pollutant loads - existing and proposed scenario with GPT treatments 

Parameter Existing Developed with 
Treatment 

Percentage Increase 
(Residual Load) 

Residual Load Residual Load 

Total Suspended Solids (kg/yr) 126000 129000 2.38% 

Total Phosphorus (kg/yr) 209 216 3.35% 

Total Nitrogen (kg/yr) 1370 1390 1.46% 

Gross Pollutants (kg/yr) 19100 19000 -0.52% 

The modelling shows that the proposal with no treatment would result in a minor increase in 

total suspended solids (TSS), total phosphorus (TP), total nitrogen (TN) and gross pollutant 

loads from the local drainage catchments assessed. When incorporating the GPTs upstream 

of Surveyors Creek, TSS, TP and TN would still slightly increase with a slight decrease in 

gross pollutants compared to existing conditions. A similar minor increase post development 

would likely occur for heavy metals and hydrocarbons. 

Given the small increase in pollutant loads predicted and more extensive catchments of the 

receiving waterways compared to the catchments modelled, the proposal is likely to pose a 

negligible impact to water quality within the receiving waterways. 

Water quality monitoring data for the local receiving waterways was not available for TSS, 

TP and TN at the time of reporting however, given all waterways are impacted by upstream 

urban development the respective water quality objectives are unlikely to be met at all times, 

particularly after rainfall.  

With consideration to the predicted increase in pollutant loads and the extent and 

urbanisation of the receiving waterway catchments, the operation of the proposal is likely to 

have a negligible impact on ongoing efforts within the wider catchment to maintain or 

improve water quality to achieve the water quality objectives (refer section 4.3.5) within the 

receiving waterways. 

Similarly, minor increases in flow volume, frequency and rate as a result of the increased 
road footprint would likely have a negligible impact on the receiving waterways in the context 
of flows generated from the wider catchment. 

Scour and erosion 

Scour and erosion could potentially occur within School House Creek at new drainage 

outlets, downstream of the new culvert, within the grass drains and channel realignment 

works if poorly stabilised or if scour protection is poorly constructed.  

Due to the hard-lined channel at Surveyors Creek, Racecourse Creek Channel and 
Showground Channel, scour and erosion is unlikely to occur during operation at new 
drainage outlets, culverts or within proximity to the new bridge structure. 

New grass drains adjacent to the road alignment could potentially scour during 
establishment if not stabilised appropriately.  

New outlets and culvert tie ins will be designed with appropriate scour and dissipation 
measures and channel realignment works and grass drains will be appropriately stabilised to 
control the potential impacts such that impacts are likely to be negligible. Refer to section 6.2 
for further details of the proposed control measures.  
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Flooding 

Flood impacts are described in detail in the Hydrology and Hydraulics Assessment Report 
(SMEC, 2021). 

Accidental spills 

Accidental spills of oils or other chemicals being transported or as a result of maintenance 
activities could potentially lead to contaminants being released into drainage lines and the 
receiving waterways. This could potentially lead to water quality impacts within the local 
waterways. Measures to minimise the potential impacts associated with accidental leaks and 
spills during operation will be incorporated into a site-specific emergency spill plan, refer to 
section 6.2.  

5.2.2 Groundwater potential impacts 

During the operation phase of the proposal, the groundwater regime is unlikely to be greatly 
affected by the proposal. Minor operational phase impacts that may impact upon 
groundwater are related to hydrocarbon leakages from road users, which are likely to be 
short term and localised due to the soil type within the proposal. 

5.3 Cumulative Impacts 

Cumulative impacts have the potential to arise from the interaction of individual aspects of 
the site and the effects of the proposal with other projects in the local area. Potential 
cumulative impacts from projects located in the vicinity of the proposal. In the Instance of this 
proposal, including Stage 2, 5A and 5B of the Mulgoa Road upgrade, other stages of the 
upgrade propose potential cumulative impacts. Brief overview of these projects and potential 
cumulative impacts are presented in Table 5-3. 

Table 5-3 Summary of cumulative impacts 

Project Discussion 

Mulgoa Road, 
Jamisontown 

Investigation works 
commenced 8 August 2021 

Located between the Stage 2 and stage 5A of this proposal. The project is 
similar in nature to this proposal, it includes road widenings, intersection 
upgrades and construction of noise walls. However, in addition it includes the 
decommissioning of a tunnel. Drainage upgrades are confined to the road and 
impervious surfaces, as the project does not cross any waterways. Cumulative 
impacts may include interaction with groundwater and introduction of 
construction contamination into groundwater. Overland flow from this project 
and stormwater outlets flow into the west side of Surveyors Creek which 
introduces potential cumulative surface water quality and flooding impacts. 

Mulgoa Road, Penrith 

Construction works 
commenced 1 August 2021 

Located to the north of Stage 5B of this proposal. The project is similar in 
nature to this proposal, it includes road widenings, intersection upgrades and 
construction of noise walls. However, in addition it includes the upgrade of a 
railway bridge, Drainage upgrades are confined to the road and impervious 
surfaces, as the project does not cross any waterways. Potential cumulative 
impacts for surface water quality and flooding. 
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6 Management of impacts 

This section outlines the management and mitigation measures for construction phase and 
operation phase impacts.  

6.1 Construction stage management measures 

6.1.1 Surface Water management measures 

A Soil and Water Management Plan (SWMP) will be prepared and implemented as part of 
the CEMP. The SWMP will identify all reasonably foreseeable risks relating to soil erosion 
and water pollution and describe how these risks will be addressed during construction.    
The Soil and Water Management Plan (SWMP) will be reviewed by a soil conservationist on 
the TfNSW list of registered contractors for erosion, sedimentation and soil conservation 
consultancy services. The SWMP will then be revised to address the outcomes of the 
review. 

Site specific ESCPs will be prepared and implemented as part of the SWMP. The plan will 
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. A management plan will be prepared for the in-stream works 
undertaken in School House Creek. 

A construction water quality monitoring plan will be prepared and implemented as part of the 
SWMP. The plan will be prepared in accordance with the TfNSW Guideline for Construction 
Water Quality and EPA publication “Approved Methods for the Sampling and Analysis of 
Water Pollutants in NSW”. It is recommended that periodic wet weather monitoring be 
undertaken within the key fish habitat of Surveyors Creek and School House Creek 
upstream and downstream of the works areas whilst works are being undertaken within their 
catchments. 

Due to the nature of the dispersity and high erosion potential of soils in the proposal an 
Erosion and Sedimentation Management Report (ESMR) will be prepared in accordance 
with the RMS Erosion and Sedimentation Management Procedure during the detailed design 
phase. A registered contractors for erosion, sedimentation and soil conservation consultancy 
services will be appointed to assist with the preparation of the ESMR.     

A Temporary Basin Assessment (SMEC, 2021) was undertaken to assess whether any of 
the catchments trigger the need for a temporary sediment basin during construction to allow 
sediment in runoff to settle out prior to release. One catchment (SB11) upstream of School 
House Creek was identified as meeting the requirements for a sediment basin, however, due 
to limited space within the urban area, the only available location for the proposed sediment 
basin conflicted with threatened ecological communities. Therefore, alternative sediment and 
erosion control techniques to manage potential impacts in this catchment will be identified 
during detailed design.  

Should a temporary basin be identified as being required during detailed design, an 

assessment of the impact of discharges from the temporary sediment basin would be 

undertaken during detailed design in accordance with the Draft Guideline for Assessing the 

Impacts of Treated Water Discharge from Water Quality Treatment Controls (TfNSW 2020). 
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The design and construction of waterway crossings, works within the waterways including 
new drains and outlets or any works on waterfront land as defined by the Water 
Management Act 2000 would be undertaken with consideration to the Guidelines for 
instream works on waterfront land (DPIE, 2012a), Guidelines for watercourse crossings on 
waterfront land. (DPIE, 2012b) and “Why do fish need to cross the road?” (Fairfull and 
Witheridge, 2003 and in accordance with relevant, TfNSW specifications and guidelines. 
Measures to manage the potential impacts will be included in the Soil and Water 
Management Plan (SWMP).  

Stockpiles sites would be established and managed in accordance with Environmental 
Procedure Management of Wastes on Roads and Maritime Services Land (RMS, 2014) and 
Stockpile Site Management Guideline (RMS, 2015) and storage and use procedures will be 
outlined in the CEMP. Further consideration of how to manage stockpiles, material laydown 
and chemical storage with respect to floodwaters would be undertaken during detailed 
design.  

Measures to minimise the potential impacts associated with accidental leaks and spills 
during construction would be incorporated into a site-specific emergency spill plan 
incorporated within the CEMP. 

6.1.2 Groundwater management measures 

Measures to manage potential groundwater impacts during construction as a result of spills 
and storage of chemicals and stockpiles will be included within the CEMP and SWMP.  

6.2 Operational stage management measures 

All stormwater outlet locations and culverts will include appropriate dissipation and/or scour 
protection measures as required to control scour and erosion within the receiving waterway 
with consideration to the existing channel form and lining. The layout and detail of the 
drainage system including outlet design will be refined during detailed design in consultation 
with the Transport for NSW. 

Stormwater related impacts have been assessed using a MUSIC model, as a result of 
increased stormwater the result of the modelling suggest water quality impacts are minor, 
however for impact mitigation, two GPTs have been proposed in outlets into Surveyors 
Creek. MUSIC modelling indicated that pollutant loading impacts because of the increased 
road footprint are likely to be minor and impacts to water quality within the receiving 
waterways are likely to be negligible. Two potential GPTs were investigated, with modelling 
indicating they would provide a slightly reduced impact in terms of TSS, TP and TN loading 
and a slight improvement in gross pollutants compared to existing conditions. It is 
recommended that the feasibility of the two GPTs proposed upstream of Surveyors Creek as 
well as additional stormwater quality treatment opportunities should be investigated during 
detailed design in consultation with Penrith City Council.   

The design of structures within and around the waterways including drainage outlets, bridge 
works, culverts and channel realignment works, and stabilisation would be undertaken in 
accordance with relevant TfNSW guidelines and specifications and with consideration to 
Department of Primary Industries, Office of Water guidelines for controlled activities. The 
culverts and stormwater outlets to the local waterways within the proposal area will be 
assessed and scour protection will be included in the detailed design. 
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6.3 Residual impacts 

Permanent, minor increase in pollutant loading, flow volume, flow rate and flow frequency to 
the receiving waterways due to the increased road footprint. This is likely to have a negligible 
impact to water quality, flow regime and health of the receiving waterways given the 
proposal area and the drainage catchments it impacts are only a small proportion of the 
more extensive, urbanised, catchment of the receiving waterways.   

Another residual impact is an increase in the potential for contaminants from major spillages 
on Mulgoa Road. These impacts would be temporary and minor due the proposal’s location 
within an urbanised area and the contaminates will be washed into the stormwater drainage 
system and cause a minor, temporary water quality impact in the receiving waterways.   
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7 Conclusions 

The key potential impacts of the proposal on surface water and groundwater are as follows: 

• surface water quality impacts due to sediment laden runoff being released to waterways 

during construction activities such as earthworks, stockpiling, dewatering, waterway 

crossing construction and transportation of materials 

• surface water quality, groundwater quality and soil impacts during construction as a 

result of an accidental spill 

• direct disturbance of channel form and stability during construction of permanent and 

temporary waterway crossings, channel realignment works and drainage outlets at 

School House Creek which is a vegetated (unlined) channel 

• increased runoff volume, frequency, flow rate and pollutant load being discharged to 

receiving waterways as a result of an increased pavement footprint. This is likely to have 

a negligible impact on water quality, waterway stability and aquatic habitat in the 

receiving waterways 

• increased runoff volume, frequency, flow rate and pollutant load being discharged to 

receiving waterways including Nepean River as a result of an increased pavement 

footprint. This is likely to have a negligible, minor impact on water quality, waterway 

stability and aquatic habitat in the receiving waterways. 

•  scour at newly proposed stormwater outlet locations. 

The key measures proposed to avoid, manage and/or mitigate impacts to surface water and 
groundwater include: 

• preparation of ESMR and ESCPs  

• preparation of a SWMP and other aspects of the CEMP to manage water quality impacts 

during construction of the proposal 

• preparation of WQMP to describe water quality monitoring before and during construction 

• design of scour protection at new stormwater outlets and culverts 

• appropriate stabilisation of realignment and channel works at School House Creek. 

With the proposed control measures in place, soil and water impacts are expected to be 
negligible to minor. 
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Table A1 presents a summary of the relevant legislation and guidelines that are applicable to the proposal with respect to water quality and 
soils. 

Table A1 – Relevant legislation, policy and guidelines – detailed summary 

Document Brief Description  Relevance 

The 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 occupants, 

(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. 

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 present 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 

The proposal is considered 
exempt controlled activity 
under the Water Management 
Act 2000  due to work on 
waterfront land. 
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Document Brief Description  Relevance 

out how much water is available for extraction, and establish rules for sharing the water between 
different types of water use - such as town supply, rural domestic supply, stock watering, industry 
and irrigation - and the environment. DPIE 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 vegetation 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 water 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 (e.g. for a specific purpose access licence), or 

Acquiring the right to use an existing licence 

The NSW State 
Groundwater Policy 
Framework (1998) 

This framework aims to achieve efficient and sustainable management of groundwater 
resources. The framework includes the Groundwater 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. 

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:    

The construction and 
operation of the proposal 
should account for the 
principles and processes 
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Document Brief Description  Relevance 

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 

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 Document 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 available 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; 

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 (e.g 
.dewatering). 
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Document Brief Description  Relevance 

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 interference approval 

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 identified 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 biodiversity of their dependent ecosystems area maintained and/or 
restored. Management may involve establishment of threshold levels that are critical for 
ecosystem health, and controls 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:    

The construction and 
operation of the proposal 
should account for the 
principles and processes 
expressed in this policy in 
protecting GDEs. 
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Document Brief Description  Relevance 

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 adaptive 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 

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 

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. 

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 
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Document Brief Description  Relevance 

Protection of the 
Environment 
Operations Act 
(1997) 

The Protection of the Environment Operation Act 1997 (POEO Act) is administered by the 
Department of Planning, Industry and Environment (DPIE). 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 environmental protection 
licence and comply with conditions 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 standard, including water being discharged from sedimentation ponds after 
storm events. 

The activities required for this 
proposal do not trigger the 
requirement for an 
environmental protection 
licence. 

Australian and New 
Zealand Guidelines 
for Fresh and Marine 
Water Quality (ANZG, 
2000) 

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.  

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. 

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 updates 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 nominated 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.  

FM Act Development activities requiring a DPIE permit Due to the construction in the 
Georges River, and the 
location being a Key Fish area 
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Document Brief Description  Relevance 

Some examples of integrated developments that may require one of the permits listed above 
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 require 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 (e.g. 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 reclamation to halt erosion 

identified by the FM Act. 
Protections must be 
considered in line with this Act. 
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bt BLACKTOWN Residual 

 

Landscape—gently undulating rises on Wianamatta Group shales. Local relief to 30 m, slopes 
usually >5%.  Broad rounded crests and ridges with gently inclined slopes. Cleared Eucalypt 
woodland and tall open-forest (dry schlerophyll forest). 

Soils—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. 

Limitations—localised seasonal waterlogging, localised water erosion hazard, moderately 
reactive highly plastic subsoil, localised surface movement potential. 

LOCATION 

Occurs extensively on the Cumberland Lowlands. Examples include Blacktown, Mount Druitt, 
Glossodia and Leppington. 

Isolated examples are found at Bilpin on the Blue Mountains plateau surface and along the 
Silverdale Road south of Wallacia. 

LANDSCAPE 

Geology 

Wianamatta Group—Ashfield Shale consisting of laminite and dark grey siltstone, Bringelly Shale 
which consists of shale with occasional calcareous claystone, laminite and infrequent coal, and 
Minchinbury Sandstone consisting of fine to medium-grained quartz lithic sandstone. 
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Topography 

Gently undulating rises on Wianamatta Shale with local relief 10–30 m and slopes generally >5% 
but occasionally up to 10%. Crests and ridges are broad (200–600 m) and rounded with convex 
upper slopes grading into concave lower slopes. Outcrops of shale do not occur naturally on the 
surface. They may occur, however, where soils have been removed. 

Vegetation  

Almost completely cleared open-forest and open-woodland (dry sclerophyll forest). The original 
woodland and open-forest were dominated by Eucalyptus tereticornis (forest red gum), E. crebra 
(narrow-leaved ironbark), E. moluccana (grey box) and E. maculata (spotted gum) (Benson, 1981). 

Further west near Penrith remnant stands of E. punctata (grey gum) occur. Between Liverpool and 
St Marys, the dominant species are E. globoidea (white stringybark) and E. fibrosa (broad-leaved 
ironbark), with E. longifolia (woollybutt) as an understorey species. Individual trees or small stands 
of E. sideroxylon (mugga ironbark) are occasionally found on crests. 

Landuse 

The dominant landuses are intensive residential (Fairfield, Blacktown and Mt Druitt), horticulture 
and animal husbandry (Vineyard, Scheyville and Leppington) and light and heavy industry 
(Yennora and Moorebank). 

Existing Erosion 

No appreciable erosion occurs on this unit. Minor sheet and gully erosion may be found where 
surface vegetation is not maintained. 

Associated Soil Landscapes 

South Creek (sc) soil landscape occurs along drainage depressions. Picton (pn) soil landscape 
occurs on steeper south and southeast facing slopes. Small areas of Luddenham (lu) soil landscape 
may also occur. 

SOILS 
Dominant Soil Materials 

bt1—Friable brownish black loam.  

This is a friable brownish black loam to clay loam with moderately pedal subangular blocky 
structure and rough-faced porous ped fabric. This material occurs as topsoil (A horizon). 

Peds are well defined subangular blocky and range in size from 2–20 mm. Surface condition is 
friable. Colour is brownish black (10YR 2/2) but can range from dark reddish brown (5YR 3/2) to 
dark yellowish brown (10YR 3/4). The pH varies from moderately acid (pH 5.5) to neutral  
(pH 7.0). Rounded iron indurated fine gravel-sized shale fragments and charcoal fragments are 
sometimes present. Roots are common. 

bt2—Hardsetting brown clay loam.  

This is a brown clay loam to silty clay loam which is hardsetting on exposure or when completely 
dried out. It has apedal massive to weakly pedal structure and slowly porous earthy fabric.  
It occurs as an A2 horizon. 

Peds when present are weakly developed, subangular blocky and are rough faced and porous. 
They range in size between 20–50 mm. This material is water repellent when extremely dry.  
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Colour is dark brown (7.5YR 4/3) but can range from dark reddish brown (2.5YR 3/3) to dark 
brown (10YR 3/3). The pH varies from moderately acid (pH 5.0) to slightly acid (pH 6.5). Platy, 
iron indurated gravel-sized shale fragments are common. Charcoal fragments and roots are rarely 
present. 

bt3—Strongly pedal, mottled brown light clay.  

This is a brown light to medium clay with strongly pedal polyhedral or sub-angular to blocky 
structure and smooth-faced dense ped fabric. This material usually occurs as subsoil (B horizon). 

Texture often increases with depth. Peds range in size from 5–20 mm. Colour is brown (7.5YR 4/6) 
but may range from reddish brown (2.5YR 4/6) to brown (10YR 4/6). Frequent red, yellow or grey 
mottles occur often becoming more numerous with depth. The pH varies from strongly acid  
(pH 4.5) to slightly acid (pH 6.5). Fine to coarse gravel-sized shale fragments are common and 
often occur in stratified bands. Both roots and charcoal fragments are rare. 

bt4—Light grey plastic mottled clay.  

This is a plastic light grey silty clay to heavy clay with moderately pedal polyhedral to subangular 
blocky structure and smoothfaced dense ped fabric. This material usually occurs as deep subsoil 
above shale bedrock (B3 or C horizon). 

Peds range in size from 2–20 mm. Colour is usually light grey (10YR 7/1) or, less commonly, 
greyish yellow (2.5YR 6/2). Red, yellow or grey mottles are common. The pH varies from strongly 
acid (pH 4.0) to moderately acid (pH 5.5). Strongly weathered ironstone concretions and rock 
fragments are common. Gravel-sized shale fragments and roots are occasionally present. Charcoal 
fragments are rare. 

Occurrence and Relationships 

Crests. On crests and ridges up to 30 cm of friable brownish black loam (bt1) overlies 10–20 cm of 
hardsetting brown clay loam (bt2) and up to 90 cm of strongly pedal, brown mottled light clay 
(bt3) [red podzolic soils (Dr3.21, 3.11) and brown podzolic soils (Db2.11)]. bt1 is occasionally 
absent. Boundaries between the soil materials are usually clear. Total soil depth is <100 cm. 

Upper slopes and Midslopes. Up to 30 cm of bt1 overlies 10–20 cm of bt2 and 20–50 cm of bt5. 
This in turn overlies up to 100 cm of a light grey plastic mottled clay (bt4) [Red Podzolic Soils  
(Dr3.21), Brown Podzolic Soils (Db2.21). Occasionally bt1 is absent. The boundaries between the 
soil materials are usually clear. Total soil depth is<200 cm. 

Lower sideslopes. Up to 30 cm of bt1 overlies 10–30 cm of bt2 and 40–100 cm of bt3. Below bt3 
there is usually >100 cm of bt4 [Yellow Podzolic Soils (Dy2.11, Dy3.11)]. The boundaries between 
the soil materials are clear. Total soil depth is >200 cm. 

LIMITATIONS TO DEVELOPMENT 
Soil Limitations 

btl Strongly acid 

bt2 Hardsetting 
 Low fertility 
 Strongly acid 
 High aluminium toxicity 

bt3 High shrink-swell (localised) 
 Low wet strength 
 Low permeability 
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 Low available water capacity 
 Salinity (localised) 
 Sodicity (localised) 
 Very low fertility 
 Very strongly acid 
 Very high aluminium toxicity 

bt4 High shrink-swell (localised) 
 Low wet strength 
 Stoniness 
 Low available water capacity 
 Low permeability 
 Salinity (localised) 
 Sodicity (localised) 
 Low fertility 
 Strongly acid 
 Very high aluminium toxicity 
 High erodibility (localised) 

Fertility 

General fertility is low to moderate. Soil materials have low to moderate available water capacity, 
low CEC values, hardsetting surfaces (bt2), very low phosphorus and low to very low nitrogen 
levels. The subsoils (bt3, bt4) may be locally sodic with low permeability. When bt1 is present its 
higher organic matter content and moderate nitrogen levels result in higher general fertility. 

Erodibility 

Blacktown soil materials have moderate erodibility. The topsoils (bt1, bt2) are often hardsetting 
and they have high fine sand and silt content, but they also have high to moderate organic matter 
content. The subsoils (bt3, bt4) are very low in organic matter. Where they are also highly 
dispersible and occasionally sodic the erodibility is high. 

Erosion Hazard 

The erosion hazard for non-concentrated flows is slight to moderate but ranges from low to very 
high. Calculated soil loss during the first twelve months of urban development for topsoil and 
exposed subsoil tends to be low (7–11 t/ha). Soil erosion hazard for concentrated flows is moderate 
to high. 

Surface Movement Potential 

The deep clay soils are moderately reactive. These are generally found on side-slopes and 
footslopes. Shallower soils on forests are slightly reactive.  

Landscape Limitations 

Seasonal waterlogging (localised), water erosion hazard (localised), surface movement potential 
(localised). 

Urban Capability 

High capability for urban development with appropriate foundation design. 

Rural Capability 

Small portions of this soil landscape which have not been urbanised are capable of sustaining 
regular cultivation and grazing. 
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Distribution diagram of the Blacktown soil landscape showing the occurrence and relationship of 
dominant soil materials. 
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lu LUDDENHAM Erosional 

 

Landscape—undulating to rolling low hills on Wianamatta Group shales, often associated with 
Minchinbury Sandstone. Local relief 50–80 m, slopes 5–20%. Narrow ridges, hillcrests and valleys.  
Extensively cleared tall open forest (wet sclerophyll forest). 

Soils—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. 

Limitations—water erosion hazard, localised steep slopes, localised mass movement hazard, 
localised shallow soils, localised surface movement potential; localised impermeable highly plastic 
subsoil, moderately reactive. 

LOCATION 

This unit occurs mainly towards the south and west in the Cumberland Lowland. Good examples 
can be found on the dissected ridges running from Denham Court north to Cecil Park. Another 
major occurrence lies east of the Nepean River, south of Penrith. A smaller area is found near 
Luddenham and minor examples occur in the north bordering the Hawkesbury Sandstone units 
on the Homsby Plateau. 

LANDSCAPE 

Geology 

This soil landscape is underlain by Wianamatta Group Ashfield Shale and Bringelly Shale 
formations. The Ashfield Shale consists of laminite and dark grey shale. Bringelly Shale consists of 
shale, calcareous claystone, and laminite. Between these two shale members is the Minchinbury 
Sandstone consisting of fine to medium-grained lithic quartz sandstone. 
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Topography 

Low rolling to steep low hills. Local relief 50–120 m, slopes 5–20%. Convex narrow (20–300 m) 
ridges and hillcrests grade into moderately inclined sideslopes with narrow concave drainage 
lines. Moderately inclined slopes of 10–15% are the dominant landform elements. 

Vegetation 

Extensively cleared open forest (dry sclerophyll forest). Dominant tree species include Eucalyptus 
maculata (spotted gum) and E. moluccana (grey box). Lesser occurrences of E. fibrosa (broad-leaved 
ironbark), E. crebra (narrow-leaved ironbark), E. tereticornis (forest red gum) and E. longifolia 
(woollybutt) occur. Understorey shrub species include Bursaria spinosa (blackthorn), Breynia 
oblongifolia (coffee bush), Allocasuarina torulosa (forest oak), Acacia implexa (hickory) and 
Clerodendrum tomentosum (hairy clerodendrum). Grasses are commonly Aristida vagans 
(speargrass), Entolasia marginata (bordered panic), Eragrostis leptostachya (paddock lovegrass) and 
Themeda australis (kangaroo grass) (Benson, 1981). Examples of natural vegetation can be found 
near Werombi and Floxton Park. 

Landuse 

Grazing is the dominant landuse over much of this soil landscape. Examples are found east of 
Bents Basin and south west of Bringelly. Low density housing occurs at West Floxton and Mulgoa. 
Increasing pressure for home-sites is resulting in more areas of this landscape changing from semi-
rural to suburban land use. 

Existing Erosion 

Minor gully erosion is evident along unpaved roads. Moderate sheet erosion occurs on disturbed 
areas (e.g. cultivated lands). Small areas of moderate to severe sheet erosion occur in overgrazed 
paddocks on many hobby farms. Evidence of previous erosion is commonplace, especially where 
eroded topsoil has been deposited against fences. 

Associated Soil Landscapes 

Small unmapped areas of Picton (pn) soil landscape occur on steeper slopes especially those facing 
south and east. Blacktown (bt) soil landscape is also associated with Luddenham soil landscape. 

SOILS 

Dominant Soil Materials 

lu1—Friable dark brown loam. 

This is a dark brown, friable loam, silt loam or silty clay loam with moderate to strong structure 
and porous rough-faced ped fabric. This material occurs as topsoil (A1 horizon). 

Peds are commonly subangular blocky to polyhedral, 2–10 mm in size and are rough-faced and 
porous. In uncompacted soils these peds break down readily to very small crumbs. Surface 
condition is distinctly friable but may become hardsetting when compacted and dry. Colour is 
dark brown (10YR 3/3, 7.5YR 3/3) but can range from brownish black (5YR 3/1) to brown  
(10YR 4/4). This material is occasionally water repellent. The pH varies from moderately acid  
(pH 5.0) to slightly acid (pH 6.5). A few small, subrounded-rounded weakly weathered shale 
fragments occur. Roots are common to 10 cm becoming fewer with increasing depth. Charcoal 
fragments occur occasionally. 

lu2—Hardsetting brown clay loam. 

This is a clay loam to fine sandy clay loam with an apedal massive or weakly pedal structure and 
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an earthy or porous, rough-faced ped fabric. This material occurs as an A2 horizon and is 
occasionally hardsetting when exposed at the surface. 

Peds, when present, are sub-angular blocky, 10–50 mm in size, and are rough faced and porous. 
Otherwise this material has apedal massive structure with an earthy porous fabric. Colour is 
brown (7.5YR 4/4) but can range between dull yellowish brown (10YR 5/4) and reddish brown 
(5YR 4/6). The pH varies between strongly acid (pH 4.0) and slightly acid (pH 6.5). Shale rock 
fragments, charcoal fragments and roots are present. 

lu3—Whole coloured, strongly pedal clay. 

This is a medium clay with strong structure and smooth-faced, dense ped fabric. It occurs as 
subsoil (B horizon). 

Texture is commonly medium clay bit can range from silty clay to heavy clay. The peds are sub-
angular blocky or polyhedral and range in size from 5–20 mm. They are smooth-faced and dense. 
Cutans are also present. Colour is reddish brown (5YR 4/6-8) and can range from bright reddish 
brown (2.5YR 4/8) to bright yellowish brown (10YR 6/6). The pH varies from strongly acid  
(pH 4.0) to moderately acid (pH 5.5). Shale rock fragments are common. Roots are rare and 
charcoal fragments are absent. 

lu4—Mottled grey plastic clay. 

This is a grey, mottled, medium clay with strongly pedal structure and dense, smooth-ped fabric. 
It occurs as deep subsoil. 

Texture ranges to heavy clay. The peds are usually sub-angular blocky, 10–20 mm in size, and are 
smooth-faced and dense. These can be broken down easily to smaller (2–5 mm) polyhedral peds. 
Colour is usually light grey (10YR 7/1) but ranges to light reddish grey (2.5YR 7/1). Yellow and red 
mottles are common. It is usually moist and is very plastic. The pH varies from strongly acid (pH 
4.0) to moderately acid (pH 5.5). Shale rock fragments and gravels are common. Roots are rare, 
and other inclusions are absent. 

lu5—Apedal brown sandy clay.  

This is an apedal massive brown, sandy clay to light clay with dense earthy fabric. It occurs as 
subsoil (B horizon). 

Occasionally weak subangular blocky or polyhedral structure is evident. Colour is usually brown  
(7.5YR 4/4–6) but ranges from dull reddish brown (5YR 4/4) to dull yellowish brown (10YR 5/4). 
This material is moderately acid (pH 5.0) to neutral (pH 7.0). Roots are common. Up to 10% of the 
volume may be small (2–6 mm) angular, well weathered shale fragments. Charcoal and other 
inclusions do not occur. 

Associated Soil Materials 

Greyish brown loamy or clayey sand.  

This material occurs on lower slopes and in drainage lines as a shallow (<50 cm) surface material. 
It has a neutral pH (pH 7.0) and frequently contains small amounts of gravels 2–20 mm and 
charcoal fragments. 

Occurrence and Relationships 

Crests. Up to 10 cm of friable dark brown loam (lu1) overlies <40 cm sandy clay (lu5) which 
usually directly overlies deeply weathering shale bedrock. The boundary between materials is 
sharp to clear. Total soil depth <40 cm [dark Podzolic Soils (Dd3.51)]. In some places lu1 is not 
present [massive earthy clays (Uf6.71)]. More rarely lu1 and lu5 overlie >200 cm mottled grey 
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plastic clays (lu4). Boundaries between soil materials are sharp to clear. Total soil depth >200 cm 
[Yellow Podzolic Soils (Dy2.21)]. 

Upper slopes and mid-slopes. Sandy clay (lu1) is rare but <10 cm may occur on surface. Up to  
40 cm of clay loam (lu2) overlies >50 cm medium or heavy clay (lu3) which overlies <90 cm of grey 
mottled clay (lu4) [Red Podzolic Soils (Dr2.11), Yellow Podzolic Soils (Dy3.51, Gn3.71)]. Where 
underlying lithology is Minchinbury Sandstone up to 60 cm lu5 occurs between lu2 and lu3. In 
this instance lu4 does not often occur. Total soil depth >100 cm. Boundaries between soil materials 
are generally clear but can be gradual [Red Podzolic Soils (Dr2.41, Dr3.11), Chocolate Soils 
(Db3.11)]. 

Lower slopes and drainage lines. Up to 50 cm of loamy sand overlies >100 cm sandy clay (lu5) 
[yellow podzolic soils (Dy4.22)]. In other locations up to 40 cm clay loam (lu2) overlies <50 cm 
sandy clay (lu5) and >100 cm whole-coloured medium clay (lu3). This is occasionally underlain by 
>150 cm mottled grey plastic clay (lu4) [prairie soils (Gn3.26)]. The boundaries between materials 
are clear or, less often, gradual. Total soil depth >200 cm. 

LIMITATIONS TO DEVELOPMENT 

Soil Limitations 

lu1 High erodibility 
 Stoniness (localised) 

lu2 Very hardsetting surface 
 Stoniness (localised) 
 Low available water capacity 

lu3 Low wet strength 
 Low permeability (localised) 
 Low fertility 
 High shrink-swell (localised) 
 Low available water capacity 

lu4 Low wet strength 
 Low permeability 
 Low available water capacity 
 Stoniness 
 Low fertility 
 High shrink-swell (localised) 

lu5 Low wet strength 
 Low fertility 
 High shrink-swell (localised) 
 Very high aluminium toxicity 
 Low available water capacity 

Fertility 

The general fertility is low to moderate. The topsoil (lu1) has moderate fertility with high available 
water capacity, moderate amounts of organic matter, and moderate nutrient status. lu2 normally 
has low to moderate fertility with low available water capacity, moderate organic matter content, 
low CEC, and intrinsically low nutrient status. All the other soil materials have low fertility with 
low available water capacities, moderate CEC and generally low nitrogen and very low 
phosphorus levels (lu3–lu5). 
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Erodibility 

lu1 and lu2 have moderate erodibility as they have moderate organic matter percentage, have 
stable aggregates and are well graded. All the other soil materials are moderately erodible as they 
are finely graded with relatively stable aggregates. lu3–lu5 clays may be locally dispersible and, in 
those circumstances, should be considered highly erodible. 

Erosion Hazard 

The erosion hazard for non-concentrated flows ranges from moderate to very high. The calculated 
soil loss for the first twelve months of urban development ranges up to 135 t/ha for topsoil and up 
to 97 t/ha for exposed subsoil. The erosion hazard for concentrated flows is high to very high. 

Surface Movement Potential 

Moderately reactive soil materials. Soils are deep and have high clay content. Clay often has low to 
moderate shrink-swell potential. Tall trees are common on this landscape. 

Landscape Limitations 

Water erosion hazard, steep slopes (localised), mass movement hazard (localised), shallow soils 
(localised), surface movement potential (localised). 

Urban Capability 

Low to moderate capability for urban development. 

Rural Capability 

Land generally capable of being grazed and regularly cultivated. 
 

 Distribution diagram of the Luddenham soil landscape showing the occurrence and relationship of 
dominant soil materials. 
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ri RICHMOND Alluvial 

 

Landscape—Quaternary terraces of the Nepean and Georges Rivers. Mainly flat (slopes <1%).  
Splays and levees provide local relief (<3 m). Tree cover, now almost completely cleared, was 
formerly a low open-woodland (dry sclerophyll). 

Soils—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. 

Limitations—localised flood hazard, localised seasonal waterlogging, localised water erosion 
hazard on terrace edges. 

LOCATION 

This soil landscape occurs on the higher Quaternary terraces of the Hawkesbury, Nepean and 
Georges Rivers. There is an extensive area from Richmond east to Rickabys Creek; another large 
occurrence is on the west bank of the Nepean at Emu Plains. Further examples are found on both 
banks of the Nepean south of Wallacia. Smaller pockets of this landscape are found on the Georges 
River both up and down-stream from Liverpool. 

LANDSCAPE 

Geology 

Quaternary alluvium consisting of sand, silt and gravels derived from sandstone and shale. 
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Topography 

Mostly flat (slope <1%) terrace tops; terrace edges and levees provide low relief of up to 10 m. 

Vegetation 

Extensively cleared open forest. Original tree species included Toona ciliata (red cedar), 
Ceratopetalum apetulum (coachwood), Melaleuca spp. (paperbarks) and aquatic plants such as Typha 
orientalis (cumbungi), Cyperus spp. and Phragmites australis (common reed) (Neil Dusty pers. 
comm.). Regrowth vegetation is dominated by Acacia spp. (wattles). Eucalyptus piperita (Sydney 
peppermint) is the most usual Eucalypt. 

The grass understorey is commonly Paspalum sp. (paspalum), with abundant weeds e.g., Senecio 
sp. (groundsel). 

Landuse 

In the Richmond and Liverpool areas this unit is now extensively urbanised. Along the Nepean 
River some areas remain as pasture, small hobby farms and some citrus orchards. Native 
vegetation has been extensively cleared. 

SOILS 

Dominant Soil Materials 

ri1—Loose reddish brown loamy sand.  

This is a reddish brown loamy sand with apedal single-grained structure and porous sandy fabric. 
It occurs as topsoil (A horizon). 

Texture may range to sandy loam when organic matter content is high. Colour has a narrow range 
between brown (7.5YR 4/4) and very dark reddish brown (5YR 4/2). This material varies from 
moderately acid (pH 5.5) to slightly acid (pH 6.5). Roots are common near the surface but rare at 
depth. Stones and charcoal are absent. 

ri2—Brown sandy clay loam.  

This is a brown sandy clay loam to fine sandy clay loam with apedal massive structure and earthy 
fabric. It occurs as topsoil (A horizon). 

Structure often increases with depth to moderately pedal subangular blocky peds which are 
porous rough-faced and range in size from 50–100 mm. Colour is brown (7.5YR 4/4, 4/6) but varies 
from dull reddish brown (2.5YR 4/3) to bright brown (7.5YR 5/8). This material is typically slightly 
acid (pH 6.0) with few roots and no stones or charcoal fragments. 

ri3—Brown mottled light day.  

This is a reddish to yellowish brown light or light medium clay with apedal massive structure, an 
earthy fabric increasing to moderate structure, with porous rough-faced ped fabric at depth. It 
occurs as subsoil (B horizon). 

At depth peds are large (50–100 mm) and angular blocky in shape. There is a wide colour range 
from dark reddish brown (2.5YR 3/6) to greyish yellow brown (10YR 5/2). Yellow or orange 
mottles often occur. This material varies from strongly acid (pH 4.0) to slightly alkaline (pH 8.0). 
Small (2–20 mm) iron-indurated gravels may occur in concentrated bands or dispersed 
throughout this material. There are few roots, and charcoal and other inclusions are rare. 

ri4—Brown mottled stiff medium-heavy clay.  

This is a reddish brown to yellowish brown, mottled, occasionally subplastic medium to heavy 
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clay with variable structure and dense smooth-faced ped fabric. It occurs as subsoil (B horizon). 

Structure increases with depth from weak small (<2 mm) crumb structure to strong subangular 
blocky with ped size range of 20–100 mm. Colour ranges from dark reddish brown (2.5YR 3/4) to 
yellowish brown (10YR 5/8). Light grey mottles are common, especially at depth. This material has 
a pH range of strongly acid (pH 4.5) to neutral (pH 7.0). Stones, roots, charcoal and other 
inclusions are generally absent. 

Associated Soil Materials 

Reddish brown sandy (occasionally silty) clay. This material is a sandy clay with weak or 
moderate structure.It occurs in stratified layers or lenses to a maximum thickness of 220 cm. 
Ironstone nodules and lateritic bands are also associated with this material. 

Occurrence and Relationships 

Near terrace edge. Up to 40 cm of reddish brown loamy sand (ri1) occurs as a surface layer. This 
overlies 40–100 cm brown sandy clay loam (ri2). The underlying layers are stratified with 
alternating layers of ri3 and heavier ri4 clays with occasional lenses of reddish brown sandy clay 
[Red Earths (Gn2.11) and red podzolic soils (Dr2.41)]. Boundaries between soil materials are 
gradual to sharp. Total soil depth is >200 cm. 

Back of terrace. Up to 100 cm brown sandy clay loam (ri2) can overlie up to 150 cm of light clay 
(ri3) and >100 cm medium or heavy clay (ri4) [deep acid Non-calcic Brown Soil (Gn3.14, Gn4.34)]. 
Total soil depth is >300 cm. ri2 is occasionally absent. Boundaries between soil materials are 
gradual. 

Drainage lines incise into both front and back of terrace and sedimentary deposition can cause 
interspersing of the layers within the channel and on the immediate floodplain. Boundaries and 
soil depth vary [Structured Plastic Clays (Uf5.12)]. 

LIMITATIONS TO DEVELOPMENT 

Soil Limitations 

ri1 High erodibility 
 Very high aluminium toxicity 
 Very low fertility 
 Low available water capacity 
 Salinity (localised) 

ri2 High erodibility (localised) 

ri3 Stoniness (localised) 
 Sodic 
 Very high erodibility 
 Very high aluminium toxicity 
 Very low fertility 
 Low to moderate shrink swell 

ri4 High erodibility (localised) 
 Low to moderate shrink swell 

Fertility 

The general fertility of this soil landscape is low to very low. The materials have very low CEC, 
low nutrient storage capacity, and high levels of aluminium which gives a high potential for 
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toxicity should the pH become lower. 

Erodibility 

The surface soils are moderately erodible. They have a high fine sand fraction and have low 
organic matter content. They are, however, not dispersible. The subsoils have very high erodibility 
due to very low organic matter and a high fine sand and silt content. They are also moderately 
dispersible. 

Erosion Hazard 

Due to low slopes and generally good vegetation cover the erosion hazard for non-concentrated 
flows on the Richmond soil landscape is low. During periods of drought or dry seasons this may 
increase in some areas. The calculated soil loss on the terrace surface in the first twelve months of 
urban development is low at 29 t/ha for topsoil and 49 t/ha for exposed subsoil. The erosion hazard 
for concentrated flows is moderate to high. 

Surface Movement Potential 

These materials are generally slightly to moderately reactive although the surface sand is stable. 

Landscape Limitations 

Flood hazard (localised), seasonal waterlogging (localised), water erosion hazard (localised). 

Urban Capability 

High capability for urban development in flood free areas. 

Rural Capability 

Capable of regular cultivation and grazing. 
 

 
Distribution diagram of the Richmond soil landscape showing the occurrence and relationship of 
dominant soil materials. 
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Mulgoa Road Upgrade, Stage 2, 5A and 5B: Surface water and groundwater assessment 

Table C1 Summary of WQOs and selected values 

Indicator Units Aquatic Ecosystem Criteria Primary and 
Secondary 
Contact 
Criteria 

Visual 
Amenity 
Criteria 

Selected Water 
Quality Objective 

 
ANZECC (2000) 
/ ANZG (2018) 

Hawkesbury 
Nepean 

Adopted Aquatic 
Ecosystem 
Criteria 

Temperature °C N/A N/A N/A 16 – 34  N/A 16 – 34 

Total Phosphorus 
(TP) 

mg/L 0.05 0.03 0.03 N/A N/A 0.04 

Total Nitrogen (TN) mg/L 0.5 0.5 0.5 N/A N/A 0.74 

Oxides of nitrogen mg/L 0.04 N/A 0.04 N/A N/A 0.66 

Chlorophyll-a  mg/L 0.005 0.01-0.015 0.005 N/A N/A 0.01 

Turbidity  NTU 6 - 50 N/A 6-50 N/A N/A 50 

Salinity (electrical 
conductivity)  

µS/cm 125 -2200  N/A 125-2200 N/A N/A 125-2200 

Dissolved Oxygen 
(DO) 

mg/L N/A N/A N/A N/A N/A N/A 

Dissolved Oxygen 
(DO) 

%SAT 85 – 110 N/A 85-110 >80 N/A 85-110 

Total Suspended 
Solids (TSS) 

mg/L N/A N/A N/A N/A N/A N/A 

pH  6.5 – 8.0  N/A 6.5-8.0 6.5 – 8.5  N/A 6.5-8.0 

Enterococci Count/100mL N/A N/A N/A 200 N/A 200 

Arsenic (As III) mg/L 0.024 N/A 0.024 0.007 N/A 0.007 

Arsenic (As V) mg/L 0.013 N/A 0.013 N/A 0.007 

Cadmium mg/L 0.0002 N/A 0.002 0.002 N/A 0.0002 

Chromium (Cr III) mg/L 0.0033 N/A 0.0033 0.05 N/A 0.0033 

Chromium (Cr VI) mg/L 0.001 N/A 0.001 N/A 0.001 
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Mulgoa Road Upgrade, Stage 2, 5A and 5B: Surface water and groundwater assessment 

Indicator Units Aquatic Ecosystem Criteria Primary and 
Secondary 
Contact 
Criteria 

Visual 
Amenity 
Criteria 

Selected Water 
Quality Objective 

 
ANZECC (2000) 
/ ANZG (2018) 

Hawkesbury 
Nepean 

Adopted Aquatic 
Ecosystem 
Criteria 

Copper mg/L 0.0014 N/A 0.0014 1  N/A 0.0014 

Iron mg/L N/A N/A N/A 0.3 N/A 0.3 

Lead mg/L 0.0034 N/A 0.0034 0.01 N/A 0.0034 

Manganese mg/L 1.9 N/A 1.9 0.1  N/A 0.1 

Mercury mg/L 0.00006 N/A 0.00006 0.001 N/A 0.00006 

Nickel mg/L 0.011 N/A 0.011 0.02 N/A 0.011 

Zinc mg/L 0.008 N/A 0.008 3 N/A 0.008 

Ammonia mg/L 0.9 N/A 0.9 0.5 N/A 0.08 

Oil and Grease N/A N/A N/A N/A Oil and 
petrochemicals 
should not be 
noticeable as a 
visible film on 
the water nor 
should they be 
detectable by 
odour 

Oil and 
petrochemicals 
should not be 
noticeable as a 
visible film on 
the water nor 
should they be 
detectable by 
odour 

Oil and 
petrochemicals 
should not be 
noticeable as a 
visible film on the 
water nor should 
they be detectable 
by odour 

ANZEC 2000 & ANZG 2018: Physical and chemical stressors were based upon the South-east Australian lowland rivers of the Australian and 
New Zealand Environment and Conservation Council & Agriculture and Resource Management Council of Australia and New Zealand water 
quality guidelines (ANZECC & ARMCANZ 2000). Toxicants were based upon the default guideline values for Slightly to Moderately Disturbed 
Rivers of the Australian and New Zealand guidelines for fresh and marine water quality (ANZG 2018). 

Primary and Secondary Contact: Guidelines for Managing Risks in Recreational Water (NHMRC 2008) 

Visual Amenity: ANZECC & ARMCANZ 2000 

Hawkesbury Nepean : Independent Inquiry into the Hawkesbury Nepean River System (HRC 1998) urban areas – main stream criteria 

Enterococci value based on  category C and lower  relating from NHMRC 2000 representing a substantial elevated risk.  
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Mulgoa Road Upgrade, Stage 2, 5A and 5B: Surface water and groundwater assessment 

Table D1 Liverpool City Council water quality monitoring – Rowing Club 

Date Time Rainfall 24 
hours (mm) 

Rainfall 7 
days (mm) 

pH Temperature 

(°C) 

Conductivity 
(μS/cm) 

Dissolved 
Oxygen (%) 

Dissolved 
Oxygen 
(mg/L) 

Enterococci 
(units/100mL) 

2/10/2019 9:30 AM 0 0           14 

9/10/2019 10:30 AM 0.2 5.8           25 

16/10/2019 9:20AM 0 20           45 

23/10/2019 9:10 AM 0 0           9 

30/10/2019 10:35 AM 0 0 8.3 23.16 0.315 120.3 10.56 16 

6/11/2019 10:20 AM 0 16           120 

12/11/2019 9:35AM  0 0           40 

20/11/2019 2:30pm 0.2 0.2           34 

27/11/2019 10:00 AM 2.4 8.6 8.09 24.58 0.333 98.7 8.28 22 

4/12/2019 10:00 AM 0 0           6 

11/12/2019 10:35 AM 0 0           5 

18/12/2019 10:45 AM 0 0 9.05 25.77 0.342 132.8 10.81 2 

8/01/2020 10:45 AM 0.4 0.4           6 

15/01/2020 10:45AM 0 1.2           16 

23/01/2020 9:55 AM 0 60.6           320 

29/01/2020 12:00 PM 0.4 19.8 9.29 30.02 0.325 123.50 9.32 45 

5/02/2020 10:45AM 0 21.6           25 

19/02/2020 11:20AM 15.2 54.6           100 

26/02/2020 10:25AM 0 10.4 7.32 26.34 0.23 92.50 7.45 19 

11/03/2020 11:15AM 0 34.6           15 

17/03/2020 10:20AM 1.6 6.4           120 
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Mulgoa Road Upgrade, Stage 2, 5A and 5B: Surface water and groundwater assessment 

Date Time Rainfall 24 
hours (mm) 

Rainfall 7 
days (mm) 

pH Temperature 

(°C) 

Conductivity 
(μS/cm) 

Dissolved 
Oxygen (%) 

Dissolved 
Oxygen 
(mg/L) 

Enterococci 
(units/100mL) 

25/03/2020 11.24AM 0.4 0.4           7 

1/04/2020 11:15AM 0.2 20.4           12 

8/04/2020 10:20AM 0 16.8           150 

15/04/2020 10:30AM 0 3.2           8 

22/04/2020 10:10AM 0 0           100 

4/06/2020 10:30AM 0 0.23           33 

9/06/2020 11:50 1 1.6           43 

6/10/2020 12:00 PM 0 0.2   23       6 

14/10/2020 9:35 AM 0 0.2   19       48 

20/10/2020 2.25PM 8.2 8.2   22       45 

27/10/2020 12:30PM 42.2 66.8   20       160 

3/11/2020 12:00PM 0.2 21.4 7.53 22.16 0.27 127.60 11.12 15 

11/11/2020 9:45AM 0 29.6   31       31 

17/11/2020 10:40AM 0 4.2   25       160 

24/11/2020 11:45AM 0.2 22.4 7.48 22.12 0.186 108.80 9.45 40 

2/12/2020 2:20PM 9 10.4   25       150 

8/12/2020 3:45PM 0 20.6   25       260 

15/12/2020 11:40AM 3.4 5.4   20       780 

22/12/2020 10:35AM 20.6 50.2 2.77 22.9 0.135 97.50 8.36 52 

5/01/2021 11:33AM 11 31.6   22       58 

13/01/2021   0 4.2   26       25 

19/01/2021 10:45 AM 0 0   24       21 
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Mulgoa Road Upgrade, Stage 2, 5A and 5B: Surface water and groundwater assessment 

Date Time Rainfall 24 
hours (mm) 

Rainfall 7 
days (mm) 

pH Temperature 

(°C) 

Conductivity 
(μS/cm) 

Dissolved 
Oxygen (%) 

Dissolved 
Oxygen 
(mg/L) 

Enterococci 
(units/100mL) 

28/01/2021 11:35 AM 0.8 1.2   19       30 

2/02/2021 12:00PM 46 46.4   23       120 

9/02/2021 11:55AM 0.2 5.2   24       42 

16/02/2021   1.4 29   24       32 

24/02/2021 10:17AM 0.2 25.01   23 0.174 152.40 13.03 35 

2/03/2021 10:00AM 0 0.2   21.8       100 

9/03/2021 10:35AM 18.2 18.2   27       380 

16/03/2021 12:00 0.2 35.2   23       46 
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3. Richmond Lowlands Hydrogeological Landscape 

LOCALITIES 

RICHMOND LOWLANDS, UPPER 
CASTLEREAGH, EMU PLAINS, 
CORNWALLIS Land Salt 

Salinity Export 

Moderate Moderate 

Water 

EC 

Moderate 

TYPE AREA RICHMOND LOWLANDS 

GRID REFERENCE 290000 mE 6280000 mN (Z 56) 

GEOLOGY SHEET PENRITH 1:100 000 

CONFIDENCE LEVEL MEDIUM 

O V E R V I E W  

The Richmond Lowlands Hydrogeological Landscape (HGL) is characterised by floodplains and 
terraces on Quaternary alluvium at Richmond Lowlands and Castlereagh. This HGL also contains 
lagoons that may have a seasonal saline influence. It is in an area of moderate rainfall (<800 mm). 
The HGL is located in the north of the Western Sydney region and is surrounded by Currency Creek, 
Kurrajong and Londonderry HGLs. 

This HGL is distinguished from the Londonderry HGL because it is a more recent Quaternary alluvial 
deposit compared to the older Tertiary alluvium of Londonderry HGL, and is the active floodplain of the 
Hawkesbury-Nepean River. 

This HGL comprises unconsolidated sedimentary gravels, sands, silts and clays from the Quaternary 
and Neogene/Palaeogene periods. These have been deposited along the Hawkesbury and Nepean 
River floodplains in the Richmond area. These unconsolidated sediments overlie the consolidated 
rocks of the Triassic Wianamatta Group (shale, lithic sandstone, quartz sandstone, siltstone, 
mudstone). These older rocks are not exposed in this HGL. 

The landscape features floodplains, terraces, backplains and lagoons with local relief <10 m and 
slopes <2%. This HGL contains a series of Quaternary terraces which step down into lagoons and 
backplains situated above an active floodplain and channel of the Hawkesbury-Nepean River. The 
Tertiary terraces of the Londonderry HGL sit above and define the southern boundary of the 
Richmond Lowlands HGL. 

Soils are: Stratic Rudosols (Alluvial Soils) on the floodplain and younger terraces; Red Kandosols 
(Red Earths), Yellow and Brown Sodosols and Chromosols (Soloths and Yellow Podzolic Soils) on 
older terraces; and, Salic and Redoxic Hydrosols (Humic Gleys) and Black Dermosols (Black Earths) 
on the backplains and lagoons. This HGL includes part of Freemans Reach and Cranebrook with 
minor Blacktown, Rickabys Creek and Bakers Lagoon Soil Landscapes. 

Water infiltrates down through alluvial materials until intercepted by a relatively impermeable layer. 
Water then flows laterally and will either enter the stream or outbreak at the base of terraces. 

Salt sites occur at the base of terraces, on alluvial floodplains around saline swamps and below 
adjoining HGLs, typically Londonderry and Agnes Banks HGLs. Salinity is primarily driven by lateral 
flow. 

Land use on this HGL is dominated by turf growing, horticulture, quarrying, and horse studs with some 
minor grazing on improved pastures. Native vegetation has predominantly been cleared. 

Landscape limitations and hazards include flooding, foundation hazard and streambank erosion. 

- 1 - Richmond Lowlands HGL 



                                            

 

     

 

   

 
       

Richmond Lowlands HGL 

Hawkesbury-Nepean Catchment with Western Sydney area location indicated 

Richmond Lowlands HGL Distribution Map 
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S A L I N I T Y  

OCCURRENCE 

(LAND) 

Land salinity is moderate. Frequent salt sites occur at the base of terraces 
and seasonally on the margins of lagoons and drainage lines. 

EXPORT 

(LOAD) 

Salt export is moderate. The salt sites within the HGL and saline 
discharge to streams generates moderate load to the Hawkesbury-
Nepean River. 

WATER QUALITY 

(EC) 

Water EC is moderate. Streams and lagoons are typically fresh to 
marginal (0.8–1.6 dS ECw). The EC within the lagoons can become 
higher in dry times. 

S A L T  M O B I L I T Y  

AVAILABILITY 

SALT STORE LOW MODERATE HIGH 

HIGH 

MODERATE Richmond Lowlands 

LOW 

H A Z A R D  

HAZARD ASSESSMENT 
Limited 

potential impact 
Significant 

potential impact 
Severe 

potential impact 

High likelihood 
of occurrence 

Moderate likelihood 
of occurrence 

Richmond 
Lowlands 

Low likelihood 
of occurrence 

- 3 - Richmond Lowlands HGL 



                                            

 

 

           
      

 

 

     
  

       
       

        

          

         

    

         
           

         
          

        
        

        
         

          

         
         

 

 

L A N D S C A P E  A T T R I B U T E S  

Regolith 

Conceptual Richmond Lowlands Hydrogeological Landscape cross-section showing the distribution of regolith, 
landforms, salt sites and flow paths. 

LITHOLOGY 

(Jones & Clark 1991; Geoscience 
Australia 2009) 

This HGL comprises unconsolidated sedimentary materials from 
the Quaternary period. The key lithologies are: 

• Recent alluvium – sand and gravel 

• Lowlands Formation – gravel, sand, silt and clay 

• Cranebrook Formation – gravel, sand, silt and clay 

ANNUAL RAINFALL <800 mm 

REGOLITH-LANDFORMS The landscape encompassed within the Richmond Lowlands HGL 
is one of a highly weathered and well sorted, Quaternary Alluvium 
stream channel depositional system forming level plains of <10m 
elevation and level to very gently inclined (1-3%) relief and 
occasional backplains and lagoons within alluvial plain. Regolith 
materials are dominantly gravels, sands, silts and clays. 

Highly weathered Tertiary Alluviums in Richmond Lowlands HGL 
form low terraces (0-10m relief) with very gentle inclination (0-
10%). The regolith materials are alluvium, sand, clay and silt. 

On the edges of Richmond Lowlands HGL, Wianamatta Group 
sediments form low hills and rises with gentle slopes. 

- 4 - Richmond Lowlands HGL 



                                            

 

                
      

 

 

             

Richmond Lowlands HGL, present day channel in sand and silt of recent alluvium, cut terraces through 
Quaternary alluvium forming terraces. (Photo: DECCW). 

Richmond Lowlands HGL, wide flat alluvial plain with shallow drainage lines. (Photo: DECCW). 
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Richmond Lowlands HGL, gently inclined slope on alluvium with channel and occasional lagoons. Seasonal salt 
sites occur around lagoons (Photo: DECCW). 

Richmond Lowlands HGL, sodic subsoil causing erosion in alluvial channel. (Photo: DECCW). 
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Richmond Lowlands HGL, wide level plains contain salt sites on edge of terraces. Salt indicator species such as 
Sea Barley Grass may be found on plains. Plains are commonly used for agriculture and horse studs. (Photo: 
DECCW). 

Richmond Lowlands HGL, waterlogged backplains and saline lagoons within alluvial plain (Photo: DECCW). 

SOIL LANDSCAPES This HGL consists of the whole extent of Freemans Reach Soil 
Landscape in the Sydney Basin as well as part of the Cranebrook 
Soil Landscape and minor occurrences of Blacktown and Rickabys 
Creek Soil Landscapes on the boundaries of the HGL. The Soil 
Landscapes are derived from a mix of Quaternary and Tertiary 
aged Alluvium which is widespread throughout the landscape. 

The Richmond Lowlands HGL floodplain (Freemans Reach Soil 
Landscape) is formed on Quaternary aged alluvium which is 
composed of gravel and sand, silt and clay. The soils that form are 

- 7 - Richmond Lowlands HGL 



                                            

        
         
         

        
 

       
        

           
         

         
   

           
          

            
         

 

          
           

       
           

        
    

   
 

              
             

  

               
          

         
          

            
          

    

  
  

 

 

  

   

   

          
        

         

    

 

             
           

           
            

             
               

                 
         

Stratic Rudosols (Alluvial Soils). The Richmond Lowlands HGL 
backplains and lagoons within alluvial plain (Bakers Lagoon Soil 
Landscape) also form on Quaternary Alluvium producing Salic and 
Redoxic Hydrosols (Humic Gleys) and Black Dermosols (Black 
Earths). 

The Richmond Lowlands HGL terraces (Cranebrook Soil 
Landscape) near Penrith are formed on Cranebrook Tertiary 
Alluvium which is composed of alluvium, sand, clay and silt. These 
form Red Kandosols (Red Earths), Yellow and Brown Sodosols 
and Chromosols (Soloths and Yellow Podzolic Soils), and Stratic 
Rudosols (Alluvial Soils). 

Small portions of the Richmond Lowlands HGL plain fall on the 
Tertiary Alluvium of Rickabys Creek Gravel which is composed of 
alluvium, clay and gravel. The soils that form are Red and Grey 
Dermosols (Red Podzolic Soil) and Red Kurosols (Red Podzolic 
Soils). 

The Richmond Lowlands HGL low hills and rises (Blacktown Soil 
Landscape) on the very edge of the HGL form on Wianamatta 
Group Shales which are shale, sandstone-lithic and sandstone-
quartz. The soils are Red Kurosols (Red and Brown Podzolic Soils) 
Red and Yellow Sodosols (Soloths) and Yellow Chromosols 
(Yellow Podzolic Soils). 

RURAL LAND 
CAPABILITY 

In this HGL the rural land capability are Classes I (V, VI) on the 
floodplain, II (I, III) on the terrace and VII (VIII) on the backplains 
and lagoons. 

LAND USE Much of the area is used for turf farms and market gardens with 
some minor patches of land used for grazing horses. Extractive 
industries mining sand and gravel also occur. A significant 
proportion of the HGL is within the Penrith Lakes Development 
Corporation and has been or is soon to be quarried. Some areas 
have been developed for urban or industrial purposes with some 
unused land remaining. 

KEY LAND 
DEGRADATION ISSUES 

Limitations: 

• Flooding 

• Foundation hazard 

• Streambank erosion 

VEGETATION Richmond Lowlands HGL has been generally cleared of original 
vegetation. It contains remnants of Freshwater Wetlands, Alluvial 
Woodland and Riparian Forest in the inundated areas. 

Signature: no signature 

V E G E T A T I O N  A S S E M B L A G E S  

Alluvial Woodland is common along drainage channels in Richmond Lowlands HGL. Species include 
Eucalyptus amplifolia (cabbage gum), E. tereticornis (forest red gum), Angophora floribunda (rough-
barked apple), Casuarina glauca (swamp oak), Melaleuca linariifolia (flax-leaved paperbark) and 
Bursaria spinosa (sweet bursaria). Rubus vulgaris (blackberry) is a common exotic weed. 

Riparian Forest has no particular tree species occurring frequently. Eucalyptus botryoides, E. elata, 
Angophora subvelutina and A. floribunda are canopy species. A small tree stratum is usually present, 
and often contains species of Acacia, such as A. binervia, A. floribunda and A. mearnsii, although no 
particular species occurred consistently across the sample sites. 

- 8 - Richmond Lowlands HGL 



                                            

       

 
  

 

  
 

 
 
 

 

   

 
 

 
 

 
 

 

 
 

       
       

        
     

     
 

 

            
              

     

              
             

          

                
     

 

       

     

      

 

 

   

    

 

 

   

     

     

  

   

  

 

 

   

             

        

    

  

 
   

 

  

 

     

Endangered ecological communities in Richmond Lowlands HGL 

FORMATION 
(Keith 2004) 

STATE 

CLASS (Keith 
2004) 

LOCAL 
CLASS 
(NPWS 
2002) 

ENDANGERED ECOLOGICAL COMMUNITY 

Forested 
Wetlands 

Coastal 
Floodplains 
Wetlands 

Alluvial 
Woodland 

Alluvial Woodland and Riparian Forest fall within 
River-flat eucalypt forest on coastal floodplains of 
the NSW North Coast, Sydney Basin and South 
East Corner bioregions endangered ecological 
community listing (NSW Scientific Committee 
2004) 

Riparian 
Forest 

H Y D R O G E O L O G Y  

Groundwater flow in this HGL is unconfined through unconsolidated alluvial sediments. Localised 
perching of water tables occur above clay lenses during wetter periods. Hydraulic conductivity and 
transmissivity are moderate to high. 

Groundwater systems are local with short flow lengths. These systems are generally aligned with 
current stream channels and drainage depressions. Water quality within these groundwater systems is 
fresh to brackish. Water table depths are shallow to intermediate. 

Short to medium residence times are typical. These landscapes have a fast to medium response time 
to changes in land management. 

AQUIFER TYPE Unconfined in unconsolidated alluvial sediments 

Vertical and lateral flow components 

Local perching above clay-rich layers (seasonal) 

HYDRAULIC 

CONDUCTIVITY 

Moderate to high 

-2 
Range: 10 –>10 m/day 

AQUIFER 

TRANSMISSIVITY 

Moderate to high 

2
Range: 10 –>100 m /day 

SPECIFIC YIELD Moderate to high 

Range: 10–20% 

HYDRAULIC GRADIENT Gentle 

Range: <10% 

GROUNDWATER 

SALINITY 

Fresh to brackish 

Range: 0.8–4.8 dS/m 

DEPTH TO WATER TABLE Shallow to intermediate (seasonal) 

Range: 0–8 m 

TYPICAL CATCHMENT 

SIZE 
Small (<100 ha) 

SCALE 

(FLOW LENGTH) 

Local 

Flow length: <5 km (short) 

- 9 - Richmond Lowlands HGL 



                                            

   

        

  

   
      

 

           
               

               
              

             
          

                   
               
              

                 
        

                  
                  

                
                

            

            
                

              

      

           

              
 

           

           

     

          

 

               
  

              
                 

 

                   

             
                 

          

             
               

      

RECHARGE ESTIMATE High 

RESIDENCE TIME Short to medium (months to years) 

RESPONSIVENESS 

TO CHANGE 
Fast to medium (months to years) 

M A N A G E M E N T  O P T I O N S  

The overarching salinity management strategies have specific biophysical outcomes. These outcomes 
are achieved by implementing a series of targeted land management actions taking into account the 
opportunities and constraints of the particular HGL. The actions recognise the need for diffuse and 
specific activities within the landscape that are required to impact on salinity issues. 

Salinity processes are driven by the interactions between water use characteristics of vegetation, 
physical soil properties and hydrogeological processes within the HGL. 

Actions that impact on the way water is used by vegetation or stored in the soil profile will have 
impacts on recharge. The influence of both continual and episodic recharge and the impacts of 
extreme weather events need to be considered in deciding on the appropriate management actions. 
Short and long-term climate cycles also need to be considered as they will have some bearing on 
salinity processes, particularly salt load and land salinity. 

Where in some rural cases a land use change has occurred and the landscape has been altered (e.g. 
clearing of vegetation), a balance could occur. Where a balance does not occur it can result in the 
expression of salinity at various points in the landscape. In urban situations, where the landscape is 
altered further in shape (such as road and building construction including cut and fill practices) and 
water movement is impeded and/or water use is increased, salinity may emerge. 

Emerging saline effects within the Hawkesbury/Nepean catchment have occurred in areas underlain 
by Wianamatta shales. Possible causes of urban salinity in Western Sydney are shown in the cross-
sectional diagram for this HGL. The increased occurrence of salinity is related to: 

• A decrease in deep-rooted vegetation 

• Over-irrigation of crops, improved pastures and private gardens and lawns 

• Alteration of natural drainage patterns by the construction of houses, roads, railways, channels 
etc 

• Creation of wet zones of waterlogged soil by impeded drainage 

• Leakage of standing water bodies, pools, lakes and service pipes 

• Exposure of susceptible soils 

• Irrigation of sports grounds, golf courses, parks and gardens. 

Where salinity is likely to occur in areas of urban development, the following overarching principles 
should apply: 

• Land managers should clearly demonstrate what measures will be employed to ensure the 
salinity hazard does not increase (both on site and on adjoining land) as a result of a 
development. 

• Identify and manage sensitive soils (e.g. sodic soils, reactive soils, type of salts, salt loads) 

• New houses, buildings or infrastructure (including roads, pathways and retaining walls) in 
current or potentially salt affected areas may need to be built to withstand the effects of salinity 
(including the establishment of good drainage prior to construction). 

• Employ deficit irrigation principles to prevent over-irrigation of sports grounds, golf courses, 
parks, private gardens and lawns; and limit the application of extra salt through water recycling 
programs or irrigation of saline groundwater. 

- 10 - Richmond Lowlands HGL 



                                            

             
 

 

              
 

               

          

 

             

             
   

             
             

    

              
             

      

              
      

 

                

            
      

              
             

            
           

               
           

            
              

       

           
            

                 
     

             
                

             

 

         

            

• Implement a monitoring program (where deemed necessary) including a clear identification of 
responsibilities. 

Landscape  Function  –  Richmond  Lowlands  HGL  

The following list details the functions this landscape provides within a catchment scale salinity 
context: 

• E. The landscape receives and stores salt loads through irrigation or surface flow 

• F. The landscape generates salinity concentration water. 

Landscape  Management  Strategy  Objectives  –  Richmond  Lowlands  HGL   

The following list details the appropriate rural strategies pertinent to this landscape: 

• Stop discrete landscape recharge: There are discrete elements of this landscape where 
specific recharge occurs. 

• Discharge rehabilitation: The saline sites are small in size and numerous. Discharge 
management will reduce salt discharge to streams when species salt tolerances are matched 
to salt site intensity. 

• Increase agricultural production to dry out the landscape and reduce recharge: The area 
is currently mostly under agriculture or recreational usage. There are significant native and 
introduced pastures in the area. 

• Access and use of groundwater to change water balance: There are groundwater aquifers 
that have potential for productive use. 

Urban  Management  Strategy  Objectives  –  Richmond  Lowlands  HGL   

The following list (in priority order) details the appropriate urban strategies pertinent to this landscape: 

• Riparian Management (RM): Vegetation management in riparian areas will assist in 
minimising salt export to streams. 

• Urban Planning (UP): Planning of sub-division layout and design is required to manage 
salinity consequences. Development must not increase the salinity hazard of the natural and 
built environment. Layout and design should consider locations of roads, infrastructure and 
greenspace as well as building allotments, and water sensitive urban design. 

• Urban Management (UM): The input of water into the landscape (lawns, gardens, sporting 
fields) including the management of recycled water requires careful management. 

• Urban Vegetation (UV): Maintain and enhance vegetation (including remnant vegetation) for 
the management of recharge, and as a buffer to excess water input. Waterwise gardening 
should be encouraged in residential areas. 

• Urban Investigations (UI): The landscape contains significant salinity, and geological 
situations that predispose salinity development. Assessment of the location, intensity and scale 
of salinity is needed. There are areas of sensitive sodic soils, particularly in drainage lines that 
need to be identified. 

• Urban Construction (UC): Construction on saline land will require salt resistant/ resilient 
materials. The typical slope gradient of this HGL requires careful consideration of depth of cut 
and location of roads on hillslopes; and all infrastructure, including underground utilities. 

Specific  Land  Management  Opportunities  

A range of specific opportunities exist for this HGL: 

• Agricultural production (including horticulture) – can be used to manage recharge 
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• Quality agricultural soil – good quality soils provide good production opportunity 

• Discharge management – access to groundwater allows trees and salt pastures to be highly 
productive in this landscape if correct species are selected based on salinity tolerance 

• Discharge management – integrated use of urban salinity management practices (salt 
resistant/resilient materials, water management) consistent with building codes would enable 
protection of infrastructure and dwellings. 

Specific  Land  Management  Constraints  

Constraints for land management in this HGL include: 

• Shallow groundwater – use of excessive irrigation water may exacerbate surface salinity and 
waterlogging 

• Avoid using irrigation “tail-water” for reuse 

• Avoid excessive tillage of lower slopes that will affect soil structure, soil health and erodability, 
which may mobilise stored salt loads. 

Specific  Targeted  Actions  

Regolith 

Richmond Lowlands HGL Management cross-section (Refer to following table for explanation of codes) 
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Management  Actions  - Rural  

MANAGEMENT 
AREA (MA) 

ACTION (RURAL) 

MA5 

(LOWER SLOPE 
– COLLUVIAL) 

Vegetation for production 

Improve grazing management of existing perennial pastures to manage 
recharge (VP1) 

Establishment and management of perennial pastures (VP2) 

Interception of shallow lateral groundwater flow with perennial pastures (VP3) 

Maintain and improve native pastures to manage recharge (VP5) 

Perennial horticulture to manage recharge (VP9) 

Vegetation for ecosystem service 

Block planitng of trees to manage recharge (VE1) 

Interception planting of trees to target shallow groundwater (VE2) 

Establish and manage trees to integrate into existing farming infrastructures 
and logistics and for multiple outcomes in including reduced recharge (VE5) 

Revegetation of non-agricultural land with native species to manage recharge 
(VE6) 

Farming systems 

Pasture cropping with annual cereals into perennial pastures to manage 
recharge (FS1) 

Phase farming with perennial component-crop rotations to manage recharge 
(FS3) 

Irrigation systems 

On farm irrigation management BMP (IS1) 

Irrigation supply sustems management BMP (IS2) 

Salt land rehabilitation 

Fence and isolate salt land and discharge areas for saline site rehabilitation 
(SR1) 

Rehabilitation of salt land to minimise onsite and offsite degradation (SR4) 

MA9 Vegetation for production 

(ALLUVIAL 
FLOODPLAIN) Perennial horticulture to manage recharge (VP9) 

Vegetation for ecosystem service 

Maintain and improve native woody vegetation (VE3) 

Maintain and improve riparian native vegetation (VE4) 

Revegetation of non-agricultural land with native species to manage recharge 
(VE6) 

Irrigation systems 

On farm irrigation management BMP (IS1) 

Irrigation supply sustems management BMP (IS2) 
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MANAGEMENT 
AREA (MA) 

ACTION (RURAL) 

MA10 

(RIPARIAN 
ALLUVIAL 
CHANNEL) 

Vegetation for ecosystem service 

Maintain and improve native woody vegetation (VE3) 

Maintain and improve riparian native vegetation (VE4) 

MA7 

(SALT SITE) 

Salt land rehabilitation 

Fence and isolate salt land and discharge areas for saline site rehabilitation 
(SR1) 

Rehabilitation of salt land to minimise onsite and offsite degradation (SR4) 

Management  Actions  - Urban  

MANAGEMENT 
AREA (MA) 

ACTION (URBAN) 

MA5 

(LOWER SLOPE 

– COLLUVIAL) 

Urban Planning 

Prior to commencement of earth works sodic/saline soils should be identified 
(UP1) 

Minimise use of infiltration and detention of stormwater in hazard areas, 
consider lining of detention systems to prevent infiltration (i.e. reconsider 
WSUD implications in relation to salinity management) (UP2) 

Identification of discharge sites should influence the size of the area to be 
developed (UP3) 

Implementation of WSUD techniques considers the potential impact on the 
local salinity hazard. Revise principles of WSUD where salinity affects are an 
issue (UP5) 

Urban Management 

Minimise leakage of standing water bodies, pools, lakes and service pipes 
(UM1) 

Employ deficit irrigation principles to prevent over-irrigation of sports grounds, 
golf courses, parks, private gardens and lawns (UM2) 

Manage plant growth to maximise water usage. Consider harvesting mature 
zones of vegetation and replanting for ongoing water use efficiency (UM3) 

Urban Vegetation 

Retain or establish areas of deep-rooted salt tolerant indigenous vegetation to 
manage recharge or discharge sites (UV1) 

Promote the retention and establishment of deep-rooted vegetation that 
maximises water use in new urban development areas (UV2) 

Develop native landscaping and “waterwise” gardens to reduce over-irrigation 
and water usage (UV3) 

Urban Investigations 

Investigate concentration and composition of salts in the soil profile, 
groundwater and surface waters during initial site assessment to determine 
salinity hazard (UI1) 

Urban Construction 
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MANAGEMENT 
AREA (MA) 

ACTION (URBAN) 

Deep drainage should be minimised by maximising surface water runoff and 
drainage (UC2) 

Sub-surface drainage should be incorporated into all infrastructure including 
roads, pathways, behind cuts and retaining walls and other impervious areas to 
avoid waterlogging (UC3) 

Ensure road construction is suitable for conditions (UC5) 

Consider the use of salt protected materials for services (e.g. salt resistant 
drainage pipes, casing of underground services) (UC7) 

Minimise the alteration of natural drainage patterns through construction of 
houses, roads, railways, channels etc (UC8) 

MA9 Riparian Management 

(ALLUVIAL Retain or re-establish areas of effectively vegetated riparian buffer zones to 
FLOODPLAIN) manage discharge areas (preferably salt tolerant indigenous vegetation) (RM1) 

Maintain/re-establish effective vegetated riparian buffer zones (RM2) 

MA10 Riparian Management 

(RIPARIAN 
ALLUVIAL Retain or re-establish areas of effectively vegetated riparian buffer zones to 

CHANNEL) manage discharge areas (preferably salt tolerant indigenous vegetation) (RM1) 

Maintain/re-establish effective vegetated riparian buffer zones (RM2) 

High  Hazard  Land  Use  

AT RISK 
MANAGEMENT AREAS 

ACTION 

MA5,MA9 AND MA10 Avoid recharge through over-irrigation and on-site waste water 
disposal leakages 

Avoid using irrigation “tail-water” for reuse 

Avoid obstruction to surface and sub-surface drainage that will 
cause wet areas creating waterlogging and salt mobilisation. 
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Mulgoa Road Upgrade, Stage 2, 5A and 5B: Surface water and groundwater assessment 

Table F1 Mulgoa Road Stage 1 Groundwater monitoring bores location and 
groundwater depth 

Borehole ID Easting (MGA 56) Northing (MGA 56) Groundwater 
Depth  

Date Sampled 

BH101 284232 6260579 11.1 15/08/17 

   9.67 01/09/17 

BH102 284256 6260549 8.1 16/08/17 

   8.2 01/09/17 

BH107 284286 6260619 N/A 18/08/17 

   9.8 01/09/17 

BH108 284326 6260598 9.6 22/08/17 

   7.6 01/09/17 

 

Table F2 Mulgoa Road Stage 1 groundwater quality results 

Borehole ID Chloride (mg/L) pH Sulphate (mg/L) Iron (mg/L) 

BH101 3700 7 230 <0.05 

BH108 76 7.4 44 1.1 
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	Executive summary  
	Transport for NSW propose to upgrade about three kilometres of Mulgoa Road. The proposal involves the upgrade and widening of Mulgoa Road across three separate stages: 
	• Mulgoa Road upgrade between Glenmore Parkway and Jeanette Street, Glenmore Park (about 850 metres) 
	• Mulgoa Road upgrade between Glenmore Parkway and Jeanette Street, Glenmore Park (about 850 metres) 
	• Mulgoa Road upgrade between Glenmore Parkway and Jeanette Street, Glenmore Park (about 850 metres) 

	• Mulgoa Road upgrade between Blaikie Road and Jamison Road, Penrith (about 1.2 kilometres) 
	• Mulgoa Road upgrade between Blaikie Road and Jamison Road, Penrith (about 1.2 kilometres) 

	• Mulgoa Road upgrade between Jamison Road to Union Road, Penrith (about one kilometre). 
	• Mulgoa Road upgrade between Jamison Road to Union Road, Penrith (about one kilometre). 


	This Surface water and Groundwater working paper has been prepared to assess the potential surface water and groundwater impacts of the proposal. This report has been prepared to support a Review of Environmental Factors (REF) being prepared for Transport for NSW under Division 5.1 of the Environmental Planning and Assessment Act 1979 (EP&A Act). 
	Mulgoa Road is in a low-lying area of the Nepean River floodplain and can be subject to flooding. Four waterways, traverse the proposal corridor, Showground Channel (1st order stream and tributary to Peach Tree Creek), Racecourse Creek Channel (2nd order stream and tributary to Peach Tree Creek), Surveyors Creek (4th order stream and tributary to Peach Tree Creek) and School House Creek (2nd order stream and tributary to Mulgoa Creek). School House Creek and Surveyors Creek are identified as being key fish 
	The proposal is located within the Richmond Lowlands Hydrogeological Landscape.  Groundwater levels were reported to be between 4.5 and 25 m BGL within proximity to the proposal with varying groundwater salinity ranging from fresh to saline. Groundwater is used for stock and domestic uses within the study area. 
	The study area is mainly underlain by black to light grey shale and laminate of Ashfield Shale from the Wianamatta Group. Alluvial terrace deposits of sand and gravels, silt, clay, fluvially deposited sand and polymictic gravels are present just to the north of this area. The soil landscapes within the study area consist of Richmond, Luddenham and Blacktown soil groups. These soil groups have high dispersibility soils and are generally associated with high level of runoff and high erosion risks. 
	The key potential impacts of the proposal on surface water, groundwater and soils are as follows: 
	• surface water quality impacts due to sediment laden runoff being released to waterways during construction activities such as earthworks, stockpiling, dewatering, waterway crossing construction and transportation of materials 
	• surface water quality impacts due to sediment laden runoff being released to waterways during construction activities such as earthworks, stockpiling, dewatering, waterway crossing construction and transportation of materials 
	• surface water quality impacts due to sediment laden runoff being released to waterways during construction activities such as earthworks, stockpiling, dewatering, waterway crossing construction and transportation of materials 

	• surface water quality, groundwater quality and soil impacts during construction as a result of an accidental spills 
	• surface water quality, groundwater quality and soil impacts during construction as a result of an accidental spills 

	• direct disturbance of channel form and channel stability during construction of permanent and temporary waterway crossings, channel realignment works and drainage outlets at School House Creek which is a vegetated (unlined) channel 
	• direct disturbance of channel form and channel stability during construction of permanent and temporary waterway crossings, channel realignment works and drainage outlets at School House Creek which is a vegetated (unlined) channel 


	• scour downstream of the culvert and drainage outlets within School House Creek at newly proposed stormwater outlet locations and culverts. A low risk of scour occurring is likely to occur within the other waterways due to them being hard lined upstream and downstream of the proposal area 
	• scour downstream of the culvert and drainage outlets within School House Creek at newly proposed stormwater outlet locations and culverts. A low risk of scour occurring is likely to occur within the other waterways due to them being hard lined upstream and downstream of the proposal area 
	• scour downstream of the culvert and drainage outlets within School House Creek at newly proposed stormwater outlet locations and culverts. A low risk of scour occurring is likely to occur within the other waterways due to them being hard lined upstream and downstream of the proposal area 

	• increased runoff volume, frequency, flow rate and pollutant load being discharged to receiving waterways as a result of an increased pavement footprint. This is likely to have a negligible impact on water quality, waterway stability and aquatic habitat in the receiving waterways. 
	• increased runoff volume, frequency, flow rate and pollutant load being discharged to receiving waterways as a result of an increased pavement footprint. This is likely to have a negligible impact on water quality, waterway stability and aquatic habitat in the receiving waterways. 


	The key measures proposed to avoid, manage and/or mitigate impacts to surface water, groundwater and soils include: 
	• management of erosion during construction and operation through the preparation and implementation of an Erosion and Sedimentation Management Report (ESMR) and Erosion and Sediment Control Plans (ESCPs) 
	• management of erosion during construction and operation through the preparation and implementation of an Erosion and Sedimentation Management Report (ESMR) and Erosion and Sediment Control Plans (ESCPs) 
	• management of erosion during construction and operation through the preparation and implementation of an Erosion and Sedimentation Management Report (ESMR) and Erosion and Sediment Control Plans (ESCPs) 

	• preparation of a Soil and Water Management Plan (SWMP) and other aspects of the Construction Environmental Management Plan (CEMP) to manage water quality impacts during construction  
	• preparation of a Soil and Water Management Plan (SWMP) and other aspects of the Construction Environmental Management Plan (CEMP) to manage water quality impacts during construction  

	• preparation of a Water Quality Management Plan (WQMP) to outline water quality monitoring necessary to be undertaken before and during construction 
	• preparation of a Water Quality Management Plan (WQMP) to outline water quality monitoring necessary to be undertaken before and during construction 

	• design of appropriate dissipation and scour protection at new stormwater outlets and culverts 
	• design of appropriate dissipation and scour protection at new stormwater outlets and culverts 

	• design of appropriate stabilisation of realignment and channel works at School House Creek. 
	• design of appropriate stabilisation of realignment and channel works at School House Creek. 


	With the proposed measures in place, soil and water impacts are expected to be negligible to minor. 
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	1.1 Proposal overview 
	Transport for NSW propose to upgrade about three kilometres of Mulgoa Road. The proposal involves the upgrade and widening of Mulgoa Road across three separate stages: 
	• Mulgoa Road upgrade between Glenmore Parkway and Jeanette Street, Glenmore Park (about 850 metres) 
	• Mulgoa Road upgrade between Glenmore Parkway and Jeanette Street, Glenmore Park (about 850 metres) 
	• Mulgoa Road upgrade between Glenmore Parkway and Jeanette Street, Glenmore Park (about 850 metres) 

	• Mulgoa Road upgrade between Blaikie Road and Jamison Road, Penrith (about 1.2 kilometres) 
	• Mulgoa Road upgrade between Blaikie Road and Jamison Road, Penrith (about 1.2 kilometres) 

	• Mulgoa Road upgrade between Jamison Road to Union Road, Penrith (about one kilometre). 
	• Mulgoa Road upgrade between Jamison Road to Union Road, Penrith (about one kilometre). 


	1.2 Proposal description 
	Key features of the proposal include: 
	• an upgrade of Mulgoa Road to a six-lane divided road (three lanes in each direction) with a wide central median 
	• an upgrade of Mulgoa Road to a six-lane divided road (three lanes in each direction) with a wide central median 
	• an upgrade of Mulgoa Road to a six-lane divided road (three lanes in each direction) with a wide central median 

	• upgrade of intersections at the roundabout at Glenmore Parkway, Spencer Street, Batt Street, Freedom Furniture site, Jamison Road, Panther Place, Retreat Drive/Ransley Street and Union Road  
	• upgrade of intersections at the roundabout at Glenmore Parkway, Spencer Street, Batt Street, Freedom Furniture site, Jamison Road, Panther Place, Retreat Drive/Ransley Street and Union Road  

	• upgrade of local road accesses at Gibbs Street (including the removal of Gibbs Street Service Road), Willoring Crescent, Stuart Street, Preston Street, McNaughton Street and Rodley Avenue  
	• upgrade of local road accesses at Gibbs Street (including the removal of Gibbs Street Service Road), Willoring Crescent, Stuart Street, Preston Street, McNaughton Street and Rodley Avenue  

	• new bridge structure over Surveyors Creek  
	• new bridge structure over Surveyors Creek  

	• reinstatement of bus stops along Mulgoa Road with provision for bus priority at key intersections 
	• reinstatement of bus stops along Mulgoa Road with provision for bus priority at key intersections 

	• provision of a shared user path on the eastern side and pedestrian path on the western side of Mulgoa Road for the length of the proposal 
	• provision of a shared user path on the eastern side and pedestrian path on the western side of Mulgoa Road for the length of the proposal 

	• drainage and flooding infrastructure upgrades 
	• drainage and flooding infrastructure upgrades 

	• roadside furniture and street lighting 
	• roadside furniture and street lighting 

	• noise barriers  
	• noise barriers  

	• utility relocations 
	• utility relocations 

	• tree planting and landscaping 
	• tree planting and landscaping 

	• temporary establishment of up to four construction compound sites. 
	• temporary establishment of up to four construction compound sites. 


	Figure 1-1
	Figure 1-1
	Figure 1-1

	 provides an overview of the location proposal.  

	Figure 1-2
	Figure 1-2
	Figure 1-2

	 identifies the key features of the proposal. 

	Figure 1-3
	Figure 1-3
	Figure 1-3

	 provides a schematic representation of the proposed drainage arrangement and identifies key hydraulic crossings and waterway realignment works. 

	1.3 Proposal background 
	Mulgoa Road is an important arterial connecting the Penrith community, including its central business district, with other parts of greater Sydney. The proposal is being undertaken to support expected growth in the area, improve road safety, reduce congestion, and improve travel times. 
	1.4 Purpose of this report 
	This Surface water and Groundwater working paper has been prepared to assess the potential surface water and groundwater impacts of the proposal. This report has been prepared to support a Review of Environmental Factors (REF) being prepared for Transport for NSW under Division 5.1 of the Environmental Planning and Assessment Act 1979 (EP&A Act). 
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	Figure 1-1 Proposal location  
	 
	Figure
	Figure 1-2 Key features 
	 
	Figure
	Figure 1-3 Key drainage features – Stage 2 
	 
	Figure
	Figure 1-4 Key drainage features – Stage 5A 
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	Figure 1-5 Key drainage features – Stage 5B
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	2.1 Overview of approach 
	The surface water groundwater and soils working paper includes the following activities. 
	Task 
	Task 
	Task 
	Task 
	Task 

	Approach overview 
	Approach overview 


	Relevant legislation, policy and guidelines 
	Relevant legislation, policy and guidelines 
	Relevant legislation, policy and guidelines 



	General 
	General 
	General 
	General 

	Relevant surface water, groundwater and soil legislation, policy and guidelines were reviewed and their relevance to the proposal described. 
	Relevant surface water, groundwater and soil legislation, policy and guidelines were reviewed and their relevance to the proposal described. 


	Water quality and flow objectives 
	Water quality and flow objectives 
	Water quality and flow objectives 

	Water quality objectives for the Hawkesbury-Nepean catchment were obtained from the Hawkesbury-Nepean catchment Interim Water Quality Objectives (HRC, 1998) 
	Water quality objectives for the Hawkesbury-Nepean catchment were obtained from the Hawkesbury-Nepean catchment Interim Water Quality Objectives (HRC, 1998) 


	Existing environment 
	Existing environment 
	Existing environment 


	Climate 
	Climate 
	Climate 

	Historical records of rainfall, temperature and evaporation were collected and analysed for the surrounding are from Bureau of Meteorology (BoM) (BoM, 2021)() and Scientific Information for Land Owners (SILO) (Queensland Government, 2021) Climate change effects on these parameters were investigated.  
	Historical records of rainfall, temperature and evaporation were collected and analysed for the surrounding are from Bureau of Meteorology (BoM) (BoM, 2021)() and Scientific Information for Land Owners (SILO) (Queensland Government, 2021) Climate change effects on these parameters were investigated.  


	Regional catchment 
	Regional catchment 
	Regional catchment 

	Hawkesbury-Nepean regional catchment available on SEED (NSW Government, 2021) 
	Hawkesbury-Nepean regional catchment available on SEED (NSW Government, 2021) 


	Watercourses and local catchment 
	Watercourses and local catchment 
	Watercourses and local catchment 

	Local watercourses were identified using NSW Hydroline GIS data available from SEED (NSW Government, 2021). The local catchment was delineated for the Hydrology and Hydraulic Assessment Report (SMEC, 2021) 
	Local watercourses were identified using NSW Hydroline GIS data available from SEED (NSW Government, 2021). The local catchment was delineated for the Hydrology and Hydraulic Assessment Report (SMEC, 2021) 


	Wetlands 
	Wetlands 
	Wetlands 

	A desktop review was undertaken of the SEED mapping database (NSW Government, 2021)for State Environmental Planning Policy (Coastal Management) 2018 for coastal wetland, NSW wetland and Ramsar wetlands and Nationally Important Wetland datasets 
	A desktop review was undertaken of the SEED mapping database (NSW Government, 2021)for State Environmental Planning Policy (Coastal Management) 2018 for coastal wetland, NSW wetland and Ramsar wetlands and Nationally Important Wetland datasets 


	Surface water quality  
	Surface water quality  
	Surface water quality  

	Desktop review of water quality data from a WaterNSW monitoring station (WaterNSW, 2021) and Penrith City Council was collected to identify baseline conditions for the surface water environment in the vicinity to the proposal.  
	Desktop review of water quality data from a WaterNSW monitoring station (WaterNSW, 2021) and Penrith City Council was collected to identify baseline conditions for the surface water environment in the vicinity to the proposal.  


	Flooding 
	Flooding 
	Flooding 

	Review of the Mulgoa Road Upgrade Stage 2, 5A and 5B Concept Design & REF Hydrology and Hydraulics Assessment Report (SMEC, 2021) 
	Review of the Mulgoa Road Upgrade Stage 2, 5A and 5B Concept Design & REF Hydrology and Hydraulics Assessment Report (SMEC, 2021) 


	Soils, geology and hydrogeology 
	Soils, geology and hydrogeology 
	Soils, geology and hydrogeology 

	Desktop review of the eSpade web database (DPIE, 2021) for geology, soil landscapes, acid sulfate soils and hydrogeological landscapes 
	Desktop review of the eSpade web database (DPIE, 2021) for geology, soil landscapes, acid sulfate soils and hydrogeological landscapes 


	Acid sulfate soils 
	Acid sulfate soils 
	Acid sulfate soils 

	Desktop review of the eSpade web database (DPIE, 2021) for geology, soil landscapes, acid sulfate soils and hydrogeological landscapes 
	Desktop review of the eSpade web database (DPIE, 2021) for geology, soil landscapes, acid sulfate soils and hydrogeological landscapes 


	Contamination 
	Contamination 
	Contamination 

	Desktop review of the NSW EPA list of notified sites and record of notices to identify contaminated sites in the area (NSW EPA, 2021). 
	Desktop review of the NSW EPA list of notified sites and record of notices to identify contaminated sites in the area (NSW EPA, 2021). 
	Review of Mulgoa Road upgrade, Glenmore Parkway to Jeanette Street, Blaikie Road to Jamison Road and Jamison Road to Union Road -Contamination Detailed Site Investigation Report (Aurecon, 2021) 


	Groundwater levels and quality 
	Groundwater levels and quality 
	Groundwater levels and quality 

	Review of Australian Groundwater Explorer and WaterNSW real-time data to identify boreholes within one kilometre of the proposal area and available groundwater information (WaterNSW, 2021; BoM, 2021) 
	Review of Australian Groundwater Explorer and WaterNSW real-time data to identify boreholes within one kilometre of the proposal area and available groundwater information (WaterNSW, 2021; BoM, 2021) 


	Groundwater dependant ecosystems 
	Groundwater dependant ecosystems 
	Groundwater dependant ecosystems 

	Review of the Groundwater Dependent Ecosystems (GDEs) Atlas to identify GDEs within one kilometre of the proposal area  (BoM, 2021) 
	Review of the Groundwater Dependent Ecosystems (GDEs) Atlas to identify GDEs within one kilometre of the proposal area  (BoM, 2021) 


	Water users 
	Water users 
	Water users 

	Review of WaterNSW groundwater register to identify groundwater users within one kilometre downstream of the proposal (WaterNSW, 2021).  
	Review of WaterNSW groundwater register to identify groundwater users within one kilometre downstream of the proposal (WaterNSW, 2021).  




	Task 
	Task 
	Task 
	Task 
	Task 

	Approach overview 
	Approach overview 


	Construction impact assessment 
	Construction impact assessment 
	Construction impact assessment 



	Surface water 
	Surface water 
	Surface water 
	Surface water 

	Qualitative assessment of potential impacts to surface water quality and hydrology as a result of construction activities. 
	Qualitative assessment of potential impacts to surface water quality and hydrology as a result of construction activities. 


	Groundwater 
	Groundwater 
	Groundwater 

	Qualitative assessment of potential impacts to groundwater quality and levels as a result of construction activities. 
	Qualitative assessment of potential impacts to groundwater quality and levels as a result of construction activities. 


	Soils 
	Soils 
	Soils 

	Qualitative assessment of potential erosion and sedimentation impacts during construction.  
	Qualitative assessment of potential erosion and sedimentation impacts during construction.  


	Operational impact assessment 
	Operational impact assessment 
	Operational impact assessment 


	Surface water 
	Surface water 
	Surface water 

	MUSIC modelling was undertaken by SMEC to estimate change in flow and pollutant loads as a result of the proposal. The modelling results were reviewed and assessed qualitatively in terms of stormwater impacts to receiving waterways. 
	MUSIC modelling was undertaken by SMEC to estimate change in flow and pollutant loads as a result of the proposal. The modelling results were reviewed and assessed qualitatively in terms of stormwater impacts to receiving waterways. 
	Qualitative assessment of other potential surface water quality and quantity impacts during operation. The Penrith Council WSUD Technical guidelines (Penrith City Council, 2015)(Penrith City Council 2015) and NSW MUSIC modelling guidelines (BMT WBM 2015) (BMT WBM, 2015) were used to establish hydrology and pollutant modelling parameters.  


	Groundwater 
	Groundwater 
	Groundwater 

	Qualitative assessment of potential impacts to groundwater quality and levels during operation. 
	Qualitative assessment of potential impacts to groundwater quality and levels during operation. 




	2.2 Study area 
	The surface water assessment study area is limited to the creek crossings, lakes and the stretch of the Nepean River from 200 m upstream of the Mulgoa Creek confluence near Martin Street to 200 m downstream from Penrith Weir below the confluence with Peach Tree Creek.  
	The groundwater assessment study area has been defined as the area between Mulgoa Road and the Nepean River bounded in the south by Mulgoa Creek and in the north by the Great western Highway. There are numerous registered bores in the study area licenced to be used for irrigation, monitoring and water supply. 
	The study areas are shown in 
	The study areas are shown in 
	Figure 2-1
	Figure 2-1

	.   

	 
	Figure
	Figure 2-1 Surface water and groundwater study areas  
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	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
	Table 3-1
	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 frameworks with respect to the proposal. 

	Greater detail on the legislation, guidelines and policies listed and relevance to the proposal are presented in detail in Appendix A. 
	Table 3-1 NSW legislation, policy, and guidelines (groundwater and surface water) 
	Document 
	Document 
	Document 
	Document 
	Document 

	Relevance 
	Relevance 



	Fisheries Management Act 1994 (FM Act) 
	Fisheries Management Act 1994 (FM Act) 
	Fisheries Management Act 1994 (FM Act) 
	Fisheries Management Act 1994 (FM Act) 

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


	NSW Aquifer Interference Policy (2012) 
	NSW Aquifer Interference Policy (2012) 
	NSW Aquifer Interference Policy (2012) 

	Aquifer interference projects (i.e. 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. 
	Aquifer interference projects (i.e. 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) 
	NSW State Groundwater Dependent Ecosystems Policy (2002) 
	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. 
	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) 
	NSW State Groundwater Quality Protection Policy (1998) 
	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. 
	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 (2006) 
	NSW Water Quality and River Flow Objectives (2006) 
	NSW Water Quality and River Flow Objectives (2006) 

	Not directly applicable, as at the time the environmental objectives were approved by the Government (September 1999) the Healthy Rivers Commission had completed or substantially completed public inquiries for the catchments of the Clarence, Hawkesbury-Nepean, Williams and Shoalhaven rivers. The Healthy Rivers Commission recommended WQOs in its Final Reports for these catchments, as detailed below. 
	Not directly applicable, as at the time the environmental objectives were approved by the Government (September 1999) the Healthy Rivers Commission had completed or substantially completed public inquiries for the catchments of the Clarence, Hawkesbury-Nepean, Williams and Shoalhaven rivers. The Healthy Rivers Commission recommended WQOs in its Final Reports for these catchments, as detailed below. 


	Protection of the Environment Operations Act 1997 
	Protection of the Environment Operations Act 1997 
	Protection of the Environment Operations Act 1997 

	The activities required for this proposal currently do not trigger the requirement for an environmental protection licence with respect to groundwater and surface water Should a sediment basin be proposed during detailed design, an environmental protection licence would be required. 
	The activities required for this proposal currently do not trigger the requirement for an environmental protection licence with respect to groundwater and surface water Should a sediment basin be proposed during detailed design, an environmental protection licence would be required. 


	Water Act 1912, Water Management Act 2000 and Water Management (General) Regulation 2011 
	Water Act 1912, Water Management Act 2000 and Water Management (General) Regulation 2011 
	Water Act 1912, Water Management Act 2000 and Water Management (General) Regulation 2011 

	The proposal is considered an exempt controlled activity under the Water Management Act 2000 as it is a major project. 
	The proposal is considered an exempt controlled activity under the Water Management Act 2000 as it is a major project. 


	Water Sharing Plan for the Greater Metropolitan Region Groundwater Sources (2011) 
	Water Sharing Plan for the Greater Metropolitan Region Groundwater Sources (2011) 
	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 2000WMA, a plan for the sharing of water must protect each water source and its dependent ecosystems and must protect basic landholder rights.  
	Water sharing plans provide a legislative basis for sharing water between the environment and consumptive purposes. Under the Water Management Act 2000WMA, 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. 




	Document 
	Document 
	Document 
	Document 
	Document 

	Relevance 
	Relevance 



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

	Under the Water Management Act 2000 Management 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. 
	Under the Water Management Act 2000 Management 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 Hawkesbury and Lower Nepean Rivers Water Source as per the Water Sharing Plan. 




	3.2 National framework 
	Table 3-2
	Table 3-2
	Table 3-2

	 presents Australian legislation, policies, guidelines, and statutory requirements associated with surface water and groundwater assessments, along with the relevance of these frameworks with respect to the proposal. 

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

	Relevance 
	Relevance 



	Australian and New Zealand Guidelines for Fresh and Marine Water Quality (ANZECC & ARMCANZ, 2000) 
	Australian and New Zealand Guidelines for Fresh and Marine Water Quality (ANZECC & ARMCANZ, 2000) 
	Australian and New Zealand Guidelines for Fresh and Marine Water Quality (ANZECC & ARMCANZ, 2000) 
	Australian and New Zealand Guidelines for Fresh and Marine Water Quality (ANZECC & ARMCANZ, 2000) 

	Construction and operation of the proposal must account for the aims of the Australian National Water Quality Management Strategy (NWQMS) to achieve the sustainable use of Australia’s and New Zealand’s water resources by protecting and enhancing their quality. This has been superseded by (ANZG, 2018). 
	Construction and operation of the proposal must account for the aims of the Australian National Water Quality Management Strategy (NWQMS) to achieve the sustainable use of Australia’s and New Zealand’s water resources by protecting and enhancing their quality. This has been superseded by (ANZG, 2018). 


	Guidelines for groundwater quality protection in Australia (2013) 
	Guidelines for groundwater quality protection in Australia (2013) 
	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. 
	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) 
	National Water Quality Management Strategy (2018) 
	National Water Quality Management Strategy (2018) 

	The proposal has the potential to impact water quality within the Nepean 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. 
	The proposal has the potential to impact water quality within the Nepean 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) 
	Australian and New Zealand Guidelines for Fresh and Marine Water Quality (ANZG, 2018) 
	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. 
	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. 




	 
	4 
	4 
	Existing environment
	 
	Span

	4.1 Climate 
	4.1.1
	4.1.1
	 Historical records 

	The Bureau of Meteorology database was used to identify weather observation stations close to the study area. The identified stations were further assessed to determine the most representative set of records. Orchard Hills Treatment Works (067084) station’s data record was selected as the representative record, given the longer and more complete dataset. The summary of the chosen rainfall gauge is presented in 
	The Bureau of Meteorology database was used to identify weather observation stations close to the study area. The identified stations were further assessed to determine the most representative set of records. Orchard Hills Treatment Works (067084) station’s data record was selected as the representative record, given the longer and more complete dataset. The summary of the chosen rainfall gauge is presented in 
	Table 4-1
	Table 4-1

	.  

	Table 4-1 Local rainfall gauge metadata 
	Gauge ID 
	Gauge ID 
	Gauge ID 
	Gauge ID 
	Gauge ID 

	Location 
	Location 

	Distance (km) 
	Distance (km) 

	Elevation (m) 
	Elevation (m) 

	Years active 
	Years active 

	Percent complete 
	Percent complete 

	MAP* 
	MAP* 



	067084 
	067084 
	067084 
	067084 

	Orchard Hills Treatment Works 
	Orchard Hills Treatment Works 

	5.8 
	5.8 

	93 
	93 

	Dec 1970 – Jan 2020 [50 years] 
	Dec 1970 – Jan 2020 [50 years] 

	97% 
	97% 

	780 
	780 


	*Mean Annual Precipitation (MAP) is calculated over the years with complete datasets 
	*Mean Annual Precipitation (MAP) is calculated over the years with complete datasets 
	*Mean Annual Precipitation (MAP) is calculated over the years with complete datasets 




	 
	Orchard Hills Treatment Works (067084) station’s data record was selected as the representative record, given the longer and more complete dataset. 
	Representative evaporation data was sourced from the SILO (Scientific Information for Land Owners) database (Queensland Government, 2021). The metadata associated with the station closest to gauge site is summarised in 
	Representative evaporation data was sourced from the SILO (Scientific Information for Land Owners) database (Queensland Government, 2021). The metadata associated with the station closest to gauge site is summarised in 
	Table 4-2
	Table 4-2

	. Based on similar considerations mentioned above, the Orchard Hills dataset was considered most appropriate and used to characterise the expected pan evaporation rates for the project site. 

	Table 4-2 Local evaporation gauge metadata 
	Gauge ID 
	Gauge ID 
	Gauge ID 
	Gauge ID 
	Gauge ID 

	Location 
	Location 

	Elevation (m) 
	Elevation (m) 

	Data availability 
	Data availability 

	MAE (mm) 
	MAE (mm) 



	67084 
	67084 
	67084 
	67084 

	Orchard Hills Treatment Works 
	Orchard Hills Treatment Works 

	93 
	93 

	Jan 1970 – April 2020 
	Jan 1970 – April 2020 

	1,459 
	1,459 


	*Mean Annual Evaporation (MAE) is calculated over the years with complete datasets 
	*Mean Annual Evaporation (MAE) is calculated over the years with complete datasets 
	*Mean Annual Evaporation (MAE) is calculated over the years with complete datasets 




	 
	Review of the historical data (1971-2021) associated with this station reveals a variable annual rainfall rate. Wetter years, i.e. 1978 and 1990, may experience rainfall in excess of 1,200 mm and drier years record less than 500 mm. The pan evaporation data fluctuates between 1,200 mm and 1,900 mm with an increasing trend observed in the total annual evaporation since 2012. 
	The monthly rainfall and evaporation data for Orchard Hills are shown in 
	The monthly rainfall and evaporation data for Orchard Hills are shown in 
	Figure 4-1
	Figure 4-1

	. This monthly breakdown, data suggests rainfall throughout the year but that generally November to May” are wetter months and June to October are dryer months.  

	 
	Figure 4-1 Range of total monthly rainfall and evaporation (1971-2019) 
	Notes: Whiskers show 10th and 90th percentiles. Boxes depict median values, upper and lower quartiles. Trend lines reflect monthly averages. 
	A summary of temperature variation at Orchard Hills Treatment Works (067084) is provided in 
	A summary of temperature variation at Orchard Hills Treatment Works (067084) is provided in 
	Figure 4-2
	Figure 4-2

	. Analysis of these records, presented in 
	Figure 4-2
	Figure 4-2

	, indicates 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. 

	 
	Figure 4-2 Monthly maximum and minimum temperature ranges (1971- 1989) 
	Notes: Whiskers show 10th and 90th percentiles. Boxes depict median values, upper and lower quartiles. 
	4.1.2
	4.1.2
	 Climate change 

	Consideration of potential climate change is a crucial factor in assessing the future water resources, as it has the potential to influence the general environmental water balance as well as groundwater availability, soil and water salinity and water quality. The NSW Office of Environment and Heritage (OEH) has published several documents detailing the expected effects of climate change on water resources. Study results documented in a 2015 report, “Climate change impacts on surface runoff and recharge to g
	Utilising NARCliM (the NSW and ACT Regional Climate Modelling project), which is an ensemble of regional climate projections for south-east Australia, the OEH study predicted near future (2020-2039) and far future (2060-2079) changes to rainfall, runoff and recharge to groundwater. 
	Utilising NARCliM (the NSW and ACT Regional Climate Modelling project), which is an ensemble of regional climate projections for south-east Australia, the OEH study predicted near future (2020-2039) and far future (2060-2079) changes to rainfall, runoff and recharge to groundwater. 
	Table 4-3
	Table 4-3

	 presents a summary of the statistical analysis for Metropolitan Sydney. 

	Table 4-3 Percent changes to multi-model mean annual rainfall, surface runoff and recharge  
	 
	 
	 
	 
	 

	Percentage change in near future (2020-2039) 
	Percentage change in near future (2020-2039) 

	Percent change in far future 
	Percent change in far future 
	(2060-2079) 



	State planning region 
	State planning region 
	State planning region 
	State planning region 

	Rainfall 
	Rainfall 

	Runoff 
	Runoff 

	Recharge 
	Recharge 

	Rainfall 
	Rainfall 

	Runoff 
	Runoff 

	Recharge 
	Recharge 


	Metropolitan Sydney 
	Metropolitan Sydney 
	Metropolitan Sydney 

	0.4 
	0.4 

	4.0 
	4.0 

	-5.0 
	-5.0 

	8.1 
	8.1 

	17.6 
	17.6 

	12.5 
	12.5 




	 
	The results of this model for the Hawkesbury catchment are presented in 
	The results of this model for the Hawkesbury catchment are presented in 
	Table 4-4
	Table 4-4

	. In summary, the study predicted that changes in near future, were likely to be a reduction in the rainfall and recharge to the groundwater and increase in the surface runoff, while in far future, the model predicted an increase in all three parameters (rainfall, surface runoff and recharge to the groundwater). 

	Table 4-4 Percentage change in rainfall, runoff and groundwater recharge for the Hawkesbury catchment 
	 
	 
	 
	 
	 

	Percentage change in near future (2020-2039) 
	Percentage change in near future (2020-2039) 

	Percent change in far future 
	Percent change in far future 
	(2060-2079) 



	State planning region 
	State planning region 
	State planning region 
	State planning region 

	Rainfall 
	Rainfall 

	Runoff 
	Runoff 

	Recharge 
	Recharge 

	Rainfall 
	Rainfall 

	Runoff 
	Runoff 

	Recharge 
	Recharge 


	Hawkesbury Nepean Catchment 
	Hawkesbury Nepean Catchment 
	Hawkesbury Nepean Catchment 

	-0.1 
	-0.1 

	0.9 
	0.9 

	-9.3 
	-9.3 

	6.1 
	6.1 

	13.4 
	13.4 

	5.6 
	5.6 




	 
	Understanding of the physical processes that cause extreme rainfall, coupled with modelled projections, indicate with high confidence a future increase in the intensity of extreme rainfall events, although the magnitude of the increases cannot be confidently projected. The publication does not provide details regarding changes to flood-producing rainfall events other than to confirm that changes to rainfall intensity are predicted. 
	The ”Practical Consideration of Climate Change” (NSW Government Department of Environment and Climate Change, 2007) publication references modelling carried out by the CSIRO in 2007 for the NSW Government to assess the impacts of climate change on rainfall intensities. The results showed a trend of increased rainfall intensities for the 40-year ARI one‐day rainfall event across New South Wales (
	The ”Practical Consideration of Climate Change” (NSW Government Department of Environment and Climate Change, 2007) publication references modelling carried out by the CSIRO in 2007 for the NSW Government to assess the impacts of climate change on rainfall intensities. The results showed a trend of increased rainfall intensities for the 40-year ARI one‐day rainfall event across New South Wales (
	Table 4-5
	Table 4-5

	). 

	Table 4-5 CSIRO indicative change in rainfall and evaporation one-day total (CSIRO, 2007) 
	Location 
	Location 
	Location 
	Location 
	Location 

	40 Year 1-day rainfall total projected change 2030 
	40 Year 1-day rainfall total projected change 2030 

	40 Year 1-day rainfall total projected change 2070 
	40 Year 1-day rainfall total projected change 2070 

	Evaporation projected change 2030 
	Evaporation projected change 2030 

	Evaporation projected change 2070  
	Evaporation projected change 2070  



	Sydney Metropolitan 
	Sydney Metropolitan 
	Sydney Metropolitan 
	Sydney Metropolitan 

	-3% to +12% 
	-3% to +12% 

	-7% to +10% 
	-7% to +10% 

	+1% to +8% 
	+1% to +8% 

	+2% to +24% 
	+2% to +24% 


	Hawkesbury Nepean  
	Hawkesbury Nepean  
	Hawkesbury Nepean  

	-3% to +12% 
	-3% to +12% 

	-7% to +10% 
	-7% to +10% 

	+1% to +8% 
	+1% to +8% 

	+2% to +24% 
	+2% to +24% 


	New South Wales Average 
	New South Wales Average 
	New South Wales Average 

	-2% to +15% 
	-2% to +15% 

	-1% to +15% 
	-1% to +15% 

	+1% to +12%  
	+1% to +12%  

	+3% to +38% 
	+3% to +38% 




	 
	These expected rainfall and evaporation changes largely support the predictions presented in 
	These expected rainfall and evaporation changes largely support the predictions presented in 
	Table 4-4
	Table 4-4

	, as higher intensity storms will result in higher runoff volumes, whereas the increased evaporation rates will likely lead to reduced recharge, as suggested in the near future results. 

	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. (Office of Environemnt and Heritage, 2014). 
	4.2 Geology and soils 
	4.2.1
	4.2.1
	 Local geology 

	The proposal area is mainly underlain by black to light grey shale and laminate of Ashfield Shale from the Wianamatta Group. Alluvial terrace deposits of sand and gravels, silt, clay, fluvially deposited sand and polymictic gravels are present just to the north of this area. Alluvial fan deposits of quartz lithic sand, silt, gravel and clay is also present in an area along and parallel to Glenmore Parkway to the south.  
	The remainder of the proposal area is situated on top of alluvial terrace deposits of silt, clay, fine to medium grained quartz-lithic sand, polymictic gravel east of Nepean River. 
	Local geology is presented in 
	Local geology is presented in 
	Table 4-6
	Table 4-6

	 and 
	Figure 4-3
	Figure 4-3

	. 
	Table 4-6
	Table 4-6

	 presents a summary of the geological units within and around the proposal area, including relative age, geological mapping symbols, and unit descriptions. 

	Table 4-6 Summary of geological units (seamless geology) 
	Age range 
	Age range 
	Age range 
	Age range 
	Age range 

	Geological symbol 
	Geological symbol 

	Stratigraphy 
	Stratigraphy 

	Description 
	Description 

	Dominant lithology 
	Dominant lithology 



	Neogene (base) to Present (top) 
	Neogene (base) to Present (top) 
	Neogene (base) to Present (top) 
	Neogene (base) to Present (top) 

	CZ_ath 
	CZ_ath 

	/Alluvium//Alluvial terrace deposits/Alluvial terrace deposits - high-stand facies/ 
	/Alluvium//Alluvial terrace deposits/Alluvial terrace deposits - high-stand facies/ 

	High-level terrace deposits of sand and gravel. 
	High-level terrace deposits of sand and gravel. 

	Sand 
	Sand 


	Quaternary (base) to Present (top) 
	Quaternary (base) to Present (top) 
	Quaternary (base) to Present (top) 

	Q_at 
	Q_at 

	/Alluvium//Alluvial terrace deposits// 
	/Alluvium//Alluvial terrace deposits// 

	Silt, clay, (fluvially-deposited) fine- to medium-grained quartz-lithic sand, polymictic gravel. 
	Silt, clay, (fluvially-deposited) fine- to medium-grained quartz-lithic sand, polymictic gravel. 

	Clastic sediment 
	Clastic sediment 


	Middle Triassic (base) to Middle Triassic (top) 
	Middle Triassic (base) to Middle Triassic (top) 
	Middle Triassic (base) to Middle Triassic (top) 

	Twia 
	Twia 

	/Wianamatta Group//Ashfield Shale// 
	/Wianamatta Group//Ashfield Shale// 

	Black to light grey shale and laminite. 
	Black to light grey shale and laminite. 

	Shale 
	Shale 


	Quaternary (base) to Present (top) 
	Quaternary (base) to Present (top) 
	Quaternary (base) to Present (top) 

	Q_avf 
	Q_avf 

	/Alluvium//Alluvial valley deposits/Alluvial fan deposits/ 
	/Alluvium//Alluvial valley deposits/Alluvial fan deposits/ 

	Fluvially-deposited quartz-lithic sand, silt, gravel, clay. 
	Fluvially-deposited quartz-lithic sand, silt, gravel, clay. 

	Clastic sediment 
	Clastic sediment 




	 
	  
	 
	Figure
	Figure 4-3 Local geology  
	4.2.2
	4.2.2
	 Soil landscapes 

	The majority of the proposal area is located within the Richmond soil landscape, described as Quaternary terraces of the Nepean and Georges Rivers. Mainly flat (slopes <1%). Splays and levees provide local relief (<3 m). Tree cover, now almost completely cleared, was formerly a low open-woodland (dry sclerophyll). 
	The proposal area between Glenmore Parkway and Jeanette street is situated within the Luddenham soil landscape, described as undulating to rolling low hills on Wianamatta Group shales, often associated with Minchinbury Sandstone. Local relief 50–80 m, slopes 5–20%. Narrow ridges, hillcrests and valleys. Extensively cleared tall open forest (wet sclerophyll forest).  
	A small section, including the proposed laydown area further south along Glenmore Parkway is located within the Blacktown soil landscape, described as gently undulating rises on Wianamatta Group shales. Local relief to 30 m, slopes usually >5%. Broad rounded crests and ridges with gently inclined slopes. Cleared Eucalypt woodland and tall open-forest (dry schlerophyll forest). The landscapes are presented in 
	A small section, including the proposed laydown area further south along Glenmore Parkway is located within the Blacktown soil landscape, described as gently undulating rises on Wianamatta Group shales. Local relief to 30 m, slopes usually >5%. Broad rounded crests and ridges with gently inclined slopes. Cleared Eucalypt woodland and tall open-forest (dry schlerophyll forest). The landscapes are presented in 
	Figure 4-4
	Figure 4-4

	. 

	The key characteristics and limitations to development of the NSW soil landscapes are presented in 
	The key characteristics and limitations to development of the NSW soil landscapes are presented in 
	Table 4-7
	Table 4-7

	 and soil landscape reports are compiled in Appendix B. 

	Table 4-7 Summary of soil landscape key characteristics and key limitations. 
	Soil Landscape 
	Soil Landscape 
	Soil Landscape 
	Soil Landscape 
	Soil Landscape 

	Key Characteristics 
	Key Characteristics 

	Key Limitations of the soil landscape 
	Key Limitations of the soil landscape 



	Richmond 
	Richmond 
	Richmond 
	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. 
	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. 

	 Moderate erodibility 
	 Moderate erodibility 
	 Moderate erodibility 
	 Moderate erodibility 

	 Erosion hazard for concentrated flows is moderate to high 
	 Erosion hazard for concentrated flows is moderate to high 

	 Flood Hazard (localised) 
	 Flood Hazard (localised) 

	 Seasonal waterlogging (localised) 
	 Seasonal waterlogging (localised) 

	 Water erosion hazard (localised) 
	 Water erosion hazard (localised) 




	Luddenham 
	Luddenham 
	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. 
	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. 

	 Moderate to high erodibility 
	 Moderate to high erodibility 
	 Moderate to high erodibility 
	 Moderate to high erodibility 

	 Erosion hazard for non-concentrated flows is moderate to high 
	 Erosion hazard for non-concentrated flows is moderate to high 

	 Erosion hazard for concentrated flows is high to very high 
	 Erosion hazard for concentrated flows is high to very high 

	 Water erosion hazard,  
	 Water erosion hazard,  

	 steep slopes (localised),  
	 steep slopes (localised),  

	 Mass movement hazard (localised) 
	 Mass movement hazard (localised) 




	Blacktown 
	Blacktown 
	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. 
	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. 

	 Moderate to high erodibility 
	 Moderate to high erodibility 
	 Moderate to high erodibility 
	 Moderate to high erodibility 

	 Erosion hazard for non-concentrated flows is slight to moderate 
	 Erosion hazard for non-concentrated flows is slight to moderate 

	 Erosion hazard for concentrated flows is moderate to high  
	 Erosion hazard for concentrated flows is moderate to high  

	 Seasonal waterlogging (localised) 
	 Seasonal waterlogging (localised) 

	 Water erosion hazard (localised) 
	 Water erosion hazard (localised) 

	 Surface movement potential (localised). 
	 Surface movement potential (localised). 






	 
	  
	 
	Figure
	Figure 4-4 Soil landscapes  
	4.2.3
	4.2.3
	 Acid sulfate soils 

	Acid sulfate soils include those where the soil pH is below four (actual acid sulfate soil) and those which may form actual acid sulfate soil when drained or exposed to oxidisation processes (ie the exposure of iron sulfate minerals such as pyrite to oxygen). Acid sulfate soil occurs predominantly on coastal lowlands, with elevations generally below five metres.  
	A review of information available through eSpade (Department of Planning, Industry and Environment, 2021) indicates that the proposal area is not located within an acid sulfate soils risk area. 
	4.2.4
	4.2.4
	 Hydrological soil groups 

	The proposal is located in an area containing group D soils from the hydrologic soil group classification (Department of Planning, Industry and Environment, 2021). The hydrological characteristics of these soils will affect surface water runoff and groundwater recharge due to their moderate to high runoff potential when saturated. These affects are most relevant to the construction phase of the proposal, 
	The proposal is located in an area containing group D soils from the hydrologic soil group classification (Department of Planning, Industry and Environment, 2021). The hydrological characteristics of these soils will affect surface water runoff and groundwater recharge due to their moderate to high runoff potential when saturated. These affects are most relevant to the construction phase of the proposal, 
	Figure 4-5
	Figure 4-5

	. 

	Soils in group D have high runoff 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)  
	  
	 
	Figure
	Figure 4-5 Hydrological soil groups  
	4.2.5
	4.2.5
	 Salinity 

	Salinity is the accumulation of salts in soil and water to levels that impact on human and natural assets (e.g. plants, animals, aquatic ecosystems, water supplies, agriculture and infrastructure). Salinity occurs where salt in the landscape is mobilised and redistributed closer to the soil surface and/or into waterways by rising groundwater. Rising groundwater is commonly caused by removal of deep-rooted vegetation such as trees and perennial pasture. It is also caused by changes in soil permeability and s
	The areas around Surveyors Creek (just to the north of Blaikie Road) and School House Creek) have been mapped as high salinity potential (Hills Environmental, 2015).This means these areas are predisposed to salinity due to soil, geology, topography and groundwater conditions. The remainder of the site has a moderate salinity potential, which means that scattered areas of scalding and indicator vegetation have been noted but concentrations have not been mapped. 
	4.3 Catchment and surface water 
	4.3.1
	4.3.1
	 Regional surface water environment 

	The Nepean River is the longest river within the 21,400 km2 Hawkesbury-Nepean catchment. The Nepean River’s headwaters are located near Robertson, NSW at around 766 m above sea level before flowing northerly through the Nepean Dam around 178 km to its confluence with the Grose River where it becomes the Hawkesbury River at around 1.8 m above sea level. The Nepean River is fed from a number of westerly flowing tributaries, including the Avon, Cordeaux and Cataract rivers (NSW Government, 2010) (Australian Go
	Major water users in the Hawkesbury-Nepean catchment include WaterNSW, local councils, agriculture (irrigation), tourism, fishing and oyster industries, and various recreational users (DPI, 2021).  
	Whilst the catchment is considered unregulated, river flows are heavily controlled by five major dams and various major weirs. All of the major storages are located upstream of the proposal including the Avon, Cataract, Cordeaux, Nepean, and Warragamba dams (DPI, 2021). 
	Land use within the Nepean River catchment upstream of the proposal is currently predominantly forested within the upper catchment supplying the major storages, before becoming predominantly rural and agricultural with some peri-urban and urban land dispersed throughout the catchment.  
	The regional catchment and major tributaries are shown in 
	The regional catchment and major tributaries are shown in 
	Figure 4-6
	Figure 4-6

	.  
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	Figure 4-6 Regional surface water environment  
	4.3.2
	4.3.2
	 Surface water sharing plan 

	The proposal area is located within the Lower Nepean River Management Zone designated by the Water Sharing for the Greater Metropolitan Region Unregulated River Water Sources, 2011, where management zone has a high level of economic dependence on water extraction for irrigation and town and/or industry water supplies. The access rules relating to the Lower Nepean River Management Zone include environmental flow protections, limiting access to very low flows for crop survival watering, trading rules and rule
	4.3.3
	4.3.3
	 Topography 

	The site topography along the proposal area is relatively flat, with elevations ranging between 28 mAHD to 38 mAHD. In the southern part of the proposal area the topography is slightly undulating and slightly more elevated than other areas, before becoming relatively flat from Surveyors Creek northwards, 
	The site topography along the proposal area is relatively flat, with elevations ranging between 28 mAHD to 38 mAHD. In the southern part of the proposal area the topography is slightly undulating and slightly more elevated than other areas, before becoming relatively flat from Surveyors Creek northwards, 
	Figure 4-7
	Figure 4-7

	. 

	  
	 
	Figure
	Figure 4-7 Topography  
	4.3.4
	4.3.4
	 Local surface water environment 

	Local watercourses 
	Four waterways, traverse the proposal corridor, listed below from north to south: 
	• Showground Creek Channel (1st order stream and tributary to Peach Tree Creek) 
	• Showground Creek Channel (1st order stream and tributary to Peach Tree Creek) 
	• Showground Creek Channel (1st order stream and tributary to Peach Tree Creek) 

	• Racecourse Creek Channel (2nd order stream and tributary to Peach Tree Creek) 
	• Racecourse Creek Channel (2nd order stream and tributary to Peach Tree Creek) 

	• Surveyors Creek (4th order stream and tributary to Peach Tree Creek) 
	• Surveyors Creek (4th order stream and tributary to Peach Tree Creek) 

	• School House Creek (2nd order stream and tributary to Mulgoa Creek). 
	• School House Creek (2nd order stream and tributary to Mulgoa Creek). 


	The tributaries of Peach Tree Creek drain into Peachtree Creek around 600m, 350m and one kilometre downstream of the proposal boundary, respectively. Peachtree Creek flows north easterly, parallel to the proposal before flowing northerly to its confluence with the Nepean River around 1.25 km northwest of the proposal boundary.  
	The upper catchment of Surveyors Creek remains undeveloped rural land, with the lower catchment containing residential and business land use. The Racecourse Creek Channel catchment is predominantly urbanised with residential land and the Showground Creek Channel catchment contains a mix of mostly residential, mixed use and commercial land use. Surveyors Creek, Racecourse Creek Channel and Showground Creek Channel are all hard (concrete) lined within proximity to the proposal. However, Surveyors Creek is gra
	School House Creek flows north westerly across the proposal corridor before flowing westerly to its confluence with Mulgoa Creek around 1.7 km downstream and 0.9 km from the proposal boundary. Mulgoa Creek flows into the Nepean River 30 m further downstream.  The School House Creek channel is unlined and vegetated upstream and downstream of the proposal. School House Creek was observed to be flowing during a Biodiversity inspection (refer Biodiversity Report). 
	Both School House Creek and Surveyors Creek are designated as key fish habitat along with Peach Tree Creek downstream. No threatened species are considered to have a moderate or higher likelihood of occurring within the creek lines of the study area (refer Biodiversity Report). 
	The local waterways are shown in 
	The local waterways are shown in 
	Figure 4-8
	Figure 4-8

	. 

	Wetlands and waterbodies 
	There are no mapped natural wetlands within the study area or within proximity downstream of the proposal boundary. Three artificial water bodies are located north of Jamison Road including two water bodies associated with the Cables Wake Park and Aqua Park and another understood to be for Aqua Golf. These are offline water bodies and are shown in 
	There are no mapped natural wetlands within the study area or within proximity downstream of the proposal boundary. Three artificial water bodies are located north of Jamison Road including two water bodies associated with the Cables Wake Park and Aqua Park and another understood to be for Aqua Golf. These are offline water bodies and are shown in 
	Figure 4-8
	Figure 4-8

	. 

	  
	 
	Figure
	Figure 4-8 Local surface water environment  
	Sensitive receiving surface water environments 
	The Biodiversity Report indicated that the creeks within the study area only provide limited potential habitat for common riparian species including macroinvertebrates and highly mobile water birds. Surveyors Creek, Racecourse Creek Channel and Showground Creek Channel are impacted by upstream urban catchments, channelization, installation of culverts and other disturbances to hydrological flows and the potential for fish passage.  
	Whilst School House Creek is currently designated as key fish habitat, has well established riparian corridor, an abundance of aquatic and terrestrial vegetation (refer Biodiversity Report) and a natural bed and bank form, its hydrology, fish passage and water quality are impacted by its upstream urban catchment and installation of culverts. 
	Therefore, none of the receiving waterways are considered to be sensitive environments. 
	Sensitive downstream surface water environments 
	Peach Tree Creek and the Nepean River are considered to be sensitive downstream environments. 
	4.3.5
	4.3.5
	 Surface water quality 

	Environmental values and guidelines 
	The ANZG Water Quality Guidelines (ANZG, 2018) have been used as the basis for the surface water assessment. The preferred approaches to deriving guideline values are usually through the use of field and/or laboratory biological-effects (toxicity) data ANZG 2018. These are expensive to collect, however, and require a lengthy period of monitoring so the proposed approach in this assessment is to derive catchment-specific guideline values based on reference-site data.  
	The Hawksbury-Nepean catchment has no defined current water quality objectives (WQOs), however interim WQOs for the Hawkesbury-Nepean catchment were defined by the Healthy Rivers Commission under Inquiry into the Hawkesbury-Nepean system (HRC, 1998)for nutrients and chlorophyll-a and approved by the NSW government in September 1999. The inquiry recommended that non nutrient criteria be adopted from Environmental values and WQOs and are listed in 
	The Hawksbury-Nepean catchment has no defined current water quality objectives (WQOs), however interim WQOs for the Hawkesbury-Nepean catchment were defined by the Healthy Rivers Commission under Inquiry into the Hawkesbury-Nepean system (HRC, 1998)for nutrients and chlorophyll-a and approved by the NSW government in September 1999. The inquiry recommended that non nutrient criteria be adopted from Environmental values and WQOs and are listed in 
	Table 4-8
	Table 4-8

	 

	Table 4-8 Environmental values and guidelines (HRC, 1998) 
	Environmental Value 
	Environmental Value 
	Environmental Value 
	Environmental Value 
	Environmental Value 

	Indicator 
	Indicator 

	Guideline value 
	Guideline value 

	Key applicability to the proposal 
	Key applicability to the proposal 



	Aquatic ecosystems – maintaining or improving the ecological condition of waterbodies and riparian zones over the long term. ANZECC Guideline Trigger Values for lowland rivers in south-east Australia with slightly disturbed ecosystems indicated. 
	Aquatic ecosystems – maintaining or improving the ecological condition of waterbodies and riparian zones over the long term. ANZECC Guideline Trigger Values for lowland rivers in south-east Australia with slightly disturbed ecosystems indicated. 
	Aquatic ecosystems – maintaining or improving the ecological condition of waterbodies and riparian zones over the long term. ANZECC Guideline Trigger Values for lowland rivers in south-east Australia with slightly disturbed ecosystems indicated. 
	Aquatic ecosystems – maintaining or improving the ecological condition of waterbodies and riparian zones over the long term. ANZECC Guideline Trigger Values for lowland rivers in south-east Australia with slightly disturbed ecosystems indicated. 

	Total Phosphorus (TP) 
	Total Phosphorus (TP) 

	30 μg/L  
	30 μg/L  

	Road runoff during operation  
	Road runoff during operation  


	TR
	Total Nitrogen (TN) 
	Total Nitrogen (TN) 

	500 μg/L  
	500 μg/L  

	Road runoff during operation 
	Road runoff during operation 


	TR
	Chlorophyll-a  
	Chlorophyll-a  

	10-15 μg/L  
	10-15 μg/L  

	Waterway impact due to elevated nutrients in road runoff 
	Waterway impact due to elevated nutrients in road runoff 


	TR
	Turbidity  
	Turbidity  

	6 - 50 Nephelometric Turbidity Unit (NTU)  
	6 - 50 Nephelometric Turbidity Unit (NTU)  

	Sediment laden runoff during construction and operation. 
	Sediment laden runoff during construction and operation. 


	TR
	Salinity (electrical conductivity)  
	Salinity (electrical conductivity)  

	125 – 2,200 μS/cm  
	125 – 2,200 μS/cm  

	Construction discharges 
	Construction discharges 


	TR
	Dissolved Oxygen (DO) 
	Dissolved Oxygen (DO) 

	85 - 110% saturation  
	85 - 110% saturation  

	Road runoff during operation 
	Road runoff during operation 




	Environmental Value 
	Environmental Value 
	Environmental Value 
	Environmental Value 
	Environmental Value 

	Indicator 
	Indicator 

	Guideline value 
	Guideline value 

	Key applicability to the proposal 
	Key applicability to the proposal 



	TBody
	TR
	pH 
	pH 

	6.5 – 8.0 
	6.5 – 8.0 

	Construction discharges 
	Construction discharges 


	TR
	Toxicants 
	Toxicants 

	As per ANZG 2018 toxicant guidelines for slightly to moderately disturbed ecosystems 
	As per ANZG 2018 toxicant guidelines for slightly to moderately disturbed ecosystems 

	Heavy metals in road runoff 
	Heavy metals in road runoff 


	Visual amenity – aesthetic qualities of waters 
	Visual amenity – aesthetic qualities of waters 
	Visual amenity – aesthetic qualities of waters 

	Visual clarity and colour 
	Visual clarity and colour 

	Natural visual clarity should not be reduced by more than 20%. Natural hue of 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%. 
	Natural visual clarity should not be reduced by more than 20%. Natural hue of 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%. 

	Road runoff flowing into drainage lines flowing into South Creek. 
	Road runoff flowing into drainage lines flowing into South Creek. 


	TR
	Surface films and debris  
	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.  
	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 matter.  

	Oils and petrochemicals in road runoff 
	Oils and petrochemicals in road runoff 


	TR
	Nuisance organisms  
	Nuisance organisms  

	Macrophytes, phytoplankton scums, filamentous algal mats, blue-green algae, sewage fungus and leeches should not be present in unsightly amounts  
	Macrophytes, phytoplankton scums, filamentous algal mats, blue-green algae, sewage fungus and leeches should not be present in unsightly amounts  
	No quantitative value specified 

	Potential impact in waterway as a result of nutrient impacts. 
	Potential impact in waterway as a result of nutrient impacts. 


	Secondary contact recreation – maintaining or improving water quality of activities such as boating and wading, where there is a low probability of water being swallowed 
	Secondary contact recreation – maintaining or improving water quality of activities such as boating and wading, where there is a low probability of water being swallowed 
	Secondary contact recreation – maintaining or improving water quality of activities such as boating and wading, where there is a low probability of water being swallowed 

	Faecal coliforms, enterococci, algae and blue-green algae  
	Faecal coliforms, enterococci, algae and blue-green algae  

	As per the Guidelines for managing risks in recreational water (NHMRC, 2008) 
	As per the Guidelines for managing risks in recreational water (NHMRC, 2008) 

	N/A  
	N/A  


	TR
	Nuisance organisms  
	Nuisance organisms  

	As per the visual amenity guidelines.  
	As per the visual amenity guidelines.  
	Large numbers of midges and aquatic works are undesirable.  

	As per the visual amenity relevance. 
	As per the visual amenity relevance. 


	TR
	Chemical contaminants  
	Chemical contaminants  

	Waters containing chemicals that are either toxic or irritating to the skin or mucous membranes are unsuitable of recreation.  
	Waters containing chemicals that are either toxic or irritating to the skin or mucous membranes are unsuitable of recreation.  
	Toxic substances should not exceed values provided in the Guidelines for managing risks in recreational water (NHMRC, 2008) 

	Heavy metals in road runoff 
	Heavy metals in road runoff 


	TR
	Visual clarity and colour  
	Visual clarity and colour  

	As per the visual amenity guidelines.  
	As per the visual amenity guidelines.  

	As per the visual amenity relevance.  
	As per the visual amenity relevance.  


	TR
	Surface films  
	Surface films  

	As per the visual amenity guidelines.  
	As per the visual amenity guidelines.  

	As per the visual amenity relevance. 
	As per the visual amenity relevance. 


	Primary contact recreation – maintaining or improving water quality for activities such as swimming where there is a 
	Primary contact recreation – maintaining or improving water quality for activities such as swimming where there is a 
	Primary contact recreation – maintaining or improving water quality for activities such as swimming where there is a 

	Faecal coliforms, enterococci, algae and blue-green algae  
	Faecal coliforms, enterococci, algae and blue-green algae  

	As per the Guidelines for managing risks in recreational water (NHMRC, 2008) 
	As per the Guidelines for managing risks in recreational water (NHMRC, 2008) 

	N/A 
	N/A 


	TR
	Protozoans  
	Protozoans  

	Pathogenic free-living protozoans should be absent from bodies of fresh water.  
	Pathogenic free-living protozoans should be absent from bodies of fresh water.  

	N/A 
	N/A 




	Environmental Value 
	Environmental Value 
	Environmental Value 
	Environmental Value 
	Environmental Value 

	Indicator 
	Indicator 

	Guideline value 
	Guideline value 

	Key applicability to the proposal 
	Key applicability to the proposal 



	high probability of water being swallowed 
	high probability of water being swallowed 
	high probability of water being swallowed 
	high probability of water being swallowed 

	Chemical contaminants  
	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 values provided in the Guidelines for managing risks in recreational water (NHMRC, 2008) 
	Waters containing chemicals that are either toxic or irritating to the skin or mucus membranes are unsuitable for recreation. Toxic substances should not exceed values provided in the Guidelines for managing risks in recreational water (NHMRC, 2008) 

	Road runoff flowing into drainage lines flowing into South Creek. 
	Road runoff flowing into drainage lines flowing into South Creek. 


	TR
	Visual clarity and colour  
	Visual clarity and colour  

	As per the visual amenity guidelines.  
	As per the visual amenity guidelines.  

	As per the visual amenity relevance. 
	As per the visual amenity relevance. 


	TR
	Temperature  
	Temperature  

	16° - 34°C for prolonged exposure.  
	16° - 34°C for prolonged exposure.  

	Road runoff and construction discharges 
	Road runoff and construction discharges 




	 
	A combination of the WQOs, ANZG 2018 and ANZECC & ARMCANZ (2000) guidelines have be present and adopted water quality objectives are presented in Appendix C 
	 
	Liverpool City Council Monitoring Data 
	A summary of Liverpool City Council monitoring data within the surface water study area are presented in 
	A summary of Liverpool City Council monitoring data within the surface water study area are presented in 
	Table 4-9
	Table 4-9

	 and 
	Table 4-10
	Table 4-10

	, the site  locations are presented in 
	Figure 4-8
	Figure 4-8

	, full dataset is presented in Appendix D. The bolded values are values that exceed the selected WQOs (Appendix C). 

	Table 4-9 Liverpool city council monitoring data – Rowing Club 
	Percentile 
	Percentile 
	Percentile 
	Percentile 
	Percentile 

	Rainfall 24 hours (mm) 
	Rainfall 24 hours (mm) 

	Rainfall 7 days (mm) 
	Rainfall 7 days (mm) 

	pH 
	pH 

	Temperature  (°C)  
	Temperature  (°C)  

	Conductivity  (μS/cm) 
	Conductivity  (μS/cm) 

	Dissolved Oxygen (%) 
	Dissolved Oxygen (%) 

	Dissolved Oxygen (mg/L) 
	Dissolved Oxygen (mg/L) 

	Enterococci (units/100mL) 
	Enterococci (units/100mL) 



	WQOs 
	WQOs 
	WQOs 
	WQOs 

	N/A 
	N/A 

	N/A 
	N/A 

	6.5-8 
	6.5-8 

	16-34 
	16-34 

	125-2200 
	125-2200 

	85-110 
	85-110 

	N/A 
	N/A 

	200 
	200 


	20% 
	20% 
	20% 

	0 
	0 

	0.2 
	0.2 

	7.384 
	7.384 

	22 
	22 

	0.181 
	0.181 

	98.22 
	98.22 

	8.33 
	8.33 

	15 
	15 


	50% 
	50% 
	50% 

	0 
	0 

	6.4 
	6.4 

	7.81 
	7.81 

	23.08 
	23.08 

	0.27 
	0.27 

	120.3 
	120.3 

	9.45 
	9.45 

	35 
	35 


	80% 
	80% 
	80% 

	1.6 
	1.6 

	25.01 
	25.01 

	8.75 
	8.75 

	25.46 
	25.46 

	0.328 
	0.328 

	129.68 
	129.68 

	10.93 
	10.93 

	120 
	120 




	 
	Table 4-10 Liverpool city council monitoring data – Tench Reserve 
	Percentile 
	Percentile 
	Percentile 
	Percentile 
	Percentile 

	Rainfall 24 hours (mm) 
	Rainfall 24 hours (mm) 

	Rainfall 7 days (mm) 
	Rainfall 7 days (mm) 

	pH 
	pH 

	Temperature  (°C) 
	Temperature  (°C) 

	Conductivity  (μS/cm) 
	Conductivity  (μS/cm) 

	Dissolved Oxygen (%) 
	Dissolved Oxygen (%) 

	Dissolved Oxygen (mg/L) 
	Dissolved Oxygen (mg/L) 

	Enterococci (units/100mL) 
	Enterococci (units/100mL) 



	WQOs 
	WQOs 
	WQOs 
	WQOs 

	N/A 
	N/A 

	N/A 
	N/A 

	6.5-8 
	6.5-8 

	16-34 
	16-34 

	125-2200 
	125-2200 

	85-110 
	85-110 

	N/A 
	N/A 

	200 
	200 


	20% 
	20% 
	20% 

	0 
	0 

	0.2 
	0.2 

	7.37 
	7.37 

	21.88 
	21.88 

	0.212 
	0.212 

	103.9 
	103.9 

	8.12 
	8.12 

	5 
	5 


	50% 
	50% 
	50% 

	0 
	0 

	6.4 
	6.4 

	7.56 
	7.56 

	23.25 
	23.25 

	0.250 
	0.250 

	111.9 
	111.9 

	9.55 
	9.55 

	21 
	21 


	80% 
	80% 
	80% 

	1.6 
	1.6 

	25.0 
	25.0 

	8.38 
	8.38 

	26.00 
	26.00 

	0.314 
	0.314 

	119.3 
	119.3 

	10.45 
	10.45 

	130 
	130 




	4.4 Hydrogeology 
	4.4.1
	4.4.1
	 Aquifer and aquifer properties 

	Groundwater in the local area is characterised by two main aquifers defined by the local geology. These include an unconfined alluvial aquifer within the quaternary aged sediment deposits, including alluvial terraces and the Cranebrook Formation which is underlain by a regional aquifer within the porous rock aquifer of the Wianamatta ground shales (Ashfield shale). 
	The unconfined aquifer comprises unconsolidated fluvial silts, sands, clays and gravels associated with the Nepean River floodplain, greater than 16m thick in the proposal area and increasing in thickness towards the Nepean River. The aquifer is primarily recharged by rainfall, where clay lenses can locally perch groundwater. The hydraulic conductivity is generally moderate to high. The aquifer is anticipated to have direct influence on soil salinity profiles. It is anticipated that the proposal area may in
	The porous rock aquifer comprises fine-grained sedimentary rocks derived from the Wianamatta Group greater than 16m depth below the ground surface Groundwater yield is typically low. The aquifer is recharge by infiltration from the overlying soil profile. 
	The deep groundwater system comprises the Hawkesbury Sandstone which lies underneath the Ashfield Shale. Recharge to the Hawkesbury Sandstone is expected to occur from rainfall and surface water interaction along the Lapstone Monocline along the far eastern edge of the Blue Mountains (west of the proposal alignment) and to a minor extent vertical percolation from the overlying Wianamatta Shale. Groundwater flow direction is expected to be north-easterly within the Hawkesbury Sandstone. There are some faults
	4.4.2
	4.4.2
	 Groundwater sharing plan 

	The proposal is located within the Hawkesbury Alluvium Groundwater Source as per the Water Sharing Plan for the Greater Metropolitan Region Groundwater Sources 2011 available on SEED (NSW Government, 2021). The groundwater source has specific rules relating to the granting and managing of access licences, water allocation accounts, water supply works approvals, limiting water availability and water trading rules.  
	4.4.3
	4.4.3
	 Hydrological landscape mapping 

	The proposal is located within the Richmond Lowlands Hydrogeological Landscape (HGL) which is characterised by floodplains and terraces of quaternary alluvium (DPIE, 2021). Hydrogeological landscape report is presented in Appendix E. Groundwater flow in this HGL is unconfined through unconsolidated alluvial sediments. Localised perching of water tables occur above clay lenses during wetter periods. Hydraulic conductivity and transmissivity are moderate to high. Groundwater systems are local with short flow 
	The Richmond Lowlands HGL terraces (Cranebrook Soil Landscape) near the proposal are formed on Cranebrook Tertiary Alluvium which is composed of alluvium, sand, clay and silt. These form Red Kandosols (Red Earths), Yellow and Brown Sodosols and Chromosols (Soloths and Yellow Podzolic Soils), and Stratic Rudosols (Alluvial Soils) A summary of the landscape attributes are summarised in 
	The Richmond Lowlands HGL terraces (Cranebrook Soil Landscape) near the proposal are formed on Cranebrook Tertiary Alluvium which is composed of alluvium, sand, clay and silt. These form Red Kandosols (Red Earths), Yellow and Brown Sodosols and Chromosols (Soloths and Yellow Podzolic Soils), and Stratic Rudosols (Alluvial Soils) A summary of the landscape attributes are summarised in 
	Table 4-11
	Table 4-11

	.  

	Table 4-11 Summary of Richmond lowlands HGL aquifer attributes 
	Attribute 
	Attribute 
	Attribute 
	Attribute 
	Attribute 

	Description 
	Description 



	Aquifer Type 
	Aquifer Type 
	Aquifer Type 
	Aquifer Type 

	Unconfined in unconsolidated alluvial sediments (Alluvial aquifer) 
	Unconfined in unconsolidated alluvial sediments (Alluvial aquifer) 


	Hydraulic Conductivity 
	Hydraulic Conductivity 
	Hydraulic Conductivity 

	Moderate to high 
	Moderate to high 
	Range: 10-2 –>10 m/day 


	Aquifer Transmittivity 
	Aquifer Transmittivity 
	Aquifer Transmittivity 

	Moderate to high 
	Moderate to high 
	Range: 10 –>100 m2/day 


	Specific Yield 
	Specific Yield 
	Specific Yield 

	Moderate to high 
	Moderate to high 
	Range: 10–20% 


	Hydraulic Gradient 
	Hydraulic Gradient 
	Hydraulic Gradient 

	Gentle 
	Gentle 
	Range: <10% 


	Groundwater Salinity 
	Groundwater Salinity 
	Groundwater Salinity 

	Fresh to brackish 
	Fresh to brackish 
	Range: 0.8–4.8 dS/m 


	Depth to Water Table 
	Depth to Water Table 
	Depth to Water Table 

	Shallow to intermediate (seasonal) 
	Shallow to intermediate (seasonal) 
	Range: 0–8 m 


	Typical Catchment Size 
	Typical Catchment Size 
	Typical Catchment Size 

	Small (<100 ha) 
	Small (<100 ha) 


	Scale (Flow Length) 
	Scale (Flow Length) 
	Scale (Flow Length) 

	Local 
	Local 
	Flow length: <5 km (short) 


	Recharge Estimate 
	Recharge Estimate 
	Recharge Estimate 

	High 
	High 


	Residence Time 
	Residence Time 
	Residence Time 

	Short to medium (months to years) 
	Short to medium (months to years) 


	Responsiveness to change 
	Responsiveness to change 
	Responsiveness to change 

	Fast to medium (months to years) 
	Fast to medium (months to years) 




	4.4.4
	4.4.4
	 Groundwater occurrences, level and flow 

	Groundwater in the Hawkesbury alluvial aquifer/unconfined aquifer flows are driven by the hydrology of the Hawkesbury-Nepean river and the unconsolidated nature of the alluvial terraces and deposits that comprise the Cranebrook Formation. The direction is also inferred by the general topography. In the porous rock aquifer, the flows are predominantly lateral through bedding layers. In the Penrith area groundwater within the regional Hawkesbury Sandstone aquifer is expected to flow to the west towards the Ha
	Geotechnical and contamination studies undertaken in early 2021 associated with this proposal installed one groundwater monitoring well at the Mulgoa Road crossing of Surveyor Creek indicated a groundwater level of 8.9m BGL at this location (Aurecon, 2021). 
	Geotechnical investigation from a previous project located at the Mulgoa Road/M4 Motorway intersection indicated that groundwater levels ranged between 8m BGL and 11m BGL (Arup, 2018)(Appendix F). A search of registered boreholes (shown in 
	Geotechnical investigation from a previous project located at the Mulgoa Road/M4 Motorway intersection indicated that groundwater levels ranged between 8m BGL and 11m BGL (Arup, 2018)(Appendix F). A search of registered boreholes (shown in 
	Table 4-14
	Table 4-14

	) indicate that the groundwater levels range between 4.5 and 25 m BGL indicating that groundwater interception is likely for excavations.

	4.4.5
	4.4.5
	 Groundwater quality 

	Limited groundwater quality data is available, 
	Limited groundwater quality data is available, 
	Table 4-12
	Table 4-12

	 contains the groundwater parameter collected as part of geotechnical and contamination studies of this proposal, the results from BH04W indicated groundwater is marginal at this location which is consistent with the groundwater in the Richmond Lowlands hydrogeological landscape is fresh to brackish (0.8 to 4.8 dS/m) (
	Table 4-11
	Table 4-11

	). The groundwater salinity from registered bores within the groundwater study area indicate groundwater quality ranging from fresh to saline at different depths and geological material which possibly represent different aquifers as shown in 
	Table 4-13
	Table 4-13

	. 

	Table 4-12 Groundwater parameters from geotechnical and contamination studies  (Aurecon, 2021; SMEC, 2021) 
	Borehole ID 
	Borehole ID 
	Borehole ID 
	Borehole ID 
	Borehole ID 

	Date 
	Date 

	Dissolved Oxygen (ppm) 
	Dissolved Oxygen (ppm) 

	Electrical Conductivity (µS/cm) 
	Electrical Conductivity (µS/cm) 

	Total Dissolved Solids (mg/L)  
	Total Dissolved Solids (mg/L)  

	Redox Potential (mV) 
	Redox Potential (mV) 

	Redox Potential – Calculated SHE (mV) 
	Redox Potential – Calculated SHE (mV) 

	Temperature (°C) 
	Temperature (°C) 

	pH  
	pH  



	BH04W 
	BH04W 
	BH04W 
	BH04W 

	2/03/2021 
	2/03/2021 

	0.62 
	0.62 

	1450 
	1450 

	870.00 
	870.00 

	-170.6 
	-170.6 

	34.4 
	34.4 

	21 
	21 

	7.15 
	7.15 


	TR
	 
	 

	Water level (m BGL) 
	Water level (m BGL) 

	Latitude 
	Latitude 

	Longitude 
	Longitude 

	Description 
	Description 


	TR
	05/02/2021 
	05/02/2021 

	8.9 
	8.9 

	-33.767771 
	-33.767771 

	150.678238 
	150.678238 

	Slight sewage odour, very slight brown tinge.  
	Slight sewage odour, very slight brown tinge.  




	  
	Table 4-13 Groundwater salinity from registered bores (BoM, 2021; WaterNSW, 2021) 
	Borehole ID 
	Borehole ID 
	Borehole ID 
	Borehole ID 
	Borehole ID 

	Salinity (mg/L) 
	Salinity (mg/L) 

	Status 
	Status 

	Depth range of sample (m BGL) 
	Depth range of sample (m BGL) 

	Geological Material 
	Geological Material 



	GW109488 
	GW109488 
	GW109488 
	GW109488 

	1200 
	1200 

	Brackish 
	Brackish 

	13-14.5 
	13-14.5 

	ND 
	ND 


	GW105004 
	GW105004 
	GW105004 

	3000 
	3000 

	Saline 
	Saline 

	10-13 
	10-13 

	Gravel 
	Gravel 


	TR
	2000 
	2000 

	Brackish/Saline 
	Brackish/Saline 

	96-97 
	96-97 

	Sandstone 
	Sandstone 


	TR
	700 
	700 

	Marginal 
	Marginal 

	134-135 
	134-135 

	Sandstone 
	Sandstone 


	TR
	450 
	450 

	Fresh 
	Fresh 

	170-171 
	170-171 

	Sandstone 
	Sandstone 


	GW108829 
	GW108829 
	GW108829 

	1400 
	1400 

	Brackish 
	Brackish 

	45-46 
	45-46 

	Clay 
	Clay 


	TR
	1500 
	1500 

	Brackish 
	Brackish 

	60-62 
	60-62 

	Gravel 
	Gravel 


	GW111418 
	GW111418 
	GW111418 

	1450 
	1450 

	Brackish 
	Brackish 

	96-97 
	96-97 

	Shale 
	Shale 


	TR
	900 
	900 

	Marginal 
	Marginal 

	138-139 
	138-139 

	Sandstone 
	Sandstone 


	TR
	850 
	850 

	Marginal 
	Marginal 

	168-169 
	168-169 

	Sandstone 
	Sandstone 


	TR
	760 
	760 

	Marginal 
	Marginal 

	188-189 
	188-189 

	Sandstone 
	Sandstone 


	GW101178 
	GW101178 
	GW101178 

	180 
	180 

	Fresh 
	Fresh 

	6-10.5 
	6-10.5 

	Gravel 
	Gravel 




	 
	4.4.6
	4.4.6
	 Groundwater users 

	A search of the NSW DPI water monitoring network and Australian groundwater explorer (BoM, 2021) within the groundwater study area indicates there are 31 bores with current licences that are used for purposes including groundwater monitoring, stock and domestic uses. These bores are owned privately, where the majority are in clusters used for monitoring at service stations. They are listed below in 
	A search of the NSW DPI water monitoring network and Australian groundwater explorer (BoM, 2021) within the groundwater study area indicates there are 31 bores with current licences that are used for purposes including groundwater monitoring, stock and domestic uses. These bores are owned privately, where the majority are in clusters used for monitoring at service stations. They are listed below in 
	Table 4-14
	Table 4-14

	. 

	Table 4-14 Summary of registered bores 
	Bore ID 
	Bore ID 
	Bore ID 
	Bore ID 
	Bore ID 

	Bore Depth (m) 
	Bore Depth (m) 

	Drilled Date 
	Drilled Date 

	Purpose 
	Purpose 

	Water Level (m BGL) 
	Water Level (m BGL) 

	Latitude 
	Latitude 

	Longitude 
	Longitude 



	GW026231.1.1 
	GW026231.1.1 
	GW026231.1.1 
	GW026231.1.1 

	8.5 
	8.5 

	1/01/1966 
	1/01/1966 

	Irrigation 
	Irrigation 

	6 
	6 

	-33.759 
	-33.759 

	150.6864 
	150.6864 


	GW029710.1.1 
	GW029710.1.1 
	GW029710.1.1 

	7.9 
	7.9 

	1/04/1969 
	1/04/1969 

	Water Supply/Domestic 
	Water Supply/Domestic 

	N/A 
	N/A 

	-33.754 
	-33.754 

	150.6901 
	150.6901 


	GW059108.1.1 
	GW059108.1.1 
	GW059108.1.1 

	6 
	6 

	1/06/1981 
	1/06/1981 

	Water Supply/General use 
	Water Supply/General use 

	N/A 
	N/A 

	-33.7601 
	-33.7601 

	150.6731 
	150.6731 


	GW075137.1.1 
	GW075137.1.1 
	GW075137.1.1 

	283 
	283 

	31/10/2006 
	31/10/2006 

	Monitoring 
	Monitoring 

	10 
	10 

	-33.7688 
	-33.7688 

	150.6558 
	150.6558 


	GW100759.1.1 
	GW100759.1.1 
	GW100759.1.1 

	10 
	10 

	29/02/1996 
	29/02/1996 

	Recreation/irrigation  
	Recreation/irrigation  

	6 
	6 

	-33.7642 
	-33.7642 

	150.6731 
	150.6731 


	GW101178.1.1 
	GW101178.1.1 
	GW101178.1.1 

	11.2 
	11.2 

	15/01/1998 
	15/01/1998 

	Industrial/ Recreational 
	Industrial/ Recreational 

	8 
	8 

	-33.7554 
	-33.7554 

	150.6878 
	150.6878 


	GW103048.1.1 
	GW103048.1.1 
	GW103048.1.1 

	8 
	8 

	1/01/1990 
	1/01/1990 

	Recreation 
	Recreation 

	6 
	6 

	-33.7569 
	-33.7569 

	150.6907 
	150.6907 


	GW105004.1.1 
	GW105004.1.1 
	GW105004.1.1 

	183 
	183 

	24/09/2003 
	24/09/2003 

	Recreation 
	Recreation 

	6 
	6 

	-33.7564 
	-33.7564 

	150.6792  
	150.6792  


	GW108484.1.1 
	GW108484.1.1 
	GW108484.1.1 

	11 
	11 

	6/09/2006 
	6/09/2006 

	Recreation/Industrial 
	Recreation/Industrial 

	N/A 
	N/A 

	-33.7568 
	-33.7568 

	150.6867 
	150.6867 


	GW108486.1.1 
	GW108486.1.1 
	GW108486.1.1 

	200 
	200 

	16/11/2006 
	16/11/2006 

	Recreation 
	Recreation 

	50 
	50 

	-33.7767 
	-33.7767 

	150.6686 
	150.6686 


	GW108829.1.1 
	GW108829.1.1 
	GW108829.1.1 

	66 
	66 

	31/01/2007 
	31/01/2007 

	Water Supply/Stock 
	Water Supply/Stock 

	25  
	25  

	-33.7599 
	-33.7599 

	150.6729 
	150.6729 


	GW109488.1.1 
	GW109488.1.1 
	GW109488.1.1 

	15 
	15 

	15/02/2008 
	15/02/2008 

	Water Supply/Domestic 
	Water Supply/Domestic 

	9 
	9 

	-33.7615 
	-33.7615 

	150.668  
	150.668  


	GW109659.1.1 
	GW109659.1.1 
	GW109659.1.1 

	9.5 
	9.5 

	30/07/2008 
	30/07/2008 

	Monitoring 
	Monitoring 

	8.6 
	8.6 

	-33.7667 
	-33.7667 

	150.6799 
	150.6799 


	GW109660.1.1 
	GW109660.1.1 
	GW109660.1.1 

	9.6 
	9.6 

	1/08/2008 
	1/08/2008 

	Monitoring 
	Monitoring 

	6 
	6 

	-33.7664 
	-33.7664 

	150.6796 
	150.6796 


	GW109661.1.1 
	GW109661.1.1 
	GW109661.1.1 

	5.2 
	5.2 

	1/08/2008 
	1/08/2008 

	Monitoring 
	Monitoring 

	4.5 
	4.5 

	-33.7666 
	-33.7666 

	150.6794 
	150.6794 


	GW109662.1.1 
	GW109662.1.1 
	GW109662.1.1 

	12 
	12 

	4/08/2008 
	4/08/2008 

	Monitoring 
	Monitoring 

	9 
	9 

	-33.7669 
	-33.7669 

	150.6797 
	150.6797 


	GW109663.1.1 
	GW109663.1.1 
	GW109663.1.1 

	9.5 
	9.5 

	1/08/2008 
	1/08/2008 

	Monitoring 
	Monitoring 

	9 
	9 

	-33.7668 
	-33.7668 

	150.6793 
	150.6793 


	GW109664.1.1 
	GW109664.1.1 
	GW109664.1.1 

	5.1 
	5.1 

	1/08/2008 
	1/08/2008 

	Monitoring 
	Monitoring 

	4.5 
	4.5 

	-33.7668 
	-33.7668 

	150.6799 
	150.6799 


	GW111129.1.1 
	GW111129.1.1 
	GW111129.1.1 

	10 
	10 

	28/08/2007 
	28/08/2007 

	Monitoring 
	Monitoring 

	8 
	8 

	-33.7666 
	-33.7666 

	150.6786 
	150.6786 


	GW111130.1.1 
	GW111130.1.1 
	GW111130.1.1 

	11.8 
	11.8 

	28/08/2007 
	28/08/2007 

	Monitoring 
	Monitoring 

	8.5 
	8.5 

	-33.7666 
	-33.7666 

	150.6788 
	150.6788 


	GW111131.1.1 
	GW111131.1.1 
	GW111131.1.1 

	11.5 
	11.5 

	29/08/2007 
	29/08/2007 

	Monitoring 
	Monitoring 

	8.5 
	8.5 

	-33.7669 
	-33.7669 

	150.6786 
	150.6786 


	GW111132.1.1 
	GW111132.1.1 
	GW111132.1.1 

	12.5 
	12.5 

	30/08/2007 
	30/08/2007 

	Monitoring 
	Monitoring 

	9 
	9 

	-33.7668 
	-33.7668 

	150.6784 
	150.6784 


	GW111418.1.1 
	GW111418.1.1 
	GW111418.1.1 

	204 
	204 

	4/02/2007 
	4/02/2007 

	Water Supply/Domestic 
	Water Supply/Domestic 

	53 
	53 

	-33.7768 
	-33.7768 

	150.6586 
	150.6586 


	GW111809.1.1 
	GW111809.1.1 
	GW111809.1.1 

	15 
	15 

	30/05/2007 
	30/05/2007 

	Water Supply/Domestic 
	Water Supply/Domestic 

	13 
	13 

	-33.7539 
	-33.7539 

	150.6761 
	150.6761 


	GW111987.1.1 
	GW111987.1.1 
	GW111987.1.1 

	9 
	9 

	24/03/2010 
	24/03/2010 

	Monitoring 
	Monitoring 

	N/A 
	N/A 

	-33.7525 
	-33.7525 

	150.691 
	150.691 




	Bore ID 
	Bore ID 
	Bore ID 
	Bore ID 
	Bore ID 

	Bore Depth (m) 
	Bore Depth (m) 

	Drilled Date 
	Drilled Date 

	Purpose 
	Purpose 

	Water Level (m BGL) 
	Water Level (m BGL) 

	Latitude 
	Latitude 

	Longitude 
	Longitude 



	GW111988.1.1 
	GW111988.1.1 
	GW111988.1.1 
	GW111988.1.1 

	9 
	9 

	24/03/2010 
	24/03/2010 

	Monitoring 
	Monitoring 

	N/A 
	N/A 

	-33.7524 
	-33.7524 

	150.691 
	150.691 


	GW111989.1.1 
	GW111989.1.1 
	GW111989.1.1 

	9 
	9 

	24/03/2010 
	24/03/2010 

	Monitoring 
	Monitoring 

	N/A 
	N/A 

	-33.7525 
	-33.7525 

	150.6913 
	150.6913 


	GW115066.1.1 
	GW115066.1.1 
	GW115066.1.1 

	8.5 
	8.5 

	14/03/2011 
	14/03/2011 

	Monitoring 
	Monitoring 

	8.2 
	8.2 

	-33.7748 
	-33.7748 

	150.666 
	150.666 


	GW115067.1.1 
	GW115067.1.1 
	GW115067.1.1 

	8.85 
	8.85 

	15/03/2011 
	15/03/2011 

	Monitoring 
	Monitoring 

	8.1 
	8.1 

	-33.775 
	-33.775 

	150.6659 
	150.6659 


	GW115068.1.1 
	GW115068.1.1 
	GW115068.1.1 

	5.5 
	5.5 

	15/03/2011 
	15/03/2011 

	Monitoring 
	Monitoring 

	5.2 
	5.2 

	-33.7751 
	-33.7751 

	150.6662 
	150.6662 


	GW115069.1.1 
	GW115069.1.1 
	GW115069.1.1 

	9 
	9 

	16/03/2014 
	16/03/2014 

	Monitoring 
	Monitoring 

	6 
	6 

	-33.7749 
	-33.7749 

	150.6657 
	150.6657 




	4.4.7
	4.4.7
	 Groundwater dependant ecosystems 

	A review of the BoM Groundwater Atlas indicates there are several Groundwater Dependent Ecosystems (GDE) in the vicinity of the proposal area. The GDEs include aquatic and terrestrial ecosystems which are described as: 
	• aquatic ecosystems – rely on the surface expression of groundwater, which includes surface water ecosystems which may have a groundwater component, such as rivers, wetlands and springs 
	• aquatic ecosystems – rely on the surface expression of groundwater, which includes surface water ecosystems which may have a groundwater component, such as rivers, wetlands and springs 
	• aquatic ecosystems – rely on the surface expression of groundwater, which includes surface water ecosystems which may have a groundwater component, such as rivers, wetlands and springs 

	• terrestrial ecosystems – rely on the subsurface presence of groundwater, which includes all vegetation ecosystems. 
	• terrestrial ecosystems – rely on the subsurface presence of groundwater, which includes all vegetation ecosystems. 


	The aquatic GDE is limited to the Nepean River which is classified as high potential aquatic GDE. The terrestrial GDEs within the study areas are classified as high potential GDEs, these include the Cumberland Shale Plains Woodland and the Cumberland River Flat Forest in areas south of the proposal (BoM, 2021). Groundwater dependant ecosystems (GDEs) are presented in 
	The aquatic GDE is limited to the Nepean River which is classified as high potential aquatic GDE. The terrestrial GDEs within the study areas are classified as high potential GDEs, these include the Cumberland Shale Plains Woodland and the Cumberland River Flat Forest in areas south of the proposal (BoM, 2021). Groundwater dependant ecosystems (GDEs) are presented in 
	Figure 4-9
	Figure 4-9

	.  
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	Figure 4-9 Groundwater 
	5 
	5 
	Impact
	 
	assessment
	 
	Span

	An impact assessment for the construction and the operational phases of this proposal are outlined in Section 
	An impact assessment for the construction and the operational phases of this proposal are outlined in Section 
	5.1
	5.1

	 and 
	5.2
	5.2

	, respectively. 

	Mitigation measure and management procedures for these impacts are presented in Section 
	Mitigation measure and management procedures for these impacts are presented in Section 
	6
	6

	. 

	5.1 Potential impacts during construction 
	If not managed correctly, the following construction activities could potentially lead to adverse impacts to the surface water and groundwater environment: 
	• vegetation removal and earthworks along the entire extent of the proposal area 
	• vegetation removal and earthworks along the entire extent of the proposal area 
	• vegetation removal and earthworks along the entire extent of the proposal area 

	• road cuttings and embankments 
	• road cuttings and embankments 

	• construction of noise barriers 
	• construction of noise barriers 

	• earthworks and channel realignment of School House Creek to facilitate extending the School house creek culvert to accommodate additional width for the road upgrade 
	• earthworks and channel realignment of School House Creek to facilitate extending the School house creek culvert to accommodate additional width for the road upgrade 

	• construction across waterways including a new bridge structure over Surveyors Creek 
	• construction across waterways including a new bridge structure over Surveyors Creek 

	• earthworks to extend the existing culvert at Showground Creek 
	• earthworks to extend the existing culvert at Showground Creek 

	• construction of drainage and flooding infrastructure upgrades, including culverts and drainage swales, new outlets and drainage connections 
	• construction of drainage and flooding infrastructure upgrades, including culverts and drainage swales, new outlets and drainage connections 

	• provision of temporary crossings, scour protection and removal of redundant culverts 
	• provision of temporary crossings, scour protection and removal of redundant culverts 

	• leaks and spills within construction areas within the proposal areas 
	• leaks and spills within construction areas within the proposal areas 

	• construction and operation of ancillary facilities and laydown areas 
	• construction and operation of ancillary facilities and laydown areas 

	• stockpiles 
	• stockpiles 

	• transportation of materials 
	• transportation of materials 


	5.1.1
	5.1.1
	 Surface water potential impacts 

	Vegetation removal and earth works 
	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 which may lead to turbidity impacts in School House Creek, Surveyors Creek, which are identified as key fish habitats. 
	Earthworks in proximity to School House Creek and the bridge Works across Surveyors Creek (
	Earthworks in proximity to School House Creek and the bridge Works across Surveyors Creek (
	Figure 4-8
	Figure 4-8

	) present the greatest risk to water quality impacts.  

	A Preliminary Erosion and Sedimentation Assessment (PESA) was undertaken (SMEC, 2021) to assess the erosion hazard of the proposal area. The assessment indicated that due to the dispersive nature of the Richmond Soils within the proposal area, the proposal is considered to represent a high erosion risk.  
	Erosion and sediment control measures to manage potential impacts and high erosion risk across the proposal would be implemented, refer to section 
	Erosion and sediment control measures to manage potential impacts and high erosion risk across the proposal would be implemented, refer to section 
	6.1.1
	6.1.1

	.  

	Earthworks within potentially contaminated areas could potentially expose contaminants in soil which may be mobilised via runoff to the local waterway and through the stormwater system if poorly managed, in particular the area of service stations and ex-service stations where Mulgoa Rd meets of Batt St, Willoring Cres and Blaikie Rd and immediate surrounding areas (refer to Contamination report).  
	Soil contamination management measures would be included in the Remediation Action Plan (RAP), refer to section 
	Soil contamination management measures would be included in the Remediation Action Plan (RAP), refer to section 
	6.1.1
	6.1.1

	. 

	Construction within waterways and waterfront land  
	The road alignment crosses School House creek, Surveyors Creek, Racecourse Creek Channel and Showground Creek Channel and construction activities are expected to occur within or adjacent to all these waterways. 
	At School House Creek, the proposed widening of the road would require realignment of the channel and associated stabilisation works, removal of existing drainage pipes and culvert under Mulgoa Road and the construction of a new transverse drainage culvert, grass drains and outlets to the creek.  
	The proposed channel realignment and drainage works within School House Creek would permanently alter the bed and banks of the waterway. There is potential for erosion to occur during construction leading to sedimentation and water quality impacts downstream of the proposal in the waterway until the work area is suitably stabilised. The works may also temporarily obstruct and change flow paths increasing the potential for localised scour and erosion. 
	A new bridge structure is proposed to be constructed across Surveyors Creek, as well as an upgrade of drainage including the construction of new outlets to the waterway, a grass drain connection and removal of redundant drainage and outlets. Surveyors Creek is concrete lined at the Mulgoa Road crossing, so the proposed new outlets and bridge works are unlikely to disturb or result in scour of bed or bank material, and no downstream scouring is anticipated, refer to the Hydrology and Hydraulics report, (SMEC
	Racecourse Creek Channel adjacent to Jamison Rd is a constructed drainage line which ends at the south-east corner of the Jamison Rd/Mulgoa Rd intersection, water flows under Mulgoa Rd towards the Nepean River through two pipe culverts. A new outlet is proposed to be constructed into Racecourse Creek Channel and various existing outlets would be removed / made redundant. The waterway is hard lined within the proposal area, therefore the works do not pose a risk of directly disturbing the waterway.  
	New outlets and grass drain connections to Showground Creek Channel are proposed with some existing outlets made redundant. The waterway is hard lined within the proposal area, therefore the works do not pose a risk of directly disturbing the waterway.  
	Bridge and drainage work within Surveyors Creek and drainage works at Racecourse Creek Channel and Showground Creek Channel are unlikely to result in significant scour or erosion due to channels being hard lined, however, any work within the waterfront land of the aforementioned waterways increases the risk of sediment and other construction materials being mobilised into the waterways, if uncontrolled. This could potentially lead to water quality impacts within downstream, vegetated sections of waterway, w
	Potential impacts associated with establishment of temporary waterway crossings would be minimised by designing the structure to include appropriate pipe outlets, scour protection and flood immunity. 
	Measures to manage construction activities across waterways and within waterfront land will be included in the Soil and Water Management Plan, refer section 
	Measures to manage construction activities across waterways and within waterfront land will be included in the Soil and Water Management Plan, refer section 
	6.1.1
	6.1.1

	. 

	Construction and use of ancillary facilities 
	There are four proposed construction compounds along the alignment of the proposal, their locations are depicted in 
	There are four proposed construction compounds along the alignment of the proposal, their locations are depicted in 
	Figure 1-2
	Figure 1-2

	. Compound one is located directly adjacent (less than 50m) of School House Creek just south of the proposal. Compound three is located directly adjacent to Showground Channel (less than 50m) and compound four is located in a flat area adjacent to Peach Tree Creek (approximately 50m at the closest point). 

	Compound site facilities may include portable buildings with amenities such as lunch facilities and toilets, secure and bunded storage areas for site materials, including fuel and chemicals, temporary stockpile areas and areas for disposal of unsuitable material, batching plants, office space, and associated parking. Requirements for temporary infrastructure will continue to be refined. 
	Compound one and three are subject to possible flooding impacts (refer to Hydrology and Hydraulics report for flood impact discussion) which makes them susceptible to overland flows to their adjacent waterways, which is a risk to water quality if construction materials including fuel, chemicals and ablution from toilet facilities are mobilised by overland flows into adjacent waterways  proper procedures are not in place in regards to storage of materials including stockpiles which is discussed further below
	Concrete batching operations can lead to soil and water pollution (increase in pH, TSS, TDS and minor levels of Aluminium, Iron and Magnesium oxides) as a result of cement laden runoff not being properly contained or being accidentally released to surface waters. Poor cement handling, storage and disposal practices can also contribute to the aforementioned impacts. Measures for cement handling, storage and disposal procedures will be documented within the CEMP. Measures to manage the potential water quality
	Concrete batching operations can lead to soil and water pollution (increase in pH, TSS, TDS and minor levels of Aluminium, Iron and Magnesium oxides) as a result of cement laden runoff not being properly contained or being accidentally released to surface waters. Poor cement handling, storage and disposal practices can also contribute to the aforementioned impacts. Measures for cement handling, storage and disposal procedures will be documented within the CEMP. Measures to manage the potential water quality
	6.1.1
	6.1.1

	. 

	Stockpiles 
	Stockpile sites would be used to temporarily store raw materials, excess spoil and wastes before their use or reuse on-site or disposal off-site. Stockpiles of raw materials or spoil would be sited within a suitable location to avoid obstruction of local flow paths and mobilisation of materials offsite. However, it is assumed that stockpiles will be stored at the locations of the compounds. Compounds one and three are subject to potential flood impacts (refer Hydrology and Hydraulics report). 
	Stockpile sites would be confirmed during detailed design and managed in accordance with Environmental Procedure Management of Wastes on Roads and Maritime Services Land (RMS, 2014) and Stockpile Site Management Guideline (RMS, 2015). Sediment management measures would be used on the stockpile sites to minimise the potential for sediment laden runoff to be discharged offsite and lead to sedimentation impacts to receiving waters. Further consideration of how to manage stockpiles with respect to floodwaters w
	Leaks and Spills 
	Potentially harmful chemicals and substances could accidentally be released to the surface water environment during construction spills or as result of maintenance works, refuelling and inappropriate storage or handling. Leakage from construction worker facilities or wastewater collection points with subsequent runoff into receiving waterways. This could potentially lead to contamination of exposed soils or mobilisation of contaminated soils and liquids into local watercourses which could result in water qu
	Measures to minimise the potential impacts associated with accidental leaks and spills during construction would be incorporated into a site-specific emergency spill plan, refer to section 
	Measures to minimise the potential impacts associated with accidental leaks and spills during construction would be incorporated into a site-specific emergency spill plan, refer to section 
	6.1
	6.1

	. 

	Transportation of Materials 
	Spillage of waste or construction materials during transportation could potentially lead to pollutants being conveyed in surface run-off to nearby drainage pathways and downstream waterways. Measures to manage materials during transport would be included within the Construction Environmental Management Plan, refer to Section 
	Spillage of waste or construction materials during transportation could potentially lead to pollutants being conveyed in surface run-off to nearby drainage pathways and downstream waterways. Measures to manage materials during transport would be included within the Construction Environmental Management Plan, refer to Section 
	6.1
	6.1

	. 

	Flooding 
	Flood impacts are described in detail in the Hydrology and Hydraulics Assessment (Aurecon 2021). 
	5.1.2
	5.1.2
	 Groundwater potential impacts 

	Earthworks, construction of ancillary facilities and dewatering 
	Groundwater is present at between 4.5 and 25 mBGL according to the search of registered bores within the study area. Earthworks associated with road construction are generally likely to be shallow and include shaping of the upper soil profile, so groundwater is unlikely to be intercepted during most construction activities. The temporary ancillary facilities are unlikely to require any significant earthworks and therefore unlikely to impact groundwater. 
	Slightly deeper excavations may be required for utility and service trenches, construction of drainage infrastructure and piling for construction of the noise barriers and bridge structures. There is potential for some minor volumes of groundwater to enter trenches and drainage works excavations. Piling associated with the bridge construction at Surveyors Creek has the highest likelihood of all construction activities to intercept the water table, although groundwater levels were recorded as fairly deep, 8.
	Where shallow groundwater is intercepted, the quality of the groundwater must be considered during groundwater dewatering, management, and release. However, these excavations would be temporary and localised and given the low permeability of the local clay soils, inflow volumes are likely to be low.  
	As significant dewatering or groundwater extraction is unlikely to be required groundwater flows and quality are unlikely to be significantly impacted by the proposed earthworks. Therefore, impacts to terrestrial and aquatic groundwater dependant ecosystems within proximity to the proposal (refer to 
	As significant dewatering or groundwater extraction is unlikely to be required groundwater flows and quality are unlikely to be significantly impacted by the proposed earthworks. Therefore, impacts to terrestrial and aquatic groundwater dependant ecosystems within proximity to the proposal (refer to 
	Figure 4-9
	Figure 4-9

	) as a result of changes in groundwater level are likely to be minor. Direct impacts associated with removal of terrestrial vegetation located within the proposal corridor which are identified as a groundwater dependant ecosystem are addressed in the Biodiversity Assessment Report (Aurecon 2021). 

	Groundwater quality/GDEs impacts 
	During construction there is the potential for hydrocarbon spills or leaks to contaminate the alluvial aquifer as a result of leaks and spills discussed in the section 
	During construction there is the potential for hydrocarbon spills or leaks to contaminate the alluvial aquifer as a result of leaks and spills discussed in the section 
	5.2.1
	5.2.1

	. There are a number of Terrestrial GDEs downstream of the proposal on the banks of School House Creek, these may also be impacted by surface water contamination and seepage to the groundwater system.  

	The hydrological soil type (refer section 
	The hydrological soil type (refer section 
	4.2.4
	4.2.4

	) suggests that seepage is minimal within the soils in the proposal area. Given the depth to groundwater and low permeability soils, impacts to groundwater quality are likely to be minor as a result of a spill. Measures to minimise the potential impacts associated with accidental leaks and spills during construction would be incorporated into a site-specific emergency spill plan, refer section 
	6.1
	6.1

	. 

	5.2 Potential impacts during operation 
	Potential impacts and risks to the receiving water environment during the operational phase are discussed in for surface water and groundwater respectively. 
	The following operational activities could potentially lead to adverse impacts on groundwater and surface water: 
	• increased impervious surfaces as a result of the road upgrade, including roadway and pavements, resulting in increased stormwater runoff volume, frequency and rate and associated increases in pollutant loading to receiving waterways. 
	• increased impervious surfaces as a result of the road upgrade, including roadway and pavements, resulting in increased stormwater runoff volume, frequency and rate and associated increases in pollutant loading to receiving waterways. 
	• increased impervious surfaces as a result of the road upgrade, including roadway and pavements, resulting in increased stormwater runoff volume, frequency and rate and associated increases in pollutant loading to receiving waterways. 

	• Scour and erosion at new drainage outlets, downstream of new culverts and within grass drains and channel realignment works if poorly stabilised or if scour protection is poorly constructed 
	• Scour and erosion at new drainage outlets, downstream of new culverts and within grass drains and channel realignment works if poorly stabilised or if scour protection is poorly constructed 

	• accidental spills from motorists and personnel undertaking management tasks 
	• accidental spills from motorists and personnel undertaking management tasks 


	5.2.1
	5.2.1
	 Surface water potential impacts 

	Stormwater runoff 
	The proposal has the potential to increase the pollutant load being released from the study area as a result of the proposed increase in pavement footprint.  
	The key pollutants contained in road runoff include: 
	• suspended solids as a result of pavement wear, tyre wear, atmospheric deposition and deposition from vehicles 
	• suspended solids as a result of pavement wear, tyre wear, atmospheric deposition and deposition from vehicles 
	• suspended solids as a result of pavement wear, tyre wear, atmospheric deposition and deposition from vehicles 

	• heavy metals bound to dust particles washed off pavement surface 
	• heavy metals bound to dust particles washed off pavement surface 

	• oil and grease and other hydrocarbons deposited by vehicles 
	• oil and grease and other hydrocarbons deposited by vehicles 

	• nutrients as a result of atmospheric deposition 
	• nutrients as a result of atmospheric deposition 


	The increase in pollutant load could potentially result in water quality impacts such as sedimentation, reduced water clarity, increased toxicant and nutrient concentrations and lower dissolved oxygen levels within the receiving waterways. Increases in flows (frequency, rate and volume) due to an increase in impervious area may also impact waterway health. 
	Due to spatial constraints in the highly developed urban setting, there is limited space for treatment devices such as swales, bio-retention swales or bio-retention basins. However two locations have been identified to accommodate gross pollutant traps (GPTs) located upstream of Surveyors Creek, refer 
	Due to spatial constraints in the highly developed urban setting, there is limited space for treatment devices such as swales, bio-retention swales or bio-retention basins. However two locations have been identified to accommodate gross pollutant traps (GPTs) located upstream of Surveyors Creek, refer 
	Figure 5-1
	Figure 5-1

	.However, two locations have been identified to accommodate gross pollutant traps (GPTs) located upstream of Surveyors Creek, refer 
	Figure 5-1
	Figure 5-1

	. 

	 
	Figure
	Figure 5-1 GPT locations – Surveyors Creek (west of Mulgoa Road) 
	A MUSIC model was developed to estimate the change in pollutant load and annual runoff volume as a result of the proposal without treatment and with the two potential GPTs described above. 
	This MUSIC model considered the proposed stormwater treatment strategy as well as existing local catchment runoff and pollutant loading. Appendix G shows the modelling extents, which only represent a proportion of the wider receiving waterway catchments. The results are provided in 
	This MUSIC model considered the proposed stormwater treatment strategy as well as existing local catchment runoff and pollutant loading. Appendix G shows the modelling extents, which only represent a proportion of the wider receiving waterway catchments. The results are provided in 
	Table 5-1
	Table 5-1

	 and 
	Table 5-2
	Table 5-2

	. Further details of the modelling assumptions and approach are provided in the Hydrology and Hydraulics Assessment Report (SMEC, 2021). 

	Table 5-1 Summary of pollutant loads - existing and proposed scenario with no treatments 
	Parameter 
	Parameter 
	Parameter 
	Parameter 
	Parameter 

	Existing 
	Existing 

	Developed  
	Developed  

	Percentage Increase (Residual Load) 
	Percentage Increase (Residual Load) 


	TR
	Residual Load 
	Residual Load 

	Residual Load 
	Residual Load 



	Total Suspended Solids (kg/yr) 
	Total Suspended Solids (kg/yr) 
	Total Suspended Solids (kg/yr) 
	Total Suspended Solids (kg/yr) 

	126000 
	126000 

	132000 
	132000 

	4.76% 
	4.76% 


	Total Phosphorus (kg/yr) 
	Total Phosphorus (kg/yr) 
	Total Phosphorus (kg/yr) 

	209 
	209 

	219 
	219 

	4.78% 
	4.78% 


	Total Nitrogen (kg/yr) 
	Total Nitrogen (kg/yr) 
	Total Nitrogen (kg/yr) 

	1370 
	1370 

	1400 
	1400 

	2.19% 
	2.19% 


	Gross Pollutants (kg/yr) 
	Gross Pollutants (kg/yr) 
	Gross Pollutants (kg/yr) 

	19100 
	19100 

	19300 
	19300 

	1.05% 
	1.05% 




	 
	Table 5-2 Summary of pollutant loads - existing and proposed scenario with GPT treatments 
	Parameter 
	Parameter 
	Parameter 
	Parameter 
	Parameter 

	Existing 
	Existing 

	Developed with Treatment 
	Developed with Treatment 

	Percentage Increase (Residual Load) 
	Percentage Increase (Residual Load) 


	TR
	Residual Load 
	Residual Load 

	Residual Load 
	Residual Load 



	Total Suspended Solids (kg/yr) 
	Total Suspended Solids (kg/yr) 
	Total Suspended Solids (kg/yr) 
	Total Suspended Solids (kg/yr) 

	126000 
	126000 

	129000 
	129000 

	2.38% 
	2.38% 


	Total Phosphorus (kg/yr) 
	Total Phosphorus (kg/yr) 
	Total Phosphorus (kg/yr) 

	209 
	209 

	216 
	216 

	3.35% 
	3.35% 


	Total Nitrogen (kg/yr) 
	Total Nitrogen (kg/yr) 
	Total Nitrogen (kg/yr) 

	1370 
	1370 

	1390 
	1390 

	1.46% 
	1.46% 


	Gross Pollutants (kg/yr) 
	Gross Pollutants (kg/yr) 
	Gross Pollutants (kg/yr) 

	19100 
	19100 

	19000 
	19000 

	-0.52% 
	-0.52% 




	The modelling shows that the proposal with no treatment would result in a minor increase in total suspended solids (TSS), total phosphorus (TP), total nitrogen (TN) and gross pollutant loads from the local drainage catchments assessed. When incorporating the GPTs upstream of Surveyors Creek, TSS, TP and TN would still slightly increase with a slight decrease in gross pollutants compared to existing conditions. A similar minor increase post development would likely occur for heavy metals and hydrocarbons. 
	Given the small increase in pollutant loads predicted and more extensive catchments of the receiving waterways compared to the catchments modelled, the proposal is likely to pose a negligible impact to water quality within the receiving waterways. 
	Water quality monitoring data for the local receiving waterways was not available for TSS, TP and TN at the time of reporting however, given all waterways are impacted by upstream urban development the respective water quality objectives are unlikely to be met at all times, particularly after rainfall.  
	With consideration to the predicted increase in pollutant loads and the extent and urbanisation of the receiving waterway catchments, the operation of the proposal is likely to have a negligible impact on ongoing efforts within the wider catchment to maintain or improve water quality to achieve the water quality objectives (refer section 
	With consideration to the predicted increase in pollutant loads and the extent and urbanisation of the receiving waterway catchments, the operation of the proposal is likely to have a negligible impact on ongoing efforts within the wider catchment to maintain or improve water quality to achieve the water quality objectives (refer section 
	4.3.5
	4.3.5

	) within the receiving waterways. 

	Similarly, minor increases in flow volume, frequency and rate as a result of the increased road footprint would likely have a negligible impact on the receiving waterways in the context of flows generated from the wider catchment. 
	Scour and erosion 
	Scour and erosion could potentially occur within School House Creek at new drainage outlets, downstream of the new culvert, within the grass drains and channel realignment works if poorly stabilised or if scour protection is poorly constructed.  
	Due to the hard-lined channel at Surveyors Creek, Racecourse Creek Channel and Showground Channel, scour and erosion is unlikely to occur during operation at new drainage outlets, culverts or within proximity to the new bridge structure. 
	New grass drains adjacent to the road alignment could potentially scour during establishment if not stabilised appropriately.  
	New outlets and culvert tie ins will be designed with appropriate scour and dissipation measures and channel realignment works and grass drains will be appropriately stabilised to control the potential impacts such that impacts are likely to be negligible. Refer to section 
	New outlets and culvert tie ins will be designed with appropriate scour and dissipation measures and channel realignment works and grass drains will be appropriately stabilised to control the potential impacts such that impacts are likely to be negligible. Refer to section 
	6.2
	6.2

	 for further details of the proposed control measures.  

	Flooding 
	Flood impacts are described in detail in the Hydrology and Hydraulics Assessment Report (SMEC, 2021). 
	Accidental spills 
	Accidental spills of oils or other chemicals being transported or as a result of maintenance activities could potentially lead to contaminants being released into drainage lines and the receiving waterways. This could potentially lead to water quality impacts within the local waterways. Measures to minimise the potential impacts associated with accidental leaks and spills during operation will be incorporated into a site-specific emergency spill plan, refer to section 
	Accidental spills of oils or other chemicals being transported or as a result of maintenance activities could potentially lead to contaminants being released into drainage lines and the receiving waterways. This could potentially lead to water quality impacts within the local waterways. Measures to minimise the potential impacts associated with accidental leaks and spills during operation will be incorporated into a site-specific emergency spill plan, refer to section 
	6.2
	6.2

	.  

	5.2.2
	5.2.2
	 Groundwater potential impacts 

	During the operation phase of the proposal, the groundwater regime is unlikely to be greatly affected by the proposal. Minor operational phase impacts that may impact upon groundwater are related to hydrocarbon leakages from road users, which are likely to be short term and localised due to the soil type within the proposal. 
	5.3 Cumulative Impacts 
	Cumulative impacts have the potential to arise from the interaction of individual aspects of the site and the effects of the proposal with other projects in the local area. Potential cumulative impacts from projects located in the vicinity of the proposal. In the Instance of this proposal, including Stage 2, 5A and 5B of the Mulgoa Road upgrade, other stages of the upgrade propose potential cumulative impacts. Brief overview of these projects and potential cumulative impacts are presented in 
	Cumulative impacts have the potential to arise from the interaction of individual aspects of the site and the effects of the proposal with other projects in the local area. Potential cumulative impacts from projects located in the vicinity of the proposal. In the Instance of this proposal, including Stage 2, 5A and 5B of the Mulgoa Road upgrade, other stages of the upgrade propose potential cumulative impacts. Brief overview of these projects and potential cumulative impacts are presented in 
	Table 5-3
	Table 5-3

	. 

	Table 5-3 Summary of cumulative impacts 
	Project 
	Project 
	Project 
	Project 
	Project 

	Discussion 
	Discussion 



	Mulgoa Road, Jamisontown 
	Mulgoa Road, Jamisontown 
	Mulgoa Road, Jamisontown 
	Mulgoa Road, Jamisontown 
	Investigation works commenced 8 August 2021 

	Located between the Stage 2 and stage 5A of this proposal. The project is similar in nature to this proposal, it includes road widenings, intersection upgrades and construction of noise walls. However, in addition it includes the decommissioning of a tunnel. Drainage upgrades are confined to the road and impervious surfaces, as the project does not cross any waterways. Cumulative impacts may include interaction with groundwater and introduction of construction contamination into groundwater. Overland flow f
	Located between the Stage 2 and stage 5A of this proposal. The project is similar in nature to this proposal, it includes road widenings, intersection upgrades and construction of noise walls. However, in addition it includes the decommissioning of a tunnel. Drainage upgrades are confined to the road and impervious surfaces, as the project does not cross any waterways. Cumulative impacts may include interaction with groundwater and introduction of construction contamination into groundwater. Overland flow f


	Mulgoa Road, Penrith 
	Mulgoa Road, Penrith 
	Mulgoa Road, Penrith 
	Construction works commenced 1 August 2021 

	Located to the north of Stage 5B of this proposal. The project is similar in nature to this proposal, it includes road widenings, intersection upgrades and construction of noise walls. However, in addition it includes the upgrade of a railway bridge, Drainage upgrades are confined to the road and impervious surfaces, as the project does not cross any waterways. Potential cumulative impacts for surface water quality and flooding. 
	Located to the north of Stage 5B of this proposal. The project is similar in nature to this proposal, it includes road widenings, intersection upgrades and construction of noise walls. However, in addition it includes the upgrade of a railway bridge, Drainage upgrades are confined to the road and impervious surfaces, as the project does not cross any waterways. Potential cumulative impacts for surface water quality and flooding. 
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	This section outlines the management and mitigation measures for construction phase and operation phase impacts.  
	6.1 Construction stage management measures 
	6.1.1
	6.1.1
	 Surface Water management measures 

	A Soil and Water Management Plan (SWMP) will be prepared and implemented as part of the CEMP. The SWMP will identify all reasonably foreseeable risks relating to soil erosion and water pollution and describe how these risks will be addressed during construction.    The Soil and Water Management Plan (SWMP) will be reviewed by a soil conservationist on the TfNSW list of registered contractors for erosion, sedimentation and soil conservation consultancy services. The SWMP will then be revised to address the o
	Site specific ESCPs will be prepared and implemented as part of the SWMP. The plan will 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. A management plan will be prepared for the in-stream works undertaken in School House Creek. 
	A construction water quality monitoring plan will be prepared and implemented as part of the SWMP. The plan will be prepared in accordance with the TfNSW Guideline for Construction Water Quality and EPA publication “Approved Methods for the Sampling and Analysis of Water Pollutants in NSW”. It is recommended that periodic wet weather monitoring be undertaken within the key fish habitat of Surveyors Creek and School House Creek upstream and downstream of the works areas whilst works are being undertaken with
	Due to the nature of the dispersity and high erosion potential of soils in the proposal an Erosion and Sedimentation Management Report (ESMR) will be prepared in accordance with the RMS Erosion and Sedimentation Management Procedure during the detailed design phase. A registered contractors for erosion, sedimentation and soil conservation consultancy services will be appointed to assist with the preparation of the ESMR.     
	A Temporary Basin Assessment (SMEC, 2021) was undertaken to assess whether any of the catchments trigger the need for a temporary sediment basin during construction to allow sediment in runoff to settle out prior to release. One catchment (SB11) upstream of School House Creek was identified as meeting the requirements for a sediment basin, however, due to limited space within the urban area, the only available location for the proposed sediment basin conflicted with threatened ecological communities. Theref
	Should a temporary basin be identified as being required during detailed design, an assessment of the impact of discharges from the temporary sediment basin would be undertaken during detailed design in accordance with the Draft Guideline for Assessing the Impacts of Treated Water Discharge from Water Quality Treatment Controls (TfNSW 2020). 
	The design and construction of waterway crossings, works within the waterways including new drains and outlets or any works on waterfront land as defined by the Water Management Act 2000 would be undertaken with consideration to the Guidelines for instream works on waterfront land (DPIE, 2012a), Guidelines for watercourse crossings on waterfront land. (DPIE, 2012b) and “Why do fish need to cross the road?” (Fairfull and Witheridge, 2003 and in accordance with relevant, TfNSW specifications and guidelines. M
	Stockpiles sites would be established and managed in accordance with Environmental Procedure Management of Wastes on Roads and Maritime Services Land (RMS, 2014) and Stockpile Site Management Guideline (RMS, 2015) and storage and use procedures will be outlined in the CEMP. Further consideration of how to manage stockpiles, material laydown and chemical storage with respect to floodwaters would be undertaken during detailed design.  
	Measures to minimise the potential impacts associated with accidental leaks and spills during construction would be incorporated into a site-specific emergency spill plan incorporated within the CEMP. 
	6.1.2
	6.1.2
	 Groundwater management measures 

	Measures to manage potential groundwater impacts during construction as a result of spills and storage of chemicals and stockpiles will be included within the CEMP and SWMP.  
	6.2 Operational stage management measures 
	All stormwater outlet locations and culverts will include appropriate dissipation and/or scour protection measures as required to control scour and erosion within the receiving waterway with consideration to the existing channel form and lining. The layout and detail of the drainage system including outlet design will be refined during detailed design in consultation with the Transport for NSW. 
	Stormwater related impacts have been assessed using a MUSIC model, as a result of increased stormwater the result of the modelling suggest water quality impacts are minor, however for impact mitigation, two GPTs have been proposed in outlets into Surveyors Creek. MUSIC modelling indicated that pollutant loading impacts because of the increased road footprint are likely to be minor and impacts to water quality within the receiving waterways are likely to be negligible. Two potential GPTs were investigated, w
	The design of structures within and around the waterways including drainage outlets, bridge works, culverts and channel realignment works, and stabilisation would be undertaken in accordance with relevant TfNSW guidelines and specifications and with consideration to Department of Primary Industries, Office of Water guidelines for controlled activities. The culverts and stormwater outlets to the local waterways within the proposal area will be assessed and scour protection will be included in the detailed de
	6.3 Residual impacts 
	Permanent, minor increase in pollutant loading, flow volume, flow rate and flow frequency to the receiving waterways due to the increased road footprint. This is likely to have a negligible impact to water quality, flow regime and health of the receiving waterways given the proposal area and the drainage catchments it impacts are only a small proportion of the more extensive, urbanised, catchment of the receiving waterways.   
	Another residual impact is an increase in the potential for contaminants from major spillages on Mulgoa Road. These impacts would be temporary and minor due the proposal’s location within an urbanised area and the contaminates will be washed into the stormwater drainage system and cause a minor, temporary water quality impact in the receiving waterways.   
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	The key potential impacts of the proposal on surface water and groundwater are as follows: 
	• surface water quality impacts due to sediment laden runoff being released to waterways during construction activities such as earthworks, stockpiling, dewatering, waterway crossing construction and transportation of materials 
	• surface water quality impacts due to sediment laden runoff being released to waterways during construction activities such as earthworks, stockpiling, dewatering, waterway crossing construction and transportation of materials 
	• surface water quality impacts due to sediment laden runoff being released to waterways during construction activities such as earthworks, stockpiling, dewatering, waterway crossing construction and transportation of materials 

	• surface water quality, groundwater quality and soil impacts during construction as a result of an accidental spill 
	• surface water quality, groundwater quality and soil impacts during construction as a result of an accidental spill 

	• direct disturbance of channel form and stability during construction of permanent and temporary waterway crossings, channel realignment works and drainage outlets at School House Creek which is a vegetated (unlined) channel 
	• direct disturbance of channel form and stability during construction of permanent and temporary waterway crossings, channel realignment works and drainage outlets at School House Creek which is a vegetated (unlined) channel 

	• increased runoff volume, frequency, flow rate and pollutant load being discharged to receiving waterways as a result of an increased pavement footprint. This is likely to have a negligible impact on water quality, waterway stability and aquatic habitat in the receiving waterways 
	• increased runoff volume, frequency, flow rate and pollutant load being discharged to receiving waterways as a result of an increased pavement footprint. This is likely to have a negligible impact on water quality, waterway stability and aquatic habitat in the receiving waterways 

	• increased runoff volume, frequency, flow rate and pollutant load being discharged to receiving waterways including Nepean River as a result of an increased pavement footprint. This is likely to have a negligible, minor impact on water quality, waterway stability and aquatic habitat in the receiving waterways. 
	• increased runoff volume, frequency, flow rate and pollutant load being discharged to receiving waterways including Nepean River as a result of an increased pavement footprint. This is likely to have a negligible, minor impact on water quality, waterway stability and aquatic habitat in the receiving waterways. 

	•  scour at newly proposed stormwater outlet locations. 
	•  scour at newly proposed stormwater outlet locations. 


	The key measures proposed to avoid, manage and/or mitigate impacts to surface water and groundwater include: 
	• preparation of ESMR and ESCPs  
	• preparation of ESMR and ESCPs  
	• preparation of ESMR and ESCPs  

	• preparation of a SWMP and other aspects of the CEMP to manage water quality impacts during construction of the proposal 
	• preparation of a SWMP and other aspects of the CEMP to manage water quality impacts during construction of the proposal 

	• preparation of WQMP to describe water quality monitoring before and during construction 
	• preparation of WQMP to describe water quality monitoring before and during construction 

	• design of scour protection at new stormwater outlets and culverts 
	• design of scour protection at new stormwater outlets and culverts 

	• appropriate stabilisation of realignment and channel works at School House Creek. 
	• appropriate stabilisation of realignment and channel works at School House Creek. 


	With the proposed control measures in place, soil and water impacts are expected to be negligible to minor. 
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	Appendix A 
	Table A1 presents a summary of the relevant legislation and guidelines that are applicable to the proposal with respect to water quality and soils. 
	Table A1 – Relevant legislation, policy and guidelines – detailed summary 
	Document 
	Document 
	Document 
	Document 
	Document 

	Brief Description  
	Brief Description  

	Relevance 
	Relevance 



	The Environmental Planning and Assessment Act 1979 
	The Environmental Planning and Assessment Act 1979 
	The Environmental Planning and Assessment Act 1979 
	The 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 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 occupants, 
	(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. 
	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. 


	Water Management Act 2000 
	Water Management Act 2000 
	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 present and future generations.  
	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 present 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 

	The proposal is considered exempt controlled activity under the Water Management Act 2000  due to work on waterfront land. 
	The proposal is considered exempt controlled activity under the Water Management Act 2000  due to work on waterfront land. 




	Document 
	Document 
	Document 
	Document 
	Document 

	Brief Description  
	Brief Description  

	Relevance 
	Relevance 



	TBody
	TR
	out how much water is available for extraction, and establish rules for sharing the water between different types of water use - such as town supply, rural domestic supply, stock watering, industry and irrigation - and the environment. DPIE 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. 
	out how much water is available for extraction, and establish rules for sharing the water between different types of water use - such as town supply, rural domestic supply, stock watering, industry and irrigation - and the environment. DPIE 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 vegetation 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 water 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 (e.g. for a specific purpose access licence), or 
	Acquiring the right to use an existing licence 


	The NSW State Groundwater Policy Framework (1998) 
	The NSW State Groundwater Policy Framework (1998) 
	The NSW State Groundwater Policy Framework (1998) 

	This framework aims to achieve efficient and sustainable management of groundwater resources. The framework includes the Groundwater Quality Protection Policy, the Groundwater Quantity Management Draft, and the Groundwater Dependent Ecosystems Policy. 
	This framework aims to achieve efficient and sustainable management of groundwater resources. The framework includes the Groundwater 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. 
	This Policy is the overview of the listed policies to the left which are relevant to the proposal. 


	NSW State Groundwater Quality Protection Policy (1998) 
	NSW State Groundwater Quality Protection Policy (1998) 
	NSW State Groundwater Quality Protection Policy (1998) 

	The NSW Groundwater Quality Protection Policy 
	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:    

	The construction and operation of the proposal should account for the principles and processes 
	The construction and operation of the proposal should account for the principles and processes 
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	All groundwater systems should be managed so that the most sensitive identified beneficial use (or environmental value) is maintained;  
	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 

	expressed in this policy in protecting groundwater quality. 
	expressed in this policy in protecting groundwater quality. 
	 


	NSW State Groundwater Quantity Management Policy (1998) 
	NSW State Groundwater Quantity Management Policy (1998) 
	NSW State Groundwater Quantity Management Policy (1998) 

	The NSW Groundwater Quantity Management Policy 
	The NSW Groundwater Quantity Management Policy 
	The NSW Groundwater Quantity Protection Policy adopts the principles outlined in the NSW State Groundwater Policy Framework Document 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 available 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; 

	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 (e.g .dewatering). 
	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 (e.g .dewatering). 
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	Access to groundwater will be managed according to an established priority of use;  
	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 interference approval 


	The NSW State Groundwater Dependent Ecosystems Policy (2002) 
	The NSW State Groundwater Dependent Ecosystems Policy (2002) 
	The NSW State Groundwater Dependent Ecosystems Policy (2002) 

	The NSW Groundwater Dependent Ecosystem Policy 
	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 identified 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 biodiversity of their dependent ecosystems area maintained and/or restored. Management may involve establishment of threshold levels that are critical for ecosystem health, and controls 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:    

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




	Document 
	Document 
	Document 
	Document 
	Document 

	Brief Description  
	Brief Description  

	Relevance 
	Relevance 



	TBody
	TR
	Protecting ecosystems which are known to be, or are most likely to be, groundwater dependent.    
	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 adaptive 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 


	Water Sharing Plan for the Greater Metropolitan Region Groundwater Sources (2011) 
	Water Sharing Plan for the Greater Metropolitan Region Groundwater Sources (2011) 
	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. 
	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 
	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) 
	Water Sharing Plan for the Greater Metropolitan Region Unregulated River Water Sources (2011) 
	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. 
	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. 
	This proposal is located within the Southern Sydney Rivers Water Source as per the Water Sharing Plan. 


	NSW Aquifer Interference Policy (2012) 
	NSW Aquifer Interference Policy (2012) 
	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. 
	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 
	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 




	Document 
	Document 
	Document 
	Document 
	Document 

	Brief Description  
	Brief Description  

	Relevance 
	Relevance 



	Protection of the Environment Operations Act (1997) 
	Protection of the Environment Operations Act (1997) 
	Protection of the Environment Operations Act (1997) 
	Protection of the Environment Operations Act (1997) 

	The Protection of the Environment Operation Act 1997 (POEO Act) is administered by the Department of Planning, Industry and Environment (DPIE). 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 Protection of the Environment Operation Act 1997 (POEO Act) is administered by the Department of Planning, Industry and Environment (DPIE). 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 environmental protection licence and comply with conditions 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 standard, including water being discharged from sedimentation ponds after storm events. 

	The activities required for this proposal do not trigger the requirement for an environmental protection licence. 
	The activities required for this proposal do not trigger the requirement for an environmental protection licence. 


	Australian and New Zealand Guidelines for Fresh and Marine Water Quality (ANZG, 2000) 
	Australian and New Zealand Guidelines for Fresh and Marine Water Quality (ANZG, 2000) 
	Australian and New Zealand Guidelines for Fresh and Marine Water Quality (ANZG, 2000) 

	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 Water Quality Guidelines provide authoritative guidance on the management of water quality for natural and semi-natural water resources in Australia and New Zealand.  
	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. 
	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. 


	Australian and New Zealand Guidelines for Fresh and Marine Water Quality (ANZG, 2018) 
	Australian and New Zealand Guidelines for Fresh and Marine Water Quality (ANZG, 2018) 
	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 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 updates 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. 
	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) 
	Guidelines for groundwater quality protection in Australia (2013) 
	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 nominated environmental values and preventing groundwater contamination. 
	These guidelines are designed to support the overall objective of the NWQMS, focusing on protecting and enhancing groundwater quality to support the nominated 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.  
	This guideline should be followed in the management of impacts from the construction and operational phase of the proposal.  


	FM Act 
	FM Act 
	FM Act 

	Development activities requiring a DPIE permit 
	Development activities requiring a DPIE permit 

	Due to the construction in the Georges River, and the location being a Key Fish area 
	Due to the construction in the Georges River, and the location being a Key Fish area 




	Document 
	Document 
	Document 
	Document 
	Document 

	Brief Description  
	Brief Description  

	Relevance 
	Relevance 
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	Some examples of integrated developments that may require one of the permits listed above include: 
	Some examples of integrated developments that may require one of the permits listed above 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 require 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 (e.g. 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 reclamation to halt erosion 

	identified by the FM Act. Protections must be considered in line with this Act. 
	identified by the FM Act. Protections must be considered in line with this Act. 
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	Appendix C 
	Table C1 Summary of WQOs and selected values 
	Indicator 
	Indicator 
	Indicator 
	Indicator 
	Indicator 

	Units 
	Units 

	Aquatic Ecosystem Criteria 
	Aquatic Ecosystem Criteria 

	Primary and Secondary Contact Criteria 
	Primary and Secondary Contact Criteria 

	Visual Amenity Criteria 
	Visual Amenity Criteria 

	Selected Water Quality Objective 
	Selected Water Quality Objective 
	 


	TR
	ANZECC (2000) / ANZG (2018) 
	ANZECC (2000) / ANZG (2018) 

	Hawkesbury Nepean 
	Hawkesbury Nepean 

	Adopted Aquatic Ecosystem Criteria 
	Adopted Aquatic Ecosystem Criteria 



	Temperature 
	Temperature 
	Temperature 
	Temperature 

	°C 
	°C 

	N/A 
	N/A 

	N/A 
	N/A 

	N/A 
	N/A 

	16 – 34  
	16 – 34  

	N/A 
	N/A 

	16 – 34 
	16 – 34 


	Total Phosphorus (TP) 
	Total Phosphorus (TP) 
	Total Phosphorus (TP) 

	mg/L 
	mg/L 

	0.05 
	0.05 

	0.03 
	0.03 

	0.03 
	0.03 

	N/A 
	N/A 

	N/A 
	N/A 

	0.04 
	0.04 


	Total Nitrogen (TN) 
	Total Nitrogen (TN) 
	Total Nitrogen (TN) 

	mg/L 
	mg/L 

	0.5 
	0.5 

	0.5 
	0.5 

	0.5 
	0.5 

	N/A 
	N/A 

	N/A 
	N/A 

	0.74 
	0.74 


	Oxides of nitrogen 
	Oxides of nitrogen 
	Oxides of nitrogen 

	mg/L 
	mg/L 

	0.04 
	0.04 

	N/A 
	N/A 

	0.04 
	0.04 

	N/A 
	N/A 

	N/A 
	N/A 

	0.66 
	0.66 


	Chlorophyll-a  
	Chlorophyll-a  
	Chlorophyll-a  

	mg/L 
	mg/L 

	0.005 
	0.005 

	0.01-0.015 
	0.01-0.015 

	0.005 
	0.005 

	N/A 
	N/A 

	N/A 
	N/A 

	0.01 
	0.01 


	Turbidity  
	Turbidity  
	Turbidity  

	NTU 
	NTU 

	6 - 50 
	6 - 50 

	N/A 
	N/A 

	6-50 
	6-50 

	N/A 
	N/A 

	N/A 
	N/A 

	50 
	50 


	Salinity (electrical conductivity)  
	Salinity (electrical conductivity)  
	Salinity (electrical conductivity)  

	µS/cm 
	µS/cm 

	125 -2200  
	125 -2200  

	N/A 
	N/A 

	125-2200 
	125-2200 

	N/A 
	N/A 

	N/A 
	N/A 

	125-2200 
	125-2200 


	Dissolved Oxygen (DO) 
	Dissolved Oxygen (DO) 
	Dissolved Oxygen (DO) 

	mg/L 
	mg/L 

	N/A 
	N/A 

	N/A 
	N/A 

	N/A 
	N/A 

	N/A 
	N/A 

	N/A 
	N/A 

	N/A 
	N/A 


	Dissolved Oxygen (DO) 
	Dissolved Oxygen (DO) 
	Dissolved Oxygen (DO) 

	%SAT 
	%SAT 

	85 – 110 
	85 – 110 

	N/A 
	N/A 

	85-110 
	85-110 

	>80 
	>80 

	N/A 
	N/A 

	85-110 
	85-110 


	Total Suspended Solids (TSS) 
	Total Suspended Solids (TSS) 
	Total Suspended Solids (TSS) 

	mg/L 
	mg/L 

	N/A 
	N/A 

	N/A 
	N/A 

	N/A 
	N/A 

	N/A 
	N/A 

	N/A 
	N/A 

	N/A 
	N/A 


	pH 
	pH 
	pH 

	 
	 

	6.5 – 8.0  
	6.5 – 8.0  

	N/A 
	N/A 

	6.5-8.0 
	6.5-8.0 

	6.5 – 8.5  
	6.5 – 8.5  

	N/A 
	N/A 

	6.5-8.0 
	6.5-8.0 


	Enterococci 
	Enterococci 
	Enterococci 

	Count/100mL 
	Count/100mL 

	N/A 
	N/A 

	N/A 
	N/A 

	N/A 
	N/A 

	200 
	200 

	N/A 
	N/A 

	200 
	200 


	Arsenic (As III) 
	Arsenic (As III) 
	Arsenic (As III) 

	mg/L 
	mg/L 

	0.024 
	0.024 

	N/A 
	N/A 

	0.024 
	0.024 

	0.007 
	0.007 

	N/A 
	N/A 

	0.007 
	0.007 


	TR
	Arsenic (As V) 
	Arsenic (As V) 

	mg/L 
	mg/L 

	0.013 
	0.013 

	N/A 
	N/A 

	0.013 
	0.013 

	N/A 
	N/A 

	0.007 
	0.007 


	Cadmium 
	Cadmium 
	Cadmium 

	mg/L 
	mg/L 

	0.0002 
	0.0002 

	N/A 
	N/A 

	0.002 
	0.002 

	0.002 
	0.002 

	N/A 
	N/A 

	0.0002 
	0.0002 


	Chromium (Cr III) 
	Chromium (Cr III) 
	Chromium (Cr III) 

	mg/L 
	mg/L 

	0.0033 
	0.0033 

	N/A 
	N/A 

	0.0033 
	0.0033 

	0.05 
	0.05 

	N/A 
	N/A 

	0.0033 
	0.0033 


	TR
	Chromium (Cr VI) 
	Chromium (Cr VI) 

	mg/L 
	mg/L 

	0.001 
	0.001 

	N/A 
	N/A 

	0.001 
	0.001 

	N/A 
	N/A 

	0.001 
	0.001 




	Indicator 
	Indicator 
	Indicator 
	Indicator 
	Indicator 

	Units 
	Units 

	Aquatic Ecosystem Criteria 
	Aquatic Ecosystem Criteria 

	Primary and Secondary Contact Criteria 
	Primary and Secondary Contact Criteria 

	Visual Amenity Criteria 
	Visual Amenity Criteria 

	Selected Water Quality Objective 
	Selected Water Quality Objective 
	 


	TR
	ANZECC (2000) / ANZG (2018) 
	ANZECC (2000) / ANZG (2018) 

	Hawkesbury Nepean 
	Hawkesbury Nepean 

	Adopted Aquatic Ecosystem Criteria 
	Adopted Aquatic Ecosystem Criteria 



	Copper 
	Copper 
	Copper 
	Copper 

	mg/L 
	mg/L 

	0.0014 
	0.0014 

	N/A 
	N/A 

	0.0014 
	0.0014 

	1  
	1  

	N/A 
	N/A 

	0.0014 
	0.0014 


	Iron 
	Iron 
	Iron 

	mg/L 
	mg/L 

	N/A 
	N/A 

	N/A 
	N/A 

	N/A 
	N/A 

	0.3 
	0.3 

	N/A 
	N/A 

	0.3 
	0.3 


	Lead 
	Lead 
	Lead 

	mg/L 
	mg/L 

	0.0034 
	0.0034 

	N/A 
	N/A 

	0.0034 
	0.0034 

	0.01 
	0.01 

	N/A 
	N/A 

	0.0034 
	0.0034 


	Manganese 
	Manganese 
	Manganese 

	mg/L 
	mg/L 

	1.9 
	1.9 

	N/A 
	N/A 

	1.9 
	1.9 

	0.1  
	0.1  

	N/A 
	N/A 

	0.1 
	0.1 


	Mercury 
	Mercury 
	Mercury 

	mg/L 
	mg/L 

	0.00006 
	0.00006 

	N/A 
	N/A 

	0.00006 
	0.00006 

	0.001 
	0.001 

	N/A 
	N/A 

	0.00006 
	0.00006 


	Nickel 
	Nickel 
	Nickel 

	mg/L 
	mg/L 

	0.011 
	0.011 

	N/A 
	N/A 

	0.011 
	0.011 

	0.02 
	0.02 

	N/A 
	N/A 

	0.011 
	0.011 


	Zinc 
	Zinc 
	Zinc 

	mg/L 
	mg/L 

	0.008 
	0.008 

	N/A 
	N/A 

	0.008 
	0.008 

	3 
	3 

	N/A 
	N/A 

	0.008 
	0.008 


	Ammonia 
	Ammonia 
	Ammonia 

	mg/L 
	mg/L 

	0.9 
	0.9 

	N/A 
	N/A 

	0.9 
	0.9 

	0.5 
	0.5 

	N/A 
	N/A 

	0.08 
	0.08 


	Oil and Grease 
	Oil and Grease 
	Oil and Grease 

	N/A 
	N/A 

	N/A 
	N/A 

	N/A 
	N/A 

	N/A 
	N/A 

	Oil and petrochemicals should not be noticeable as a visible film on the water nor should they be detectable by odour 
	Oil and petrochemicals should not be noticeable as a visible film on the water nor should they be detectable by odour 

	Oil and petrochemicals should not be noticeable as a visible film on the water nor should they be detectable by odour 
	Oil and petrochemicals should not be noticeable as a visible film on the water nor should they be detectable by odour 

	Oil and petrochemicals should not be noticeable as a visible film on the water nor should they be detectable by odour 
	Oil and petrochemicals should not be noticeable as a visible film on the water nor should they be detectable by odour 




	ANZEC 2000 & ANZG 2018: Physical and chemical stressors were based upon the South-east Australian lowland rivers of the Australian and New Zealand Environment and Conservation Council & Agriculture and Resource Management Council of Australia and New Zealand water quality guidelines (ANZECC & ARMCANZ 2000). Toxicants were based upon the default guideline values for Slightly to Moderately Disturbed Rivers of the Australian and New Zealand guidelines for fresh and marine water quality (ANZG 2018). 
	Primary and Secondary Contact: Guidelines for Managing Risks in Recreational Water (NHMRC 2008) 
	Visual Amenity: ANZECC & ARMCANZ 2000 
	Hawkesbury Nepean : Independent Inquiry into the Hawkesbury Nepean River System (HRC 1998) urban areas – main stream criteria 
	Enterococci value based on  category C and lower  relating from NHMRC 2000 representing a substantial elevated risk.  
	Appendix D 
	Table D1 Liverpool City Council water quality monitoring – Rowing Club 
	Date 
	Date 
	Date 
	Date 
	Date 

	Time 
	Time 

	Rainfall 24 hours (mm) 
	Rainfall 24 hours (mm) 

	Rainfall 7 days (mm) 
	Rainfall 7 days (mm) 

	pH 
	pH 

	Temperature 
	Temperature 
	(°C) 

	Conductivity (μS/cm) 
	Conductivity (μS/cm) 

	Dissolved Oxygen (%) 
	Dissolved Oxygen (%) 

	Dissolved Oxygen (mg/L) 
	Dissolved Oxygen (mg/L) 

	Enterococci (units/100mL) 
	Enterococci (units/100mL) 



	2/10/2019 
	2/10/2019 
	2/10/2019 
	2/10/2019 

	9:30 AM 
	9:30 AM 

	0 
	0 

	0 
	0 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	14 
	14 


	9/10/2019 
	9/10/2019 
	9/10/2019 

	10:30 AM 
	10:30 AM 

	0.2 
	0.2 

	5.8 
	5.8 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	25 
	25 


	16/10/2019 
	16/10/2019 
	16/10/2019 

	9:20AM 
	9:20AM 

	0 
	0 

	20 
	20 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	45 
	45 


	23/10/2019 
	23/10/2019 
	23/10/2019 

	9:10 AM 
	9:10 AM 

	0 
	0 

	0 
	0 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	9 
	9 


	30/10/2019 
	30/10/2019 
	30/10/2019 

	10:35 AM 
	10:35 AM 

	0 
	0 

	0 
	0 

	8.3 
	8.3 

	23.16 
	23.16 

	0.315 
	0.315 

	120.3 
	120.3 

	10.56 
	10.56 

	16 
	16 


	6/11/2019 
	6/11/2019 
	6/11/2019 

	10:20 AM 
	10:20 AM 

	0 
	0 

	16 
	16 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	120 
	120 


	12/11/2019 
	12/11/2019 
	12/11/2019 

	9:35AM  
	9:35AM  

	0 
	0 

	0 
	0 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	40 
	40 


	20/11/2019 
	20/11/2019 
	20/11/2019 

	2:30pm 
	2:30pm 

	0.2 
	0.2 

	0.2 
	0.2 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	34 
	34 


	27/11/2019 
	27/11/2019 
	27/11/2019 

	10:00 AM 
	10:00 AM 

	2.4 
	2.4 

	8.6 
	8.6 

	8.09 
	8.09 

	24.58 
	24.58 

	0.333 
	0.333 

	98.7 
	98.7 

	8.28 
	8.28 

	22 
	22 


	4/12/2019 
	4/12/2019 
	4/12/2019 

	10:00 AM 
	10:00 AM 

	0 
	0 

	0 
	0 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	6 
	6 


	11/12/2019 
	11/12/2019 
	11/12/2019 

	10:35 AM 
	10:35 AM 

	0 
	0 

	0 
	0 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	5 
	5 


	18/12/2019 
	18/12/2019 
	18/12/2019 

	10:45 AM 
	10:45 AM 

	0 
	0 

	0 
	0 

	9.05 
	9.05 

	25.77 
	25.77 

	0.342 
	0.342 

	132.8 
	132.8 

	10.81 
	10.81 

	2 
	2 


	8/01/2020 
	8/01/2020 
	8/01/2020 

	10:45 AM 
	10:45 AM 

	0.4 
	0.4 

	0.4 
	0.4 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	6 
	6 


	15/01/2020 
	15/01/2020 
	15/01/2020 

	10:45AM 
	10:45AM 

	0 
	0 

	1.2 
	1.2 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	16 
	16 


	23/01/2020 
	23/01/2020 
	23/01/2020 

	9:55 AM 
	9:55 AM 

	0 
	0 

	60.6 
	60.6 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	320 
	320 


	29/01/2020 
	29/01/2020 
	29/01/2020 

	12:00 PM 
	12:00 PM 

	0.4 
	0.4 

	19.8 
	19.8 

	9.29 
	9.29 

	30.02 
	30.02 

	0.325 
	0.325 

	123.50 
	123.50 

	9.32 
	9.32 

	45 
	45 


	5/02/2020 
	5/02/2020 
	5/02/2020 

	10:45AM 
	10:45AM 

	0 
	0 

	21.6 
	21.6 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	25 
	25 


	19/02/2020 
	19/02/2020 
	19/02/2020 

	11:20AM 
	11:20AM 

	15.2 
	15.2 

	54.6 
	54.6 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	100 
	100 


	26/02/2020 
	26/02/2020 
	26/02/2020 

	10:25AM 
	10:25AM 

	0 
	0 

	10.4 
	10.4 

	7.32 
	7.32 

	26.34 
	26.34 

	0.23 
	0.23 

	92.50 
	92.50 

	7.45 
	7.45 

	19 
	19 


	11/03/2020 
	11/03/2020 
	11/03/2020 

	11:15AM 
	11:15AM 

	0 
	0 

	34.6 
	34.6 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	15 
	15 


	17/03/2020 
	17/03/2020 
	17/03/2020 

	10:20AM 
	10:20AM 

	1.6 
	1.6 

	6.4 
	6.4 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	120 
	120 




	Date 
	Date 
	Date 
	Date 
	Date 

	Time 
	Time 

	Rainfall 24 hours (mm) 
	Rainfall 24 hours (mm) 

	Rainfall 7 days (mm) 
	Rainfall 7 days (mm) 

	pH 
	pH 

	Temperature 
	Temperature 
	(°C) 

	Conductivity (μS/cm) 
	Conductivity (μS/cm) 

	Dissolved Oxygen (%) 
	Dissolved Oxygen (%) 

	Dissolved Oxygen (mg/L) 
	Dissolved Oxygen (mg/L) 

	Enterococci (units/100mL) 
	Enterococci (units/100mL) 



	25/03/2020 
	25/03/2020 
	25/03/2020 
	25/03/2020 

	11.24AM 
	11.24AM 

	0.4 
	0.4 

	0.4 
	0.4 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	7 
	7 


	1/04/2020 
	1/04/2020 
	1/04/2020 

	11:15AM 
	11:15AM 

	0.2 
	0.2 

	20.4 
	20.4 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	12 
	12 


	8/04/2020 
	8/04/2020 
	8/04/2020 

	10:20AM 
	10:20AM 

	0 
	0 

	16.8 
	16.8 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	150 
	150 


	15/04/2020 
	15/04/2020 
	15/04/2020 

	10:30AM 
	10:30AM 

	0 
	0 

	3.2 
	3.2 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	8 
	8 


	22/04/2020 
	22/04/2020 
	22/04/2020 

	10:10AM 
	10:10AM 

	0 
	0 

	0 
	0 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	100 
	100 


	4/06/2020 
	4/06/2020 
	4/06/2020 

	10:30AM 
	10:30AM 

	0 
	0 

	0.23 
	0.23 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	33 
	33 


	9/06/2020 
	9/06/2020 
	9/06/2020 

	11:50 
	11:50 

	1 
	1 

	1.6 
	1.6 

	  
	  

	  
	  

	  
	  

	  
	  

	  
	  

	43 
	43 


	6/10/2020 
	6/10/2020 
	6/10/2020 

	12:00 PM 
	12:00 PM 

	0 
	0 

	0.2 
	0.2 

	  
	  

	23 
	23 

	  
	  

	  
	  

	  
	  

	6 
	6 


	14/10/2020 
	14/10/2020 
	14/10/2020 

	9:35 AM 
	9:35 AM 

	0 
	0 

	0.2 
	0.2 

	  
	  

	19 
	19 

	  
	  

	  
	  

	  
	  

	48 
	48 


	20/10/2020 
	20/10/2020 
	20/10/2020 

	2.25PM 
	2.25PM 

	8.2 
	8.2 

	8.2 
	8.2 

	  
	  

	22 
	22 

	  
	  

	  
	  

	  
	  

	45 
	45 


	27/10/2020 
	27/10/2020 
	27/10/2020 

	12:30PM 
	12:30PM 

	42.2 
	42.2 

	66.8 
	66.8 

	  
	  

	20 
	20 

	  
	  

	  
	  

	  
	  

	160 
	160 


	3/11/2020 
	3/11/2020 
	3/11/2020 

	12:00PM 
	12:00PM 

	0.2 
	0.2 

	21.4 
	21.4 

	7.53 
	7.53 

	22.16 
	22.16 

	0.27 
	0.27 

	127.60 
	127.60 

	11.12 
	11.12 

	15 
	15 


	11/11/2020 
	11/11/2020 
	11/11/2020 

	9:45AM 
	9:45AM 

	0 
	0 

	29.6 
	29.6 

	  
	  

	31 
	31 

	  
	  

	  
	  

	  
	  

	31 
	31 


	17/11/2020 
	17/11/2020 
	17/11/2020 

	10:40AM 
	10:40AM 

	0 
	0 

	4.2 
	4.2 

	  
	  

	25 
	25 

	  
	  

	  
	  

	  
	  

	160 
	160 


	24/11/2020 
	24/11/2020 
	24/11/2020 

	11:45AM 
	11:45AM 

	0.2 
	0.2 

	22.4 
	22.4 

	7.48 
	7.48 

	22.12 
	22.12 

	0.186 
	0.186 

	108.80 
	108.80 

	9.45 
	9.45 

	40 
	40 


	2/12/2020 
	2/12/2020 
	2/12/2020 

	2:20PM 
	2:20PM 

	9 
	9 

	10.4 
	10.4 

	  
	  

	25 
	25 

	  
	  

	  
	  

	  
	  

	150 
	150 


	8/12/2020 
	8/12/2020 
	8/12/2020 

	3:45PM 
	3:45PM 

	0 
	0 

	20.6 
	20.6 

	  
	  

	25 
	25 

	  
	  

	  
	  

	  
	  

	260 
	260 


	15/12/2020 
	15/12/2020 
	15/12/2020 

	11:40AM 
	11:40AM 

	3.4 
	3.4 

	5.4 
	5.4 

	  
	  

	20 
	20 

	  
	  

	  
	  

	  
	  

	780 
	780 


	22/12/2020 
	22/12/2020 
	22/12/2020 

	10:35AM 
	10:35AM 

	20.6 
	20.6 

	50.2 
	50.2 

	2.77 
	2.77 

	22.9 
	22.9 

	0.135 
	0.135 

	97.50 
	97.50 

	8.36 
	8.36 

	52 
	52 


	5/01/2021 
	5/01/2021 
	5/01/2021 

	11:33AM 
	11:33AM 

	11 
	11 

	31.6 
	31.6 

	  
	  

	22 
	22 

	  
	  

	  
	  

	  
	  

	58 
	58 


	13/01/2021 
	13/01/2021 
	13/01/2021 

	  
	  

	0 
	0 

	4.2 
	4.2 

	  
	  

	26 
	26 

	  
	  

	  
	  

	  
	  

	25 
	25 


	19/01/2021 
	19/01/2021 
	19/01/2021 

	10:45 AM 
	10:45 AM 

	0 
	0 

	0 
	0 

	  
	  

	24 
	24 

	  
	  

	  
	  

	  
	  

	21 
	21 




	Date 
	Date 
	Date 
	Date 
	Date 

	Time 
	Time 

	Rainfall 24 hours (mm) 
	Rainfall 24 hours (mm) 

	Rainfall 7 days (mm) 
	Rainfall 7 days (mm) 

	pH 
	pH 

	Temperature 
	Temperature 
	(°C) 

	Conductivity (μS/cm) 
	Conductivity (μS/cm) 

	Dissolved Oxygen (%) 
	Dissolved Oxygen (%) 

	Dissolved Oxygen (mg/L) 
	Dissolved Oxygen (mg/L) 

	Enterococci (units/100mL) 
	Enterococci (units/100mL) 



	28/01/2021 
	28/01/2021 
	28/01/2021 
	28/01/2021 

	11:35 AM 
	11:35 AM 

	0.8 
	0.8 

	1.2 
	1.2 

	  
	  

	19 
	19 

	  
	  

	  
	  

	  
	  

	30 
	30 


	2/02/2021 
	2/02/2021 
	2/02/2021 

	12:00PM 
	12:00PM 

	46 
	46 

	46.4 
	46.4 

	  
	  

	23 
	23 

	  
	  

	  
	  

	  
	  

	120 
	120 


	9/02/2021 
	9/02/2021 
	9/02/2021 

	11:55AM 
	11:55AM 

	0.2 
	0.2 

	5.2 
	5.2 

	  
	  

	24 
	24 

	  
	  

	  
	  

	  
	  

	42 
	42 


	16/02/2021 
	16/02/2021 
	16/02/2021 

	  
	  

	1.4 
	1.4 

	29 
	29 

	  
	  

	24 
	24 

	  
	  

	  
	  

	  
	  

	32 
	32 


	24/02/2021 
	24/02/2021 
	24/02/2021 

	10:17AM 
	10:17AM 

	0.2 
	0.2 

	25.01 
	25.01 

	  
	  

	23 
	23 

	0.174 
	0.174 

	152.40 
	152.40 

	13.03 
	13.03 

	35 
	35 


	2/03/2021 
	2/03/2021 
	2/03/2021 

	10:00AM 
	10:00AM 

	0 
	0 

	0.2 
	0.2 

	  
	  

	21.8 
	21.8 

	  
	  

	  
	  

	  
	  

	100 
	100 


	9/03/2021 
	9/03/2021 
	9/03/2021 

	10:35AM 
	10:35AM 

	18.2 
	18.2 

	18.2 
	18.2 

	  
	  

	27 
	27 

	  
	  

	  
	  

	  
	  

	380 
	380 


	16/03/2021 
	16/03/2021 
	16/03/2021 

	12:00 
	12:00 

	0.2 
	0.2 

	35.2 
	35.2 

	  
	  

	23 
	23 

	  
	  

	  
	  

	  
	  

	46 
	46 
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	Table F1 Mulgoa Road Stage 1 Groundwater monitoring bores location and groundwater depth 
	Borehole ID 
	Borehole ID 
	Borehole ID 
	Borehole ID 
	Borehole ID 

	Easting (MGA 56) 
	Easting (MGA 56) 

	Northing (MGA 56) 
	Northing (MGA 56) 

	Groundwater Depth  
	Groundwater Depth  

	Date Sampled 
	Date Sampled 



	BH101 
	BH101 
	BH101 
	BH101 

	284232 
	284232 

	6260579 
	6260579 

	11.1 
	11.1 

	15/08/17 
	15/08/17 


	 
	 
	 

	 
	 

	 
	 

	9.67 
	9.67 

	01/09/17 
	01/09/17 


	BH102 
	BH102 
	BH102 

	284256 
	284256 

	6260549 
	6260549 

	8.1 
	8.1 

	16/08/17 
	16/08/17 


	 
	 
	 

	 
	 

	 
	 

	8.2 
	8.2 

	01/09/17 
	01/09/17 


	BH107 
	BH107 
	BH107 

	284286 
	284286 

	6260619 
	6260619 

	N/A 
	N/A 

	18/08/17 
	18/08/17 


	 
	 
	 

	 
	 

	 
	 

	9.8 
	9.8 

	01/09/17 
	01/09/17 


	BH108 
	BH108 
	BH108 

	284326 
	284326 

	6260598 
	6260598 

	9.6 
	9.6 

	22/08/17 
	22/08/17 


	 
	 
	 

	 
	 

	 
	 

	7.6 
	7.6 

	01/09/17 
	01/09/17 




	 
	Table F2 Mulgoa Road Stage 1 groundwater quality results 
	Borehole ID 
	Borehole ID 
	Borehole ID 
	Borehole ID 
	Borehole ID 

	Chloride (mg/L) 
	Chloride (mg/L) 

	pH 
	pH 

	Sulphate (mg/L) 
	Sulphate (mg/L) 

	Iron (mg/L) 
	Iron (mg/L) 



	BH101 
	BH101 
	BH101 
	BH101 

	3700 
	3700 

	7 
	7 

	230 
	230 

	<0.05 
	<0.05 


	BH108 
	BH108 
	BH108 

	76 
	76 

	7.4 
	7.4 

	44 
	44 

	1.1 
	1.1 
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