
 
 

 
 

 

Project Name: Georges River Data Compilation and Estuary Processes Study 

Project Number: 3001765 

Report for: Georges River Combined Councils Committee 

 

PREPARATION, REVIEW AND AUTHORISATION 

Revision # Date Prepared by Reviewed by Approved for Issue by 

1 01.02.10 

Matthieu Glatz, 
Lemuel Yeung, Chris 
Adamantidis, Larissa 
Abbott, Simone 
dôUnienville 

Chris Adamantidis 
Cassandra 
Thompson 

Chris Adamantidis s 

     

     

     

 

ISSUE REGISTER  

Distribution List Date Issued Number of Copies 

Georges River Combined Councils Committee: 01.02.10 1 Electronic copy 

SMEC staff:   

Associates:   

North Sydney Office Library (SMEC office location):   

SMEC Project File:   

 

SMEC COMPANY DETAILS 

SMEC Australia 

L6 76 Berry St North Sydney NSW 2060 Australia 

Tel:  

Fax:  

Email:  

www.smec.com  

The information within this document is and shall remain the property of SMEC Australia 

  

http://www.smec.com/


 
 

 
 

 

 

 

 

 

Georges River Data 
Compilation and Estuary 
Processes Study 
 

 

 

For:  Georges River Combined Councils Commitee



 
 

 
 

 

EXECUTIVE SUMMARY 

 

Introduction 

The Georges River Combined Councilsô Committee (GRCCC), consisting of nine local 
councils within the Georges River catchment area, has recently established a sub-
committee, the Georges River Estuary Management Committee, to formulate an Estuary 
Management Plan for the entire Georges River Estuary. The Estuary Management Plan is 
to be undertaken in accordance with the NSW Governmentôs Estuary Management 
Manual under the NSW Estuary Management Policy.  

This report documents a combined Data Compilation and Estuary Processes Study for the 
Georges River Estuary. It identifies and collates all key data and reports that may exist on 
the Georges River Estuary, encompassing the relevant principal physical, ecological, 
social and economic, and land use planning activity characteristics ï some information 
that is generally applicable to relevant estuarine environments or management has also 
been included. 

The report also maps the extents of and documents threats and pressures on estuarine 
and riparian vegetation, foreshore erosion, documents seawall assessments for the 
estuary, documents water quality, and documents existing gross pollutant traps and 
stormwater outlets in the study area. It also documents viable specific management 
actions for the parts of the estuary which are degraded. 

The work presented herein has been carried out in accordance with the NSW Government 
Estuary Management Manual (1992), the NSW Estuary Management Policy, and the 
NSW Sea Level Rise Policy.  

Project Study Area 

The Georges River Estuary stretches approximately 50 km and extends from its mouth at 
Botany Bay to the tidal limit at Liverpool Weir. The catchment area covers a significant 
portion of the Sydney Metropolitan area. The land surrounding the estuary has been 
highly modified with heavy urbanisation supporting a range of commercial, industrial and 
residential purposes, with many developments extending up to the foreshores.  As such, 
this area has become a major source of pollution with metals, oils, grease, toxic organic 
compounds and high levels of nutrients entering the estuary from stormwater runoff.  This 
has reduced water quality to such an extent that commercial and recreational fishing 
within the lower reaches has been banned and an oyster industry has collapsed from 
disease infestation. This is particularly significant given the international importance of the 
estuarine wetlands within the lower reaches of the estuary, in particular Towra Point 
Wetlands, which is an internationally recognised Ramsar site. 

The project study area includes all the tributaries but does not include the Woronora River 
(as it is the subject of a separate Estuary Management Plan). It also includes the western 
foreshore of Botany Bay (Lady Robinsons Beach) and Towra Point.  

Estuary and Catchment Characteristics 

The Georges River Estuary is classified as a Tide dominated estuary. Tide dominated 
estuaries are generally bedrock coastal embayments, partially infilled by sediment derived 
from both catchment and marine sources. Their hydrodynamics are dominated by tidal 
currents rather than wave action. The estuary generally consists of a wide range of 
brackish, subtidal and intertidal habitats, including saltmarshes, tidal flats, and mangroves. 
They are generally well flushed by strong tidal currents and turbidity is high. 
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The Georges River Estuary is classified as a drowned river valley estuary. This kind of 
estuary is recognisable by a wide bedrock-flanked mouth, the presence of a submerged 
tidal delta such as Botany Bay and the absence of a sand barrier at its entrance.  

Many changes in the bathymetry occurred since the first sounding of the Bay undertaken 
by Captain Cook in 1770. In particular, it is to be noted that several reclamation and 
dredging works were realised in the second half of the 20th century.  

Botany Bay is a roughly circular depression reaching a diameter of 8km. The entrance of 
the bay is around 1km wide. The maximum depth in Botany Bay reaches 18m in its 
natural state but is now around 21m, due to the entrance channel dredging carried out in 
the 1970s. The average depth in the bay is about 4.5m and around 4m along the Georges 
River. 

Soils and Topography 

The topography is directly linked to the geology of each particular area. The study area 
elevation ranges between sea level at Botany Bay to approximately 75m in the west. 
Some gently undulating hills, narrow steep-sided valleys and gorges, broad valleys with 
floodplains or high exposed ridges with broad flat tops are noticeable along the Georges 
River. The Wianamatta shale geology in the upper reaches has influenced the gentle 
undulating slopes, low flat plains and broad valleys while the Hawkesbury sandstone has 
generated the dissected plateau west of the Illawarra Escarpment, narrow steep-sided 
sandstone valleys or gorges, high-exposed flat and broad ridges and moist gullies. 

The soils in the northern half of the study area ï derived from the Wianamatta Shales ï 
have a high potential for erosion (SPCC, 1978). Sheet and gully erosion is often visible in 
shale-based areas. These soils have a high water retaining capacity but can be very 
dispersible, making the water turbid. These soils are the source of most siltation in the 
lower reaches of the Georges River. 

Some skeletal stony sandy soils are found in the sandstone based areas. They are 
permeable and more porous than the Wianamatta shales and not dispersible. These soils 
are prone to water and wind erosion when the vegetation protecting them is disturbed. 

Sedimentary Processes 

      During the last century, sedimentary processes changed considerably in the Georges 
River catchment area. These changes were both influenced by natural factors (e.g. 
change in flood gradients and river flows, wind waves) and anthropogenic factors (e.g. 
dredging, reclamation, boat waves). The significant urbanisation increasing along the river 
had an important impact on the sediment processes due to increased urban runoff or 
vegetation removal. Developments along the Georges River changed the hydraulic 
character of the river, increasing erosion in the upper reaches and deposition in the lower 
reaches, making the latter siltier. The several dredging and reclamation works also 
significantly impacted the River behaviour and hence the sediment processes. 

The majority of the Georges River foreshores in the study area consist of Quaternary 
deposits ï predominantly mid Holocene to mid Pliocene deposits of medium grained clay 
and silt. The Georges River Estuary can be split into three regions of bed sediments. 
These are: 

 the main channel reach above Como Bridge which is mainly sandy 

 the main channel reach below Como Bridge which is predominantly composed of 
clay and silt 

 the large off-channel bay areas in the lower estuary where the major sediments 
are flocculent silts and clays 
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Overall longitudinal downstream fining of sand bed sediments illustrates a strong fluvial 
regime upstream of East Hills. Some occasional surface fine sediments are found at river 
bends.  

      A dominant flood tide (incoming tidal) sediment transport rate has been observed at 
several sites in the Georges River while the ebb transport (outgoing tide) is not significant 
(PWD, 1990). 

 
       In Botany Bay, ocean swell has moved sand in the direction of wave propagation across 

the bay, creating Lady Robinsons Beach. Breaking waves create longshore currents 
generate strong accretion at Dolls Point, westward sediment transport along Towra Point 
and a northward migration of sand along Lady Robinsons Beach. 

Sediment Quality 

The Georges River Estuary is intensively urbanised and industrialised and is important for 
boating and maritime activities. It has been a major repository for urban and industrial 
waste and is heavily impacted by anthropogenic metalliferous loadings (e.g. copper, zinc, 
nickel, lead). Decrease in tidal flushing due to reclaimed areas and extensive urban 
discharge result in high values in the upper reaches of the river but additional excessive 
loadings from industrial and shipping activities probably accounts for some of the 
observed heavy metal loadings. Point sources (e.g. waste dumps, sewage overflows, and 
discharge from a polluted river) have elevated sediment heavy-metal concentrations up to 
50 times above background in parts of Georges River Estuary.  

The majority of estuarine areas have sediment heavy metal concentrations which are 
greatly in excess of background values with most elevated regions located at the upper 
reaches and bay ends, with the lower reaches and mouth areas approaching background 
values. 
 
Dredging, Reclamation and Erosion 
 
Many dredging works occurred in Botany Bay between 1948 and 1978 (SPCC, 1979) and 
all along the Georges River. Dredging has exacerbated erosion of river banks by 
steepening the sub-water-surface bank profile ï hence making the riverbanks unstable. 
Dredging can also lead to decreased flow velocities in the River, which promotes 
accelerated sediment deposition. The major dredging occurring in the Georges River 
Catchment was at Moorebank and Chipping Norton Lakes.  
Some dredging within Botany Bay has had an impact on the foreshore of the study area, 
more particularly along Towra Point and Lady Robinsons Beach. This dredging has been 
undertaken between 1948 and 1978 at Botany Bay entrance for the building of the 
Australian Oil Refinery jetty and offshore of Kyeemagh. These changes in depth changed 
the wave behaviour and direction within the bay which increased the sediment transport 
along the Towra Point coastline (SPCC, 1978). Some further dredging occurred in 1984-
85 for the maintenance of the facilities at AOR and in 1992-94 at Botany Bay entrance, 
between the Third Runway and the Port. The dredged material was used as fill material in 
the construction of the Third Runway. 
The main areas where erosion occurs are in the upper reaches of the Georges River 
located in Wianamatta Shale geology, as lateral channel movement occurs more easily 
here than in sandstone. The impervious Wianamatta shales are covered by clay and 
clayey loams and some gully and sheet erosion makes the water turbid even at low 
discharge. Most silt in the lower reaches of the river comes from this area. 
In shale areas, widths of the channel usually increase over time while in sandstone areas, 
widths mainly decrease over time. In both shale and sandstone, mean and maximum 
depths increase over time. Channel capacity increased by 60% in the uppermost reaches 
between 1959 and 1976 while in the lower reaches the rate of increase was only 3%. 
Reclamation of bank and mangrove is largely responsible for width losses. 
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One main cause of erosion is dredging. This activity can have more or less impact on 
erosion depending on the depth of dredging and its distance from the banks. Some other 
causes of bank erosion include water in the soil profile causing a loss of bank coherence, 
passage of floods undermining the banks, wash from boats at high tide, wind waves, 
increasing tidal velocities due to increased storage at Chipping Norton ponds and lack of 
vegetation along banks. Some erosion prone riverbank materials, presence of dispersive 
clay and change in flow regime at the Weir, Lake Moore inlet, river bend downstream of 
William Long Bridge and inlet to Chipping Norton Lake are also amongst the major 
mechanisms of erosion. 
Inappropriate bank protection and channel modification may cause localised erosion (e.g. 
edge effects). Hence, controls, maintenance and management have to be undertaken. 

Reclamations along the Georges River have increased erosion in the upper reaches and 
the eroded sediments are depositing in the lower reaches. Some reclaimed areas also 
reduced the tidal prism and generated siltation as a consequence of the lower tidal flush. 

Hydrodynamics 

The Georges River and its tributaries form a vertically well-mixed estuary with waters in 
the lower reaches having essentially marine salinities. 

The tides in the Georges River area are semidiurnal with a diurnal inequality. This means 
that there are two high tides and two low tides each day and the two high or two low tides 
do not have the same amplitude. Tidal range is relatively constant along the River with 
differences in levels of less than 0.1m between the Liverpool Weir (mean spring range of 
1.31m) and Botany Bay (mean spring range of 1.25m). A tidal lag is noticeable between 
the Georges River mouth and the Weir. This tidal delay is about 2.5 hours. 

Tidal flushing predominantly depends on the tidal prism. The tidal prism is the volume of 
water in an estuary or inlet between mean high tide and mean low tide or the volume of 
water leaving an estuary at ebb tide. Between 1960 and 1980, the tidal prism of the 
Georges River upstream of Milperra increased from 700,000 m3 to 1.6 million m3 due to 
the lakes construction. This construction of the Chipping Norton Lake has reduced tidal 
range by approximately 0.2m in the upper reaches since 1960. 

The lower reaches of the Georges River are relatively well flushed as they are well 
influenced by the tide. However, some areas within the estuary are subject to a lack of 
tidal ventilation and are called ódead water areasô. Most embayments of the lower reaches 
have a dead water area upstream in dry weather conditions.  

Water Levels 

During storms, the ocean water level and hence that along the river is elevated above the 
normal tide level. While these higher levels are infrequent and last only for short periods, 
they may exacerbate any storm damage on the foreshore. Elevated water levels allow 
larger waves to cross the offshore sand bars and reefs and break at higher levels on the 
beach, especially in places like Towra Point. Further, they may cause flooding of low lying 
areas and increase tail water control levels for river flood discharges in the upper reaches 
of the river. 

A significant issue is the future rise in sea level resulting from the Greenhouse Effect. A 
rising sea level may result in an increased potential for bank erosion along the river where 
there is no protection against erosion like a seawall or estuarine vegetation. 

Currents 

The principal drivers of currents are tides, floods, winds, waves breaking and wave orbital 
motion at the seabed. 
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Current speeds in both Botany Bay and Georges River are generally less than 1m/s. 
Dredging in Botany Bay have reduced currents in deep holes and the airport development 
within the Bay has disturbed the current patterns. The construction of the Lakes Scheme 
has affected the current velocities upstream of the lake and allowed some minor sediment 
transport which was non-existent previously. 

Waves 

Waves can be locally generated by wind. This phenomenon is more likely to occur within 
the upper reaches at the Chipping Norton lakes or Botany Bay where longer fetch (i.e. the 
length of water over which a given wind has blown) can be observed. These waves have 
a characteristic period ranging from 1 to 5 seconds and possess little energy. 

Botany Bay is subject to ocean swells propagating through the entrance. The entrance of 
the bay is facing south-east which allows the penetration of the ocean swell from south to 
east-south-east. Ocean swell is generated by the transfer of energy from wind to water 
over long fetches. The usual wave period for ocean swell waves is between 8 and 15 
seconds. A maximum wave height of 9m can be reached every five years and a 6m wave 
height every six months. The height of the wave within the Bay is limited. Wave heights 
are generally less than 0.5m with only 10% of the waves exceeding 1m and rare 
occurrences of up to 2m in some location. Some wave diffraction can be observed around 
different obstacles such as the reclamations which were undertaken within the bay.  

Ocean swells are energetic and influenced by the changes in bathymetry. Therefore, the 
swell influence has been modified by the dredging and reclamation which took place 
within the Bay, mostly between 1948 and 1978.  

Before the development at the Bay entrance, Lady Robinsons Beach was frequently 
damaged during storms at Brighton le Sands. Dredging of the entrance channel reduced 
the wave climate along Lady Robinsons Beach. However, the works increased the wave 
heights along the southern shore. At Towra Point, the shallow waters protect the beach 
from high waves as the waves shoal and break over the sandy shoals, but small local 
wind-generated waves occur more frequently. The change of wave climate created a 
westward longshore current along Towra Point generating a longshore sediment drift 
eroding the beach. Changes in direction of the wave induced a beach rotation of Towra 
Beach to realign with the new wave direction. 

Flooding 

The major flood plain area of the Georges River catchment is the urban area located 
between Liverpool and East Hills, along Cabramatta and Prospect Creeks. These areas 
are subject to the most significant damage as they are located in low-elevated and shale-
dominated landscape. The Cabramatta and Prospect Creeks areas are of special concern 
because they are expected to be fully urbanised which would increase the flows by 60% 
for Prospect Creek and 190% for Cabramatta Creek. This would cause increases in flood 
flows and significantly reduce response times. Around 30% of flood prone areas are 
residential and industrial/commercial developments and 70% are open spaces. 

The largest flood events which have occurred within the 30 past years are the 1986 and 
1988 floods. These events are assessed to be around a 1 in 20 year Annual Recurrence 
Interval (ARI) flood. More than 1000 residential properties were flooded by the 1988 flood 
along the Georges River, Cabramatta and Prospect Creeks.  

The major flood which occurred within the last 100 years was the 1956 flood event but this 
flood is still relatively small in comparison to some other floods from the previous century. 
The most significant flood ever recorded occurred in 1873 and was 1m higher than the 
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estimated 100 year ARI flood, while three other large floods equalling the 100 year ARI 
event were recorded at the end of the 19th century. 

Freshwater inflows are directly linked to rainfall and urbanisation. In highly urbanised 
areas, there is more impervious area which results in higher runoff flowing into the river 
after a storm rainfall event. Natural freshwater inflow from the uppermost reaches of the 
river is controlled by the Liverpool Weir. Freshwater inflows in the Georges River are 
generally low. In the higher reaches the water becomes brackish and reaches fresh 
conditions. Under conditions of high freshwater flows, the Georges River may be stratified 
for up to two weeks. 

Many significant developments were undertaken over the last 20 years within the Georges 
River Catchment, which can have an impact on the flood behaviour.  These developments 
have involved filling of large tracts of flood-prone land, large scale excavation such as with 
the Chipping Norton Lake Scheme, removal of homes from the floodway and sand 
extraction activities at Moorebank. 

Floodplain management options that have been adopted within the Georges River Estuary 
have included: 

 Voluntary purchase of affected homes 

 House raising 

 Flood protection works 

 Retarding basins, and 

 Flood warning systems.    

Water Quality 

Water quality describes the suitability of a particular body of water for a specific use, but it 
can also generally indicate the relative health of a waterway.  

Some of the more fundamental processes directly affecting water quality involve material 
transport into and out of the system via natural water flows (freshwater and marine), 
anthropogenic sources and sinks, and through the atmosphere.  At the local scale, this 
transport is governed by physical processes of mixing, and advective/dispersive transport.   

In the past, the Georges River has suffered from a number of poor management 
practices, where actions were taken based on little knowledge or foresight into the 
potential long term environmental impacts on the riverôs water quality and the possible 
implications for its use today.  Up until the 1970ôs and 1980ôs, extensive dredging activities 
along the river and the eventual construction of the Chipping Norton Lakes has largely 
altered the hydrodynamics of the river and has subsequently increased turbidity through 
increased bank instability.  

Land reclamation activities up until the 1970ôs caused the destruction of many wetlands 
while also using landfill waste as fill.  This has partially been responsible for the collapse 
of an oyster, prawn and fish industry in the Georges River due to a loss in spawning 
habitats and degradation of water quality caused by leachate seepage into the river.  Raw 
sewage, which is high in nutrients, pathogens and other pollutants was being discharged 
directly into the river from the Glenfield sewage treatment plant in the 1960ôs, causing 
widespread issues of eutrophication and poor water quality in the upper sections of the 
Georges River.  This legacy of uncontrolled waste dumping also expanded to industrial 
wastes and chemicals being discarded into the river.  While some areas of the river have 
recovered from past pollution, many of the toxic chemicals, heavy metals and pollutants 
still remain in the Georges River bound to riverbed sediments.  
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A number of point and diffuse sources continue to significantly contribute towards the 
degradation of water quality in the Georges River. The highly urbanised catchment areas 
surrounding the main river channel continue to grow in population density, exerting more 
pressure on the ageing stormwater and sewerage infrastructure, increasing the pollution 
and sediments washed off an expanding catchment area of paved surfaces.  Sewage 
overflows discharging into the river are becoming more frequent with less intense rainfall 
due to ageing infrastructure and growing demand, while stormwater from urban 
catchments is contributing substantially to an increasing influx of gross pollutants, heavy 
metals and nutrients into the river.  Recreational activities like dirt biking and four wheel 
driving along some sections of the riverôs foreshores continue to contribute to water 
turbidity by destabilising soil structure and destroying foreshore vegetation.   

Despite all the above problems, there has been a recent concerted effort to manage the 
Georges River catchment in a more ecologically sustainable way and this has led to some 
recent improvements in water quality. 

Water quality is multifaceted and encompasses physical, chemical and biological factors.  
In our report, a number of specific parameters were adopted from the ANZECC 2000 
Water Quality Guidelines to help describe and define the state of the water in more 
detailed, concrete and measurable terms. The following parameters for water quality have 
been described in detail in the main body of the report, including water quality data 
analysis where available: 

 Water temperature 

 Salinity and stratification 

 Dissolved Oxygen 

 Turbidity 

 Nutrients 

 Chlorophyll-a 

 Bacteria and pathogenic contamination 

 Heavy metals 

 Gross pollutants. 

Foreshore Erosion and Structures 

Some erosion occurs with various degrees of severity in various locations all along the 
Georges River foreshore. In general, most erosion occurs in the areas of the river 
underlain by Wianamatta Shales in the upper reaches while the lower reaches are located 
in sandstone or are highly urbanised and protected by seawalls. The study team visited 
the site over several days by land and boat to assess the severity of erosion and the 
seawall conditions along the Georges River foreshore. Foreshore erosion and the seawall 
assessment are mapped in Appendix B.  

Foreshore erosion along the Georges River is generally due to factors such as boat 
waves, tidal undercutting, floods and stormwater runoff. Erosion was rated as being light, 
moderate or high/severe. 
 
Many seawalls have been constructed along the Georges River. Most of them are located 
in the lower reaches and all around Chipping Norton foreshore. Seawall conditions were 
rated as follows: 

Á Good: the seawall is quite new or intact, it is properly engineered and does not 
need any maintenance or only minor maintenance. 
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Á Fair: the seawall is in relatively good condition but would need maintenance or 
upgrades 

Á Poor: Dumped materials, collapsed seawall or seawall in need of major 
maintenance and upgrades 

Details of the seawall assessment can be found in the main report and in Appendix B. 

Erosion and seawall management should take into account the environment and should 
generally follow the guidelines given by DECC&W (2009) for environmentally friendly 
seawall design. Response to erosion issues depends on the severity of the erosion, the 
height of the embankment and the land use directly behind the eroded area.  

In areas of very severe erosion where the bank is very high and steep, the bank should be 
levelled to reach a stable slope ï to an angle depending on the type of sediment and soils 
present along the slope ï and vegetation should be planted to stabilise this new 
equilibrium slope.  

In areas of light erosion at the toe of a steep slope, the erosion can be stopped by setting 
some rock seawall at the bottom of the bank where mangrove seedlings can grow 
amongst the gaps between the rocks. In areas where erosion occurs in gaps between 
stands of vegetation, some native vegetation can be planted to close the gaps and avoid 
further erosion.  

In areas located under bridges or along concrete structures in the river, some seawalls 
should be built to prevent the bank from eroding due to the turbulences generated by the 
obstacle structure.  

In areas of moderate erosion in low height embankment or along parks, step seawalls with 
mangrove or saltmarsh benches or seawalls with a riparian vegetation buffer growing 
between the rocks could be an efficient solution. The creation of boulders seawalls of 
various sizes and shapes placed without cement is another option. 

Where seawalls already exist along the Georges River, they can be upgraded and 
improved in an ecologically sustainable way. In areas where various building material 
have been dumped, these materials could be replaced by rock seawalls allowing 
mangrove seedlings to establish amongst the gaps between the rocks. This will improve 
the visual aspect and the level of protection against erosion. Some abandoned structures 
could be removed and replaced by native vegetation. 

Stormwater outlets and GPTs were assessed during site visits both by boat and by land. 
However, these assets are often hidden by vegetation and not easily accessible. Hence, 
these devices have been mostly assessed using desktop work and study of maps from 
diverse reports and GIS data from the different Councils.  

Conditions of the assets were rated as followed: 

Á Good: Asset is quite new or intact; does not need any maintenance or only minor 
maintenance. 

Á Fair: Asset is in relatively good condition but would need maintenance or upgrades 

Á Poor: Asset collapsed or needs major maintenance and upgrades 

Ecology 

The ecology of the Georges River Estuary describes the terrestrial and aquatic 
ecosystems and the interaction of these. This covers the estuarine aquatic environments 
of Botany Bay, up the Georges River to Liverpool Weir and also the riparian edge 
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environments of the river up to 50m landward from the high water mark, which is 
influenced by and contains habitat for, the flora and fauna associated with the river. 

Several forms of estuarine vegetation were found to occur within the Georges River 
Estuary. These include: 

- Seagrass,  

- Mangroves,  

- Saltmarsh,  

- Swamp Oak Forest,  and 

- Estuarine Reedland 

The occurrence of each of these communities has been found to be a result of past land 
use and management, water quality and sedimentation and prior occurrence. Changes to 
these vegetation zones occur primarily when hydrological and sediment regimes 
(freshwater input, tidal flushing etc.) are altered.  

Modelling of successional change from 1951 to 2005 was undertaken within the current 
study. Saltmarsh, Seagrass and Saltmarsh with Mangrove were found to have decreased 
significantly in abundance within the Estuary over this time, with Mangroves experiencing 
an increase in occurrence. This trend has also been reflected in the estuarine vegetation 
patch sizes, with the fragmentation of most of the estuarine communities, with the 
exception of mangroves. 

Of these three vegetation communities, saltmarsh is the most sensitive and least 
competitive in the succession process. In recent decades the invasion of saltmarsh from 
both Swamp Oak and Mangroves, and resulting decline in this vegetation zone has been 
well documented (Keith 2004). This appears to be occurring within the Georges River 
Estuary as a result of changes in tidal and sedimentation patterns from anthropogenic 
influences. 

Saltmarsh and Seagrass areas were found to be particularly sensitive to anthropogenic 
influences within the study area and therefore are considered a priority for future 
conservation and management actions.  

Thirty riparian vegetation communities were found to occur within the areas surrounding 
the river. Within the study area, Sutherland Shire had the greatest amount of remnant 
riparian vegetation of the Local Government Areas (LGA) investigated. The condition of 
the riparian vegetation was predominantly of a good quality with minimal weed invasion. 
Areas that were more prone to weed invasion and other threats such as erosion, were 
communities located in the upstream areas on more erodible soils, near stormwater 
outlets, close to urban areas and where rubbish collected due to the river flow direction. 

Several of the estuarine and riparian vegetation communities were found meet the 
description of endangered ecological communities under the Threatened Species 
Conservation Act 1995. Further, a number of threatened flora and fauna species were 
considered likely to occur within the habitat provided by these riparian and estuarine areas 
within the Georges River Estuary. 

The wetlands of the study area are particularly important habitat for threatened and 
migratory bird species. This is particularly the case with the Towra Point wetlands which 
are important habitat for migratory birds and are subject to international treaties.  
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Further investigation on the occurrence, distribution and condition of threatened species 
and ecological communities was highlighted as an area to incorporate into future 
management for the study area. The management of habitat for these ecologically 
significant features has also been identified as a priority for future planning. 

Specific management priorities and future investigation recommendations have been 
included for each of the LGAs for the study area including, where available, information on 
specific management locations within each of the council areas. 

Human Usage Recreation and Impacts 

The Georges River Estuary is surrounded by a variety of land uses. These land uses 
influence the health of the river system in different ways, with highly urbanised and 
industrialised uses increasing pressure on the river ecosystem and degrading estuarine 
health. While, a healthy riparian edge creates a buffer, protecting the river from 
surrounding land uses which may cause pollution and water quality issues. 

The dominant land use surrounding the estuary is urban. Threats from urban areas on 
estuary health include weed invasion, pollution from diffuse (i.e. stormwater runoff) and 
point sources (i.e. overflows from sewage pipes), clearing, illegal dumping, vandalism and 
pest species. There is also a history of oyster farming within eh estuary which has left 
relics of processing plants and other industry-related sites which may contain land 
contamination which may be impacting on the estuary. 

Several strategic documents for the planning of the estuary and catchment have been 
prepared. These, along with local planning (through LEPs) instruments will form the future 
management of the study area significantly. The incorporation of findings of this study and 
the subsequent future management planning for the estuary will need to be considered for 
any updates to these documents or future strategic planning of the larger catchment.  

The Georges River and its tributaries wind through many suburbs throughout the study 
area and form part of the local environment for local residents. The close proximity of the 
estuary is likely to increase contact and connection by residents, potentially forming a 
connection to, and interest in the river environment.  

The Georges River Estuary is utilised for a range of land and water based recreational 
activities. Popular water sports include boating, fishing, kayaking, canoeing, sailing and 
swimming. Land based sports undertaken in the area include walking, cycling, 4 wheel 
driving, quad and dirt biking, mountain biking, shore fishing and golf. There are also a 
range of sporting areas, including those for tennis, bowls and soccer adjacent to the river. 

There are a number of areas of public open space within the river corridor. The Georges 
River National Park and Towra Point Nature Reserve are also popular for bird watching, 
with the former offering several tracks for bushwalking and bike riding and provides 
access for launching of water craft and areas for shore fishing.  

A number of heritage sites, both aboriginal and European, have been identified as 
occurring with the Georges River Estuary study area. The Georges River Estuary has a 
rich history with the presence of a range of Aboriginal and cultural heritage sites 
recognised within the study area. The current study has highlighted that there is 
insufficient knowledge of both Aboriginal and historic heritage within the study area, to 
ensure that such features are managed into the future. 
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Issues for Consideration in the Estuary Management Study 

This report has presented a comprehensive data compilation and estuary processes study 
of the Georges River Estuary. It has identified several issues for consideration in the 
Estuary Management Study phase of the estuary management process. In particular, the 
investigations have identified specific locations where individual management actions 
could be taken to enhance the local environment. These locations have been divided up in 
terms of: 

 Local government area 

 Severity of the problem (i.e. how severe is bank erosion in specific areas? What 
condition are local seawalls and stormwater devices in? What is the condition of 
local ecological communities?) 

 What are the physical processes causing local degradation? Are these natural or 
anthropogenic? 

 What management responses are possible or practical for particular locations? 

It was found that many areas within the Georges River Estuary are suffering from 
environmental degradation. These areas as well as specific appropriate management 
responses are described in Appendix B. This report has presented a summary of the local 
estuarine processes and management issues required to proceed with a comprehensive 
Estuary Management Study of the Georges River, the next stage of the NSW Estuary 
Management Process. 

Conclusions 

Hydrodynamics and sedimentary processes have been significantly influenced by human 
factors within the Georges River catchment and have been subject to important changes 
over the last decades. Tides, wave and wind climates have been detailed as well as 
sediment transport. Flood mapping was provided for the study area. 

Water quality is a significant issue within the Georges River due to the high urbanisation 
along the river generating runoff, sewer discharges and other pollution sources. ANZECC 
guidelines are exceeded many times in several areas.  

Foreshore erosion, seawalls and stormwater outlet were observed, assessed, mapped 
and some possible solutions were given to improve the foreshore condition. However, the 
river is currently stabilising and adjusting to a new equilibrium in response to the several 
dredging and reclamation works which occurred in the river channel ï in particular the 
construction of the Chipping Norton Lakes. Therefore, erosion in the Georges River is 
likely to continue in the upper reaches and erosion problems in some areas would 
continue. 

Anthropogenic factors have attributed to degraded health of the estuarine and riparian 
vegetation within the Georges River Estuary and surrounding area. Water quality, in 
particular sedimentation and erosion, directly influences the occurrence and successional 
stages of estuarine vegetation communities by changing the tidal influence and 
sedimentary processes of the estuary. However, large areas of high quality estuarine 
vegetation occur throughout the estuary, particularly within Towra Point Nature Reserve 
and the Georges River National Park. 

Recommendations for closing data gaps, future work and potential management options 
for the Georges River Estuary have been identified for the various processes operating 
within the study area. 
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1  INTRODUCTION 

1.1  Background 

The Georges River Combined Councilsô Committee (GRCCC), consisting of nine local 
councils within the Georges River catchment area, has recently established a sub-
committee, the Georges River Estuary Management Committee, to formulate an Estuary 
Management Plan for the entire Georges River estuary. The Estuary Management Plan is 
to be undertaken in accordance with the NSW Governmentôs Estuary Management 
Manual under the NSW Estuary Management Policy. 

The New South Wales Government has formulated an Estuary Management Policy, to 
foster better management of the estuaries of New South Wales. The primary goal of this 
policy is to achieve the integrated, balanced, responsible and ecologically sustainable use 
of the Stateôs estuaries. The objectives of the Policy are to protect and restore estuarine 
habitats and ecosystems, and to prepare and implement a balanced, long-term 
management plan for the sustainable use and ecological improvement of estuaries. The 
framework for the Policy is Total Catchment Management, which is the basis for resource 
management policy in New South Wales. 

Estuary Management Plans are being prepared under the guidance of estuary 
management committees over the entire State. This process is complete for some of the 
Stateôs estuaries, but is only beginning in other estuaries. 

 

1.1.1  The NSW Estuary Management Process 

The Estuary Management Process is described in the State Government Estuary 
Management Manual and consists of eight steps: 

1. Form an Estuary Management Committee; 

2. Assemble, compile and interpret existing data; 

3. Carry out Estuary Processes Study; 

4. Carry out Estuary Management Study; 

5. Prepare a draft Estuary Management Plan; 

6. Review Estuary Management Plan; 

7. Adopt and implement Estuary Management Plan; and 

8. Monitor and review the management process. 

 

For Georges River, the Estuary Management Process has begun and the GRCCC has 
formed an Estuary Management Committee.  The NSW Estuary Management Process is 
shown in Figure 1.1. 
 
The purpose of this project is to prepare a Data Compilation and Processes Study, which 
incorporates Stage 2 and 3 of the Estuary Management Process.  The first stage in this 
two-staged study includes assembling, compiling and interpreting existing data, which 
provides a basis for assessing the type and scope of data that may need to be collected in 
future studies and programs.  This study reviews the data and qualitatively assesses the 
relevance of this data for the production of an Estuary Process Study for both the lower 
and upper reaches of the estuary (upstream and downstream of Salt Pan Creek).   
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Figure 1.1 ï The NSW Estuary Management Process (NSW Government, 1992) 
 

Estuary Management Committee 

Assemble existing Data 

- Community input 
- Personal historical data 
- Local government ï planning studies, EISs, Das 

- NSW Government agencies ï DECC, DPI, CMAs 
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Interim measures 

LEP 

DCP 

Dune Management Program 

Structural Works Program 

Voluntary Purchase Program 

Plan Review 
Public  
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Estuary Management Study 

- Identify the significane of the estuary in terms of broader 
coastal planning issues 

- Identify essential features of the estuary ï physical chemical, 
biological, aesthetic, social or economic 

- Document current uses and conflicts 
- Identify possible future landuses 
- Assess the need for nature conservation and remedial 

measures 
- Identify and assess management objectives 

- Assess planning controls, works and other strategies to 
achieve these objectives. 

Estuary Processes Study 

- Physical processes e.g. tidal behavior, freshwater behavior, 
salinity, flushing/mixing, sediment transport 

- water quality parameters ï salinity, turbidity, nutrients, toxic 
materials, suspended solids 

- ecological and biological parameters of importance to the 
estuary 

Draft Estuary Management Plan 

- Scheduled sequence of actions and priorities 
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1.2  Study Area 

The Georges River estuary as a whole is subject to a variety of pressures that may 
threaten its existing economic, social and environmental values, and the development of 
an estuary management plan for the Georges River Estuary is seen as a positive 
approach to addressing these issues. 

The Georges River Estuary is a significant estuary, stretching approximately 50 km inland 
from Botany Bay. It has a large catchment area that incorporates the upper reaches, 
which includes the beginning of the estuary from Liverpool weir to Salt Pan Creek, and the 
lower reaches, extending from Salt Pan Creek to Botany Bay.  The land surrounding the 
estuary has been highly modified with heavy urbanisation supporting a range of 
commercial, industrial and residential purposes, with many developments extending up to 
the foreshores.  As such, this area has become a major source of pollution with metals, 
oils, grease, toxic organic compounds and high levels of nutrients entering the estuary 
from stormwater runoff.  This has reduced water quality to such an extent that commercial 
and recreational fishing within the lower reaches has been banned and an oyster industry 
has collapsed from disease infestation.  This is particularly significant given the 
international importance of these estuarine wetlands within the lower reaches of the 
estuary, in particular Towra Point Wetlands, which is an internationally recognised 
Ramsar site. 

The Georges River extends from its mouth at Botany Bay to the tidal limit at Liverpool 
Weir, and its catchment area covers a significant portion of the Sydney Metropolitan area. 
The extent of the study area is shown in Figure 1.2. 

Major estuarine tributaries include: 

 Prospect Creek 

 Lake Gillawarna 

 Williams Creek 

 Tudera Creek 

 Yeramba Lagoon 

 Salt Pan Creek 

 Little Salt Pan Creek 

 Boggywell Creek 

 Woronora River 

 Forbes Creek 

 

The project study area includes all the tributaries but does not include the Woronora River 
(as it is the subject of a separate Estuary Management Plan). It also includes the western 
foreshore of Botany Bay (Lady Robinsons Beach) and Towra Point. 

The Georges River Estuary is classified as a Tide dominated estuary. A conceptual model 
of a tide-dominated estuary is provided in Figure 1.3. 
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Figure 1.3 ï Conceptual model of sediment transport within a tide dominated estuary (adapted from Ozcoast 
and OzEstuaries, www.ozcoasts.org.au)  

Tide dominated estuaries are generally bedrock coastal embayments, partially infilled by 
sediment derived from both catchment and marine sources. Their hydrodynamics are 
dominated by tidal currents rather than wave action. The estuary generally consists of a 
wide range of brackish, subtidal and intertidal habitats, including saltmarshes, tidal flats, 
and mangroves. They are generally well flushed by strong tidal currents and turbidity is 
high. 

The Estuary Management Process has begun in some of the Georges Riverôs estuarine 
tributaries, been completed in some, but has not commenced in others. Bankstown 
Council has completed Estuary Management Plans for Little Salt Pan Creek and Kelso 
Creek, while Estuary Process or Management Studies are being carried out for Kogarah 
Bay, Oatley Bay and Woronora River. 

In addition, the GRCCC have recently finalised a Management and Implementation Plan 
for the Georges River, which is understood to have significant overlap with the 
requirements of a Data Compilation and Review Study. Other work has been completed 
for the Botany Bay Coastal Catchments Initiative, which also includes information relevant 
to the Data Compilation Study. 

The Georges River Estuary has been assessed as being in an extensively modified 
condition, under the Australia-wide National Land and Water Resources Audit. 
Management issues within the Georges River Estuary include: 

 Stormwater pollution from rural and urban runoff, including roads, sewer overflows, 
land and sediment contamination; 

 Contaminants in bottom sediments resulting in commercial and recreational fishing 
bans in the estuaryôs lower reaches (ANZECC ISQG high level exceeded for lead, 
copper and zinc); 

http://www.ozcoasts.org.au/
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 Modified river flows due to increased runoff from impervious areas, the influence of 
Woronora Dam, removal of upland swamps, groundwater extraction and past 
dredging. 

1.3  Scope of this Report 

This report documents a combined Data Compilation and Estuary Processes Study for the 
Georges River Estuary. It identifies and collates all key data and reports that may exist on 
the Georges River estuary, encompassing the relevant principal physical, ecological, 
social and economic, and land use planning activity characteristics ï some information 
that is generally applicable to relevant estuarine environments or management has also 
be included. 

The report also maps the extents of and documents threats and pressures on estuarine 
and riparian vegetation, foreshore erosion, documents seawall assessments for the 
estuary, documents water quality, and documents existing gross pollutant traps and 
stormwater outlets in the study area. 

It also documents viable specific management actions for the parts of the estuary which 
are degraded. 

The work presented herein has been carried out in accordance with the NSW Government 
Estuary Management Manual (1992), the NSW Estuary Management Policy, and the 
NSW Sea Level Rise Policy. 

Data for this study has been obtained from the following agencies and Councils: 

 DECC&W ï Parramatta and Wollongong offices, and Goulburn Street and 
Hurstville libraries 

 NSW Maritime (provided the vessel used for the project fieldwork) 

 Sydney Metro CMA 

 DPI 

 Rockdale Council 

 Kogarah Council 

 Hurstville Council 

 Bankstown Council 

 Sutherland Shire Council 

 Liverpool Council 

 Fairfield Council. 
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2  ESTUARY AND CATCHMENT CHARACTERISTICS 

2.1  Estuary Classification and Basic Description  

The Georges River estuary is classified as a drowned river valley estuary. This kind of 
estuary is recognisable by a wide bedrock-flanked mouth, the presence of submerged 
tidal delta such as Botany Bay and the absence of a sub-aerial sand barrier at its 
entrance. The upper catchment sediments have reclaimed the upper reaches to form 
extensive floodplains with tidal river channels (for example, from Picnic Point upstream). 
From this point downstream, the basic form of the original drowned river valley remains as 
a steep sided and deep muddy basin, which deepens and widens in the seawards 
direction. The size and depth of the relict drowned valley is dependent upon the 
dimensions of the parent valley and the relative sediment supply from the upper 
catchment. The typical evolution of such an estuary is illustrated in Figure 2.1. 

The younger stages of drowned river valley estuaries are characterised by channels which 
deepen and widen in the seawards direction. The landward narrowing of the channel 
promotes tidal amplification through the concentration of flows. As the channel shallows, 
tidal resonance also helps to maintain a high tidal range. River valley estuaries display no 
initial attenuation but often exhibit amplification of the ocean tidal range. In such estuaries, 
the tidal range is only attenuated in the upstream reaches where the cumulative 
dissipative effects of bed friction dampen tidal flows. 
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Figure 2.1 ïTypical evolution of a drowned river valley estuary (Estuary Management Manual, 1992) 
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2.2  Climate  

The study area is subject to a sub-tropical climate influenced by the Pacific Ocean up to 
the lower reaches of the Georges River. In subtropical climates the winters are relatively 
warm, but not as hot as the summer season. These climates rarely see frost or snow. 

A summary of the average monthly minimum and maximum temperature, monthly rainfall 
and number of rainy day and the monthly 9am and 3pm wind speed is shown in Table 2.1. 
The data have been provided by the Bureau of Meteorology weather station located at 
Sydney Airport.  

Mean monthly rainfall from the data of the Bureau of Meteorology measured at Sydney 
Airport between September 1929 and November 2009 are illustrated in Figure 2.2. The 
annual average rainfall is 1085.2mm.  

Temperature data have been available since April 1939. Mean summer and winter 
temperature in the lower reaches ranges from 17-27°C and from 5-17°C respectively. 
Daily maximum temperatures exceed 30°C on around 22 days per year and the minimum 
temperature rarely drops below 2°C. Extreme temperatures recorded are 45.2°C and -
0.1°C. Monthly minimum and maximum temperature are illustrated in Figure 2.3. In the 
upper reaches, the maritime influence diminishes and the temperature can be 2-4°C more 
or less than in the lower reaches, with more frequent winter frosts. 

During summer, predominating wind directions are north-east and east while during 
winter, they are west and south. Some local land winds generate the westerly winter wind 
and influence the temperature at night while the southerly winds are generated by 
low-pressure systems further south and are often generated by cold fronts. Seasonal wind 
roses showing the average wind speeds and directions at 9am and 3pm at Sydney Airport 
have been provided in Figure 2.4 and 2.5. Data available for the determination of the wind 
roses are from 1939 to 2004. 
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 Table 2.1 ï Climate Summary for Sydney Airport 

 

 

   Figure 2.2 ï Monthly rainfall at Sydney Airport                                                             Figure 2.3 ïMonthly temperature at Sydney Airport
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Mean maximum temperature (°C) Mean minimum temperature (°C)

Rainfall (1929-2009) Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual 

Mean Rainfall (mm) 95.3 113.3 115.4 105.6 100.0 120.9 68.9 77.4 61.2 71.4 79.8 73.6 1085.2 

Mean number of days of rain Ó 1 mm 8.1 8.6 9.2 8.3 8.6 8.7 6.6 6.9 6.8 7.8 8.3 7.8 95.7 

Temperature (1939-2009) Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual 

Mean maximum temperature (°C) 26.4 26.3 25.2 22.9 20.0 17.6 17.0 18.3 20.5 22.5 24.0 25.7 22.2 

Mean minimum temperature (°C) 18.7 19.0 17.4 14.1 10.9 8.5 7.1 8.1 10.3 13.1 15.3 17.4 13.3 

Wind speed (1939-2009) Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual 

Mean 9am wind speed (km/h) 14.4 13.7 12.8 12.9 12.5 13.3 13.2 14.3 15.4 16.3 16.0 14.7 14.1 

Mean 3pm wind speed (km/h) 24.1 22.9 20.9 19.3 17.0 17.7 18.1 20.7 23.1 24.6 25.3 25.1 21.6 
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Figure 2.4 ï Wind roses at Sydney Airport at 9am for each season (Bureau of Meteorology) 
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Figure 2.5 ï Wind roses at Sydney Airport at 3pm for each season (Bureau of Meteorology) 
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2.3  Bathymetry/ Topography                                                                                                                

A map of the bathymetry and topography in the Georges River catchment created using 
25m-grid data is provided on Figure 2.6. (Data from Brian Andersonôs website 
http://www.zonediet.com.au/bathymetry/BOTANY_GEORGES/Botany_Georges.html 

Many changes in the bathymetry occurred since the first sounding of the Bay undertaken 
by Captain Cook in 1770. In particular, it is to be noted that several reclamation and 
dredging works were realised in the second half of the 20th century (see section 3.3).  

Botany Bay is a roughly circular depression reaching a diameter of 8km. The entrance of 
the bay is around 1km wide. The maximum depth in Botany Bay reaches 18m (from the 
Indian Spring Low Water datum) in its natural state but is now around 21m, due to the 
entrance channel dredging carried out in the 1970s. The average depth in the bay is about 
4.5m and around 4m along the Georges River. 

The topography is directly linked to the geology of the particular area. The study area 
elevation is comprised between sea level at Botany Bay and approximately 75m in the 
west. Some gently undulating hills, narrow steep-sided valleys and gorges, broad valleys 
with floodplains or high exposed ridges with broad flat tops are noticeable along the 
Georges River. The Wianamatta shale geology in the upper reaches has influenced the 
gentle undulating slopes, low flat plains and broad valleys while the Hawkesbury 
sandstone has generated the dissected plateau west of the Illawarra Escarpment, narrow 
steep-sided sandstone valleys or gorges, high-exposed flat and broad ridges and moist 
gullies. 

The source of the Georges River is located above the Illawarra Escarpment around 3km 
south-east of Appin at an elevation of about 350m and flows towards north up to 
Liverpool, then flows south-east at Chipping Norton and then in an easterly direction 
between Picnic Point and Botany Bay. The total length of the River is around 100km and 
the study area includes the tidal section of the River between Liverpool Weir and Botany 
Bay which has a length of around 46km.  

Within the past 6000 years, the Georges River ebb delta migrated several time leaving 
relict channels and levees. Amongst these abandoned levees and spit is the Towra 
Peninsula which was further eroded and transformed by waves. Woolooware, Weeney 
and Quibrays bays are other relict channels which have been partially filled over time. 

http://www.zonediet.com.au/bathymetry/BOTANY_GEORGES/Botany_Georges.html
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