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1  Introduction 
1.1    Background 
The thirteen NSW Catchment Management Authorities (CMAs) are required to update their 
Catchment Action Plans (CAPs) in a process to be completed by early 2013. The CAPs are 
required to be “Whole of Government” in order to provide greater coherence between policies 
and plans as they develop strategic direction at regional levels. CAPs must align with or take into 
account common elements of agency activity, and require a high level of co-ordination.  

A cross-agency team was engaged in December 2011 to produce a salinity tool for the 2012-13 
CAP update process. The Salinity Hazard for CAP Updates project is funded by Catchment 
Action NSW and delivers state-wide information. 

The project work associated with this report was carried out prior to the formation of the new 
Local Land Services (LLS) areas. The boundaries used for hazard identification in this report 
relate to the CMA  boundaries as they were prior to October 2012. The former Sydney 
Metropolitan CMA area is now incorporated into the Hawkesbury-Nepean CMA area. 

The primary output of the Salinity Hazard for CAP Updates project is a broad scale salinity 
hazard spatial coverage and report for each CMA. This report is produced for the Sydney 
Metropolitan Catchment Management Authority (SMCMA) for use in upgrading its Catchment 
Action Plan. The Sydney Metropolitan CAP is a cabinet approved document which outlines the 
investment priorities and delivery targets for natural resource management (NRM) across the 
SMCMA area. The SMCMA is currently reviewing and upgrading the CAP which was developed 
in 2004-05. 

Salinity information is required to guide the ten year strategic plan (CAP), to prioritise actions, 
and to target specific landscapes with spatially explicit management actions on ground. The 
CAPs must   

• comply with the NRC Standards for Quality Natural Resource Management (the Standard) 

• demonstrate “Adaptive Management” 

• deal with emerging issues such as the MDBA Basin Plan / Strategic Land Use Plans etc 

• consider the resilience of landscapes and systems  

This project will utilise state-wide data sets and collect and integrate Hydrogeological Landscape 
(HGL) information where it exists. The project has the potential to be expanded to a detailed 
HGL project targeted at the areas identified in the state-wide approach. 

This document describes the hazard posed by salinity for different parts of the SMCMA 
catchment. The associated Salinity Hazard for CAP Update map is a specific product for CAP 
planning. It is appropriate at the catchment scale. More detailed investigations are required for 
sub-regional works. 

1.2    Resilience 
The Natural Resource Commission (NRC) has released The Framework for Assessing and 
Recommending CAPs (2011). A key component of this document is a shift towards resilience 
thinking. This approach influences CAP targets, partnerships and the type of knowledge that the 
SMCMA should draw on to analyse, understand and communicate how the landscape functions. 

“Resilience thinking aims to identify a small number of important variables that control the way a 
complex landscape system is functioning, and the thresholds within which the system can 
continue to function in a desired way”  (NRC 2011). 

Salinity is one of the ‘small set of important variables’ that control the function, thresholds and 
resilience of landscapes. The 5 salinity hazard classes (see Section 2.1 – Hazard Ranking) used 
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as part of this Salinity Hazard for CAP Updates project, provide a simple system for 
understanding how salinity influences landscape resilience.  

The following is the Resilience definition of the Stockholm Resilience Centre (Walker et al., 
2004; Folke et al. 2010). It is the definition adopted for the Salinity Hazard for CAP Updates 
project. 

“The capacity of a system to absorb disturbance and reorganise while undergoing change so as 
to still retain essentially the same function and feedbacks and therefore identify, that is, the 
capacity to change in order to maintain the same identity.” 

Salinity is an important variable in landscape systems and is often a determining factor in the 
capacity of the landscape to absorb change. It has a three-pronged impact on landscapes, 
namely land salinisation, in-stream salt load and in-stream salt concentration.  Any of these can 
of themselves or in concert impact on landscape resilience.  

“Management can then be designed to maintain a functioning system either by remaining within 
thresholds or transforming to a desirable (or least undesirable) alternative stable state.” (NRC 
2011) 

Salinity as a major landscape degradation issue can determine the nature of thresholds and 
tipping points.  If thresholds within landscapes are to be understood and managed then salinity 
must be understood and managed in a landscape context. 

The drivers, variables, thresholds, priority actions and gap analysis for salinity in the SM CMA 
are provided in Appendix 1. 

2 Methodology 
2.1    Overview of the descriptors 
Each hazard area has a descriptor which includes a hazard ranking; a location diagram and 
description; a statement on the significance of the salinity hazard in that unit; a resilience 
statement; a confidence statement; and the decision rules used to derive the hazard ranking.  

The reports on Hydrogeological Landscapes for the Sydney Metropolitan Catchment 
Management Authority in the Western Sydney study area (Nicholson et al. 2011a, b, Winkler et 
al. 2011 and Grant et al. 2011) were the primary data sources for the production of the salinity 
hazard descriptors. Salinity hazard rating for the eastern half of the catchment area was 
extrapolated from the Western Study Area HGL assessment based on common geology / soil 
landscapes / acid sulfate soil risk. 

Texts on specific aspects of the environment were extensively consulted and included geology 
maps and reports such as Geoscience Australia (2011), Bryan (1966), Herbert (1983), Stroud et 
al. (1985), Clark and Jones (1991); vegetation surveys National Parks and Wildlife Service 
(2002); soil landscape maps and reports Bannerman and Hazelton (1990), Chapman and 
Murphy (1989) and Hazelton and Tille (1990); and acid sulfate soil risk mapping Naylor et al. 
(1998) and Department of Environment, Climate Change and Water (2004). 

Hazard ranking 
Areas are given a salinity hazard ranking – Very High, High, Moderate, Low or Very Low. 
Rankings are determined from a number of variables including salt stores, salinity outbreaks, 
water quality, salt loads, onsite and offsite impacts, presence of acid sulfate soils, presence of 
highly sodic soils, aquifer systems, ground water salinity and ground water depth.  

Location diagram 
A simple overview of where the hazard areas occur within the CMA catchment.  Hazard areas 
are coloured using the following colour scheme. 
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Table 1 Salinity hazard colour scheme. 

Attribute Range Colour RGB Colour Scheme 

Very High Red 255, 50, 0 

High Orange 255, 150, 0 

Moderate Yellow 230, 230, 0 

Low Green 150, 230, 0 

Salinity Hazard 

Very Low Blue 0, 200, 255 

 

This colour scheme is also used in the hazard descriptor headers and in the overall salinity 
hazard map (Figure 1). 

Overview / location 
General statements on the terrain and geological characteristics of the hazard area, and where it 
is located. 

Significance 
Salinity characterises such as salt stores, salinity outbreaks, water quality, onsite and offsite 
impacts, and other land degradation issues that may be relevant to salinity processes. 

Resilience statement 
Factors that drive salinity development and the salinity related variables which control, impact or 
influence the resilience of landscapes.  

Confidence 
High, moderate or poor. A qualifier is provided where relevant (e.g. poor, due to lack of field 
investigation). 

Decision rules 
Decision rules for why a particular hazard rating was assigned (e.g. moderate hazard rating is 
based on HGL assessment which recognised significant areas of moderate levels of land 
salinity, moderate in-stream salt loads and moderate water EC). 

2.2    Overview of the salinity hazard for CAP update map 
The Salinity Hazard for CAP Update map (Figure 1) shows the broad salinity hazard distribution 
across the Sydney Metropolitan CMA. It is appropriate for planning at a CMA catchment scale. 
More detailed investigations are required to target sub-regional works. 

Figure 1 Salinity hazard for CAP update map for the Sydney Metropolitan CMA area 
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The Sydney Metropolitan CMA Hydrogeological Landscape (HGL) map (Figure 2 – Grant et al. 
2011) was the primary data sources for the production of the Salinity Hazard for CAP Update 
map. Where HGL hazard data was not available, interpolation was made using geological, soil 
and acid sulfate soil risk information. 

Figure 2 Sydney Metropolitan CMA Western study area hydrogeological landscape (HGL) map 
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3 Descriptors 
3.1    Very high hazard – Area 1 

VH1 Western Sydney Shales Hazard: Very High 

Figure 3 Location diagram of very high hazard area 1 
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Overview / location 
This category comprises Wianamatta Shale landscapes with low relief in the Cumberland Plains 
and western Ashfield Plains (Mitchell 2003) including areas of Cabramatta, Wetherill Park, 
Prestons and Edmondson Park. 

Significance 
Very high salinity hazard is due to flat lying shales (Ashfield Shale and Bringelly Shale) and the 
relative dominance of Ashfield Shale which contains high levels of salt; stored in shale, derived 
soils and regolith. Low relief contributes to saline land development at all points in the 
landscape, but particularly at discharge points on lower slopes and floodplains. 

VH1 – Western Sydney Shales differs from VH2 – Inner Western Sydney Shales on the basis of 
relief and drainage patterns which induce a greater proportion of saline land development on 
lower slopes in VH1 – Western Sydney Shales. 

On-site impacts include locally severe salt scalding and associated gully erosion along drainage 
depressions; damage to buildings and infrastructure as a result of salinity; fluvial and sheet 
erosion; high in-stream salinity; saline groundwater and localised water-logging and flood 
hazard. Off-site impacts include a decline in water quality.  

Detail on the distribution and processes of salinity in Western Sydney Shales are described in 
Upper South Creek variant a HGL, which has high stream EC (Winkler et al. 2011).  

Resilience statement 
Drivers of salinity development in these landscapes include increased urbanisation (including 
urban and peri-urban development), over-use of water, leakage of stormwater infrastructure and 
water delivery systems and inappropriate siting of infrastructure which will all have significant 
impact on hydrological pathways, and building and construction practices that are not sensitive 
to saline conditions.  
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Variables controlling the resilience of these landscapes include planning, policy, siting of 
infrastructure, construction methods, water use patterns and volumes, localised volume of saline 
substrate and extent of saline land. 

Confidence 
High. Landscape salinity is mapped and observed and stream EC tested.  

Decision rules 
Very High hazard rating is based on HGL assessment which recognised high levels of land 
salinity, high in-stream salt load, highly saline water (Winkler et al. 2011). 

3.2    Very high hazard – Area 2 

VH2 Inner Western Sydney Shales Hazard: Very High 

Figure 4 Location diagram of very high hazard area 2 
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Overview / location 
This category comprises gentle undulations, rises and low hills on Wianamatta Shale 
landscapes in the Inner West of Sydney Metropolitan CMA. The area roughly corresponds to the 
extent of the Ashfield Plains (Mitchell 2003) – from Auburn, Birrong and Bankstown in the west 
to Hurstville, Enmore and Camperdown in the east. It includes an outlier of similar geology / soil 
type around Caringbah. 

Significance 
Very high salinity hazard is due to flat lying shales (Ashfield Shale and Bringelly Shale) and the 
relative dominance of Ashfield Shale which contains high levels of salt; stored in shale, derived 
soils and regolith. Drainage is locally impaired by laminated layers.  

Relatively flat topography contributes to saline land development at all points in the landscape. 
Sodic and saline sediments which are present in drainage lines are thought to be related to past 
tidal influence from the Parramatta River and the Georges River. 

VH2 – Inner Western Sydney Shales differs from VH1 – Western Sydney Shales on the basis of 
relief and drainage patterns which produce ubiquitous saline land development throughout VH2 
– Inner Western Sydney Shales. 
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On-site impacts include locally severe salt scalding across all landscape elements; damage to 
buildings and infrastructure as a result of salinity; fluvial and sheet erosion; high in-stream 
salinity; and localised water-logging and flood hazard. Off-site impacts include a decline in water 
quality.   

Detail on the distribution and processes of salinity in Inner Western Sydney Shales are 
described in Bankstown HGL (Winkler et al. 2011).  

Resilience statement 
Drivers of salinity development in these landscapes include increased urbanisation, drainage 
impedance, over-use of water, leakage of stormwater infrastructure and water delivery systems 
and inappropriate siting of infrastructure which will all have significant impact on hydrological 
pathways, and building and construction practices that are not sensitive to saline conditions.  

Variables controlling the resilience of these landscapes include planning, policy, siting of 
infrastructure, construction methods, water use patterns and volumes, localised volume of saline 
substrate and extent of saline land. 

Confidence 
High to moderate (further investigation west of Bankstown recommended). Landscape salinity is 
mapped and observed and stream EC tested.  

Decision rules 
Very High hazard rating is based on HGL assessment which recognised high levels of land 
salinity, high in-stream salt load, highly saline water (Winkler et al. 2011). 

Salinity hazard rating for the eastern half of the catchment area was extrapolated from the 
Western Study Area HGL salinity assessment rating (Nicholson et al. 2011) based on common 
geology / soil landscapes. 

3.3    Very high hazard – Area 3 

VH3 South-Western Lower Slopes and Floodplain Hazard: Very High 

Figure 5 Location diagram of very high hazard area 3 
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Overview / location 
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This category comprises gently undulating Wianamatta Shale landscapes with a central broad 
alluviual plain in Minto, Bow Bowing and Eagle Vale. 

Significance 
Very high salinity hazard is due to flat lying shales (Ashfield Shale and Bringelly Shale) and the 
presence of a broad alluvial floodplain containing deep unconsolidated Quaternary alluvium 
which may significantly increase the salt export potential of the landscape. 

On-site impacts include numerous salt sites on footslopes and drainage lines. Salts are 
commonly sodium chloride dominant. Salt sites predominantly occur along drainage lines and 
throughout the lower landscape, particularly at convergence of soil landscapes. Rivers and 
streams carry high salinity (EC).  

Off-site impacts include decline in water quality because high load is exported from this 
landscape.  

Detail on the distribution and processes of salinity in South-Western Lower Slopes and 
Floodplain are described in Eagle Vale HGL, which has high land salinity, high stream EC and 
high salt load export (Winkler et al. 2011).  

Resilience statement 
Drivers of salinity development in these landscapes include increased urbanisation, over-use of 
water, leakage of stormwater infrastructure and water delivery systems and inappropriate siting 
of infrastructure which will all have significant impact on hydrological pathways, and building and 
construction practices that are not sensitive to saline conditions.  

Variables controlling the resilience of these landscapes include planning, policy, siting of 
infrastructure, construction methods, water use patterns and volumes, localised volume of saline 
substrate and extent of saline land. 

Confidence 
Moderate. Landscape salinity observed and stream EC tested.  

Decision rules 
Very High hazard rating is based on HGL assessment which recognised high levels of land 
salinity, high in-stream salt load, highly saline water (Winkler et al. 2011). 

3.4    Very high hazard – Area 4 

VH4 South-Western Sydney Shales Hazard: Very High 

Figure 6 Location diagram of very high hazard area 4 
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Overview / location 
This category comprises steep landscapes on deep Wianamatta Shale layers, particularly 
Ashfield Shale, overlying sandstones on the eastern boundary of the Cumberland Plain around 
Bradbury, Rosemeadow and Campbelltown. These landscapes are in the south-west of Sydney 
adjacent to sandstone landscapes of the Woronora Plateau. 

Significance 
These landscapes have a very high salinity hazard, moderate salt load and moderate water 
quality (EC). Salt store is high in Ashfield Shale, derived soils and regolith.  

Very high salinity hazard is due to thick layers of flat lying shales (principally Ashfield Shale) 
which appear to have laminated layers high in the landscape, impeding the flow of water. These 
laminated (and relatively impervious) layers in the shale cause water to move laterally sending 
dissolved salts to the surface. Land salinity develops at various discharge points in the 
landscape including high on hill slopes. 

Low hydraulic connectivity between shales and underlying sandstones also contributes to lateral 
flows of saline water.  

On-site impacts include frequent locally severe salt sites at common topographic height 
(associated with laminate layers high in the landscape) that cause damage to buildings and 
infrastructure, and salt sites associated with changes in slope. Off-site impacts include a decline 
in water quality.  

Detail on the distribution and processes of salinity in South-Western Sydney Shales are 
described in Bradbury HGL (Winkler et al. 2011).  

Resilience statement 
Drivers of salinity development in these landscapes include increased urbanisation, over-use of 
water, leakage of stormwater infrastructure and water delivery systems and inappropriate siting 
of infrastructure which will all have significant impact on hydrological pathways, and building and 
construction practices that are not sensitive to saline conditions.  

Variables controlling the resilience of these landscapes include siting of infrastructure, 
construction methods, water use patterns and volumes, localised volume of saline substrate, 
planning, policy, and extent of saline land. 

Confidence 
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High. Landscape salinity is mapped and observed and stream EC tested.  

Decision rules 
Very High hazard rating is based on HGL assessment which recognised high levels of locally 
severe land salinity, moderate in-stream salt load and moderately saline water (Winkler et al. 
2011). 

3.5    Very high hazard – Area 5 

VH5 Acid Sulfate (potential) and Disturbed Landscapes Hazard: Very High 

Figure 7 Location diagram of very high hazard area 5 
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Overview / location 
This category comprises all occurrences of potential acid sulfate soils (including areas mapped 
as disturbed terrain in acid sulfate soil risk mapping) in the Sydney Metropolitan area. It also 
includes estuarine tidal flats, floodplains, terraces and fluvial sediments which are regularly 
inundated. Locations include along major water bodies such as the Parramatta River, Georges 
River and Botany Bay. The area also includes some gravel pits which may have a salinity lower 
hazard. 

Significance 
These landscapes with potential acid sulfate risk have predominantly a very high salinity hazard, 
high salt load, high salt store and low water quality (EC). Soils generally tend to be highly acidic 
and highly saline. Regular inundation from brackish tidal water contributes to salt store. 
Disturbed landscapes that have potential acid sulfate risk can present a significant salinity 
hazard.  

On-site impacts include frequent locally severe salt sites which cause damage to buildings and 
infrastructure at all points across the landscape, corrosion from sulfate salts, flooding and water 
logging. Off-site impacts include a decline in water quality.  

Detail on the distribution and processes of salinity in these landscapes are described in 
Parramatta / Georges River HGL (Winkler et al. 2011). Information was extrapolated to the 
eastern half of the catchment area based on common acid sulfate risk mapping. 

Resilience statement 
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Salinity is primarily driven by shallow cyclic flows, estuarine and acid sulfate influences. 

Drivers of salinity development in these landscapes also include increased urbanisation, over-
use of water, leakage of stormwater infrastructure and water delivery systems and inappropriate 
siting of infrastructure which will all have significant impact on hydrological pathways, and 
building and construction practices that are not sensitive to saline or acid sulfate conditions.  

Variables controlling the resilience of these landscapes include exposure of potential acid sulfate 
soils, planning, policy, siting of infrastructure, construction methods, water use patterns and 
volumes, localised volume of saline substrate, and extent of saline land. 

Confidence 
Moderate. Landscape salinity is mapped and observed and stream EC tested (further 
investigation west of Bankstown recommended). Acid sulfate soil risk mapped. 

Decision rules 
Very High hazard rating is based on acid sulfate soil risk mapping and HGL assessment which 
recognised high levels of locally severe land salinity, high in-stream salt load and saline water 
(Winkler et al. 2011). 

3.6    High hazard – Area 1 

H1 Shale Hills with Basalt Caps Hazard: High 

Figure 8 Location diagram of high hazard area 1 
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Overview / location 
This category comprises undulating landscapes on Wianamatta Shale at Prospect, 
Wentworthville and Merrylands, with picrite (basalt) caps on some hill crests around Prospect. 

Significance 
These landscapes have a high salinity hazard due to impeded drainage through occasional 
Jurassic picrite (basalt) capping on hill crests, and high volumes of salt being stored in relatively 
thick layers of flat lying shales (Ashfield Shale and Bringelly Shale), derived soils and regolith. 

Water infiltrates slowly through highly weathered picrite and derived clays on hill crests near 
Prospect Reservoir which can lead to shallow cyclic flows or impeded drainage high on hill 
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slopes. The lateral movement of subsurface waters may be impeded by a soil texture change at 
the change in slope. 

On-site impacts include severe salt damage, including damage to infrastructure and buildings on 
the upper slopes or crests of hills, particularly at the contact of picrite caps with underlying 
shales. Minor to severe salt sites occur on the foot slopes of the low hills and at the contact 
between the colluvial and alluvial plains.  

Off-site impacts include decline of water quality.  

Details on distribution and processes of salinity in these undulating landforms are described 
Prospect HGL (Winkler et al. 2011). 

Resilience statement 
Drivers of salinity development in these landscapes include increased urbanisation, over-use of 
water, leakage of stormwater infrastructure and water delivery systems and inappropriate siting 
of infrastructure which will all have significant impact on hydrological pathways, and building and 
construction practices that are not sensitive to saline conditions.  

Salinity related variables controlling the resilience of these landscapes include planning, policy, 
siting of infrastructure, construction methods, water use patterns and volumes, and extent of 
saline land. 

Confidence 
Moderate. Salt sites have been mapped and observed.  

Decision rules 
High hazard rating is based on HGL assessment of the area which recognised moderate to high 
levels of land salinity, moderately saline water and moderate in-stream salt loads (Winkler et al. 
2011). 

3.7    Moderate hazard – Area 1 

M1 Boundary Slopes on Shales Hazard: Moderate 

Figure 9 Location diagram of moderate hazard area 1 
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Overview / location 
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This category comprises Wianamatta Shale landscapes with relatively high elevation and 
moderate relief and along the ridge divide between Sydney Metropolitan and Hawkesbury-
Nepean CMAs. The category includes the steep low hills at Cecil Hills and Denham Court. 

Significance 
These landscapes have a moderate salinity hazard due to flat lying shales (Bringelly Shale with 
minor Ashfield Shale) which contain high salt stores in soils and regolith.  

Water percolates through the shale hills and laterally along clay rich layers within the soil 
material. Land salinity develops on hills despite moderate relief and overland flow.  

On-site impacts include changes in ground cover and damage to infrastructure and buildings. 
Small salt outbreaks occur at multiple landscape positions including lower slopes and in 
drainage lines. Small and shallow cyclic salt sites develop on ponded areas in drainage 
depressions with seasonal drying. These sites are typically seasonal and are commonly sodium 
chloride dominant. Land salinity is also associated with sodic soils such as near St Gregory’s 
College. 

Off-site impacts include increase in water quality as steep hills and ridges provide fresh water 
runoff. 

Details on distribution and processes of salinity in these moderately steep landforms are 
described in Denham Court HGL, which has moderate levels of land salinity (Winkler et al. 
2011).  

Resilience statement 
Drivers of salinity include urbanisation, particularly peri-urban development and subdivision for 
hobby farming which may alter hydrological pathways. Impacts can be managed with urban and 
rural salinity management practices. 

Variables that impact the resilience of this landscape include sodic soils and urban planning 
which should take into consideration the potential impacts of salinity on infrastructure and 
assets. 

Confidence 
High (sites mapped and observed) 

Decision rules 
Moderate hazard rating is based on HGL assessment of the Denham Court area which 
recognised moderate levels of land salinity (Winkler et al. 2011). 

3.8    Moderate hazard – Area 2 

M2 Shale Plateau Hazard: Moderate 

Figure 10 Location diagram of moderate hazard area 2 
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Overview / location 
This category comprises an elevated plateau of rolling low hills on predominantly Ashfield Shale, 
overlying Hawkesbury Sandstone, in the north-eastern corner of the Sydney Metropolitan 
Catchment area around Baulkham Hills and Winston Hills. 

Significance 
These landscapes have a moderate salinity hazard due to the rolling landforms on flat lying 
shales (predominantly Ashfield Shale with minor Bringelly Shale) capturing and storing salt from 
aerosols as well as from residual weathering of shales. 

Water infiltrates into the low hills and flows laterally along clay rich layers within the soil material 
and bedding plains, and vertically along fractures in the shales and underlying sandstones. Land 
salinity is low but the salts are flushed through the shale into streams. Salt concentrations in 
streams can become higher in the shale drainage lines during rain events. 

On-site salinity impacts include occasional small salt sites in drainage lines associated with 
depressions in shale in the lower parts of the landscape. Off-site impacts include decline in 
water quality. 

Detail on the distribution and processes of salinity in these landforms are described in Baulkham 
Hills HGL (Winkler et al. 2011).  

Resilience statement 
Increased urbanisation which may alter hydrogeological pathways, and reduced vegetation 
cover, will drive salinity development. Variables that impact on resilience in these landscapes 
include water use patterns and volumes. 

Confidence 
Moderate. Some salt sites have been observed.  

Decision rules 
Moderate salinity hazard rating is based on HGL assessment (Baulkham Hills HGL) (Winkler et 
al. 2011).   

3.9     Moderate hazard – Area 3 
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M3 Sydney Swamps Hazard: Moderate 

Figure 11 Location diagram for moderate hazard area 3 
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Overview / location 
This category comprises coastal swamps, lagoons, hummocky surfaces and shallow lakes in the 
Sydney Metropolitan area. Locations include Warriewood, Dee Why, Queenscliff, Curl Curl, near 
Kyle Bay, Matraville and Newington. 

Significance 
These landscapes have a moderate salinity hazard due to proximity to the coastal salt source. 
Salt store is low in the highly permeable sands, sandy peats, peats and muds although pockets 
of salt store occur at depth. 

These landscapes have permanently high water tables and are subject to flooding. Unique 
vegetation includes closed-sedgeland and tall open forest. 

On-site impacts include minor gully and stream bank erosion when cleared. Salt sites may 
develop on the boundary with wetlands/swamps and surrounding landscapes and are 
exacerbated when land is cleared or drained for development purposes. 

Resilience statement 
These landscapes are fragile. Drivers of salinity include clearing of vegetation, drainage of 
wetlands and urbanisation which leads to ground water rise; hard surfaces increase water 
volumes for recharge – particularly if these landscapes contain retention basins.  

Variables that impact the resilience of this landscape include exposure of potential acid sulfate 
soils; depth to ground cover and urban planning. 

Confidence 
Moderate.  

Decision rules 
Moderate hazard rating is based on swamp soil landscapes (Chapman and Murphy 1989). 

3.10 Low hazard – Area 1 
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L1 Northern Sydney Shales Hazard: Low 

Figure 12 Location diagram of low hazard area 1 
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Overview / location 
This category comprises relatively shallow Wianamatta Shale landscapes forming ridgelines and 
peaked hills north of the harbour along the Pennant Hills Ridges (Mitchell 2003) in locations 
such as Pymble, Chatswood, Epping and North Ryde.  

Significance 
These landscapes have a low salinity hazard due to shallow depths of flat lying shales (Ashfield 
Shale, Bringelly Shale or both) over Hawkesbury Sandstone. Shallow depths of shales store 
minor salts within rock layers, derived soils and regolith.  

Water percolates through the peaked hills and narrow plateau ridges and flows laterally along 
clay rich layers within the soil material, and along lateral bedding planes between shale and 
underlying sandstone. Minimal volumes of salts are picked up because the shale layers 
overlying the sandstone are shallow. Land salinity is uncommon but can develop in association 
with wet seeps on shale derived soils and near drainage lines.  

On-site impacts include occasional appearance of salt sites in more poorly drained areas of the 
lower slopes and drainage depressions. Soil erosion is a hazard.  

Detail on the distribution and processes of salinity in these landforms are described in 
Glenhaven HGL (Winkler et al. 2011).  

Resilience statement 
Increased urbanisation, which may alter hydrogeologcial pathways, will drive salinity 
development. Variables that impact on resilience in these landscapes include ground cover 
percentage. 

Confidence 
Low to moderate (further investigation west of Epping recommended). Some salt sites have 
been mapped and observed.  

Decision rules 
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Low salinity hazard rating is based on HGL assessment (Glenhaven HGL) which recognised a 
moderate likelihood of occurrence with limited impact across most locations in these landscapes 
(Winkler et al. 2011).  

Salinity hazard rating for the eastern half of the catchment area was extrapolated from the 
Western Study Area HGL salinity assessment rating (Nicholson et al. 2011) based on common 
geology / soil landscapes. 

3.11 Very low hazard – Area 1 

VL1 Triassic Sandstones Hazard: Very Low 

Figure 13 Location diagram of very low hazard area 1 
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Overview / location 
This category comprises plateaus, hills and escarpments formed on massive sandstones of the 
Triassic Period. These landscapes are found in the south and north of the CMA around 
Engadine, Royal National Park and Belrose; around harbour bays such as at Castle Cove, 
Putney and Cremorne; and along the coastal cliffs such as at Manly and Watsons Bay.  

Significance 
These landscapes have a very low salinity hazard but are major sources of dilution flow. The 
massive sandstones have low salt store. There are only rare occurrences of land salinity, often 
associated with pockets of clay derived from layers of rock strata, or in association with overlying 
basalt remnants. Drainage is deep and water is fresh. 

Detail on the processes of salinity in these landscapes is covered in the Hawkesbury HGL 
(Winkler et al. 2011).  

Resilience statement 
The likelihood of salinity development is low. Drivers of salinity development may include 
clearing of native vegetation and urbanisation, which may alter hydrogeologcial pathways. There 
are few salinity variables that influence the resilience. 

Confidence 
High. 
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Decision rules 
This category groups together the Hawkesbury and Narrabeen Sandstone landscapes within the 
Sydney Metropolitan CMA. Salinity hazard rating for the eastern half of the catchment area was 
extrapolated from the Western Study Area HGL assessment (Nicholson et al. 2011) based on 
common geology / soil landscapes. 

3.12 Very low hazard – Area 2 

VL2 Aeolian or Marine Sands Hazard: Very Low 

Figure 14 Location diagram of very low hazard area 2 
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Overview / location 
This category comprises coastal dune fields such as the Botany Lowlands; reworked aeolian 
dunefields on coastal headlands at North Head and La Perouse; plains of Holocene sand at 
Long Reef, Banksia and Kogarah; and beach sands such as at Brighton-le-sands, Garie and 
North Era. They are often under conservation or recreational land use. 

Significance 
These landscapes have a very low salinity hazard. The unconsolidated sand dunes have low 
salt store. There are only rare occurrences of land salinity, often associated with rare clay lenses 
in the sand body. 

Groundwater is saline but dominated by freshwater lenses. High recharge from rainfall flushes 
salt through porous substrate. Cyclic salt not held in substrate – very low store. 

On-site impacts include occasionally salt sites occurring as a saline halo on boundary between 
sand units and surrounding substrate unit, or rare saline site development associated with clay 
lenses. 

Resilience statement 
The likelihood of salinity development is low. Drivers of salinity development may include 
extraction of perched freshwater lenses, for example at Kurnell, which allows saline ground 
water to rise; or clearing of native vegetation above clay lenses.  

Variables that influence the resilience of this landscape in relation to salinity include depth to 
ground water. 
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Confidence 
Moderate.  

Decision rules 
This category groups together the Aeolian and Marine Sand soil landscapes within the Sydney 
Metropolitan CMA. Salinity hazard rating is based on soil landscape descriptions. 

3.13 Very low hazard – Area 3 

VL3 Georges River Fluvial Landscape Hazard: Very Low 

Figure 15 Location diagram of very low hazard area 3 
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Overview / location 
This category comprises flat to gently undulating low rises and terraces on sandy Quaternary 
alluvium around the flood-prone reaches of the Georges River at Chipping Norton, Moorebank, 
Holsworthy and Georges Hall. The landscape features a broad, low-lying alluvial plain within the 
bend in the Georges River around the Chipping Norton Lake area. 

Significance 
This landscape category has a very low salinity hazard. Salt store is low, and comes from shales 
surrounding the alluvial sediments. Land salinity is moderate – there is a high potential for 
shallow cyclic or transient salinity in this landscape, however the broad, low-lying alluvial plain 
allows for broad scale flooding and ponding on the unconsolidated Quaternary sediments, which 
flushes any stored salts down through the soil profile.  

On-site impacts include flooding, erosion and salt sites on edges of drainage lines. Land salinity 
is particularly exposed during low flow and drier periods.  

Detail on the processes of salinity in these landscapes is covered in the Moorebank HGL 
(Winkler et al. 2011).  

Resilience statement 
The likelihood of salinity development is low. Drivers of salinity development may include 
clearing of native vegetation and increased urbanisation (which may result in over-use of water 
and leakage of stormwater infrastructure and water delivery systems). Variables controlling the 
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resilience of these landscapes include water use patterns and volumes, localised volume of 
saline substrate and depth to ground water. 

Confidence 
Moderate. 

Decision rules 
Very High hazard rating is based on HGL assessment which recognised moderate levels of land 
salinity but low in-stream salt load and fresh to marginal water (Winkler et al. 2011).   
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Appendix 1: Factors influencing resilience in Sydney Metropolitan CMA 
Table 2 Factors influencing resilience in Sydney Metropolitan CMA 

Drivers Main Variables Thresholds Priority Actions Evidence gaps/needs 

• Increasing 
urbanisation 

• Inappropriate 
planning and 
construction 
methods for salinity 

• Inappropriate 
grazing 
management  

• Inappropriate 
vegetation 
management 

• Inappropriate 
cropping practices 

• Inappropriate 
irrigation practices 

• Decreasing depth to 
water table and/or 
rising groundwater 
pressures  

• Clearing of native 
vegetation 

• Loss of perenniality 
• Loss of soil via 

erosion 
• Loss of soil health 

(physical, biological, 
chemical) 

• Water table depth 
• Groundcover 

percentage 
• Total grazing 

pressure 
• Perenniality 
• Soil stability 

(erosion, gullying, 
sodic soil) 

• Degree of soil 
degradation 

• Type of salt (salt 
species) 

• Extent of land 
salinity 

• Stream EC 
• Salt load in streams 
• Extent of potential 

acid sulfate soils 
• Climatic variability 
• Planning control and 

policy related to 
salinity hazard 

• Groundwater quality 
 

• Land salinity develops when 
groundwater is within 2 m of surface 

• Threshold for soil salinity impacts: 2 
dS/m ECe 

• Threshold for soil stability ESI = 
EC/ESP <0.02 instantaneous 
dispersion on wetting; <0.05 unstable 
(Murphy & McKenzie  2012) 

• Groundcover 70% 
• Riparian vegetation can buffer saline 

discharge into streams 
• Point where increasing recharge 

exceeds plant water uptake (water 
balance) 

• Loss of soil A horizon (topsoil) 
• Exposure and wetting of sodic soils 
• Exposure of acid sulfate soil 

(anaerobic to aerobic) 
• Stream salinity thresholds: human 

consumption (preferred) = 500 mg/L 
(800 EC); ecological system function 
threshold will depend on asset to be 
protected 

• Land management within capability / 
land management not within capability 
threshold 

• Building of infrastructure (irreversible) 
 

• Water management 
(irrigation and flow 
regime) 

• Appropriate grazing 
management 

• Discharge 
management  

• Soil health 
management 

• Vegetation 
management for 
production 

• Vegetation 
management for 
ecosystem services 

• Soil amelioration 
• Urban design catering 

for salinity 
• Riparian management 
• Planning related to 

salinity hazard 
• Policy related to 

salinity hazard 
 

• Salinity investigations in a landscape 
context not complete across entire 
CMA area 

• Salinity landscape management 
system to a landscape facet scale 
required for appropriate, targeted 
management 

• MERI 
• Time series groundwater data  
• Time series stream EC data 
• Time series load data (including flow 

data) 
• Water use of systems used in 

agricultural practices 
• Surface-groundwater connectivity 

information 
• Salinity-sedimentation relationship 

information 
• Land use change data 
• Salinity outbreak data (out of date 

and incomplete) 
• Continuous spatial soil coverage 

(unpublished or incomplete) 
• Spatial Land management within 

Capability (LMwC) (only partial 
coverage) 
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